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%23 |ycTuTyT BigHOBAIOBaHOI eHepreTnkn HAH
YKpaiHu, m. Knis, YKpaiHa

FidpoeeonoeiyHi ymosu OindaHKU € KAOYOBUM YUHHUKOM r1id
yac subopy nNPodyKMuUBHO20 20pU30HMY 019 MensA0HACOCHUX
cucmem muny «8000—8000», BU3HAYEHHI iX ONMUMAAbHUX a-
pamempis i oyiHUi enausy ekcriayamauii Ha npupooHi npo-
uecu ma cmat 008Kinnsa. Y pobomi HagedeHo pe3ysibmamu KOMIAeKCHO20 O0CiOHEHHSA 2i0po2eoso2iYHuUX yMo8
OinAHKU eKcriepumMeHmasnbHo20 osi20Ha IHcmumymy sidHossto8aHoi eHepeemuku HAH YkpaiHu. Ha ocHosi ee-
00e3UYHUX 8UMIpIOBaHb AbCoOMHUX 8IOMIMOK nosepxHi ma aHanizy bypoesux 0aHux nobydoeaHo 2idpoeeoso-
2ivHull po3pi3 dinaHKu. BcmaHoeneHo, wo npodyKmueHUM 0715 30CMOCY8AHHA Mernsa0HACOCHUX mexHooeill €
Monmascbkuli 8000HOCHUL 20pU30HM, 014 AK020 BU3HAYEHO OCHOBHI 2i0p0o2eos102ivHi xapakmepucmuku. 3a pe-
3yn16mamamu pPexcuMHUX CrIoCMepexeHb 30 memnepamyporo ma pisHem nid3emHux 800 y NPOOYKMUBHOMY 20-
PU30HMIi 8CMAHOB/1IEHO AMIIAIMYOU PiYHUX KOAUBAHb rnapamempis. MoHimopuHe 30ilicHi08a8scs 3a 00NoMOo20t0
CMAuioHapHOI a8MoMamu308aHoI cuicmemu ma rnepeHoCcHo20 2UBUHHO20 pieHeMipa-mepmMomMempa KOmyulKo-
8020 murly. Ha ocHosi ekcriepumeHmasnbHux OaHux y npoepami Surfer nobydosaHo Kapmy po3noodiny naacmosux
MUCKi8 | UBHAYEHO HAMPAMOK pyxy nid3emHux 800. 3a pe3ynbmamamu 00cAiOHO-pinempayiliHux pobim noby-
0o8aHo iHOUkamopHul 2pagik 3anexHocmi 0ebimy ceepOs108UHU 8i0 3HUMXCEHHSA PiBHA MA PO3PAX08AHO NMUMO-
muli 0ebim. MposedeHi docnidiceHHA NoKasanu, wo NoamascoKuli B000HOCHUL 20pU30HM XAPAKMepPU3yeEMbCA
HesUCOKUMU pinempayiliHumu 81acmusocmamu, momy € 00yinbHUM (1020 BUKOPUCMAHHA epesaxcHo 018 eKC-
nepumeHmasbHUX pobim i YacmMKo8020 NMOKpUMmMs mersa08020 Ha8aAHMaxceHHA bydieni IBE HAH YKkpaiHu. Bu-
3Ha4YeHi amnaimyou ce30HHUX KOAUBAHb memrepamypu ma pieHsa nio3emHux 800 HeobxioHo spaxosysamu nid
4ac nposeoeHHsA eKcriepuMeHmis i po3paxyHKyY mersa0HACOCHUX CUCMeM, W0 8UKOPUCMOo8ytome nio3emHi 800U
K Oxcepeno menaomu.

Kntoyoei cnoea: HU3bKonomeHUujiliHi 2zeomepmasnbHi pecypcu, napamempu 8000HOCHO20 20pU30HMY, G0CAi-
OHO- pinompauyiliHi pobomu.

Bctyn. HusbKonoTeHUiliHa eHepria BepxHix WwapiB 3emni €
HaMNepCneKTUBHIWMM 3 NOrAAAY AOCTYNHOCTI Ta nNowwupe-
HOCTi BUAOM reoTepmasbHoi eHeprii. i opmyBaHHA He no-
Tpebye cneundiyHMx reoTepmidyHNX YMOB, BUCOKMX reoTep-
MIYHMX TPAAIEHTIB YM 3HAYHUX MPUNAUBIB FINOUHHOI
TENIOTH, WO 3HAYHO CMPOLLYE MOXANBOCTI ii NPAKTUYHOTO
BMKOPUCTaHHA. TenJIOHacoCHi YCTaHOBKM, 3a A0MOMOroo
AKUX BUKOPUCTOBYETLCA Lel pecypc, cTabinbHo i1 edpekTu-
BHO NpPaLLoIOTb HABITb 338 HU3bKUX TEMMNEPATYpP BOSOHOCHMX
ropu3oHTiB, 3abe3neuytoum BUCOKMI KoedilieHT nepeTso-
peHHA eHeprii. MopiBHAHO HeBenAuKa rIMbuHaA 3anAraHHA
TaKMX TOPU3OHTIB 3HUXKYE KaniTasibHi BUTPATU Ha BypiHHA
Ta 06/MalWTYyBaHHA CBEPANOBMH, WO PO6UTb TEXHOJOri0
€KOHOMI4YHO npuBabamBoto AK gna iHAMBIAYanbHOroO Cro-
YKMBaHHA, TaK i 4NA NPOMMUC/IOBOTO YM KOMYHA/IbHOTO.

3a gaHumu MixkHapoaHOro eHepreTMyHoro areHTcTea (IEA),
cTaHoM Ha 2023 pik 6aun3bko 10 % rnobanbHux notpeb y

TenIonocTavyaHHi NOKPMBaANOCA TEM/IOHACOCHMMM TEXHO/I0-
riamu, 3 Aakmx 5-10 % cTaHOBMAM cuCTeMM TUMy «BOAA —
BOZa», WO BUKOPUCTOBYIOTb EHEPTit0 BEPXHIX BOAOHOCHUX
ropusoHTis [1]. o 2030 poKy OYiKy€eETbCA 3POCTAHHA BCTa-
HOBMIEHWX MOTYXXHOCTEM TenaoBuMx Hacocis go 2600 BT, a
YacTKa HU3bKOMOTEHLIMHUX pecypciB NiA3eMHUX BOA, MOXKe
3poctu go 15-20 % [2].

