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Cleanup Regulations in Washington State

1. Introduction of Washington State's environmental
protection agency: goals statues, programs,
budget(funding sources/expenses)

2. Outlines of cleanup regulations(sail, groundwater,
and air related): Toxics cleanup Program and
Model Toxics Control Acts

3. Emerging issues(soil and groundwater pollution
related) in US

HigiA 2ixiL|of

Washington State Department of Ecology






a—

May 9, 2006 EC0L 06y

2y 4
Senior Civil and Environmental Engineer

Toxics Cleanup Program:
htto://www.ecy.wa.qgov/ecyhome.htm/

Today’'s Agenda

v Introduction of Washington State’s
environmental protection agency: goals,
statues, programs, budget (funding sources/
expenses);

v Outlines of cleanup regulations (soil,
groundwater, and air related): Toxics cleanup
Program and Model Toxics Control Acts;

v Emerging issues (soil and groundwater
pollution related) in US; and

v Q/A: any personal or work related

EEL) 2
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The anadromous variety of the rainbow frout,
having silvery, unstriped sides.
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Population
Projected Population Growth of Washington
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Per Capita Personal Income
1980-2004: Inflation-Adjusted to 2004 Dollars
F40,000
wWashington i
$50,000 4
United States
20,000 I;
$10,000 4
F0 —T — T T — —T —T
13980 1985 13990 1995 2000
o e 15
Educational Attainment
(Washington State)
Fraduate or Professional
Degres
Bachelor's Degres

100%

80% o

BO% o

40% o

20%

1930

0%
1970

High School Graduate

Less than High School

1990 2000




Misc.

Population: 6.0 mil (2004);

Land: 68,139 sqg mi (176, 479 sqg km)

42nd state in 1889; late 1890s, main staging
point for gold miners to Alaska

Industry: hydroelectric power, aircraft building,
ship—building, high—tech, tourism, agricultures
Incomes: Median $35,000 per capita (11th;
slightly higher than US Avg (2005 data)

» Political cloud: Liberal and Democratic party
control: house, senator and governor

Washington State Department of Ecology

v Washington's principal environmental
management agency and created in 1970,

v Protect both humans and the environment
from pollution,

v Restore and preserve important ecosystems
that sustain life, and find ways to meet
human needs without destroying
environmental resources and functions, and

v Improve the economic vitality of business
and individuals.
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Agency Overview (Budget and Program)

Biennial Budget: $810 million (operating budget
1/2 + capital budget); $70/citizen/year

Funding Source, 2006

State
Other General Fund
dedicated 21%

funds
40%
Federal Fund

State Toxic 19%
Control
Account
20%
19

Ecology Staffing Levels by Program
Fultime Eguiwalents (FTEs)

Agaminisiratdon

Solld Wasts

Hazaroous

R Alr Qua Rty
Muciear Wasis
Enwirocnmankal

ASSEEEMan
Taxics Cleanup

Water Resou

Water Qauallby

“ea 20
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Workforce History - People of Color (Percentage)

Composition of Workforce
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Programs & Services (continued)
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Regional and Field Offices

Central Region
(508} 575-2490
Yakima

27

Regulatory Authority

Statute

Initiative 97, passed by the voters in
November, 1988 general election

Codified as Chapter 70.105D RCW

Rules
WAC 173-340 (Cleanup regulation)

WAC 173-204 (Sediment management
standards)

28




Key Principles

Polluter pays

- Permanent remedies

* Public participation

- Favor towards action instead of
arguing

« Innovation

29

Toxics Cleanup Program

> Around 10,000 cleanup sites (6000 from LUST); 144
FTE

» Major Stake Holders: Petroleum companies, ports,

environmental groups Business and individuals
engaged in the cleanup of contaminated sites

Insurance companies, Lenders, developers,
realtors

Owners of contaminated sites
Water purveyors

Citizens interested in, living near, or affected by
contaminated sites

Tank owners/operators/providers
Homes and businesses affected by leaking
Underground storage tanks

30
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Hazardous Substance Definition

Any substance that is a hazardous
substance under federal superfund law

Dangerous or extremely dangerous
hazardous waste under state hazardous
waste law

Petroleum and petroleum products

Other substances determined by Ecology
by rule

31

Definition of Hazardous Facility

Physical structures including:

Buildings Pipelines
Landfills Ponds
Wells Vehicles

Any site or area where a
hazardous substance has been
disposed of or otherwise come to
be located.

32




Example Facility——Discarded Drums

i
I

Example Facility——Landfill
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Example Facility—Gas Station

Example Facility— Electrical Substations




Example Facility—-Gas Works Plants (coal and oil-
processing facility; 1900 - 1956)
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Gas Works Park (on-going ¢ ea up)

Example Facility—Industrial Areas




Example Facility
Mining Sites & Facilities

s i

41
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Example Facility—Military Bases




Example Facility—-Hanford Site

45

Example Facility
Area-wide Contamination

46
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Potentially Liable Person (PLP)

Current owner and operator
Owner and operator at the time of release

Persons who owned the hazardous substance
and arranged for disposal, treatment or
transport (i.e., generators)

Persons who tfransported the hazardous
substance (i.e. transporters)

Manufacturers of hazardous substances that
cause pollution when used according to their
instructions (e.g. pesticides)

47

Nature of Liability

+Joint and Several--One or all PLPs may
be liable for entire cleanup

* Strict liability--PLPs are liable
regardless of who's fault it was that
pollution occurred

NOTE: Except in emergencies, Ecology
must issue PLPs a notice using the
procedures in WAC 173-340-500
before ordering action at a site

48




Defenses to Liability

Act of God or Act of war

Act or omission of a third party (e.g.
trespasser), provided utmost care was
used

Innocent purchaser, provided used "all
appropriate inquiry” into previous
ownership and uses of property

Substance lawfully used for domestic
purposes

49

Defenses to Liability

Substances applied to food crops without
negligence and in accordance with all
applicable laws and regulations

Lenders that didn't participate in the
management of the facility

Plume Clause: Substance came to be
located on the property solely as a result
of migration through the ground water
from an off-property source.

50
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Steps in the Cleanup Process

Site discovery and reporting
Initial investigation

Site hazard assessment & ranking
Interim action (if necessary)

Remedial investigation/feasibility
study: Cleanup standards, points of
compliance, risk assessment, how clean
is clean??

51

Steps in the Cleanup Process (continued)

Selection of permanent cleanup action
Site cleanup
Site-closure

If contamination left on site:
v Institutional controls

v Financial assurance

v Compliance Monitoring

v Periodic reviews

52




Administrative Approval Processes

Independent remedial actions
Consent decree:

> Standard settlement

> Prospective purchaser agreement
Agreed order

Enforcement order

"No Further Action” letter under
Ecology's Voluntary Cleanup Program

53

Public Participation in Cleanup Decisions

No backroom deals!
Public participation plan

Public notices/meetings/formal
hearings

Public participation grants
Citizen technical advisor

54
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Cleanup Standards

Cleanup Standard
=Concentration (cleanup level, compliance
statistics)
+ Applicable Standards in State &
Federal Law (ARARs) + Point of Compliance

*Must use RME: “reasonable maximum exposure” &

+ARARs: Applicable or Relevant and Appropriate
Requirements other than Superfund Law:

v Chemical specific: PCB in soil <50 mg/kg

v Action specific: RCRA's landfill design

v Location specific: prohibition of land disposal in a
floodplain

'3 A 55

Cleanup Levels Calculation Methods

* Method A (Simple Site Method): Look-up
Table values and standards from other
applicable laws (ARARs) & procedures in
the rule

* Method B (Universal Method): ARARs
plus formulas & procedures in the rule

- Method C (Conditional Method): ARARSs
plus formulas & procedures in the rule
(use limited to certain conditions)

e a 56




Method A: Look—up Table of Cleanup Levels

Relevant Table 720-1 Ground Water Cleanup
Levels for Gasoline Range Organics

Parameter Cleanup Level (ug/l)
TPH 800 (with benzene)
1,000 (with no detectable benzene)
Benzene 5
Toluene 1,000
Ethyl Benzene 700
Xylenes 1,000 (total of o, p & m xylene)
EDB 0.01
EDC 5
Lead 15
MTBE 20
Naphthalenes 160 (total of naphthalene plus

