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Abstract: Geological, geophysical and geochemical data, as well as data from other related areas, are key elements to predict a
geothermal system. Heat source, migration pathways for fluids or heat, geothermal reservoir, cap rock, and heat preservation conditions
are all critical for the formation and preservation of a working geothermal system. At the same time, the topography, seismicity, wildlife
protection, environmentally sensitive area and infrastructure all should be evaluated for geothermal exploration. Our survey on
geothermal databases showed that the historically accumulated data have been organized in different geothermal databases under
different formats. These databases belong to only a few countries and as a result accumulate data mainly from their area. Large amount of
data from other regions is still scattered and in an unorganized condition. Geographic Information System tools and mathematical
methods might be helpful to solve this problem. Play fairway analysis with fuzzy logic technique or machine learning approach could be

used to analyse the different types of data, and then predict the hidden geothermal system.
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fEid KBy 20 4E AR Y B T AR
RO GG, A0 BB 27 0 2% 7 ] 0 55 45
B B ARF R B B B R, ekl ] Y
TR SATER, I HEAEERK (Volume) | 1
ABZ (Variety) . BH P (Velocity) . EARE
Bt (Veracity) “545 55 (Hey et al., 2009; 5K 5] 45,
2013; R b e 4F, 2016; B, 2019) o K]
WU BAE r Mri J7 i, OREE R 2 48 A7 3
AR, WA RBERT B RSR, SEBLORBAE N E Y
. REIERL T 2 B A58 19 26 5 2
(Hey et al., 2009; BB4#% 58 FIFLTN4E, 2012; Ceci et al.,
2014; Chen et al., 2016; % R%, 2016), fE50H)H
— 2RI B AR M AL 2 R I TR . ML
o MR R B AR R (BREEF-45, 2015: 4%
B, 2013), FET LTS, [ PR BRI
2x (IUGS) L F k& T “ w55 sk 7
(Deep-time Digital Earth, DDE) [&] N =S
I A o 7R Y 4 BR 2N I 5 0 b Bt R A -
&, FHREE R GRS FR R AT Rk L H %
Pl 2 AL AR AR 5 DG 2R

MG EAEG . fE . ATHRS R R
R, AE Y ETHb PSR TC I8 T A LA S A
F N FHTERCR EEARX T o ARYE RE IR B2
B, 2018 4F 36 [ M R B AN B 36 B EUR A Y
1% (International Energy Agency 2018). =% A9
PRI 4 i 4 A B 1Y) 7K A b AR S A A R
I IR A K PRI AR Gk B A EAT IR, O
HA #5040 T35 HrBe (Bl)H#E 532, 2015;
X 4=, 2015; Olasolo et al., 2016a, b; Zhu et al.,
2015; Watson et al., 2019), VA EE. ®BHE. HEE
RN EZITEIRE . i ZHEFRLE & FIRETERY
o PAREA A X R AT I A, R R S T AT
e P o B S PR . ok 2 bl T RORA R, B )
R EEE B AME R # k L RSSO . P
B BRI A . BEE REERMLR,
P E T iR AR P 2 B UIURRER R L 18
W w52 Rl DA S Al R S0 v A ik R
A A FI XA 387 /7% (Play Fairway Analysis) SR
TN A5 A M B4 X ) 43 A (Fisher and Mudge, 1991;
Erdlac, 2007; Siler et al., 2017; Wannamaker et al.,
2017; Faulds et al., 2018; Lindsey et al., 2018), HH
(R REAS S 22— R T B T M s AR P

> 30

R0t DDE [ PRRH2 R A RN AR Z
— AR BT IR PR T A B B LA, A
HESE A B st PR P AT I B AR TC
B A 28 1R N A E A Y 3 AR P A i e as AT 1
B, FEF28 B B 3 A b AR IR PR A F 401
4 DDE 2 BR PR R i AR L B2 S5

1 MR SRS 2 2 i M aa AT

HeT, thEA RS AR, {5k
Z A my R . b E M B A R ¢ MR
=7, FRAM PR FEAETELUKUER
B b o o [ BT B 2K S BT P A5 T A
FEIT AR T R 1l POBE Al Bdls | B A KRR
P AR IECRCR |« KB AT, A4 LAY
P R GERZR A VRN . AT 25 6 3 A 45 A
Bl v, (HA SR PR fE 2 i h s hERLE
e 1t 5t 5 b 35k 0 BRAJE S I ) 26 A 0 IR AR A A v
B O Bty B T S5 190 DRl B U K T (Jiang et al,
2019);  HABFAL AN T H S FIFR
TBUNSE, A& AR R R BORHZ . A
M, FE AR A BOe A T RPN B, £
BOE A B A R B A B S B DI RE