B YKpaiHi odiliiHa cTaTUCTMKa WoA40 TENOHACOCHUX CUC-
TeM NPaKTUYHO BiACYTHA, NPOTe BigOMI NPMKAAAM iX yChiLl-
HOro BNpoBaAKeHHsA. 30KkpemMa, B KMEBI (KnTaosuit macus
OCOKOPKM) PYHKLOHYE TENIOHACOCHA YCTAHOBKA MOTYKHi-
cTio 16 KBT, W0 3a6e3neydye onaneHHsA NpUMILLEeHb MI0LLEID
270 m?[3]. Ha TEL-6 y KneBi ekcniyaTyeTbca TeNA0HacocHa
cMcTema TNy «BoAa — Boga» NOTYXHicTio 3,5 MBT, Aka Bu-
KOPWUCTOBYE CKUAHY TEMIOTY TEXHONOTIYHWX BoA,. Papmaue-
BTWUYHA KOMNAHiA «dapHULA» BUKOPUCTOBYE TENNOTY BEPX-
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HbOTO FOPU3OHTY A/17 OXONOAKEHHA TEXHONOrYHOro 0bna-
[OHaHHSA Ta CUCTEMU KOHAML,iOHYBaHHSA NoBiTpsa [4].

Monpu NO3UTUBHI TeHAEHLT, TeMNuX BNPOBAAKEHHA TEN0-
HACOCHMX TexHoJIorin B YKpaiHi 3anuwaoTbca HecTabinb-
HUMU. X PO3BUTOK CTPUMYETLCA BUCOKOIO BapTicTio 0bnaa-
HaHHA, KOIMBAHHAMM LiH Ha NPUPOLHMUIA ra3 Ta Henocni-
[LOBHICTIO AEeprKaBHOI NONITWUKM y cdepi BiAHOBOBAHOI
eHepreTMku. BogHouac KiNbKiCTb TEMNJIOHACOCHUX CUCTEM
NOCTYNOBO 3POCTAE, WO NiATBEPAKYE AKTYaNbHICTb A0CNI-
OXKeHHsA ujiei TexHosorii [5, 6].

[ns BMBYEHHA NpoLeciB, AKi BigbyBaoTbCA Nig Yac BUKOPK-
CTaHHA HUW3bKOMOTEHLMHOT eHeprii BEpXHiX BOAOHOCHMUX
rOpU30HTIB Ta HEHACUYEHUX BOAOHO FPYHTIB, B IHCTUTYTI Bia-
HOBNtOBaHOI eHepreTukn HAH YKpaiHn CTBOPeHO eKkcnepu-
MeHTanbHUI noniroH [7]. MeTtolo pocnigeHb € nigswm-
WeHHA eHeproepeKTUBHOCTI TEenJ0HAaCOCHUX YCTaHOBOK
3aCTOCYBAHHAM Pi3HMX TMNIB FPYHTOBWUX 30HAIB | NPUCTPOIB
Ons iHTeHcmoiKauii Biabopy TennoTu 3 Haap, a TaKoX OLi-
HKa MOX/IMBOCTEN CE30HHOrO aKyMYNOBAaHHA HaAJ/MLIKO-
BOi COHAYHOI eHeprii y BOAOHOCHOMY FrOpU30HTi. Mapane-
NIbHO BWBYAETbCA BMNJUB eKCMnayaTauii reotepmanbHUX
CMUCTEM Ha NPUPOLHI YMOBM MacmBy Nopig, TemnepaTypHo-
rigpoaMHaAMIYHI XapaKTePUCTUKM BOAOHOCHUX FOPU3OHTIB
Ta A0BKiNNA.

B13HayeHHA NOYaTKOBUX rifPOreonoriYyHMX YMOB AiNAHKU
MONIroHa € KAOYOBUM €Tarnom LMX JOCAiaKeHb, Wwo 3abes-
neyye OCHOBY A/1A OLIHKM ONTMMAJIbHUX eKCnayaTaLinHuX
napameTpiB TEMN/IOHACOCHMX CUCTEM, MPOTHO3Y iX AMHAMIKK
B Yaci, po3paxyHKY TENI0aKYMYN0BaNbHOI 34aTHOCTI BOAO-
HOCHOrO rOPU30HTY Ta aHani3y BNANBY NPUPOAHOro NOTOKY
niA3eMHUX Boa Ha 36eperkeHHA TensioBoi eHeprii. be3 unx
BUXIAHUX OAHUX HEMOXK/NBO 06’EKTUBHO OLHUTK 3MiHM,
Wwo BiAOyBalOTbCA Mif, Yac eKCNnepuUMEHTIB, i BU3HAYUTU
eeKTUBHICTb 3aCTOCYBaHHA OKPEMMX TEXHOJOTIN.

MNocTraHoBKa 3aBAaHHA. MeTo0 LbOro A0CNIAXKEHHA € KOM-
NAeKCHe BUBYEHHA NPUPOAHUX FAPOreoNoriYyHMx ymoB Ai-
NAHKN eKcnepumeHTanbHoro noniroHa IBE HAH YkpaiHu Ta
BM3HAYEHHA BUXIAHWX NapameTpiB BOLOHOCHOINO ropuso-
HTY, LLLO BUKOPUCTOBYETHCA B TEMJIOHACOCHMUX YCTaHOBKaX AK
OXKepeno HU3bKOMOTEeHLiMHOT eHepril.

Ons pocArHeHHn Liei meTn 6yno HeobxiaHO BUKOHATK TaKi
3aBAaHHA:

1. Ha ocHosBi pe3ynbTaTis 6ypoBux pobiT oxapakTepusysaTm
reos1oriyHy 6yAoBy AiNAHKM AOCNIAKEHHS, NITONOMNYHUM
CKnag, i ctpaturpadiyHi ocobamsocTi nopig, wo popmy-
I0Tb BOA,OHOCHI TOPU30OHTM Ta BOAOTPMUBKI TOBLL, @ TAKOXK
BM3HAUYUTU INBUHMK iX 3anAaraHHA. Ha ocHOBI reogesny-
HWUX BMLUYKYBaHb NPOBECTU Y3roasKeHHA IMNOUH A0 eau-
HOI cMCTEMM KoOopAMHAT i NobyayBaTh rigporeonoriyHuni
PO3pi3 AiNAHKM;

2. Ha OCHOBI peXXMMHUX CnocTepeKeHb JOCNIANUTU Tigpo-
OMHAMIYHI 1 TemnepaTypHi 0COB6AMBOCTI NPOLYKTUB-
HOro BOAOHOCHOIO FOPU30HTY Ta BU3HAYUTU aMMiTyaM
PiYHMX 3MiH PiBHA 1 TemnepaTypu NiA3eMHUX BOA;

3. BCTAHOBMTM HaNpPAMOK MPUPOAHOrO PyXy mMig3eMHMX
BOA NPOAYKTUBHOIO FOPU30OHTY, YMOBU MOrO KUBEHHA
Ta PO3BaHTAMKEHHS;

4. 3a pesynbTatamun gocnigHo-dinbTpauinHux pobit Bu-
3HAYMTM OCHOBHI rigPOreoN0riYHi NapameTpu BOAOHOC-
HOro rOpuU3oHTY.

