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1. Economic and Social Commission for Asia and the Pacific (ESCAP)
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1. FUGAP - Forum on Urban Geology in Asia and the Pacific
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1. Georeferencing
2. DTM = Digital Terrain Model
3. DEM = Digital Elevation Model
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1. Delaunay Triangulation
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1. Remote sensing
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1. Multispectral scanners (MSS)
2. Resolution

3. Uplift
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1. Laser-scan
2. Interferometry
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1. Pinatubo
2. Nyos
3. Kivu-Lake
4. Sacobia
5. St. Helens
6. Seismometer
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1. Multiple Hazard Mapping (MHM)
2. Overlay map
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1. Critical Facilities Mapping (CFM)
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1. Asian Development Bank's organizational

2. World Health Organization

3. United Nations Development Programme

4. The Food and Agriculture Organization of the United Nations
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1. European Space Agency

2. Centre National d’Etudes Spatiales

3. Canadian Space Agency

4. National Oceanic and Atmospheric Administration

5. Indian Space Research Organisation

6. Argentina's Comision Nacional de Actividades Espaciales
7. Japan Aerospace Exploration Agency

8. United States Geological Survey
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2. Polycyclic Aromatic Hydrocarbons (PAHs)
3. Polychlorinated Biphenyls (PCBs)
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1. Inductively Coupled Plasma analysis
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- Ke:tles (Qr:)t) - Whittlesey glacial lake stage (Qws) = THbutaris
- Delta (Qm - ............. Eridlosed duiii
Wayne glacial lake stage (Qwa)

| Glacial-lacustrine (sandy clay) (Qla) - Recent fluvial deposits
[ Glacial-lacustrine (sand) (Qls) I Grassmere glaca ake stage (Qg2) (Rouge River)
[ Glacial-lacustrine (sandy and silty clay) (QID) - Lundy glacial lake stage (Qlu) 1 10km
Glacial-lacustrine (upper clay) (Qlc) - Early Algonquin (Qlq) I—I N ?
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Age
- - (approximate 5
o 2 i % years before 'E )
E|& 2 2 present) = Unit name
Holocene Fluvial <10,000 D Qaa — Recent Rouge River fluvial deposits
- Qllu — Glacial lacustrine beach deposit Lake Lundy
D Qlsg — Glacial lacustrine beach deposit Lake Grassmere
D Qlswa — Glacial lacustrine beach deposit Lake Wayne
: Qle — Glacial lacustrine clay
- 'E D Qll — Glacial lacustrine silty clay
R <14,500 ) , ) )
o § Il Qvs — Glacial lacustrine beach ridge Lake Whittlesey
B Qlsla — Glacial lacustrine sand, lowest Lake Arkona
D Qlsha — Glacial lacustrine sand, highest Lake Arkona
§ Qv — Varves
: Qlahm — Glacial lacustrine sandy clay Maumee Lake deposit
=
‘g g g E D Qma — Glacial lacustrine beach highest Lake Maumee
8| & g = A - -
E § ‘g § Moraine 14500 D Qmbw — Birmingham waterlaid moraine
VUl & A g [] Qmb— Birmingham Moraine
Delta <14,500 ] omd—Dpeua
utwas| <14, md — Qutwash defiance
(8} h 14,500 d— 0O h defi
Esker <14,500 ] ome—Esker
D Qmdi — Inner Defiance Moraine
Moraine <14,500
E Qmdo — Outer Defiance Moraine
o(flttﬁzlh <14,500 E Qow — Outwash Fort Wayne
Kame <14,500 : Qmk — Kame
Kettle <14,500 D Qmt — Kettle
Morai 14500 E Qmf — Fort Wayne Moraine
oraine <14,
E Qmg — Ground moraine / lodgement till
. Uncanformity
Fluvial 22,000 Qfa — Fluvial (interglacial) >22,000 ybp
t
Moraine 22,000 - Qmo — Pre-late Wisconsinan glacial till depost > 22,000 ybp
f
— e = z = - ~
g s | 23
=1 £ 2= 345,000,000 - Ms — Sunbury shale
ol @ a”
@ 2 E
L | =] H] =
ER = ]
g s § = 345000000 | [l Mbd — Bedford shale
E
o Senecan | £ E 350,000,000 | [] Da— Antrim shale
g P =
2 -9
= 5“ ? o
& = Erian E § 355,000,000 D Dt — Traverse group
g £ =
z FE
[a] i Erian = é 360,000,000 | [] Dd— Dundee limestone
= ]
329 ==
Ultsterian § E T% 370,000,000 E Ddr — Detroit River formation
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Parameter
Identification Rating
Number Parameter Description Strength
1 Depth to groundwater

