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Abstract Need for natural gas storage - Southeastern U.S. Statement of Problem Preferred Storage Option
Conventional underground storage sites for natural gas (salt caverns, depleted gas and oil reservoirs, and aquifers) are either rare or absent along the Where Natural Gas Underground Storage Fields are Located . Tv;/.o gr mi)rg adlglltlopall\:?uege\;iAr;atural glas;toLage fa;”tltle; \IN|th capaclljcles of ~5|.+ B((LZJFSméght beln?ededt.alorjog‘;dth.e rotutis of tzfz)e1 'SF;a?sco and Excavslted (mlnéd) cavernfs Eave Icycle tlmesnd dbel|veral?|l|tyhadvantage505|mllar tci_sagc c;z:)\gegrns, and
U.S. eastern seaboard. However, the potential exists for underground storage of refrigerated natural gas in mined caverns (RMC) in granite*. We identi- Type of Storage and Total Field Capacity, July 2014 anl 'C 1-0ast PIPElines |In g an i (()jr suppdyt ac up;)an to Ia ante pipe |r|1e stuppcljes .b. net[gy " Icirma on rngs ,E? |on,t ) 1O comparable operating cost of the salt cavern - but about twice the construction cost (Lord, )-
fied eleven pipeline-granite intersections in NC and southern VA along the Williams/Transco pipeline (completed) and the Atlantic Coast Pipeline (initial ;L:gtpu);g(r)?]\;vmg seasonal and peaking demand to nearby natural gas power plants and nearby metropolitan areas, and to attenuate price
Con\s/\sreuljzfdntsr;czgice))r.mceptuaI design for a mined cavern in granite in the Maryland piedmont from PB-KBB (1998) in a DOE sponsored study as an 0 Type of Storage Underground storage instead of surface storage is preferred to prevent emergency shortages in the event of natural disasters or terrorist
example of the type of natural gas storage cavern that could potentially be adapted for use in the NC and VA granites*. RMC design capacity is o O  Depleted Fields attaFk and underground storage rquires less surface land. But conve.nti.onal under.ground storage sites (dgpleted oil and gas resgrvoirs,
5 BCF at a cost of ~$200 million. Nominal RMC depth is 3,000 ft. RMC facilities provide high security, emergency supplies during natural or man made @  SaltFormations ngfers .abr.mlc.zltsalt caverns) are absent in NC and VA. However, storage in lined or unlined caverns excavated in hard rock (e.g, granite plutons) I Operatng Cost
supply disruptions or peaking demand, and a small footprint. Liquid Natural Gas (LNG) plants are judged to be more competitive at present because of ° O Depleted Aquifers '> @ POSSILT Y 0 : . : : : : 7 Cushion Gas Cost
lower capex, but are less secure. RMC plants can meet multiple peak demands per year whereas LNG plants are limited in their cycle time "QCF Our previous contributions on this topic include: Carpenter et al., 2017a,b; Myers, 2017; Myers and Reid, 2018, and Reid et al., 2016, 2018. Refrigerated Mined Cavern (RMC) -
! . . ; : Flant Cost
GIS and Google Earth Pro were used to intersect granite outlines from USGS digital state geologic maps with pipelines. USGS search engines o Total Field Capacity Tho ole. high st h
: " , : L , N At : : : : i : -- The impermeable, high stren ¥ e
provided add|t|on.al information on the granites identified. The USGS’ National Geologic Map Database provided search results for geological, geophysi- (Billion Cubic Feet) Options for Natural Gas Storage in NC and VA ock rFT)1ass eliminatgs he neged tor liner - :
cal, and geochemical maps, many that can be downloaded. ° Less than 14.5 _ q 3
Existing geological knowledge of granite rock locations with potentially suitable geotechnical properties in the NC and southern VA region, coupled D O 14519378 Desirable Features c and concrete. for 2 5.0 BCF S G