[na peanisauii umx 3aBgaHb 6y10 3aCTOCOBAHO KOMMJIEKC
MeTOAiB: aHani3 pe3ynbraTiB 6ypiHHA, reoAe3nYHiI BULLYKY-
BaHHA Ta NobyA0Ba riAporeonoriYHoro po3pisy AiNAHKM, Ti-
AporeonoriyHe onpobyBaHHA CBEPA/IOBUH, PEXUMHI Cro-
CTepeXKeHHA 3a piBHEM | TeMnepaTypoto Nig3emMHUX Bog, a
TAaKOXX MaTeMaTuyHe MOAENOBaHHA PO3MNOAiNy NaacToBUx
TUCKIB Y BOAOHOCHOMY FOPU30OHTI.

1. TeonoriuHa 6ypoBa Ta rigporeonoriyHuii po3pis Aina-
HKW JOCANIAKEHHA

leonoriyHa 6yaoBa AiNAHKK gocnigxeHHs 6yna A4OCTaTHLO
AeTanbHO BMBYEHA Nif Yac BypiHHA N'ATN CBEPA/IOBUH U-
6uHoto Big 50 oo 117 m.

[na npuBeAeHHA AaHMX A0 EAMHOI CUCTEMWU BUCOTHUX KO-
opaunHaT 6y/10 BUKOHAHO HiBEetOBAHHA YCTA CBEPA/I0BUH Ta
penepHMX TOYOK 33 [JOMOMOrOH JIa3epHOro piBHA
PRACMANU WR3D-12. BuxiaHO0 OCHOBOIO C/1yryBana KoH-
TPONbHA TOYKa dyHAAMEHTY CopyAm 3 BiZomoto abcontoT-
HOLO BiAMITKOIO («abCOMOTHUI HY/Ib»), OTPUMAHOIO 3 NPOE-
KTHOI AOKyMeHTaUji [8].

CiTKY ropu3oHTanbHMX KOOPAMHAT Ta BIACTaHI MiX cBepa-
JIOBUHAMM BM3HAYa/IM 33 AOMOMOrOIO J1a3ePHOro AasibHO-
mipa FLUKE 414D. 1na KOHTPOAIO TOYHOCTI KOOPAMHATU ne-
pPEeBIPANN PO3PAXYHKOM TriNOTeHY3 BigMNOBIAHO 40 Teopemu
Midaropa Ta NOPiBHAHHA OTPUMAHUX TEOPETUYHUX 3HAYEHD
3 GaKTUYHO BUMIPAHMMM BiACTAHAMM Bif, MOYATKOBOI TOUKM
CUCTEMW KOOPAMHAT.

BHacnigok nposegeHux pobiT, BignosiaHo mo FCTY [9],
6yn0 NobyaoBaHO TiAporeonoriYHNiA po3pis AiNAHKM noni-
roHy, 306parkeHunii Ha puc. 1.

Ha TepuTopii eKcnepMmeHTasIbHOro NoiroHa NPOAYKTUB-
HUM AON1A CTBOPEHHS TEMNOHACOCHMX YCTAaHOBOK TUMy
«BOJa — BOZa» € BOAOHOCHMI TOPU3OHT, AKil po3TalloBa-
HUI Y BiAKNaAax NONTaBCbKOI CBITM MiOLEHY.

MoNTAaBCbKMI TOPUSOHT Y MEXKAX AiNAHKM JOCNIAKEHHA pPO-
3TalWoBaHMM Ha rMBUHI 32—-54 m Big noBepxHi 3emni. Tos-
LWMHA FTOPU3OHTY 3MiHIETbCA Big 18 A0 22 m. MOpU3OHT
CKNa[aeThbes i3 ciporo ApibHO3epHUCTOro Nicky. 3Bepxy ro-
PU30OHT NnepekpuTnii 20-MeTpoBOIO TOBLUEID LWiIbHOI Bypoi
FNMWHWU. 3HWU3Y TOPU3OHT NiACTUNAETLCA TOBLLEI BOAOTPUB-
KMX LWiNbHUX Meprenis 3es1eHyBaTo-61aKUTHOTO KO/bOpY.
TOBLLMHA FOPU30HTY Meprenis CTaHOBUTb 34 M.

MpoAyKTUBHUIA TOpPM3OHT Ge3HanipHuit. BepxHA 4YacTuHa
Moro «cyxa», TOBLMHA HAaCMYeHOi NiA3eMHUMWN BOAAMM Ya-
CTUHW FOPU30HTY 3MIHIOETHCA NPOTATOM POKY 3a/IEXKHO Bif,
YMOB MOr0 XXMBJIEHHA Ta PO3BAHTAXKEHHSA, WO 0O6YMOBANIOE
CE30HHi KONMBAHHA KiNbKOCTI NiA3eMHUX BOZ Y TOPU3OHTI.
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Puc. 1. FiopozeonoziyHuli po3pi3 dinsaHKu nonieoHy IBE HAHY no naiHii |- (macwma6: 1 cm = 3,2 m)

2. 3miHM piBHA Ta TemnepaTypyu Nig3eMHUX BOA Yy Yaci

[na BM3HAUYEHHA amnaiTyauM Ta 0cob6aMBOCTEN CE30HHUX
KONMBaHb napameTpiB M0OATaBCbKOro BOAOHOCHOIO ropu-
30HTY, 3rigHO 3 meToauKoto [10], Ha gocnigHin AinaHui B
nepiog, Big, 15.01.25 po 24.09.25 npoBoaunuca pexMmHi
CMOCTEPEKEHHA 3a pPIBHEM | TEMMNEPATYPOIO NiA3EMHUX BOA,
y ceepgnosmHax Ne 11 ta Ne 10.

Y cBepanosuHi Ne 11 cnoctepexkeHHA 34i/icHIOBanncA 3a
AO0MNOMOrOK CTaLiOHAapHOT aBTOMATU30BAHOI CUCTEMWU MO-
HITOPUHIY, AKA BMKOHYBaNa WOAEHHI BUMipHOBaHHA Napa-
MeTpiB 3 iHTepBasom 15 c. AbcontoTHa Noxmbka BUMIptO-
BaHHA CTaHOBM/A: 3a TemnepaTtypoto — 0,05 °C; 3a piBHem —
0,005 m. OTpuMaHi gaHi cuctema MOHITOPUHTY 06pobnsna

Wwnsxom noginy Aobu Ha aes’aTb iHTEepPBanie, A1 KOXKHOIO
3 AKMX BU3HAYA/IMCb MAKCMMaAbHI, MiHIManbHi Ta cepegHi
YaCco3BaKeHi 3HaAYeHHA PiBHA i TemnepaTypu Nig3eMHUX
BOJ, Y BOLOHOCHOMY FOPU3O0HTI.

Y ceepanosuHi Ne 10 perKMMHI cnocTeperKeHHA BUKOHYBa-
IUCA 3 BUKOPUCTAHHAM MEPEHOCHOrO rMBUHHOro piBHe-
mipa-tepmometpa «UniWell Dolphin» (KoTywkosuin Tun) 3
nepiogMYHICTIO OAMH BUMIP Ha TUXKAEHb. Kpim ranbuHu pi-
BHA dikcyBanmca TemnepaTypa NoBiTpA, TemnepaTtypa nia-
3eMHUX BOA, Ha 3ab60i cBepanoBuHM (50 M) Ta Ha rAMBUHI
41 m. AbcontoTHa Nnoxmnbka BUMipOBaHHA CTaHOBM1A: 3a Te-
mnepatyp—oto — 0,05 °C; 3a piBH—em — 0,005 m.

