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A Study on the Restoration Priority Decision Model
of Oil Contaminated Military Sites
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ABSTRACT

At military bases, environmental restoration activities resulting from oil contamination
are growing concerns of preventing adverse effects on human health and environments. Its
technologies are still under developing stage through some countries such as United States
and Germany. This study is focused on developing model for a decision-maker to assist the
restoration priority under the situation of limited resources such as budget and time. The
Model, named the Base Restoration Priority Decision model{BRP model), is composed of the
three factors: oil contaminants, receptors, and the potential migration pathways. Each risk
rating of factor is combined in the 27 matrix blocks and set immediate. moderate, and
delayed action category designated restoration priority. This is categorized to group sites
into three degree using the simplest of assessment system. As a result, the model will be
able to apply to the effective allocation of resources for the restoration by any
decision-maker because the model is easy to understand. Also, the continuous study will
have established risk assessment system for the restoration of contaminated military with
this study as the starting point.

Key words : restoration priority decision, relative risk assessment, oil contaminated military sites,

2o g

A2 1A EARARTE AR 5 Tl YR HARE FUow A Y
973 125 4T AdlA A7} AYs 2 Sinh 2 Ape Ao AH8G7 19 o

LU
2
&

8340 BAPIX HUE AP $HEH AW AUTeEA, 52AA AU Feetn 2o AP
B2 2dol /uE & S st dpe] 288 DAY Wb gL ZADIA Yo £82 od
€ Aotel 2 9T tges gt & dFnde 4RogEd Ak $44 22 % I§YR add)
AR BALAE Hrlelel % 208l =Y A Dol 7 Wrtase] RS 43 AR BUYoz
M, 44 BAEAE 0T - BE - fol2 T ot AU AU BHAAE §A3) skl A
el SFoR 1gssid PR Zol £ A7mde ¥elo a7uE Ao dsted AU WP
122 S8l 29 @ABARE FEU A2 oladsin A& Asdthe Fed Pel Utk wep,

A FZS

s ARl AFTAoM B dFrd Aldyes x&Foe wodcH 7o JalAdHst AA A
Zo] ojFojd Ao= 7|Yfsitt

FAol @ BLeAEe 2%, AdE A8 Hoh 59 TAPIA,



A 847 2 %ed BETgo
QeiAs 2 BELd YE Qe AXsn YL
o] BABA Yalx B3 NE > QA Ft

wlo
o
T
o

3 gl

2y, 2 ke
e el AR I ARE QAER o
@ B2g 2 fdgag st Fxdue dou,
0 ZHE7} ol Eoe] Zubdlatel 1~2%% A
43tn e © ¥std R daxdn 5
&2 o 4hatgo] g d7st a7Eg!
T B FRASA odd rAE
Az, Tz vdole &, AR ¥
HE 99S f2E 71s4dS Axstn, Uztn #
BEsle EFAQ HIUYE vkew ¢
del 29 Aol tistd FaAAY x4
wgo] FAsir}.
2d F N ge 9

-

off

3
2 d7e ZAIAe
UAn YE /FE 098 A9E dyo &
¥ Bzl e Z&F < AduRol shsat
EE A9 23 E Adstes NEE EHUd
(Base Restoration Priority Decision model : BRP
model)-& 7} &3} o}

ol X AAAHYN FEY HHE U
3ta, Alae EFLFEEA Ao FelFoln HA
Aoz HAste H 7I9E + U

2. el w
BRP model2 Figure 13 Zo] WA Hrie

Y2 BNS 3 Fo g4W HrlsFS ZAe
. olE e #AGgorA T FAA 4

B9 9459 dFolde BEE SHES
o #@rlese 242 1 -

[\

o W
olfl

H

lo

u
']
e
ol

Mo oy o £
tlo 3@ rot

rr Lo
W BN

A, old g FEH
F- 2% e 5Fo2 %
7 =

70

]_,_,
o E

zAsh Aol 27dE 71AE YBiezA, A

go] Jud Ad=st o & Rol $H FH A
49 4 9=2 o
Base  oFE #F 29

contaminats)® & (receptors) @ °olEHZ 8
A(migration pathways)el A7tA] 842 F4
o2 sgx, #Hrtead MR H7IAE Figure
29} 2t} #rteas F49 ol&H wEgd -
de) AAgG o el g 227V jF 2y
I FAZIAS] 8o mE PG, 2