with modern advances in hard rock excavation technology, argue for the overall technical viability of the RMC concept. Commercial . (5 e O 378173 ~5+ BCF capacity || High level of Multiple withdrawal cycles, Favorable candidate | |Relative capital / ) S:{ C(.)ITU_U;I;); C(?ISIJ.[ or(; §98) (PB-KBB % benching of ¢
viability will depend on site specific conditions, market analysis, and other considerations requiring additional phased study. o, C O ' physical security high deliverability rate sites operating cost 139C9'E'3)y = miion “\Bb, b thicker parts
If the need for underground storage justifies the higher costs of underground excavations, such as the type described by PB-KBB corporation, these e ¥ 19112 ' E of ore bodly
granites would warrant further consideration as underground storage sites. O Greater than 122 Above ground G M e e o Undiras i
. iining Methods and Applications
. o . . . . . . . . . - Liquefied Natural Gas Yes No No /No Yes @ 2007 Encyeclopaedia Britannica, Inc. (Stockholm : Atlas Eﬁfpﬂa} 1980)
*Granite as used herein is a broad term for massive and isotropic rock bodies with desirable ranges of physical, and mechanical properties that are ca- NBTE s man npludaaliat astvaelinaative s - - - :
pable of SUStaining Iarge underg round openings, with suitable thermal properties. 7 SOURCE: EIA Energy Mapping System; EIA-191 Monthly Underground Gas Storage Report July 2014, Comparative Cost and Schedule of Cavern Location
" Underground
The Southeastern U.S. lacks traditional natural gas storage facilities (salt caverns, depleted gas and oil - Depleted oil / gas reservoir Yes Yes No / Yes No See ‘Preferred Shaft Depth Shaft Depth Shaft Depth Shaft Depth
reservoirs, and aquifers) (Source: EIA Energy Mapping Ssystem; EIA-191 Monthly Underground Storage Report : o 1500 1t 2000 1t 2500 1t 3000 1t
July 2014 - Aquifer Yes Yes No / Yes No storage option Mobilization 7,215,000 7,215,000 7,212,000 7,212,000
: to the right. o
- Salt cavern Yes Yes Yes / Yes No Sink & line 18 ft 10,003,500 13,330,000 16,672,000 21,813,000
. . - Excavated hard rock Yes Yes Yes / Yes Yes shaft
cavern (lined) Rise-bore shaft 3,897,000 5,196,000 6,495,000 8,393,000
Natural Gas Material handling 4,123,000 4,123,000 4,120,000 4,120,000
Production - Excavated hard rock Yes Ves Yes / Yes Ves eqpt.
cavern (unlined) Assembling 2,695,000 2,695,000 2,693,000 2,693,000
e DTN WL e mining eqpt.
Cavern Exc. 181,714,000 104,197,640 82,227,000 64,998,500
A/ ,,,,,, Total mining cost 209,647,500 136,764,640 119,419,000 109,229,500
> “‘\ Contingency 31,447,125 20,514,696 15,994,000 14,629,000
Total cavern 241,094,625 157,279,336 135,413,000 123,858,500
development cost
(€ SCHEDULE 80 months 59 months 48 months 47 months
Imports
Salt cavern
Pillar
Cost Summary of Refrigerated Mined Cavern Project
N o g Ry 4 i _ 3 . . (3,000-Foot Deep Mine)
Pipeline e s et R U.S. Natural Gas Pipeline Network, 2009
|=F'I'I|]'l:ll'15 T DA B Secondary Shaft Working Gas Storage of 5.0 Billion Standard Cubic Feet
d: Maximum Injection Rate of 250 MMSCFD
8 Maximum Withdrawal Rate of 250 MMSCFD
I egend . Liqueﬁed Natural Gas (LNG) Q. Injection Cycle - 20 Days
= |psefiiate Pipelines i 3()0-’450’ Pillar H' _ Withdrawal Cycle - 20 days
= Intrastate Pipelines i ) Conventional Mining and Shaft Sinking (6,292,335 barrels of space) 112,346,209
¥ *'_.._ S/ J . Refrigeration System, Compressors, and Process 31,971,424
| * Source: Energy Information Administration, Office of Oil & Gas, Natural Gas Division, Primary shaft : =octics’ and neTumentafion =quipmen e
! - N 4 ' . . . . Compressor Building (210-feet X 50-feet) and Control 903,540
Gas Transportation Information System. Available on-line at. - — —
o /- b Vs . : : : : : : : : : . . » ompressor Building Foundation and Sla .
