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A Study on the Application of Physical Soil Washing
Technology at Lead-contaminated Shooting Range
in a Closed Military Shooting Range Area
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Abstract: Heavy metal contaminants in the shooting range are mostly present in a warhead circle or

a metal fragment present as a particle, these fine metal particles are weathered for a long period of
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time is very likely that the surface is present as an oxide or carbon oxide. In particular, lead which is a

representative contaminant in the shooting range soil, is present as more fine particles because it

increases the softness and is stretched well. Therefore, by physical washing experiment, we conducted

a degree analysis, concentration of heavy metals by cubic diameter, composition analysis of metallic

substances, and assessment of applicability of gravity, magnetism and floating selection. The

experimental results FESEM analysis and the measurement results lead to the micro-balance was

confirmed that the weight goes out less than the soil of the same size in a thinly sliced and side-shaped

structure according to the dull characteristics it was confirmed that the high specific gravity

applicability. In addition, the remediation efficiency evaluation results using a hydrocyclone applied
to this showed a cumulative remediation efficiency of 71%, twice 80%, 3 times 91%. On the other hand,
magnetic sifting showed a low efficiency of 17%, floating selection -35mesh (0.5mm) target soil showed

a relatively high efficiency to 39% -10mesh (2mm) efficiency was only 16%. The target treatment

diameter of soil washing should be 2mm to 0.075mm, which is applied to the actual equipment by

adding an additional input classification, which would require management as additional installation

costs and processes are constructed. As a result, it is found that the soil remediation of shooting range

can be separately according to the size of the warhead. The size is larger than the gravel diameter to

most 5.56mm, so it is possible to select a specific gravity using a high gravity. However, the

contaminants present in the metal fragments were found to be processed by separating using a

hydrocyclone of the soil washing according to the weight is less than the soil of the same particle size

in a thinly fragmented structure.

Keywords : A shooting range, Lead contaminated site, Gravity separation, Soil washing
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Table 1. Types of physical screening techniques

Screening method

size selection

* Screening as a criterion representing the magnitude of the elevation and the stage of its distribution
* Mesh separation using the size of the mesh

* A Method for screening particles according to the characteristics of the precipitation of particles in a fluid
* A non-linear method of separating by using specific gravity fluids into light and heavy minerals by means
of separation using the specific gravity difference of solid particles

gravity concentration | | A method of depositing heavy minerals lower than light minerals in the flow of vertical reciprocating
water in the upward and downward direction
« It is mainly used to separate the sedimentary particles from the heavy ones to the light ones in a flat film
floatation * A Method to select by artificially making the surface of particles, such as ore, a hydrophobic surface and

floating the mineral with a bubble.

magnetic separation

* A Method of screening using magnetically attracted properties of minerals
* A Method for screening dia-magnetic substance with opposite tendency to magnetize and ferromagnetic
substances with magnetically attracted properties




496 SIISEIt Hi28 M5

1. ATCHAXIS XA

2 AT R E A7) sPEA] sk Aols i
A A A HANEARY] A defoll AR E]
o] FYEUH AHAYFEA T, FFH= E5HAL
HEE NP 77k 3ol A&T} 7F QhE 9]
w27} 2 @ 3tof whal 1970th e E4AARE, 7
BRY, S8, S ASud 5 it
FAER ARGE]O] gtk A 2Rl YA EAl=
A7)%= shaAlel fAjskaL glof FaA A
AN 9 FRIR Y5 T HE wet gluE
A AR Alghteolet, wheba] EEAIRAA|of 3t
ARl HhHS A8E = Qo S A HoRE 4
82 sho] APS HAISIIT

At A ol et EFAL AL RAE Zx
&1o] Figure 33} o] 714 082 EFARE A7
SHY I L AEEAL FhP o] FAAFHo| o3
BT, A A9 e A5 ThokE Sl
o
<

Legend

Remediation range
O Additional investigation point

ASAZE 2 mmoJARS A AL A A5 o
PEAHL KS F 2302 SA|EAS £8-5l0] 42305}
dom Ao 7] 10~200 mesh (YA: 2. 0
0

—~

pu—
mQ)‘l
o
o
-3
(ox
8
g
i
S~
%
ofr
ol
£
inss
o,
o
Shs
o
ol
ol
=
&
inss

AR 3t oIS RS,

Figure 3. Sampling of test site.
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Table 2. Hydrocyclone designing data of the Rietema and Bradley

