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AHHOTALMUA

BBeneHue. [pyHTOBbIE NNOTUHBI U A4AMObl U3 MENKO3EPHUCTBIX FPYHTOB ABMSIOTCA PacnpoCTPaHEHHLIMU COOPY>KEHUSIMU.
Mx wmpokoe ncrnonb3oBaHne B MMAPOTEXHUYECKOM CTPOMTENBCTBE OBBSACHAETCH 3KOHOMUYHOCTBIO BCNEACTBME NPUMEHE-
HMS MECTHbIX MaTepyanoB. YacTo B Takmx KOHCTPYKLMSAX UCMOMb3YOTCS MMMHUCTBIE FPYHTbI KaK ANS YKNaaKkv B NpuU3Mbl Nio-
TWHBI, TaK 1 ANs YCTPOWCTBA NPOTUBOMUIIETPALMOHHBIX aneMeHToB. OfjHaKOo yknagka rmMHUCTOrO rpyHTa ComnpshkeHa ¢ He-
KOTOPbIMW OFPaHUYEHNSMU, CBA3AHHBIMU C KIMMAaTUYECKMUN YCNOBUSMU CTPOUTENbCTBA. OTO CKa3blBAETCA Ha BPEMEHMU
CTPOVTENbLCTBA U B KOHEYHOM UTOre — Ha CTOMMOCTM COOpPYXeHUs. PaccMoTpeHa BO3MOXHOCTb 3aMeHbl YacTuW MVHWUCTOrO
rpyHTa gambbl Ha NecYaHbIN rPYHT, YKNa[Ka KOTOPOro He 3aBUCUT B TAKOW CTENEHW OT MOrofdHbIX YCNoBMA. Takasa 3ameHa
TpebyeT AOMNOMHNTENbHOW MPOBEPKN COOPYXEHUSI C TOYKM 3peHns ee unbTpaLroHHon pabotocnocobHocTh. MposeaeHo
nccrnenoBaHve UnbTPaLMOHHOMO pexuma gambbl 6acceliHa rugpoakkymynupytowen ctaHumm (FTASC), Bo3BeAeHHOM C 1C-
nonb30BaHWEM BCEMOTOAHOW TEXHOMOrMK yKnafaku rpyHTa. Paccmartpusanvch orpaxpatowas gamba 6accevina FTASC un3
CMeLUaHHbIX FPYHTOB Ha HecKanbHOM OCHOBaHWK BbicoTon 32,0 M, 3anoxeHnem BepxoBoro otkoca 1:6,0, HU30BOro OTKO-
ca — 1:3,5; 9 BapuaHTOB KOHCTPYKLMMN C Pa3fNYHbIMU KOHCTPYKTUBHBIMW 3fIeMEHTaMMU.

MaTtepuanb! n metoabl. PacyeTbl ounsTpaLumuy rpyHToOBOV NNOTUHBI A5 YCTAHOBMBLLETOCS U HEYyCTaHOBUBLLETOCS Pexu-
MOB MMOTWHbI MPOBEAEHbLI YNCTIEHHBIM METOAOM KOHEYHbIX 31IEMEHTOB B TOKallbHO-BapuaLMOHHON MOCTAHOBKE C MOMOLLbIO
nporpammMHoro komnnekca FILTR.

Pe3ynkTathl. N5t pacCCMOTPEHHbBIX BAPUAHTOB KOHCTPYKLIMW 3eMISIHOM Aabbl nonyyeHbl napaMmeTpbl UnsTPaLoHHOro no-
TOKa: MOMOXeHWe AenpecCrOHHON KPUMBOW, BEMMYUHBI (DUMBTPALMOHHOTO pacxoAa v rpagueHta. CaenaHbl pekoMeHgaumm
o BbIGOPY KOHCTPYKLIMW.

BbiBogbl. ViccnegoBaHus nokasanu, YTO BO3MOXHO MCNOMb30BaTb CMELUaHHbIV FPYHT, YKragbiBaemblii NO BCEMOrogHowm
TEXHOMOorMn, B NpM3max rpyHTOBOW AaMbbl BMECTO YaCTU MMMHUCTOTO rPyHTa NP UX MOCNONHOW ykraake. PunsTpauoHHbIN
PEXNM COOPYXXEHWNA COBMECTHO C OCHOBaHWEM MpUW 3TOM He BbI3bIBAET ONaCeHUs.
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ABSTRACT

Introduction. Ground dams and levees made of fine-grained soils are very common structures. Their widespread use in
hydraulic engineering is explained by their cost-effectiveness due to the use of local materials. Clay soils are often used in
such structures both for laying in the prisms of the dam and for the installation of anti-filtration elements. However, the laying
of clay soil is associated with some restrictions related to the climatic conditions of construction. During the rainy period or
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during the period of snowfall and exposure to negative temperatures, the laying of such soil slows down due to the need to
apply special measures, or stops altogether. This affects the time of construction and, ultimately, the cost of construction.
The possibility of replacing part of the clay soil of the dam with sandy soil, the laying of which does not depend to such
an extent on weather conditions, is considered. However, such a replacement requires additional verification of the structure
in terms of its filtration capacity. A study of the filtration regime of the dam of the basin of the PSPP, built using all-weather
technology of soil laying, was carried out. The parameters of the filtration flow for various design variants are obtained. Rec-
ommendations are given on the choice of an option for an underground dam. The enclosing dam of the PSPP basin made
of mixed soils on a non-slip foundation with a height of 32.0 m, laying an upper slope of 1:6.0, and a lower slope of 1:3.5 was
considered. 9 design options with various structural elements were considered.

Materials and methods. Calculations of soil dam filtration for steady state and unsteady dam regimes were carried out
using the numerical finite element method in the local variational formulation using the FILTR software package.

Results. As aresult of the research, the parameters of the filtration flow were obtained for the considered variants of the earth-
work design: the position of the depression curve, the values of the filtration flow rate and the gradient. Recommendations
on the choice of design are made.

Conclusions. Studies have shown that it is possible to use mixed soil laid using all-weather technology in the prisms of a soil
dam instead of part of the clay soil when they are layered. At the same time, the filtration regime of the structure together
with the foundation does not cause concern.