<3m (10ft) below the ground surface 10

3-10m (10-301t) 5

>10m 1
2 Composition, areal extent, and thickness of soil units in the unsaturated zone

Thick and extensive sequence of sand and gravel 10

Interbedded sands and clay deposits 5

Thick and extensive sequence of clay 1
3 Composition, areal extent, and thickness of saturated zone

Thick and extensive sequence of sand and gravel 10

Interbedded sands and clay deposits 5

Thick and extensive sequence of clay 1
4 Occurrence and relative abundance of grounduwater

25% or less likelihood before encountering an confining layer 10

25%~74% likelihood 5

>75% likelihood 1
5 Area of groundwater recharge

Significant area of recharge 10

Moderate area of recharge 5

Not a significant area of recharge 1
6 Areas of groundwater discharge

Significant area of recharge 10

Moderate area of recharge 5

Not a significant area of recharge 1
7 Travel time and distance to point of potential exposure

<10 years 10

10-25 years 5

>25 years 1
8 Source of potable water

Current source of potable water 10

Potential source of potable water 5

Not a potential source of potable water 1




YA bl i el 428

Sl Gas wlin fale onl fgen O] omd Jlgl3 5 e @
Gl LT a8 ol S ate s cpl o bl ol (0 ojled ole) e
Sle S Sl 4 e 5 b s s oS T Gleed > ons
i Ol gn oS ol O apaloes 3l e air b Al s eslinad
b e, 5505 5 i Sl 4 sdiSssioes &Y 4 ey 5l 3 LT oS 58
el L3l Uil oy 05w ey e s ol Slol

3575 S Dl GRuamd sedlse £ 5 A a (Jole L BLIL s -
Sligoy ol 5 Lpd an S Lo 55 |, gldl aule 5 3 03 7S Sl gy 3l
Lol 6 pdyoamd ams alply 5 wdls VL Sl Uil Sl Al 5
L) bl o o) 03208 Sligu) i plis 5o sl 500 b Cls
b SeS b bl Gadiaed e Olgie (onlh b sl Lt
Sy jolas]

Wl S e s ST e Jele pl i) 05 o] 4 dis adlate e
N il Al e 25 Gl 0085 (sl (e s 350 et S
g gad O g 085 g e Ol e &S Sl (gladlate 31 VL

b 308 Slogs @85 b s 3 ol 4 Sl sl s sl —
St ol e s 5 Ll OBl ot s adal ot LS s
B Gble k5 5 ko Glaams s> w0 Ol Sos Sladl Sl 36 5l s
38 o Ll

Sl 0l ol il folo nl il ) ol alss Gbla e
& jie bl cpme bl Jols wlidimey cilisee gla ulis 53 uwsd )
.QM‘LA&.?YUL}S)GM)
Sol o BLil agd Jold wnd s ol olg ados Gble 5 &2l —
5 e Ol (bt o Jlal Jlel 5551 5 plowil 5 ombaws 5 a3 25
AU el S bt o med Sl SGeee O 4 s
S ol assm 0553 g Gdls b e e gl Koo sl Jlaz|

