From resistivity to clay thickness
— the SSV concept

Anders V. Christiansen, Esben Auken, Flemming Jgrgensen and
Kurt Sgrensen

The HydroGeophysics Group, University of Aarhus



SSV - GeoStatistical Estimation of
Structural Vulnerability
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The SSV concept

« Boreholes
- Primary information (clay thickness)
- Poor coverage in relation to desired information
- Inconsistent quality (old/new, drill method etc.)

« Geophysics
- Secondary information (resistivity — geophysical clay thickness)
- Better coverage
- Consistent known quality

How do we optimally combine this information?

Inversion =SSV



SSV - players Sransiatar model.
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Consistency?
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SSV - what is 1t?

o SSV is a statistically based inversion algorithm for estimation of
geophysical clay thickness

« SSV gives the (statistically) best geophysics-to-clay-thickness
translator model

« = best clay thickness map integrating borehole information and
geophysics



Field example

25 km?2

85 line km of PACES

— 17,000 1D models
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Borehole descriptions

{6877 eddelelse om boring
Borerapport fra

0 Danmarks og Grenlands Geologiske Undersggelse

BORERAPPORT

Udskrevet 2/9 2005 Side 1

DGU arkivnr: 97. 663

Borested : Fuglrisvej 34
8740 Braedstrup

Kommune : Breedstrup
Amt : Vejle

Boringsdato : 1/9 1981

Boringsdybde : 44 meter

Terraenkote : 0 meter o. DNN

Brgndborer : I. Knudsen, Laurbjerg

Prgver
-modtaget :9/91982 antal: 6

- beskrevet :11/11993
-antal gemt :

: Vandforsyningsboring

Boremetode : Terboring/slagboring

Kortblad 1 1214 1INV

UTM-zone :32
UTM-koord. : 532436, 6202582

Datum
Koordinatkilde  :
Koordinatmetode :

Ro-vandstand Pejledato Ydelse Seenkning Pumpetid
Indtag 1 (seneste) 29.8 meter u.t. 1/9 1981 4 m3jt 1.6 meter 1.5 time(r)
——o254———  meter ut. Kiimastratigrafi
2160 [ Dannelsesmilig |
i[O LER, sandet, svagt gruset, gulbrun, kalkholdig, “moraeneler”. Prove udtaget ved 5 m. gig| o
T [mi[ 7 LER, sandet, svagt gruset, grébrun, kalkholdig, "moraeneler". Prove udtaget ved 12 m.
10
15
1 [mi 18 LER, sandet, svagt gruset, merk grébrun, kalkholdig, “moraeneler”. Prave udtaget ved 20 m.
120
22 SAND, mest mellem, svagt gruset, lys gulbrun, kalkfri, "smeltevandssand”. Prove udtaget ved
25m.
125
30 SAND, mellem og groft, svagt gruset, lys gulbrun, kalkfri, "smeltevandssand". Preve udtaget 0
ved 35 m.
5
140

fortsaettes.

e - 9« 198

denne side sendes 1l

Danmarks Geologiske Undersogelse (DGU)

@

Udfyldes med skrivemaskino cller kuglepen,

HDGU,

syningsioven indsendes

© af hvert jordlag.

dog minds! én prav
pi ellor oftersendt.
provepumy

framsendt.

'Prover skal iflg. vandfors)

