Development of soil material using aggregate
byproducts for revegetation of barren land
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SUMMARY

1. Title

Development of soil material using aggregate byproducts for revegetation of

barren land

2. Objectives and Necessities

Aggregate byproduct is one of the industrial waste in the process of
aggregate production, of which annual amount is up to 1,000,000m’. Since
aggregate byproduct is classified as waste material under the Korean
environmental regulation, recycling is limited as properly improved material.
This study was to develop soil materials for agricultural soil amendment and
slope revegetation using byproduct aggregates from quarries. The research
result might contribute to activities for solving waste disposal problem of
aggregate production companies, to use as appropriate soil amendment

material for farmers and constructers for slope revegetation technology.
3. Results

According to preliminary survey on aggregate byproduct production
companies, the 21 companies were selected to take aggregate samples. The
physical, chemical and mineralogical properties of byproduct aggregates were
analyzed. Mixing ratio of the organic and inorganic amendment treatments
were designed to improve byproduct aggregate properties, and the growth of
crops including lettuce, chinese cabbage, oriental melon and chrysanthemum
were examined. Finally the preliminary tests using the specially designed

slope runoff plots were performed followed by the field feasibility pilot tests.



Analysis of the byproduct aggregate showed that these materials were
composed mainly of fine sand and silt particles. Due to poor physical and
chemical properties, these aggregate material could not be used as soil
materials for slope revegetation without pre—treatment. Among various
improvement trials, the byproduct aggregates mixed with 10% compost, 10%
cocopeat, 10% peatmoss, 10% coarse sand and 10% phosphogypsum by
volume showed the satisfactory growth of the tested plants.

Lettuce and chrysanthemum grew satisfactorily under the amendment
treatment composed of 50% aggregate byproduct and 50% compost in volume
basis. Chinese cabbage cultivated in upland showed relatively sound growth
in comparison with conventional soil condition when aggregate byproduct soil
mixture was applied in the ratio of 0.5ML/ha. Through the oriental melon
green house test, it was recommended the proper period of soil amendment
using aggregate byproduct is 3 or 4 year.

The slope runoff plot test showed that the soil materials designed were
appropriate as revegetation media. The survival and growth of the initial
input plant seeds on the designed soil materials were better than those of
Noksaengto. The soil hardness on the designed soil materials was more
favorable for plant root growth.

The pH of these soil materials ranged from 6.36 to 6.57. The organic
matter, total nitrogen and available phosphorus content were proper to plant
growth. These materials, however, were high susceptibility to surface erosion,
resulted from fine particle size and low stickiness, which demanded high
mixing ratio of organic material.

The first field feasibility test confirmed the results of the slope runoff plot
test. As the preliminary test, the byproduct aggregate soil materials provided
better conditions for plant growth resulting in higher biodiversity of plants
and the visual coverage of vegetation compared to those of Noksaengto. The
erosion susceptibility of these soils could be overcome by adopting the
hydro—seeding measure.

To enhance cost efficiency, byproduct aggregate soil materials were mixture



with Noksaengto and cocopeat. As the proportion of byproduct aggregates
increased, the EC, ammonium and nitrate nitrogen concentration, and available
phosphorus content decreased slightly, whereas the installation efficiency
increased and the installation time was close to Noksaengto.

In conclusion, aggregate byproduct could be used as soil material for the
agricultural soil amendment and the slope revegetation in sloped barren lands

with proper improvement of physical and chemical properties.

4. Recommendation

To stimulate recycling aggregate byproduct as an alternative artifical soil
material, these material should be allowed to be used with proper
improvement of physical and chemical properties. Technical, economical and
resource management supports might be necessary to boost recycling these

material.
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Figure 2. The general view of an aggregate company.
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Figure 3. The process of aggregates and byproducts production (sourced

by K-company located in Kosung, Kangwon-do).
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Figure 4. The diagram of re-vegetation measure classification

with the phase of soil materials.

Table 1. The delivery requirements of Noksaengto (Choi, 2001).

The basic ratio of composition Requirement
Material Ratio (%) Item Requirement
Peat 10 ~ 15 pH 55~7.0
Sewage sludge 20 ~ 25 Organic matter 15~ 25%
Paperfood sludge 25 ~ 30 O.M. / N = 50
Saw dust, bark 5~10 Water content 45 ~ 65%
Coarse sand 20 ~ 25 Particle size = 20mm

Ash 5~10 Bulk density 1ton m?
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Table 2. The description of aggregate companies supporting this study.

Location (Sample name)

Source of aggregate

Sludge treatment

Kyung Kwangju (KG) Crushed Rock Filter pressor
gi-do Natural
2 Kapyung (HC) Crushed Rock ) ,
(2) sedimentation
Wonju (DM) Crushed Rock Filter pressor
Kang  ponghae (SS) Crushed Rock Filter pressor
won-do
(4) Chuncheun (CC) Crushed Rock Filter pressor
Sokcho (KG) Crushed Rock Filter pressor
lksan (YS) Crushed Rock Filter pressor
Iksan (JS) Crushed Rock Filter pressor
Iksan (SI) Crushed Rock Filter pressor
Jeolla-do  Kunsan (KS) Crushed Rock Filter pressor
7
" Jeunju (DC) Crushed Rock Filter pressor
. . Natural
Jeungup (JH) Old fluvial deposits ) ]
sedimentation
. oo Natural
Kwangju (DA) Riverine aggregate . ,
sedimentation
Kyoung Sungju (DH) Crushed Rock Filter pressor
sang-do Daegu (SU) Crushed Rock Filter pressor
(3) Chilgok (DE) Crushed Rock Filter pressor
Cheungwon (SB) Crushed Rock Filter pressor
Chung  Cheungwon (SY) Crushed Rock Filter pressor
cheong- .
d Jecheun (KW) Crushed Rock Filter pressor
o]
(5) Eumsung (JK) Crushed Rock Filter pressor
Chungju (MJ) Crushed Rock Filter pressor
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Figure 6. The USDA classification of soil particle with diameter.
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Table 3. Criteria for describing soil stickiness grade.

Grade Criteria

Soil adheres firmly to both fingers after release of pressure
A: Great

with stretches greatly on separation of fingers

Soil adheres to both fingers after release of pressure with
B: Normal

some stretching on separation of fingers

Soil adheres to both fingers after release of pressure with
C: Weak

little stretching on separation of fingers
D: None Little or no soil adheres to fingers after release of pressure

Table 4. Criteria for describing soil plasticity grade.

Grade Criteria

When stood molding to 4cm length, 2mm thickness, hold
A: Great

itself weight

When stood molding to 4cm length, 4mm thickness, do not
B: Nomal hold weight if hold itself weight, and mold to 2mm

thickness

When stood molding to 4cm length, 6mm thickness, hold
C: Weak

itself weight. If mold to 4mm thickness, do not hold weight

When stood molding to 4cm length, 6mm thickness, do not
D: None

hold itself weight
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2 B FETFEFEFE 2.71%%E AME AT (Table 5). T AFAE S 2485
ol olE AFES] 54, 925 QolE AFEd Ve 54L
Holm glo] AZo] o]gq = 9l R fo] MAAHor Agon, S
PAL gHFo] 50%0] ol=RWA SttE o] wjEE 7] wiite] FSo] HEd F e
Aol ¥ 54& T8 doksls wE Aow wudn
Table 5. Soil water characteristics of byproduct aggregates.

Field capacity Wilting point Available water
(%) (%) capacity (%)
Mean 11.99 9.28 2.71
Standard deviation 6.83 6.43 2.1
Minimum 4.22 3.59 0.09
Maximum 28.65 27.98 7.41

#1279 (stickiness) 3} 7k (plasticity) = AP o] b dolut Aol #dd
Ed Agte] Fad Axolrt

i

TAAbEel MR HAA B4 AH(Table 6), Alme] tii-io] A
o] C(weak) X+ D(none)® Aol st AY gl Aoz Yelgtt, &, e
Lo DA, A= SU 5 7+ 9 =AF2HE¢] B(normal) 599 "ol 3l
Ak FARAEL TtaA B4 Ads A BA Az vpRsxE gy
9] A&7} C(weak) X+= D(none) 59 L2 7[AhAo] gslAY gle Aew =%
AtElth & A7IES] KG, HEt=e] YSeF DA, A4 Eel DH AlRlA
B(normal) 539 7t o] A TH Table 6). Aet=2] DA A Aol vlE5 =
FAFAE ] Sty HFA o] BF B SOl wEkA ZAFAES =
3 EFAR AL w JAN VRS wodE T de ARe

Aark glokal e

nr7



Table 6. The distribution of stickiness grade and plasticity grade of byproduct

aggregates (A: great; B: normal; C: weak; D: none).

Sample Stickiness grade Plasticity grade
KG C B
Kyounggi-do
HC C C
DM D C
SS D C
Kangwon-do
cC C C
KG CorbD C
YS CorbD B
JS D D
SI D D
Jeolla-do KS Cc Cc
DC D D
JH D D
DA B B
DH CorbD B
Kyungsang-do SuU B C
DE D D
SB D C
SY CorD Cc
Chun?::eong KW D D
JK C C
MJ C C




N A (liquid limit) = EF 2AF 2] Fei7t JAd o] AAzfE 24z o
otz ol e EdsEdFelnt. meksd &4 AeH(upper plastic limit) o] 2kal
dor. QA= Ege vadd Be AEYY, AEFE] T, wdA
oFol o] FF{, RS Sof we} 2ol 7} UTHEF, 2000). FAFAE] g
A= IS ARzl 7P weken, DEARIAS] SAFkEo] 7t
=k tH(Figure 8).
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KG HC DM SS CC KG YS JS SI KS DC JH DA DH SU DE SB SY KW JK MJ

Figure 8. The liquid limit of byproduct aggregates.

S 32 X|<4(cohesive index, Cl)+= A2AI A4 (plasticity index, PI) ¢} A4 34
(plastic limit, PL)] W& A4 4= 9lom, B st glo] a3 A= &
4-¥th(Cornforth, 2005).

ZAARE O] YA Bl tieiA = -9 A (R2 = 0.2949)S H3
o, vAbel eI v w2 o] Ade(silt: R2 = 0.1743; clay: R2 =
0.39)& B3 th(Figure 9).
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Figure 9. The corelation between liquid limit and particle
size content of byproduct aggregates ((a) liquid limit -
sand content, (b) liquid limit - silt content, (c) liquid limit

- clay content).
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SEREISETE

Jm

3

= AFAHES] pH, EC, #F71% &l g &4 23 (Table 7), pHE deb=
°] JH, DA At47de] A7) pH 6 A== oS wloy gy A+ pH
8.4~ 10.9 W9l A714S Vet (Figure 10). A7 A E=%(EC)E H 167.88u
Sem™' 2 SAYYoH B¥ ¥WE 4 33.00uS em ' oA 639.00uS cm &
Als Zre] Apol7b AA yYER T SARAES #UlE R HA 0.29%00A
A 1.13%9 E¥ S B JF FFS 0.43%Th

Table 7. The chemical properties of byproduct aggregates - pH, EC and
organic matter content.

