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Assessment of Soil Loss at Military Shooting Range by RUSLE Model:
Correlation Between Soil Loss and Migration of Explosive Compounds

Hyo-young Gong' - Kwang-pyo Lee' * Jong-yeol Lee' + Bumjoon Kim’
Ahreum Lee? + Bumhan Bae®* + Ji-yeon Kim'
!Beautiful Environmental Construction Co., Ltd.
’Department of Civil & Environment Engineering, Gachon University

ABSTRACT

The applicability and accuracy of Revised Universal Soil Loss Equation (RUSLE) model on the estimation of soil loss at
impacted area of shooting range was tested to further the understanding of soil erosion at shooting ranges by using
RUSLE. At a shooting range located in northern Kyunggi, the amount of soil loss was estimated by RUSLE model and
compared with that estimated by Global Positioning System-Total Station survey. As results, the annual soil loss at a study
site (202 m long by 79 m wide) was estimated to be 2,915 ton/ha/year by RUSLE and 3,058 ton/ha/year by GPS-TS
survey, respectively. The error between two different estimations was less than 5%, however, information on site
conditions should be collected more to adjust model coefficients accurately. At the study shooting range, sediments
generated by rainfall was transported from the top to near the bottom of the sloping face through sheet erosion as well as
rill erosion, forming a gully along the direction of the storm water flow. Coarser fractions of the sediments were
redeposited in the limited area along the channel. Distribution characteristics of explosive compounds in soil before and
after summer monsoon rainfall in the study area were compared with the erosion patterns. Soil sampling and analyses
results showed that the dispersion of explosive compounds in surface soil was consistent with the characteristics of soil
erosion and redeposition pattern of sediment movements after rainfalls.

Key word: Soil loss, GPS-TS, RUSLE, RDX, TNT
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2 18l EAP} o)Edt] HAske At BT (Soil
lossyolth. 53] Sgul= =l o3

g e ARH BT 7PEells A
Al XIgE AR SRR RIS ApH o R 2
Eo] AlpA] F3f AsEHo] UR|stE o] Aol ofgh 34
o] Azttt

AN Blebed L AEYl tigh A7 2 gshit
S EE3] eirle seked ko] He EY
Fradaol tigh 2] 7t dsieojol givh. ApA%
eRR|olls Edbgro] ARjstar flo] ZARREe] QAo A
245k Qe = 7Fs7do] ot Wik WAel| oigk AW
2Rl Seko] ot} AN Aol thgh GPS #SH E
T A= AR o3 Hrke e Al of
gk Sagho] oplEE RS 2] Hske 497t B
webx] gk Aol tigh o] 2] EYRAES A
A, AT, 71, A 5 BEeATE Bl B9
[0 o3l A= witol] LG o|So] ofeleEE

FrdF o5 2dE A8siar, 1o gk A5 o
< 3lo] BAAHY Felh.

Q) Edird® o Es 7ol ofgt B
4% of|=3}= USLE(Universal Soil Loss Equation,
Wischmeier and Smith, 19787} $Jt}. USLE= <0l
A e A7 EYAES ARgE] S8l AlklE A
AAR el s =N e, 19709t ©]% Z4A
AREEIRIT. o]% ®T} Fegt EQHTARS oS3 9
3l 24o] Az slERslE vkedstar s Aol sk
BTS2 & d=s 4 HYE RUSLE
(Revised Universal Soil Loss Equation)”} 7]%r= 3
(Renard et al., 1997), = elollA] EX|o|-gof w2 EQF
A2z gk Aol 28420 F9EEE % E
AHES AP d7] AR8-E It (Tuan and Shibayama,
2003; Fu et al, 2006). P]= HUIA] &5 E2]dlolA
WA Al RUSLES 831 EA 9 AdEs
o T3t Bl I9%(Turnage et al., 1997y} HAEAL,
T F2 FEXY T AR Y] Ao BAM
2% FAd AFEHATHKim et al., 2004; Fu et al,
2006; Yang et al., 2003; Ryan et al., 2003).