gt | ko

9 lordy

praver for hver 5 mater,
gt skema til brug ved

vandanalyse bedes veda

pportens forste side.
erer sarl

Kopi al DGU's pravebeskrivelse

Der udiages jordy

Eventu
DGU lev

Borera

G RN
8765 KLOVEDRG TLE. 0327 Thoravej 31 - 2400 Kobenhavn NV
Telefon: (01) 1066 00 = 6 Pe .
INDFORT
, v W
uB;r;rr\‘gfn |_Bjarne Tolstrup 05-760072
or adresse ) ) o postor
Fuglridvej 34 Bradstrup 8740
acresseepndominann s
Borested Fuglrisvej 34 Bradstrup
T
- Ve jle
o adatc s ar vdao & forma® Soremenode
26-8-81 1-9-81 Drikkevand Stgdbor
Borerer - wdv. diam. dybde o dram, dybde | udv. diam. Gybde hortbiad .
"oy
iOd w11 mi 8" w44 m il mj 1214 II NV
Forerer og blindrer - e ——— dybde materiale blindrer it dv. diam. afstand 6 kortkanter 1
o N 11 60wa O~ 4l , 20 PVC - N
Filerrar udv. diam, materiale spaliebredde/maskevidde
90 mm PVC 0,7 - 206
Fiterinterval fra it fra it gruskastaing
41,7-43, huten muter] 1,5 - 2,2, fvji18 «
for pumpming {r¢ vandstand] | for pampming iro-vandstand) 2 t
Peiting pring {ro-van ) Jder stop at pumpaing
29,80 muterr, moterr | 31,40 0
] 2 pr. e ved m s@mnkning 3 pr. time ved m smnknng M2 pr time ved m sk
Renpumpri 9 P s@nining
elier e = ! = 2 o / / :
prevepumpning (Eal o pumpet ¢ pampet 1 afiwst pa hort
E3 timer timer timer I Tefreon- m
Titbagepejing vandsiand under efler over terrasn ved felgende tidspunkter efter stop al pumpiing hojde velioret
’ — 3min. 26, 8 10 min. 30 min. 2 timer 6 timer » m
wterrmn | . Beskri . af jord b . ' i .
L 2R, o jordlag eskaffenhed, farve, v erngmy: . Joybdemu.ter| . Provenr.
o-
0o - 7 overjord og gul ler 5 5892
7 -1 5893
e Sandy clay ?
_ Pl
22 3 — 5895
30 -~ 40 klezg sand, vandholdig 35 5896
40 - 44 sand, vandfe¢rende ’ 43 5897
T
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Borehole descriptions

L"‘! 55¥ Boreholde Data Editor [Tyrsting2]

Yiew Borehole Report | Wiew pdf Borehole Hepu:urtl Flag Filter INU Filter vl

Boiehole Mo|Use Borehale| Flag | UseMl1 | Mint | MLT | Maxt | UseMiz | Minz | ML2Z | Maxz | UseMla [ Min3 | M3 | Maxz [ <]
yes 1 Y'es 0.0 20 4.0 Yes 2.0 35 b0 nio
| 97, 208 e 1 ez 20 ] R0 ez 0.a 20 40 no
|| 97 209 Mo 1 Yes Ves Tes
| 7. 214 yes 1 e 40 B0 a0 e 20 a0 a0 no
| 97, 215 e 1 he= 20 50 an ez 20 50 a0 no
| | 97 2243 yes 1 Yes 5.0 FaLl 9.0 Yes 0.0 15 an Yes 0o 1.5 a0
| | 97 296 pes 1 ez 7.0 84a 100 ez 7.0 85 100 ez E.0 7.5 9.0
| | 97 302 ves 1 Yes E.0 a0 0.0 Yes E.0 a0 100 Yez oo 2.0 4.0
| | 97 318 yes 1 Yes 0o 1.5 an Yes 2.0 38 5.0 Yes 0. 20 4.0
| 97 3113 Mo 1 Yes Yes Tes
|| 37, 320 Mo 1 Tes Yes Tes
| | 97 340 pes 1 ez E.0 7h 9.0 ez n.a 20 4.0 ez 0. 20 4.0 _I
|| 97 3 ves 1 Yes FAll 8h 0.0 Yes w0 84 100 Yez 20 a8 5.0
|| 97 34 yes 1 Yes 0o 2.0 40 Yes n.a 20 4.0 Yes 0. 20 4.0
| | 97 345 pEs 1 ez B0 7h a0 ez 6.0 a0 100 Yes 20 40 B0
| | 97 345 yes 1 Yes 20 4.0 E.0 Yes n.a 20 4.0 Yes 5.0 7.0 3.0
|| 97 347 pEs 1 ez 50 7 a0 ez 6.0 a0 100 Yes 0 a0 0.0
|| 37, 348 Mo 1 Tes Yes Tes
| | 97 365 pes 1 ez 0o 15 an ez 5.0 E.5 a.n ez 0. 1.5 30
| | 97 363 ves 1 Yes 1.0 an 5.0 Yes n.a 15 a0 Yez oo 1.5 an
| | 97 370 yes 1 Yes 7.0 84a 0.0 Yes n.a 15 an Yes 0. 1.5 a0
| 97 381 no 1 Yes Yes Tes
| | 97 333 yes 1 Yes 4.0 E.0 8.0 Yes 0.0 15 an Yes 1.0 25 4.0
| | 97 333 pes 1 ez 7.0 84a 100 ez 1.0 an 5.0 ez E.0 7.5 9.0 |E|
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SSV Inversion

« Iterative procedure

« Least squares solution: Q=(d_-d
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Resulting clay thickn
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SSV — what can it be used for?

o SSV provides optimized geophysical clay thickness maps
integrating borehole information

- Important in the vulnerability mapping

« SSV incorporates uncertainties of geological information as well as
geophysical information and interpolation

o SSV provides overview of
- Hundreds of boreholes
- Tens of thousands of geophysical models

o SSV is operational for large survey areas

HydroGeophysics Group /7 SKyTEM booth
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