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Cmamms nipucesveHa rnpobaemi nidzemHo2o 36epieaHHSA 60-
OHto. HaseleHi pe3ynbmamu 00cnioreHs, CpaMo8aHuUxX Ha
OUiHKY MOX(/IUBOCMI 30KAYYB8AHHA Ma 36epieaHHA 3HA4YHUX
06cA2i8 800HI Y B0OOHOCHUX 20pU30HMAX 3 MOHUXEHUM /13-
CMOoBUM MUCKOM. 3 MipKysaHb be3rneKu nid Yyac nposedeHHs
eKcrnepumeHmis 3amicmes B800HIO BUKOPUCMOBY8AOCA MO8i-
mpa. O6rpyHmMosaHicme mMakKkoi 3amiHu nidmeepoeHo
dsoma Kpumepiamu nodibHocmi. EkcriepumeHmu npoeoou-
AUCb Ha 0inAaHyi IHcmumymy 8i0H08/1108aHOI eHep2emuKu
HAH YkpaiHu Ha 6a3i ceepdnosuHu Ne 8, aka 6yna npobypeHa
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Ha 2nubuHy 50 M ma poskpuna Moamascekuli B000HOCHUL 20pU30HM 3 MOHUXCEHUM MaCMO8UM MUCKOM. 30Ka-
yyeaHHA nosimps 6 MoamascbKuli 20pU30HM BUKOHYB8A/I0CL KOMITPECOPOM. Pesynbmamu 00CniOHeHHA MoKa-
301U MOM(AUBICMb 3aKAYYBAHHA 8e/1UKUX 06’EMIE 2a3y 30 HU3LKUX MAGCMOBUX MUCKI8 30 PAXYHOK PO3MIKAHHA
nosimps 6 HeHacu4eHili 80000 YaGCMUHI BOOOHOCHO20 20PU30HMY.

Knrouoei cnoea: 36epieaHHA 800HI0, B000HOCHULU 20pU30HM, HU3bKULU MUCK, Kpumepii nodibHocmi.

Bctyn. MNpob6nema 36epiraHHA BOAHIO 3pOCTaE y 3B’A3KY 3
PO3WMPEHHAM MOro 3aCTOCyBaHHA, NEPEBaXKHO Y ranysi
eHepreTuku. Llii TemaTuui npuceayeHo 6araTo pobit [1-3].

OAHMM 3 NepCcneKkTUBHUX HANPAMIB € Nia3emHe 36epiraHHA
rasy B Nopuctux nopopaax. B YkpaiHi icHye pocsig 36epi-
raHHA NPUPOAHOrO rasy y BUCHaXEHWUX ra30BMX POA0BMLLAX
Ta BOAOHOCHMX NacTax, AKMN MoxKe ByTM 3aCTOCOBAHWUM
ONA Nig3eMHoro 36epiraHHA BOAHIO

Bigomnin feAaKkMiA NpakTUYHWI A0CBiL, Nig3eMHoro 36epi-
raHHA BOAHIO, KNI, OfHaK, BBAXKAETbCA AOCUTb ObMexKe-
HMM. CXOBULLE YNCTOrO BOAHIO CTBOPEHO Yy Benukiit bpura-
Hii B TPbOX CONAHUX KaBepHax Ha rmbuHi 400 m, ae
36epiraetbca 1 MaH T rasy nig Tmckom 5 MMa. Bigomo Ta-
KOX nig3emHe cxoBuuie BogHto B Texaci (Praxair and
Conoco Philips) [4-7].

MerTa po6oTtun

MeTta pob60TK nonsrae y npoBeLeHHi eKCNepumMeHTy 3 JOC-
NigeHHA MOXKINBOCTI 3aKavyBaHHA BOAHIO Y BOAOHOCHUX
naactax 3 NOHWKEeHUM TUCKOM (6e3HanipHMX BOAOHOCHMX
ropm3oHTax).

JocnigyKeHHA 3aKayyBaHHA MOBITPA Y BUCHAXKEHWIA BOSO-
HOCHWI TOPU3OHT MPOBOAWUIUCA HA EKCNepUMEHTANbHIN

CBEPANOBUHI IHCTUTYTY BigHOBAIOBAHOI eHepreTkun HAH
YKpaiHu.