KEYWORDS: earthen dam, filtration flow, depression curve, filtration flow rate, filtration gradient, numerical calculation
methods, finite element method
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BBEJAEHUE

I'pyHTOBBIE BOJOIOANOPHBIE COOPYKEHUS U J1aM-
OBl SABIIOTCA CaMbIM PACHPOCTPAHEHHBIM THIIOM TH-
JPOTEXHUYECKUX COOPYKEHUI BCIICICTBHE JOCTYI-
HOCTH U OTHOCHTEJIHLHOM JACHICBU3HBI HMCIOJIb3YEMbIX
MarepuanoB. BMmecTe ¢ TeM Npu BO3BEIEHMH TaKUX
COOPY)KCHHH € HCIIOIb30BAHUEM INIMHHUCTHIX TPYHTOB
HEOoOX0AMMO COOJIONaTh OIpeleeHHbIE TpeOOBaHMs
N0 BJIAKHOCTH YKIaAKH M YIUIOTHEHHWIO. YKIaJIKka
IIMHUCTBIX TPYHTOB 3aTPyAHSETCS B MEPHON NOXKICH
1 3UMHee BpeMsl [P BBINAJICHUH CHETa ¥ BO3JICHCTBUN
OTPHULATEIILHBIX TEMIIEPATYP.

PaccmarpuBaeTcss BO3MOXKHOCTh 3aMEHBI YacTH
HaChINU IIIMHUCTOTO TPyHTa Ha Oolee ynoOoyKiaapBa-
eMBbIii Iecyanblid TpyHT. OTHAaKo Takasi 3aMeHa JI0JKHA
ObITh 00OCHOBaHa C TOYKH 3PEHUsI OOecreueHHs He-
00X0AUMOTO (PIIBTPAIIHIOHHOTO PEKUMA COOPYKCHHUS.
3aMena Ha OoJyiee NMPOHMIIAEMBIH TPYHT MOXET IpH-
BECTH K HEXeJaTeJbHOMY HW3MEHEHHIO I1apaMeTpoB
(GUIBTPALIMOHHOTO PEXUMA: HW3MEHEHHIO ITOJOKEHHS
JETIPECCHOHHON KPUBOH, YBETHUCHHUIO (DMIIBTPAIFOH-
HOTO pacxoza u rpajguenTa ¢uisrpanuu [1].

[MpumeHuTeNnbHO K paccMaTpuBaeMoN JamoOe
BEPXHET0 aKKyMYIIHPYIOIIEro 6acceiHa 3aja4a 0CIoxK-
HSIETCSl YCIIOBHSIMH PabOTHI coopyxeHus. Jamba mox-
BEpIKEeHa BO3/ICHICTBUIO MHOTOKPATHO MOBTOPSIOIIETOCS
[HKJIa cCpabOTKH — HAIOJIHEHUS BEPXOBOTrO OacceiHa.
B coorBeTcTBHM C mpaBHiIaMH IKCIUTyaTallid ypo-
BEHb BEpXHEro OaccelfHa M3MEHSETCS] B COOTBETCTBHU
C PEeXKHUMOM PabOThI THAPOAKKYMYJIUPYIOIIEH CTaHIMN
(FADC). B nounoe Bpemst TADC paboTaeT B HACOCHOM
pexxume. [Ipn 3ToM ypoBeHb BepxHero OacceifHa mos-
HuUMaeTcs Ha 9,5 M ¢ orMmeTku 257,0 10 OTMETKH HOpP-
MasibHOTO ToxnopHoro yposusa (HITY) 266,5 m. Ilpu
pabore B TypOMHHOM peXHME MPOHCXOOUT CHIDKEHHE

YPOBHSI BOZIBI B IIpE/iENax TeX jKe OTMETOK. Bpems Ha-
TIOJIHEHHsI BepXHero OacceiiHa cocTaBisieT 8 4, BpeMs
cpabotkn — 6,5. Takum 06pa3oM, CKOpPOCTh CPabOTKU
TI0 BBICOTE COCTABIISIET ITOUTH 1,5 M/, UTO SIBIISIETCS 1O-
CTaTOYHO BBHICOKHM TapameTpom [2, 3].

B npaxTuke THAPOTEXHUKH U3BECTHO MHOTO CITy-
4acB BO3HUKHOBEHUS aBAPUMHBIX CUTYallUd U aBapuil
TIPY CHIDKCHUH YPOBHS BepxHero Obeda [3—-6]. B Bep-
XOBOH IpH3Me T'PYHTOBOH IUIOTHHBI BO3HHMKACT JIBH-
XKeHHe (WIBTPAMOHHOTO MOTOKA, HAIPaBIECHHOTO
K IIOBEPXHOCTH BEPXOBOTO OTKOCA. DTO MOXKET BBI3BATh
TMOSIBJICHUE HENIOMYCTUMBIX (HIBTPAOHHBIX aedop-
MaIuii u o0opyuieHue otkoca [4, 5].

[MTocrosiHHOE M3MEHEHUE YPOBHS BOABI B Oacceiine
BCJIEICTBHE TEXHOJIOTHH TpoIiecca paboThl THAPOAKKY-
mymmpytomien cranimn (IADC) BeI3BIBaeT B 1aMOe 1 ee
OCHOBaHHMHU HEYCTaHOBHMBILIMKCS (PUIIBTPAIMOHHBII 1O-
ToK. Pemenne Takol 3ajauu naxke IPH COBPEMEHHOM
Pa3BUTHH BBIYMCIUTENBHBIX METOJIOB U CPE/ICTB Ipe.-
CTaBJIAETCSI JAOCTATOYHO CJIOXKHBIM. JIJIsi YHCIIEHHOTO
pELICHUs] pacCMaTpPUBAEMON 3a[adyl UCIIOIb30BaH Me-
TOJ, KOHEUHBIX deMeHToB (MKD) B nmokanbHO-Bapua-
IIMOHHOM MTOCTaHOBKe [7-9].

B nmannoif pabore paccMmarpuBaeTCsl HECKOIb-
KO BapHaHTOB KOHCTPYKIIMH T'PYHTOBOM maMOBI, [UIs
KOTOPBIX BBIIOJHEHO YHCJICHHOE pEIICHUE 3aaqn
HeycTaHoBUBILeHcs ¢(uibrpauuu. Ha ocHoBe mosy-
YEHHBIX PE3YJBTaTOB IPOBEJCH aHAJIHM3 BIHMSHUS M3-
MEHSEMBIX I1apaMeTPOB KOHCTPYKLIUH AaMObI Ha (HIIb-
TPALMOHHBIA PEXUM coopykeHHs. CIenaHbl BHIBOABI
u chOpMyIUpPOBaHbl PEKOMEHAAIINH MO ONTUMHU3AINN
KOHCTPYKI[MHM C TOYKH 3pEHUS (UIBTPALIOHHOW Ha-
JIKHOCTH COOPYKEHUSI.