Llea



S b YT

Sdlas 5 0l o (IS sba ol sy ailie B ol 5 & s DL
53 s ol il 508 il ) A3 SR L Sl 6 s sl
alS 1 Lol s 5 03 S wias ) Lol cads 5 laedoNT LIl 550
NG T AW Y

i Sl 81l sba ol pge 5 Jale nl s 0Ll b s 5T
Olej Sldie g Sy ool 3,k 51 5 4y S Sulal T & Oy
Al Gl sl L5 e Ol s aed VI s

Sl O e Olsieay (ol ladla 555 01l ST ganlsl OF ae
Ol A2l Jate Sals] OF s e G b5 5,5 S13 eslinals 5

Gboslinad ple 5 Jezie LU el cpl 5505 5 e 5 e 6 bl
Al gaswlal OT s s Jlex|

)ﬁ)G})};ﬁ‘ W g dilaie 4t 4l (53,90 axdllan Y-V

Ul o Oin b s 53 L sgs pnl e ailine w0 £ 0 (e
S3daze Gl e (V=Y JS8) il Colin ol e (S pdyge] 428 48 o)y
)‘ JVJJL\P &:A,w‘objs g_MALwa 4.&.“.)9.5 6‘;’ b 4.52«401‘45

el ) 4l S il
sl e gl sl 5 ol gl
315 sl laal 4T oS1 5 5 s Sl
B 03k 1/0 5505) ol VU e o515 615
sl 0 axdllae 63 1S 5 gbay 5 Sie 3l 4>
ol Ol 0T i ipme sl 5 ol sy (gloesls
ol (g3l s ghls 0T pmo sladll;
sl 3L O JPoICPTLNY Q‘j;t
Wl IS ol (sla g STL bt ol 1513
salns sl g aal )l 2o S Yoo 5l i lils Lsuzas nal eo s

‘)‘R‘)}d‘))—ﬁ)bﬂf&ﬂjs ‘)Cf}"“,}‘LﬁS\Y.. w‘jdsfd‘&k&a}abﬁ u‘YU



YN o bl i) 6 pd ] 42

S PV bl 1 i U elas ol eSSl by, s i e (1444
v 53 5 ol alianu 5 5 ol Ao )3 8 51 i el ailae g an 3 (g1 4
a5 LS e (SN et Ghle 05,5 ad s al Came L3 44 S Teue
Ll Sl o odmie SVLI G 53 5 pl b 0 5 Samar o 0

(YT 0L 5 e slS)

St. Clair

Oakland | Macomb
Livingston |Roy ge

watershed
) L%Z/

e
Washtenaw >t —=—~{

Wayne

Rouge River watershed

Monroe

Michigan

Rouge River watershed

-2
5,

s RAl adsm NV JSS

Sl o Joy Sy Jali Bkes 4 g ons pelae s ol 0

Logas Iy Sy o ss=ogss Slabra s, Sl 5 Jaey s
e Sl e B oyl Jlas 4z lns Ol lalis e 7Y S 5
NAAY (15553) )l Calbind o am Sl 508 Vsane lailingy Slismy 5 Sl
bIiE Gos pd i 5 e ia lii e gladsls (14AVC 1445 o >, A