AP A 4 3Kk L B BHE 7 (Global heat-flow
database) , % [E E K b B 32 R 4% (National
Geothermal Database Systerm, NGDS) . [EFrii#ip
2 Wy E IR (International Geothermal Association,
IGA) A A AL HE 22 . AAPG A9 Geothermal Survey
of North America (GSNA). Global Gravity dataset.
GETECH ., — % [ 2 F0Hh X (9 & dls 2 (Cn RRM Y
GEODH . K I i pCHI 2 | 2 ORI 8 [l 22 AR
Bl MEERHAE R RS . BUGPLE (10
LBV GDR) . & EHbi Ry (AnsE E i
USGS) . Hiihthe%idaE (IGA, GRC) AMIIH
B A o R B ) M Bl A A A O G
K, AN IGA Y M AR R AR AT R B i 25 1L
SCRHE R A B A, (BB, AN H A
PRGBS [ o P VR 3 A D RE o 5 I b ) ) )
b R ESAE P T A R S [ P . 56 [ M AR e AU
LRI 1% (Frontier Observation for Research
in Geothermal Energy, FORGE) #1711 XL %1
W PE AR A I H BT A M 5T . Mk #E . Ak
il 2SR, (AR S —dims L B



1 P ROAE . ST B 7 ) ML AR T T DX T 7k A e 113

JE, HHTFORGE T H B % © 2245 A NGDS ¥l
. HHETEKRZHIERA B O i E I 2
AR, H I PR 2 B TR B St
T BT IhaE, Hok 3 s AR I R 58
AR SRy BT o RN PR 8 R G R B T

1.1 EEEKMHREERSZ NGDS

3 [ [F K M B s 240 (National Geothermal
Data System, NGDS, http://geothermaldata.org/) 1£H
SCRF R B RS8R BOR L e 2009 456 [
PRI TP BEE SR — AR, h S [ R TR AR 1 4
FARFH R B, HT 20144E 5 A 28 HIE R A
H (52548, 2013; Anderson et al., 2013) ., NGDS
JE— DA PR AVEE o i 0 3 AT 2%, J
R St B 45 R R R AR v BT i RN 25
P A5 ) 518 1 50 T A Ak B G e S
B HbEE  (Clark et al., 2013) . NGDS 3= %558 i
SEHIGE ), FRFIIRAIT &, il EoE A sl Ry
BUORDER , I KPR B RARTT S XU 45 7 =X By o
FENGUABIFIT A HIAGE . NGDS FZE TRk A
FLEHMF LR (United States Geological Survey,
USGS) , ® B H A4 K% (Southern Methodist
Universsity, SMU) F1 3 [H E %€ #1 i % K h &=
(American Association of State Geologists, AASG)
(Clark et al., 2013; Anderson et al., 2013)

NDGS # 37 7 3¢ [5 i BR B f5 B M % (US.
Geoscience Information Network, usgin) 3£ 4l [,
FVFER = RN AT (Arcgis, UDig, QGIS,
GvSIG) Vi ln] o A% 7 it 7E usgin—github £7 fiff P2
Hr, il usgin SEEE W IT R SUB IR A TR
ffifc NGDS M 28R fem s (R 1),
Tier 3R RAZE LT R (B 1) ZER TR
VFLEE ) 735 P DL AT A B =X FRFE 78 5t B 4K
Wi, DL AR AL P9 AR TR Al S A = 4 = A
EEE . % R Gl AL KR B 2R R R B 138
ks, IFRRAE AR, b g AR AT L
PR BE SC e R . A C RGBT 1 H A
FHEZ M Clark 55 (2013),

NGDS J& & T fill Jil T 2% NGDS %% i ok
NGDS RZGEHTAT BT PR AR AL, NGDS B nl LAk
— O BRI . o BEBSOER (K 2).
NGDS & & A\ E AR IE : Wisconsin Geological &
Natural History Survey NGDS Node, Geothermal Data

®1 NDGSHRYEREHR
Table 1 A tiered data acquisition scheme for NGDS
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BT 40T
RFERFTAARMENCDS P AT )
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4
(Tier 1)

JE4btafe

- g5tk (AR

(Tier 2) AL T B DUy s 2 P B
DUETF NGDS bR EBE A,
=4 PANGDS AWM R NGDS Frife
zER AL, R
(ersy AR R st s