Hydrocyclone Di/Dc Do/Dc L/Dc I/Dc 0
Bradley 177 1/5 - 13 9°
Rietema 0.28 0.34 5 0.4° 9°~20°
250l WY PAIE 4552 7]&0] 7L EAls & 3) FrAd
O IAKZIO0 2ZFl ] - _
HEUA AL S48 AEse WA 9 vlF BHoMyo Jy|oek 2477} BHalE Sub—AF
que A xskael .
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(2 FAEH A5kt
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fd

= T4 =2 il
(3) FESEM (Field—Emission Scanning Electron st A 27149 (conditioning)3t thE B4 %2
Microscope)&t 2! EDS (Energy—dispersive 71E Yot HREd A-ES skt
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& F Adasd J3tass Brlsoi. ol o3t T At v ushH 4,584 9] 2. Aol
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Table 3. Heavy metal shape ratio by particle size through continuous extraction analysis
sort Pb Cu
particle size continuous concentration content concentration content
(mm) extraction phase (mg/kg) (%) (mg/kg) (%)
Exchangeable 184.7 142 312 17.7
Carbonate 2482 19.1 19.0 10.7
Fe-Mn oxides 276.2 213 512 29.0
2004 Organic matter 278.9 215 322 18.2
o Residual 3104 239 432 244
Sum 1,298.4 100.0 176.8 100.0
Total contents 1,306.8 178.6
Error rate 0.6% 1.0%
Exchangeable 152.2 10.1 18.5 92
Carbonate 250.2 16.6 19.8 9.8
Fe-Mn oxides 367.2 243 68.5 33.9
Organic matter 420.2 27.8 42.7 21.1
0.4~0.15 -
Residual 3194 212 52.8 26.0
Sum 1,509.2 100.0 202.3 100.0
Total contents 1,559.3 2123
Error rate 3.2% 4.7%
Exchangeable 5283 38.0 16.2 8.0
Carbonate 416.9 30.0 26.6 13.0
Fe-Mn oxides 1243 8.9 86.2 423
Organic matter 201.2 14.5 56.2 27.6
0.15~0.075 -
Residual 121.2 8.6 18.4 9.1
Sum 1,391.9 100.0 203.6 100.0
Total contents 1,381.8 236.0
Error rate -0.7% 1%
100 100
BO 80
2 (3
2 o 2
§ §
g :.
o — Exchangeable a = Exchangeable
@ Carbonate @ Carbonate
20 4 @ Fe-Mn oxides 20 mm Fe-Mn oxides
mmm Organic matter a Organic matter
- Resdual - Resdual
0 ]

20~04

Figure 4.
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Heavy metal shape ratio according to step-by-step extraction (left : Lead, right : Copper).
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Figure 5. Result of 3D Modeling.
Table 4. Weight by particle size and heavy metal contamination
Pb @
sort particle size (mm) content (%) (meke) v (meke)
200 150
>2.0 21.51 40,151.0 3,618.1
. . 20~04 35.58 343734 9,844.9
High- concentration
0.4 ~0.075 16.48 45,251.7 2,880.4
0.075< 26.43 36,991.9 24325
>2.0 2545 44479 482.8
o ) 20~04 37.10 1,721.9 209.5
Midium-concentration
0.4 ~0.075 8.24 2,175.7 230.9
0.075< 29.21 2,044.9 274.6
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Table 5. Lead (empty cartridge) & SEM photo, thickness, area & weight

Lead (empty cartridge) & SEM photo, thickness, area & weight

‘ Sol
E o Thickness | Area | Weight

20nm | 1.12mm? | 12.3mg

Weight
2nm 1.29mm? | 8.2mg

Soil
Thickness | Area | Weight
12nm | 1.48mm? | 280pg

Thickness | Area | Weight
2nm 1.29mm? | 100pg

250 times magnification of Lead

Soil

Area | Weight
1.12mm? | 12.3mg

Pb

Area | Weight
1.29mm? | 8.2mg

1) #AE3

DSRL #9235 vigo & |l Eoko] fAH|w
£ Y8l oto] AR AR BAS AAaHeH,
o] 27124 98] FESEMO & #oate] F79t

HAE ZA5k3IcHTable 5).