Sk S sz snl 4



S eldm)  YEY

(S5l T S ey g St bl | sy Colite Ay Ll
P S 5 s s
St Al O Slgw, —
s b ys anle 1S e el sdate Slgey —
S B b Sl ey s s Slgu, -
ooz s, 5l e labrs g,y Dlse, -
Sty 255 pRl IS 25 e Sl GS e wlh Si s L S s -
N s el
Wl b nl S S e S i 5 0 b s el g -
S T S Sl Sp sy, K glibiag, ey LI
el azils 552 g A L YV v e 50 5 sy
f.j)bSﬁﬁﬂjﬂliwkf&wuﬁ&ﬂ&‘&;)‘@fﬂ@ -
Sy 5l 3 G glad
N 5 ¥oof Gl IS8 53 i i ] ol gt 5 b 42
adllas Yoo 5l i Slenlbl ngu)ﬁ)@)ﬁ,j ol e 4 el o 03l QLS
i ol g el B 550 O o pslone 3 b 5 4 0533 S Sl aeis
el 4 S0 car sdaie il ol @jcv. Sledbl 4l cpiman
SLacl 5035 ago 5 3date 55y ) sl s 3 Sl Sl U
b e SLa 53 ey o dsa T 08 e 5 e
Olas ) ot 5551 1 O tn SO o Fos Il 5 (S 53 Loy 355
Sl Cod pmen 5l 4 (Yo rA L O s G s laes S lallae
odt abd [ laic o adlas Olpiean adlate pl 3ol 13 Sl s ele Al
ot 55 i Sy 8 S0l g e Ol 5 (49) W5l 5 Kile)
5 oS s o3l e [ ya s s Sl (VAT L 5 6l0)
b e DL L) ol o3ls 0L 355 3 15 (PCBS) (s s IS b sl b o
(1488 O, Kan 5 550 1445 (5l 50 VM O e

1. Moraine
2. Michigan Department of Environmental Quality
3. Michigan Department of Natural Resources



WY s bl i el 428

st s b ST st Sz et S el sl
bogie palis V44V (gl 5 5l)) i LOL 2 51 (ol Jole
Sl 3 S sl 1 4l Ol 80 nl el (mlidimns 5 UL 0L
4t S| edote DV loe b sb e w53 s o pl e s T
Lol 5oy o5 glhasls <l oxogas oS el pme Ol cnl 5 e
g L aS el 1 ol 0L o o sma 0l 35l e 0
23 J=l8 osban 4 (S o 5) (nns o Al ek cpl el s
Sl alias a8l (e 400 3D Sl s b Sl )l 3 sl e
Aile) At g an U sl SLis as o)le Ly La S
3 205D Ol Db (Ssodes JWSh LB ol 5 (52 500 la Sesls
S i b s diS3sdoe Y (op 3 e Ay ol by ol ()7 emls
5 s Ll s bl clel L aes Jglde a3l g5 orl 5 ool
Sl Sl SUs glacdi Gl s ep iy e sietly, S
S s cpl ol age a8l a0l LOVAAR O 5 IS) cl oS
ol 5o s sl e slacl a5 4 e oS ST s
o onl e La (So T s cpl g dewy dal ) s e slad
(V84Va Gl ARV sl 5 ) S sl pol ST e S
5 b Gl 2T 0l Gl S el ) s s, ol Y-V IS
s e Ol e

e o sl CH el e 3ol (il ey SledMbl 5 eslizad b
31l i) Sl o A YV Jpdr 3 5 4 S5 e 3550 6 el
Sl il lad s (YooY (sl 5 5,1, 614480 =1, 5 (gl 5e
el ad pdly (s Lo fe S lael 05t 53) (oo o YL
Slawle d=ls Colg 53 5 Hsom ) Alogy 55 b bl e didr lailng ) Slse,
S Gl el ey sladsls (Y- o) dimes Jlosiy axls Lo
Sap oS Sl VU ey dly SO s e oy Ay lanls oy Al 5 ke
tes Jloty axls Slse, b b



S gl YYY

0 10
N W Kilometers

20

30

40

Outlet at the
Detroit River;