Onenka QuIBTpanMOHHON IIPOYHOCTH TpyHTA
1 yCTOHYUBOCTH IPYHTOBOM IUIOTHHBI IPH N3MEHEHUN
YpoBHEH BozbI B Obepax OCHOBaHA Ha PEUICHHUH 3a/1a-
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YM HEyCTaHOBUBILEHCs ¢unbrpanuu. Teopernueckue
OCHOBBI JIB)KEHHS JKHJIKOCTH B TIOPUCTOH MOTHOCTBIO
HACBIIIIEHHOU cpexne Oputn chopmynupoBansl H.E. XKy-
koBckuM [10]. Ipeanoxennsie um anddepeHraib-
HBIC YpaBHEHHs B YaCTHBIX MPOM3BOIHBIX JIETJIH B OC-
HOBY pEIIEeHNS 3a1a4 HEyCTaHOBHUBILEHCS (QuibTpanu.
OpHaKo CIOKHOCTh pemieHust audQepeHnraIbHbIX
YpaBHEHUM B IMOJHOW MOCTAHOBKE BbI3Bajla pa3BUTHE
MPUOTMKEHHBIX WHXKEHEPHBIX MeTooB. OHO U3 Ha-
TIpaBJICHUH HCCIIEN0BaHNA 0a3MpoBaJIOCh HA THAPAB-
JIMYECKOM TEOpPUHU, OCHOBHBIM AOIYILEHUEM KOTOPOM
ABJIAJIOCH IMOCTOAHCTBO IO BEPTHUKAJILHOMY CCUCHHIO
(UIBTPALIMOHHOTO MOTOKa €r0 CKOPOCTH B TOPH30H-
TAJIFHOM HalpaBJIeHUH. DTH AOMyIIeHNs OblH chop-
MYJIMPOBaHBI U ONHUCAHBI B BUE AN HEPEHIINATBHOTO
ypaBHeHus byccuneckom [10, 11].

Briocnencteun psj MccieqoBaHUN 1OKa3aj, 4To
TIPUHSTHIE YIIPOIICHNS MOTYT NPUBECTH K HCKKCHHIO
pesynbraroB [11, 12]. 3T0 cocobcTBOBANIO MaNbHEH-
meMy pa3BUTHUIO METOAOB PCIICHUA, B YaCTHOCTU aHa-
mutndeckux [13] u rugpasnuueckux [14, 15]. B cuny
CIIOKHOCTH PpeIlaeMON 3aZaul M HECOBEpPIIEHCTBA
3THX METOJOB PACCMaTPHBAINCH 3a]1a4H, KaK IPABUIIO,
B YNPOLICHHON MOCT@HOBKE, YTO HE IO3BOJHJIO CJe-
7ath 0000MmaroIIe BEIBOABI O HEOOXOMUMEIX Mepax
110 UCKJIFOUEHUIO aBapUUHBIX CUTYyalUH.

Ha coBpemeHHOM »JTame 3aqadd HEyCTAaHOBHB-
mieicst GUIBTPAlMM B TPYHTOBBIX IIOTHHAX U OCHO-
BaHMSAX B HamOOJee ITOJHOM IMOCTAaHOBKE pEIIAOTCS
C WCTOJB30BAaHUEM YHCICHHBIX MeTOomoB [16-22], mo-
3BOJIIONINX YYE€CTh MHOXKECTBO JEHCTByrOmUX (ax-
TOPOB (NPOHHUIIAEMOCTh TPYHTOB IUIOTHHBI, €€ TeoMe-
TPUYECKNE XapaKTEPUCTHUKH, CKOPOCTH M BEIMIHHBI
CpabOTKH | T.J.), U TIOIYYUTh MOAPOOHYIO KAPTHHY U3-
MeHeHHs (PUITBTPALIMOHHOTO IPOLECcCa U €ro OCHOBHBIX
apamMeTpoB.

MATEPHAJIBI U METO/JbI

IMpn pemeHnn 3amad HeyCTAaHOBHBIICHCS (QHIIb-
Tpanuu ¢ nomomnisio MKD mopucras cpena, B KOTOpOi
MIPOUCXOAUT ABMKEHHE (PUIBTPALIMOHHOTO IIOTOKA, MO-
JKEeT pacCMaTpUBAThCs KaK HEHACHIIICHHAs, TaK U IOJI-
HOCTBIO HACBIIIEHHAs.

[IpumeHuTenbHO K paccMarpuBaeMoOil 3ajaue,
KOTJIa M3MEHSIETCS] yPOBEHb BOABI B BOJIOXPAHUIIUIIE,
MOpHI IPYHTA, HE MOJIHOCTHIO 3aII0JIHEHHBIE BO/IOM, Ha-
CBIIIAIOTCS (KOTAAa YPOBEHBb BOABI PACTET) WIIM M3 HHUX
OTTEKaeT Bojma (KOTa YPOBEHb BOABI IOHIKACTCS).
Jlis onmcaHus 3aBUCHMOCTH MPOHHUIIAEMOCTH TPYHTa
OT €r0 BOJOHACHIIEHHS Yallle BCETO NPUMEHSIOTCS Te-
o(uIbTpannoHHbIE MOJIEIH, YTOOBI ONMCHIBATh (YHIIb-
TPAIIOHHBIE CBOWCTBAa INHPOKOTO CIEKTPa TPYHTOB
[23-25]. IIupokoe pacmpocTpaHEHHE MOIyYMsIa MO-
nenb Ban-I'enyxtena [24], npuMeHnsieMas st pelieHust
3aJa4 HEYCTaHOBHBINIEHCS (UIBTPALMM, B TOM YHCIIE
YHCIIEHHBIMU METOaMH.
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Ecnmu ¢unbTpaiius npoxoauT B MOJTHOCTHIO HACHI-
LICHHBIX BOOM rPyHTax, HEM3BeCTHAst (DYHKIUSI HAIO-
pa H=f(x, y, z, {), 3aBUcCsIIas OT KOOPIUHAT U BPCMECHH,
oTpeeIseTcs U3 peneHus auddepeHnnatbHOro ypas-
HEHUSI TEOPUH (PHUIBTPALIMU C U3BECTHBIMHU TPAHHYHbI-
MU ycnoBusimu [7-91]:

2 ). 2, 2
ox\" " ax ) oy T oy M
+—(K ﬁj—u%—o,

oz\' ° oz ot

rne K, Ky, K — xo>dpunuentsl Guabrpanuu B Ha-
npaBieHusIx oceit X, Y, Z; p — koadduuueHt Bogo-
0TAa44 (BOIOTIOTIIONIEHIST) TPYHTA.

C HCnosib30BaHNEM BapUAlMOHHOTO MCYUCIICHHUS
pemieHne ypaBHeHHs (1) cBOAMTCS K MHUHHMH3ALUH
¢ynkanonara @ mMpUMEHHUTENHFHO K pacdeTHOH obia-

ctu [7-9]:
_ ;T
K, (a—Hj +
ox
1 oH Y oH
q)—.[;‘/-J. E +Ky 5 + +HEH dXdde (2)
2
+K, (a—HJ
L oz

Omnpeneneane MUHAMyMa (YHKIMOHAJIA U COOT-
BETCTBYIOIIIEE €My paclpe/ieJIieHue HCKOMOW HalopHOU
¢yuxumn H(x, y, z, t) BRIMOIHAIOCH ¢ ToMoipio MKO
B JIOKaJIbHO-BapHALIMOHHOH ITOCTaHOBKE.