SAAN G2 T2 EAof nhet oA 27 A
B F2 7 22 3719 EgRct fA} U AA
Whes A& gelstalon usiadd g84d0] w2
g BRI 5 Q)9 53 |o T2 Fst 2}

2) FESEM (Field—Emission Scanning Electron
Microscope) % ¥ EDS (Energy—
dispersive X—ray Spectrometer) 24

% o AT A LAEEZE 47

Figure 79} o] SEM #%4-& O&-4, @F424,
@ F= FEsto] Brsialch
BAER o] FESEM 2943 AF- 3}
HEE7F Eol ‘/}EH/H% Ao HY
EDS%“%?% AAIsto] A
sklew, Figure 7oA Ko x]= A3} o]
o= 4-5?5 REUs :rLﬁﬁ”O] 5’\]‘)" E
FuE!

2

Figure 6. before and after condition of floating Lead of the FESEM photographing (left : before floating, middle : floating
matter, right : after separation).
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Table 6. Result of EDS

Result of EDS
& Ee g4 S4S 7] wieol v 7heAl o 3) Lab—scale A¥
et Hoj2)7] miZolnt, AA| FRNAE o] = A28t HydrocycloneS £3] 491459} 270
e B4R Adags 24sga

fu
=
)

BRI = UGl FESEM H92IS IS g2 ppsie =3
]_

Energy—dispersive X—ray Spectrometer) Hydrocycloned £3t

BAAT N &= Bkl AP xolA = Sivt wol skt

HEEHYL AFR A= Ho] ol HEH AUt Hydrocyclone®] &3] Wol| A HH = 9712] &

(Table 6). 207 Q=0 93] Hydrocyclonel & FH4%
A SidEe] 7HE =4 vEkgen, o] ¢ ANEE A} 8l W& S oA jSEc) Rf S &

Pb, Fe, Ca, K, Al, Mg&o| A= 3t} FE= A ZEH(feed rate) tH] 1FOE HiEE =
o 2 oA AA| go] EAet= AL Rl T 4 Al &2 (underflow rate)?] HEEA THELE AR

Aom ol uAstA 2 He| mefo 7 Bk} 7} Hydrocyclone?] Z2]& 23k 553 L(volume
O

Ao &S] TATS & st AFRE oplit)] AEE UEE Folg, gy oz
[e]

AASHE s LEEL Asheto] 4=dd 4= 9l Hydrocycloneol| 49 §J2t¢] £-2]= Rf kel 0.2 o]
©.9 3loJ3} 2= 9lolr} SHHE 27} o] FojAthar skal Qlth(Derek 1981;
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Table 7. Screening and remediation efficiency evaluation of the Hydrocyclone

Screening efficiency assessment according
to size and pressure of the Hydrocyclone

Remediation efficiency evaluation of the Hydrocyclone

0.4

0.35 —{— variation of Rf(s)
—/x— variation of Rf(m)

31 —s¢—  variation of Rf(L)

0.25 A

variation of Rf
o
N

1.0 1.5 2.0 2.4 2.8 3.4 3.8 4.3
Inflow speed

100

M Screening cyclone

1 woeb

80 -

70 A

60 -
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o . .
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removal rate(%)

Cylindrical section(l)| ) ¢ Inlet dia.(D,)
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—_— T e
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|

Over flow dia,
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Under flow dia.(D,)

Structure of the Hydrocyclone

Making Hydrocyclone (Do:80mm, 50mm, 30mm)

Ladislav Svarovsky. 1981). Hydrocyclone®] %3
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le At
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Table 8. Remediation efficiency assessment of the Hydrocyclone

Cumulative screening | Cumulative lead Initial Removal Residual
Sort removal rate removal rate concentration concentration concentration
(o) (%) (mg/kg) (mgkg) (mgkg)
The first 27 71 1,384 982 401
The second 35 80 982 786 197
The third 39 91 786 715 71
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1) #4AE A3tag AR AP =Tt =l umol sk vyt
BOAEe BA BAACkS AYstel T BTl AT e,
F59} 7| EA Y FHES AA5T LTI SHAE EPH AN 2 mm ~ 0,075 mme] &
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NasSA7}F 500g/ton, WHEHEFSA7E 30H 02 £ QAE AAE(5.3%) D PhAIAE(39.%) Bt wf<-