Electrical conductivity Organic matter

PH us cm’ content, %
Mean 8.72 167.88 0.43
Standard deviation 0.96 155.70 0.17
Minimum 6.20 33.00 0.29
Maximum 10.97 639.00 1.13

ZARANEY Hit 2242 FFH(T-N)S 0.069%% HA 0.031%014 Hd)

111% Bl dc B gmyobe] A4 3H(NH, —N)2 30.39mg kg "

-N)2 17.40mg kg ' ItH(Table 8).
A

=
7T Ao T dEYote A4 gErvF FAE A4 s Bu 267t
A

o
Hi
flo



Figure 10. The pH distribution of byproduct aggregates.

Table 8. The chemical properties of byproduct aggregates - total nitrogen,
ammonium and nitrate concentration.

Total nitrogen NH,™- N NOs - N

% mg kg™ mg kg™’
Mean 0.069 30.39 17.40
Standard deviation 0.022 23.98 11.99
Minimum 0.031 1.03 0.85

Maximum 0.111 67.20 30.80




FAFAE] A FEIATHL 12.98mg kg o]l ow, i 10.15mg kg !
A4 Ao 24.81mg kg ‘o] WA AR el HmAH #FAHE Wik FaT
Ao A4 Bt FEFATE] 117.47mg kg ol ou, A4 19.58mg kg ol
Al A 468.34mg kg 'e] WY E AR 7Fe] Wolvt AA el o] {Aket
o] itgrd mrh Asre] BE xAe dFol v WS o WP
Tt 2E 2 et BRFRE oA sRTe} 1 yhe] AR Az
Watels Wag Yroz deA vk mebd FaAdge] ¥ A% 24
RAEe A Mzl $8% AEd ¥ des) Avw dedn,
TA A0 F o] 2 E-E- = (CEC)S 7.7cmole kg |2 UuF B CEC
ol 10cmolc kg™' Btk Wkth(Table 9).
Table 9. The chemical properties of byproduct aggregates - available
phosphate, silicate concentration and cation exchange capacity.
Avail. - P,Os Avail. - SiO; C.E.C.
mg kg’ mg kg’ cmol. kg™
Mean 12.98 117.47 7.48
Standard deviation 3.82 103.91 4.14
Minimum 10.15 19.58 1.80
Maximum 24.81 468.34 17.40
FAREAE ] wWEA Fol2S Ca’fo] Wi 2.299cmole kg 'E 7HE =gk,

Mg2+ jli]

=

o
01 oS o I

Fol2oz AgH UEFS &

0.472cmolc kg "ol AL, K¥& w3 0.021cmolc kg 'o]l o™ Nate 3
1 0.055cmolc kg o]t (Table 10). WA ZA|F-AHE

= YA xHe

=2 27}

AT



Table 10. The chemical properties of byproduct

cation concentration.

aggregates - exchangeable

ca® Mg K* Na*
cmolg kg'1 cmolg kg'1 cmolg kg'1 cmolg kg'1
Mean 2.299 0.472 0.021 0.055
Standard deviation 1.265 0.653 0.013 0.029
Minimum 0.742 0.039 0.046 0.015
Maximum 6.385 1.850 0.062 0.120

TARAE] ADES A FE FHFRY ohY FIS FRIE S
Fastth 35S 87 29490 4 5 Y] WEelth HHw Amel UF F
F& B4 AF AHD TARLRAE A FEE AT 9ee nFAY
(Table 11). et} HE Aol A ME s SRR S35 BAllA 4
KBTI @ St U] R Ay HRE A8 A 240 AdHolol @
Aotk

Table 11. The chemical properties of byproduct aggregates - heavy metal
concentration and environmental limit level of Korean Ministry of Environment.

Cd Cr Cu Ni Zn Pb Fe Mn
__________ rngkg'1 e e e e e ==
Mean 0.011 0.068 0.491 3.513 0.588 0.467 33.82 18.43
Standard deviation 0.013 0.037 0.304 3.273 0.343 0.345 27.55 11.52
Minimum 0.003 0.037 0.000 0.045 0.014 0.008 0.805 0.703
Maximum 0.062 0.169 1.093 11.98 1.477 1.261 106.4 49.14
Environmental limits
1.500 4.000 50.00 40.00 300.0 100.0 - -

(Min. of Environment)
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Table 12. The chemical composition of the byproduct aggregates.

SiO; ALO3 Fe0; KO MgO CaO MnO Others
Aggregate

KG 63.4 18.7 5.2 4.8 24 24 0.08 29

HC 57.7 17.7 7.3 6.9 4.5 2.1 0.09 3.7

DM 26.4 9.9 44 23 9.7 453 0.39 1.5

SS 14.5 6.0 1.9 1.7 3.7 711 0.04 0.9

CC 66.1 171 22 5.7 0.9 3.7 0.02 4.2

GG 59.0 17.0 6.0 6.2 1.8 6.6 0.09 3.4

YS 62.0 18.7 44 5.9 1.7 2.8 0.07 4.3
JS 64.2 19.5 22 6.1 1.0 3.6 0.02 3.4
Si 62.1 18.4 4.6 7.2 1.6 3.3 0.07 2.8
KS 55.9 16.9 9.2 5.5 3.0 5.8 0.14 3.6

DC 60.7 222 3.9 6.1 1.4 26 0.11 29

JH 60.8 22.6 5.1 4.8 1.8 2.0 0.11 2.7

DA 55,9 26.9 5.9 4.5 1.8 1.9 0.13 29

DH 66.0 17.7 4.1 4.3 0.9 2.6 0.14 4.2

SuU 53.3 18.5 5.9 4.8 4.9 9.5 0.19 2.8

DE 51.2 18.9 6.6 3.9 3.5 126 0.16 3.1

SB 60.1 21.5 4.4 6.3 2.3 2.5 0.13 29

SY 55.4 18.3 7.9 4.0 4.6 6.6 0.11 3.1

KW 64.5 18.8 2.6 5.9 1.2 3.5 0.04 3.6

JK 58.9 19.6 5.9 4.9 3.5 3.8 0.09 3.2

MJ 59.2 19.2 5.1 5.1 3.3 4.8 0.07 3.1




A, BEY e HEFE FshEA e odte] 713 Si0.9F A0z TS
282 FAE Aol FAHSFr|1he] (silica—allumina ratio)o]™ TFeEHE|#txE
st} E8F ALOs9F Fe039 39S R:03= il SiOo/R.03=2 e AS 14t
—2:348E1]) B qEY AL gtk FEgoA] Ak o R oY FF9
Aae I, EG 2 FEZYE Na, Ca, K, Mg, Si, Al, Fed A& AAR,
A/ FHUE = L2 oA el A= F37F AP EHA ol w2 ¥l 7}
AA el AelA qtae "o Ao /LT rvn= AT, b
AN T U = B4 F3te s WEh = A3 D, 2000).

Fo el e A EZ AFEE = A Y1 U] (silica—allumina ratio)+= 1:1
Fa FAESY 45 2.36~ 3.63 B=E YL, 211 FE FAHESS 7 ol
ow WlwH A vehued, SAFAAES ubE 1.70~ 342 B 111 3E
FAESFH FAFSHA dEbTE o= =4 FAbEo] 3hehA F3F Hue st

A AAAL wael eld v §ia A7l FaR molw, A% A, = 14

HEZEY AP B2 545 /A At o3 542 939 944,
e, B, agla Foz yepdth 339 A& nh= 2dsind®E XA+

FA43=  dE  SYEHEW (Hanawalt) 3
JCPDS(Joint Committee on Powder Diffraction Standard) 7F=Ho] Q&d], &
Aol M= JCDPS =9 AHE-SH T

=

A A3, g At Al



i

= U
shd o vk A9el Fw 2AE BAFE 47E KGO
XRDZ# E(Figure 11)9 AEt= KSo] XRDIL# Z(Figure 12)E AyHwW, F
Al 25 72 g'o] FAR Ao (quartz) 2 GARS YA (clinochlore) ol W &

i)

2.

s} 7

M

HJo Iz
2
b
rr
oy
=)
o2

2% (phlogopite) 7} 8 == vehta gk Mg gre] gae] i
of AN, 53 874eh, MRSt T Agshyetolt Aty AFWY Se|
WA 5ol FHrow Hof o

& AR 3 XRDZ# = (Figure 13)E KGSF KS A
7o XRDZYZAHH ] u=a7t 7b4 A Yelbgoy, 1 &) WA
(dolomite) ¥} 4F3}E]EHF (anatase) @] ¥ A7F F38HAl Yebval lvk. 53] #E
Ao WeAe] ER2ulolEstE PAE = Bt FER us|Aolgax gt
Akel AZA7E A3 AAUe] A= DMAAS FAF-AHE XRDILEZ
(Figure 14)-2 W34 (calcite) @} W24 (dolomite)©] =8 I A= YEY, S A5
AbEol M3|dtelA 7IIstal RS FRIAAFUC. ZAFHE] A 24
(Table 11)ol4 B350l DMAI S ZgFAtalEo] AA 249 45.3%5 2H#| 3}

=29
a9 ol¢} & AHE Ik S 9t}
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Figure 11. X-ray diffractogram of the byproduct aggregate sample from KG.
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Figure 12. X-ray diffractogram of the byproduct aggregate sample from KS.
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Figure 13. X-ray diffractogram of the byproduct aggregate sample from CC.
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Figure 14. X-ray diffractogram of the byproduct aggregate sample from DM.
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B ARoM vehd o Ao mEed Ao %D&-ﬂﬁ}.
HE AEFE F 7}2Z o] E(kaolinite) o] T3 3= 2F 500~ 600°C°ﬂ7\1
Ayl oF 900~ 1,000CoA Holn, 2= & Qo] E(montmorillonite) ] &
¥F+ 100~ 200C3 200~ 300C2] #2993} 500~ 600C 2] 312Gl A
Uehgar, By g 9 900~ 1,000C oA YERGE A (Mackenzie, 1957) 3} H]
3 & w, KG9 KS ZAFAE A5 F497 LdyAdAE o5 FED
El

1

m& T

El

F WA Fe) &St Fdx o DM(Figure 17)3 CC(Figure 18) A FAME
2> Ske] & Aliﬁ}% FHg 2folE HITH DM ZAFAHE A
DTA=/de] 4§, 780C Felld 5313 da5 &l & 5 A= o F

%
A YERE w) ok H%EHJ% 3 XA ﬁ%ﬂiv‘i—@ﬂ 91611*1 Q%J T
vl alslo] =Y A (chlorite)ol <]+ HH-&-
Mackenzie(1957) ¢} Smykatz—Kloss(1974)l €&, 5141& 600~ 700TC 2]
AeFAel A FE¥A7F YE, 800~ 900C ] HejollA T A7 et
tha Basiith sy 2018 FEFEC &she, ST FAsEw
(hydroxide sheet)”} SA+c}(F, 2000).
DTAZA &4 % #d ﬁ%ﬂ% il EA]EJ% dRgle] wE AlEe F
KR p=

KGS&} KS HHT =9 73%% %t&i}
15, 16)& Ho|i= whio] 23S

o] A9-E= 700C FoA F
18). olg|g dwslel] w2 Al 4
H WE5 e COl 7|Q1ekE o= feeT,



Sample: KG TGA-DTA

Size: 8.1114 mg
Run Date: 08-Nov-2006 02:03

Weight (%)

Comment: RT-800C(10C/min) N2 Instrument: 2960 SDT V3.0F
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Figure 15. TGA-DTA thermogram of the byproduct aggregate sample from KG.