54, #89 YN 54, a9n EPegen
A AT DAY FF 5 AT TR

A3
[«
FBABY PRl LY

24 BRP model& AB=
1A 9] ol8 EBEYGIAREAE AuA, ey
M, AAZ, EYGE, A¥x Fol g &

&1 X

I R R

a.FFLEEd 84 MEHICAE Table
13} %ol BTEX(Benzene,  Toluene,
Ethylbenzene, Xylenes) &%= ¢} TPH (Total

Petroleum Hydrocarbon) &=} thste] ztzh A 7}1x)
o] A2 EFsl EFHIE FAdH. o=
EISARAHNAY ELod B, 23 2
A7) o7 Aol
o] 2 Table 29 Zo°] &
Q

iz X do
e
offl

il
tlo

in)
o

ol

ok

o 32
av)
e

T

A

e 3o ir

[<3]

BTEXY} 56, A&, A TAM HEhdE
TPHEE oA A= LEUA7F (47
200me/ke, 5.000me/keg)S ZIshd HH1EH,
e o481 71¥(80 me/ke, 2.000mg/kg)
< z2FE 2%5F, AR ed¥ANE

(32mg/ke. 800mg/kg) ©l’deld 3T58E 2}

¥

b RSP EE PP ES
29 ARAQ FA Azt A
Ae 4oz AT (Tabled).
S FeAZ 1T Yo HrklAE
FodpaAa YA Aol Pehu e 5

)



).
R
o 2
Olﬂloln
w
o
fr = ot

X
of
o
e A
ol
s
o

rd ©
¥ ol

g B4l s
Fohe FAAY,
JepE o 2e

- BYAY -

5 xE
q
rl oo
UJH"
o,

fu)
=
>
>
°
re

rf
o
>4

N 5
<
N
o
b
o} ra‘
5
o M

N
ol
E
1o
off
oM.
)
12

tt O Hz ot oo Ot S AL
r&&%ﬂmmw&
e

3]

o W
Jo
=i
to

oA ol
e

[e]

5 3

032
)

0

%

4 2

)
af
(e}

| F&AdA s FFA=
} 5

il

AR 2 2P ARl 7)FEshd
| &l daiME 1. 3, 10km
Al HME 0.5, 1, 3kmE
S Aeld: FATh olA"E <
=5 AHA se&ARY AR
A A A A2EA0 HHBHRgE 27
WellM dddte F& 223 1oz, T FHrkl
Hrle] ¥HAdE w37 Aelnt.

8 th 3k A
Table 4%} #°] 9J|FF& 23t ZE B
T790l lkmolHolAY &2 ol&He &%
3 ok, e FAA o] 0.5kmeolHel] A =W
dAM1eFe=2 AdF A

°
=
i

N

e
ob

EAo] &3

&
rion
oy

Z

H 2 5
25e

c. |FAR 84 CFREE AT AN WGt
Aabe ARG EH] olF HXloly Ad AH
Hog #HAste dEHA AL dYHAd. +
Ao edEdo] FFHEA ARE ¢4 w
ettt #5o] fohd o] o FgEA0] dgY
BRE Tl clFHA F&AA dF¥FE Az o
T Aolng, °F4z #dd HLdedAd 98
THoR AR5 Aol

A, FEAdN BEHA) Y AfE 29
Hol Ao oFRB R TS FA =

a0
ol
2 |
o

S YRS WA
o NH HARE ogBAY FAAQ of
IME 2PHY ARz QY]

o AFsin pasdn. &, AP0 4@ Ede
1 -

o i fr
H M oy

FHA XA EUdeY FES d¥AFcz FAls
AA Bk ZA WA, FAld] B gHal z3
7F slo} QA oy, AdAPgE QEER T2
st FRe v FEA7A =BE ¢ Ut
© NS FHete ol "o, uepA] oA
ZAARE EFoIG LS ERIE & e dEF
Jd B gz AT T3, FFoFER
9 AstujAdA el FH/AILE 2F7IA Y A
d FAEEH BG4S HRESY FHLGER o]
T F37 A ARE HAFHHez ZH}n
T AR, B4 44 # 7y FRE 5
AE UEd s Br10az ddedo

|
N
[

ool golge Ystd Ry B &
2odZAe o584 2 WAL AT Fo
Sol ol Rojslglth, FrAlzte S dwAAA
HA e steildel #rAAzA wESR Hrte
ool 2 % g3,

z2849 SeEa )
A9 oF4gdol B3y 7 5
w, Al £8 AH A BFsH EYe] 4
ol AbdelAut Jlgel 357 HAARY ui
25FoR, FH FE AN MK 2Ien =
o 4ol AEA, FEAeln, /g FF 3
g WHRold 35Fon FRetdr