3 BEAMER APES 918 AR 71 el #3h
AT AT AZE AR, BAMEE A
<= 9% dHolHY A4 e 9 AEE BT o
3t AFEFH(Lee et al, 2001; Jang et al, 2002; Lee
et al, 2003; Lewis et al, 2005; Lim et al., 2005),
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o 71& 71l tigk /8 S0] AAE ATHStolpe,
2005; Fu et al, 2006). o] A5 7|§ko=2 FHLISH
Fo] Aol 23 B4 A9l Be)E A7 ARAT 59
ME BEANES AP3S SIS Rdgo] AEHa o
(Park, 2003; Oh and Jung, 2005; Park and Kim, 2006).
Azolle BRI} Bl fodo) P93l we
EXjo]gH QEEAS] fEE Aolx JHLH &&
Hoj, H fFoollN EANER WA AR a9 A 2
& ) AFARATE AE 8l Ath(Yoon et al.,
2007).

APARE o] s A HelM edE ES EH9
o B FAS Z3 V23] ol olell, A S
A 1l AP ARl thgF RUSLECHIHE S

32 BAMTER 535 GPS #50l o3k B
S4%2 vlaslo] RUSLE A4S AslaL, ol vk

o2 o= 43t % #F s A ] AR

2.1. GPS-TS &&0f| 2|8t EQFAIZ LA

AP BEANTERRS AR OE ERIsH] st 7]
T 00|l x|k I Hol 1R AR g
A B AY 202 m x 79 my AFAEeE A v,
AshTech Promark2 GPS-TS(Total Station) FHIZ =
sIth GPS-TS= dFollA 94 AsE HeHe 7]
57 olgmoR FAEM, AT HYgEe FASHA
FHAF Smm= 1 ppm, FAL2}F 10 mm + 2 ppm©|T}.
S olF S ofsdl xS} IEFE S, IS
s ols= GPSAl A3ttt A7dE FH3E= AshTech
AFS] AshTech Solution Z 2133 ARE3le] #HE A=
#e BHEela, U FESRRRl G REI oA 5
ARt EgwF AP FAZEO9S ARSSle] 3akdo R
APEAE ¢ v ARkt A2 B3 HElE vlust
ot A% A7AYGel Uigk GPS A2 2011d 3¥4HEH
119744 MY 327748 23351937, 20113 9 2599
© 7ol wol 60 A HRE STt

)

2.2. EYR4 IS ¢/8 RUSLE 24

ol SR EFAE AEe) 9Isiel 71 Bl
A== 2Jo] USLE(Universal Soil Loss Equation)®|t}.
USLE 7]8242 o33 ZTH(Wischmeier and Smith,
1978).
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A AT EFFAZEFMg - ha! - yrh)
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K: EFHAIAN Mg - hr - M - mm™)
LS : A& IAH7ARIA

C: 29 =LA}

P #EIAt

Wischmeier®} Smith(19797} #-2-0.& W33l USLE=
19709t o] FHIA ARE3kaL Qltt. o] F41& 1990
o Zxbol] 1 igo] BekEo] I A28 BT
of|=F2lo] 7= ict. RUSLEE Renard et al.(1997)°]
USDA Agriculture Handbook 282(Wischmeier and Smith,
1978y TXto=2 A9, B F4 A 53 dHE o
5 QIAE Best & xskslgt Aotk &, RUSLEZF
7|1 USLE®] 7RIS AMSslale AR, 1 5 2
7HE s AlEslslal AR s AL 73slE o

A oS Ao ST

2.2.1. ZFFRARIAKR)
739520 Rainfall erosivity factor) R 73-$7} ™

g ARRA VA 9T Fe EPsHoR 3

SoF AT, A ASEE 5o w 2HE. R
e A9dm) AT Aole] AsAZ Tl A

A 2T PP o WA 59 BeAT) 25
= uhgee] $EUAL SRR BG40 B
GelNA gl vAE Ggo] Fw, 9] BerE
FAe] Z715e] BabEeld B guto] 7}
deh. web dF B9de] RuthE A9 Bo5
= gl Z7Ha.

ASHAAE Thevt 2 dde] o fEwr)
4 390 & A 4 st 2.

7, B 59 % olUA(Miha), el IR A7
T i B9 Hmm), ke ASTRE T AR}
QAL T AR, M F AZERRL]
=

2 2Pl AH88 BSlolUIA ey TR} o] Tk,

e=0.119 +0.0873log/
e=0283

if 1<76
if 1>76 3)

1

o714, SR (e)2] B9 MI/(ha - mm), 7
(= mm/hre]T}.

