7_2 Exploration and Characterization - Geophysics

Recap:

1. Geological setting provides information on global location of resources
2. Location specific structure will differ in various environments

Movies: https://www.energy.gov/eere/forge/sandia-national-laboratories-west-flank

Resources: WG7

Motivation:

1. Motivation [10%] Provide context for the topic. Use of relevant public domain videos are a useful
method for this. Why is this particular topic or sub-topic important in the broad view of geothermal
energy engineering?
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Quality of resource defined by Thermal_power = Mass_rate * ¢ * delta_T
Therefore prospect for:
(i) High Mass_rate/permeability/overpressure - define fast flow paths, and
(ii) High T at shallow depth
Less crucial in "engineered" systems - "EGS" and "GSHP"

Scientific Questions:

2. Scientific Questions to be Answered/Outline [10%] What questions arise from the motivation.
What are the sub-topical areas that address these scientific questions.

1. How do we locally define the reservoir and the distribution of:
A. Temperatures - as shallow as possible
B. Permeable pathways - as distributed as possible or high flow rates

GEOPHYSICS

1. Geomagnetic methods

2. Geoelectric methods DC/AC/EM
3. Seismic methods

4. Gravity methods

5. Borehole methods - Well logging
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Figure 3-12 Regional 10 Core Sample Scales
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Tan hypes of magnetomelis
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2. QECELECTRIC HETHDS

m mv%mmm

g D.C. METHoDS

a Peoﬁc.cwq l : : ‘

. O Socwmm g
a EcerTRoMAGAETIC((PR) m

DL. METHoT S

o Vses ehleont. ‘ ¥
C.Oth‘u(.’f‘li/l'b/l‘l :".Sﬂvrh’

oo

o APbe D.C fm_l‘.
a Maasure m.d;-f-'d

e

F‘u Figure 3-27 Resistivity Geophysical Method
Cku\.'s Lo
= Lol
R = aesstmnce L O] = 5355.."':3‘?3)
/( 9= Cress section of rectonguior porallelepiped
1 bs Length of poralieleiped

/O: sM‘ A:'_\usz, L .-’LM.—'



Mefhod.

% g ;DL ( mwou:: —_—Lo Printer /Plotter
2. AC an) £ R ot
@‘ @‘m ‘“w i Analog dota
- Tue stahes wih haglh conduchuty, 7
—- Cooses Pow F\JJ. _’“"'I WSV
- Meagurs fratd hu tremanociy —
5P coss o{ (APt elechodes
- l"‘F" A Pnlow haci a(
Date. Leduchion

P(of % ol v wbh Lo

2R bt oam »w.A-(Q] spu.q‘. i
I 4 , U = Potential (V)
Nsu&«,ﬁm,/);, Stnce :g:wm:
massaned. af-Top Fig. 2.4, Principle of measurement and potential field for geoelectric DC surveys
0{- w- space
Schlumberger Array
C.Q"'w.l-f 'tc .'Jlﬁ' ey Mr,u.s‘c\nﬁ-» &5y Suslase A Mo N B
1':0-fi
(o " L
A= 5l
. A M o N -}
e B Db araan s M
- e /NS b1 _
Sck(uméu?x Z[QL) k,ﬁ'& ] Dipole-ipole Aay S 0 K .

Surface
i ta. R oo baasa s swan

Depele ~dupole ITTou aln+dnez)a

L * AB = Seporation current electrodes
o+ MN = Separation potentiol electrodes
0+ Point of measurement