Sample: K8 TGA-DTA

Size: 11.5803 mg

Run Date: 10-Nov-2006 11:27

Comment: RT-800C(10C/min) N2 Instrument: 2960 SDT V3.0F
101 0.06
- 0.04
100 L

i o
L [=)
0.02 £
' >
: =
99 | ]
< 2
S » o
£ Looo 2
— | =)
= Q
i 2
98 | &
3
--0.02 £
L [
[
r Z
97 I 8

--0.04

96 T T T -0.06

0 200 400 600 800

Exo Up Temperature (OC) Universal V4.0C TA Instruments

Figure 16. TGA-DTA thermogram of the byproduct aggregate sample from KS.



Sample: DM TGA-DTA

Size: 10.4418 mg

Run Date: 22-Nov-2006 14:27

Comment: RT-800C(10C/min) n2 Instrument: 2960 SDT V3.0F
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Figure 17. TGA-DTA thermogram of the byproduct aggregate sample from DM.



Sample: cC TGA-DTA

Size: 9.6005 mg
Run Date: 13-Nov-2006 13:23

Weight (%)

Comment: RT-800C(10C/min) N2 Instrument: 2960 SDT V3.0F
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Table 13. The description of treatment for improving byproduct aggregate

properties.
Coco-peat Peat-moss Compost Phosphogypsum C;):r:ze Reference
cp10* PM10  COM10 PG10 CS50 ORI
Treat  CP25 PM25  COM25 - - MIX*
CP50 PM50 - - - -

# The number in the treat name means the mixing proportion in volume.
## Byproduct aggregates only
### Byproduct-aggregates:cocopeat:peatmoss:compost:phosphogypsum:coarse-sand
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Table 14. The hydraulic conductivity with soil texture.

Soil classification Hydraulic conductivity (cm s'1)
Gravel 150 ~ 20
Sand 12 ~ 2.0 X 10"
Sandy soil 20 X 10" ~ 2.6 X 10°
Sand-loamy soil 1.0 X 10° ~ 9.0 X 10*
Loamy soil 2.0 X 10% ~ 2.0 X 10°
Clay loamy - clay soil 0.3 X 10* ~ 1.2 X 10*

il
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Figure 19. The effect of several conditioners on hydraulic conductivity (COM:
compost; CP: cocopeat; PM: peatmoss; PG: phosphogypsum; CS: coarse
sand; MIX: compost-cocopeat-peatmoss-phosphogysum-coase sand; ORI:

original byproduct aggregate; number: mixing ratio based volume).
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ZAFEL0.2%0|t), AUYESY FEFELS 11.33%% ALES ¥ wjoth. 2A7H
2mm ©]/3Q] A2 Hpgo] ALES 1/2 o]dtE w9 Zth(Table 15)(XFEA,
2006).

Table 15. The water retention capacity with soil texture.

Field capacity Wilting point Available water

Soil texture

% cm % cm % cm
Sand (S) 6.8 22 1.7 0.6 5.1 1.7
Lomy sand (LS) 8.5 27 23 0.7 6.2 2.0
Sandy loam (SL) 11.3 3.7 34 1.1 7.9 2.6
Fine sandy loam 14.7 4.8 4.5 1.5 10.2 3.3
Loam (L) 18.1 5.9 6.8 22 11.3 3.7
Silty loam (SiL) 19.8 6.4 7.9 2.6 11.9 3.9
Clayey loam (CL) 21.5 8.3 10.2 3.3 1.3 3.7
Silty clayey loam (SiCL) 22.3 7.2 12.2 3.3 10.1 3.3
Clay (C) 22.6 8.8 14.7 4.0 9.9 2.6
Organic soil 81.0 31.6 27.6 9.0 53.4 17.3

Wde] Hasitt, o

5714 ARE =% M=
gAa = AT 2 FolA IIIES JERAE &3S A F(CP25,
PM25) ©lAe]l fafEsEe] 7 =gdoeH, 7~ 9% WHZR AT

(Figure 20).
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Table 16. The effect of several conditioners on the stickiness and plasticity

of soil materials (A: great; B:normal; C: weak; D: none).

Treatment Stickiness grade Plasticity grade

COM10 C B-C

COM25 Cc-D B-C

CP10 C B-C

CP25 C-D B-C

CP50 Cc-D C-D

PM25 C-D B-C

PM50 C-D C-D

PG10 C-D B-C

CS50 C-D Cc-D

MIX10 A-B B

ORI C B-C
L. 3}8hA 5480 WA= FEF
1) pH

Az wAge] Ade 2 Bede] pHE FAA 7k 55904 7.5,
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Figure 21. The effect of several conditioners on pH of soil material (COM:
compost; CP: cocopeat; PM: peatmoss; PG: phosphogypsum; CS: coarse
sand; MIX: compost-cocopeat-peatmoss-phosphogysum-coase sand; ORI:
original byproduct aggregate; number: mixing ratio based volume; Error bar:

95% confidence level).
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Figure 22. The effect of several conditioners on organic matter content of soil
material (See Figure 21).
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Figure 23. The effect of several conditioners on total nitrogen content of soail

material (See Figure 21).
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Figure 24. The effect of several conditioners on available phosphate content

of soil material (See Figure 21).
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Table 17. The characteristics change of the byproduct aggregate samples before and after improvement.

K * EC O M TN Avalp BK  ExCa ExMg  ExNa
Texture A 4 4
cm s dS m % % mg kg cmol kg™

Before SiL 0.00078 8.80 0.188 0.427 0.042 11.14 0.06 217 0.06 0.06

KG
After SL 0.089 6.77 3.140 9.37 0.262 1720 1.65 131.04  27.21 2.34
Before SiL 0.00009 8.76 0.168 0.451 0.038 10.64 0.03 2.46 0.04 0.04

CC
After SL 0.063 6.11 5.850 7.56 0.197 1390 1.61 152.71  22.82 0.55
Before L 0.00037 8.64 0.122 0.347 0.059 11.99 0.02 1.72 1.67 0.07

KS
After SL 0.081  6.35 4.530 7.76 0.160 1420 0.11 32.99 32.43 0.61

* Hydraulic conductivity.
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A AR A= dwrz o g AFE A e 538 A FolA A
gigelon Z3F=E+ W o|(Lotus corniculatus var. japonicus), Ab=
(Chrysanthemum boreale), <3 2 o] (Dianthus superbus var. longicalycinus), =
Z-(Caryopteris incana), =5 A= (Coreopsis lanceolata)S AF&39 11, BE 2%}
2  HUHF(Rhus chinensis), B]42](Lespedeza cuneata), A5(Pinus
densiflora), AFH W (Albizzia julibrissin), #F#-2] (Lespedeza cyrtobotrya) S A&
atoith o5 FAEE Table 179 7]l whet 7L7Lg AgFe AA 7 el &
ol £l o, AAAE T WA A4S uds) F 2m’® EFOR 5E
H] 3} 3t

M

Table 18. The composition of soil materials filled in the runoff pan.

Byproduct Phospho- Coarse
Cocopeat Peatmoss Compost
aggregates gypsum sand
Sand - - - - - 100
Nok - - - - - -
KG 50 10 10 10 10 10
CC 50 10 10 10 10 10
KS 50 10 10 10 10 10

(Sand: coarse sand; Nok: Noksaengto; KG, CC, KS: the treat name which

named after company supporting byproduct aggregates; unit: % volume basis).



Table 19. The germination rate and input amount of plant species used for
the runoff pan test.

o Germination Input amount
Scientific name Korean name 2
rate (%) (g m”)
Lotus corniculatus var.
, , H 3ol 88 0.70
Jjaponicus
Chrysanthemum boreale = 66 0.11
Dianthus superbus var.
. P . < 3ff =g o] 88 0.66
longicalycinus
Caryopteris incana % 80 1.04
Coreopsis lanceolata A= 80 0.79
Rhus chinensis T 50 4.51
Lespedeza cuneata H] 2] 63 0.56
Pinus densiflora AU 54 3.25
Albizzia julibrissin A 90 3.95
Lespedeza cyrtobotrya A2 73 4.33

SA L ANHA S AE gl MAY BE A S Rl obd &
AEsyHs S8t AldT EYY Wl A= (thickener) ¥ 4 &5
= WHoRE ST o]¢ Ze WS FXE ddsHl rels B8R oy x
Aol WA 4TS shr] wiwel A wopsl x7] Sl #FEd B8-S
Agsl = 4 Avh 1070 AEFe T 37 EFE =4 ES AAStolH, 9
ERz wuEetol E(HstEA), Huj2 AN, o7l HEAY SS9
3 AESA HZA Sl CMC(carboxyl methyl cellulose)7} &% A 7= Q1 &

BE&EHE =o]7] 93 Na-polyacrylated ZEFE5AZ2 W (super absorbent

polymer)7} A7} ATt 522 Usr 2AAED Aol At o] &S 7tst

3z Jfo)E T Z4zbe]l Aol 0.5cm FAE HES BoFArh RAE R F
=

ol &5 H F BAAT 71275 20°%2 yE F A& tH(Figure 26).
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H AARAIE T 712 7] clinometer(Suunto KB—14, Finland)® <213} t}.

(a) Preparation of soil (b) Installation of a filter (c) Filling of soil materials
materials layer into the pan

(d) Installation of seed (e) Verification of slope
mixture and thickener gradient 20°

(f) Finish of setting

Figure 26. The procedure of the runoff pan installation.
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THEAH ﬂﬂ? o] k&S vastr] fE 20061 59 89 7 Ak 2
R = T A

oA A 2AE F AAE T BEY xRS aldskA] 2 AEjelA
penetrologger (Eikjelkamp, Netherland) & ©]-&3fo] B9 zlolo] w& AP
SA4S Agvit 33 W SA4ste] FA ks ekl dolol whE dAAgk

of e e AYssic.

