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21 84,370,000, 17,885,000
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Non-Aqueous Phase Liquids (NAPLSs)
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Chlorinated Chlorinated
Solvent Waste Solvent
2R AT ER ) Waste
e in Water
2R AT EER

/ R K

71214

16

(PEALIRT % R EH )



IR 17 &P

Ministry of Environmen




IR 37 BP

Ministry of Environment

/VEDNAPLsEifm - nl;5R s E M FK5H
« 2L (2.92 kg) of TCETQ];53* (TCE Density: 1.46 g/mL)
29,200,000 Lith M 7KZEZ]SHEE 100 ppb (ug/L)

Sl

( >20155—4A MO HEHIRZE ) (2,920,000 mg/(0.1 mg/L)=29,200,000 L) VAN
(BETERR )

5584,000,000 Lith R 7K =255 225 ppb

FRELIBIR (29,200,000 L/0.35=8,342,857 L=83,429 m3)

o TIEAPRE:0.35 _
o BEAIZ/KEZXEE:10m (83,429 m?/10 m=8,343 m?) Source of Contamination

. 2100 ppb 29,200,000 Lith T 7k355 52 > Ff SRR

TIERTE=83,429 m3
o #%83,429 m3ith R K5 G TIE 2 Tith A
HiE=8,343 m?2=91 m*91 m

Unsaturated Aqun‘er
REON 27K E

Saturated Aquifer

whzkE
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FE L IZEDNAPLsTZHE - oIk BRI 2 F KSR

y 1m3TIEEATIEA (FLPAZE35% ) 0.35 m3 - ETCERRMN 112
P - KARE - BLIEART Z20%B8TCEERFE - Bt - 32
22 v TCE3SFE50.07 m3EE 25102 kg (1.46 g/mLx70,000 mL) -

20% TI1EA A
G
y 1 m3HIEEA IR (FLRE35% ) 0.35 m? - ETCERRR LIEPE - £mBs - 5+ TCE 3=
IR 20%5 B TCEZ 27 - At - 488~ TCERRT:50.07 m3 ( B1102 kg=1.46 g/mL
x70,000mL) -
y TR CREIESRESE (1 m3HiE ) - #4100 ppbssain F/kE - 2 T k1100
cm/day 2R e #) - IETCEAR#R 544t PKIgR - BEEFER2,8004F - F oJ#FIE1l m3t
EPZTCEST R AR -
3 X]06 mg
Q=100Ex1m2 =1 e R 1.022%10° L=1.022x10° m
0.1"&
]'022”306 " 10225 10" d = 2300 years
,m
Note: typical groundwater flow: 1.9 * 104 - 0.19 cm/min d 19

(Mackay et al.; 1985) .
(PRALE BT % BHNEHIE _LEHH)
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Do EFBRESISIDERRR

PA/SI L BB EE (Preliminary Assessment/Site Inspection)
BRESRIER - fASYERSRENR - HEZEVUASNERANRINELZTE - AIRKBREESHNESR
TR B MR -

NPL Listing EIXR{EEEAFI5]EBIE (National Priorities List (NPL) Site Listing Process)

SIHSRABERREE  UEBEETRIBENSUZE - ES XEEER S
s P : o L (NPL) Z&C#ERZR (ROD)
RI/FS 2ARE R O{THEE (Remedial Investigation/Feasibility Study) h K& 22% 7 5 3k 5 B 5,

HEESRNAN N KEHE - FHE SRR aTHE - DIRB I I BEZE MR R KA A

MEEEBZEIDNAPLZ 5 -

ROD R 40k (Records of Decision)
RIBERAMESINEES R - BIRAEHEBBE25008 =TT - BHEXEAEEZEZEE (National Remed
Review Board) #1% -

RD/RA AR ET R EIA1TE) (Remedial Design/Remedial Action)
RENT TSR ENMEEIE - BIETFEEZHEIMKRET - FIERBRESHENEAGTEHE
OB 1B A #EE)/)\4H (National Priorities Panel) F9EE1Z -

Construction STR{EIAE R/ 2 2B EZ (Construction Completion)
Completion EREREBFEIIEEETHK - BEMFEREMN - ARTRSEMAREEEREE -

Post BB 24 EEHAR (Post Construction Completion)