Z 73RS} e-Eate] e w2, 30
AW A EG)E wotd gt A=
(erosivity) Aol EFAITIE 70 127 mm ©|5}0]
o, oRE Z39-eke] Alolol] - ZF9-AIzEe] eAIZE o) A
S5 A% A AQAZInt. AT 158 -
=7 12mm/hrs FolAH AR 2ol Z3ATI
AR EE A9l digh FEE 25 Fete] F3ith

(Wischmeier and Smith, 1965, 1978).
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222, EFRAEIA (K)

EF24302K(s0il erodibility factor) K= Ege] 7F
Ae Y A 7FsEE veilie Aotk ESfle o
2] 7EA] Fe7t qlom Zze] Eqfo] THAlE Kik
o] @A sl st FAE 4 HEhlle B
2 Ado] ge AR §X9 o] 22.1m, ZA
9% FEEGNA AAIGH Aol gJsle] dojxitt. E
FIAEMA Kpoll BFs 7= EYY Fa3 F 7t
A 58S 5T EFTERY Hdelth IFE0] =
om fAZo] HolA|al, EFTEIF ST Eo]
HIE9] B4 Ale jlo] ZeiAH fA7 A7IH
2= Al &5 Wei7iA A ok, 53], Holu &5
w9 7kEkEe] Bel o] e EYe Yol 2
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3l AN B4, HU1E, BR8] BUEA
< 0183 WA 2T

K=[2.1x10"(12—0MM"1*+3.25(5-2)+2.5(P-3)/100]
(6)

71 M (% very fine sand+ % silt) x (100-% clay),
ST structure code (1-4), P= permeability code (1-6)
olH, OME % F71% Eaoltt.

223, 73APEIAF B BAREQIAL LS)

ZAAFEQIAKL, Slope Length Factor)} ZHAAF=QIA}
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A & o83t WhHEo] AAE AT (Moore and Burch,
1986).

224, ARAZRIAKC)

AR A crop management factor) C= Z} 2Ha-S
ASAIZERE o] A7 2R del o] EGrdw
o tigk U] “dene] EGTAEHl 2t AsTArE 3¢
IS FHet] D& ghs BT 3 Blolth. Eo] A9
gEE]o] QA ek o] Cake .09 7ML, AEe] %
AEZ IFE UAY wid AAo] G o] CjEE&
0.1 oJsfeltt. CRke& A9} A=) Sl wet e &
el wet wihe- 2ezivh. USLEY RUSLE 7[RHellA]
FAAY B #ej7IHo] A miAle dFE W
SAV EYRIEN F B HE|7t B mix
= A S Hlwslr] ffste] AEAFJAE o]
3lal Aok AP BEGHC] A% EGRET

=

o
o
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1= X
ol L vXEA TE AN B, 34 TF 59
B #AIE 7R T ARESE of9A BRI
VR ich

EXAELAE AR TR AAEY] devt ES
Ao wxl= YIS el 84 SgET USGSY
ATUES 7EE BRE dREREEA, AR, 24, A
T4, E)9] EXo]8dES nEOE USDoA(Wischmeier
and Smith, 1978)°l14 A=k CaS AR EA0]
Bol| Boletes A Al 7] EX| &40
SHFE AAA). Park(2003)8 Kim and Oh(2004)°
A A8s 9 0.0, A7 0.02, YA 1.0, FA
0.0, A 0.05, 2H 0.07, = 03, 2 023 552 3¢

a3t

2.2.5. EQHAJIAKP)

2| Al ofgt B o]Q]ol® BAETE Fa1 A
APgo] 71 AHellX= A9 Xt ks 2ds] 9
sl QIFTFEES AAFAY tE ZASS AAElok
st} ole} Ze EYRAGFELS EGERAIA
(conservation practices factor) PEte® Ueh}=d], o] p
e - 3ol oste] ApiEE AT At EG
Aol gt EGRAAETo At ESfAT] HZ
yehdth, ek Exkae]gEo] §is A9 Pake 10]H
ESFRL o] FoAH 1 Fho] Zolxitt,
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TNT(2,4,6-Trinitrotoluene)2} RDX(1,3,5-Trinitroperhydro-
1,3,5-triazine) =X WSS SRS $13 2011 4
4, 8¢, 1€l AR FjekA] ol x|<of gt 2070
Ao FEAEE ANFSHATE. Wheel samplingH 22
AHAT AEe Feke el @S the 4°C ofo]zuks
2 WAste AFAHR olFsta, 48 AR wi7kA|
—25°Col] H#3}tH(Jenkins et al., 1997). ESF W] 3}ef
=4 42 KATS(2007) SfeFad AP KS 1
ZAhH 2 ISO/TC FF=A|2E (20073 ol Fato] B33}
Aot EAPIES 71ds] VisshE o 2tk Alse
oA FA% TS No. 3041 A71E38kL, 10.0 g
Aersle] Z2Hel 93l 20 mL ACN(AcetonitrileyS 3
7¥IT). ©]% 30°C o]8F 223} =Z(Ultrasonic 4020,
JACYIA 18217 =314 0.2 um PTFE filter2 3=}3}
31 HPLC-PDA(Prostar290, Varian)® 2213}t B4
712 Shiseido CAPCELL PAK RP C-18 column(4.6 x
250 mm, 5pum)S o83}, #3F 0.8 mL/min(methanol :
DIW.=55:45 UV 230nme] Z7olx EA351c},
FHE MRS 28] Aelar O Hirghs Ao = 5
At