1 and 2 methyl naphthalene)

Method B & C (Risk—-Based Cleanup Goal)

= e———

Health Risk =f (Toxicity, Elxposure)
[ I

*Receptors (type and activities) |Chemica| Concentration? |
*Routes (Fate/Transport models)

Solve for the concentration term!
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Soil to Ground Water & Air Exposure Pathways

Surface Water
Beneficial Use Soil Ingestion & q s /
Dermal Contact
(//':'T"'/ 3
Ground Water

Equilibrium

Partitioning

[ Infittration & Leaching |

Dissolved Contaminant Plume

Mixing & Dilution

Advection, Dispersion, Diffusion |

59

Calculation Methods—Method B

‘Cleanup levels are typically based on young child
exposure

*Allowable risk for carcinogens:
»Individual chemicals: 1X10-¢

» Multiple chemicals & exposure pathways:
one in one hundred thousand or 1X10-3

*Allowable risk for non-carcinogens:
> Individual chemicals: hazard quotient of one

> Multiple chemicals & exposure pathways:
hazard index of one

60




Calculation Methods—Method C

‘Cleanup levels are based on adult exposure:
different exposure factors applied

‘Allowable risk for carcinogens:
»Individual chemicals: 1X10-5

> Multiple chemicals & exposure pathways:
1in1 hundred thousand or 1X10-°

‘Allowable risk for noncarcinogens:
»Individual chemicals: hazard quotient of one

> Multiple chemicals & exposure pathways:
hazard index of one

61

Reasonable Maximum Exposure (RMEs)

* Cleanup levels must be based on the

reasonable maximum exposure (RME)

expected to occur under both current
and future site conditions

*The MTCA rule specifies default RMEs
for ground water, surface water, soil
and air

62




Reasonable Maximum Exposure (RMEs)

Ground water: RME is a person drinking the
water

Surface water: RME is surface water
classification (must consider both fish
consumption and aquatic impacts)

Air: RME is a person breathing the air in a
residential land use setting

Soil: RME is residential land use for most sites;
Industrial land use an option for qualifying
industrial properties

63

Example: Soil Cleanup Levels Exposure
Pathways of Primary Concern

Non-petroleum
contaminants

e N

Evaluat Conduct

Applicable state Evaluate direct e u_a J terrestrial
leaching n

and federal laws contact pathway ecological
pathway .

evaluation

\/

Select most stringent

g concentration as -
- preliminary N 000000000000000000000000 3

SOl Gleandp Loval iMay also need to consider;
- vapors and other
i exposure pathways
If necessary, adjust R R R R, 3
preliminary cleanup

level for natural
background and PQL

64




Example: Soil Cleanup Levels for
petroleum products

« Over 20,000 constituents from crude oil:
wide ranges of physical and chemical
properties & tox values;

- Surrogate and fractionated (equivalent
hydrocarbon ranges) approach.

« Use multi-phase & multi—-component
partitioning equilibrium model to assess
the leaching potential
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Sample Petroleum Product Weight Compositions
Fresh W eathered Fresh W eathered M ineral Bunker C
Gasoline Gasoline Diesel Diesel 0il
Aliphatics
EC >5-6 0.2300 0.0920 0.0000 0.0010 0.0000 0.0000
EC >6-8 0.2200 0.2750 0.0000 0.0010 0.0000 0.0000
EC >8-10 0.0900 0.1200 0.0200 0.0110 0.0010 0.0000
EC >10-12 0.0300 0.0130 0.0700 0.0600 0.0030 0.0000
EC >12-16 0.0000 0.0000 0.3500 0.3000 0.1600 0.0950
EC >16-21 0.0000 0.0000 0.3400 0.3700 0.7000 0.0790
EC >21-34 0.0000 0.0000 0.0000 0.0000 0.000 0.1160
Aromatics
Benzene 0.0250 0.0080 0.0000 0.0000 0.0000 0.0000
Toluene 0.1200 0.0980 0.0000 0.0000 0.0000 0.0000
Ethylbenzene 0.0200 0.0300 0.0000 0.0000 0.0000 0.0000
Xylenes 0.1100 0.1300 0.0000 0.0000 0.0000 0.0000
EC >8-10 0.1300 0.2200 0.0100 0.0010 0.0010 0.0000
EC >10-12 0.0250 0.0140 0.0100 0.0060 0.0010 0.0000
EC >12-16 0.0000 0.0000 0.0800 0.0320 0.0070 0.1450
EC >16-21 0.0000 0.0000 0.1200 0.1880 0.0800 0.3610
EC >21-35 0.0000 0.0000 0.0000 0.0320 0.0460 0.2040
o e 67
Figure 4. Predicted concentration of EC at well @ fresh gasoline
[FEETIEEEE S gt
1.E+03 +

—+— Aliphatic EC >5-6

—=— Aliphatic EC >6-8

B
- L.E+02 o
?) Adiphatic EC >8-10
= LE+01 Aliphatic EC >10-12
Ci) d — Benzene
2 ——Toluene
® L.E+00
s —— Ethylbenzene
-]
g 1E-01 Xylenes»
= Aromatic EC >8-10
8 1 E-02 Aromatic EC >10-12
——TPH
1.E-03 Ly Ly Ly P, Ly
1 10 100 1,000 10,000 100,000

Soil TPH, mg/kg of soil
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Figure 6. TPH Predicted at well versus soil TPH measured
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Figure 3. Mass distribution predicted by the study model
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I‘ Ground Surface
\\ 6 feet

Eco with institutionalcontrols

15 feet

Eco without institutionalcontrols

Direct human contact

Vapors-between ground surface and water table

Groundwater
v —

Leaching -throughoutsoil profile

v
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Example Soil Remedy—Dig & Haul
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Example Soil Remedy—Cap

e
x

Example Remedy—Soil Solidification




Typical Cleanup Methods—Ground Water

Pump and Treat

Containment Systems
Permeable Reactive Barriers
"In Situ” (In Place) Treatment
> Air-Sparging

> Chemical Oxidation

> Enhanced Bioremediation

> Natural Attenuation

77

Example GW Remedy—Air Stripping
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Example Remedy—Bentonite Slurry Wall

L] 79

Example Remedy—Sheet Piling C/0O Wall




Example GW Remedy—Air Sparging

e
x

Example Sediment Remedy Electrochemical
Remediation
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Example

Sediment Remedy Electrochemical
Remediation

Trend in Status of Known and Suspected
Contaminated Sites (as of January 20, 2004)

sea

84
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Model Toxics Control Act—-Summary

Passed as a citizen's initiative in November,
1988 general election

Rules intended to streamline process for
setting cleanup levels

Judgement involved in setting point of
compliance & selecting remedies

Community involvement in site cleanup
decisions is key to success

W A State has made significant progress in the
cleanup of contaminated sites

85

Emerging Issues

86
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Future Focus of Ecology Dept

Regulatory consistency and predictability
Till 1990’s, focused on controlling pollution from “point"

sources (air emissions from factory smoke stacks and
water discharge from sewage treatment facilities)

v Not significantly improving despite industrial control
technologies.

v Pollution coming from many diffused points, termed "non-
point source pollution.” (rainfall or snowmelt, fertilizers,
pesticides, oil, grease, animal waste, sediment from soil
erosion, atmospheric deposition)

v Persistent, Bioaccumulative Toxins (PBT) : Mercury and
Flame retardants (Rule adopted 1/13/2006): Shoreline
management issues and coastal restoration efforts;
Mercury Chemical Action Plan and Pesticide Incident
Reporting and Tracking

v Better water management (rivers, streams, lakes, and

groundwater, etc.); coping demand for instream uses

87

P
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Major Activities/Issues of TCP program

v Clean the Worst Contaminated Sites First
(Upland and Aquatic)

v Manage Underground Storage Tanks to
Minimize Releases

v Services to Site Owners that Volunteer to
Clean up their Contaminated Sites

v Areas of Wide—-Spread Contamination

v Exploded Ordnances at Federal Facilities
v Abandoned Mine Sites, orphan sites

v Superfund Site Transfers to the State.