B nanHoii pabote a1 penieHus 3aa4u HeyCTaHo-
BUBIIEHCA (MIBTPALMK HCIIOIB3YETCS MTPOTrPaMMHBIN
xomruiekc FILTR, xopomo 3apexomeHmaoBaBIIHi ceOst
paHee IS pelieHus momo0HbIX 3a1a4 [7-9].

Ilens nccnenoBaHust — OLIEHKA BO3MOXXHOCTH BO3-
BEIICHUs IaMObI BEpXHET0 OacceiiHa ¢ HCIONIb30BaHUEM
TPYHTa, YKJIaJbIBAEMOTO 110 BCETIOTOAHON TEXHOIOTHH.
Taxke aHanu3upyeTcs BIUSHUEC BBIOPAHHBIX Mapame-
TPOB Ha (PUIIBTPALIMOHHBII PEKHUM COOPYIKEHHUSL.

Hccnenosaincst GuIbTpaniioOHHBIA PEeXUM 1aMOBI
BepxHero Oacceitna TADC co cremyrommMu mapame-
TpaMu (cXeMa KOHCTPYKIMH JaMOBl NpelcTaBIeHa
Ha puc. 1): Beicora 32,0 M, 3a10)K€HIE BEPXOBOTO OT-
koca 1:6,0, HuzoBoro 1:3,5, mmpuna no rpe6Hto 10,0 m.
BepxoBast 1 HM30Bast MPU3MBI BBHIIOIHEHBI ITyTEM I10-
CJIOMHOM YKIIaJIKU C YKaTKOW YepeayroIIHUXCsl CJIOEB
OZIMHAKOBOM TOJIIMHBI Pa3IMYHOTO COCTaBa U MPOHH-
[AEMOCTH: CMEMIAaHHBIX TPYHTOB C K03 dHIHEHTOM
¢unsrpamun K » = 0,01 M/CYT ¥ CMEUIaHHBIX TPYHTOB,
YKIIQJIbIBACMBIX 110 BCETIOrOHON TexHomornu ¢ K, =
= 0,5 m/cyt. Ilo BepxoBOMy OTKOCY IaMOBI YCTpOCH
MPOTUBOQUIBTPALMOHHBINH SKPaH U3 CYIVIMHKA C KO3(-
¢unmenTom ¢punpTparn K » = 0,005 M/cyT. [To HI30BO-
MY OTKOCY BBIITOJTHEHA OTCBINKAa M3 CMCIIAHHBIX I'PYH-
TOB ¢ Koaddunmenrom dunsrpanun K » = 0,01 M/CYT.
Jns mepexBaTa IMOTOKa, NMPOQHIBTPOBABIIEIO Yepe3
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BEPXOBYIO MPU3MY, 10 OCH JTaMOBI YCTPOEH BEPTHKAIb-
HBII JIpeHaX TONMMHON 2,0 M M3 MECYaHOTO TPpyHTa
c K o= 1,0 M/cyT, COeIMHEeHHbI Ha HUKHUX OTMETKaX
C TOPU3OHTAIBHBIM APEHAKEM, BBIIIOJIHCHHBIM BJOJb
TIOIOIIBBI HU30BOH MPU3MbI. [ OpH30HTAIBHBINA APEHAX
BXOJMT B BOJIOCOOPHBIH KojuleKTop. [pyHT OcHOBaHMs
MaMOBbI  XapaKTepHu3yeTcs MPOHHUIAEMOCThI0 ¢ K o =
=0,02 M/cyT. B KadecTBe NEpeMEHHBIX IMapaMeTpOB,
BIMSIOIINX Ha (UIBTPALIMOHHBIN PEXXUM COOPYKECHUS,
paccMarpuBaiCh TONIIMHBI CJIOEB TPYHTOB IPHU3M
IaMOBbl, TOJIIMHA OTCHIIIKK BIOJb HH30BOIO OTKOCA,
JUITMHA TOPU30HTAJILHOTO JIpeHa)ka W BHICOTHOE MOJIO-
KeHHe BOTOCOOPHOTO KOJUIEKTOPA.

PaccMoTpeHHbIE BapHaHTBl KOHCTPYKIMH J1aMOBI
C COOTBETCTBYIOIIMMH WM 3HA4CHUSIMU H3MEHSICMBIX
rapameTpoB npexacTasieHs! B Tabn. 1. Ha puc. 1 npu-
BeJ/ICHBI pacyeTHbIE CXeMBI BapHaHTOB 1 n 7.

OUIBTPALIMOHHBIA PEKUM COOPYIKEHHUSI COBMECT-
HO C OCHOBAaHHEM HCCJIEI0BAJICS NPU CHIKCHUH YPOB-
Hs BepxHero Obeda c ormerku HITY 266,5 no otMeTkn
cpabotku 257,0 3a Bpems 6,5 9 ¢ paBHOMEPHOH T10 BbI-
COTE CKOPOCTBIO CHIKEHUS BOJIBI.

Ta6a. 1. BapuanTsl KOHCTPYKIIMY TPYHTOBOM JaMOBI

B kadecTBe mapaMeTpoB Ul CPaBHEHUS PE3YIib-
TaTOB BBIOPAHEI CICIYIOMINE BEININHBI: MUHUMAIBHOE
paccTosHUE OT MOBEPXHOCTH OTKOCA J0 JAENPECCHOH-
HOM KpHUBOW, M; MaKCHMAaJbHbIE I'DPaJUEHTHl Haropa
B 9KpaHe U Ha BX0ze (PHUIBTPAIIMOHHOTO OTOKA B TPYO-
YaTeId JPeHaXX; YACTBHBIN (IIBTPAIIMOHHBIN PacxXon
yepes 1amoy.

PE3YJIBTATHI HCCJIEJOBAHNA

Pemenne 3amaum HeycTaHOBHBIIEHCS (UIBTpa-
uu B 1ambe BepxHero 6acceiina [ADC nmo3Bomnuio oT-
BETHTh Ha BOMPOC O BO3MOKHOCTH KOMOWHHPOBaHHON
YKJIaJKH TPYHTOB B TEJIO AaMOBI ¢ YepeOBaHUEM CJI0-
€B U3 CMCIIAHHBIX TIIMHUCTBIX IPYHTOB U CMEIIAHHBIX
TPYHTOB, YKJIQJBIBAEMBIX IO BCEMOTOJHON TEXHOJIO-
ruu. Pe3ynbrarsl pacyeToB 11 BCEX BapUAHTOB CBEJE-
HBI B Ta0I. 2.