REEYS] FokEd BEXT= Surfer ver 8 T2 1
S ARSI SR s A= vhEa, A 9ol
SleFE A (TNT 2 RDX) % EA7k8 ddsked 33}
Y BE¥eE AT 2011 49, 89, 119 EQA
BE B3 slofEdl w5 BYES gdsle] 9 oY
E4 ExHslE Hwsolth

3. Results and Discussion

3.1. GPS-TS £20]| 2|8t (17X EAFaz: L

20113 4¥37} 11¥9] GPS-total station =% ZAX
viEkoe 2 3ekx] A95x|9(202 m x 79 m, HE 15,958 m?)
of et Fig. 13 22 AJFEE 747+ st +
AYPEE vlwshd 4900 vls) 119l FFFE A Yol
A 2o Fo] FAEIAL, Sl HRIS e F
TE F VW AR fAEdT B3 ke s
&2 Zo| FAE Ao| TRt EY 4 Wkt 4
S I 8l 7 APREE FHS A= Fig
19} 2t} 71 =38 119 APwo]a FHaae
49 Y5, =g o] FAH S YERaL 9
Fig. 1(cPlMe BEANTAC] 7 W3ko g Whlslal 9e-S
Tl HolEth 3 HAR o] =3 FAREo]
FrAEEA vRZ ol A 9] B4 FAXHo= A

it

f‘

°

Fig. 1. Three dimensional surface topography of the study area
(a) April, 2011, (b) November, 2011, and (c) Superposed surface
topography (yellow, April; red, November) which revealed two
distinctive directions of soil loss.

Hi, URle gAEe® fAET T HAlE A
A sPPolxE v B9 el 1 o A|Ho] BF
AN PFelEko g BAPL fadhe o] R
At ol9} o] FEIgh BEAMFAO] AU 21 Table 1
ol M2}l o] 2011d 6¥~82l Z* 1,000 mm ©)Fe]
B 7F7E A7) whitelet wekEnt 53] 2011d 7€
279 AT 211 mme] 97} AJTHWAMIS, 2012).

J. Soil & Groundwater Env. Vol. 17(6), p. 119~128, 2012



124 FEY - OB - olFD - AT - olokE - uPET - YA
Table 1. Monthly precipitation and estimated R factor of the study site

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Sum
Average precipitation
(mm) in 2002~ 2011 6 16 16 53 78 120 408 331 126 21 13 0 1,188
Monthly precipitation 5, ¢ g 99 314 818 245 29 14 43 5 1667
(mm) in 2011
R-factor 11 27 11 72 111 442 2,049 1779 307 41 11 0 4,860

Table 2. Estimated bulk soil volume by customized soil volume computation program

April, 2011

November, 2011

Annual soil loss

Bulk soil volume (m3) 1,926,789.3

1,928,511.8

1,722.5

Table 3. Representative soil characteristics of Songsan soil series and matching K values NDMI, 1998)

Soil series Distribution of particle size (%) K [tonnes/ha/R]
Gravel Sand Very Fine Sand Silt Clay Organic Erickson Wischmeir
Song >2 mm 0.1~2.0 0.05~0.1 0.002~0.05 <0.002 Matter method nomograph
san
7.7 46.8 10.9 25.0 17.3 241 0.32 0.22

SHAYE ngoE EFY Mz agion
2011 493 112 Apole) EFH 2fols 2HAe 2y
A" ERS 1,723 mP]tH(Table 2). AR HA o
tiste] dwrislelal, FAEZ 8AEE(bulk density)
1.80= tidst] 2= 3ksPA 2,915 ton/halyearS]
BEAMTAC] wAs B0 g HIRE|QIT), o] w, EAMAS)
Ulo] He= 12€9-39 A5l vike- A7) vl 49
~118 F71FS A BAMAEECE Holw FxiE A
olg} sisich