Pe3ynbTaTi peXXumMHMX cnoctepekeHb HaBeaeHO Ha puc. 2.
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Puc. 2. Peaynsmamu pexcumHUX criocmepexeHs 3a napamempamu [101maecoK020 8000HOCHO20 20pU30HMA Y
ceeponosuHax Ne 11 i Ne 10: a) — 3miHu pieHsA nio3emHux 800 y ceepososuHi Ne 11; b) — 3miHu pigHs nid3emHuUx 800 y
ceepdnosuHi Ne 10; c) — amiHU memnepamypu niézemHux 800 y caepdnosuHi Ne 11; d) — amiHu memnepamypu nidzem-
Hux 800 y ceepdnosuHi Ne 10
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Ak BUAHO Ha puc. 2,a) i 6), ana 0box cBepANOBUH Halbi-
/iblWA KiNbKicTb NiA3eMHMX BOZ Y FOPM3OHTI (BignosigHo
HaMBMLi piBHi) PpikcyeTbcsa B bepesHi — KBiTHI, a BOCeHMU (Be-
peceHb — }KOBTEHb) BOHM MOMITHO 3MeHwWwytoTbea [11-13]. Y
csepanosuHi N2 11 amnniTyga KoanBaHb pPiBHA 3a piK CTa-
HoBuAa 6am3bko 0,33 m, Toai AK y cBepasoBuHi Ne 10 —
malixKe BTpudi 6inbwe, 0,91 m. Taka po36iXKHICTb NOACH!O-
€TbCA 3aCTOCYBAHHAM Yy cBepasioBuHi N2 11 aBTomaTnsosa-
HOI CMCTEMW MOHITOPUHTY, KA BUKOHYE ycepeaHeHHA aa-
HUX Y Mexax iHTepBanis BMMIiploBaHHA. Ans nobyaosu
rpadika My 404aTKOBO ycepeLHUAN AaHHI 3a fo6y. BHacni-
[O0K UbOro amnityga, oTpmMaHa y ceepaniosuHi Ne 11, He
Bif06parkae peasibHOT BEIMYMHM KOJIMBAHb | HE MOXKe BBa-
KATUCA penpeseHTaTUBHOLO.

3a pe3ynbTaTamy BUMipOBaHb TEMMEPATYPHI XapaKTepuc-
TUKWU BOAOHOCHOIO FOPU3OHTY BUABUANCA 3HAYHO cTabinb-
Hiwnmun. Y ceepanosuHi Ne 11 piyHa amnniTyaa ctaHOBUAA
0,26 °C, Toai sk y cBepasioBuHi N 10 Ha rambuHi 41 m BOHa
pocarna 0,8 °C, a Ha rmbuHi 50 m — 0,2 °C. K BUAHO Ha
puc. 2, d), 3MiHK TemnepaTyp MatoTb O4HAKOBUI XapaKTep,
npoTe 3 rMMONHO aMNITYAa KOIMBaHb 3MEHLLYETbCS.

3. BU3HaueHHA HanNpPAMKY pyxy Nig3emMHUX BoA Y NPOAYK-
TUBHOMY FOPU3OHTI

BcTaHOBNEHHA HAaNPAMKY pyxy NiA3eMHUX BOZ, € BaXK/INBOIO
rigporeonoriYyHO XapaKTEPUCTMKOK, HA OCHOBI AKOI BU-
3HAYalOTbCA YMOBM 3aKayyBaHHA BiANpaLbOBaHOro Teno-
HOCifl, OL,iHIOETBLCA 34aTHICTb TOPU3OHTY 4,0 aKYMYJIIOBAHHA

15
Puc. 3. Po3nodin naacmosux muckig y l1onmasceKkomy 20pu30HMi 8 Mexax OifIAHKU O0CMiOHeHHSA

Ta 36eperkeHHA Teno0Boi eHeprii, a TAKOXK NPOrHo3yTbcA
30HM MNOLINPEHHSA BNAMBY BiAOOPY Ta TEXHOTEHHOTO TENJ10-
Boro nona [14].

[nAa BU3HAYEHHA HaNpAMKY pyxy nig3emHux sog y MNontas-
CbKOMY BOZLOHOCHOMY FOPM30HTI By10 NpoBeAeHO ogHoYac-
He BMMIpIOBaHHA piBHiB y cBepasiosuHax Ne 1, Ne 8, Ne 10,
Ne 11 1a piBHA y CTaBKy, LLO pO3TalloBaHWn y HoBocenKiBCb-
Kilt 6anui. 3a gonomoroto nporpamu Surfer [15] 6yno noby-
[OBaAHO KapTy po3noginy naacToBMX TUCKIB Y FOPU3OHTI. AK
BiZOMO, FiApPOANHAMIYHMIA MOTIK 3aBXKAM PYXAETbCA Bif, BU-
LMX 3HaYeHb PiBHA (TUCKY) A0 HUXKUMX 3HAYeHb. Hanpsamok
PyXy BM3Ha4aBCA 3a NiHIAMMW TOKIB, AKi NpOBOAATLCA NepneH-
ONKYNAPHO A0 NiHili piBHoro Hanopy (i3orinc).

AIK BUAHO Ha puc. 3, NOTIK MA€E NiBAEHHO-3aXiAHUI Hanps-
MOK, a WBMAKICTb LbOro pPyXy € AyKe HU3bKOK yepes He-
3HaYHi HanipHi rpagieHTn. HaBkono ceepanosmHm Ne 1 do-
PMYETbCA 30Ha NiABULLEHMX TUCKIB, WO BMOMBAETHLCA i3
3arasibHOi KapTUHM pyXy NiA3eMHUX Bog. Ha Hawy aymky,
Le 3yMOB/IEHO A0AATKOBUM IOKa/bHUM KMBAEHHAM [lon-
TaBCbKOrO TOPM3OHTY, MOB’A3AHUM 3 KOHCTPYKTUBHUMM
ocobanBocTAMM CBEPANOBUHK. Ha BigMiHy Big, iHWNX cBep-
ANoBuWH, cBepanosmnHa Ne 1 mae ABOKONOHHY byaosy. Ha
rMnbuHi 27 m Big rMpna CBEPA/SIOBUHM KONOHWU 3’€AHY-
toTbcA. Micue 3’egHaHHA He 6yno 3auUeMeHTOBaHe, LWO
CTBOPIOE YMOBM ANA MiAXKMBIEHHA FTOPU30HTY 3 BOLOHOC-
HUX BiAKNaA4iB YETBEPTUHHOIO BiKYy, AKi 3a/1AratoTb BULLE
NPOAYKTUBHOIO ropmn3oHTY (ams. puc. 1).
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Cnig, 3a3HauMTK, WO Mig Yac BMMIpIOBaHb Yy CBEPANOBUHI
Ne 1 gaTtumnkK piBHemipa dikcye HaaBHICTb HACMYEHOI BOAOH
AiNAHKM cToBbYpa Ha rnMbuHI 6anM3bKo 27 m, WO nigTeep-
[O)KYE HaBeZeHe NPUNyLEeHHs.