A3FA k=1
o §AEE, EA, pH, EC, f71& &%, T84 I, Fol2ud&F(CEC) &
S BAsG Y. BRS04 FARAE B BAy Fdsgin



20061 99 8 1xF RGN T Al T8 FAl BAAATE 2 =
el The BAAE TR 22F AlFel Hsigith B AR HAS EARANE E
FAE slol=mAYE 2AEE IARAS W} 5 Fa =FHUA
Al T2 "olx]&= ¥
2o} 7NES FHSA
H e mztE SAs=
g3 vpAlES] HEA T Fe} S 183 upAEY] QAR I wRS A
g5 Ak 22k AAAE T Ve 1Ahd =S 20°H Y Tk
2 3}t (Table 20, Figure 27).

s

o

oo M do ot F

rﬁi' —H

o1
A

CJO

Table 20. The description of each treatment installed in the 2nd runoff pan

study.
Treatment Description
SV Coarse sand with seed-mixture and thickener
Sand SB Coarse sand without any treatment
SP Coarse sand treated phosphogypsum (1kg m™)
NV Nok with seed-mixture and thickener
Nok
NB Nok without any treatment
iy Byproduct aggregate soil with seed-mixture and
thickener
KS

PB Byproduct aggregate soil without any treatment
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PV 2nd Runoff pan

Figure 27. The second runoff pan study (SV: coarse sand with seed-mixture
and thickener; SP: coarse sand with phosphogypsum; SB: coarse sand
without any treatment; NV: Nok with seed-mixture and thickener; NB: Nok
without any treatment; PV: improved aggregate byproducts with seed-mixture
and thickener; and PB: improved aggregate byproducts without any

treatment).
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(Kjeltec Auto 2300 Analyzer, FOSS tecator, Sweden)E o]&3slF on, <lALE
Bray—1¥H o2  <Fol&(K*" Ca’", Mg*", Na")< Atomic Absorption
Spectrophotometer(Shimadzu AA—6701F, Japan) & &A1}tk 32ko] 2 (S0°7)

(})3\
%=+ Ton Chromatography(Dionex DX—120, USA)E o]-&3 433t
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B E TAHKS) S ZAPDARZTE FAFAES Tl RAFANE S 7
it B A AN Holl ALEH FAFAE EGAE FAFAEY AT E, 1
Exs gH{u], QaAm, npiAlES 7h2E 1094 E3E Aotk A1E T WA
FAFNE T A oS WA KG, CC, KSZ &t} 7]&e] Wiy H
wal7] A8 HAE AT (Nok)E T duk vpAb g A S a8 nAES
A& A2 (Sand) S FATH

AA gm F dFdo] AUHA FAIE ot ] Ajzteiglont, dF Frop
AER QA3 7]o] datE "ol HA ALl €E F 20061 thA] wolrt
7] AlAsl o, A E] 2o wol BV mEH e Axd 7 3
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o
o2 3 2=} A H 7] A2 tH(Figure 28).
Im x 1m =718 BEFE o] &3 ABA A, =AFAHE ESA(KG, CC,
KS)e SAE A F(Nok) BT 69olle 7|4 Yt AE T2 gif-iol

=8t dae FADE Aoy, 8dell= 3438 Haste AFe Blth
AR S ESAE A Al A RAAA AT KG, CC 28] il KSoll A

= AT e Aol gdglod, A=

japonicus), AF=(Chrysanthemum boreale),

H-go](Lotus corniculatus var.
< 9] @ o] (Dianthus superbus var.
longicalycinus), =% (Caryopteris incana), == A= (Coreopsis lanceolata), 21}
Y (Pinus  densiflora), AFAYS(Albizzia  julibrissin), 2] (Lespedeza
cyrtobotrya)®] Aol Fokth. AR ZAHES A E A A (Nok) ol A

= 6o Felgl 89 AR Fo|x HxFo|(Lotus corniculatus var.



japonicus), A= (Chrysanthemum boreale), =Z:(Caryopteris incana) o] 87}
A S ATk webd 27 FEE T AEI e SHdA &=
W EAFAE B w3t o] SAERY dostttal & & AT
ARbAQl Hg o s =49 vAE AT (Sand) o= 2710 FY
g AEol 69y 3 T HHYA Fgskow, 8o HxFo](Lotus

corniculatus var. japonicus), AF=(Chrysanthemum boreale), <32 o] (Dianthus
superbus var. longicalycinus), %% (Caryopteris incana) Z&al g
(Lespedeza cyrtobotrya)”7} H=A &dstF oy ZzEe] AIG= =35 At
(Table 21).

T 5359 Eol QlolA FAFAE EdAS AR B 84 5o 100%
o MEES Hola Uk ARt HAES Agoles 7] FYE FAbel 9
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(Persicaria hydropiper (L.) Spach var. hydropiper) = ZZo] 93 3 &o]3it}.
ol &l ¥ = Z7lo FSlE AL Fxol osf ¥SgtE o] AbEsEkIH. 8
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o
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BAF FA Ades SAFTNE EGAdAY 27 FYE A0 w2 A4S
0 Ao g5 AFE Beta SAEANA FEE AEA Y AFE
W AFF] TA Ugth F SANAE EgAd A FEe AEA ] A4 A
S 600~ 1,200g m Y Al nla] SAAEA ] AR MFFELS 2 600g
m ‘2 FaHow 3u) tF FAYT. e A5A] AFHE w5
AES Zo] 3u) AX & & B A FEHom AEA ] AFHo] A4
B oRoe K71 2~ 3u] 7 2 Aoz 2ALE AU (Figure 29). o)l& &%
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e 27 BAEE AYZEGF A= FH B 2 84S ATse
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A% & ARE dFsn g F JA e T2 2 2§ S e
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Figure 28. The changes of vegetation coverage for 1 year (KG, CC and KS:
runoff pans filled with soil materials using aggregate byproducts which were
collected from three different companies; Nok: runoff pan filled with
conventional soil material made of coarse sand, sewage sludge, paper mill

sludge; Sand: runoff pan filled with coarse sand).



Table 21. The appearance number of the used plant species and their visual coverage ratio.

KG CC KS Nok Sand

June Aug. June Aug. June Aug. June Aug. June Aug.

Lotus corniculatus var. japonicus 156.0 128.0 112.0 60.0 56.0 36.0 80.0 8.0 - 1.0
Chrysanthemum boreale 24.0 12.0 60.0 28.0 52.0 32.0 28.0 84.0 - 2.0
Dianthus superbus var.

longicalycinus 20.0 48.0 1240 84.0 64.0 92.0 4.0 - - 8.0
Caryopteris incana 40.0 4.0 156.0 8.0 112.0 92.0 48.0 48.0 - 6.0
Coreopsis lanceolata 36.0 - 112.0 56.0 68.0 72.0 24.0 - - -
Rhus chinensis 8.0 - 24.0 - - - - - - -
Lespedeza cuneata 20.0 - 28.0 - 16.0 - 8.0 - - -
Pinus densiflora 20.0 - 24.0 24.0 44.0 16.0 4.0 - - -
Albizzia julibrissin 28.0 - 28.0 16.0 8.0 4.0 - - - -
Lespedeza cyrtobotrya 140.0 8.0 40.0 4.0 16.0 4.0 16.0 - - 2.0
Visual coverage 50% 100% 43% 100% 65% 100% 48%  100% 0% 10%

(KG, CC and KS: runoff pans filled with soil materials using aggregate byproducts which were collected from three different
companies; Nok: runoff pan filled with conventional soil material made of coarse sand, sewage sludge, paper mill sludge;
Sand: runoff pan filled with coarse sand).
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(penetration resistance)o]g} 3t} TLATL XA 9 EILE
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x)
=5, B As) ddol AstH
El

E¢o] U wusd 4Ee ggo] Takdhm, EFFE/l 30mm ol oAt

Ale] <)ol E7bsstrkar stk (Table 22).

Table 22. The relation of soil hardness and plant growth condition.

Soil hardness (mm) Plant growth condition
= 18mm Favorable for plant growth, but susceptible to eruption
18mm ~ 23mm Optimal for plant growth

23mm ~ 27mm Not bad for plant growth

27mm ~ 30mm Difficult for plant root to grow

= 30mm Limited for plant root to penetrate
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% 2MPa xS o, HAES} nALEE 3.7MPacl 2dlth

AAA o2 AT S EYAY EGE 7 SAES} vAlE EYFE
Ax o] ks Hola 9uh(Figure 30). EGAEEANS E3] FARAE Bk}
A& epddol] o fEd EY EE4 S ATE 7 S AR AR

= At
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Figure 30. The profile of soil strength with depth (KG, CC and KS: runoff
pans filled with soil materials using aggregate byproducts which were
collected from three different companies; Nok: runoff pan filled with
conventional soil material made of coarse sand, sewage sludge, paper mill

sludge; Sand: runoff pan filled with coarse sand).
AAAEH(2005) € =3h8 AA7|ebA o] Eo] 31345 pH, EC, CEC, T4
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Table 23. The soil chemical properties required by Korean Ministry of

Construction & Transportation after revegetation installation.

Item Unit Requirement
Soil reaction (pH) - 55~7.0
Electrical conductivity (EC) dS m” < 1.0
Cation exchange capacity (CEC) cmol, kg'1 = 6
Total nitrogen (T-N) % = 0.06
Salt concentration % < 0.2
Organic matter content % = 3.0




Table 24. The properties of the soil used for the first runoff pan study after harvest.

EC O.M. Avail-P T-N CEC
pH Soil Texture Bulk Density
dS m” % mg kg % cmol kg
Sand 7.92 0.03 1.36 10.79 0.01 5.69 Sandy Clay Loam 1.58
Nok 8.29 0.13 7.76 25.68 0.34 13.45 Sandy Clay Loam 1.09
KG 6.57 1.80 7.15 113.87 0.15 17.52 Sandy Loam 1.08
CC 6.36 1.75 7.01 119.45 0.19 17.37 Sandy Loam 0.99
KS 6.42 1.67 8.85 174.92 0.02 14.94 Sandy Loam 0.89

(KG, CC and KS: runoff pans filled with soil materials using aggregate byproducts which were collected from three different
companies; Nok: runoff pan filled with conventional soil material made of coarse sand, sewage sludge, paper mill sludge;

Sand: runoff pan filled with coarse sand).
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Figure 31. The properties of water flow distribution with soil materials (Up:
runoff; down: infiltration), (SV: coarse sand with seed-mixture and thickener;
SP: coarse sand plus phosphogypsum without seed and thickener; SB: coarse
sand without any treatment; NV: Nok with seed-mixture and thickener; NB:
Nok without any treatment; PV: improved byproduct aggregates with
seed-mixture and thickener; and PB: improved byproduct aggregates without

any treatment).
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Figure 32. pH of water collected from upper drainage line of the 2nd runoff

pan study (See Figure 31).
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TR = AE] olgHY] AR, ZAFAE EGA THAANE 2AdE]
EFAS oJAEE 9 d3e P fros FeHc
Table 25. The total amount of soil loss during three rain event.
1st rain event 2nd rain event 3rd rain event  Soil loss
ai (oF az b2 as bs axby+
particle = water  particle  water particle  water axxbat
content volume content volume content volume ~ @sXbs=
mg L" L mg L" L mg L" L mg
SP-U 33 8.0 80 12.7 14 14.0 1,476
SB-U 21 3.5 61 1.5 7 2.0 127
SvV-U 54 16.2 150 16.7 115 16.7 5,300
NV-U 49 10.3 91 14.3 36 13.0 2,274
NB-U 34 14.2 37 16.2 15 14.0 1,292
PB-U 823 9.8 970 7.5 255 5.8 16,819
PV-U 21 4.4 33 2.0 18 2.7 207
Efalo]l /P AR SolmeAYE 2ABS BolX 2 IANNE E
FANA e G55 LPE] FEE AL F$oAM 1,100mg L7 o, 497
F9-ol A= 255mg L' e® AA Hastdth(Figure 34). o] Alzke] 7ol u}
g ZAFAHE ERAle] EHol bt E Y] Wil Aow ddEglow, met
A EAFAE ESAE F3l8 EYAR FEgetr] ddAe 271 JAEA
W Ao] ZEoop & Ao Armgth.
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Figure 34. The suspended particle amount in water collected from upper

drainage line of the 2nd runoff pan study (See Figure 31).
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Figure 35. The [NOs-N] in water collected from upper drainage line of the 2nd

runoff pan study (See Figure 30).
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Figure 36. The [NOs;-N] in water collected from lower drainage line of the 2nd

runoff pan study (See Figure 30).
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Figure 37. The [NH."-N] in water collected from upper drainage line of the 2nd

runoff pan study (See Figure 30).
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Figure 38. The [NH4"-N] in water collected from lower drainage line of the 2nd

runoff pan study (See Figure 30).
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Figure 39. The available phosphate in water collected from upper drainage line

of the 2nd runoff pan study (See Figure 30).
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Figure 40. The available phosphate in water collected from lower drainage line

of the 2nd runoff pan study (See Figure 30).
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Figure 41. The [SO42'] in water collected from upper drainage line of the 2nd

runoff pan study. (See Figure 31).
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Figure 42. The [8042'] in water collected from lower drainage line of the 2nd

runoff pan study. (See Figure 31).
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Figure 43. The relation between pH and sulphate ion concentration of the

water drained from the 2nd runoff pan study.
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Figure 45. The site for the 1st field feasibility test.