Prospects of the sale/ownership of
Contaminated properties via Brownfields Program

v Prime real-estate locations: gas stations, industrial and
retail properties...

v New and expanded programs: Revitalizing contaminated
sites/lands: land is Jvaluable and finite resource: sh|ftmg
the paradigm from “cleanup"” to “cleanup and reuse"’

v 2002 “"small business liability relief and Brownfields
revitalization act”; funding mechanisms from federal and
state, private industries

v  Remediation of petroleum contaminated property: old
gas stations sites, less aggressive approach allowed,
natural attenuation remedy; eligible relatively low—risk
sites

v Marketability of contaminated property: “fixed" or
“guaranteed"” cleanup cost by consulting firms vs.
lender's liability on prospective purchasers' other
collaterals

e 89

Hot Issues: technical & policy

v Optimization of groundwater remediation
systems at RCRA corrective action facilities

v Emerging contaminants: Perchlorate (rocket
fuels); 1,4-dioxane (solvent & stabilizer in
chlorinated solvents): N-Nitrosodimethylamine
(NDMA: rocket fuels, pesticides, rubber tires,
dyes)

v Current Status of RBCA: risk—based cleanup
levels: resulting cleanup levels extremely
variable

v Vapor Intrusion risk evaluation and
corresponding remedial actions

- 90
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Emerging legal issues

Toxic torts and product liability claims/
litigations: class action, Erin
Brockovich’s movies (Civil Actions):
— In the past, mainly asbestos and mold

— Now increasing on silica (in sand via
airborne for inhalation exposure) and
perchlorate (in certain combustible materials,
food, fireworks)

— Vapor Intrusion Claims

e 91

A Colorado family in harm’s way
eld rifle

Folution frem the Redf ssope fastory flowed

Denver Post:

January 2002
*A mother (a stay-at
home mom) of two
kids at age of 34 yrs
died with a cancer.
*She lived this house
for 6 yrs, did not
smoke or drink.

How the toxins spread

1 industrial pallutars are
round

s parcelats Into the
groundwater.

*Concentration of
DCE at indoor air is 7
; . Uz times higher than
e anan ; Famnienny | regulatory level

homes throush cradss in foundstions and
o speses
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A current project that | am working on..
"Guidance on Vapor Intrusion Exposure Pathway:
Investiaation and Remedial Actions”

it Stack Effects

i :4 Advective vapor Flow |
Effects of Atmospheric Pressure Cracks/Openings H
(Barometric Pumping) i H Sy s Buildi
i Vapor Source
BUILDING "1 froit indoor { Bullding

4

AAAAAAAAA i Attenuation
S i | Exchange witl
Wind Effects Amblent Alr

Advection and
Diffusion
Through
Unsaturated
Soil and
Building

Founc!aw

i«

Affected I . _—
S, Partitionin
s Groundwater . o g

Between Source
and Soil Vapor

-Bearing Unit

Typical Example of Vapor Intrusion Pathway

Katrina

- Post—-Katrina superfund site impact
evaluation

« Evaluation of water, soils and sediments
near industrial facilities affected by the
Katrina storm surge

- Preliminary assessment: not as bad as
expected
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_ A huge pile of debris was deposited at the dispenser islands of this store.
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The ASTs ar this Munroe Barge Terminal in Bioxt floated off their foofings. A release of 482,000
gallons of fuel ocourred, but no evidence of this fuel was ever seen (presumed Tost”™ out fo sea).
The three fanks that floated up against the larger fanks are 75,000-gallon gasoline fanks.
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Light Armor Weapon rocket (US Army, 2001)

Progatan CM%
[Doutla-Based, 7050 ‘WG
Foksing Fins

Explosive
1Ctal, 70230 HMX . THT)

8 L Mortar (US Army, 2001)

e e Lo

Lead TrRBC/andie [22.00%) EATWA CErTraime 2.1 7% |
Eolamm {Tiorss (51 00 Scbmanrns Merabs [1 50%)
Amtery Setoe (17 00%) WG CT 5%

THT (5 DOAcy W 480

Dmpaegeren  Pripshe e CEERE G, Doser SN fum
Chargn & Chang B ML EBUTS|  FOK Ll Anel

Effvg! Conrade 12755 Eind Conteatle (0 73%;  THT (32 0%; [

Pl hiraie (1 50%)  Polnsam P (1 S0%) Vs (100} Warlioan PATET

NE R PR R AP T

P G D i 0 0%

Figuare 1. Diagram of 81-mm morlar reunds detomated with ©4 a1 Carmp Ethan Allen Fisieg Rasge.
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G0 Mortar (US Army, 2001)

Farrar
Lo Tyt (25 (PR | |
Protnsarm Crorate (53 00%)
Aoy Saicie | 17000
THT 5 %)

Mraee g MURL  Properllant Charge NG04 Serp Rl DR EL Muf Qobon Bugg M
NG W T0%| T (R50%] LI 11550 [

R 83 00 0 St THT [ 5% X

Poinsum Hisie (1 505 (upharyirnne () 0%} Vo [1 0% Lead Azce
Dipbeerybarmr: (0755 B 20%) Watous Sameis

Figure 2. Dingram af G0-mm martar rownds that were fired at Fort Dnam, New York.

AL EHEE SFOFEUS Army,2001)

Takde 1. High=oxplosive load cantad by manitkons imms commondy fired at Fort Lisis.!
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VR =TE L 1 Fa i
120 cres 2900 200
VI Goar (FLH] a4 THT 3@ - - - —  Iuas
#5555 mm D&add E1E ares THT 138 (30
NEirm D5as = [ THT 138 = — - -

! Source of dats s the Muritions. Besms Disposition Action System (MIDAS) snd psrsonal communics-
tise, Mark Sertan, Ofics of the Product Marages Tor Manar Syatams, TACOM, Pieatiney Amenal,
Hew Jorsey, 19 March 2000,
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O Jenkins et al., (PO06)
B 5ol analysis at 23 tiring ranges in US
O Hand grenadse ranges
B Highar RDX and THT sane, dua ta C4 saxplasve for tha bBlawn
in place of low order detonaton

O Antitank rockat ranges
B High levels of HMX doe o high ded and rupiure rate of rockel

O Artillary ranges
B Ralalvely lew axspleae concanbrationsa
B THT and RDX ram comaealisn 2 i3 the mapr ensrgelica
O Valcaltier antitank rocket range (Canada)
m High concentration of HhMX
O Cold Lake Air Weapaons Hange, Alberta, Canada
B Haayy metals: Al Cd, Cr. Cu, Pb. Ni. £n
B Explosives: THT(3.84—74, 1mg/kgl. TNT intermediates
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Contents
Introduction and background

Preliminary investigation results

Phase |l investigation results

GW contamination

FPilat plant experimeants

On site adaptation results
Contaminants in surface run—offs

ooooooo

Introduction
O Darakdae artillery shooting range

B One of the largest shooting range in Asia

B Oparated for 580 years
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Background

O Located on the side of Hantan iver, {(Araa_ 1 Bkm™)

O A food control dam downstream of the shooling ranga has basn
planmsd

O Contaminants may migrate to dam reservoir thus adversely impacting
the water quality of the dam

O Phasa Il site investigation was conducted during 2002,03 to 200210,

O Sampling locations ware predetarmingd using Visual Sample Plan v.
1.4 (PRNML)

O  Swrface sol and core Samples were collected and analyzed for sol
charactaristics and contaminants concentrations

O Phyloremadiation with bicasgmantation was selected for ramediation

study as the rangs s active in practice.
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Tasks

Fhase ||

oooo

B Leach
B Model

B  Estimation of Risk assessment and proposition of

site investigation

Screening & selection of remediation technologies
Filot scale tests for selected technologies
Water quality modeling

ing tests
selection and verification

remedial goals for each contaminants

O Monitoring of GW and soil contamination

Preliminary site investigation

O To determ

ne the extent of contamination
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Site investigation
FPradatarminad samplng points using Visual Sampla Plan var_ 1.4

Site investigation results-Explosives
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Site investigation results-Heavy metals

Vertical profiles of contaminants

LI R TR TR R TR

Toatr
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Site investigation summary

O Contaminants. explosives (TNT&RDX) and heavy metals
m mostly located in topsoll (<40cm)
m  mgration was retarded by the sity-clay soil of the site
B Contaminatad soil movemant in bwo diractions during haawy rainfall
in summer,

O As the site has to be operable during remediation, a bio-assisted
phytoramediation has been preposed as the process does not
require intensive labor and equipment.