4. BU3HaUeHHA rigporeonoriyHUX napameTpis NpoAyKTU-
BHOIO FOPU30OHTY

[na BM3HAYEeHHA MPOAYKTMBHOCTI ropu3oHTy 6ysno npose-
[OEHO BigKa4vyBaHHA 3i cBepanosuHM N2 11 Ha TpW 3HUKEHHSA
piBHA. MapameTpwu BigKavyBaHHA HaBeeHo y Tabn. 1.

Ta6nuua 1. NapameTtpu TpUcTagiiiHoro BigKauyBaHHA 3i ceepanosmuHmn Ne 11

Ne |y PiBeHb, m 3HUKEHHA PiBHA, M BuTparTa,
- ac MiH Cp Max MiH Cp Max n/c

1 11:10-12:30 0,79 0,97 1,1 0,42 0,34 0,25 0,13

2 12:30-13:32 0,49 0,78 1,13 0,72 0,53 0,22 0,24

3 13:32-14:42 0,15 0,21 0,4 1,06 1,1 0,95 0,54

Ha oCHOBI OTpUMaHMX eKcnepuMeHTaNbHUX AaHux 6yno
nobynosaHo rpadik 3anexHocti AebiTy cBepAsoBUHM Big,
3HUMKEHHS PiBHA Y BOAOHOCHOMY ropusoHTi (puc. 4). Lien
rpadik BUKOPUCTOBYIOTb ANA OLHKM NPOAYKTUBHOCTI CBEP-
[OJI0BMHU; BU3HAYEHHA nuToMuX AebiTie (Q/s); ekcTpanons-
Lii 4O YMOB eKcnayaTaLii; po3paxyHKy ONTMMasibHOro pe-
UMY BigKauKM 6€3 HagMipHOrO 3HUKEHHA PiBHA.

Mutomuit oebiT € iIHAMKATOPOM BU3HAYEHHA NPOLYKTUBHO-
CTi cBEPA/IOBUHW. BiH NOKA3YE KiNbKiCTb BOAN, AKY MOXHA
OTPUMATU 3 TOPU3OHTY B Pasi 3HUKEHHA piBHA Ha 1 m. Llei
NOKa3HMK BMKOPWUCTOBYIOTb /1A NOPIBHAHHA CBEPANOBUH i
ONA NepBUHHOI OLiHKM inbTpayiMHUX BNacTUBOCTEM ropu-
30HTY. Po3paxoBaHuil 3a eKCnepuMMEHTaIbHUMW SAHUMMU
nutomuii 4ebit ceepasiosmHmn Ne 11 ctaHosms 0,44 n/c-m™.
TobTO ropuM3OHT MA€E HWM3bKY BOAOBIAAAYY, fKa NpuTa-
MaHHa ans apibHO3epHMCTMX NicKiB Ta cynickis [16, 17].

Bu3HaueHHA MaKcMManbHOro AebiTy, AKMIN MOMXKHa OTpu-
maTh 3i ceepanosmHu N2 11 33 ymOB BUKOPUCTAHHA HaAB-
HOro HacocHOro o6aagHaHHA Ta AOTPUMAHHA BUMOT MOro
6e3nepebinHOi pob0OTN, BUKOHAHO Ha OCHOBI PO3PaxyHKY
rPAHUYHO AOMNYCTUMOrO 3HUMKEHHA PiBHA Nig3eMHUX BOA,.
3rigHo 3 nacnoptom ceepgnoBuHu Ne 11, ranbuHHMIA Hacoc
MapKn «Boaonili» BCTaHOB/MEHO Ha rMbWHI 4 m Big, ycTa
cBepAnoBunHKU (abcontoTHa BiamiTka 139,31 m). [ns 3abes-

neyeHHn ctabinbHOi po60TM Hacoc NOBMHEH BYTW NOBHICTIO
3aHYpPEeHW y BoAy, NpU LbOMY BMCOTa BOAAHOrO CTOBNA
Haj HAM Ma€ CTaHOBUTM He meHLue 40 cm [18]. Mpu icHyto-
YoMy cTaTMyHOmy piBHi 139,71 m rpaHMyYHO fJonyctume
3HWMMKEHHA PiBHA cTaHOBUTL 1,23 M. Ipadik 3anexHocTi ge-
6iTy cBEPANOBUHM Bif, 3HMMKEHHA PiBHA OyN10 NPOAOBKEHO,
i 32 aNPOKCMMOBAHOI KPWBOIO, BiANOBIAHO A0 BM3Haye-
HOro rPaHUYHO AOMNYCTUMOIO 3HUXKEHHA, BUSHAYEHO MaK-
CUManbHUIN AebiT cBepanoBMHM, AKUIA cTaHoBUTL 0,61 n/c
(2,2 M3/ron). OpieHTOBHY TennoBy MOTYXHICTb CBEpAJIo-
BMHW PO3PaxyeEMO 3a 3asexHicTio [19]:

N=p,-c, -Q-(t,-t), (1)
peN — TennoBa NOTYXHICTb, BT; ps — ryctnHa soam, Ke/M>;
Cs— MUTOMA TenaoemHictb, /(kr-°C); Q— ob’emHa BU-
TpaTa, M3/c; to-t; — pi3HMUA TeMnepaTyp Ha BXOAi Ta BUXOAj
KOHTYpY TenaoBoro Hacoca, °C. TemnepaTypHuii nepenag y
TENJIOHaCcoCHOMY obnafHaHHi NpUMaETbCA piBHMM 5 °C.
3a TaKMX YMOB TenioBa MOTYXHiCTb CBEPANOBUHUN CTAHO-
BMTb 12,8 KBT. Pe3yabTatn ekcnepumeHTanbHux pobit no-
Kasanu, Wwo rMmbuHHMIN Hacoc y ceepa/ioBuHI Ne 11 BcTaHo-
B/IEHUIA 3aHAATO BUCOKO, LWO CYyTTEBO obmexye i
NPOAYKTUBHICTb. PEKOMEHAYETLCA ONYyCTUTM Hacoc Ha bi-
NbWy FNBUHY, LWLO AaCcTb 3MOTY 34iACHIOBATM BigKavyBaHHA
3 6inblwmm aebitom.
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BucHoBKMU

Ha TepuTtopii KniBcbKoro nnato, po3TalloBaHOro Ha npa-
Bomy b6epesi JHinpa B merkax KuiBcbKoi, YacTkoBO Yepka-
CbKoi Ta Mutomupcbkoi obnacten, nepcnekTMBHUM AnA
CTBOPEHHA TeNJI0HACOCHUX YCTaHOBOK TUMY «BOAA — BOAA»
€ NonTaBCbKMN BOAOHOCHU FOPU30OHT, AKUI € NEPLUMM Bif,
noBepxHi 3emi. Liei ropu3oHT Mae NOBCOAHE NOLIMPEHHS,
BiACYTHIl nWe B AONIMHAX PIYOK Ta INIMOOKO Bpi3aHUX Apax
[11,12].