Construction EREBAESHERETHERPFREREMAFRE  SRERIPEETE

Completion (Long-Term Response Actions, LTRA) ~ #21E K # & (Operation and
Maintenance) * 1T E# (Institutional Controls) * 5FE—RWES
(Five-Year Reviews) K% a5 1E1t (Remedy Optimization) &517&) -

NPL Delete BEIRELEARE (NPL) B

—BSFBERETE  EMNSFEEE  BIRGIBEREBILEERERER -
Reuse ZHE BRI A K BFE (Site Reuse/Redevelopment)

mifBREEs ST EtRKEMENSE - |

RAETZER - FoRBUREZZHEREENNMNE - 21

http://sgw.moenv.gov.tw/SGM/GenericHandler/NewsAttach.ashx?fileld=715
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1. Data on Existing Conditions
( ZALIRER )

- EREEDNAPLZ B3R E(EE1TR -

- DNAPLBEEBKALR (WiEM ) Aie - ERMER N 2Bax NlEkn
RIEFIRE

« THERD - MFE - BE - TERE (BEETEARRKITE T
ZKE - HEBEEREMNF )

- MK SEAK AT E ZDNAPLB B EER - BHEERA1IZA
BIEZFHHAERAZEE -

« TIERADMAZSEIDNAPLFREZEE -
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1. Data on Existing Conditions
( BURRER )

« GHUIMNEAE (i M REEFIMIKYBERT ) AT - BOR - 2
A A OIS FRAVRTE 1FEE
Ik B R Mg Al Wl FEiE ZE  (Ground-Penetrating Radar
Method) - E# K %8l (Electromagnetic Method) ~ FH A% A
(Well Logging) &3 EFE (Electrical Resistivity) #R81%
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2. Historical and Modeling Information
(FUFESLERIER )

- NARBERZIZZUE2EER (Conceptual Site Model, CSM)
IEEREZVES  KE - R KFER - KE - 5RIR - R - 8 -
SR BT - REWHE] - BFERTTEY) - SREHEFRE - BEFRKEENSE -
REERNNTIERZE  EXAERJSZ ] EAB@BERSIFT EEPHER SR
BANFIENT AN « IRENE - TEERAOSERGHRANELZLE -

 IZIEET - HSDNAPLZ B YBREEETA AFZU B IRHG - DIKSZiUEE
FREEMNRR - B EHBAERMESZ U REL (CSM) WEARTTE -

25



@ ﬁsitflojfgsnvironment Land Sudaca//\\iego"m\\ |
SRR EICSM s im0l

o g R L
S S— 3 : & sy 3 3g
) %§UDNAPL7E%E,§EJ bI:I:H//L_,\ 5 . ,J.. : =
: v i I &t Y |
- TR 4

vith FKREBEDNAPL SR KFBHEE Z1% - s
v HIEREBIB10000 mg/kg (HEERZ1%) © T S

1 1 1
E‘.:— /= it e s . Explanation
:I: %E’_LEE/}'L_:}_‘_EE@]'OO_]"OOO ppmv 1 Traping in R ith 3 Pooling in Bedrock

1A Residual DNAPL Diffuse Flow Zone
1B Pooling on Low

( i RHIR L ZIRE - AURDNAPLAEE ) . Pm:’:;::r::m 33.2.:‘?;”;:;

7] Cavernous Carbonate [; - .
. Rook E Regolith

[ ] Fractured Carbonate t//7] Low Permeability
[ 1] Rock %, Regolith Layer

| ««| Dissolved Contaminant |- Pooled DNAPL
€

Residual DNAPL

Figure 1-1. Distribution of Potential DNAPL
Accumulation in a Hypothetical Karst Setting.

“Site Characterization Technologies for DNAPL Source: Wolfe et al 1997

Investigations”, EPA 542-R-04-017
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X B DNAPL

- HNIDNAPLEMEINER MW ERESEHAEZTE  EAZEW
5~ - DNAPLZ#ZEHZEHZ - *th%’i
HEHER —BEZZRHIEF -

- DNAPL{EE#) B oD & :

- M{b/IE={EFIEE MM E (Halogenated/Non-Halogenated
Semi-Volatiles)
- HM{EIEZEEYE (Halogenated Volatiles)

/

« DNAPLZER : 7AH ~ " FhEE (%E0H - AsiEs ) ~ REHR -

=== v

)'L_:

ﬁi

IRDNAPL 557255
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ig t& zp Table 1. Most prevalent chemical compounds at U.S. Superfund Sites (65) with a specific gravity

JJ*\—\ Ministry of Envi greater than one.