Y npoBefeHnX eKcnepumeHTax 3amMiCTb BOAHKO BUKOPUCTO-
BYBa/10Cb MOBITPA, AKE MOAE/IOE NOBEAIHKY BOAHIO NpU 3a-
KayyBaHHi B NOPUCTi cepesoBuLLa

1.TiaporeonoriuyHi ymoBU AiNAHKN [OCNIAMKEHHA Ta TEXHI-
YHi XapaKTEepPUCTUKN eKCNepuMEHTa/IbHOI CBEPA/I0OBUHU

Y reonoriyHOMy BigHOLEHHI AifAHKA JOCNIAKEHHA pO3Ta-
LIOBaHa B MeXax MiBHIYHO-CXigHOro nonororo cxmny YKpa-
THCbKOTO WWMTa, LLLO 3aHYPHOETLCA Nig 061acTb [HiINPOBCbKO-
[JoHeubKol 3anagnHn. 3eMHi Hagpa B LbOMY PaioHi MakoTb
ABOMNOBEPXOBY OYyZOBY: HWMKHI MOBEPX — KPUCTANIYHWU
bYHOAMEHT, WO CKNAJAETLCA 3 KpUCTaNivyHMX | meTamopdi-
YHUX Mopia AoKemMbpito, BEPXHiN NoBepX € NOTYKHO (A0
400 M) TOBLLO Mafe030MCbKUX, ME3030MCbKUX i KalHO-
30MMCbKMX 0CaoBMX nopig [8].

CnpuAaTAnBi yMOBM BOAOOOMIHY Ha MOJIOrOMY CXWUJi KpUC-
TaNiyHOro WMTa CTBOPUAM MOMKIMBICTb A/1IA YTBOPEHHA
30HM NPiCHMX NiA3eMHUX BOJ, LLO OXOMJIOE BeCb pPo3pi3
0CafoBoi TOBLW,i. [MpaKTUYHE 3HAYEHHA MatoTb BOLOHOCHI
FTOPU30HTU 1 KOMMNIEKCH, MPUYPOYEHI 4O HOPCbKMX, CEHO-
MaHCbKMX, ByyaLbKO-KaHIBCbKMX | XapKiBCbKO-MOATaBCbKUX
BiAKNaAEHb.
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Bipa noBepxHi 3emni 3an1AratoTb TaKM BOLOHOCHI FOPU3OHTU:

1. AnioBianbHO-AeNt0BiaNbHI BiAKNaaM nepLlloi Haa3anna-
BHOI Tepacu — KBapL,oBi NiCKM 3 NiH3aMu Ta NpPoBepCT-
KaMM CYrnHKIB. Llei ropmM3oHT, Tak 3BaHa BEPXOBO/LKaA,
MAE€ CE30HHUN XapaKTep i Ay¥Ke 3aneXnTb Big, KiNbKOCTI
atMocdepHuMx onagis. 3anarae Ha runbuHI Big 8 A0
12 m.

2. BOAOHOCHWI FOPU3OHT Y BigKNagax MexuripcbKoi, 6e-
PEKCbKOi Ta HOBOMETPIBCbKOI CBIT OANiroueH-mioueHy
(nonTaBcbKa i xapKiBcbKa cepii). 3ansarae Ha rmMbuHi Bifg,
32 o 50 m. CknaaaeTbeA 3 ciporo ApibHO3epHUCTOrO Mi-
CKY, WO MNEepeKpUTUn MOTY»KHOW ToBWOW (Ao 20 m)
CTPOKATUX FNNH HeoreHy. CTaTMYHi piBHI BCTaHOBAIO-
IOTbCA Ha ITMBUHI KPiBAi ropM30HTY, TOGTO rOPMU3OHT Ha-
nipHo-6e3HanipHui.

3. BY4YaKCbKO-KaHIBCbKMIA BOLOHOCHWIN FOPU3OHT 3ansrae
Ha rAnbuHi Big 90 oo 117 m , CKNAJAETLCA MINKUM Ta
APiBHO3ePHUCTUM NiCKOM. TOPU3OHT CUNIBHO BUCHAXKE-
HUIA Yepe3 aKTMBHE BUKOPUCTAHHA MOro ans BOAOMO-
CTAYaHHA i AnA rocnogapcbkux uinen. CTaTUYHI piBHi
BCTAHOB/OIOTLCA HA BiAMITKax 96 M, TO6TO BEpXHs Yac-
TWUHA rOPU30OHTY «Cyxa». FOPU3OHT Be3HanipHUN.