Y Mexax AiNAHKM eKcrnepumeHTaibHoro nosiroHa IBE HAH
YKpaiHu MonTaBCbKMIA BOLOHOCHUIA FTOPU3OHT 3anAra€e Ha
ranbunHax ao 50-54 m. Fopm3oHT 6e3HanipHUiA, Moro Bep-
XHA YAaCTMHA € HEHACMYEeHO NiA3eMHMMM BOAAMM, CKNa-
OEHW TOPU3OHT NepeBaKHO APiIOHO3EPHUCTUMM MiCKaMMU.

Pe3ynbTat peXxMmMHMX cnocTeperkeHb 32 CE30HHMMU 3Mi-
Hamu napameTpiB [MONTaBCbKOrO rOPU3OHTY Aanu 3mory
BU3HAUYUTN aMNAITYAN PiYHUX KOZIMBAHb: 3MiHa PiBHA NiA-
3eMHuX Bog, ctaHoBuna 0,91 m, a Temnepatypu — 0,2 °C.
OTpuMaHi amnAiTyau ce30HHMX KoMBaHb HeobXiaHO Bpa-
XOBYBaTM Nig, Yac NPOBEAEHHA eKcnepumMeHTasIbHUX POBIT
Ta PO3pPaxyHKiB TEMNJIOHACOCHNX CUCTEM, L0 BUKOPUCTOBY-
I0Tb Nig3eMHi BOAM K AXKepesio Ten1oTu.

Bu3HaueHW HanpAMOK PyXy NiA3eMHUX BOZA Y FOPU3OHTI
HeobXiZAHO BPAaxoBYBaTH Mifg, Yac NPOEKTYBAHHSA Ha AiNAHLI
eKCNepMMEHTaNbHOIO MONIFOHa CUCTEM 3aKadyBaHHA Bign-
paLbOBaHOrO TEMJIOHOCIA, @ TAKOX Mif, Yac NpoBeneHHsA
€KCNepuMEeHTiB, CNPAMOBAHWX Ha OLLIHKY aKyMYNOBaNbHOI
3aTHOCTi FTOPU3OHTY.

Po3paxoBaHuii 3a pesynbTaTamMu eKCrnepuMeHTaNbHUX po-
6iT nutomuin  pebit ceepanoBuHM Ne 1l cTaHOBUTL
0,44 n/c-m™, WO CBIAYMTL NPO HU3bKY BOAOBIAAAYY BOAO-
HOCHOTIO FOPM30HTY. BCTaHOBNEHO, WO FMNMOBUHHWUI Hacoc y
CBEPA/IOBMHI PO3TaLLOBAHMIA 3aHAATO BUCOKO, LLLO CYTTEBO
obMmeKye i NPOAYKTUBHICTb. PeKomeHAy€eTbCs OnyCcTUTU
Hacoc Ha binbwy rAMbuHy, Wo AacTb 3Mory 36inbwnTn ae-
6iT BiAKayuyBaHHsA.

Ha ocHOBI rpaHMYHO J,0MYCTUMOrO 3HUXKEHHA PIBHA B ropu-
30HTi BU3HAYEHO MAKCMMaAbHY KiNbKiCTb Nig3emMHOI BOAM,
AKY MOXHa oTpumaTh 3i ceepanosnHm Ne 11. Po3paxyHKu
NoKasasu, Lo BUKOPUCTaHHA Nig3eMHUX BOA, Li€i cBepao-
BMHM a€ 3mMory 3abe3neunTv TenN0Be HaBaHTaXKeHHA 61u-
3bKo 12,8 KBT, W0 € HeQOCTATHIM A4 NOBHOFO OMaJieHHA
NPUMILLEHb IHCTUTYTY, NPOTE LLbOrO BUCTAUYUTb ANA NigTPU-
MaHHA NpaLe3gaTHOCTi CUCTEMM B YMOBAX BigCyTHOCTI ene-
KTPOMOCTaYaHHA.
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The hydrogeological conditions of a site are a key factor in
selecting a productive aquifer for water-to-water heat pump
systems, determining their optimal parameters, and assessing
the impact of operation on natural processes and the
environment. This study presents the results of a comprehensive investigation of the hydrogeological conditions
at the experimental site of the Institute of Renewable Energy of the National Academy of Sciences of Ukraine.
Based on geodetic measurements of surface elevations and analysis of drilling data, a hydrogeological cross-
section of the site was constructed. It was determined that the Poltava aquifer is the most suitable for the
application of heat pump technologies, and its main hydrogeological characteristics were defined. Long-term
monitoring of groundwater temperature and level within the productive horizon allowed the determination of
seasonal amplitude variations. Observations were conducted using a stationary automated monitoring system
and a portable coil-type water level and temperature meter. Experimental data were processed in Surfer software
to generate a formation pressure distribution map and identify the direction of groundwater flow. Test pumping
and filtration experiments were used to construct an indicator curve showing the relationship between well
discharge and drawdown, as well as to calculate the specific capacity of the well. The results indicate that the
Poltava aquifer has relatively low filtration properties, making it more suitable for experimental studies and for
partial coverage of the building’s thermal load at the Institute of Renewable Energy. The identified amplitudes of
seasonal fluctuations in groundwater temperature and level should be considered when designing and operating
groundwater-source heat pump systems.
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Introduction successful implementation are known. In Kyiv (Osokorky
residential district), a 16 kW heat pump system provides
heating for a 270 m? building [3]. At Kyiv's CHP-6 plant, a
3.5 MW “water-to-water” heat pump system operates us-
ing waste heat from process water. The pharmaceutical
company Darnytsia utilizes the heat of shallow groundwa-
ter for cooling technological equipment and air-condition-
ing systems [4].

The low-potential energy of the upper layers of the Earth is
the most promising type of geothermal energy in terms of
availability and distribution. Its formation does not require
specific geothermal conditions, high geothermal gradients,
or significant inflows of deep heat, which greatly simplifies
the possibilities of its practical use. Heat pump systems that
utilize this resource operate stably and efficiently even at
low aquifer temperatures, providing a high coefficient of
energy conversion. The relatively shallow depth of such ag-
uifers reduces capital costs for drilling and well construc-
tion, making the technology economically attractive for in-
dividual, industrial, and municipal applications alike.

