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ABSTRACT

Attention to munitions constituents such as 2,4,6-trinitrotoluene (TNT) and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)
in the firing ranges is increasing due to their toxicity and high mobility to the environment. It is helpful to use a systemic
model to predict the amount of contaminants for the establishment of environmental management of firing ranges. This
study employed Training Range Environmental Evaluation and Characterization System (TREECS) program to estimate
the mobility characteristics of TNT and RDX via groundwater leaching, soil erosion and surface water runoff. The
prediction results of the TNT and RDX migration with TREECS showed that 68% of initial TNT and 21% of initial RDX
were discharged through the soil erosion and the 20% of initial TNT and 54% of initial RDX ran out the firing range via
the groundwater leaching. The rest of the initial TNT and RDX moved to adjacent surface water via surface runoff. The
data suggest that soil erosion and surface runoff occupying 80% of TNT to the total amount are important migration pathways.
On the other hand, groundwater leachning occupying 54% to the total amount was also important pathway for RDX.
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Fig. 1. Conceptual transport model of 2,4,6-trinitrotoluene (TNT)
and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) in TREECS.
Instant transfer from solid to aqueous phase, no volatilization and
no decay are assumed (modified from Dortch et al., 2009).

FUsP 2gseinie 7H3e Fo) uel ¥oIg 0
BARC, gm)E AT 5 Uk ok 4 ) 29

B4 B w0} 0ARAY PAZ Vel Aol

@

Fl:qu deCtt (3)

A7|X, gz A8 Darcy IFE(m/yr)Plil, Fu &
49 7] fE BEY 3559 ) S8llE &

a2 o2

EA%] WS vehhe BEPdEunitessolH, of) 4]
@pl 93 -9
P “)
b0, oK,

A7NA, 6= ES Ul 2 T (unitlessyS YERNAL, p,
© EYEAEE(gem’), K= 2 LEERY EY S22
F(Lkgs ougitt. FFAFKYE FHETE A3
FE 5 =2l SV A 2] EYY 5=
& B8 ¥3}l5a o] u, QPEHo] FI5l| falE o]
AJ5l2 F=3%H K Dortch et al., 2009; Johnson and Dortch,
2014).

ol 4] (Sj= TREECSIH 447 Ae ol
EA0R FESRE URARE, g TR A

o|t}.
F,=AC,E (5)

714, 4= AR A AR m?ela, CE e



TREECS Z 2 13& 0] 83} 3jekF 99 7 AFAAF Eoko] TNTS RDX & &4 AT 135

[e] 1
yoelth. Fie A48 Edgel §249 oguan B%F §)
2} g g B EAldhs 398 B X8}
=, GHAT AT BN m/miyrnREe] B
Pl A Aoz fEAT ¥ S ok we}
N BN fEHe e9BAge 2] B £
ks LAEZe] =9} viddAe At

FAFES 53 L9EEY FEHEF, gy 2HgstH
= A2 © % A 0 2
F,=4d.(1-¢*C,N 6)
apF , P
_ a9l apt (7)
Ppd,N

A7IM, d= 73l el 5T WHEEHE EY AR
(soil exchange layer thickness, m), P&
(m/yr), N& E F=E(unitlessyS YEFATH 49 o=
B4 w4 Bl ofg 24 58 Wt
£ aEolt). ER, SUEAY AT SesE 7
FEE T AN Ao RESHE 99E
Fe 7k "ok

2
o
el

N
T
ot

22. @Y¥EE & Tt iy X 54

2 A= Evet 00 AFEFEAHEA 132
km?)2] 2009 dFE] 201137kK]19] AFAR U1F B A
253 TNT9} RDXO] s=4ks 2 EGEAEE, &
I, 3TE B e 59 $4] 54 (Table S
H}E}O 2 TREECS ZZ1#3L o]&3] TNTS RDXO
FEEAS FBIdLE Ax 29T E AEE Jung
(2014)9] +=ollA 1-83ITHTable 1). ©] wf, f=©]
HREE 4= Q)= AIEQ] 1 em oWl EE &
At Mg LdEEs 9wy o egHoew 3
AVSICHUSEPA, 1988). EQR8AEw SRele 2 3=
B2 AR B2)9] EAO R ©E314th TREECS T2
S olgsle] THFAET ARBIFFE T &
=S 2K o), TNTS} RDXS] B 257}
F3ETh TNTSF RDX 22 #7|09E529 B &3

Ad=

u
ultd
i

M,

z o

.

F(h) B2 339, T =49 EY FHTE ==
317] SlsiME FAIS1ARI frieads Al=rt dest
ok wEpA 2 AFellE 00 AFRRIA AFRE B
O] frleashs B4S AAlBIloH, frlekadw
218 Walkley-Blackt§ 2.2 =335} thWalkley and

Black, 1934). TNTS] E¥ S~ frleadwd 9
ol HEZE HF 2 W ol FF o= =2
Al 98-S W] wEol(Pennington et al, 1999; Jung,
2014), TNTY EY FHATE EY F7aadtd
TNTY] f7led EujAlse] Fo= deshsie] =53
= ok w2 Aqtellxs 00 AFEAA Al S
EYS o83 TS oA TNTY EY F3A1F
E 230 mL/geE EZ3lTHTable 1). RDXE WAl 11

E 7L A ot F9S HolA] forE HERE
o A eF=Th(Jung, 2014). =, RDX| 7Z-¢ E9F
7180l Ao R FHEE AR doju] wiEol
£ AFoA= TREECSOIA Algsl= RDXS] 7184
EHlAISR (K, 132 mL/g)et B E%e] f7leks gk,
1.48%)s o83l RDX® F2AIF(K)E 020 mL/g=

2.3. EQF EA| oIx}

AP FAOIA A% BAshs B SUEE A
3t7] flsiA ol A 8y 22 EFRANSE

(Universal Soil Loss Equation, USLE) (Dortch et al.,
2009) ©]-8-3ict.