EkcnepumeHTanbHe gocnigxeHHsa 6yno nposeaeHe Ha pa-
Hilwe npobypeHii cBepanoBuHi Ne 8, ska po3TalloBaHa Ha
TepuTtopii IBE HAH Ykpainu (03143, m. Kuis, Byn. Byn. MeT-
ponoriyHa, 50). TigporeonoriYHnin PO3TUH AiNAHKM Ta KOH-
CTPYKLiA CBEPANOBUHMN HaBeaeHi Ha pwuc. 1.
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Puc. 1. Po3pis ceepdnosuHu Ne 8

InnbuHa ceepasioBMHM Ne 8 ctaHoBWTb 50 M, a AjameTp by-
piHHA —215 mm. CBepA/ioBMHA NO BCiM MMOUHI 3aKpinneHa
obcagHmmn Tpyb6amm siametpom 125 mm, B iHTEpBaAi FMOUH
40,5-49,5 m BCTaHOBAEHWI NOAINPONiNIEHOBUIA QiNbTP TaKoro
camoro AjiameTpa. H1xKHA YacTMHa cBepAN0BUMHU obnagHaHa
BiACTiiHMKOM 3aBA08KKM 0,5 M 3 3arnyLwKoto 3 HIMBX.

Y cBepA/sioBMHI Ha BOAOMiAMOMHMX Tpybax aiamerpom
32 MM Ha rnbuHi 43 M BCTaHOBJ/IEHUI e/IeKTPO3aHypHOBa-
NIbHWI Hac 8 NPOAYKTUBHMM € TOPU3OHT BifgKNAAIB NONTaB-
CbKOIi i XapKiBCbKOI cepii. BogoBmicHi nopogu npeacraBneHi
NiCKOM TOHKO- Ta Api6HO3epHUCTUM CBIiT/NIO-CipUM. PiBeHb
BOAW B TOPU3OHTI HA MOMEHT NPOBEAEHHA EKCNEPUMEHTY

BCTAaHOBNEHUI Ha rMbuHI 40,9 m. MpoayKTUBHICTbL CBEPA-
NIOBMHM Nif Yyac npobHoT BiaKauli ctaHosuna 3,5 m3/rog, 3i
3HUMKEHHAM piBHA Ha 9,0 m [8].

2. [ocniaKeHHA i3 3aKayyBaHHA NOBITPA Y BOAOHOCHUI
rOPU30HT 3 HU3bKMM TUCKOM

MeTolo [oCNigKeHHs € nepeBipKa MOMKIMBOCTI 3aKauy-
BaHHA BOAHIO Y BOAOHOCHI NAAcT 3 NOHUMKEHUM TUCKOM
(6e3HanipHi BOAOHOCHI rOpU30HTH).

Y npoBeseHMX eKcnepuMeHTanbHUX AOCNIAKEHHAX 3 Mip-
KyBaHb 6e3mneKu 3amicTb BOAHIO BUKOPUCTOBYBAIOCH NOBI-
TpA. 3amiHa BOAHIO Ha NOBITPA 06rPYyHTOBAaHO TaKUMU KpU-
Tepiamu nogibHocTi.

KpuTepiit nonei ceobigHoi Teuii Ga (kpuTepilt Faninen)

2 2
gl” _Re”
_2 = ——— € MIpPOIO BIAHOLWEHHA CUN MONEKY/IAPHOIO Te-

v F

2

pTA | TeY4iHHA B NOTOLi. XapaKTepU3ye B3AEMOLIO CU/T MO-
NIEKYNAPHOI 1 NUTOMOT cnan, 06YMOBEHOI PI3HICTIO Wib-
HOCTEN B OKPEMMX TOYKaxX MNOTOKY [9].

Llet Kputepilt Ha PIi3HOCTI WiNbHOCTEN PIAUHWN B Pi3HUX il

Lo~

TOYKaX Y BigHOCHUX OAMHULAX L (uq pisHnuA € npu-

YNAHOK BUHUKHEHHA KOHBEKTUBHUX I'IOTOKiB) — OTPUMYEMO

HOBWUIA KpUTepit — KpuTepin Apximesna A = Gr Lo P
P
[10].