Despite positive trends, the pace of heat pump technology
implementation in Ukraine remains unstable. Their devel-
opment is hindered by the high cost of equipment, fluctua-
tions in natural gas prices, and inconsistent state policy in
the field of renewable energy. At the same time, the num-

According to the International Energy Agency (IEA), as of ber of heat pump systems is gradually increasing, confirm-

2023, approximately 10% of global heating demand was met
by heat pump technologies, of which 5-10% were “water-to-
water” systems that utilize the energy of shallow aquifers [1].
By 2030, the total installed capacity of heat pumps is ex-
pected to reach 2,600 GW, while the share of low-potential
groundwater resources may increase to 15-20% [2].

In Ukraine, official statistics on heat pump systems are al-
most nonexistent; however, several examples of their

ing the relevance of studying this technology [5,6].

To investigate the processes occurring during the utilization
of low-potential energy from shallow aquifers and unsatu-
rated soils, an experimental testing site was established at
the Institute of Renewable Energy of the National Academy
of Sciences of Ukraine [7]. The aim of the research is to im-
prove the energy efficiency of heat pump systems through
the use of various types of ground probes and devices for
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enhancing heat extraction from the subsurface, as well as
to assess the potential for seasonal storage of excess solar
energy in an aquifer. In parallel, studies are being con-
ducted on the impact of geothermal system operation on
the natural conditions of the rock mass, the thermal and
hydrodynamic characteristics of aquifers, and the environ-
ment.

Determining the initial hydrogeological conditions of the
test site is a key stage of these studies. It provides the basis
for assessing the optimal operational parameters of heat
pump systems, forecasting their performance dynamics
over time, calculating the heat storage capacity of the ag-
uifer, and analyzing the influence of natural groundwater
flow on thermal energy retention. Without these baseline
data, it is impossible to objectively evaluate the changes oc-
curring during experiments or to determine the effective-
ness of specific technologies.

Problem statement

The purpose of this study is to conduct a comprehensive
investigation of the natural hydrogeological conditions of
the experimental site of the Institute of Renewable Energy
of the National Academy of Sciences of Ukraine (IRE NASU)
and to determine the baseline parameters of the aquifer
used in heat pump systems as a source of low-potential en-
ergy. To achieve this goal, the following tasks were set:

1. Based on drilling results, to characterize the geological
structure of the study area, the lithological composition
and stratigraphic features of the formations that
constitute the aquifers and aquitards, and determine
their depths. Using geodetic survey data, to align the
depth measurements within a unified coordinate
system and construct a hydrogeological cross-section of
the site.

2. Based on monitoring observations, to investigate the
hydrodynamic and temperature characteristics of the
productive aquifer and determine the amplitudes of
annual fluctuations in groundwater levels and
temperature.

3. Todetermine the direction of natural groundwater flow

4. According to the results of pumping and filtration tests,
to determine the main hydrogeological parameters of
the aquifer.

To accomplish these tasks, a comprehensive set of methods
was applied, including the analysis of drilling data, geodetic
surveying and construction of a hydrogeological cross-sec-
tion, hydrogeological testing of wells, monitoring of
groundwater levels and temperature, as well as mathemat-
ical modeling of formation pressure distribution within the
aquifer.

1. Geological Structure and Hydrogeological Profile of the
Study Area

The geological structure of the study area was examined in
detail during the drilling of five boreholes with depths rang-
ing from 50 to 117 meters. To unify the data within a single
elevation coordinate system, the wellheads and benchmark
points were leveled using a PRACMANU WR3D-12 laser
level. The reference point was a control mark on the build-
ing foundation with a known absolute elevation (“zero
level”) obtained from the project documentation [8].

The horizontal coordinate grid and distances between
boreholes were determined using a FLUKE 414D laser
rangefinder. To verify measurement accuracy, coordinates
were checked by calculating hypotenuses using the Pythag-
orean Theorem and comparing the theoretical values with
the actual measured distances from the origin of the coor-
dinate system. As a result of these works, and in accord-
ance with GOSTU [9], a hydrogeological cross-section of the
test site was constructed (Fig. 1).

Within the experimental site, the productive aquifer suita-
ble for “water-to-water” heat pump systems is located in
the deposits of the Poltava Formation of the Miocene age.

The Poltava aquifer within the study area occurs at depths
of 32-54 m below the ground surface and has a thickness
of 18-22 m. It is composed of gray, fine-grained sand, over-
lain by a 20 m layer of dense brown clay and underlain by a
34 m layer of impermeable greenish-blue marl.

The productive aquifer is unconfined. Its upper part is un-
saturated (“dry”), and the thickness of the saturated zone
varies seasonally with recharge and discharge conditions,

within the productive aquifer and identify the  oqiting in periodic fluctuations in groundwater volume
conditions of its recharge and discharge. within the aquifer
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Fig. 1. Hydrogeological cross-section of the IRE NASU test site along line I-I (scale: 1 cm =3.2m)
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2. Temporal Variations of Groundwater Level and Temper-
ature

To determine the amplitude and characteristics of seasonal
fluctuations in the parameters of the Poltava aquifer, ac-
cording to the methodology [10], regular monitoring of
groundwater level and temperature was carried out at the
test site from January 15, 2025, to September 24, 2025, in
observation wells No. 11 and No. 10.

At well No. 11, observations were performed using a sta-
tionary automated monitoring system, which recorded
measurements at 15-second intervals throughout the day.
The absolute measurement accuracy of the monitoring sys-
tem was #0.05 °C for temperature and +0.005 m for
groundwater level. The monitoring system processed the

obtained data by dividing each day into nine intervals, for
each of which the maximum, minimum, and time-weighted
average values of groundwater level and temperature in
the aquifer were determined.

In well No. 10, monitoring was carried out using a portable
depth level and thermometer “UniWell Dolphin” (reel
type), with a measurement frequency of once per week. In
addition to the water level depth, measurements included
air temperature, groundwater temperature at the well bot-
tom (50 m), and at a depth of 41 m. The absolute measure-
ment accuracy of the monitoring system was +0.05 °C for
temperature and £0.005 m for groundwater level.

The results of the monitoring observations are shown in
Fig. 2.
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Fig. 2. Results of monitoring observations of the parameters of the Poltava aquifer in wells No.°11 and No.°10: a) -
changes in the groundwater level in well No.°11; b) - changes in the groundwater level in well No.°10; c) - changes in the
temperature of groundwater in well No. 11; d) - changes in the temperature of groundwater in well No.°10

As shown in Fig. 2a and 2b, the highest groundwater levels
(corresponding to the greatest amount of groundwater in
the aquifer) for both wells were recorded in March—April,
while in autumn (September—October) the levels noticea-
bly decreased [11-13]. In well No. 11, the annual amplitude
of level fluctuations was about 0.33 m, whereas in well No.
10 it was almost three times higher, reaching 0.91 m. This
difference is explained by the use of an automated moni-
toring system in well No. 11, which averages the data
within the measurement intervals. For plotting the graph,
the data were additionally averaged over 24 hours. As a re-
sult, the amplitude obtained for well No. 11 does not reflect
the actual magnitude of fluctuations and cannot be consid-
ered representative.