¢ 1 ( URL https://www.eia.gov/naturalgas/archive/analysis_publications/ngpipeline/ngpipelines_map.html A | l e g h anian l nfrU sive RO C k S . y | ‘ Comrete Summorts for Compressor Staton P 0600
\ f .' o . | ar ntr ildin ion ’
e s - radiometrically dated 380781 F#EIL"": nxl_l - GROUND SURFACE :ﬂc;c:'l::1:;Illeiai::on:a;:undalions 152 Ejz
. Draft Map showing the distribution of plutonic rocks and general ages undated y 1 — =
J'L_ , 4 7 In the North Cal'0|lna Pled ont and Mountalns 86° " M [ETE.TIH HEALT . Pressure Reducing Station Foundations 4,999
\ 4 ‘ ( . . . 36°7L as Storage Facili inal Design (Ei onths
) e L . T . . ' / Atlanth COaSt Plpellne VERTICAL SHAFT l Gas Storage F .I.tyF ID .g (E ghtM. tr‘ } 1,078,342
' Fansco Pl pel Ine . WITH PIPING FOR Gas Storage Facility Construction & Commissioning 4,815,600
_ A~ - MLET AMD OQUTLET
\ - . . A OF GAS ETC. SUBTOTAL 153,615,034
o /7 N N E / Lined Rock Cavern (LRC) (300-450") L Contingency on All Costs @ 10% 15,361,503
o ¥ 4 - " % S Tw \/ — SUBTOTAL 168,976,538
' G T — - L ATV paF S0 ST R Y E & / ;/5',}-'-";':‘:"{ . 2D . J s gl 74 {:{ o “ ol A/ IPGZ - \/\ A = — N . - Steel liner used to seal cavern. 1,200 ft Contractors’ Profit at 10% on Surface Facilities 3,537,488
Existin 4 ' " e ANy S  fan i BN VS SRRV B (RN R - . A ; - Concreted between the liner and Plan view of a refrigerated mined storage cavern for natural gas. Layout at the 3,000 ft depth from PB-KBB (1998). TOTAL PROJECT COST 172,514,026
, 5 ) - Y. AT STIARNY N = . SN oA e 3 | = o— = o VA ‘ mass used to transfer gas pressure '
sy ' A A = M garte AN , ' 1 . COST OF FACILITY PER MSCF OF BASE GAS STORAGE $34.50
/}f"”‘ | WS | p ~ load to theorock mass. Em PB-KBB Design MINING COST PER BARREL OF MINED SPACE 20.00
i - }ﬁ/// ’ | | y i : ,% ﬁ e - Est. construction cost fOr ab.2 BCf CAVERN Underg round Storage (plan View)
i AP 1 « e W R PV , BH | 360 facility = $345 million ($1999); Sofregas D=35-40m |(100-120" : : : L :
P Legend & RS OR ) ! @ asTG US Inc.. 1999 t=40-80m EE 2 A o) , Maryland Piedmont study area is underlain by crystalline igneous-metamorphic rock,
7 7 Eeboterons GRamael s e AN _WJ | PM »on ! ' - Design features: portions of which are high strength and low permeability. PB-KBB (1998) studies indicate
A i A " S R \ & ¥ ! a room-and-pillar, refrigerated mined cavern at a depth of 3,000 ft is optimum.
Google cath e e e AP ' Depth: 3,000
III.I."'" = SEPRAT NG R A 77777/ 8b_Lower to Middle Ordovician (?) metamagmatic rocks o f TI Volume: 7 million cubic feet
Amge Landea L LOPAMRUE N, BN . 32c_upper Silurian to Lower Devonian plutonic rocks confined to Carolinia | . - & ;,, B Storége temperature: 20 degrees -
. . . . . . . . . . 14a_Younger magmatic arc — Neoproterozoic to Lower Paleozoic magmatic arc A el 5 7 5 Yoo ik MaXImum pressure: 1 125 O pS|g
Right - Map §h0W|ng the distribution qf pI}Jtonlc rocks and general ages in the North C&.Jrolma Plgdmpnt and Mountains, B 456: (g maliomre-Hisoprslsrozakmaamalizare A S Storage capacity: 5 BCF
and the existing route of the Transco Pipeline (red), and the general route for the Atlantic Coast Pipeline (green). The map R ———————————————— Plant cost: $173 million or $34.50 per standard thousand cubic feet stored
was produced USing GIS files that were modified from GeOIOgical Survey of Canada files: Hibbard et GI., 2006. The draft . 2_Encratonic magmatic rocks (ca. 750-680 Ma) - Rodinia Rifting Surface footprint: 4 acres with an additional 2-3 acres for mine shafts
plutonic rocks map of NC was prepared by Philip J. Bradley by modifying the Hibbard et al., (2006) map to display only the 1_Grenville basement magmatism (orthogneiss) Location map of Alleghanian plutons in the southern Appalachians (from Speer et al., 1994). The granites and mining operation
plutonic rocks of the state. Data source: Modified from Hibbard et al., 2006. Figure modified from Bradley et al., 2012. are crossed l.:)y the existin.g Transco Pipeline and along the route of the Atlantic Coast Pipeline that is now Shafts: 2 shafts - one 18-20 ft diameter for moving equipment under-

in diameter to serve for ventilation and escape route in

PANEL #1 - Need for natural gas storage in the Southeastern U.S., and preferred storage option. case of accident during construction