Table 26. The soil texture of the 1st field feasibility test site.

Particle distribution Texture
Particle size Sand Silt Clay (USDA)
Sandy loam
Percent 73.07 21.09 5.84
(SL)

Table 27. The chemical properties of soil in the 1st field feasibility test

site.
EC O.M. Avail-P T-N CEC Exchangeable cation (cmol kg'1)
pH
dSm' % mgkg' % cmol kg7 Ca* Mg* K Na*
798 0.06 0.14 6.00 0.03 13.00 020 059 024 0.14
A Abde] ZSalold WA E e HwS MAstm 1 9o TARAE Bk
ANE o83 AA7IREAeL ARt B3R SHES A4 AHE o]&3 10cm
TAZ BolRth AET HE FAe QWA vgHxsie] 4gHE A
AT A2 (s AAAE) 13F, 18 ¢y 259 S A(seed

mixture) $1tH(Table 28).



Table 28. The germination rate and the amount of applied plant species used

for the 1st field feasibility test.

o Germination Amount applied
Scientific name Korean name

rate (%) (gm?)
Indigofera pseudo-tinctoria M. Folx 83 1.83
Rhus chinensis U5 64 1.59
Albizzia julibrissin A L 72 5.61
Lespedeza cyrtobotrya EIA ! 84 5.00
Dendranthema zawadskii var. -
) . TAHAx 65 0.28
latilobum (Maxim.)
Elsholtzia splendens Nakai 23k 90 0.1
Silene armeria L. Lol y= 67 0.04
Patrinia scabiosaefolia  Fisch. ex
. = 1hEl ] 58 1.81
Trevir.
Lotus corniculatus var. japonicus HL-gol 90 2.63
Lespedeza cuneata H g 79 1.49
Chrysanthemum boreale Ak 81 0.44
Centaurea cyanus L. 9 =3} 83 1.29
Dianthus superbus var.
Super = of & o] 86 2.78
longicalycinus
Callistephus chinensis OFAY 3} 4E 70 0.44
Medicago savita L. AN AR 74 1.56
Caryopteris incana LU 68 1.39
Coreopsis lanceolata S A= 89 117
. Ay
Lollium perenne 95 1.19
2o 1)

Festuca arundinacea E9 5 96 1.02




T RET algen ZAztel WAL 100m® sl ATk HAE ATt
& g 179 AT (Nok—grass) 9 A2 E 9159 A 2] F+(Nok—native) &
UH, FAaE B Aok AN E fTe EREAE AT
EdAe A Fdek AT (BA—native) 2} ZAFAHE ESAE WA BojEQl
5 7 9o lem FARE Ao Eo)7]E 3 g (BA—HS—native) & Y3
t}.

o M
L)
-

B AT A Aol Qo] 4 A,
A w2, e 44 ol B B2 Ve BALE Fetan.
AN T WMasy) AY AX, SR AZ, SATEE EGA AF, stel=

2AY, gy A2 =2 AP E o (Figure 47).
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(9) Installation of BA-HS-native (h) Installation of pI-;stic mulch

Figure 47. The installation procedure of the 1st field feasibility test

(Nok-grass, Nok-native, BA-native and BA-HS-native mean the treatment

condition. See Table 29).
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(b) After the trouble-shooting measure

Figure 48. The trouble-shooting measure through attaching another water line

to main hose during the installation of the 1st field feasibility test.

AANZ F A 9

@ =3t 9 E AT EASRE, 447N ARE
AFstel EFsH 54 WsE BAsAnh A4xAE o 107190 Ana
20074 99 21909] WIFHoR 2 ATl NE FAF, $HF, NAE
& ZASE WHoE FAHYT 24 AolHE AT AeTel wE Frie
4, A4F FF 5 0 FHEQ BAL vk

20074 5ol AAT AFA EF 5L FARHES SAED PRkl 1]



W FAEG SARANE BEEA e B pHeE 6.900190a SAE 5719

A pHiE 7.890th ROAAMN oA Hibe ZANAE ESA Y] pHIE o

2 =2 He EIAT T Tk ool | Aelglal wAES] pHe F

S S dEhil frlE 3 2o AEEE AT sud B A

o gARR o T gAY fol4 gl Aozt gtk FESl

& FAFNE EFAVE Wit 59.23mg kg ' 0® HAE Hi FEANTHE
%;

29.43mg kg ' BT} 7 wl7lEF Eokvh X @A 2 o] =
Aol B 114.02cmol kg '8 HAHE Hg AFA 24 oL
22.33cmol kg™' Bt} 58] A% ZATH(Table 29).

meha] FFAA Y EY 212 FARME EYAY] EXo] mAE EY

54 Bn A= A5 FEd pHet d2 =4S M AL Jvhan i

Table 29. The properties of the installed soil.

EC OM.  Avail-P Bulk Ex.-Ca®

P dS m” % mg kg'  density  cmol kg
Nok-grass 7.91 0.71 6.06 27.78 1.03 23.10
Nok-native 7.86 0.76 6.40 31.07 1.03 21.56
Average 7.89 0.74 6.23 29.43 1.03 22.33
BA-grass 6.88 2.11 6.12 62.13 0.98 123.04
BA-HS-native  6.91 1.84 6.40 56.32 1.09 104.99
Average 6.90 1.88 6.26 59.23 1.04 114.02

(Nok—grass: Noksaengto mainly with grass seed mixture; Nok—native:
Noksaengto mainly with native plant seed mixture; BA-—native: improved
byproduct aggregate soil with native plant seed mixture; BA—HS—native:

improved byproduct aggregate soil and hydro—seeding with native plant seed

mixture).
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20061 119 AAATA7E 249 & ALS A A ol Fal 2007 3
ol HWA F37} H7] Azl 4gol= BE AP TelA ¢

100% =38t7F WAL, Algko]l S5l uhe} A& ASo] oS et & A3
AlEFA mEE flol g AA sk oA =AFAE E%kﬁ Ao AN
(BA—HS—native 7-7H)7} #E= = do] AT shA v
TAEo] Woletal e oA & 3| EHAT AE AYFo
7 99 ApolelE ZAFAE ESA AT T Sel=E2X
elE AT (BA—HS—native) 7} 7P F393F = Bas BoFAd(Figure
49). o]¢F & AlEA EUHP S SAR 193] 531 BUHY

o
=
e EGAE o83 WEH 53} Algo]l e or o] Foxttal

(a) April 4. 2007. (b) May 3. 2007.

FO=EaNBEG
s ARSI EEED 2
FE B s pzsiolag 4 Isivicy

(c) July 7. 2007. (d) September 21. 2007.

Figure 49. The landscape change of the 1st field feasibility test site for
one year.
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7] o ® wekE
Z
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Figure 50. The landscape of the 1st field feasibility test site, April 2008.



Table 30. The result of vegetation survey - the number of plant species and

the average vegetation coverage.

Nok-grass Nok-native BA-grass BA-HS-native

Ave. coverage of

, 52.5 63.1 45.6 91.3
vegetation (%)
Slope No. of appearance
P pp? 3.1 4.1 55 6.0
area species
No. of invaded
) 6 7 9 6
species
Ave. coverage of
, 75 65 35 50
vegetation (%)
Planar No. of appearance
) 15 13 17 18
area species
No. of invaded
11 10 12 15

species
(Nok—grass: Noksaengto mainly with grass seed mixture; Nok—native:

Noksaengto mainly with native plant seed mixture; BA—native: improved
byproduct aggregate soil with native plant seed mixture; BA—HS—native:

improved byproduct aggregate soil and hydro—seeding with native plant

seed mixture).



Table 31. The composition of plant species in the slope area.

Type 1(Nok-grass) 2(Nok-native) 3(BA-grass) 4(BA-HS-native)

Serial Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Releve Number 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Number of species 3 6 3 2 3 2 3 3 5 4 4 5 3 3 5 4 5 5 6 7 6 4 6 5 4 4 6 6 7 8 6 7
Coverage (%) 50 20 30 80 60 30 60 90 60 40 35 95 60 90 75 50 20 40 45 80 35 95 35 15 95 90 95 95 90 95 80 90
Height of herb layer(cm) 40 40 40 40 40 40 40 40 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 140 140 140 140 140 140 140 140

WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN WN

Slope aspect(degree
P pect(degree) 280 280 280 280 280 280 280 280 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285

Altitude (m) 189 189 189 190 190 194 194 194 189 189 189 190 190 194 194 194 189 189 189 190 190 194 194 194 194 194 194 194 194 194 194 194
Quardrate size(m") 1T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Differential species of Site

Festuca arundinacea Schreb. 50 20 25 70 30 20 50 70| 50 35 20 10 40 60 60 40| 10 10 30 5 10| 30 10 10 50 30 50 20 30
Lolium perenne L. + + 5 10 30 10 200 10 5 10 + 20 20 15 10| 10 + + 5 5|50 10 30 15 30 + 30 40
Chenopodium ficifolium Smith 10 20 40 5 10 10 20 10
éc')atgglcormculatus var. japonica . 10+ 20 10 70 50 20 2 20 30 10
Artemisia princeps Pamp. 80 5 + o+ +
Medicago sativa L. 5 15 40 + + + o+ + o+
Humulus japonicus Sieboid & Zucc. 50 30

Albizzia julibrissin Durazz. + + o+ + o+ + + +
Chelidonium majus var. asiaticum

(Hara) Ohwi ¥ * ot ot

Callistephus chinensis + o+ + o+ +

Commelina communis L. 10 + + + o+

- 113 —



(continued).