Hw HAo) Reddsy 2 s =10 WA EAHERI.
wt%, A+ pH(7.8+0.,2), B/dA CuSO H7FF 200 0|9} 7+ @A —10 mesh(2000 um) AESY A|
g/ton, Z5A) KAX 7} 100 g/ton, 7]3EA] AF65 =of gt A HRE(L Y E)Y Yridxs
71k 400 g/ton, WHHEE 1500 rpm, 27)5=¢ ek A(Figure 94 ¥ 5717 (median size)S 41 um,
5 ¢ /min 183 BOA|7F7H0 87 AL Qi) 90% 2 = (D90)= 307 umE UEh H-4%
olel H#o] 20|49 YAAEL 0.5 mm o]—a—} Ao QAL o 600 umol A}, o] Ff 35
oI 43S 4G YA HATAREE  meh(S00 um) oS} Wk Aol =
39%E Ao gt A AL 5.3%= Th= ARALS 3Rol3l9iT)
A E o A EH JEGS 275 844 mg/kg
AMed 74
o2 PERTL 548 mg/kg® BAHogon] o O AHUEEL
+ B R AN 2712200 mg/kg)ols =Y A A2 10,0007F9-42] HFAIAL 0] L5}o]
8] St A EAT B R PR AR
Table 9. Floating Screening Design Factor
remediation phase Target experiments experiment variable
Preliminary steps Flotation reagent collector, frother
Ist step sulfuration process Nacl Concentration, Na,S Concentration, sulfuration process time
2nd step Floating Screening process Activator Concentration, pH
Sulfuration (32min) Floating (18min)
2 minute | |3O minutel | 3 minute | | 5 minute | | 3 minute | | 7 minute
- NazS CuSOa KAX AF65 :
Nacl adding adding adding adding adding Floeiing
=g S -
5x10 M Air injection
Nazl g0l 500g/ton 200g/ton 100g/ton 400g/ton 5 L fmin

Figure 7. Optimal sulfide-side line process and remediacation conditions.
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Figure 8. 2mm Target soil floating efficiency assessment.

Table 10. Heavy metal concentration fertilizer in the soil before and after magnetic separation

Pb (mgkg)
Sort weight ratio concentration note
(Wt.%) (mg/kg)
Before magnetic separation 1,526
. . magnetic material 2559 1.6 times as ht?avy me{tal in the
After magnetic separation magnetic material
30 seconds of sta 0
( ) Non magnetic materials 96.1% 1,257 Average 17 A), of heavy metal
concentrations reduced
, , Magnetic material 8.69% 3255 2.1 times the heavy metal in the
After magnetic separation magnetic material
300 seconds of sta 0
( Y Non magnetic material 91.31% 1,072 Average 29 A). of heavy metal
concentrations reduced

R8-S Eofo] AYEA vl
A

|
10,0007F-2 FAAS o] &-sto] AHAHS 73
aHolet,

BRI EA O W 5= 1,072 mg/kg o2 A3ta
&2 F 30%E HAou EYSARAY S87|&
(200 mg/kg)ol= EEabA] kit shATF 10%
O] A e 2,189 Hol T o] YlS= eI
5 QUL ERA|H O] HEFZH o= HEo] 7he

Fe shald 4 g,

ook
tlo

v.a=

. 2

2 dFoldE 383 A LHEY F &

27t ofele B4 shuo) BengS Bk Sl
° E

4 (58]
30% W9l 2 B4 Elo] Hor it TR o] B
719 L ARTHE 47 Bl 4 gl Ao B4

=] 9iet,

- LAEAS otsly] Sfal| 3D RIS 0§
A7 100, 200, 250m FAA] Q1L 9FE oY
RlEglon Y 2¥sE BAAY e B
S A nA| o L. AEHo| o] AEEE= A
g A YA 1E2A LFo] HE

s

T
ol
o

O,



« SPo|ERALO| FES o] 83k FetasRv A
13] 1%, 23] 80%, 33] 91%9] ¥4 A3}a LS =
ek, olof vlaf A AHE L2 17%2] Y& 883 B
I BAAEL —35 mesh (0.5 mm) HAERE
39%E HIA =2 a5 Bt ofof uls| &<
AEE 17%9] W2 &S Bl FAAAEL 4%

0.5 mm 1|7 2 AWt tfAFE=(-35 mesh) 39%
o] o
%o

gy

ueh S83IAAY 299 EGA S B
VYL A8 BFE 5,56 mm o2 AL
Hrp 382 T8|FE o] 83 HSAE S AAskL
FETEo R EAsh: e HEES oA 24U
AR 22 T2 1A EgET FA7 o A
5ol wheh gAY sto]=

Belstol M 5 9L HAY 5 9]

jis
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