Pesynprarer pacderoB ans 1-ro u 7-ro BapuaHTOB
(Tabn. 1) ¢ MoJy4YEeHHBIMH HOJIOXKECHUSIMHU JETPEecCH-
OHHOM IOBEPXHOCTH MU PaCIpeAesICHUEM JIMHUN paB-
HBIX HAIlOpPOB B PacyeTHOM 00JacTH NpenCTaBIEeHBI

BapuaHTbl KOHCTPYKIIMU TPYHTOBOW TUIOTHHBI
N3mensieMble mapaMeTpsl
2 3 4 5 6 7 8

T

OJILIIHA CJIOEB, YKJIA/IbIBAEMbIX B IEHTPAIbHYIO 4aCTh 2.0 20 2.0 2.0 1.0 1.0 1.0 1.0
aMOBI, M
T

OJILIIHA OTCBINKH BJI0JIb HU30BOTO OTKOCA HACBIITH 5.0 5.0 10,0 10,0 5.0 50 10,0 10,0
u3 cMellanHblX rpyHToB ¢ K, = 0,01 M/cyr, M
OTMeTKa ycTpoicTBa BOJOCOOPHOTO KOJIEKTOpa 239,0 | 240,0 | 240,0 | 239,0 | 239,0 | 240,0 | 240,0 | 239,0
Paccrosinue ot ocu 1amMObI 10 BogocOopHoro kosuiekropa | 103,0 | 79,0 79,0 | 103,0 | 103,0 | 79,0 | 79,0 | 103,0

BeprukanbHelii npeHax

V HITY 266,5

V 255,5

BogocOopHblii
KOJITIEKTOP

\ [opH3oHTaNBHEIH JpeHak

a

BeprukanbHeiii 1peHak

V HITY 266,5
V 255,5

BomocOopHEIii KoiekTop

V 249,0

V 259,0

Vv 239,0

\ JOpHU30HTabLHbIH ApeHak

Kpemnenue BepxoBoro orkoca u3 [1I'C
(B pacyeTre HE YUUTHIBAJIOCH)

[ DkpaH n3 MOPEHHOTO CyIHHKA, K o= 0,005 m/cyT
[ Haceinb U3 CMENIaHHBIX TPYHTOB, K o= 0,01 m/cyr
[ CmeuranHble TPpyHTHI, K,=0,01 m/cyr

Hacpinb 13 cMenanHbIX TPYHTOB
JIJIS1 BCEIIOTOIHOM TEXHOJIOTHH, K 0= 0,5 m/cyT

[ BeprukanbHblii aApeHax, K o= 1,0 m/cyr
[ TopuzoHTanbHbIi ApeHa), K o= 1,0 M/cyr
[ Cymmsku ocHoBaHust, K » = 0,02 m/cyr

Puc. 1. PacueTnasi cxema (QHIBTPAIIMOHHOTO pacyera 1aMObl: @ — BapuaHt 1; b — BapuanT 7
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Ta6a. 2. Pesynbrars! pUIBTPaLHOHHBIX PACYETOB

M i b N VnenbHbli GUIBTPALHOHHBIH
Houop MUHHMaIBHOE PACCTOSIHUE AKCUMAJIbHBIH (UIIBTPAIMOHHBIN TPaIUEHT pacxon uepes amby
sapnanTa OT MTOBEPXHOCTH OTKOCA
p 710 JIENPECCUOHHON KPUBOH, M | B sxpane Ha Bxoje uiLTp aHUH OHHOTO TOTOKA M3/cyT M/c
B TPyOUaThIil IpeHANK
1 4,0 1,70 1,03 1,44 1,66 - 107
2 7,0 1,97 1,08 0,98 1L,13-10°
3 7,0 1,99 1,09 0,98 1,13 - 107
4 3,9 1,62 1,04 1,42 1,64 - 107
5 3,7 1,64 1,06 1,36 1,57 - 107
6 9,4 2,21 0,51 0,96 1,11-10°
7 9,2 2,13 0,52 0,96 1,11-107°
8 3,6 1,68 1,05 1,35 1,56 - 107
9 6,0 1,36 0,75 0,53 0,61-10°
V HITVY 266,5 V 269,0
260 - V 255,5
V 249,0
%ig : \% 239 0
{ ol
230 4 y-, Ll “‘3“\//
220 4 s
210 4
200 4
190 4
180 111Trtrr111’ —r—r—r—
—280 760 240 220 200—[80—]60—[40—]20 l(](] 8 -60-40-20 0 20 40 60 80 100 ]20 140 ]60 180 200 220
a
V HITY 266,5
260 4
250 1
el V 239,0
230 A
220 4
210 A
200 4
190 A
180 e e ——
—280—260 240 220 200 180—]60—I40—]20 100 80—60—40 20 0 20 40 60 80 I(]O 120 140 160 180 200 220

Puc. 2. Pe3ynbrarsl GUIBTPALHOHHOTO pacyeTa JaMObl: @ — BapuaHt 1; b —

Ha puc. 2. lllar Mexny cOCEHUMH JMHUSIMH HPUHST
paBubiM 0,025H, rne H — 3HayeHue mOMHOTO (uiib-
TPALMOHHOTO HAMopa, AeHCTBYIOIETO B pacCMaTpyBa-
€Mblil MOMEHT BPEMEHH.

ITokazaHbl pe3ynbTaThl HA MOMEHT MOJHOCTBIO Ha-
MOJIHEHHOTO BepXHero Obeda, 11t KOTOPOTO MOMYYEHbI
MaKCHMaJlbHbIE TapaMeTphl GUIBTPAIMOHHOTO IIOTOKA.

Ha ocHOBaHMM MOyYEHHBIX PE3yIBTATOB MOKHO
ceTaTh cIenyronie BEIBoAbL. B HanbombIneil crenenn
Ha mapameTps! QHIBTPALMOHHOTO ITOTOKA BIMSET pac-
MTOJIOKEHUE BOOCOOPHOTO KOJUIEKTOpa (PacCMOTPEHBI
BapHaHTHl €ro pacrojokeHuss Ha pacctosauu 103,0
u 79,0 M oT ocu 1aMOBI).

OcTtanpHBIE PAaCCMOTPEHHBIE (DAKTOPBI IMPAKTHU-
YeCKH HE BIMAIOT HA IapamMeTphl (HIBTPALHOHHOTO
MIOTOKA.