3 MeToto 3aKayyBaHHA NoBITPSA y cBepAsioBuHY Ne 8 6yB 3i-
6paHnit nabopaTopHMI MPUCTPIA Yy CKNaai MoBiTpAHOro
Komnpecopa 3 TaKUMU XapaKTepUCTUKaMu:

NpoayKTUBHICTbL — 190 /1/XB;

— CMOXMBaHa eNeKTPUYHA NOTYXHicTb — 1100 BT;
—  MaKCUMManbHWUMN TUCK — 8 aTm;

— mMaca-— 18 kr;

— HafABHi MaHOMeTp, 3anobiXKHWUI KnanaH, pene perynto-
BaHHA TUCKY, pecMBep CTUCHEHOTO MOBITPA.

Cxema npoBeeHHsA eKcnepumeHTy HaBeAeHa Ha puc. 2.

Ha puc. 3 HaBegeHo $OTO eKCnepMmMeHTaIbHOT YCTaHOBKM
[ANA 3aKavyyBaHHA NOBITPSA Y BOLOHOCHWIM FOPU3OHT 3 HU3b-
KMM TUCKOM.

Bynun npoBepeHi nonepeaHi BUNPobYyBaHHA NPUCTPOLO Y
360pi 3 HEOBXiAHUMM PITUHTAMU Ta THYYKMM PYKaBOM.

BunpobyBaHHA BUABUAN 3aHAATO HU3bKY YyTAMBICTb LWTAT-
HOro maHomeTpa. LleTakoX CBiAYMN0 NPO HAATO HU3bKUN
picT TUCKY B 06cagHilt Tpybi cBepAI0BMHM HABITb 32 MaKCuU-
MasibHOi NPOAYKTUBHOCTI KOMMpecopa, WO CTaHOBWUTb
190 n/ xs.
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Puc. 2. EKcniepumeHm i3 3aKa4y8aHHA Nos8imps y 8000HOCHUL 20pU30HM 3 HU3bKUM MUCKOM

Puc. 3. ®omo ekcnepumeHmManbHOi ycMAHOBKU i3 3aKa4y-
B8AHHA 108iMmpsA y 8000HOCHUL 20pU30HM
3 HU3bKUM MUCKOM

LLlo6 3adikcyBaT MiHIMaNIbHO MOKMBE 3POCTAaHHA TUCKY,
[,0BEeN0oCb BUrOTOBUTU Ta Nig'€aHATM A0 BUXiQHOro naTpy-
6ka Komnpecopa U-nogibHuit maHometp 3 nigdapbosa-
HO BOZOO AK poboue TiNo. PisHULIO MiXK piBHAMKU BOAU B

NiBilM Ta NpaBii «rinKkax» Takoro MaHOMETPA BU3HAYanu 3
BMKOPUCTAaHHAM PYJIETKM 3 L,iHOIO noginok 8 1 mm. Makcu-
ManbHUIN TUCK, AKMI MOMXIMUBO BUMIPATU LUM MaHOMeET-
pom, ctaHoBUTb 500 mm BOAAHOrO CTOBNA.

Mpoxogaun NoB3 MaHOMETP, NOBITPA Aani NPAMYBaao Ye-
pes WBNAKOp0o3'eMHY MydTy A0 CBEPAIOBUHM MO THYYKOMY
pyKasy 3 giametpom 1/2’, T0670 3i 36inblEHNM Nepepi3o-
Mwozo giameTpa ¢iTuHriB, Wob He 36iNblyBaTU CYTTEBO
CYNpOTMB YCbOrO NOBITPAHOIO TPAKTY: Bif, BUNYCKHOrO LWa-
pOBOro KpaHa 3 giameTtpom 1/4’ a)k Ao BXoay y cBepasio-
BWHY Yepes 3riH giameTpom 3/4'.