GPS

3.2. RUSLEO] 2|8t A7 ELRATY Bt
ARSIV AR HZH Al fAE =
B3R At #5409 9 34 ASE E8s%on,
HZARRAE 200295E] 2011974219] 2392 A=E 3
Tate] RIS APgstar Bk Akl A8l
o A7AS A T A9 2002-201197H4] 109
b ARF S 1,188 mmo]aL, F$21A RS 4,860
MJ - mm™ - ha'o]t(Table 1). Jung et al.(2004)2 7]&
o] AzEHH AP ISTIEAHE ol&std Al
IS ARk, feuetet A9 R Bt
e Z4zE 4210 2 4,923 MJ - mm™' - ha ' 08 B A
o] Ao} nls=gt AEFS Bk olo] B AFoxe=
RUSLE {J=igte® 1097 EY-Raade] Rk 4,860
MJ - mm™ - ha &, B FHARJAK RS 486 M -
1

mm™' - ha'! - yr'E HE3A
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AR e] BRI = 2 WAlE AT A &
AMs FdAEA TN 715 N B}
THEANATA(NDMI, 19989014 AASH ESFE-S 91
Slal ARG B, f71E, ESTE 9 599
FEAl et A5 FRISKATE 1 AR Ao A

ko &xlEo g 1 EY EAL Table 33 ZTh
2k A Erickson WH¥ Wischmeir =30l &J3F #F
Hol AAEe] Q=] B Ao -= Wischmeir =350
o)t W o= APGSISITE. Tabel 39 $4He EYSAS
nlelo 2 ERIAAEE (Fig. 30 ALe} SAREE
g 3 35.9%= V1o E slo] Hje] e 46.8%%F
7152 & 2.41%, EFTE 2, T4 3S 483
T3 K 35S 0.22 tonnes/ha/RO] AT

ApEZe] Bl ZALE QIZKHLS)E AFMAZ FAAFEE
(1:25,000)2 o835l X (DEM) WS 3 ALk
iRt 2 EHoA LS= HTakel 28.602 #8313t
AAFE 2 AALECIA} LSE Wischmeier and Smith
(1978)°] A LS A4S 1:25,0008] FAABES
o]®3l] DEM(Digital Elevation Map)S AAdsle] =
3IATHFig. 3). FAADEANA A4S A7 A
LSEES A4 161, AW 219.90F FHiF 2869 S H
At

ZEAE AN Cys ESTERIAZ 9 0.0, A7ISIA]
A 0.02, YA 1.0, FA 0.0, ZA 0.05, A4 0.07, =
0.3, 0.23 5H2F vpdr} AR S da)| AMEFL
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Fig. 2. The soil-erodibility nomograph. Where the silt fraction does not exceed 70 percent, the equation is 100K = {2.1 x 107*(12-

OM)M !+ 3.25(S-2) + 2.5(P-3)} (Wischmeier and Smith, 1978).

l High: 260,68

Low: 0,00]

o=
Fig. 3. Constructed digital elevation map of the shooting range
for estimation of LS factor in the study area.
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Table 4. Values of RULSE coefficients used for the estimation of annual soil loss of the study area

R K S c A
L P
(MJ - mm - ha™! - hr! - yrh (Mg - hr - MI™! - mm™) (Mg - ha! - yr')
486 0.22 28.6 1 1 3058
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Table 5. Concentrations of explosive compounds in soil collected in and around the study area (n = 20/month)

RDX (mg/kg-soil)

TNT (mg/kg-soil)

Apr. 2011 Aug. 2011 Nov. 2011 Apr. 2011 Aug. 2011 Nov. 2011
Minimum 0.43 0.12 0.09 0.07 0.09 0.05
Maximum 86.38 265.29 257.61 26.57 59.56 15.60
Median 15.85 46.36 50.66 0.44 0.56 0.41
Average 25.87 60.01 71.95 225 791 1.71

20114 4

2011 8¢

20114 4¥

20114 8

RDX

TNT

20114 112

20
)
o
e
120
10
g
oo
o
s
o

20114 112

Fig. 4. Temporal changes of explosive compounds (TNT and RDX) distribution in topsoil of the study area.
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