Type

Serial Number

1(Nok-grass)

3

4

5

6

7

8

9

10

2(Nok-native)

1

12 13

14

15

16

3(BA-grass)

4(BA-HS-native)

17

18

19 20 21

22 23 24 25 26 27 28 29 30 31

32

Differential species of Site

Digitaria ciliaris (Retz.) Koel.
Cardamine flexuosa With.
Youngia japonica (L.) DC.
Erigeron annuus (L.) Pers.

Ipomoea purpurea Roth

Boehmeria spicata (Thunb.) Thunb.

Coreopsis lanceolata L.
Rumex crispus L.

Lactuca indica L.

Salix koreensis Andersson
Clematis apiifolia DC.
Phragmites spp.
Lespedeza cyrtobotrya Miq.

Dendranthema boreale (Makino)
Ling ex Kitam.

Dianthus longicalyx Miq.

10

+ 5

+ +
+ o+
30

114 -



Table 32. The composition of plant species in the planar area.

Type 1 4

Serial Number 1

Releve Number 1

Number of species 15 13 17 19

Coverage (%) 75 65 35 70

Height of herb layer(cm) 40 35 40 110

Slope aspect WN WN WN WN
280 285 285 285

Altitude (m) 194 194 194 194

Quardrate size(m’) 10 10 10 10

Differential species of Site

Festuca arundinacea Schreb. 30 5 20 20

Lolium perenne L. 20 + 10 10

Humulus japonicus Sieboid & Zucc. 40

Setaria faberii Herrm. 20

Boehmeria spicata (Thunb.) Thunb. 10

Lotus corniculatus var. japonica Regel 20 +

Commelina communis L. + + 10

Erigeron annuus (L.) Pers. + + + +

Stellaria aquatica (L.) Scop. + + +

Lactuca indica L. + + +

Chelidonium majus var. asiaticum (Hara) Ohwi + +

Rumex crispus L. + +

Amphicarpaea bracteata subsp. edgeworthii (Benth.) 5 +

H.Ohashi

Setaria viridis (L.) P.Beauv. var. viridis + +

Artemisia princeps Pamp. + +

Cyperus amuricus Maxim. + +

Panicum bisulcatum Thunb. + +

Medicago sativa L. + +

Albizzia julibrissin Durazz. + +

Digitaria ciliaris (Retz.) Koel. 5

Impatiens textori var. textori +

Chenopodium ficifolium Smith +

Cardamine flexuosa With. +

Youngia japonica (L.) DC. +

Coreopsis lanceolata L. +

Xanthium strumarium L. +

Phytolacca americana L. +

Isodon japonicus (Burm.) Hara +

Salix koreensis Andersson +

Trigonotis peduncularis (Trevir.) Benth. ex Hemsl. +

Paulownia coreana Uyeki + +

Miscanthus sinensis var. purpurascens (Andersson) +

Rendle

Cirsium japonicum var. maackii (Maxim.) Matsum. +
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~ 7490, B FFHA wE 2Fol= gl th(Table 33). X$4 Fol &

Foll glojA = A 7ke] Aeol= ¢l

T BA

¢l tH(Table 31).

Table 33. The properties of the installed soil for the 2nd feasibility test.

EC O.M. NH,-N  NO;-N Avail-P

Treatment pH
dS m” % mg kg  mg kg mg kg~
BA10 7.36 1.10 12.52 127.12 39.34 31.52
BA25 7.47 1.03 12.59 117.06 67.69 29.54
BA50 7.37 0.73 12.52 62.18 13.72 27.37
Nok 7.42 1.10 10.48 182.00 22.87 40.76

(Nok: Noksaengto; BA10: 10% byproduct aggregate + 10% coco—peat +
80% Noksaengto; BA25: 25% byproduct aggregate + 10% coco—peat + 65%
Noksaengto; BA5S0: 50% byproduct aggregate + 10% coco—peat + 40%

Noksaengto).

Table 34. The exchangeable cation concentration of the installed soil for the

2nd feasibility test (See Table 30).

ca™ Mg** K* Na*
Treatment
cmol kg™
BA10 23.53 2.66 1.62 3.03
BA25 22.65 2.61 1.51 2.98
BA50 21.27 2.32 1.53 2.81
Nok 21.68 2.05 0.91 2.60
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Figure 51. The site for the 2nd field feasibility test and the location of
each treatment (Nok: Noksaengto; BA10: 10% byproduct aggregate + 10%
coco—peat + 80% Noksaengto, BA25: 25% byproduct aggregate + 10%
coco—peat + 65% Noksaengto, BA50: 50% byproduct aggregate + 10%

coco—peat + 40% Noksaengto).
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Figurer 52. The modification of air gun hose to increase the stickiness of soil

material (green hose was for water supply).
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Table 35. The guide line of Ministry of Construction & Transportation and the

actual amount of applied plant species seeds used for the 2nd field feasibility

test.
o Guide line Actual amount
Scientific name Korean name 2 i 2
(g m”) applied (g m™)
Albizzia julibrissin A - 8
8
Rhus chinensis FHUH 3
Lespedeza cyrtobotrya ke 11
Indigofe 16
naigorera ol z 6.6
pseudo-tinctoria M.
Lespedeza cuneata H| 5=2] 18 19
Arundinella hirta okl % 24 -
Medicago savita L. &z} 16 17
Festuca arundinacea L Eat s 6 6.6
Poa prantensis L. A7) EF 12k~ 8 7.5
Lollium perenne AFY geto] 1k 6 6.6
Dactylis glomerata A=A~ 6 -
Silene armeria L. Lo &= 3 3.3
Coreopsis lanceolata a A= 5
6
Centaurea cyanus L. e 15
Dendranthema zawadskKii var. _
THEx -
latilobum (Maxim.) 3
Chrysanthemum boreale b= 0.3
Dianthus superbus var.
P EEED : 3

longicalycinus




A 7. RN ¥ u&%
(f) Installation of BA10

e R ot o

(9) Installation of BAS0 (h) Finish

Figure 53. The installation procedure of the 2nd field feasibility test.
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Figure 54. The landscape of the 2nd field feasibility test site, April 2008.
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Table 36. The properties of hydro-seeding measures.
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Table 37. The properties of soil-media hydro-seeding measures.
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Table 38. The properties of rock revegetation measures.
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Table 39.

Materials and installation cost of major slope revegetation measures.
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Figure 55. The green house for the crop growth experiment.



Table 40. The composition of soil materials for the green house study. (%

volume basis)

Treat” Aggregate Coco—peat |Peatmoss |Compost| PG Coarse
byproduct Sand
KG10cp 90 10 - - - -
KG25¢p 75 25 - - - -
KG50c¢cp 50 50 - - - -
v KG10pm 90 - 10 - - -
o | KG25pm 75 - 25 - - -
"1 KG50pm 50 - 50 - - -
¢ KG10com 90 - - 10 - -
[ | KG25com 75 - - 25 - -
"1 KGlopg 90 - - - 10 -
KG50cs 50 - - - - 50
KGori 100 - - — — -
KGmix 50 10 10 10 10 10
Reference Upland soil used by farmers

*The same method was used for the other aggregate byproducts(CC and KS).
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Table 41. The effect of soil improvement.

EC O.M. Avail-P T-N CEC

Improvement pH Soil Texture
dS m” % mg kg™ %  cmol kg’
Sandy Clay
Before 8.62 0.17 0.61 0.88 0.00 12.21
Loam

After 6.73 3.13 7.83 85 0.41 22.00 Sandy Loam
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Table 42. The soil properties of oriental melon field using byproduct

aggregates as soil amendment.

R X ) Exchangeable cation
EC O.M. NHs NOz Avail-P 1
(cmol kg™)

pH
m
s m' % 91

< mg kg" Ca® Mg®™ K' Na'

kg™

AB* 882 0.16 0.34 13.04 16.47 252 18.06 1.81 0.26 1.66

1*-
surface**

8.18 0.39 0.75 25.39 30.19 2491 14.73 2.03 0.74 1.48

1-sub.** 8.13 0.40 0.82 10.97 26.76 40.57 1522 214 0.92 1.50

4*-
surface

712 0.58 299 19.90 77.53 111.15 9.19 3.56 1.25 1.29

4-sub. 6.88 0.31 1.57 13.72 37.73 6096 7.97 3.23 051 1.17

*%*

(#: byproduct aggregate; *: use history - year; **: surface soil, subsurface

soil)
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Table 44. The optimum soil condition of green house.

Sandy loamy soil Clayey loamy soil
Soil depth (cm) = 25
Ground water level (cm) = 60
Bulk density (g cm™) < 1.0
H20 6.0~ 7.0
pH
KCI 557 6.0
Organic matter (g kg™) = 20 = 30
Available phosphorus
p 300 ~ 500
(mg kg™)
CaOo 840 ~ 1,200 1,400 ~ 3,400
(Ca cmolc kg™ 377 (5~ 12)
Salt MgO 200 ~ 400 400 ~ 600
content | (Mg cmolc kg™) 172 (2 7 3)
K20 140 ~ 230 190 ~ 470
(K cmolc kg™) (0.3 7 0.5) (0.4 ~ 1.0)
EC Before cultivation =10 =15
(dS/m) | After cultivation 1.0 ~ 15 15~ 35
NOs-N(mg kg™ 50 7 150 100 ~ 250

(295 d A2, 2006)

Folol FAS vias] AN @99 b2 AR dolsk 4FF R AFY
SEn BEAT M AV de gEE S48 Asle] gEE 2ag

A (ATAGO Hand refractometer N1, )2 =339}
=AGEAE Yo FdHstE o] 8ste] AAY FiEHste ogl FEHIE
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Table 45. The properties of oriental melons grown in the byproduct aggregate

amended soil and their comparison with oriental melons purchased market.

Saccharinity

oriental melon

Dry Water

weight

Fresh

(brix, %)

size (cm)

content

weight

Length Width Outer Inner

%

3.54 87.19 10.56 7.25 10.36 16.86

27.65

4 year

3.77 86.30 9.95 7.50 12.00 17.06

27.51

1 year

417 87.81 11.45 7.93 11.33 16.20

34.36

Market
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Table 46. The soil physical properties in the experimental field.

Soil Texture

Bulk Density

Silt Clay Texture

Sand

1.19

4.96 sandy loam

22.03

73.01




Table 47. The soil chemical properties in the experimental field.

EC O.M. Avail-P T—N CEC Exchangeable cation (cmol kg ')
pH
dS m™! % mg kg_1 % emol kg™ Ca’”’ Mg2+ K* Na*
6.51 0.08 1.84 88.71 0.14 11.64 9.62 0.05 0.85 0.21
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Figure 60. The configuration and application method of treats.



Table 48. The soil texture of aggregates by-products as soil materials.

Soil Texture

Sand Silt Clay Texture

49.01 46.75 4.24 sandy loam

Table 49 . The soil chemical properties of aggregates by-products as soil

materials.

