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Abstract: Geothermal energy is the only base load power among the major renewable energy sources. Hot dry rock
(HDR) is a high temperature rock mass buried in the deep earth without connate water or with a little water, which can
form an enhanced geothermal system reservoir through hydraulic stimulation, and a considerable amount of geothermal
energy can be extracted. There are two main technological challenges associated with the development of HDR
geothermal resource, i.e., very hard rock, such as granite or basalt limits the rate of penetration (ROP) , and the
temperature of the drilling system exceeds the operational limits of electronic tools like measurement while drilling
(MWD) and steerable rotary tools. In recent years, the Utah FORGE project funded by the U.S. Department of
Energy (DOE) provided an opportunity to test new drill bit technology and optimize drilling procedures to deliver a
step change in ROP performance and drilling cost reduction. In this paper, the deployment of geothermal drilling
technology R&.D in the recent development plan of DOE Geothermal Technology Office is reviewed, the application of

the redesign workflows based on physical limits in the drilling practice of the Utah project is selective analyzed, and the
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main areas covered by the multiple plans and projects funded by DOE in terms of geothermal drilling technology as well

as the lessons learned from the Utah project in exploring and practicing drilling operation optimization are summarized.

Key words: HDR geothermal resources; enhanced geothermal energy (EGS); Frontier Observatory for Research in

Geothermal Energy (FORGE); mechanical specific energy (MSE); weight on bit (WOB); revolutions per minute

(RPM); polycrystalline diamond compact (PDC) bit
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Table 1 R&D directions and paths for drilling and completion technologies proposed by the

Geothermal Technology Office’s five-year project plan
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Table 2 Score results of the “technical evalution”of the projects related to the field of “underground accessibility”
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311 mm 1 @171 mm & B B K 53k (0.15 1/
gal) (1 gal=3.8 L, [A] ) %fi By (i ML A =X 2 1 46t L 3



W51 3

g A L 2 [ RE TR B T ORI & SR A B T R T R R I B 3 92 ik 7

TG HE B R B e 2° LA s 7E 4B B 55 Y, 13 mm
VI 5 59 8% 5 2R 00 T 16 mm BI )45 5 V 2 )
B 25 R T8 T & WA 0 4 s 08 U0 5

(3)7E 16 A(78)-32 JI- il £ Bt iy i itk i #2 v, 7
{00 R o 43° 05, O T 5 1 R AUE BGE Y A R T
A P FH R 4 o) B (U0 IR B BRI 25 ) 5 0.24 1/ gal
I3k (i 4k BERK P BE) B9 80CR A T 0.15 r/gal ik
(3B BE) s 25 58K T3k (0.24 r/gal) 40 P R PEREAL T
ik Bl (0.15 r/gal) () 3 15 4 H.

(4)7E 16A(78)-32 F- VI £k Be iy 4 b o R vp L 7
AT L8 BN A0 e BE T B T A TR AR I WL
Bl 3 DL Rt L T A 4R ] e R RGER GE g ) H ik
O I VS Bl L 2H G J v B 5 AN A P L A A
T 2K G2 fif U1 245 K60 00 53 3R 5 188 O 00 A R i 21 AR
B AT DAAE AN 958 2% B AR o 1 1 0 48 e A B Y
it A

(5)7E 16 A(78) =32 -1 JH Y K 2 Hdili 3k b, Bl
AT R O G A v 3R B — B RS S PR B
2R N BT OR AR RS, BB SR B
BT B AN AILAN LL A 1 i, 3 2 B O A Al R R AR R
IC, T Z gk .