" A |,1|r|l;:-l. scale leasiily sludy was conducted wath the contaminated
501

O As the shooting range is still active and with abundant UXOs
(Unexploded Ordnance). active remediation technologies can
not be used,

O Remediation Goal: THNT & RDX-0.6mgHg-soll

Cd, Pb, Cu: 1.5, 100, 50 mg/Kg-soil

Groundwater contamination

Fi e 1
Coass)
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Monitoring well elevation

Lo By J

Characteristics of G'W

O RDX max. concentration 1.48 mg/L

O Max. concentration of heavy metals (maflL)

m  Cd (0.131). Cu(1.501). As{0.053), Pb{0.230), Zn{1.654),
Mi{0.298), and Cr{0.160)

O GW not present in drought season.

O GV table fluctuation is very high.
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Pilot plant experiments

|-
[r——]
sk aped vl L1

Trurabe ool

p—

¢, Column reactor schematics

a. Excavation b. Green house

Plant growth 1

1 wook
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Plant growth 2

20 weeks just before harvest
L =

Contaminants removal 1

Coplants + Microbes Coplants + Microbes
— 0 dirys

— Ay

— 50 iy w50 darys
== 80 daiys = 0 days
== 110 days = 10days
— 1A chitys — 1 ey
— 170 days 170 days

0O & 10 18 20 25 30 35 40 @ 5 10 15 20 25 30 35 40

Total Cd (ma'kg) Exchangeable Cd (ma/kg)

or2xl)o| Bx U o|g | 137
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Contaminants removal 2

L el

Coplanis « Migrobes .
. "
II \

— 0 day
— 50 CAYE
== A0 days
== 1i1h days

— 40 days y
[ — T days . F| _.;; B T e

e L
[

. :.
L i 1% 20 % SERDNENTT NS LA EE CHEE &
Soluble Cd (mgrkg) B
Summary

Bioaugmentation of indigenous microbial culture resulted in
higher removal of RDX as well as higher uptake of Cu in
Indian mallow,

Fb was accumulated in plant root, but it did not
translocated to plant shoot except for sunflower.
Fhytoextraction of Cu and Cd was found to be effective.
Phytostablization is tentatively more practical in Pk contral.

Cither study in Sweden (Lin et al., 1985) found that;

u Fh released in Shl.":lf’:lTII'iE} rarge Is convaertad o
hydrocanssitePh,{C0,),), corussite{PECO,), and anglesite(PRSO,)

However, In 20-25 years, only 5% of metallic lead has beean
convarted lsad carbanate or lead sulfate,

]

ooao
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On site adaptation

Biha
=

Before seeding After 3 months

1

oy e

After 4 months Before harvesting (Bmonths)

Remediation plan schematics

BUT M '\#"mﬂ ] HEEY A HEs ey NI*:HJT aymg
T T T — Y ] s T ] T ] —_ . bt o
E T e e

THT W
Ere
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Layout

Dbjects

FPreliminary site investigation results
Site investigation results
Contaminants distribution
Remediation scheme

oooooao

Lavout 1
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Objectives and Scope of the Study

O Detearmine the major contaminant concentrations, the scope
of contamination, and the migration route of contaminants
fram the shooting rangs to the surrounding anvironmants,
especially to the ImJin river.

O Estimate the total amount of contaminants and leaching
potential of the contaminants

O CQuantity the risk associated with tha sita to the human haalth
and anvironmeants

O Froposs a sits remadiation plan based on (sasibility and
treatablility studies

Preliminary investigation

O Sampling
L] 16 sail samples,
L ] L gurfacs walsr samaian,
- | sedimeni samples

O Results (explosives anly)
- HMXIZ0T_ 1mg/kgl,
BDE(SZ0 Emg/ka). and
THT(281 . 9mg kgl &t a erater in
1ha shasting range (Sain O1)
B TNT was repaatedly datectes At
samples colleciad to the gouth
- HMMX[D BdmgiL) was detected in
wateér sample collectad at EW3
B The analylical resulls suggesled
pasmble mgraban ol exalasies
thraugh sutace runaff ang
subguriace grownchwalar

s Emant
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Phase 11 investigation plan

O Based on the praliminary site investigation, 3 regions ara

included in the phasa Il site investigation

Sampling plan

B Ragion 4! includes the targat araa in which oratera ars lozated (As) ang
the aurrdounding area

B Ragion B 8 newly conatrustad farget ares located to the waat of ragian
A BCrons the valley

m R&gien 8 includes the area adjacent o the sauth of regicn A, tha
ragion B i3 maosth comprised of paddy aail

® The sampling lecation was pradetarmingd using Visual Samole Plan ver.
3.0 (PHML)

Groundwater monitoring wells

W 7 GYW moniforing wella are placed to 3 directions

Surface runofl

m Major roule of contaminants migration = considered lo be surface
runaft, Theretors, water sample collection right atter rain has bean
auggeated,

Soil & Subsurface soil sam

O Mo, of samples
| 90 surface soil samples
B 47 subsurface samplas
at 14 cores
B Zubsurface sampla in
the region A was not
callpcted dus to the
hazard of DD
axplasion
O All samples were
analyzed for explosives
and heawvy metal
contents
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4812

3

Water and groundwater sample locations

O Mo, of water samples
®m 11 surface water
samplas including S
runoff samples
Sedimants samplas were
'\

collscted at the locatio

L
whers water samples
ware collactaed
158 groundwatar samplas
at 7 GW monitoring wells

0O All samples were
analyzed for explosives
and heavy metal contents

RDX

Contaminants distribution 1

HbdX

vime|
| .|:.

g

"
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Contaminants distribution 2
THT Cd
' T L
" . H
el -
sy
Contaminants distribution 3
Cu Pb
. s
1 1
7 | . i
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Groundwater contamination

O GW sampla analysis

B Low lavels of HWX
[25ug/L) or ADX{3Eug/L)
was consistantly dalacled
only at MW 3.

O Further investigation of site
topography and sedimant
samplas analysis (37, 58)
showed that RDX and HMX
weare transported to near
MW & by surface runoff
and infiltratad to MWE (sea
figuras at next page)

Site topography and GW water level
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Total amount of contaminants

O Estimated total amount of contaminants) area reguired
far remeadiation by the Korean soil conservation law
m HMX 20,8 kg S 3200 mE

RDX: 457.0 kg f 89,000 md

THT: 1.39 kg [ 4,800 m2

Cdl 35.2 kg [ noné

Cut 4331 kg [/ 40,000 mE

P! 5115 kg / 6800 m?