EC OM. Avail-P T-N CEC Exchangeable cation (mg kg”)

pH

dSm' % mgkg' % cmolkg! Ca® Mg* K* Na

6.13 174 742 22108 0.18 11.64 26.47 0.04 229 1.20

Table 50. The soil heavy metal contents of aggregates by-products as soil

materials.

Cu Zn Cd Pb

mg kg

0.47 11.16 0.10 0.79
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Table 51. The change of soil properties during chinese cabbage growth with

the application amount of soil materials using aggregate byproduct.

TO T10 T25 T50

initial  mid final | initial  mid final | initial  mid final | initial  mid final

pH 700 700 726 | 669 664 700 | 666 673 690 | 654 6.68 6.92

EC 021 013 009 | 086 093 127 | 094 110 090 | 1.21 129 155

oM 225 177 129 | 3.06 259 211 | 327 299 218 | 429 265 238

Ava-P |103.11 91.50 88.00 | 92.76 78.55 97.85 [111.05 111.66 78.40 | 84.65 86.60 58.00

T-N 020 0.16 0.16 | 0.14 0.01 0.14 | 0.17 016 0.17 | 0.14 0.12 0.13

CEC | 929 866 13.00|1251 1266 12.62|13.65 12.43 12.86 | 13.29 12.98 14.00

Ca 801 9.77 052 |19.05 2247 1.49 |2257 2491 113 |28.18 28.62 1.49

Mg 004 006 3.12 | 0.03 0.03 3.18 | 0.03 0.03 292 | 0.02 0.03 264

K 070 076 029 | 0.50 054 044 | 061 081 038 | 0.53 0.67 0.26

Na 029 024 022|019 021 012 | 024 022 020 | 023 0.22 0.15

Cu 150 140 119 | 095 088 059 | 1.21 1.09 0.76 | 0.75 0.82 0.60

Zn 935 764 1462| 6.55 6.28 1238 | 892 823 1590| 764 6.74 1.22

Cd 009 006 063 | 008 008 066 | 011 010 067 | 0.10 0.10 0.61

Pb 071 083 067 | 068 084 038 | 079 079 033 | 079 094 0.50




Table 52. The nutrient and the heavy metal content in chinese cabbage with the application amount of soil
material using aggregate byproduct.

P N CaO MgO K20 Na.O Cu Zn Cd Pb
% % % ppm
Ref 2.41 0.02 0.02 0.24 6.56 1.08 16.96 45.52 20.56 39.66
TO 3.18 0.02 0.07 0.38 10.01 0.99 17.88 4348 22.68 22.32
T10 2.24 0.01 0.02 0.25 6.63 0.94 16.04 35.52 22.68 18.86
T25 2.83 0.02 0.00 0.29 8.43 1.34 18.34 48.18 25.84 5.00
T50 2.55 0.02 0.01 0.26 6.84 0.88 18.34 42.26 37.18 25.80

- 153 —
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Figure 61. The fresh weight and the edible part weight of chinese

cabbage.

TO T10

Figure 62. The pictures of harvested chinese cabbage
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Figure 63. The pot experiment of lettuce and

chrysanthemum in the open area.
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Table 53. The soil properties of pot filed with aggregate byproduct

mixture.

N X ) Exchangeable cation
EC O.M. NH; NO3; Avail-P
(cmol kg™)

pH

m
asm' % g1

< mg kg" Ca® Mg®™ K' Na'

g
kg™

com25 7.94 032 3.13 1715 17.15 6.93 1946 1.71 029 143

com50 7.53 0.34 4.76 19.90 26.76 10.57 20.33 2.10 0.32 1.60

sand25 8.69 0.23 0.68 21.96 16.47 3.77 17.08 0.93 0.22 1.05

sand50 8.59 0.27 0.48 19.22 2195 566 16.16 0.78 0.17 1.09

ori 8.66 0.30 0.34 10.97 1647 274 1914 1.09 026 1.36

reference 6.24 0.15 524 1510 1236 24.00 4.75 118 0.27 0.95
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Table 54. The soil properties of pot filled with aggregate byproduct mixture

after cultivation.

N X ) Exchangeable cation
EC O.M. NHq NO3s  Avail-P
(cmol kg™)

pH

m
asm' % 91

< mg kg" Ca® Mg®™ K' Na'

g
kg™

com25 846 0.09 347 1510 7.54 9.56 16.99 1.23 046 049

com50 8.02 0.10 7.01 893 343 9.86 17.75 1.85 0.52 0.52

sand25 8.92 0.07 0.27 343 1236 3.78 12.76 0.69 040 0.46

sand50 8.85 0.06 0.34 11.67 13.04 882 10.67 0.51 0.36 0.48

ori-F 896 0.07 0.61 17.83 1715 455 10.51 0.79 043 0.47

reference 6.16 0.02 4.29 18.53 11.66 20.13 4.41 0.99 0.37 0.52
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Figure 64. The number of lettuce leaves with soil condition.
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Figure 65. The width of lettuce leaves with soil condition.
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Figure 66. The length of lettuce leaves with soil condition.
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Figure 67. The height of chrysanthemum with soil condition.
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Appendix 1. the HRXRD of byproduct aggregates
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Figure 1-1. KG (Gyeonggi—Do)

Pattern List

Chem.
Ref.Code |Score| Compound Name [Displ.[2Th]|Scale Fac.
Formula
01—083—2465| 69 Silicon dioxide | —0.001 0.866 Si 02
. (Mg, Fe )6 (
00—029—0701| 26 Clinochlore—1 | 0.008 0.077 S
1..
. Ca0.2 (H2 O
00—054—-0664| 29 Cronusite —0.028 0.073 )2 C
I..
. (Na, Ca) Al
00—041—1480| 23 Albite 0.008 0.141 (s
. K (Mg, Fe )3
00—042—1437| 27 Phlogopite—1 | —0.027 0.351 (A
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Figure 1—2. HC (Gyeonggi—Do)

Pattern List

Ref.Code |Score|Compound Name [Displ.[2Th]|Scale Fac.|Chem. Formula
01—-083—2465| 61 | Silicon dioxide [—0.032 0.673 Si 02
01-073—-0603| 31 |Iron(III) oxide —|—0.042 0.058 Fe2 03

. Ca0.2 ( H2 0 )2
00—054—0664| 27 Cronusite 0.002 0.238 c
r..

. K Fe3 +2 ( Si,
00—042—1413| 32 Annite—1 0.017 0.847 Al
03—065—3929| 25 Covellite 0.05 0.083 Cu S

. . ( Zn, Al, Cu
00—034—0782| 32 Fraipontite—1 | 0.019 0.052

)3 ..




f 1

TOE-E RO T

i00am .3ﬂ:|!,sa,n
s
| e
”Lﬂtmmf | i
i ) l
A | I“Ih‘l‘I M i T’H"ﬂ“‘h "H‘I‘ I11‘1‘*“14Tr‘ihfﬁi"h'1'1"‘r1li‘"fr*rﬁ‘r—
Podt Ion[ZTre ]
Figure 1—3. DM (Gangwon—Do)
Pattern List
Ref.Code |Score|Compound Name|Displ.[2Th]|Scale Fac.|Chem. Formula
01-081—-2027| 50 Calcite, syn 0.081 0.551 Ca (C03)
. Ca Mg ( C 03
00—036—0426| 41 Dolomite 0.044 0.17 2
01-085—0797| 25 Quartz —0.052 0.268 Si 02
Na Ca Cub ( As
00—051—-1491| 29 Lavendulan -0.123 0.187 o4
. . (Na, K, Ca
00—054—1146| 23 Brinrobertsite -0.071 0.028 0.3
L. Mg3 (P 04 )2
00—033—0877| 22 | Bobierrite, syn | —0.156 0.028

'8 H..
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Figure 1—4. SS (Gangwon—Do)

Pattern List

Ref.Code |Score|Compound Name |Displ.[2Th]|Scale Fac.|Chem. Formula
01-086—2334| 76 Calcite 0.036 0.884 Ca (CO03)
00—041—-1487| 42 cliftonite 0.145 0.218 C
00—047-1417| 32 awaruite 0.085 0.022 ( Fe , Ni)
00-051-1491| 28 | Lavendulan | —0.205 | 0007 | ¢ Cu0 (A

04
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Figure 1-5. CC (Gangwon—Do)

Pattern List

» )
|1|7‘M1fmm]ﬂ[mﬁm|u ik
; Pt

o

Scale
Ref.Code |Score| Compound Name |Displ.[2Th] " Chem. Formula
ac.
03—065—0466| 58 Quartz low, syn —0.004 1]0.988 Si 02
00—052—1044| 36 |Chlorite—serpentine| —0.05 0.0741|C Mg, Al )6 ( Si ..
01—-073—2444| 19 Dolomite 0.103 0.035] Ca Mg ( C 03 )2
Microcline,
00—019—-0932| 23 ] —0.042 10.165 K Al Si3 08
interm..
. . Cub ( As 04 )2 (
00—051—-1573| 15 Lindackerite 0.106 0.069 A
01-071-1167| 22 Anatase —-0.121 [0.054 Ti 02
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Figure 1-6. KG (Gangwon—Do)

Pattern List

Scale
Ref.Code |Score| Compound Name |Displ.[2Th] " Chem. Formula
ac.
01-085—0797| 63 Quartz 0.021 0.644 Si 02
Ferrierite—Na,
00—043—0576| 18 —0.094 ]0.096 |Na0.96 Al2 N1.06 S..
syn
Aluminium
01-076—0226| 37 0.222 0.609 Al P 04
phosphate
Na Ca Cu5 ( As 04
00—051—1491| 24 Lavendulan —-0.125 0.07
00—054—0664| 25 Cronusite 0.01 0.031|Ca0.2 ( H2 O )2 Cr..
01—-074—2394| 14 Faujasite—Na 0.006 0.021 |Nal8.24 Call.74 Ce..
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Figure 1-7. YS (Jeolla—Do)
Pattern List
) Scale
Ref.Code |Score| Compound Name |Displ.[2Th] . Chem. Formula
ac.
Silicon oxide — ]
01—-089—8935| 44 g 0.08 0.962 Si 02
Halite,
00—026—0918| 27 ] -0.21 0.017 | KO0.2 Na0.8 Cl
potassian,..
Albite, calcian,
00—041-1480| 22 —0.023 ]0.309| ( Na, Ca ) Al (
0..
Phlogopite—I1\[TM
00—042—1437| 15 R 0.055 0.206 |K ( Mg , Fe )3 (
Titanium oxide — )
01—-077—0445| 23 —0.151 ]0.088 Ti 02
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Figure 1—-8. JS (Jeolla—Do)

Pattern List

Ref.Code |Score| Compound Name |Displ.[2Th]|Scale Fac.|Chem. Formula
01—-082—2454| 34 Brucite, syn 0.007 0.183 Mg ( O H )2
00—033—-1161| 33 silica 0.186 0.474 Si 02
01—-083—2243| 24 Anatase, syn —0.076 0.126 Ti 02

Anorthite,
00—041—-1486| 18 —-0.025 0.307 Ca Al2 Si2 08
ordered
00—028—2015| 14 Urea, syn 0.042 0.376 |C O ( N H2 )2
Petalite—2\ITM\R ) .
00—014—0090| 21 G —0.005 0.104 Li Al Si4 010
Dimagnesium C8 H24 Al4
01—-089—8955| 10 ] 0.162 0.128
bis(te.. Mg2 N2 ..

