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Pohang was chosen as the most suitable site for the first EGS project mainly because of confirmed

. Regulations and standards for ground vibration in South Korea were reviewed, and a new standard

'~ Step 5: Quantification of hazards from natural and induced seismic events
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" Induced microseismicity has been regarded as a key component for the first EGS project initiated in Pohang, Korea which started in 2010. A regional case study of geothermal energy ‘3
development in South Korea focusing on the comprehensive protocol addressing induced microseismicity is presented in this study. The protocol largely follows the seven steps suggested
by the Department of Energy in United States with site specific adjustment and improvement as necessary. Site selection procedure, outreach program, establishment of local seismic
network, and methodology in establishing traffic light system are introduced together with analysis of induced microseismicity from the first hydraulic stimulation campaign. The traffic

light system was applied to the first hydraulic stimulation operated in January and February of 2016, and calibrated with induced microseismicity
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~ - Location: Pohang, South Korea (Fig. 1). The US DOE protocol intends to facilitate the successful development of EGS projects by assuring
- Boreholes policymakers and the public of a safe and cost effective geothermal development.
PX-1 (4.2 km), PX-2 (4.3 km) at EGS site Table 1. Seven steps suggested by U.S. DOE for addressing induced seismicity (Majer et al., 2012).
_ BH-1, BH-2, BH-3, BH-4, EXP-1 (1 ~ 2 km) Steps Implementations
- Geothermal gradient: 41 °C/km (103.8 °C at | Step 1 Perform preliminary screening evaluation
2 170 m depth of PX-1 borehole) (Yoon et al, 2015) Step 2 Implement an Outreach and Communication program
= - 1%t Hydraulic stimulation (PX-2, Jan ~ Feb, 2016) ' P .p o o PIog _
Total injected volume: 1,970 m3 . Step 3 Review and select criteria for ground vibration and noise
Total number of induced seismicity: 362 Step 4 Establish local seismic monitoring
. Fig. 1. (a) A map showing the location of Pohang EGS Maximum magnitude: M, 1.4 § Step 5 Quantity the hazard from natural and induced seismic events
. site and five boreholes (b) a picture of Pohang EGS site. Step 6 Ch terize the risk of induced seismi t
¥ The second hydraulic stimulation was conducted at the end of 2016 at PX-1 borehole, but this study focuses on =P aracterize e s orin uee Selsmlc events
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Overseas
institution

. Step 1: Preliminary screening evaluation Step 2: Outreach and communications program

Five candidate sites and site selection based on five categories § The inauguration ceremony in August 2012 was a platform for communication with local

. 1) type of geothermal energy 2) the quality of existing geological data 3) geothermal gradient 4) governments and residents. As of September 2016, the total number of visitors was 740 from 173
regional infrastructure 5) allowed time for site investigation. organizations (Fig. 2).

Research institution

L : : —_ : : 14% | Public institution Public institutic 6%
higher geothermal gradients with existing deep boreholes and easier access tothecity. e e
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 1.1%

. Step 3: Review and selection of criteria for ground vibration Research institution Mass media
' Private enterprise 5 2.3%
39% Government

University

University

. covering the Pohang EGS project was suggested by considering domestic criteria and human 13% ), Z’.l% >2%
i dass media
. responses to ground vibration. | > 3%
| . : . : _— e B (a) (b)
Table 2. Criteria on ground vibration for different types of buildings ; X Fig. 2. The number of (a) institutions and (b) visitors for the type of the
- IMOCT, 2002) ] .~ affiliations from project initiation to September 6th,206.
T £ buildi Threshold of ground ve £ T e T
. yPe OT bulidings locity (cm/s) FL IR Te— i Step 4- Establlshment of local seismic monitoring network
. Cultural heritage 0.2 2 5 ; ’*‘4’};&3} pios 1 N DOE’s suggestion (Majer et al., 2012)
. Structures with masonry wall and wood ceiling 1 £ P PHBS 8*&“‘ e - At least 8 three-component accelerometers.
. Structures with underground foundations and concrete slabs 2 B 1F NPLEASANT ’4km & Msso1 ._,!3 \ _ I - More than 5 sensors should be able to locate sufficient
Low storied structures with steel concrete frameworks and slabs 3 " agkm P”\is:\ o, S€ismic events reliably.
» . MSs07 = ) .
High storied structures with steel concrete frameworks and slabs 5 e S f b 'j | - Events smaller than magnitude 1.0 should be able to be
. . . . . 01 | PERCEPTIBLE .Y, (Pohangsite) & r/ K7 ' ,f" . ’ _MSS(B detected.
Fig. 3. Human response to vibration as frequency of vibration changes | § i , -__;f*- Fo) ; _;,;, PHEBS3
(USACE, 1972) 2 Frequ;gcya(az) 00 < Pohang EGS project (Fig. 4)
o - 8 Borehole Seismometer: 120 s 130 m depth