O Contaminated area overlapped but RDX contaminated
soils encompasses all of the area required for sail
remeadiation

Surface runoff

O Surface runofl waler
samples weare collected
and analyzed
m  Major contaminant:

RGX
B The rate of discharge =
B.3 = 10°% mgRDX/sec
B Calculated at Zhours of
rain

O RODX was mostly
associated within the
sail particles

After 11hrs of raln
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Soil type and contaminants distribution

O The concentrations of
cantaminants weare tha highast
m the samplas caollaztsd from
craters

o The particla size analysis and "
distribution of contaminants an
the particle size fraction "
showad avan distribution of 3 “u
contaminants 1o aach size :
fraction
B The neul of centamnanta ia .

mainly by the axploaan of e
mortal shalls which : -
dimintegrated and distribuled L}

| Smaller partickes may have " "
been easily moved by the
aurface runctt in the rain Fiicht sz o

A3 large particles, )

Atvpical distribution of con

ann
= a —
[:
Et- 190 4 [ Y
=
ﬁ
B a0
2 =
=
m
g
E
z 100 -
& -
]
]
[\ . . .
0.1 ez 2.3 ]

Paticle giameler (mm)
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Atvpical distribution of contaminants (explosives)

[=;:i ]

AROSTAS ONPEMRI (MgTg)

ot "I 9.3 K] e
ParLicle dismater {mm)

Remediation schemes

Contaminated
solls

[ Foigriy comarmm:ned =ail | [ Less contamnated son |

. F: — N
[ Excavation & J In situ U shaped guiter
Size classification vylaremecdialion [deCrEas

FHBEmMion™, surface water) |

= Soll washin
L I_’n:.ﬂ_ p . 9

) E [ Reduction of contaminants ]
l Hailds I | Liguich | L inv surface runcif ]
L]
[ Ex-siu T Mans Fab ] [ Fistention pond |
Horemediation :

i S—
Ex-gilu | Frecipitalicon Fnlonemadiation

phytoramadeation 4
: | Recycle VWl trestmient
L
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AMIBEH 2F 3 HO{2et

O ZEEAZ OIS 22X

O = Adl 282 28 % FASa) JhsE
= R="]
=

O AFHZ DS F2He oA His 8=

O HEA 22 45 2

=

02

EagdE MY E#
=

HE ~+HX aldl
B O2EHE JFE 2389
B FGHZO 2 HE J2IE &3
O SHSFAMEE | &8 &
B AE HEZY
O Composite vs, Multi=incrament composile sampla
B AESESEE B AMEE
B =BauE
O LC. GC. Enzyme immunoassay
B UXO B2

O Ground penelrating radar

O Magnetic sensor

O Elsctramagnatic sensor

O Multispectral and tharmal imaging
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T2 E9IHE(5X_1)

© 2@29 o34 24}

Aol AAPER AR B2 TR, Sl et Lot HRES TR Jlojn
2 splo] B2 Q9% 2B AN 0HBO) OJFAE RAHULET?
) AAR 3]o] U2 0GB 2A} o|Rojglon], o FAE IeEgo £

I 2 AE=0 ofsAde 1] AA otk ofol| gt g2 A=t lenE EeA

e
-
iin)

O 29E2Y warlE &4

A9]) TNT9} RDX | Hi&71E2 162 AXSHA=t B4s] WA e Zlo] opd7t
e, BRI 7Es AN o 71EE UF @A A A9 o
A A = lenR o] HEETHE §3=rt Wot el 2 9=
UAA] =t LRt R dEste] AY HaTE QU=

SR) A7 BA A =l AlAE] = 7ol flof Bigh W 10-6 Ay
SES 7ML AR 1 AREREC] A, o, wiE &

o, ofoll 273t ghe AXBIHE. =1t FeuRieMe LAEdo] ASHeR 75

=
SR ¢l =AY AslE ARSI the S Avtste] A daAlEel AA 7
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o) AR AeA™ mid ARESHAl Hle L AR A 7R SadHrE

oalde Aeksla e AeE 94, B ol o Fad A,

o47l) 7170 B RA] Solrlelw Aetk SFARE & Aolw, Selutete]
E AT ARES PRSP B 0% B @70 ARE 127 71ES Pokr] F
AN ARE B A9, EPRARANA 0GB B 7129 )} st
L Azto] mhv] fokE s Bk o) SIS mEA) BT ofefRt % mYRARA
Wl 71EE mea) ok o7k Al ol mebd =R Rl ofelat Akl

of BUHOE HIW 4 YEF Wol HYW VAL Y AOR AR,

¢
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Best Management Practices
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A2FF0M ESrall E2Y WXIE fict

Best Management Practices

O 108X = J#X| + FAX|
> KHJH=8 ROR, )19 E20| 0ISH0I= LRI, HSNE= WS =2 XM
> E1l 400 ~ 600m2! XI(HE E0X|, B11 600m0I 49! XIHE DX

O USEX| 3X S5 (&, 19984): 52972 ha
> YA 32, 317 ha (M2 634 %)
> 600 m 018 DX 15,274 ha (M= 80%)
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# B SIS T (22, 35, 3=, 3
e S4) - HENA, HEZT S

® I soES Yo

@ A =HE M1 EsTee
- g, H5d, S S = sHE 4F2

& BHEH7i2] Eal g

® L= =HHI
- MES =6E HE, MBI, FAH

A arou (oLl
= = THHK D Eba) | THEH b | MABES) | 001 013
NHET = 6.951 4,635 274.3 83,878
N8I 2 2,594 2,376 T7.7 e
430
2 Xt 4,656 - (OI2= AIZH 17,191
11.6
g = 481 - orers A=) 12,087
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CRTC L
= = THUE 1= (ha) | THUH S0t | SARESE) | Lo01w 1=
2001 2| =)
b TS 6,951 4,635 274.3 83,878
nk=byg=1 2,504 2,376 172059} i
_ 430
2 A 4,656 - (OIS AIZY 17,191
e 481 = e 12,087
o &= AME) -

Available Exchangeable
A= AES rH OM P10 i | Ca | Mg CEC
1:5 = mgkg | @ —— cmoly/kg --—-—-

=E 69 5.1 539 0.68 | 3.54 0.60 10.8
HA 61 57 466 1.11 7.87 1.28 11.9
= 15 5.8 355 601 1.02 215 0.36 10.9
EH S 12 50 437 512 1.03 7.36 1.41 11.6
2= 10 57 28.5 749 0.90 | 4.00 0.57 10.6
o] 10 5.6 27.4 629 0.96 7.94 0.88 11.4
== 11 5.6 35.0 897 0.80 2.69 0.75 10.0
24 12 57 142 705 0.92 519 1.15 10.2
ok 11 5.1 28.2 443 048 | 375 0.65 0.8
DHYIFZ 211 5.6 327 626 0.91 | 4.94 0.85 11.0
B=EZ 5.7 20.0 109 0.34 | 4.20 0.34 10.3
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sE X os8

I=X - MU =S B PS8 AR I AMEHE: 2% 012 S A
=X NS PE b U2 YES S Y AFH ;7% 012 FAK
NEx = A S 15% 018 Z ALK

e SS; 30% 0128 F ALK

<
Il
=
12
b

¥

£7 RISt
aE IS Qo IIZ7 | MI=SX =X V=i
B A 2(B) | 7(C —D) | 1I(C ~E)
A= 2(B) 1(B)
=4 2 19%C ~F)
ArE 1
== 2(B)
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0d

ae
Weoljeong
Chahang

Haplambrepts

Acid forest soils Allavial

—

Jungdong Hwangryon

| TUdifluvents || TUdipsamments

50 - 200
200 - 350
350 - 500
500 - 650
650 - 850
850 - 1000
1000 - 1200
1200 - 1350
1350 - 1520

§ 0 5 10 Hiomatera
===
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10 . i 40 #0 HKilometers

e aUE 4NN U SgRuAE 29

v DA T E AL A E12 2 EA4A

- e EE
s Hi S, 7 A6 gt~ T T, THeEIT~9dFTD)
- b A2 GEEAT), TREEIHE-10EFT)

- =43
- BE7|ZEe] @3 ] =573 S
» B, 7o) FAEY] FE EGRE Ao
- Zake 8 3t ol F AE ;AL

National Institus
©f Highland Agricusurs
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¥ DA AAERA] AR

e 9N 4550 U SEnan N A9

| = 1(m) EEZ10| (em) £ o
3 # 578 281 —

= & 631 202 SL(75%)
Ef o4 816 17.7 SL(844)
3 o 731 17.6 SL(683%)
H = 679 21.6 SL(76%)
= 5 591 39.0 SL(49%)
s F 556 204 SL(B2%)
g =+ 532 19.3 SL(743%)
El= 482 19.6 SL(66%)
3 oz 523 19.8 SL(67.3%)

AT ZMNE

Habional Institus
oT Highland Agricusure
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E g X (Soil Conservation Act) HIA