3. Xip ekcnepumeHTty

Mpn BIAKPUTOMY MOBHICTIO BUMYCKHOMY KpaHi nogasanu
YKMBJIEHHA HA €NeKTPOABUTYH KOMMpPecopa, NOBITPA Bi/IbHO
MoCTynano B HanpAmKy obcagHoi Tpybu, ane He nopasa-
nocb be3nocepeaHbO A0 Hel, a BiJIbHO BUXO4MNO0 B aTMOC-
depy. BogaHWIt MaHOMETP B TaKOMY peXMMi NOKA3yBaB Ae-
AKUIA nepenag mix piBHAMM B NiBiM Ta NpaBii «rinkax». Y
cepegHboMy Le cTaHoBMA0 250 mm BogAaHoOro crosena. Mo-
TiM BUXiAHWW PyKaB NpUESHYBABCA A0 3rOHY, i BCe noaaHe
KOMNpecopom MOoBITPA NoTpannano B obcagHy Tpyby ceep-
ONOBUHW. 3pOCTaHHSA pPi3HMLi piBHIB BOAW B MAaHOMETpI CTa-
HOBWANO 22—-25 mm BogAHoro croena. Lle cBigumTb npo Te,
O CNpAMYBAHHA BCbOro CTPYMEHA MOBITPA Bif, KOMMpe-
copa y CBepA/IOBUHY CYyNpPOBOAXKYETbCA HEBENMKUM Cynpo-
TUBOM, TOBTO NOBITPA BXOAMUTb | PO3NOAINAETLCA MO BHYTPI-
LWHbOMY npocTopi obcagHoi Tpybu MalxKe
6e3nepewkogHo. [dani NoBiTpA BUXOAWUTb 4Yepe3 BepXHi
oTBOpM QinbTpa Ha rnbuHI 40,5 m (npwu piBHI BoaM B cBep-
anosuHi 40,9 m) i nicna suxoady 3 diNbTPa y 3aKONOHHUM
npocTip NoBiTpA nigiimanoca no 3atpybHomy npocTopi,
iMOBIpHO, MOTPANAANO Yy BEPXHIO YAaCTUHY BOAOHOCHOrO
naacTa MixK NoKpisneto i piBHem Bogun. A npoTe BUXo4y No-
BITPA Ha MOBEPXHIO NO3a 06CafHOK KONOHOK B Mpoueci
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eKCNepuMeHTY He cnocTepiranoca. [PUUYMHOI LLbOTro MOXKe
6yTV repmeTnsaLlis BEepXHbOI YacTUHU 3aTpybHOro npoc-
TOpy Yepes po3byxaHHA FAMHUCTUX MOPi4, WO 3anAratoTb
HaZ BOAOHOCHMM ropmn3oHTOM (amB. puc. 1). Ak 6yno Buwie
3a3HAYeHo, 3riAHO 3 TEXHIYHMMM XapaKTEPUCTMKAMMN KOMN-
pecopa obcAr 3akayaHoro nosiTpa craHoBUTb 190 1 3a 1
XBUNHY.

BucHOBKMU

1. Bnepue nposeaeHi ekcnepMmMeHTanbHi OCNiAXKEHHS 3a-
KauyyBaHHSA rasy (NosiTpa) y BUCHaXKeHi BOLOHOCHI NiacTu 3
MOHUMKEHUM TUCKOM.

2. Crabinisayisa TMCKY HarHiTaHHA NOBITPSA Y BOAOHOCHMUM
NAACT Ha pPiBHi 22— 5 MM BOAAHOrO CTOBMNA 3a BUTPATH NOBI-
Tpa 190 n/xB CBIAUNTL NPO HU3bKKUI ONip pyxy NoBITPA B
NAACTI, LLLO MOKNBE NPU PO3TiKAaHHI MOro No YacTUHI BoAo-
HOCHOrO N1acTa BULLE PiBHA BOAW B CBEPAJIOBUHI.

3. 36epiraHHsA rasy B TakoMy BOLOHOCHOMY MAacCTi, 3 MOHU-
KEHUM TUCKOM, MOXK/IMBE B YaCTWHI MOPUCTOro cepeno-
BULLLA N1acTa MiXK MOro NOKpiBaeto Ta piBHEM BOAM.

4. 36epiraHHsA rasy B Takomy BOAOHOCHOMY NAACTi, 3 NOHU-
EHUM TUCKOM, byae 3abesneuvyBaTM MeHLWi BUTPATU HA
HaArHiTaHHA rasy B NiA3eMHi CXoBMLLa.
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The article is devoted to the problem of underground hydrogen
storage. The study presents the results of research aimed at
assessing the feasibility of injecting and storing significant
volumes of hydrogen in aquifers with reduced reservoir
pressure. For safety reasons, air was used instead of hydrogen
during the experiments. The validity of this substitution was
justified using two similarity criteria. The experiments were
carried out at the site of the Institute of Renewable Energy of
the National Academy of Sciences of Ukraine, using Well No. 8,
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drilled to a depth of 50 m and penetrating the Poltava aquifer characterized by reduced reservoir pressure. Air
injection into the Poltava aquifer was performed using a compressor. The results demonstrated the possibility of
injecting large volumes of gas under low reservoir pressure conditions due to the spreading of air within the

unsaturated zone of the aquifer.