Jlyist BCeX MCCIENOBAHHBIX BapUAHTOB BEIMYHMHBI
(GUIBTPALMOHHBIX TPAIUEHTOB B JKpaHe M Ha BXOZE
B BOJIOCOOPHBII KOJIJIEKTOP HE BBIXOST 32 IPEAEIIbI 10-

10

b

BapHuaHT 7

IyCTUMOT0. MakcuMaiibHble (QHIBTPaldOHHbIE TPaau-
€HTEHI B 3KpaHe U3MEHSIOTCS B penenax ot 1,62 1o 2,21,
MaKCHMaJlbHbIE TPAJAUCHTHI Ha BXOAE (HIBTPALIIOHHO-
ro moroka B kommiekrop — ot 0,51 no 1,09. YnenpHsrit
(GUIBTPALMOHHBINA pacxos yepe3 AaMOy W 4acTh IpH-
JIETAIOIIETO OCHOBAaHMS HE3HAYUTENICH M HM3MCHSACTCS
B 3aBHCHMOCTH OT Bapuanta oT 0,96 mo 1,44 m’/cyr
Ha MTOTOHHBINA METP AaMOBI.

Ha nonoxeHue [OeNpecCHOHHOW IOBEPXHOCTH
JOCTaTOYHO CHJIBHO BIIMSET PACIONOKEHUE BOLOCOOD-
HOro KoulekTopa. [Ipy pacmonoeHHH KOJJIEKTopa
Ha paccrosiHuu 103,0 M oT ocu 1amMOBbI (TIepBOHAYAIb-
HBIN BAPHAHT) MUHUMAIIbHOE PACCTOSHUE OT JETIPECCH-
OHHOM MOBEPXHOCTH JI0 TIOBEPXHOCTH HU30BOTO OTKO-
ca COCTaBIISIET JUISI PACCMOTPEHHBIX BAPHAHTOB OT 3,6
10 4,0 M, 4TO yAOBIETBOPsiET TPEOOBAHUIO O IITyOUHE
[pOMep3aHusl TpyHTa B 3UMHMI niepuos. bosee 6iaro-
MIPUATHBIM C 3TOH TOUKHU 3PEHUS SIBIISICTCS BAPUAHT pac-
MTOJIOKEHUS KOJUIEKTOpa Ha paccTosHuH 79,0 M OT ocu
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namObl. B aTOM ciyuae 3anmyOieHue AernpecCUOHHOM
MMOBEPXHOCTH OT MOBEPXHOCTH OTKOCa COCTAaBJISICT
ot 7,0 10 9,4 M.

VYder HecTalMOHAPHOCTU (PHIIBTPAIIMOHHOTO TIO-
TOKAa, BBI3BAHHOW CpabOTKOW W HAMOJIHCHHEM BEpPXO-
Boro OacceifHa, ymydmiaeT (HIBTPALHMOHHBIA PEXUM
JaMOBI 10 CPaBHCHHIO CO CTAIIMOHAPHBIMH PEIICHU-
simu. TIpekie BCero, 3TO CKa3bIBaCTCS HA TOHWKCHUH
JICTIPECCHOHHOMN TOBEPXHOCTH MO CPABHEHUIO CO CIIy-
YyaeM MOCTOSTHHO HAIoJHEHHOTO OacceiiHa.

Bce BhIlIeckazaHHOE TMO3BOJSET CAEIaTh BBIBOJ
0 BO3MOYXHOCTH TOCJIONHOHN YKJIQJKH TPYyHTa pPa3lind-
HOW MPOHUIIACMOCTH TIPH 33J[aHHBIX XapaKTePHCTUKAX
TPYHTOB ¥ HOPMAJIBHOM paboTe MPOTHBOGUIETPAIHOH-
HBIX 3JIEMEHTOB B Teje mamosl TADC.

3AKJIIOYEHHUE

3aMeHa 9acTh MOPEHHOTO CYTIIMHKA, yKJIa/bIBac-
MOTO B TIPH3MbI TPYHTOBOH 1aMOBI, Ha T€CYaHbIA IPYHT,

YKJIaJbIBaCMBbIil IO BCEMOTOTHON TEXHOJIOTUHU, HE MpH-
BOJIUT K KPUTHYECKUM U3MEHEHUSIM (DHIIBTPALIOHHOTO
MOTOKAa B COOPYKCHHHU: BETHYUHBI (DUIBTPALMOHHOTO
pacxofa M MaKCHMaJbHBIX T'PaAMEHTOB (HIIBTPALUH
HE MPEBBIMIAIOT AOMYyCTUMBIX TPEICTIOB. YICIbHBINA
(UIBTPALMOHHBIA pacXof JJIsl BCEX PacCMOTPEHHBIX
BapMaHTOB HAXOJWUTCS B mHTEpBaie ot 1,0 mo 1,5 M*/cyT
Ha TTOTOHHBIA MeTp 1amObl. MakcuManbHbIe TpaiueH-
THI HAIlOpa B 9KpaHe U Ha BXOJIE B KOJUIEKTOP HE IPEBbI-
IIAI0T KPUTHYECKUX BEITMUHH.

Pemienune 3ama4 HeyCTaHOBUBILEHCS (UIBTPALIMN
JUISL  FICCIICZIOBAHHBIX BAapHaHTOB KOHCTPYKIHMH IIO-
3BOJIIIO C(HOPMYITMPOBATh PEKOMEHJIAIINY 110 BHIOOPY
paccMOTpeHHBIX TapaMeTpoB. 13 Bcex akTopoB Hau-
OounpIiee BIUsHEE HAa (popMupoBaHUEe (QUIBTPAIHIOHHO-
ro pexuMa (B OCHOBHOM Ha IOJIOKEHHUE JIETPECCUOH-
HOMW KpUBOI) OKa3bIBACT PACIIONIOKEHHE BOOCOOPHOTO
kosutektopa. C TOYKH 3peHust HUIBTpaIu OoJee mpe-
MIOYTUTENIBHOE PACCTOSIHAE OT OCU IUIOTHHBI 0 OCH
KoJutekTopa — 79,0 M.
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INTRODUCTION

Groundwater retaining structures and dams are
the most common type of hydraulic structures due to
the availability and relative cheapness of the materi-
als used. However, when constructing such structures
using clay soils, it is necessary to comply with certain
requirements for moisture content of paving and com-
paction. Paving of clay soils is difficult during the rainy
season and wintertime when snowfall and negative
temperatures occur.

The possibility of replacing part of the clay soil
embankment with more manageable sandy soil is con-

12

sidered. However, such replacement should be justified
from the point of view of ensuring the required filtration
regime of the structure. Replacement with more perme-
able soil may lead to undesirable changes in the filtra-
tion regime parameters: change of the depression curve
position, increase of filtration flow rate and filtration
gradient [1].