(6) LA 10 r/min F) 3 o 347 5 3 B B 3K, 41
HUAK LE fi B A8 1) 41 200 S AT DL 500 0 s e 7
BiAE AR AT R B SR IS LA Gt n
AR YR B AT . DL 2 22 kN R4 e F
A3 56 FE B BRI, 24 LA EE BE A H At B0 R S %
BF 455 1k 30N R o Bl T AN B e Al Sk I R AR
P14 5 A6y 5 R R PR o 0 200 1 0 AR R o BRI 3K (4~
5, B A o 2 B8 I A5 9 B O A PR T R A kAR AR
b, JuH R Bl 25 P RS R K R Y AR 1k

(7) %l He ) B4 S 23 PRl Sk 1 B 45, IR o o
(S D) | ) Nl R SN TR A = X i AN ]
T Bl BE B RS o AN A R S el R 2
Bl S 1F Y PEE 5 B B B ZOR S B AE K BT R B AT S
IR R E PR AL, IT BI04 B AR /N

5 % 3L HK (References) :

(1] VFRAR, e e, L PRI, 45 T BEURURI otk A M A T2 . 1)
B 28 o F G 1R R B [T ], 35 MOR 7 22 e (M BR B2 1), 2016, 46
(4):1139-1152.

XU Tianfu, YUAN Yilong, JIANG Zhenjiao, et al. Hot dry
rock and enhanced geothermal engineering: International experi-

ence and China prospect [J]. Journal of Jilin University (Earth

(2]

(3]

(4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Science Edition), 2016,46(4):1139-1152.

VER AR 0 718, 2 v, 45 3 ik B s PR R 5 - [ PRATF ST kR 5
T FEBURLT ] 27412, 2018, 92(9) : 1936-1947.

XU Tianfu, HU Zixu, LI Shengtao, et al. Enhanced geother-
mal system: International progresses and research status of Chi-
nal J]. Acta Geologica Sinica, 2018,92(9):1936-1947.
E3C, R L, SRR RE IR R —— T IRE 1]
B TR B T ,2020,47(3) :88-93.

WANG Wen, WU Jixiu, SHI Shanshan, et al. Probe a new en-
ergy-hot dry rock [J]. Exploration Engineering (Rock &. Soil
Drilling and Tunneling), 2020,47(3) :88-93..

TR, SRR ORI, ST AR Z R AR A A R
PERFSEL ] AR TR, 2023,50(4) :110-117.

TAN Xianfeng, ZHANG Qiang, ZHAN Qishuai, et al. Study on
rock mechanical properties of hot-dry rock reservoir under high
temperature[ J]. Drilling Engineering, 2023,50(4):110-117.
WBLEE X H , SIS, 45 T B )2 R i 0 U0 S B PR
BRUF[ T B R TR, 2023,50(2) :47-56.

TAN Xianfeng, LIU Xiao, MA Zhemin, et al. Discussion on
the key technology for fracture identification in hot dry rock reser-
voir[ J]. Drilling Engineering, 2023,50(2) :47-56.

KR e, S0k, A5 A B R 0 A )2 Dt A A AL Ak e
JoR AR A Bl BE 53 A UEBIFFE L) ] B4R TR, 2022,49(3) 1 13-22.
ZHENG Jun, FAN Tao, DOU Bin, et al. Rock property
change and temperature distribution near blasting holes in carbon
dioxide blasting reservoir treatment [J].
2022,49(3) :13-22.

LiS, Wang S, Tang H. Stimulation mechanism and design of

Drilling Engineering,

enhanced geothermal systems: A comprehensive review[J]. Re-
newable and Sustainable Energy Reviews, 2022,155:111914.
E B F R bR H AR SRS T AR R iR R b PR e
PR KR LT TS BER L 2023,32(1) :85-95, 126.
WANG Guiling, LU Chuan. Stimulation technology develop-
ment of hot dry rock and enhanced geothermal system driven by
carbon neutrality target [J]. Geology and Resource, 2023, 32
(1):85-95,126.
Department of Energy, U.S. Energy saver history timeline:
Geothermal energy[ EB/OL . [2023-10-11]. https://www.en-
ergy.
mal-energy#=2001.
Congress. gov. H.R.2304-110th Congress (2007-2008). Ad-
vanced geothermal energy research and development act of 2007
[EB/OL]J. (2007-05-17) [2023-10-11]. https://www. con-
gress.gov/bill/110th-congress/house-bill/2304.
Department of Energy, U.S. GeoVision[ EB/OL]. [2023-10~
11]. https://www.energy.gov/eere/geothermal/geovision.

gov/energysaver/energy—saver—history—timeline-geother-

Department of Energy, U.S. Energy earthshots frequently asked
questions[ EB/OLJ. [2023-10-11]. https://www.energy.gov/
earthshot/energy—earthshots—frequently-asked—questions.
Department of Energy, U.S. Energy earthshots initiative [ EB/
OL]J. [2023-10-11]. https://www. energy. gov/energy—earth-
shots-initiative.