Key words: hydrogen storage, aquifer, low pressure, similarity criteria.

Introduction. The problem of hydrogen storage is growing
due to its expanding use, mainly in the energy sector. Many
studies have been devoted to this topic [1, 2, 3].

One promising direction is underground gas storage in po-
rous rocks. Ukraine has experience in storing natural gas in
depleted gas fields and aquifers, which can be applied to
underground hydrogen storage.

There is some practical experience in underground hydro-
gen storage, which, however, is considered to be quite
modest. A pure hydrogen storage facility has been created
in the UK in three salt caverns at a depth of 400 m, which
store 1 million tons of gas at a pressure of 5 MPa. There is
also an underground hydrogen storage facility in Texas
(Praxair and Conoco Philips) [4, 5, 6, 7].

Purpose of the work

The purpose of the work is to conduct an experiment to
study the possibility of injecting hydrogen into aquifers
with reduced pressure (unconfined aquifers).

Research on pumping air into depleted aquifers was conducted
at an experimental well belonging to the Institute of Renewable
Energy of the National Academy of Sciences of Ukraine.

In the experiments, air was used instead of hydrogen to
simulate the behavior of hydrogen when pumped into po-
rous media.

1. Hydrogeological conditions of the study area and tech-
nical characteristics of the experimental well

Geologically, the study area is located within the northeast-
ern gentle slope of the Ukrainian Shield, which dips into the
Dnieper-Donets Basin. The earth's interior in this area has
a two-layer structure: the lower layer is a crystalline foun-
dation consisting of crystalline and metamorphic Precam-
brian rocks, and the upper layer is a thick (up to 400 m)
layer of Paleozoic, Mesozoic, and Cenozoic sedimentary
rocks [8].

Favorable conditions for water exchange on the gentle
slope of the crystalline shield have created the possibility
for the formation of a zone of fresh groundwater covering
the entire section of the sedimentary strata. Aquifers and
complexes associated with the Jurassic, Cenomanian,
Buchach-Kaniv, and Kharkiv-Poltava deposits are of practi-
cal importance.

The following aquifers lie close to the surface:
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1. Alluvial-deluvial deposits of the first floodplain terrace
— quartz sands with lenses and intercalations of loam.
This aquifer, known as the “upper aquifer,” is seasonal
in nature and highly dependent on the amount of pre-
cipitation. It lies at a depth of 8 to 12 m.

2. Aquifer in the deposits of the Mezhigorsk, Bereksk, and
Novopetrovsk formations of the Oligocene-Miocene
(Poltava and Kharkiv series). It lies at a depth of 32 to 50
m. It consists of gray fine-grained sand covered by a
thick layer (up to 20 m) of variegated Neogene clays.
Static levels are established at the depth of the horizon
roof, i.e., the horizon is pressure-free.

3. The Buchak-Kaniv aquifer lies at a depth of 90 to 117 m
and consists of fine and fine-grained sand. The aquifer
is severely depleted due to its active use for water sup-
ply and economic purposes. Static levels are set at 96
m, i.e., the upper part of the aquiferis “dry.” The aquifer

is unconfined.

An experimental study was conducted on the previously
drilled well No. 8, located on the territory of the Institute of
Geochemistry and Hydrogeology of the National Academy
of Sciences of Ukraine (50 Metrolohichna St, Kyiv, 03143).
The hydrogeological section of the site and the well design
are shown in Fig. 1.

cB.Ne8

- d=32 mm_

a,vdPu-n

°
@ o ° o

— Trwwabpa —
- —fna bypa —~7 32M— —

Fig. 1. Section of well No. 8

The depth of well No. 8 is 50 m, and the drilling diameter is
215 mm. The well is reinforced with casing pipes with a di-
ameter of 125 mm throughout its entire depth, and a poly-
propylene filter of the same diameter is installed in the
depth interval of 40.5-49.5 m. The lower part of the well is
equipped with a 0.5 m long sedimentation tank with an
nPVC plug.

AVodoliy 80 submersible electric pump is installed in the
well on 32 mm diameter water-lifting pipes at a depth of
43 m.

For well No. 8, the horizon of deposits of the Poltava and
Kharkiv series is productive. The water-bearing rocks are
represented by fine- and small-grained light gray sand. At
the time of the experiment, the water level in the horizon
was set at a depth of 40.9 m. The productivity of the well
during the test pumping was 3.5 m3/hour with a level de-
crease of 9.0 m [8].