According to the temperature measurements, the thermal
characteristics of the aquifer proved to be much more sta-
ble. In well No. 11, the annual amplitude was 0.26 °C, while
in well No. 10 it reached 0.8 °C at a depth of 41 m and 0.2
°C at a depth of 50 m. As shown in Fig. 2d, the temperature
variations follow a similar pattern, but their amplitude de-
creases with depth.

3. Determination of Groundwater Flow Direction within
the Productive Aquifer

Determining the direction of groundwater flow is an im-
portant hydrogeological characteristic that provides the ba-
sis for defining the conditions of used heat carrier reinjec-
tion, assessing the aquifer’s capacity to accumulate and

308



BigHoBntoBaHa eHepretuka. Ne 4/2025 | feoTepmasnibHa eHepreTmKa

retain thermal energy, and predicting the extent of zones
affected by water extraction and the anthropogenic ther-
mal field [14].

To determine the groundwater flow direction within the
Poltava aquifer, simultaneous measurements of groundwa-
ter levels were taken in wells No. 1, 8, 10, and 11, as well as
in the pond located in the Novoselky ravine. Using Surfer
software [15], a pressure head distribution map for the ag-
uifer was constructed. As is well known, groundwater flow
always moves from areas of higher head (pressure) toward
areas of lower head. The flow direction was determined
along flow lines, which are drawn perpendicular to equipo-
tential lines (head contours).

As shown in Fig. 3, the groundwater flow is generally di-
rected southwestward, and its velocity is very low due to

minor hydraulic gradients. A zone of elevated pressure is
observed around well No. 1, which deviates from the
overall groundwater flow pattern. In our opinion, this
anomaly is caused by local recharge of the Poltava aqui-
fer, associated with the structural design of the well. Un-
like the other wells, well No. 1 has a two-casing construc-
tion. The casings are connected at a depth of about 27 m
from the wellhead. This connection point was not ce-
mented, creating conditions for upward recharge from
Quaternary aquifers located above the productive hori-
zon (see Fig. 1).

It should be noted that during measurements in well No.
1, the level sensor detected a water-saturated interval at
a depth of approximately 27 m, which supports this as-
sumption.
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Fig. 3. Distribution of formation pressures in the Poltava aquifer within the study area

4. Determination of Hydrogeological Parameters of the
Productive Aquifer

To determine the productivity of the aquifer, pumping tests
were carried out in well No. 11 at three drawdown stages.
The pumping parameters are presented in Table 1.

Table 1. Parameters of three-stage pumping from well No. 11

Water level, m Drawdown, m
No. Time Min Avg Max Min Avg Max Discharge, L/s
1 11:10-12:30 0.79 0.97 1.1 0.42 0.34 0.25 0.13
2 12:30-13:32 0.49 0.78 1.13 0.72 0.53 0.22 0.24
3 13:32-14:42 0.15 0.21 0.4 1.06 11 0.95 0.54
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Based on the experimental data obtained, a graph showing
the relationship between the well discharge and drawdown
in the aquifer was constructed (Fig. 4).

This graph is used to evaluate well productivity, determine
specific discharge values (Q/s), extrapolate to operational
conditions, and calculate the optimal pumping regime with-
out excessive drawdown.
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Fig. 4. Graph of the dependence of well discharge on drawdown in the aquifer

The specific discharge is an indicator used to assess well
productivity. It represents the amount of water that can be
extracted from the aquifer when the water level is lowered
by 1 meter. This parameter is used for comparing wells and
for the preliminary evaluation of the aquifer’s filtration
properties.

Based on the experimental data, the specific discharge of
well No. 11 was calculated as 0.44 L/s-m™, indicating low
yield, which is typical for fine-grained sands and sandy
loams [16, 17].

The maximum discharge that can be obtained from well No.
11 under the conditions of the existing pumping equipment
and continuous operation requirements was determined
based on the calculation of the maximum permissible
drawdown of groundwater level.

According to the well passport, the submersible pump of
the “Vodoliy” brand is installed at a depth of 45 m from the
wellhead (absolute elevation 139.31 m). To ensure stable
operation, the pump must remain fully submerged, with a
minimum water column height of 40 cm above it [18].

Given the current static water level of 139.71 m, the
maximum permissible drawdown is 1.23 m.

The graph of the relationship between well discharge and
drawdown was extended, and based on the approximated
curve corresponding to the permissible drawdown, the
maximum discharge of the well was determined to be 0.61
L/s (or 2.2 m3/h).

The estimated thermal capacity of the well is calculated
using the following relationship [19]:

N:pe‘ce'Q'(tZ _tl) (1)

Where N-thermal capacity, W; p, — water density, kg/m?3;
cn — specific heat capacity of water, J/(kg-°C); Q — volumetric

flow rate, m3/s; t, — t; — temperature difference between
the inlet and outlet of the heat pump circuit, °C.

The temperature difference in the heat pump equipment is
assumed to be 5 °C. Under these conditions, the thermal
capacity of the well is 12.8 kW.

The results of experimental tests showed that the
submersible pump in well No. 11 is installed too high, which
significantly limits its productivity. It is recommended to
lower the pump to a greater depth to enable pumping at a
higher discharge rate.

Conclusions

1. Within the Kyiv Plateau, located on the right bank of the
Dnipro River and extending across parts of the Kyiv,
Cherkasy, and Zhytomyr regions, the Poltava aquifer—
the uppermost groundwater-bearing horizon—is
considered promising for the development of “water-
to-water” heat pump systems. The aquifer is widely
distributed, being absent only within river valleys and
deeply incised ravines [11, 12].

2. Within the experimental site of the Institute of
Environmental Geochemistry of the NAS of Ukraine, the
Poltava aquifer occurs at depths of up to 50-54 m. The
aquifer is unconfined; its upper part is unsaturated with
groundwater and consists mainly of fine-grained sands.

3. The results of long-term monitoring of seasonal
variations in the parameters of the Poltava aquifer
made it possible to determine the annual fluctuation
amplitudes: groundwater level variations reached 0.91
m, while temperature variations amounted to 0.2 °C.
These seasonal amplitudes should be taken into
account when conducting experimental studies and
designing heat pump systems that use groundwater as
a heat source.
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4.

5.

The identified direction of groundwater flow within the
aquifer should be considered when designing the
reinjection systems for spent heat carrier fluids at the
experimental site, as well as during experiments aimed
at assessing the thermal storage capacity of the aquifer.

The specific capacity of well No. 11, calculated from
experimental data, equals 0.44 L/s'm™, indicating low
transmissivity of the aquifer. It was established that the
submersible pump in the well is installed too high,
significantly limiting its productivity. It is recommended
to lower the pump to a greater depth to increase the
pumping rate.

Based on the maximum permissible drawdown, the
maximum water yield from well No. 11 was determined.
Calculations showed that groundwater use from this
well can provide a thermal load of approximately 12.8
kW, which is insufficient for full heating of the
Institute’s facilities, but sufficient to maintain the
system operability during power outages.
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