In the case of the upstream storage basin dam
under consideration, the problem is complicated by
the operating conditions of the structure. The dam is
exposed to the repeatedly repeated cycle of upper basin
drawdown and filling. In accordance with the operating
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rules, the level of the upper basin changes in accordance
with the operation mode of the pumped storage power
plant (PSPP). At night, the PSPP operates in pumping
mode. In this case the level of the upper basin rises by
9.5 metres from the level of 257.0 to the normal retain-
ing level (NRL) of 266.5 metres. During operation in
turbine mode the water level decreases within the same
marks. The filling time of the upper basin is 8 hours and
the drawdown time is 6.5 hours. Thus, the discharge
rate by height is almost 1.5 m/h, which is a rather high
parameter [2, 3].

In the practice of hydraulic engineering, many
cases of emergencies and accidents are known to occur
when the level of the upstream slope decreases [3—6].
In the upstream prism of an earth dam, there is a move-
ment of filtration flow directed towards the surface of
the upstream slope. This can cause unacceptable filtra-
tion deformations and slope collapse [4, 5].

Constant change of water level in the basin due
to the process technology of the hydro-storage power
plant (HSPP) causes unsteady filtration flow in the dam
and its foundation. The solution of such a problem, even
with the modern development of computational meth-
ods and tools, is quite complicated. For the numerical
solution of the problem under consideration, the finite
element method (FEM) in the local variational formula-
tion was used [7-9].

This paper considers several variants of the earth
dam design, for which the numerical solution of the prob-
lem of unsteady filtration is performed. On the basis
of the obtained results, the influence of variable pa-
rameters of the dam design on the filtration regime of
the structure is analyzed. Conclusions are drawn and
recommendations on optimization of the design from
the point of view of filtration reliability of the structure
are formulated.

The assessment of soil filtration strength and sta-
bility of the earth dam under changing water levels in
the embankments is based on the solution of the prob-
lem of unsteady filtration. The theoretical basis of fluid
motion in a porous fully saturated medium was formu-
lated by N.E. Zhukovsky [10]. The partial differential
equations proposed by him formed the basis for solving
the problems of unsteady filtration. However, the com-
plexity of solving differential equations in full formula-
tion caused the development of approximate engineer-
ing methods. One of the research directions was based
on the hydraulic theory, the main assumption of which
was the constancy of the velocity in the horizontal
direction along the vertical cross-section of the filtra-
tion flow. These assumptions were formulated and de-
scribed in the form of the Boussinesq differential equa-
tion [10, 11].

Subsequently, a number of studies have shown
that the simplifications adopted can distort the results
[11, 12]. This contributed to the further development
of solution methods, in particular, analytical [13] and
hydraulic [14, 15]. Due to the complexity of the prob-

lem to be solved and the imperfection of these methods,
the problems were considered, as a rule, in a simplified
formulation, which did not allow drawing generalized
conclusions about the necessary measures to exclude
emergencies.

At the present stage, the problems of unsteady
filtration in earth dams and foundations are solved in
the most complete formulation using numerical meth-
ods [16-22], which make it possible to take into account
many factors (permeability of dam soils, its geometrical
characteristics, velocities and values of discharges, etc.)
and to obtain a detailed picture of the changes in the fil-
tration process and its main parameters.

MATERIALS AND METHODS

When solving problems of unsteady filtration us-
ing FEM, the porous medium in which the filtration
flow occurs can be considered as unsaturated or fully
saturated.

For the problem under consideration, when
the water level in the reservoir changes, soil pores not
completely filled with water become saturated (when
the water level rises) or water flows out of them (when
the water level falls). Geofiltration models are most
often used to describe the dependence of soil per-
meability on its water saturation in order to describe
the filtration properties of a wide range of soils [23-25].
The Van-Genuchten model [24] is widely used for solv-
ing problems of unsteady filtration, including numerical
methods.

If filtration takes place in soils completely
saturated with water, the unknown head function
H=Afx,y, z, t), depending on coordinates and time, is
determined from the solution of the differential equa-
tion of filtration theory with known boundary condi-

tions [7-9]:
2k ). 2k, ),
ox\ “ox/) oy oy 0
6[ GHJ oh
+—| K — |-p—=0,
oz\ © oz ot

where K, Ky, K_—filtration coefficients in directions of
axes X, Y, Z, pn — water yield (water absorption) coef-
ficient of soil.

Using the calculus of variations, the solution of
equation (1) is reduced to minimizing the functional @
with respect to the computational domain [7-9]:

2
K, (G_H) +
Oox

1 oH oH
V
2
+KZ(8HJ
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The determination of the minimum of the func-
tional and the corresponding distribution of the desired
pressure function H(x, y, z, t) was performed using
FEM in the local variational formulation.

In this paper, the FILTR software package, which
has proven itself earlier for solving similar problems
[7-9], is used to solve the problem of unsteady filtra-
tion.

The purpose of the study is to assess the feasibility
of constructing an upper basin dam using soil placed
using all-weather technology. The influence of the se-
lected parameters on the filtration regime of the struc-
ture is also analyzed.

The filtration regime of the dam of the upper basin
of the hydroelectric power plant with the following pa-
rameters was studied (the scheme of the dam construc-
tion is presented in Fig. 1): height 32.0 m, top slope
embedment 1:6.0, bottom slope embedment 1:3.5, crest
width 10.0 m. The upper and lower prisms are made
by laying alternating layers of equal thickness of dif-
ferent composition and permeability: mixed soils with
filtration coefficient K, =0.01 m/day and mixed soils
laid by all-weather technology with K,=05 m/day. On
the upstream slope of the dam an impervious blanket

Table 1. Variants of earth dam design

of loam with a filtration coefficient K, = 0.005 m/day
was constructed. On the downstream slope there is
a mixed soil fill with filtration coefficient K ,=0.01 m/day.
To intercept the flow, filtered through the upper prism,
a vertical drainage 2.0 m thick of sandy soil with
K= 10 m/day is constructed along the dam axis,
connected at the lower levels with the horizontal
drainage made along the bottom of the lower prism.
The horizontal drainage enters the catchment collector.
The dam base soil is characterized by permeability with
K, = 0.02 m/day. The thickness of the soil layers of
the dam prisms, the thickness of the fill along the bottom
slope, the length of the horizontal drainage and the el-
evation of the catchment collector were considered as
variables affecting the filtration regime of the structure.

The considered variants of dam design with their
corresponding values of variable parameters are pre-
sented in Table 1. Fig. 1 shows the design schemes of
variants 1 and 7.

The filtration regime of the structure together with
the foundation was studied when the level of the upper
reservoir decreased from the elevation 266.5 to the dis-
charge elevation 257.0 during 6.5 h with a uniform rate
of water decrease along the height.