Density [1 Dynamic Kinematic Water Henry Vapor
Compound Viscosity Viscosity B Sﬂll}!}ility Constantl®] Pressure [°]
[21
[Halogenated Semi-volatile:s]
1,4-Dichlorobenzene 1.2475 1.2580 1.008 8.0 E+D1 1.58 E-03 6 E-01
1,2-Dichlorobenzene 1.3060 1.3020 0.997 1.0 E+O02 1.88 E-03 96 E-O1
Aroclor 1242 1.3850 45 E-0O1 34 E-D4 4 06 E-D4
Aroclor 1260 1.4400 2.7 E-03 34 E-D4 405 E-OS
Aroclor 1254 1.5380 1.2 E-02 2.8 E-D4 7.71 EO5
Chilordane 1.6 1.1040 0.69 56 E-02 2.2 E-D4 1 E-0S
Dieldrin 1.7500 1.86 E-01 9.7 E-06 1.78 EO7
2,3.4 6-Tetrachlorophenol 1.8390 1.0 E+03
Pentachlorophenol 1.9780 1.4 E+D1 2.8 E-D6 1.1 E-O04
[ Halogenated Volatiles ]

Chilorobenzene 1.1060 0.7560 0.683 49 E+D2 3.46 E-O3 88 E+00
1,2-Dichloropropane 1.1580 0.8400 0.72 2.7 E+03 36 E-03 3.95 E+D1
1,1-Dichloroethane 1.1750 0.3770 0.321 55 E+03 5.45 E-D4 1.82 E+D02
1,1-Dichloroethylene 1.2140 0.3300 0.27 4.0 E+O02 1.49 E-03 = E+D02
1,2-Dichloroethane 1.2530 0.8400 0.67 8.69 E+03 1.1 E-O03 6.37 E+D1
Trans-1,2-Dichloroethylene 1.2570 0.4040 0.321 6.3 E+03 5.32 E-03 2.65 E+02
Cis-1,2-Dichloroethylene 1.2480 0.4670 0.364 35 E+03 7.5 E-03 2 E+02
1,1,1-Trichlorcethane 1.3250 0.8580 0.647 95 E+02 4.08 E-03 1 E+D2
Methylene Chioride 1.3250 0.4300 0.324 1.32 E+D4 2.57 EO3 3.5 E+02
1,1, 2-Trichloroethane 1.4436 0.1190 D0.824 45 E+03 1.17 E-03 1.88 E+D1
Trichloroethylene 1.4620 0.5700 0.390 1.0 E+03 8.92 E-03 5.87 E+D1
Chloroform 1.4850 0.5630 0.379 822 E+03 3.75 E-03 1.6 E+02
Carbon Tetrachlornide 1.5947 0.9650 0.60S 80 E+02 2.0 E-02 9.13 E+D1
1,1,2 2-Tetrachloroethane 16 1.7700 1.10 2.9 E+03 5.0 E-04 49 E+00
Tetrachloroethylene 1.6250 0.8900 0.54 1.5 E+02 2.27 E-02 1.4 E+D1
Ethylene Dibromide 2.1720 1.6760 0.79 34 E+03 3.18 E-04 1.1 E+D1
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Compound Density ! Dynamic  Kinematic Water Henry Vapor
Viscosity 2 Viscosity *. Solubility ! Constant! Pressure [©]