54 =9 o3 4%

=9 A9 S5E 23] A dAEA
A2kE Figure 3% 2t

fireded axe FHeHEE HAEASH
ARl 7Hg st #dsn, teez olF
=g F&A 8ad U SelFEEs Bstd
FR2E TAIAC did 8 Alsa5e 2
gttt ARLGEE 24t a2l Fao
i, Bl Bezareh AgAlel 7HF wA A Al
°f ste didels], old dig HrhEdAE 94
7t B FHA Agelnz s1Edoletet o] o] &

steeh,

9] HrtsFol FEACcr BHHEE YUY &
27709 e M7HA] HrtegS 43 Ay
FHHA EHEAE Y= BE fdE
AAAIAEE. ol HUE I HrAAd #4
2 9stad ARl Egew agstsld B
Holth, HHFLIEER 247 YAlIEFY W
OB RY FE&A 84& BEF 285FoNAY
SAFEHE JFes wdsign, 47
Hel2TFY e olEAE 244 &4

I

O.

2

i
br o

s
1
o 52
e B
WS 2 oo oy X oplo ¢

E3
>
%
N
3
)

N
N
—t
ol
Al
o,
oX
s

to 2
S
o,
o
r)'

4

o

o
e}
w F
ol
o g
e,

i
1
o
il
o

2
>
o
ftiru
()
il
1o
ul
i B
£
52
o



Pol= Wrhe 9uist ol UF-BFoE I
e Aducte B9 g4 glold ABAY o
#7b e A9de dehinh &, o =d9 %7}

FRE 2950 R4S A% FURAY) B
AP o2 st FAPIAE R 37

|, B7td ZE A9 Aol wiEHE AlH
gelg ¥ g3 Edo] g7HE e Ao

=}

o

o
=

L2 8l

BRP =deo HgA:

M mde] AFEALES g, 7 2388F A
A2 MFsdch. o Age A HHE A=A
SR olxRE A 7o 7R e AuAF
oA Y T2 o 4087 FEd Bojoln, &
93dmel] ol2x AA¥o|th. 71x] FHelE A7
Adol Ao 1, AFe A
e FAZo 22Vsa o, 53 YEd BF
Zo] oo F4L WAlsld FHLFEA] £7
HozE o o4 AFsA Eau YEI EFS
ol FHAcz B¥xan ok MHT A BoA
vebAl @sta, TPHE 0~29
060me/kege]l WAZ FAAQL APt YEbst
. 2FAoZ WA FFLIEE 84E 29U
M71%9 TPHEE 5000 mg/kgE 233tz glo
o2 da15 3 AFstn, & 94T 9

FAA G0l 500mel el oz 15 Fl 3l
Fert | FRRLEE FEANMY FE2 @
9 v glon, Ede FEZO EXIn 9

Q
o
o
=)
el
ko
b
f
)
tlo oftt
ox
U
S o e op

=7 Bt
A%ng 53] Be

g+ . FFL

e
=
e
e
£
ry
o St
dlo
3 of Ko

i
rR mo 2 W
b2

O

> b
=k
ko off
b i
o R
o i
_QE.

I N
o 2

b
i
ki
i)
]

).

F Bee FIY BEY Az

E
e fsld AAE HeilA o= Age o

&
o] &% BRP model2A] A|AlstE ),
o

Faste daleg JgEo Fr AMREHoln AE
A AR Wigo] RFditi= Holth oy E
AN Azt FAAME AS olFojAE A
oli, NAME wigA el it A FE 7}l of
g dE ARE A A9 AR} Aoz,
H7tE A7 71EARY gEo ZEHLZ oy
o= do 71908},

a3y, 2 A7 FAIACAA g e
L8R FREY HFdd THEE FFHA
FEAGES FUAIIZ, FFE AdE 7g duF
Y 2EEAT FHE ELAF, 2z FAPIA
Wk olgl Azt A HsiAel ddHE F
A} dde M JAde =] E F AT
AoZ AtgHn, g HAdHEt AA B
o] o]FolA Ao y|far} ‘

5. 212
D) A, 4, oiRE, ¢ SRHAAA B It
T BRFGAY GAA FA- H=H AF AM42

%, 19-46 (1998),

2) Schaefer, K. W. et. al.,
Experience and Expertise in Registration,
Investigation, Assessment, and clean—up of
Contaminated Military Sites. Dames & Moore
GmbH & Co, 201-284, 503-5% (1997).