2. Research on pumping air into low-pressure aquifers

The aim of the research is to test the possibility of pump-
ing hydrogen into low-pressure aquifers (unconfined ag-
uifers).

In the experimental studies conducted, air was used in-
stead of hydrogen for safety reasons. The replacement of
hydrogen with air is justified by the following similarity cri-
teria.

The free flow field criterion Ga (Galileo criterion) is a meas-
ure of the ratio of molecular friction forces and flow in a
stream. It characterizes the interaction of molecular forces
and specific forces caused by differences in density at indi-
vidual points in the stream [9].

This criterion is based on the difference in fluid density at
different points in relative units (this difference is the cause
of convective flows) — we obtain a new criterion — Archime-
des' criterion [10].

In order to pump air into well No. 8, a laboratory device was
assembled consisting of an air compressor with the follow-
ing characteristics:

- Capacity - 190 I/min;

- Power consumption - 1100 W;
- Maximum pressure - 8 atm;

- Weight — 18 kg;

- Equipped with a pressure gauge, safety valve, pressure
control relay, and compressed air receiver.

The experiment setup is shown in Fig. 2.

Fig. 3 shows a photo of an experimental setup for pumping
air into a low-pressure aquifer.

Preliminary tests were conducted on the device assembled
with the necessary fittings and a flexible hose.

The tests revealed that the standard pressure gauge was
not sensitive enough. This, in turn, indicated that the pres-
sure in the well casing was too low, even at the compres-
sor's maximum capacity of 190 I/min.
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Fig. 2. Experiment on air injection into a low-pressure aquifer

Fig. 3. Photo of an experimental installation for injecting
air into a low-pressure aquifer

To record the minimum possible pressure increase, we had
to make and connect a U-shaped pressure gauge with col-
ored water as the working fluid to the compressor outlet
pipe. The difference between the water levels in the left
and right “branches” of this pressure gauge was deter-
mined using a tape measure with 1 mm divisions. The max-
imum pressure that can be measured with this pressure
gauge is 500 mm of water column.

Passing through the pressure gauge, the air then flowed
through a quick-release coupling to the well through a

flexible hose with a diameter of 1/2", i.e., with an increased
cross-section relative to the diameter of the fittings so as
not to significantly increase the resistance of the entire air
path: from the 1/4 “diameter ball valve to the well entrance
through a 3/4” diameter joint.

3. Course of the experiment.

With the outlet valve fully open, power was supplied to the
compressor's electric motor, and air flowed freely in the di-
rection of the casing pipe, but was not supplied directly to
it, instead escaping freely into the atmosphere. In this
mode, the water manometer showed a slight difference be-
tween the levels in the left and right “branches.” On aver-
age, this was 250 mm of water column. Then the outlet
hose was connected to the reducer, and all the air supplied
by the compressor entered the well casing. The increase in
the difference in water levels in the pressure gauge was 22-
25 mm of water column. This indicates that the direction of
the entire air jet from the compressor into the well is ac-
companied by slight resistance, i.e., the air enters and is dis-
tributed throughout the internal space of the casing pipe
almost unhindered. The air then exits through the upper
openings of the filter at a depth of 40.5 m (at a water level
in the well of 40.9 m) and, after exiting the filter into the
annular space, rises through the annular space, probably
entering the upper part of the aquifer between the roof
and the water level. At the same time, no air escape to the
surface outside the casing was observed during the experi-
ment. The reason for this may be the sealing of the upper
part of the annular space by the swelling of clayey rocks ly-
ing above the aquifer (Fig. 1). As mentioned above, accord-
ing to the technical characteristics of the compressor, the
volume of injected air is 190 liters per minute.

Conclusions

1. For the first time, experimental studies were conducted
on the injection of gas (air) into depleted aquifers with re-
duced pressure.

2. Stabilization of air injection pressure in the aquifer at a
level of 22-25 mm water column at an air flow rate of 190
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I/min indicates low resistance to air movement in the aqui-
fer, which is possible when it spreads over part of the aqui-
fer above the water level in the well.

3. Gas storage in such an aquifer with reduced pressure is
possible in the porous medium of the aquifer between its
roof and the water level.

4. Gas storage in such an aquifer with reduced pressure will 6.
ensure lower costs for gas injection into underground stor-
age facilities.
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