Non-halogenated Semi-volatiles
2-Methyl Napthalene 1.0058 2.54 E+O1 5.06 E-02 6.80 E-02
o-Cresol 1.0273 3.1 E+04 47 E-0S 245 E-01
p-Cresol 1.0347 24 E+04 35 E-D4 1.08 E-O01
2,4-Dimethyliphenol 1.0360 6.2 E+03 25 E-06 98 E-02
m-Cresol 1.0380 21.0 20 2.35 E+04 38 E-05 1.53 E-01
Phenol 1.0576 3.87 84 E+04 7.8 E-O7 5.293E-01
Naphthalene 1.1620 3.1 E+«01 1.27 E-03 2.336E-01
Benzo(a)Anthracene 1.1740 14 E-02 45 E-06 1.16 E-09
Flourene 1.2030 1.9 E+00 7.65 E-05 6.67 E-04
Acenaphthene 1.2250 3.88 E+00 12 E03 2.31 E-02
Anthracene 1.2500 75 E-02 3.38 E-0S 1.08 E-0S
Dibenz(a h)Anthracene 1.2520 25 E-03 7.33 E-08 1 E-10
Fluoranthene 1.2520 2.65E-01 6.5 E-06 E02 EO06
Pyrene 1.2710 1.48 E-01 12 E-05 6.67 E-06
Chrysene 1.2740 6.0 E-03 1.05 E-06 6.3 E-09
2,4-Dinitrophenol 1.6800 6.0 E+03 6.45 E-10 1.49 E-05
Miscellaneous
Coal Tar 1.028™ 18.98™
Creosote 1.05 1.08%

[1] glec _ | [4] mgh

2] centpoise (cp), water has a dynamic viscosity of 1 cp at [5] atm-m¥Ymol

(3] centistokes (cs)

7l 357 o

[8] 15.5°C, varies with creosc
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DNAPL—E it 75 a0

- RKEBFIZK/E (Unsaturated zone)

DNAPL Phase Distribution-Four Phases System

Soil

Water

Al DNAPL-Z2
N s

N
% DNAPJ‘:SQ
Ay
Watér= — Soll
DNAPL-7K DNAPL-
WAl e S TiE
waN.RE3 3

Huling, S.G.,, Weaver, JW. Dense Nonaqueous Phase
Liquids, EPA Groundwater Issue, EPA/540/4-91-002
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REEMZKE

Residual
DNAPL

F 3
Vadose
Zone

Sand

WQ

-DNAPLDE TR -

Fractured

N
T o

= e DNAPLE
AMER N BB AREEA]
JE FTBE B T RUSE BR BB AN
B1& - 32EHEZ2EWER
MmEABEMZKESP -

Rock

3
Residual
V;dm DNAPL
one
-

Residual
Saturation of
DNAPL in Soil

/ From Spill

Infiltration and
Leaching

Groundwater
Flow

-

Residual
Saturation in Saturated Zone

After, Waterloo Centre for Groundwater Research

Residual
DNAPL

Clay

DNAPL Sand
Pool

Clay

After, Waterloo Centre for Groundwater Research

DNAPLEREA MR N -
Zi5EN N RBEEFIEE
ABKEMIFLE
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- BBFIZ KE (Saturated Zone)

DNAPL Phase Distribution - Three Phases System

DNAPL-)K  DNAPL  DNAPL-

DEIHH \\ +1%
N ANl
AN
L5,
Water — Soil
K
TIE-K
DEIHH

Huling, S.G., Weaver, J.W. Dense Nonaqueous Phase Liquids,
EPA Groundwater Issue, EPA/540/4-91-002
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| DNAPLESRE8F]

DNAPL
< Residual Groundwater
Flow

NI KEPZEZ
DNAPLjt &5 -

DNAPL Residual
-~~~ Saturation

-

2 Groundwater

Flow
Low Permeable =

Stratigraphic Unit

Impermeable Boundary

o

~ DNAPL
Residual

Saturation Groundwater

Flow

DNAPL Pool

After, Waterloo Centre for Ground Water Researc

k@’fé&iﬁ?ﬁﬁ
T DNAPLt & 15 - *

DNAPL
Residual

Low Permeable
Stratigraphic Unit*

Groundwater
i Flow
Residual
Saturation DNAPL Pool SAND
AQUIFER

CLAY

After, Waterloo Centre for Groundwater Researchl
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Residual
Saturation

DNAPL
Product
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BI85 YFTiE A 2 DNAPLISE) -
R S LS S T B R KR

SN EREE

Where Kx2> Kx1> Kx3
Kx = Horizontal Hydraulic Conductivity

Groundwater
Flow
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DNAPL4F 4

- DensityZ &

« ViscosityZi % E
+ Solubility & 2R
- Vapor Pressurez% 5 /2
- Volatility#E sgt

>t

« Interfacial Tension77E & /]
- Wettability 2t

Wetting Fluid: DNAPL Wetting Fluid: Water
Water Water
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- Capillary Force/PressureE4 77