Repository, Testharvestusgin, USGIN Geothermal
Catalog, Alaska NGDS node, USGS,
Geoscience Institute GINstack node, Southern Methodist
University Geothermal Laboratory, f¢ T 5587 B [8] A7
20194E8 H 22 H, 187001 MRS, G4k
(FZREE) MIIEEDE . A E | TS sl
JE MR 7 o0 BT A5 . BE AT 5 P OC Y
HERPY PR MRS . ISR Sh . WHZRRRIE . 4
fliF RRAE . HOBREATT . MREGE . O SLWEE .
FEE . KA SRR E . 245 1T |
YN BRI . kA Bl s . BhiAL
DL | Bl sc e . EEAEHIThAE . BT
WL | BT RRAE L AT L BT i R AE
M BTEROTHRE . M ARIX . MR AR L Rk
R PR BRSO A PEIRIBR D SRAFIE . JC
Bl . WERREAL . ORI MR SR
B PUIRIRFRIE . JOlmE O AR SISk R
FEULI A (R A4 UL http://geothermaldata.
org/page/ngds—content—models )

BRICZ b, NGDS BYAT H X 53 4t AT BA IE 7R JF
JE& L 14T XF NGDS i 1887 Y S8 4 F0 T & 3 B 3K
PR, AL Ry A AT F & AT Web
15 7] 19 2 ] T. B NREL Geothermal Prospector, —
ol DA SCAR sz B 4% 28 i 2 AL 7 NGDS WES
Y Web I 2 F# NGDS Data Explorer, #5 B H P 3
i Al BE -5 25 5 M PR 5 r R G 1 T TR O A
5 ARG 14 A 4 il XU 2 & AN PEAl T H. GeoFRAT
DL K TR 400 i ) A 36 [ B ) R
Al TF P B8 AL AS 1Y Hb B H g R D Ak AR L
GETEM,
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NGDS%i
+ otherlD :text[0..*]
| W
BT T
+ label :shortText + featureOfinterestName :text
+ symbol :text + featureOfinterestURI :anyURI
+ procedure :longText
+ observationData :dataTime
+FEARRFIE
i ! [ s Wy i |\
Jif M TRHIE 15t FERRFE

+ status :term

+ statusData :dataTime

+ facilityContact :ResponsibleParty [0..1]
+ owner :text [0..*]

+ history :Event[0.."]

+ shape :geometry + geologicHistory :longText

+ identificationConfidence :term

R

el

+ county :term[0..1]

+ state :term [0..1] A

Eis

+ lastDegree :float + positionAccuracy :text

+ longDegree :float

+ totalDepth :float

+ commodityOfinterest :term + depthDatum :text

+ observationMethod :text

+ SRS :term
+ locationUncertaintyStatement :longText [0..1]
+ PLSS_location :PLSSdescription [0..1]

2R + depthUOM :term
{position is PointLocation} + spudData :dataTime

)

+ endDrillingData: dataTime [0..1]
+ wellboreShape :term [0..1]
+ bottomHoleLocation :PointLocation [0..1]

R

FEf + trueVerticalDepth :float [0..1]

+ intervalTop :float

[ESEbAEN
+ observationMethod :text

+ intervalBottom :float
+ container :Borehole

+ materialClass :term + producinginterval :text
+ rockName :text [0..1] + function :term
+ collectionDate :dataTime + production :term
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Fig. 1

NGDS_¥tii
+ltemType : term
+ltemURI : AnyURI
+Source : longText
+Relatedltem : link[0..*]

NGDS_#ff it it TeHR R

+ltemDescription : text[0..1]
+ltemName : text

E2  NGDSEFEFHR
Fig. 2 High level NGDS data model
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Top level model of NGDS data items for Tier 3 data set
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Fig. 3 Web GIS of GEODH’ s geothermal distribution
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Table 2 Layers of Web GIS of GEODH (Sublayers not listed)
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T EAEX
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1.3 XEMRAERHEE

FEMFEA )R (US. Geological Survey, USGS)
I 9% [E N BEH TR B8 35 MERL R B ST ALA TR
XFHARIE . T BRI M S5 R EE | B
A SR B & R W, .
Brs X AR WE R A 4 1 90 1 A 4 00 S R 1Ay
(A, 1993), MU TRARIRM 2. &
Jih . MEHORLE(E B . USGS MR HLER T 2 0r
HSSE LR, RS R AR T E B E
BrEAh, R LT, A R R

USGS M4k H R B¢ /8 7 A ARk TAERUR, T
2016 4F 76 HL R 3 b 3k H T USGS Hi T {5 B 77 i &
G, EEAFE-LRIE, A EEIEAM TR i
B, Ry . B . 220 A T
ITUE (SREAEESE, 2016; K14) .
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Fig. 4 Content of USGS database
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FEE ] A BBV L E % (National Renewable
Energy Laboratory, NREL) JF& T 3T NGDS %544
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PEEHE 02 (B T RRAL L B o A A F I R E AR
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NI TR R ZAE R, PR ORAE . BN
SRS . 52 HOE . AKOCEMESE (815).
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Fig. 5 Assessment map of geothermal exploration conditions
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in the western United States
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Fig. 6 Prediction of geothermal resource potential distribution

of 3 km underground in the western United States
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