Q JHLICEe] Alberta 3= [(Soil Conservation Act, 19884

0 FHLICES] British Columbia 3= (Soil Conservation Act, 19963)
0 0I= (Soil Conservation and Domestic Allotment Act, 19354
0 T3 (Soil Conservation Act, 1966) S

HIHE S A JILHISE 01, X2 AL =2 S8 A 2 0t
JHZEALSION THE == 2! FAEITt Oi]

!
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HIHEE A TSt O, X2 AL =2 S8 EA 2 Ot
JHZEALSION CHEE HIS= =21 It Oib]

- b S

S0l 218 S Al(==2] : Water erosion)
Higr0ll 218 & &(Z 24 - Wind erosion) ——— e
20 28 EL(FE2 &L :illage erosion) ——-—- =3 ALK
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O =] 44 =

(glacial till, Kohnke and Bertland, 1959)

dt
= 11 DO.TSB
t 2 AIZHE)

anD
D : E%2] Fellem)
- 24 60cm Zol&A lem A4+ Fele A3t 230d
- E4] " 100cm Zol=A lem A4« Fele A3 406
*+ E%F lemE lhas] 130MT2] & 31

AEE :0.14 — 0.86 cm” yr-!
FHE 10.0014 - 0.0041 cm - yrt
Z3HE 10.018 em - yrl
(Greenland and Szabolic, 1994)
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lagD

21

2 logD =10.723 + 0.535logL

lagD = 0.710 = 0.5091zqL =544

s 27190 ‘e " A= 1054 o

K]
14

4 . =

2 =30 il 2

1

0.5 1 1.5 2 04 *
fea Ee FHulolE
06 . . .
05 i 1.5 2

Z(D)= B2 Tal W AREC22E HEI(L)E loglog

-EH oI :D=5.13L0.509 (r2 = 0.866, n= 8)

- &4 AUIOI=Z : D=5.28 L0.535 (r2 = 0.542, n= 16)
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o |
e

—==—

S5 3 B

1178
11

1500

g1

BEXC S= =X 28

H =

SHEQE 280.0

Feobgol 2 48.0

3180

l l 1134 I | 2048
| =S 0 |
s 1170
R &0
k]
=S8N

ke

(EHS : kg/haryr)
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SEdE 3.0
FerEUHE 48.0

368.0

0 I I 2310

(=9 - kghalvr)

e F{:::::;S Manure Lime
N PO, K,0 (kg ha'l) (kg ha'l)
=53 as1 193 310 8,200 2,400
A 407 161 460 9,240 -
g4 302 73 133 10,500 -
e 490 152 412 15,480 1,000
BB 477 169 402 9,530 1,770
= 454 192 407 4,240 1,960
T 497 282 478 17,660 2,000
=7 444 188 390 9,920 2,160
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Requirement (kg hal) Total requi. of high land area (ton)*
Application
N P,0; K,0 Total N P,0; K,0 Total
Farmers (A) 444 188 300 1,022 4,531 1,919 3,980 10,420
Standard (B) ax 78 198 206 3,266 796 2,02 6,083

Difference (A-B)

*Planted area: 10,206ha (2001, Ministry of Agriculture & Forestry)
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A=R+K+LS+C+P
— R (rainfall-runoff erosivity factor)
MT hal cm!

Soil loss —
MT hal yr!
—K (soil erodibility factor)
MT hal/R
LS (slope length and steepness factor)
Dimensionless
C (cover-management factor)
Dimensionless
P (support practice factor)
Dimensionless
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Foacaman - Racwiall g Feh s Rbee Ane e i g n s e L e p ey sl T
Chunchon Rainfall 33 30 15 14 12 178 510 193 9 73 66%
(mm})
Raiufall 5 5 z z 13 59 270 66 1 17 Normal
index year
(Rm) 5005
Daegwan. Rainfall 125 118 48 44 34 184 208 110 353 265 21%
(mm}
Rainfall as a3 9 s 6 62 T2 30 156 104 Normal
index year
(R} 63%

K = [2.1MM4(10-4)(12-OM)+3.25(s-2)+2.5(p-3)] /100

M : (% 0.002 - 0.1mm) * (% silt + % sand)
OM : % organic matter
s : soil structure

p : permeability

1-very fine granular
2-fine granular
3-moderate or coarse granualr
4-blocky, platy, massive
1-rapid
2-moderate to rapid
3-moderate
4-slow to moderate
S-slow
6-very slow
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EF e H = 2 A
EE 0.21 0.06-0.42
AE 0.28 0.07-0.45

LS = (3/22.3)=+(0.065+0.0455+0.006553)

?.: slope length 1n meter
S steepness. %o
m: 0.5 (=3%). 0.4 (3.5-4.5%). 0.3 (1-3%). 0.2 (= 1%)
Ralls
/— Channel

+
Slope length

Deposition area
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Land slope (%) Maximum slope length (m)

1-2 120
3-5 o0
6-8 60
9-12 35
13-16 25
17-20 13
20-25 15

Source: Wischmeier and Smith (1978)




176 | E - X|stestA=H

Eorma=a e 2= | s | B2USS == SEZEAIEH | AE (IR A=
-= (A) (B) © ()] (E) F) (&)

(Mgr?f;'lﬂj'?l) 0-2 26 6--11 11-22 22-33 3350 S0

OECDJ| = Tolerable Low Moderate High Severe
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A=R+K-+LS-C-P0 2|5

Estimation of the soil erosion

A=R*K-*LS-~C-P
68MT/hafvr = 343 + 0.21 « L6(FAFE! 15m, BAPE 16%) + 0.59 « 1

YSATHH: 11 MT/ha/yr 2 P Z& 0.16 OIOIE (SOM FEAl PEE: 0.6/BSE)

# SCS-CN (Soil Conservation Service Curve Number) Method

- 02 SSETS o, GALADTS INRCSIIM 19543 JH
- EXIAL F JHX 71 JPE0 2He

S+X4

[ SUSVIAS TIUA 3 ASBIA, NH SSY QS LN A |

—_

BEZBE

1© sZ5H0I P &K MW 2SW(A © U= A 25 N I
[SI00 U2t & A==HAS] Uil i

@ EJNZEAP= s HU B HE I Hig
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LT | e VTR
ue 2 1}

# SCS-CN (Seil Conservation Service Curve Number) Method

|

} - 0I=28 S22 ¥ GALGASH=Z INRCSIIM 195813 T
| - XA F JHA J1ZEY JPE 2HE

| i

|

S+XA
1 sau2AS
iy

EJNHL)0 =5 HEHA, XY S5 (A8 2Tt A

JI=EH Tt

® SUZE0I et ARl N™ 254 °f HI= Hl 25 N sy
(5100 Tiet & A=BiA2l HIo) LIzl

@ EINFEALE s HU 2 HE IS0 Higl

R | L PO
! SCS-CNE& 2l 71=4]

|
‘ _(P-0a2sy
| - P+08S
| 0< §< oo
I _ 1000
CN
P: & U2 (Inch) 08y /5

s:HH 25 HE EE IS CN: 85 Hi%

CN 22 0IEFH2Z 0-1002] 2t01 X2 & H| 40-982t HEE
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S | Ll PR
S, CN W0l SSE F= K2

* R S AMISYE. SIS X . FEZH. MY B XU JIR E
« S, AMIE. £X] 012 3 ©elo] T : EY-AY-EX] 018 (svL)
@ SVL Z2 IH HFX, =X, 48 3 4BXE 722

) EYd

-AEEAERD ESE0 2

-XoHii==71 2 EH=s EY0 S22 US EYRL 2

-EH0IO2 Z ES0IR0E EAHM SEMOA Y2 HE ST HYS =

v T et R

EgFZ A

- E50] S22 JHOIME HEZE 5, 51 855 2y
- EI0] 21, 5= Y2/ YTTAIE/XE e £ S
- RES0IH=S EY

E2F8

- ES0] 2E0] &2 HHM STHETO AE 55 HY
- E40] 97 211, ot YT/YTT S-S 22
- OIZHo] HIZEO0IM oi7Ho] =2E EME H0l= EY

E¥=cC

- E20| 2E0] S22 HHIM HE 55 =&
- HYE, T2 EHO| NYE, RIISHB0 H2 EY
- ORZH MIE = MEE E20ICH

E2F0D

- E0| A[D| 22T MEOIM UE AT} ML =

- TR WRN0| = AE

- @7 KO E1, NEST0 RE ANBOIL AESS I
- 4N 2H 0| EM0| 22
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- SdHU R SR XY
ZA EX - FEH EE FAA, JIZ2 T2, 4Y 3 MYXY, JHEXY, S
- HHX| 5= JhsXls Y=t £X| ZHOR 245

- ROHX|(LEX]) - 85 JpsA0] 71 30
- OIFEE JHHX - 222 B =S S20] AT

BAN  ox Ay m= nT X0 LY 2S2XH0| SR
- XX - 0] 9F Adis 2, 220 EFHeERH A3 2%
cmngg - 2N - ST S0 B 0128 Hoj HE0j01 X
P WD DIYEO| A2t S0 oI HIH AH = Q0!