» Pore Size Distribution/Initial Moisture Content
BRI o/ Z K=

- Stratigraphic Gradientith @15 E
- Groundwater Flow Velocityitl N 7Kzt 2R

Huling, S.G., Weaver, J.W. Dense Nonaqueous Phase Liquids,
EPA Groundwater Issue, EPA/540/4-91-002
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KrDhapL

BRAE

Kr = relative permeability
A

20%

@ |, crcasing DNAPL Saturation
Increasing Water Saturation -

Huling, S.G., Weaver, J.W. Dense Nonaqueous Phase Liquids,
EPA Groundwater Issue, EPA/540/4-91-002
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BEATIECE
BEX - WBGES : .

HRR5RIZIUR

B RE LIFoRHEE

(Dynamic Work Strategies)

RAgERE

(Systematic Project Planning)

ISR BRI

& = 5117 (Triad Approach)

35 3L 18 = 15 B
Conceptual Site
Model (CSM)

(Real-Time Measurement Technology)
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Step 1. State the Problem.
Define the problem that necessitates the study;
identify the planning team, examine budget, schedule

h J

Step 2. Identify the Goal of the Study.
Siate how environmental data will be used in meeting chjectives and
solving the problem, identify study questions, define alternative outcomes

¥

Step 3. ldentify Information Inputs.
|dentify data & information needed to answer study questions.

¥

Step 4. Define the Boundaries of the Study
Specify the target population & characteristics of interest,
define spatial & temporal limits, scale of inference

¥

Step 5. Develop the Analytic Approach.
Define the parameter of inferest, specify the type of inference,
and develop the logic for drawing conclusions from findings

Decision making Estimartion and other
(hypothesis testing) analytic approaches
¥ ¥

Step 6. Specify Performance or Acceptance Criteria

¥ ¥

~N O 1N W R
m Al
Rl
il
_l_

[}
L
r_l_l._Ei_F
Al S
[m
SiEd

Specify probability limits for
false rejection and false
acceptance decision errors

Develop performance criteria for new data
being collected or acceptable criteria for
existing data being considered for use

“Guidance on Systematic Planning Using the Data
Quality Objectives Process, EPA/240/B-06/001, 2006

&
¥

Step 7. Develop the Plan for Obtaining Data

Select the resource-effective sampling and analysis plan
that meets the performance criteria

Figure 2. The Data Quality Objective Process
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Triad Resource Center
TRIAD: A SMARTER SOLUTION TO SITE CLEANUP ® Glossary _ Go Search Site _ Go

RUERRUTERNENR| Triad Management | Regulatory Information | Technical Components
Home e Duernen &= Printable version

m Triad Motivation J E-mail this page
m Key Concepts

m Triad Requirements Triad OVEWiew

m Triad Benefits

m

m Additional Reading Summary of the Triad approach to decision-making for hazardous waste
sites.
Glossary The Triad approach to decision-making for hazardous waste sites offers a technically

defensible methodology for managing decision uncertainty that leverages innovative
characterization tools and strategies. The Triad refers to three primary components,
systematic planning, dynamic work strategies, and real-time measurement
‘ Index L rch and ‘ systems. If you are unfamiliar with the Triad, follow the links to learn more about

what makes the Triad different from traditional approaches, key Triad concepts,
requirements for successfully implementing a Triad approach, and the benefits one
can expect from implementing the Triad. An EPA publication, "Summary of the Triad
Approach" (PDF, 38 KB) also provides an excellent synopsis of the Triad.

Acronyms | Search and
browse - . "
LES | acronym: (* Triad Motivation

Technological advances in field analytical methods combined with experiences
gained from historical hazardous waste site cleanup work have led to the EPA's

‘ :é) Frequently Asked ‘ Triad approach to hazardous waste site characterization, remediation, and
Questions closure.

[E Key Concepts

Enter your e-mail The Triad manages hazardous waste site decision-making uncertainty throuagh
address below to systematic planning, dynamic work strategies, and real-time measurement
receive updates and technologies.

announcements.