Fig. 2.5, Arrays for geoelectric mapping and sounding



Lovment Tha MM T-?/o,:
Nefuod deperds o vetshidy conbrast habuasn layers
BRI

L e e W
Happivy Snding
@ N —
P I‘-——/¥~ < l,‘g...y... ;
Magpaq

= o &

) ;md.u—-‘g w (mwlﬁv

BMWM%@

OMM*F; qwtc.f‘bat-t

(,mnl/:u‘l-‘ 1000 A C(enbrstobl
((ﬁ..“ 3=30_L2 m No ¢omdragl



Souaping
. Apparsct resichuikes of tiaks
2. Thackness avd caglin 'f_ M‘W-(cu

Schiumberger Arroy

A N B
Surfoce I'""""L.i:'_l"""""fm

%3“}&

_._ : Interpretation
HM%‘&AWW é ; B s ovmm
Ly l"MTm Wi E  —t—tt- : ; ““mhﬂlml
Plot fo = =
A t /ﬂ = I h-m\ 4 -
e cas ‘-/z. i
ke v | == B,
3, Mafed o cfin el ;
¢ : LTI 1T
+:"u. Chvwes, o~ . - - U‘m
iawet  Aumanta lly Distance L/2 (m)

— MOgRICUrve
*  Meosured volues

Fig. 2.6. Geoelectric sounding curve (VES) of a Schiumberger with digital i ;
and computed model curve of the minimum type “H" -y

Pro bloms
t. O-:uﬂ‘-uL bed ¢

M\aﬂ;ﬂ o lm\,.n:, mashed

Table 2.1. Specific resistivities

Rock type/Matenal Specific resistivity [2m)]
Lz:.) wy:j comeliefine. L‘d“ Rach g

clay, marl, rich 3I- 3
clay, marl, meagre 10~ 40
- :ﬂ.dﬁ 25 - 150
- S va (.“ ¢ with clay $0 - 300
: i sand, geavel in ground waler 200 - 400
¥ ; sand. gravel. dry 800 - 5000
New -un.q,-ywu. Corvel Smet rubble, dry 1000 - 3000
himestone, gypsum %- ;ﬁ
Synloared betaven salt beds and sah domes > 10000
granite 2000 - 10000
e 400 - 6000

Deposiied refuse
domesiic 12- 30
debnis and dumped soil 200 - 350
industnal mud 4 - 20
scrap metal 1- n
pieces of broken glass and poreelain 100 - 550
cashing 400 - 1600
(wet) 70 - 180
contaminated plume of domestic-garbage dump 1- 10
used oil 150 - 700
tar 300 — 1200
ing clothes and matenals 30 - 200
used lacquer and paint 200 - 1000

s- 2
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Edwards AFB, CA — Thermal Remediation Monitoring with ERT

Edwards Air Force Base, Edwards, CA

Contaminants Treated: TCE

Hydrology: Groundwater at 30 feet bgs

Geology: Fractured granite

Starting Contaminant Levels: DNAPL expected

Cleanup Levels Achieved: Project Awarded m 2000

Remediation Time Period: May-June 2002

Chient Reference: Scott Palmer. Earth Tech, San Jose CA, (408)-232-2826
Remediation Design Engineers: Dr. Gorm Heron. Dr. Steve Carroll. Mr. Hank Sowers

ERT data planes

21

r Example ERT data plane




Magnetotellurics

Measure electrical resistivity from current generated by the Earth's (natural) magnetic field.

e.g. West Flank Coso:
https://www.energy.gov/eere/forge/sandia-national-laboratories-west-flank
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Figure 23. MT survey points throughout the Coso Volcanic Field starting in 2003 through 2011. The West Flank
FORGE test area polygon is pictured for reference.
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Figure 24, Map of MT conductance at ~600 meters depth of a 1D inversion. The red dashed line is the mapped
extent of the hydrothermal system at Coso. The West Flank FORGE test polygon is drawn on top for reference.



INDuCED PcLaliZATION (InDuced PeTEwTIAL)

Induced polorization [time domain)
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TIME - DOMAIN ELECTROMAGLETICS (TDMD
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FIELD METHODS
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Figure 3-22 Frequencies Uscd By Electrical Geophysical Methods

Table 2.3. Diclecuic constams (K), electnc conductivity (6), clectric velocity and attenuation
(a) at a frequency of 100 Miz. Davis and Anan (1989)

Matenial K ‘otmS/m) vim/ns) a(dB/'m)
Air 1 0 03 0
Freshwater 0 00 033 2:10
Seawater 80 300 00 0,1