Department of Energy, U.S. Enhanced Geothermal Shot[ EB/
OL]J. [2023-10-11]. https://www.energy. gov/eere/geother-
mal/enhanced-geothermal-shot.

Lowry T S, Finger ] T, Carrigan C R, et al. GeoVision analy-
sis supporting task force report: Reservoir maintenance and de-
velopment[ R/OL 1. (2017-09-01)[2023-10-11]. https://doi.
org/10.2172/1394062.



BhiR T 7

2024%:5H

[18]

[19]

[20]

[23]

(24]

[25]

[28]

[30]

Lukawski M Z, Anderson B J, Augustine C, et al. Cost analy-
sis of oil, gas, and geothermal well drilling[J]. Journal of Pe-
troleum Science and Engineering, 2014,118:1-14.

Yost K, Valentin A, Einstein H H. Estimating cost and time
of wellbore drilling for engineered geothermal systems (EGS)
~Considering uncertainties J]. Geothermics, 2015,53:85-99.
Finger J T, Blankenship D A. Handbook of best practices for
geothermal drilling [R/OL]. (2012-02-01) [2023-10-11].
https://doi.org/10.2172/1325261.

Porse S, Winick J, Tasca C, et al. Geothermal Technologies
Office multi-year program plan[ R/OL]. (2022-02-01)[ 2023~
10-11]. https://www. energy. gov/sites/default/files/2022~
02/GTOY% 20Multi-Year% 20Program% 20Plan% 20FY %
202022-2026.pdf.

Department of Energy, U.S. Geothermal Technologies Office
2022 peer review report [R/OL]. (2022-10-01) [2023-10-
11]. https://www. energy. gov/sites/default/files/2022-10/
GTOY% 202022%20Peer% 20Review’ 20Final% 20Re-
port_Updated % 200ctober % 202022.pdf.

Dupriest F, Noynaert S. Drilling practices and workflows for
geothermal operations [C]//TADC/SPE International Drilling
Conference and Exhibition, Galveston, Texas, USA, 2022.
Dupriest F, Pastusek P, Lai, S, et al. Standardization of me-
chanical specific energy equations and nomenclature [C]//
IADC/SPE International Drilling Conference and Exhibition,
Galveston, Texas, USA, 2022.

TR, XA TR L A PDC RN Sk Bl 418 3 O 5 i [ 35
FELI ] ATIMARE A, 2023,51(4) :20-34.

GAO Deli, LIU Wei, WAN Xuxin, et al. Study on key fac-
tors influencing the ROP improvement of PDC bits[J]. Petro-
leum Drilling Techniques, 2023,51(4):20-34.

Watson W, Dupriest F, Witt-Doerring Y, et al. IADC code
upgrade: Data collection and workflow required to conduct bit
forensics and create effective changes in practices or design
[C]//TADC/SPE International Drilling Conference and Exhi-
bition, Galveston, Texas, USA, 2022.

Samuel A, Rickard W M, Rivas E, et al. Improvement in rate
of penetration in FORGE drilling through real time MSE analy-
sis and improved PDC technology [C]//47th Workshop on
Geothermal Reservoir Engineering, Stanford University, Stan-
ford, California, USA, 2022.

Department of Energy, U.S. FORGE [EB/OL]. [2023-10—
11]. https://www.energy.gov/eere/geothermal/ forge.

T EL WA IR R AT R PR
HLIBLI). TR, 2022,44(10) : 1767-1777.

KANG Fangchao, TANG Chun’an, LI Yingchun, et al. Chal-
lenges and opportunities of enhanced geothermal systems: A review
[J]. Chinese Journal of Engineering, 2022,44(10):1767-1777.
MRET, T A T IE R R N T A R e IR K
AT B AL A, 2022,41(3) :321-329.