@ Triad Requirements

more info = There are a number of factors (e.q., appropriate QA/QC, flexible contracting,
stakeholder concurrence, etc.) that contribute to successful Triad
implementations.

E Triad Benefits

The Triad appreoach can accelerate project schedules, reduce overall project
costs, and improve project outcomes.

Multuagency

support for Triad
= I @ Additional Reading

Additional Reading contains recent Triad-related publications of special interest.
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http://www.aqrcolortec.com

‘l % Un-Reacted Tube  (SRHEN i%:: %

Headspace Headspace
Water Added =
Water ==y, |
Sample | Soil Sample —m
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Conventional Site High Resolution Site
Characterization Characterization
KT s 1wl 7K 511 o 7K 3 3t B8 B T 3% 1l
= + g % iR o B S K S S
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wiEFHE
R B R ERA HTEEE kIR
229 BREEEREANR g BRI
WA EE T 2N IZiIt Dt TEMEE 2R G
I L [EHRE

RHERERZ ST Tm1 é%%/éﬁ@]




ON ... 32 4 45 <> 42 T

3-D Conceptual S_it_e Model (CSM)

- At15mgkg Soil Volume Chemical Mass L
- (Cu. Yards) (Founds) e

Silty Clay - P

Clay Till

- TCE in Soll (fngfkg)
2000 .

1000

. Ave. Groundwater Elev: 870" MSL
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Publication Date: September 1, 2010 | ISBN-10:
1441914005 | ISBN-13: 978-1441914002 | Edition: 2010

DNAPL iHJ_F7J<
SRR 5ERE

HEE=E SN

IRAEERER
Desktop Review of Existing Yes Yes L EIICSM - BEREHRE

Information

FEMRATEELR - #

t+igmenAs
Maybe — Rarely ™ i emaX@VOCHT

Soil Gas Survey

FERAXGAHEME - R

iR it Bk IR 5 A Ves Ves Y1ei2E - DNAPLIE—5 1

Surface Geophysical Methods R Z HERYIEARRY - FUEAAR
7 R TR
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RS LR SRR SRE
TIES DR
Soil/Rock Core Sample Yes Yes
Examination
44 /= Bt /\
BRAE7) . Yes Yes VOCs -+ NAPLEf
Organic Vapor Analysis
HIMNREICIRAR "
Hl ROl & e EaE 2 NAPL
UV Fluorescence Maybe No (B4 - PAHS )
Inspection
7R 7K A 2 R R
Hydrophobic Dye Shake Yes No HIENAPLZEERS
Test
o e A S e Sk AT O T IR AR S B AL
=Dy A Ve
NAPLE: o i Ves No  ELENFBHENER
e'™™ Liners B EEFENAPLAEH
20
Chemical Analysis of Soll Yes Yes HARISRRE D

and Rock
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Direct-Push Methods Rl AR =T

GeoProbe® Yes Yes BEMPAMABETER
B3 E A e
Cone Penetrometer Yes Yes = e RS

Testing (CPT)
SENE ST E R

BEAITHEIE - H5

Membrane Interface Yes Yes 4 o
BB E S "
Laser-Induced Maybe No AU B FIE 2 NAPL

(Bd0 : ZAPAHSs)

Flurescence (LIF)
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(Vertical) DNAPLE:E
Waterloo KB 228 . \
Waterloo Profiler® and Yes Yes =R ED_HE%E?;EB Dt
Similar Other D-P Tools
ZPE PR B SRR RE N B
Multi-Level Monitoring Yes ves R ERIKE
RO G BN TUERR KW E BRI E - &
Polyethylene Diffusion No Yes RRERG - EI%‘EEEJiF
Bag Sampler SHRERZ DT

DNAPLZE [ 53 Sl
DNAPL Profiling

HohRRA#HE 5288
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Partitioning Interwell Tracer Yes No HEDNAPLEEA E K AetE
Test (PITT)

3R it o3t Ves Ves AEFEREERZ - Olfl
Onsite Laboratory SR ERE R




Ministry of Environment

i 2= 13 g T B 57 AR

- RIREE R
02

56



%\

IR 37 BP
Ministry of Environment

« Act
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https.//www.unido.org/
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EZRISRE

Gas Surveyv
« Passive

30

cm

!