- A8 - SR 0ISY, IS O S0l T 9 22

=8 A

- A0 MES0 2JoiM F2l 2

- Yzt =R, REE0 R 45801 =0

- TEEAUE 1-62E BRI Y2 855 H2 /&=

(0) =8 #©a ¢

- WI| F22 FHE20] it ESF=S 10~20% ST
- RIIEEEC Blic 85UTE EF1. BSS8 =
-UHE IE2 =Y FSE8 =0IH fE=8 &l
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@+ =
- 22| IS0l 2oiM Z2 2

- Yoot TEXH, KRS0 ¥ 4580 =0

- TFEEXUS 1-62E ERIMN HPI §55 H2 /&=

(6) =8 #a &y

- WIl Fe2e FI200 it SLFIS 10~-20% ST
- RIS Bl SHYUTE YF. BSE8 =
TS D=2 £ #5538 =0IH fE=sa &l

| | e
MY == TZAMC) I

AMC (Antecedent moisture condition)S HS MYULH2 g I
Handbook(SCS. 197TL0IM 52 Z2B@5)E AHSOHH. IHS HRATHH A8
AMCI : E0] AET M (V2 HUE oV B HE [ES)
AMCH : FY = WP dH (Va2 "3 v BE RES)
AMC I : g2 8l (VU2 &8 oV, JHE =2 /83
Table. Antecedent soil moisture conditions (AMC)

P5: 5-day antecedent rainfall (mm)

AMC
Dormant season Growing season
I Less than 13 Less than 36
I 13 to 28 36 to 53

III More than 28 More than 53
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FENHI=TE 8| AT =22l scs-CN Method E HE01|
=2 2FJHA 01T A0 &

HUHME=E = =
LadUZiiM =222 2F= d S99l 2AtH Al
T, Jdi E5539 0l

BE A
I-__ﬁ
=
= EBF

T =

- E48. =S8,
S =

I fd Udt EZ9 +=F
Criteria of hydrologic soil groups for Korean soils
Soil Marks denoted according to seil characteristics
characteristics 4 3 2 1
» Textural family Sandy (skeletal) Co. loamy Fine loamy Fine silty
Loamy sk (coarse) Co. silty Leamy sk (fine) Clayvey(F. & VE)
Vol. ashes
= Drainage classes Somewhat excess. Mod. well Imperfectly Poorly
= Permeability Very Rapid. Rapid Mod. Rapid  Mod., M.slow Slow, V.slow
(em/hour) (=12.00 (12-6.0) (6.0-0.5) (< 0.5)
= Impermeahle layer None 100--50 50--20 Within 25
appeared (cm)
Hydrologic groups A B o D
divided (=13) (12-11) (10-8) (<7
| (3 S.1995)
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o A —
SEYSE 4HA B.C, D)2 =2Z22= R IIE
EY H-SE FY STHIESS |87 2 % 201, XIoH
=¥l S ESFE Alivl= g2lEE N8
- 24 EYO SH2 IS EHEYTE HEOI0M AE =+
U= XFEE JIE

FEE
EEEEESSEEEEEEEEEEEESN ’
A B C D
‘ EEE IS EEEEEEEEEEEEESN
2FES
Hydrologic | Class . . . Acreage
Soils series pertinent %
group Marks 1000ha
16 Bicheon, Daebon, Gapa, Hongcheon, Haeri, T6.45 0.80
Hwabong, Hwangryong, Nagdong etc. (14)
15 Baegsu, Geumcheon, Haengsan, Haggog, Hasa, 241.62 252
Jangcheon, Jeogag. Myeongji, Namgye. (9)
A 14 Abgog. Bonryang, Cheongsim, Danbug, Isan, 2,576.14| 26.90
Maegog, Mui, Nari, Odae, Weolgog etc. (30)
13 Albong, Ara, Dosan, Euiseong, Gacheon, Maji, 1,061.0| 11.08
Nagsan, Weoljeong, Yeongdong Yesan etc. (30)
Sub-Total (83) 3,955.23( 41.30

<Continue.. >
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Hydrologic Class . . Acreage
Soils series pertinent %
group Marks 1000ha
Bognae, Changgog. Chobong, Dain, Dongam,
Galgog, Gosan, Hamo, Hogye, Imog, Jocheon,
H Jugog, Maebong, Mulgeum, Namweon, Osan, LHE st 1asdd
Sengdang, Tongcheon, Weolsan etc. (45)
B
Anmi, Asan, Banho, Buyeo, Chusan, Daeheung
Dogye, Gamgog, Geunsan, Hagpo, Hyangmog.
H Jangsan, Jeongdong, Masan, Nonsan, Sinjeong,| e
Teahwa, ?Ugog, Wansan, Yongdang etc. (54)
Sub-Total (102) 2,702.79 1822
<Continue._ >
Hydrologic | Class . . Acreage
Soils series t %o
group Marks pertinen 1000ha
Beompyeong, Danseong, Docheon, Gapo, Ido.
Jecheon, Jeju, Mangyeong, Mudeung, ~08.67
10 Namgog, Ora, Sindab, Weonji, Yeongweol etc. EL
@3)
C 9 Andeog, Chilgog, Daegu, Geumgog, Gugog, —04.20 -as
Hagsan, Inje, Oggye, Samam, Yongji etc. (23)
Aeweol, Bansan, Bugog, Gangjin, Jindo, Jisan,
€ Mitan, Pangog, Yulgog, Wangsan ete. (21) LEET SR
Sub-Total Ly 1.746.15 15.23
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group Marks 1000ha
Agog, Banggi, Bugog, Chuncheon, Daejeon,

Hwadong, Haean, Icheon, Jingog, Paju, EERLH Extl

Simcheon, Yanggog, Yongsu etc. (49)

Agyang, Bancheon, Bonggog. Bong

D 6 Cheolweon, Cheongpung, Galjeon, Gimhae,
Gimje, Gwangju, Gwangsan, Honam, Jangpa,

Munpo, Namsan, Pyeongchang, Yuga etc. (55)

2938.01 311

= Haecheog (1) 0.92 0.01
Bogcheon, Bongrim, Gongdeog, Goryeong,
4 Podu, Pori, Poseung, Seotan, Sinpyeong, 43.4 0.45
Sugye, Yeosu (11)
Sub-Total (116) 696.20 7.27
Others : River bed, Tidal flat, Rock outcrops, Reserveir etc. 477.71 4.98
Grand Tetal 378 Series 9,578.06| 100.0

* The urban areas, rivers etc. were excluded from the grand total

L - U

116HE= 25
- D20l A0H= SYEO| 57} 2
- XOISHTE E0E NHHOR WEEOD] HE AR 32 X MU BTE U0
ER0t Oioln 0| HE0la T3
- =EZE EYEQY BEHXM2 AZO0] 3.955%&ha (41.3%)
B20| 2,703 ha (28.2%)
C20l 1,746 ha (18.2%)
D20l 696Xha [ 7.3%