10N
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Figure 1—9. SI (Jeolla—Do)

Pattern List

Compound ) Scale
Ref.Code |Score Displ.[2Th] Chem. Formula
Name Fac.
00—046—1045| 52 Quartz, syn —0.006 | 0.442 Si 02
Aluminium
01-074—-1758| 24 0.048 0.356 |Al2 Si2 O5 ( O H )..
tetrahyd..
Dimagnesium C8 H24 Al4 Mg2 N2
01—-089—8956| 17 ] —-0.014 | 0.092
bis(te..
01-071—-1168| 16 Anatase —0.046 0.13 Ti 02
Mutinaite—Na, .
00—037—-0361| 21 —0.026 | 0.174 [Na2.6 Al4 ( Sil161...
syn
00—001—-0705| 22 Microcline 0.02 0.278 K Al Si3 08
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Figure 1—10. KS (Jeolla—Do)

Pattern List

Ta

Compound ) Scale
Ref.Code |Score Displ.[2Th] Chem. Formula
Name Fac.
01-070—2517| 61 |Quartz low — 0.052 0.839 Si 02
00—054—0664| 30 Cronusite 0.004 0.125 |Ca0.2 ( H2 O )2 Cr..
00—042—1437| 30 |Phlogopite—1.] —0.003 0.482 |K ( Mg, Fe )3 ( A..
00—029—0701| 25 |Clinochlore—1| 0.031 0.085 | ( Mg, Fe )6 ( Si ..
Dialuminium
01-074-2217| 7 0.004 0.238 Al2 Si 05

oxide
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Figure 1—11. DC (Jeolla—Do)

Pattern List

Compound ) Scale
Ref.Code |Score Displ.[2Th] Chem. Formula
Name Fac.
01-070—3755| 60 Quartz 0.025 0.85 Si 02
00—007—0042| 26 |Muscovite—3RG| 0.017 0.101 | ( K, Na ) ( Al, ..
01—-080—1097| 14 |Birnessite, syn| —0.093 | 0.038 |Mg.29 Mn1.42 Mn.58..
Sodium _
01—-089—6426| 19 —0.032 | 0.163 | Na ( Al Si3 08 )
tecto—alumo
00—038—0449| 32 Allophane 0.199 0.078 |Al2 03 12 Si 02 !3..
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L

Ta

Pattern List
Compound ) Scale
Ref.Code |Score Displ.[2Th] Chem. Formula
Name Fac.
01—-085—0457| 63 |Silicon oxide —| 0.068 1.002 Si 02
00—007—0042| 32 | Muscovite—3 0.067 0.153 | ( K, Na) ( Al, ..
Sodium _
01—-089—6423| 21 —-0.014 | 0.202 | Na ( Al Si3 08 )
tecto—alumo
01-089—6455| 8 |Clinochlore IIb—| 0.057 0.037 |Mg3 ( Mg2 Al ) ( (..
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Figure 1—13. DA (Jeolla—Do)

Pattern List
) Scale
Ref.Code |[Score|Compound Name |Displ.[2Th] P Chem. Formula
ac.
01-070—-3755| 66 Quartz 0.036 0.7 Si 02
Na Ca Cub ( As 04
00—051—-1491| 26 Lavendulan -0.073 | 0.077

00—033—0256| 17 | Yeelimite, syn 0.009 0.092 | Cad Al6 012 S 04

Mg3 ( Mg2 Al ) (

01—-089—6455| 11 |Clinochlore IIb—2| 0.023 0.071 (
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Figure 1—14. DH (Geongsang—Do)

Pattern List

Compound ) Scale
Ref.Code |Score Displ.[2Th] Chem. Formula
Name Fac.
01—-083—2465| 63 | Silicon dioxide| —0.005 0.878 Si 02
01-070—-3752| 30 Albite 0.001 0.23 ( Na0.98 Ca0.02 )
00—030—1170| 22 Franzinite 0.092 0.104 | ( Na, Ca )7 ( Si
01-082—1147| 16 |Calcium lithium 0.139 0.049 | Ca6 Lil2 ( Be24 P
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Figure 1—15. SS (Geongsang—Do)

Pattern List

Ta

Compound ) Scale
Ref.Code |Score Displ.[2Th] Chem. Formula
Name Fac.
01-070—-3755| 63 Quartz 0.014 0.811 Si 02
01—083—0578| 42 Calcite 0.009 0.332 Ca (CO3)
00—034—0782| 25 |Fraipontite—1| —0.037 | 0.093 | ( Zn, Al, Cu )3
00—051—-1491| 31 Lavendulan —0.077 | 0.101 |Na Ca Cub ( As 04
Trimagnesium .
01-074-1732| 19 ol 0.024 0.049 |Mg3 Si4 010 ( O H
payll..
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Figure 1—16. DE (Geongsang—Do)

Pattern List

Ta

Compound ) Scale
Ref.Code |Score Displ.[2Th] Chem. Formula
Name Fac.
Quartz low — .
01-070—-2517| 61 0.052 0.839 Si 02
theor..
. Ca0.2 ( H2 O )2
00—054—0664| 30 Cronusite 0.004 0.125 c
I..
. K ( Mg, Fe )3 (
00—042—1437| 30 Phlogopite—1 -0.003 0.482 A
00—029—0701| 25 | Clinochlore—1 0.031 0.085 |( Mg, Fe )6 ( Si ..
Dialuminium
01-074-2217| 7 0.004 0.238 Al2 Si 05

oxide ..
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Figure 1—17. SB (Chungcheong—Do)

Pattern List

Compound Scale

Ref.Code |Score Displ.[2Th] Chem. Formula

Name Fac.

01-070—3755| 56 Quartz —0.009 | 0.853 Si 02

Chlorite—serpen

00—052—1044| 37 ] —-0.09 0.055 | ( Mg, Al )6 ( Si ..
tine

00—054—0664| 30 Cronusite 0.015 0.049 |Ca0.2 ( H2 O )2 Cr..

00—051—1491| 24 Lavendulan —-0.13 0.176 |Na Ca Cu5 ( As 04 ..

01-076—-1748| 26 Iron silicide 0.115 0.055 Fe Si
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Figure 1—18. SY (Chungcheong—Do)

Pattern List

oy

Compound ) Scale
Ref.Code |Score Displ.[2Th] Chem. Formula
Name Fac.
01—-083—2465| 70 |Silicon dioxide| —0.002 | 0.795 Si 02
Chlorite—serpen )
00—052—1044| 45 ] —0.068 | 0.269 | ( Mg, Al )6 ( Si ..
tine
00—051—-1491| 25 Lavendulan -0.14 0.117 |Na Ca Cu5 ( As 04 ..
00—041-1480| 14 | Albite, calcian 0 0.333 | ( Na, Ca ) Al (S..
01-079—-1189| 19 |Magnesium bis| —0.047 | 0.599 [Mg3 ( S 04 )2 ( O ..
00—005—0586| 11 Calcite, syn 0.055 0.088 Ca C 03
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Figure 1—19. KW (Chungcheong—Do)

Pattern List

?lHl " ‘W""‘:BL""“WW'"im' -M'I"'WI:'LTH I

Ref.Code |Score| Compound Name |Displ.[2Th] SFc;f Chem. Formula
01—079—1906| 50 | Silicon oxide — 0.056 0.846 Si 02
01-073—0603| 28 |Iron(IIl) oxide —| —0.257 |0.458 Fe2 O3
00—007—-0042| 16 Muscovite—3 0.045 0.377 |[( K, Na ) ( AL,
00—054—0664| 23 Cronusite 0.094 0.134 |Ca0.2 ( H2 O )2 Cr..
00—014—0366| 15 Fraipontite—2 —0.051 ]0.122 |( Zn, Al )3 ( Si ..
00—001—-0739| 15 Albite 0.144 0.317 Na Al Si3 08
00—002—0028| 17 Chlorite 0.018 0.077 |( Mg , Fe )5 ( Al ..
01-087—1709| 7 |Dialuminium silica] —0.043 |0.396| Al2 ( Si 04 ) O
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Figure 1—20. JK (Chungcheong—Do)

Pattern List

Compound Scale

Ref.Code |Score Displ.[2Th] Chem. Formula
Name Fac.
Silicon oxide

01-079—-1910| 56 B —0.025 0.828 Si 02
Titanium

01-077—-0446| 32 ) —-0.142 0.097 Ti 02
oxide —

01-073—0517| 23 Valleriite 0.151 0.055 | ( Mg.68 AL32 ( O ..

00—041—-1480| 22 |Albite, calcian| —0.022 | 0.362 | ( Na, Ca ) Al ( S..

Aluminium
01—-074-1758| 18 —0.004 0.315 |Al2 Si2 05 ( O H )..
tetrahyd..
Beryllonite
01—-071—-0441| 8 o 0.033 0.064 | Na ( Zn.8 Fe.2 ) P..
zincia..
Microcline, .
00—022—-0687| 21 —0.035 0.271 K Al Si3 08

ordered
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Figure 1—21. MJ (Chungcheong—Do)

Pattern List

Compound . Scale
Ref.Code |Score Displ.[2Th] Chem. Formula
Name Fac.
01—-089—8935| 64 |Silicon oxide — 0.11 0.658 Si 02
. K — Mg — Fe — Al
00—002—0227| 37 Mica 0.05 0.017 _
00—029—0701| 30 | Clinochlore—1 0.107 0.12 | ( Mg, Fe )6 ( Si ..
00—054—1146| 23 | Brinrobertsite 0.01 0.142 | ( Na, K, Ca )0.3..
Na Ca Cub ( As 04
00-051-1491| 25 | Lavendulan | —0.044 | 0.462 | 2 8 Cus CAs
Calcite,
01—-089—1305| 15 . —-0.032 0.108 |( Mg0.06 Ca0.94 ) ..
magnesium..




Appendix 2. X—ray diffractogram of aggregate by—product
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Appendix 3. TGA-DTA thermogram of aggregate by-product

Weight (%)

Weight (%)
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Sample: DC

Size: 10,9508 mg TGA-DTA
Run Date: 11-Nov-2006 14:24
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Sample: pa

Size: 7.75289 mg TGA-DTA
Run Date: 20-Nov-2008 12:35
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Sample: SB
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Sample: Kw

Size: 7.066%9 mg TGA-DTA
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Run Date: 15-Nov-2006 11:01

Comment: RT-800C{10C/min) n2 Instrument: 2960 SDT V3.0F
100 0.01
98 - 0.00
) =)
e
=
E
1 =
=
98 --0.01 @
— o
(S 1 o
= T
E s
@
= E
97 002 R
]
o
5
=
=
5
96 | 003 O
95 y y r -0.04
a 200 400 600 800
Exe Up Temperature (°C) Universal V4.0C TA Instruments.

ann



o EAFA A3"H 4E AlF EF(The list of plant mentioned in this
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