Dry sand 4 om 0ls 001
Wet sand, Aquifer 25 oL 0.06 0.03
Limestone 6 0s: 012 0,04

Fat clay $-3%5 005 0.06 1,0-300
Granite s 0.1 013 001
Rock salt 6 01 0,13 0,01
Slate 518 003 0w 1.0-100

T
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Fig. 2.17. Principlk of ground radar measurements
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3. SEISMIC HETHODS
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3.1 SE(SMIC REFRACTION
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. QRAVITY METHODS
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5. WELL LOGGING
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Table 24, Logging methods, measured parameters and objects of investigation

Symbol Parameter Result Object
GR count of natural natural radioacti-
gamma radiation vity of rocks clay content
D counts of compton density of rocks fracturing,
scattered rays porosity
N counts of sccondary Tithadagy stratigraphy
NCULTON -Newtron ray's porosity
% resisaity resustivaty hydraulics,
MLL at borehole wall smull scale hydraulics
focuscd wnduction
FEL, focused clecunic true resistivity of lthology
LL hog rock
sp seif-potenmal (probe- sources of electric oxadizing
to-sarface) potentials ‘bodies
SAL resistivaty of bare- salinity total salt content
hole fluid of Amd
TEMP temperature of bore- geothermal figld thermal
bole fluid gradient
SONIC travel tume of sois- seismic velocity sevsImic
sV mic waves welocity
CAL borehole diameter shape of borchole correction of
walls other logs
FLOW revolutions of & velocity of flud zomes of in-
spinner Now and gutflow
of water
bv compass and dipmecter inclmanon + ar- spatial dnll path
‘murth of borehole
video signals, sune of barchole direct view
photography walls of lithology

Fig. 2.24. Companison of different logs with the lithology of cores.

SP = self-potential survey, ES = electrical survey measures resistivity in 16” and 64” point
array; FEL = focused electrical log for thin layers; IEL = induction electric log measures clec-
ﬁcmny:GR-mmmmwmo-Mmeynﬁftmm-
ma source and detector



Table 2.4. Logging methods, measured paramcters and objects of investigation

Symbol P Resul Obi
GR count of natural natural radioacti- petrography
gamma radiahion vity of rocks clay content
D counts of compeon densaty of rocks fractunng.
scattered rays parosty
N counts of scconéary lithalogy stratgraphy
ACULTON-ACULIOr, Fays [parosity
EL, apparent resisitivity ftrue resistivity Ihydraulics,
ES lithology
ML, apparcal Fosistivity ‘truc resistivity lithology.
MLL at borehole wall smatll scale hydraulics
1EL app. conductivity, ‘true conductivity lithology
focused induction
FEL, focused clectric itrue resistivity of lithology
(88 log Tock
sP scif-potential (probe- sources of electric oxidizing
1w-surface ) potentidls bodies
SAL resistivity of bore- salinity ftotal sal content
hole flud of fluid
TEMP temperature of bare- geothermal Ficlé thermal
hole flud gradicm
sV mic waves velocity
CAL borchole dameter shape of borchole camection of
walls other logs
FLOW revolutions of & velocny of flwd zomes of -
spinner flow and outflow
of water
v compass and dipmeter inchmaton + an- spatial drill path
‘muth of borehole
oPT video signals, state of borchote direct view
photography walls of lithology

. \~.‘1r"r'17"7‘71"‘—
e o A=

- Al a - 1 %
o — 1 -
;“_ bl " - - CLE -4

Satinity/Temperature
mlectremic sechion

ﬂl}:i 3 I= = = :l—"t:‘.;:: ‘ [ l.l

c‘tr-r
f [ T e ko Vs ""‘ l " -".
1 LT S . — -I
DC molor  wlncteonic sechen
Sonic/Acoustic

Microlog

electronic section
.
1
7 |

spring-loaded
arms

back-up pad
Fig. 2.25. Probes for geophysical well logging
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Table 3-3 Applications of Selected Field Investigation Techniques for Waste Disposal Sites
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