XIE Jingyu, WANG Dan, LI Ning, et al. Development status
and suggestions of hot dry rock hydraulic fracturing for building
geothermal reservoirs [J]. Bulletin of Geological Science and
Technology, 2022,41(3):321-329.

Energy and Geoscience Institute at the University of Utah.
Utah FORGE: Well 16A(78)-32: Summary of drilling activi-
ties [R/OL]. (2021-04-13) [2023-10-11]. https://gdr. ope-
nei.org/submissions/1296.

Pink A, Patterson A, Thoresen K E. Building a system to

[31]

[32]

[33]

[34]

[35]

(36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

solve the challenges of drilling hot hard rock for geothermal and
oil and gas[C]//SPE/IADC International Drilling Conference
and Exhibition, Stavanger, Norway, 2023.

Sugiura J, Lopez R, Borjas S, et al. Oil and gas drilling optimi-
zation technologies applied successfully to unconventional geo-
thermal well drilling [C]//SPE Annual Technical Conference
and Exhibition, Dubai, UAE, 2021.

Energy and Geoscience Institute at the University of Utah. Utah
FORGE: Well 56-32 drilling data and logs[ R/OL]. (2022-10-
31)[2023-10-11]. https://dx.doi.org/10.15121/1777170.
Energy and Geoscience Institute at the University of Utah.
Utah FORGE well 78B-32 daily drilling reports and logs [ R/
OL]J. (2023-04-28) [2023-10-11]. https://dx. doi. org/
10.15121/1814488.

AltaRock Energy. Moving technology from oil and gas to super-
hot EGS[C1//47th Workshop on Geothermal Reservoir Engi-
neering Stanford University, Stanford, California, USA., 2022.
FRNL A A ST R B SE R B Bk AR R R B
[T]. R 542, 2019,37(19) : 58-65.

WANG Zhigang, HU Zhixing, LI Kuan, et al. Challenges and
technical prospects of dry hot rock drilling and completion[J].
Science & Technology Review, 2019,37(19):58-65.

S W AR BT AR I AR R R TE A T T S
BEE T LT] AT B REE A, 2019,47(4) : 35-40.

SI Na, YE Haichao, NIU Xinming, et al. Analysis on the
adaptability of oil and gas drilling technologies in development
for hot dry rocks[J]. Petroleum Drilling Techniques, 2019, 47
(4):35-40.

TR AR e G R IR T A R IR SR IR ER B Y
HEJELT]. B AR 5 T ,2021,21(28) : 11900-11909.

JI Ke, GUO lJianxiang, BI Xuejun, et al. Research progress on
drilling technology of high-temperature hot dry rock mining
heat system[J]. Science Technology and Engineering, 2021,21
(28):11900-11909.

uf BR SC, A% e SC, i E L A5 L 38 M RO R IR R A B IR RR [T,
BRAE TR, 2022,49(1) : 79-87.

HE David, YANG Xiongwen, GAO Yan, et al. North Ameri-
ca geothermal high temperature hard rock drilling technology
[J]. Drilling Engineering, 2022,49(1):79-87.

Department of Energy, U.S. Geothermal Technologies Office
2015 peer review report [R/OL]. (2015-12-01) [2023-10-
11].
2015-gto—peer—review.

https: //www. energy. gov/eere/geothermal/articles/

Department of Energy, U.S. Geothermal Technologies Office
2017 peer review report [R/OL]. (2018-04-01) [2023-10~
11]. https://www. energy. gov/eere/geothermal/articles/
2017-peer-review-report-geothermal-technologies—office.
Visser C F, Eustes III A W, Baker W, et al. Geothermal drill-
ing and completions: Petroleum practices technology transfer
[R/OL]. (2019-01-09) [2023-10-11]. https://doi. org/
10.2172/1490999.

Chatterjee K, Dick A, Macpherson J. High temperature 300°C
directional drilling system [R/OL]. (2015-07-31) [2023-10~
11]. https://doi.org/10.2172/1208637.

Energy and Geoscience Institute at the University of Utah. Utah
FORGE phase 3A, year 2, annual report[ R/OL . (2022-09-19)
[2023-10-11]. https://gdr.openei.org/submissions/1401.

(¥ E )