- RETRIEVAL WIRE
P5G SAMPLER
REQUIRED

DEFTH

ASPHALTY
COMCRETE

Beacon Environmental Services, Inc.
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Surface Geophysical Methods

« Release of 5 m3 of tetrachloroethylene (PCE) DNAPL

« DNAPL saturations are shown above 1%, with deeper red corresponding to
higher DNAPL saturations.

« The permeability field is shown in grayscale with darker shades of gray
representing lower permeability.

°
* e o, R fU:face e"eCfFOdes

g.w. flow ..""...
direction \ - * e
m
0.60 — / e M 1E-09
0.50 1E-10
0.40 il 1E-11
030 E 1E-12
<t
0.20 1E-13
0.10 1E-14
* 0 2
S 4 —-—?.__:___ L e g —_—
! y I e 2
ho | q_‘_"_"_"——-—-.___q____. o 9 e T (m )
Z ontal borefoye elect E—
X rog

Power et al. (2015), Improved time-lapse electrical resistivity tomagraphy
morntoring or
horizontal borehole arrays, J. Applied Geophysics
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KIMRE IR
UV Fluorescence Inspection

Visible B
Light

BIESE

."d . ip ._'
A, -rr"-*!l -
- i ﬁi i

Dakota Technologies, Inc.

Laser Flucrescence Emission

Generally ultra-violet (UV) light is used to excite PAHs,
which in turn produce violet to green fluorescence.

« Laser-induced fluorescence (LIF) does not
detect chlorinated solvent DNAPL because
they aren’ t fluorescent molecules —
exception is chlorinated DNAPL that
contains enough fluorophores (degreasing,
industrial waste, etc.).
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Hydrophobic Dye Shake Test S+t oE G&H
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« OilScreenSoil (Sudan IV)®

http.//www.cheiron-resources.com/index.php

« OIL-IN-SOIL™

http://www.oil-in-soil.com/index.htm
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DEABRT 2 RRFEZREBREAGE
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® Determine sampling depths in real-
time based on hydraulic conductivity

Waterloo7K & 717 23 variations istributi
KE T as ® Determine the distribution of both

Waterloo Profiler® : .
hydraulic conductivity and
http.//cascade-env.com/ contaminant concentrations in 3D
with only one push per location
® Assess mass flux distributions and
mass discharge using a single tool
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- - | .\ Solinst}407 Bladder
b 557 42 B2 ; : | Pump AnimaticaEmth
2 RIS A | e q e
Multi-Level Monitoring ' = i1 @
httpS//WWWSO//I?Sl’ CO/TI/ Discrete Interval Sampler 7 ‘ £ =

Model 425

Multilevel Systems

Solinst Bladder Pump
Discrete Interval Sampler

Polyethylene _—

wellCap —

| Numbered N
| Channel —

CMT Wellhead ——

Multilevel Well Data

CMT Tubing
¥ . ,.-«“'f
: Channel _—
| Cutout
Oetiker Clamps  screen —— g
| Plug ——oo© _ =1 §

Channel Identifier

Vent Hole ——

64



Ministry of Environment

&

R OIE R EN TV IR IR
Polyethylene Diffusion Bag
Sampler

http.//www.eonpro.com/

® EON Small Diameter Passive
Diffusion Sampler- Pre-filled

® EON Equilibrator
Passive Diffusion
Samplers

® HydraSleeve "No
Purge" Sampler
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Liang, C.* Chang, J.-S., Chen, T.-W, Hou, Y. 2021. Passive
membrane sampler for assessing VOCs contamination in
unsaturated and saturated media. Journal of Hazardous
Materials 401: 123387
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Mass Flux Calculation Methods | = =™ =

htto.//www.gsi-net.com/en/

The Mass Flux Toolkit, developed for

the Department of Defense ESTCP

program, is an easy-to-use,
Microsoft® Excel based software

tool that enables users to learn
about different mass flux
approaches, calculate mass flux

from transect data, and apply mass

Site Location and LO.:
Description:
4. CHOOSE TRANSECT

Tramect 1 v]