SE=R-K-LS-C+P ®)

o714, SE= I w2t S ESF FA3 (tons/ha/yr)©]
o} 792 A rainfall and runoff factor, Ry= F2jol| &
s FE S Ik o=, ARRRAIY 7He- 7]
25 25 A HFgk 40.53(MI/mm/ha)yS ARSI B
22144212} (s0il erodibility factor, K)& QAR Exe} &
Fol SAE o83l AREM, 2 dFME K 7]
EOZ 0.22(tons/ha/R)yE A8t} HARIAK(slope
length-gradient factor, LSy= 28.60%] = 7FAH, ol
ESF el oigh k] ks wredgitt. ARaeRixt
(cover factor, Cy= EYTERIAZ 1| EAsh= 44
o] QS 1, WIHET EFY 60% olde] =
2 Yogl7] Wi, 00422 Ak ESHAA
(support practice factor, Py= A XA ]| g3k
< Wget, Hxe] EYHEEEe] glo] 12 st
(Table 1). ©]5 %k Jung(2014)8] =¥-ollA] <183ttt

J. Soil Groundw. Environ. Vol. 20(6), p. 133~139, 2015



136 719 - AAS - GHE

Table 1. Site-specific characteristics and characteristics of soil contaminants and meteological data for TREECS operation

(A) Soil characteristics

Parameters Values Units
Soil bulk density 1.49 g/em’
Volumetric moisture content 0.12 unitless
Porosity 0.437 unitless
Fractional organic carbon content 0.0148 unitless
Sorption coefficient

Kq for TNTV 2.30 mL/g

K4 for RDX? 0.20 mL/g

(B) Exposed maximum TNT and RDX concentration and their mass per unit area

Exposed Maximum Conc. (mg/kg-soil)?

Mass per unit area (g/m?)

Years
TNT RDX TNT RDX

2009 19.00 63.30 0.28 0.94

2010 73.80 156.6 1.10 2.33

2011 33.90 109.6 0.51 1.63
(C) Soil erosion parameters for USLE
Parameters Values Units
Rainfall factor (R) 40.53 MJ/mm/ha
Soil erodibility factor (K) 0.22 tons/ha/R
Slope length-gradient factor (LS) 28.60 Unitless
Crop management factor (C) 0.04 Unitless
Conservation Practice factor (P) 1.00 Unitless
(D) Average annual meteorological parameters by HGCT

Years
Parameters Units
2009 2010 2011

Avg. annual Rainfall 1.32 1.23 1.60 m/yr
Avg. annual infiltration 0.23 0.21 0.34 m/yr
Avg. annual Runoff 0.51 0.59 0.66 m/yr
Avg. annual Rain Days 112 118 110 days/yr

1) Derived by sorption test

2) The sorption coefficient of RDX when the fractional organic carbon content of soil is 0.0148.

3) Jung, 2014
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Table 2. Mass distribution of 2,4,6-trinitrotoluene (TNT) and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) in three migration pathways

under completely discharging scenario

TNT (g/m?) RDX (g/m?)
Migration pathway
2009 2010 2011 2009 2010 2011
Leaching 0.056 0.220 0.098 0.509 1.260 0.882
Soil Erosion 0.192 0.747 0.334 0.204 0.505 0.354
Runoff 0.035 0.133 0.073 0.230 0.568 0.397
100 100
= | caching
50 a0 zzzz2 Erosion
2 8 P ss== Runoff
: : 7,
% 60 1 g 60 A
g 40 4 é 40 4
20 201
0 0

2009 2010 2011

Years

2009 2010 201
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Fig. 2. Ratio of 2,4,6-trinitrotoluene (TNT) and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) mass flux in each pathway to total amount

under completely discharging scenario.
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Table 3. Mass distribution of 2,4,6-trinitrotoluene (TNT) and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) in three migration pathways

soil residual mass scenario”

N TNT RDX
Migration pathway

2009 2010 2011 2009 2010 2011
Leaching (g/m?) 0.0454 0.177 0.079 0.478 1.183 0.828
Soil Erosion (g/m?) 0.185 0.722 0.323 0.146 0.360 0.252
Runoff (g/m?) 0.0412 0.158 0.0841 0.288 0.713 0.499
Sorbed to soil (mg/kg) 0.581 2.263 1.012 0.618 1.530 1.071
Dissolved in porewater (mg/L) 0.244 0.951 0.425 2.204 5.450 3.817

1) “soil residual mass scenario” means that it was assumed that a portion of TNT and RDX remained in soil (i.e., sorbed to soil and dis-

solved in porewater) during TREECS operation.

/

TNT discharge Ratio
RDX discharge Ratio

2010

2011 2009

Years

| wrssrsssi

= Residue
(sorbed to soil)
wzzzza Redisue
(dissolved in soil porewater)
Leaching
Erosion
= Runoff

2010

201
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Fig. 3. Ratio of 2,4,6-trinitrotoluene (TNT) and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) mass flux in each pathway to total amount
under soil residual mass scenario (i.e., it was assumed that a portion of 2,4,6-trinitrotoluene (TNT) and hexahydro-1,3,5-trinitro-1,3,5-
triazine (RDX) remained in soil (i.e., sorbed to soil and dissolved in porewater) during TREECS operation).
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