HUHEHSE i+ Y20l S0 =2 MXEST2 HHO| HI| W2

Qallats Motge
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= =
=TT

=olRol £ &

- 188 s Y-uAE (S, 1960-EM) 018
- M EAFE BIE HIZ2E S22 YUSYTE 018010 22 EF

Hydrologic seil grouping for Bonghwa soils.
Hydrologic Class . . Acreage
Soils series pertinent Yo
group Marks P 1000ha
16 h T 653 10.2
15 Ge 1 N 505 9.3
A 14 Gocheon, Deogcheon, Doggye, Maegog, 1308 20.5
Samgag. Weolgog, Pungcheon, Gwacheon
13 Nocgog, Suam, Jigog, Sanggog 3821  60.0
Sub-Total 16 6377 100
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Daegog, Dacheung, Mangsil, Banho,

11 Seogcheon, Seogto, Sinjeong, Asan, 4527 83.5
Anryvong, Wansan, Ungog.
Sub-Total 13 5423 100

9 Geumgog. Yongji. Chilgog 838 343

8 Sinheung, Jisan 1322 54.2

Sub-Total 7 2441 100
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Hydrologic Class . . eage
e Aarks Soils series pertinent 1000ha %0
7 Bigog, Yeocheon, Jangwon 1622 77.6
1] Ogcheon, Yeongog 420 20.5
D
5 - - -
4 Gongdeog 40 1.9
Sub-Total L] 20901 100
Others : River bed, Tidal flat, Rock outerops, Reservoir ete. 857
Grand Total 42 Series 17189 100
#* The urban areas, rivers ete. were excluded from the grand total

I SCS-CNH®

(=]
)

BAIEE 14

- onvIT k0] &= Ol 7|24

|cms=1fs(cmr- CNIT*) X [1-2EXP (-13.86 5 )] + CNIT

CNIT; : BAEE 0248 ovir gt

s: 290 EHE IS
= CNIT = HZ N &2 SCS Hydrology Handbook (SCS, 1972) OS2 E 22
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SUS0 2=
g3z 57

FE EZ A ACIHIAM
L 258y

> EY Fsdoger
NPSZ| 2 U =3

B RUs 2

. =58 HH

(Best Management Practices)

CHE > =& 22| ek
NP8t A E==Lt Xst==0 =&
StX| H== Hgtst= 2ot
= L3 [=13=]3
== > 2 EGE s

m Fo

=S,

Jiss 3=s2d

] HH

HE2SA(NPS)O 26 =di=le= 29
o Sote ==2% S0IHL HHote 28E +=H2EHM
FHE, HEEH2 =2 JtE 52522 &4

2=

SsUEHL 2L (ES H +FH)

SEA
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m SE
-TIEE40 M2t CHE (site—specific) (1%, BEEE E
HAEF 0 et CHS)
— One—Size—-Fit—-All2] JIE2 A S
— S0 2l HEE HEAH
— =0I0 Slel Ol - B EL ESi=THE S2Us, =310 83
HHo =22l gditsd 22
- DEHE2ERE S, FHE = s B JIs=0IL E=
SZE=EH, ot 242%, EF

HE BMPE SIS
i

m D2 A
2HIAS ERE &, HESt
=, g SE E¥

# =2 E 584 (agronomically effective)

# 2HE S 24 (environmentally effective)

# AHE S84 (economically effective)

# ABlE QIE A (sccially acceptable)

# Al Jls4 (implementable)




ARNM EARAUD 2HRH WIS A7 BMP | 193

2ESHS By SERE <<=

SEEHISY POE HOb c:
SATIH, BERT| EE ME. ERHEL 2o MED HE

237E selgEa
BMP2] B F 0 HEy

m HF
SHE e, I = UHAHE = U= SsHe= EAGHL,
S0 INEEHe=Z #H, TEE E0 S EH0 R= e E
HEEZ0UA Z2E

=217
=X, I YMSS RIS SAW NPSH 2 LSSH
= 20 FEST SHE CHFE 2L
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2= oum NS
=T SISITTHO HEH AISAIT, AISE, ASYY, BS Uy S

S8 =8 MES MESHHU ERZEE MECIH ESF

EH=EHA - FAE FXEt, ETYE HIRAZM 2F AL, FHEL =
AZ OIS 2 SE ZAAFD, EAL S2EHFEHE ESHAIZID, EFs
2| HIEW &= S5t

AIEZEE dXIEtHU SAE Sol 23S H3AH 2HE =]
TIE 2y LS HHS= S22 EY SR EFFHL HIRE
SFEQ HE S

Chunchon — Experumental farm i Kangwon National Univ.
Daegwanryung - Hoenggyeri
(WNational Alpine Agricultural Experiment Station. EDA)
- Yongsanri
(Potato Seed Experiment Station. Kangwon ARES)
Hongcheon — Watershed of Naerincheon upper stream

Runcoff segment plats

Lysimeter Chunchon - 11 plots
Runoff

Hoenggve - 12 plots Soil loss
RUSLE factors
Yongsan - 3 plots
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Cultivation :

up-down, slant, contour
Conservation treat. :

ex: None
- Rice i:;tr:lw minimum m

Minimum straw
mulching

Mini gravel bag
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- reduce soil loss about 1/10 on slant-row plot

Treatments Soil loss Runoff SR
S(kg) R(m?)
Up-down Fallow 150.4 8.48 17.7
Slant Fallow 54.5 8.32 6.6
None 12.8 5.71 2.2
Minimum straw 6.1 5.63 1.1
Mini gravel bag 6.7 6.10 1.1
Contour None 4.6 4.23 1.1
Minimum straw 32 4.08 1.1

Chuncheon, plot size 20m?(2X10)

- Soil loss reduced to 1/3-1/6 by minimum mulching

Treatments Saoil loss Runoff SR
S(kg) R(m?)

Slant None 452 923 48.7

Mini gravel bag 74 6.8 10.9

Minimum straw 133 8.5 15.7

Daegwanryung (Yongsan), plot size 50m? (5X10)
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2
=

Ol =28 A
=]
=

> 2 -HiE=2C =24
Stubble mulch EJ1 =8 MISE &

I:HI_'

> CHAM ATHR QA0
HAFSO OB EVRAS Y
SoH 2 FSEOITA

> HIZE% H2s
X% JtsE 52 AEDHS KA
A& 2 or

EYRERS

ES &g g9

FE 2, 2. MY 2R

2 UXl, 85, oot3
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Courtesy by National Institure of Agriculmral Science and Technolegy (NIAST), RDA

BT sesoguny T

EHERE
(=F 1 =HE
L 22| Late] J|a == EENE Y aEus
ks T e P p o e

J1

| Egae 2cls it RISHE, dEHEE, =2 2FN JEESE 28l |

iyt

| ESE =22 JI== AL JHE SHaME 28] stli=s E25a SIS 11 |
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O SELYRLTL0 HE 22| Li2te) 8g

=HE CH =
T FE YL S ST 0LF Ol - AHE EXRUN UGS DB IS U EY
2 EFXUE YT FEYE 6 W6 =R FaTEs 55028

=AMNE 2 =22 SR IUE EA : Lysimeter Al & | > 22| L2} S XTHY Hest EYSL 0
-§=‘ SIE P 8 3 EXFRLUZFH=DEH0 S22 (=0 L0 AIS > ESEHOIEE 20|
(USLE model A ) 23
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SEAL
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EYRE U 39|

o

et Hiot
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3. EYzC(ESRY) X2 225

PEYES o EYRA Ji5E

UL =EFPH

A ESFRAIET]

& 9XYE HE - HX, incentive, FI® OId S 28

1. ZANE 15% 0IO XI
> ELREUIUOES: 5-13.3 Mg/ha/yr
> HIMOR EARSE BLHE
2. BAIE 15% 014 X1
> EAQALMHOIZY: 6-16 Mg/haiyr
3. HAIE 152005 1 X|
> ZBAIE ZOIS 25-40 m OIOIZ HIBH, =8, &= &Kl
4. BAIE 200 0]AMQ1 XIS
> ZAPE Z0IS 25 m OIOI2 HITL, S5, HIZE &X|
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