6. ENTER TRAMSECT DATA
6.1 Distance of Transect 1 from Source

62 (C Darcy Velocity

8.3 Hydraubc Conductivity Units

% Hydraulic Conductivity

cmfee ¥

Input Data and Grid

Texas
MTBE

6.4  Uniforrn Hydraulic Conducthibe® Ve

44

6.6 ®: Samping Intarval

I Enter value directhy
mmm  Véue calculated by modsl
{Don't enter any data)

5. CHOOSE TIME PERIOD

S —

' Wid Point of Samgling Interval

*  Hydraulic Conductivity
» Hydraulic Gradient

O st of tanwect

3 M0E-02| {emizec)
(crmcm)

Distance of
| Sampling Interval Concentration [mgiL)
Manitoring Polnt | pling Intery Plurié Top Plume Battem
from Start of 1M bgs) (ft bgs) {ft bgs)
Transect = _constiventA | consttuents
Menitering Point ] To| Battam MTBE I
1
2
3 1 5
4 ] 5
5| 1 5
of A5 51
1 2 5
3| 10 5
3| 15 5
10] 20 5
10 5
15 5
0 el
10 5
15 5

Number of rows)
Number of columns

12 625 10 0 | 153 I
13 625 15 20 067 |
14 TR1-12 80 5 15 | 45 |
15 TRI-12 80 10 15 56 [
7. CHOOSE GRID {OPTIOMAL) Coniedd 8. SELECT CONSTITUENT FOR CALCULATIONS

Refine Gnd By Refinad Grid
1

o Constituant B

Next Step:

Back to Transect Calculator Screen I Import MW Data I

Export MW Data

I See Conc/Flux Grids

Continue Data Input

flux values to manage groundwater

plumes.

Clear Screen

Paste Example Restore Table Formatting

Mass Flux Transect Calculator ..., ..,

Data Input Instructions
[ ] Entervalue directly.

model

Site Location and 1.D.: Texas

any data)

MTBE

Mass Flux Result P
1. Bold values represent calculations based on given values.
| ToTALmMAss FLux (R (o/day)  (EEEEEEM (kaivr) | Ere it bl L bl
Next Step: Mass Flux || RuniView Uncertainty XS EN 0 R SELECT TRANSECT TO VIEW Trarsact1 ¥
Summary Analysis (Optional) Back to Data Grid I Print I HELP BECECTITRNE EER DTN EW, =]
MTBE Mass Flux (a/day)
Distance frem Edge of Transect (f)
Startof Transect TRi2 TR14 TR16 TR1S TR1-12 End of Transect
00 100 s 450 625 200 00
|
50| gooevoo 244E01 2666400 1188401 7306400 LTTEQ1 0.00E+00
55| pooEr00 244E01 2866400 1.18E+01 7.30E+00 4TTEDY 0.00E+00
80! onoEv00 244601 2666400 1188401 7306400 4TTED 000E%00 |

%5] pooseoo 480E02 STIEDT 4305400 2068400 §84E01 0.00E00

) 10| gooev00 490802 STIED 480E+00 2068400 594E01 0.00E400

; 125 gooEv00 43802 STIEDT 4 BOE+00 205E+00 B84ED1 0.00E+00

§ 40| gooEr00 439E02 STIED 4506400 206E400 55401 0.00E400
182 459E02 1288400
Iz assEn 1298400
125 459502 1288400

200

1. SELECT UNITS SYSTEM

Transect 2

Transect 1

" Sl Units (& English Units

2. SELECT CONCENTRATION UNITS

[mat =

Concentration Units

3. SELECT ELEVATION UNITS

Elevation Units b )

Next Step: I Return To Main Screen I New Site

I Paste Example

Continue Input of

Transect Data I Load Fife I

Save File I

et | HELP
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Partitioning Interwell Tracer Test (PITT)

Use of PITT tracers for measuring (So)

In PITTs, remaining oll
saturation is given from
the difference in
retention times for the
partitioning and water
tracers, in addition to the
oil/water partition
coefficient.

S-I'l'll.-ﬂrll'l‘.l.!l.l) Partitreng races
—y

injection | : ®  Passiv iracer

." B

: L+ -
: Ta + Tw(K=1)

| nttpswwwifenofen - wims LIFe [

Inter-well oil saturation measurement from tracers
e"

* Non-partitioning

+ Partitioning

Concentration

Days after injectivii

htto.//www.restrack.no/
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