- Vertical Seismic Profile (3 sensors): 10m interval from

< Natural earthquake > < Microseismicity near Pohang site > R * sorenole seismometer ~ 1,360M depth of PX-1 hole
0 ss - ) L7y 5L »\Ly” I;:(Ph"':")t - Seven temporary surface seismometers
364 = 0 (N s LA ::ﬂ i ohang site
= 50 X ooe - High-speed internet network with a sampling frequency of
| : ! F|g 4 A map showing the Iocatlon of Pohang g P _ . plng Treq y
A _EGS site and seismic monitoring stations. 3 _S___h_'%h_f‘_‘_s___l_i???_f'__z__'_r_‘_f?f"_!f_'_r_f‘_‘?_' __________________________________________________
;” e T T
i : .. Step 7: Development of mitigation plan Step 8: Application and Calibration
N i PGV-M, equation + domestic criteria and human § . Table 3. Data of induced seismic events detected |
= S| 8 - . || response to ground vibration | by surface seismometers during the first hydraulic -
%;::E 35.6128_8 1290 129.2 1.29.4 12S.6 129.8 1300 ° 0 10 20 30 40 i i 50 r i E StimU|ati0n.
° © o ® L(t;n)glwde” M(;g)mtwe : | Date and Time (UTC) M,, PGV (103cm/s) Sensor
0.41 times/km2 0.24 times/km2 Fig. 6. (a) A map of seismic data including microseismicity (M, > | , | e ooon tocaa " pg oot
Fig. 5. Location and magnitude of earthquake 0) near Pohang area from 1998 to 2001 (b) Bar graphs indicating ! | ' o | 10.5 MSS01
events larger than 2.0 in (a) South Korea and (b) the average number of seismic events per year within 50 km — 50 20160206 05:11:15 1.3 ggg m:ggg
. . — .
Pohang region for the past 39 years. radius by the magnitude. 5 20160206 12:36:37 0.5 0.478 MSS01
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 3 20 [-..Structures with underground foundations and concrete slabs 20160206 15:01:15 1.2 5.80 M5501
a : | 20160207 22:03:49 1.4 21.8 MSS01
Step 6: Characterization of the risk of induced seismic events | | 20160207 22:03:52 13 12.4 MSSO1
N o [...Structures with masonry wall and wood ceiling / |\ 20160207 22:04:41 0.8 2.10 MSS01
. Anl esil rn(itgs)etquatlon Io(rjblaStmg vibration was convertﬂeﬁd to an equatlon rE|atmg peak ground zz [ Unpleasanttohuman ;8128;82 (l)izltigg 83 O1,92510 nggi
E velocl y O magnl ude : E o.oslv : Perceptible to human : E S ' '
| . . . | R i e AR P |\ 20160209 07:33:57 0.5 0.728 MSS01
. < An estimated equation for blasting vibration > 0 i 0.0 10 20 24 30 34 334041 5.0 1 20160216 10:35:05 0.5 0.687 MSS01
. Log(V) = Log(K) +nLog(SD), (SD = R/W?) | i Fig. 8. A PGV-Magnitude curve at the nearest residential UL » - oot
e peak around velocity [cm/s] R: distance [m] . _ wm=Log(9,9,}_,]m°g(sm building with PGV and magnitude thresholds. | 20160219 12:03:28 0.9 6.55 MSS01
i W: amou nt Of eXplOSIVGS [kg] b: 1/2 or 1/3 g N : \ ; ; ML Pumping lpn'-_lee:::::: Report PGV i i ! ; DNatu(r;mI ea2r’(t)t(1)q4u_alj<els \;v(l)tg? 50 km of the Pohang EGS
i K: SItE-SpECIfIC ConSta nt n. attenuatlon Index o.01 ) T H\Sﬂ\g\ i i i i i Alarm to H.S. team (Cm/S)E | OMicrosei;mic events, induced by hydraulic stimulation
. SD: Scaled distance [m/kgl/2 or /3] | ¥ o5, D'g\nﬁﬂ\;:\\ S - Bleegr;):guer);cess; e oport 10 research e o1 . '“z"ha(*:“a“L' F;;’z) —