3) DoD, Relative Risk Site Evaluation Primer,
http://www.dtic.mil/envirodod/ relrisk/toc.html
(1999).

4) U.S. DoD. Defense Environmental Restoration
Program, Annual Report to Congress for Fiscal
Year 1994, 3-63 (1995).

5) U.S. EPA, Revised Hazard Ranking System
Final Rule (1990).

6) 4% - 2AL, #1449 293d4E 2T EA &
Y Ry, Agd BAAYSH wAEe] =8
(1997).

7) 8RR EFRARAY ATHY (1999).

International

8) =R, EuM-7 23vF EFY AAY Hu
(1999).

9) ¥, FEF BT ol FIAAE: 4Lt
9 =Z(1: 50,000), &= EHAY A74&, 1-20
(1999).



Analysis of assessment factors

<t Relative risks rating of assessment factors

*rating into 1, 2 and 3

Setting restoration priority of sites

xgrouping into immediate, moderate
and delayed action

Figure 1. Assessment process of Base Restoration Priority Decision model.

Assessment factors

! ! !

Oil contaminants Receptors Migration pathways

v v v

Release of contaminants
BTEX Human receptors

Preventive equipment for
release of contaminants

TPH Ecological receptors

Travel time of contaminants

Figure 2. Subdivision elements of evaluation factors.

Table 1. Subdivision for evaluation of oil contaminants factor.

Subdivision elements Reference of subdivision(mg/kg) Subdivision No.

Greater than 200 1

BTEX 80 ~ 200 2
32 ~ 80 3

Greater than 5000 1

TPH 2000 ~ 5000 2
800 ~ 2000 3

Table 2. Relative risk rating oil contaminants factor.

Reference of rating rating

Correspond to one or more kind on subdivision No. 1
Correspond to one or more kind on subdivision No. 2 2

Correspond to one or more kind on subdivision No. 3




Table 3. Subdivision for evaluation of receptors factor.

Reference of

Subdivision elements subdivision(nearing SUb?\IIXISlon
distance: km) :
) X Under 1 1
Ecological All kinds of 1 ~ 3 9
receptors Preservation areas
3 ~ 10 3
Under 0.5 1
Groundwater and surface 05 ~ 1 9
water for drinking water '
1 ~3 3
Under 0.5 1
Human Residential areas 05 ~ 1 2
receptors 1 ~ 3 3
Agricultural and Under 0.5 2
recreational areas 05 ~ 1 3
Commercial and industrial -
areas Under 0.5 3
Table 4. Relative risk rating of receptors factor.
Reference of rating rating
Correspond to one or more kind on subdivision No. 1 1
Correspond to one or more kind on subdivision No. 2 2
Correspond to one or more kind on subdivision No. 3 3

Table 5. Subdivision for evaluation of migration pathways factor.

Subdivision elements Reference of subdivision(mg/kg) Subdivision No.
Release of contaminants Confirmed release from receptors 1
Preventive equipment for Bad of the legal equipment 2
release of contaminants

Soil y Sand 2-1

Travel time oil quality Silt, Clay 2-9
of —

contaminants Kind of Sedimentary rocks 2-1

bedrocks Igneous, Metamorphic rocks 2-2
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Table 6. Relative risk rating of migration pathways factor.

Reference of rating rating

Correspond to subdivision No. 1 1

Correspond to both subdivision No. 2 9
and one or more kind on subdivision No. 2-1
Correspond to both subdivision No. 2 3
and all kinds on subdivision No. 2-2
Rating
/ of oil contaminants \
j Rating of receptors Rating of

Rating of
migration

pathways

Rating of
migration

pathways

Figure 4.

migration pathways

|

Setting restoration
priority of sites

Rating of
oil contaminants : 1
1] I 1 M
2 1 I M
3 M M D
1 2 3
Rating of receptors
Rating of
oil contaminants : 3
1 I M D
2 M D D
3 D D D
1 2 3
Rating of receptors

Rating of
migration 2

pathways 5

/

Figure 3. Procedure for setting restoration priority of contaminated sites

Rating of
oll contaminants . 2
I I M
I M D
M D D
1 2 3

Rating of receptors

Guide for setting restoration priority of contaminated sites.

I: immediate action, M: moderate action, D: delayed action.
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