Variable parameters

Design options for earth dams

1 2 3 4 5 6 7 8
Thickness of layers placed in the centre part of the dam, m | 2.0 2.0 2.0 2.0 1.0 1.0 1.0 1.0
Thickness of fill along the lower slope of an embankment
made of mixed soils with K, = 0.01 m/day, m 30 50 1 100 110.0°4 5.0 50 1 1001 10.0
Water collector device marking 239.0 | 240.0 | 240.0 | 239.0 | 239.0 | 240.0 | 240.0 | 239.0
Distance from the dam axis to the catchment collector 103.0 | 79.0 | 79.0 | 103.0 | 103.0 | 79.0 | 79.0 | 103.0
Vertical drainage
V NRL 266.5
Drainage
V 255.5 co]]ect(%r

\ _Horizontal drainage

a

Vertical drainage

V NRL 266.5
V 255.5

Drainage collector

/ V249.0

Vv 239.0
“\ Horizontal drainage ‘

V 259.0

Fastening the upper slope from gravel mix
(not taken into account in the calculation)

[ Screen made of moraine loam, Kt =0.005 m/day
[ Embankment of mixed soils, K = 0.01 m/day
1 Mixed soils, K, = 0.01 m/day

Mixed soil embankment for all-weather use
technology, K, = 0.5 m/day

[ Vertical drainage, K, =1.0 m/day
1 Horizontal drainage, K, = 1.0 m/day
[ Loam base, K, =0.02 m/day

Fig. 1. Design scheme of the dam filtration calculation: @ — variant 1; b — variant 7
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The following values were chosen as parameters
for comparison of the results: minimum distance from
the slope surface to the depression curve, m; maximum
head gradients in the screen and at the inlet of filtration
flow into the pipe drainage; specific filtration flow rate
through the dam.

RESEARCH RESULTS

The solution of the problem of unsteady filtration
in the dam of the upper basin of the hydroelectric power
plant allowed to answer the question about the possibil-
ity of combined soil placement in the dam body with
alternating layers of mixed clayey soils and mixed soils
placed using all-weather technology. The results of cal-
culations for all variants are summarized in Table 2.

The results of calculations for the 1st and 7th vari-
ants (Table 1) with the obtained positions of the de-
pression surface and distribution of equal head lines in

Table 2. Results of filtration calculations

the calculation area are presented in Fig. 2. The step
between neighbouring lines is taken as 0.025H, where
H is the value of total filtration head acting at the con-
sidered moment of time.

The results are shown for the moment of fully
filled upstream, for which the maximum filtration flow
parameters are obtained.

The following conclusions can be drawn on the ba-
sis of the obtained results. The location of the catch-
ment collector has the greatest influence on the filtration
flow parameters (variants of its location at a distance of
103.0 and 79.0 m from the dam axis were considered).

The other considered factors practically do not in-
fluence the filtration flow parameters.

For all investigated variants, the values of filtration
gradients in the screen and at the inlet to the catchment
collector do not exceed the permissible limits. Maxi-
mum filtration gradients in the screen vary from 1.62 to
2.21, maximum gradients at the inlet of filtration flow

.. . . . . Specific filtration flow rate
. Minimum distance from Maximum filtration gradient
Variant through the dam
the slope surface to - -
number . At the inlet of the filtration flow
the depression curve, m Into the screen . . . m?®/day m?/sec
into the pipe drainage
1 4.0 1.70 1.03 1.44 1.66 - 107
2 7.0 1.97 1.08 0.98 1.13-10°°
3 7.0 1.99 1.09 0.98 1.13-10°
4 3.9 1.62 1.04 1.42 1.64-10°
5 3.7 1.64 1.06 1.36 1.57 - 107
6 9.4 2.21 0.51 0.96 1.11-10°
7 9.2 2.13 0.52 0.96 1.11-10°°
8 3.6 1.68 1.05 1.35 1.56- 107
9 6.0 1.36 0.75 0.53 0.61-10°
V NRL 266.5 Vv 269.0
260 4
250 4
240
230 -
220 1 S e
210
200 -
190
]80 T T T L L T T L] T T L3 T L L Tt T Ll 1 T T i L] UL Ll L L] L L] ¥ L] L T ¥ L] T L] ¥ L) ¥ L] .
280 -260 —240 -220 -200 —180 —160 —140 —120 —-100 80 —-60 <40-20 0 20 40 60 80 100 120 140 160 180 200 220

V NRL 266.5

260 4
250 1
240 |
230 1
220 4
210 A
200 A
190 A
180

280 ~260 —240 ~220 ~200 —180 —160 ~140 120 100 -80 -60 4020 0 20 40 60 80 100 120 140 160 180 200 220

Fig. 2. Results of seepage calculation of the dam: @ — variant 1; b — variant 7
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into the collector — from 0.51 to 1.09. The specific fil-
tration flow rate through the dam and part of the adja-
cent foundation is insignificant and varies depending on
the variant from 0.96 to 1.44 m*/day per linear metre of
the dam.

The position of the depression surface is strongly
influenced by the location of the catchment collector.
When the collector is located 103.0 m from the dam
axis (the original option), the minimum distance from
the depression surface to the downstream slope surface
is 3.6 to 4.0 m for the options considered, which sat-
isfies the winter freezing depth requirement. More fa-
vourable from this point of view is the option of the col-
lector location at a distance of 79.0 m from the dam
axis. In this case, the depth of the depression surface
from the slope surface is from 7.0 to 9.4 m.

Taking into account the non-stationarity of
the filtration flow caused by the drawdown and filling
of the upper basin improves the filtration regime of
the dam compared to stationary solutions. First of all, it
affects the lowering of the depression surface compared
to the case of a permanently filled basin.

All the above-mentioned allows to draw a conclu-
sion about the possibility of layer-by-layer laying of

soil of different permeability at given characteristics of
soils and normal operation of impervious elements in
the body of the PSPP dam.

CONCLUSION

Replacement of a part of moraine loam, laid in
the prisms of the earth dam, with sandy soil, laid using
all-weather technology, does not lead to critical changes
in the filtration flow in the structure: the values of filtra-
tion flow and maximum filtration gradients do not ex-
ceed the permissible limits. The specific filtration flow
rate for all considered variants is in the range from 1.0
to 1.5 m*day per linear metre of dam. Maximum head
gradients in the screen and at the collector inlet do not
exceed critical values.

The solution of unsteady filtration problems for
the investigated design variants allowed us to formulate
recommendations on the selection of the considered
parameters. Of all the factors, the location of the catch-
ment collector has the greatest influence on the forma-
tion of the filtration regime (mainly on the position of
the depression curve). From the point of view of filtra-
tion the more preferable distance from the dam axis to
the collector axis is 79.0 m.
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