0.001 | 0 oo b E E E institutions E = og(V) = Log -1 og
< Seismic energy - M, equation > | ° 20cal SR bt P £
N . N T S SN SN R N : : : S o HS. team :3001
LOg (E) = 3.6 + ZML (TObyaS and M|ttag’ 1991) > 1 10 Sca[edmlgistance(mfkg:?:)o 10000 100000 i i Stage 4 i Stop i Bleesr;fsfu?)écess i Repor)tmto retseal—rlci itnstitutions | 5
; . . Fig. 7. Plotted 30 earthquake events in a PGV- L 17¢38) A —— o PR R R 1 i -
. < Radiated energy per 1kg of explosives > ) , K  reduction | Reduction e R
. E =3.8x10° J/kg . Scaled Distance field when b equals to 1/2. i age3 | Noliop, | orconsnt (S team M. moritoring 1 0001 ¢
; . . . .. Log(V) = Log(9.97) — 0.829Log(SD) D 1434 [ R P 05 i : :
. < Determination of site-specific coefficients (K, n) > : {03.6+2M, x oges | Comstant | Constant | Report to hydrauiic stimuiaton team g |
i . Y ! flow rate ! pressure ' (H.S. team, M.S. monitoring team) ! . |
30 natural earthquakes near Pohang site | SD =R/ (Gg5708) ocaal b IS S T Jew L 100 1000 o0 100000|
e e e oo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e S | | | ceular renor o Scaled Distance(m/kg'/4) i
Sge L oot | (Micosei e g team) .+ Fig. 10. Relation between PGV and scaled distance ;
AC knOWI e d geme nt&REfe rences o o o e e e e | of induced seismic events and natural earthquakes !
g g T : "1 - The obtained seismic data falls roughly within the '
This work was was supported by the National Research Foundation of Korea (NRF) grant funded by the ! Fig. 9. The traffic light system for Pohang EGS project. B suggested empirical equation |
. . v ’ i~ i o
Korea government (MSIP) (No. NRF-2015K1A3A7A03074226) and was carried out in the framework of the i - Close reference to Basel’s traffic light system | _But the induced seismic data shows a much
European Union’s Horizon 2020 research and innovation programme, DESTRESS(No 691728). - Safety factor: 1.4~ 2.1 i1 steeper trend than natural earthquakes.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

- e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

’ Majer E, Nelson J, Robertson-Tait A, Savy J, Wong I. Protocol for addressing induced seismicity associated with enhanced United States Army Corps of Engineers (USACE). Systematic drilling and blasting for surface excavations. US Army Corps

geothermal systems. U.S. Department of Energy; 2012 Jan. Report No.: DOE/EE-0662. of Engineers; 1972. Report No.: Engineering Manual EM 1110-2-3800.

Ministry of Construction and Transportation (MOCT). Review on blasting vibration and noise; 2002 May. (Korean). Yoon KS, Jeon JS, Hong HK, Kim HG, Hakan A, Park JH, et al. Deep drilling experience for Pohang enhanced :
geothermal project in Korea. Proceedings World Geothermal Congress 2015; 2015 April 19-25; Melbourne, Australia;

Tobyas V, Mittag R. Local magnitude, surface wave magnitude and seismic energy. Studia -Geophysica et Geodaetica. 2015. Paper no.06034.

1991,35:354-7.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Schatzalp 2" Induced Seismicity Workshop, 14-17 March 2017, Davos, Switzerland




	슬라이드 번호 1