then on to

Lake Erie

D530 Rl wBm 53 Gerins s ke gl 0L gl Y-V IS
.(Y"? cO\)Ka.A) LS‘)}">

(YN LIS 5 00358 51 B 5z 55 S el vz 5 Y=V dguer

Parameters and Vulnerability Scoring

Geologic Unit 1 2 3 4 5 6 7 8 Total Score  Rank
Outwash unit 10 9 9 10 10 10 1w 10 79 1
Recent fluvial 10 6 6 8 10 10 10 10 70 2
Main sand unit 10 9 9 10 10 10 6 1 65 3
Other sand units 10 8 8§ 10 10 10 6 1 63 4
Moraine unit 1 5 7 7 8 8§ 10 5 10 60 5
Moraine unit 2 5 6 6 7 7 10 5 10 56 6
Moraine unit 3 5 5 5 7 7 10 5 10 54 7
Moraine unit 4 5 4 4 6 6 10 5 10 50 8
Sandy clay unit 4 3 3 4 1 1 3 1 20 9
Sandy and silty clay 4 2 2 4 1 1 3 1 18 10
unit
Upper clay unit 3 1 1 3 1 1 2 1 13 1
Lower clay unit 1 1 1 1 1 1 1 1 8 12

(ground moraine unit)
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1. Dense Nonaqueous Phase Liquids (DNAPLSs)
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1. Volatile Organic Compounds (VOCs)
2. Light Nonaqueous Phase Liquids (LNAPLs)
3. Polynuclear aromatic hydrocarbons (PNAs or PAHS)
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Estimated
Maximum Contaminant Mass

Contaminant Concentration (pg/kg)* Remediated kg/(1b)
VOCs 91/(200)
DNAPL compounds

Tetrachloroethene 60,100

Trichloroethene 45,000

Cis-1,2-dichoroethene 20,000

Trans-1,2-dichloroethene 3,000

Methylene chloride 800
LNAPL compounds

Ethyl benzene 10,000

Xylenes 10,000

Acetone 280

Carbon disulfide 200
PNAs 113/(250)

Naphthalene 339,000

Acenaphthalene 18,000

Fluorene 22,000

Phenanthrene 280,000

Fluoranthene 156,000

Pyrene 13,000

Benzo[a]anthracene 4,800

Benzo[a]pyrene 3,200

Dibenzo[a hlanthracene 1,800

Indeno(1,2,3-cd]pyrene 1,400

Chrysene 11,000
PCBs 16,000 2.2/(5)
Heavy metals 23/(50)

Arsenic 23,000

Chromium 530,000

Lead 930,000

* ng/kg=micrograms per kilogram.
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1. No Further Action Required
2. Main Building
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Maximum Maximum Estimated
Concentration Concentration in Contaminant Mass
Contaminant in Soil (pg/kg) Groundwater (ug/L)* Remediated kg/(Ib)
VOCs 45/(100)
DNAPL compounds
Tetrachloroethene 22,000 3,250
Trichloroethene 8,000 2,200
Cis-1,2-dichoroethene 5,000 1,800
Trans-1,2-dichloroethene 480 280
1,1-Dichloroethene 640 220
1,1,1-Trichloroethane 2,800 2,100
Vinyl chloride 1,100
LNAPL compounds
Ethyl benzene 32,000 240
Xylenes 28,000 130
PCBs 7,000,000 Not detected 13.6/30

* pg/L=microgram per liter.
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Parameter Site 1—Low Vulnerability = Site 2—High Vulnerability

Predominant geology

Presence of shallow groundwater
Size of site

Length of operation

Land use

Types of contaminants

Number of contaminants remediated
Contaminant mass remediated
Cleanup criteria

Cleanup cost®
Remedial methods (soil)
Remedial methods (groundwater)

Other remedial control measures

Timeframe
Cost per kilogram of contaminant
Vulnerability ranking using Table 6.2

Clay

No

6.5ha (16 ac)

70 years

Heavy industry

VOCs, PNAs, PCBs, and
heavy metals

27

227kg

Same as Site 2 for
overlapping cnmpounds

$400,000
Excavation
Remediation not required

None, unrestricted closure

18 months
$362
13

Sand

Yes

3.2ha (8 ac)

30 years

Heavy industry
VOCs and PCBs

9

59kg

Same as Site 1 for
overlapping mmpnunds

$7,800,000

Excavation

Air sparging and soil vapor
Extraction

Restricted closure included:
* Deed restriction
* Institutional controls
e Industrial land use only

14.5 years

$27,180
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