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NEW METHODS TO PROTECT YEAR-AROUND
OPERATION CANALS FROM SNOW

Abstract. On the canals of year-around operation, severe snowdrifts concentrated on the surface of the ice
cover simultancously affect both thermal and static loads. When ice melts intensively from the lower surface in areas
of accumulation of snow masses, and also due to an increase in the static load from snow, longitudinal cracks form
on the ice. The snow saturated with water rising up along the cracks, and a gradual sinking of the snow-ice mass
occurs. All this leads to decrease in canal capacity, and in some cases to complete blockage of the flow section by
snow-ice mass. The purpose of the paper is to find new ways to protect the canal drift and create an impervious canal
profile in areas heavily covered in snow. Snow deposition in the canal bed occurs gradually, starting from the edge of
canal closest to the snow collection basin side, followed by an increase in the snowdrift shaft in the direction of the
wind as snow blizzard arrives to the canal. We propose the method of protecting the canals from snowdrifts by
changing the transverse profile of the canal in the sections highly covered by snow. The transverse canal profile is
changed by adding a berm to it with a slope coefficient equal to the coefficient the leeward slope and a height equal
to the depth of the canal from the leeward slope depending on exact establishing the limit position of the surface of
the snowdrifts, at which the canal is blown without snow deposition, regardless of the amount of snow transfer. The
proposed methods can be applied in arcas of snow transfer on watering and irrigation canals designed for year-
around operation.

Key words: ice cover, berm, slope coefficient, canal depth, snow deposition.

Introduction. On the canals of year-around operation, powerful snowdrifts concentrated on the
surface of the ice cover simultaneously affect both thermal and static loads. As ice melts intensively from
the lower surface in areas of accumulation of snow masses, and also due to an increase in the static load
from snow, longitudinal cracks form in the ice. The snow is saturated with water rising up along the
cracks, and a gradual sinking of the snow-ice mass occurs. All this leads to a decrease in canal capacity,
and in some cases to complete blockage of the flow section by snow-ice mass.

In such areas, a powerful blockage field is formed, which prevents the flow of water through the
water supply path below this section. Above the ice jam, the water level rises sharply, which leads to
emergency situations. On the Irtysh-Karaganda canal, over the period of its operation, such phenomena
have been repeatedly observed. For example, in the winter of 1971-1972, on canal No. 38 (146-155 km of
the route) as a result of blockage of the flow section of the canal by snow-ice accumulations, a powerful
ice jam with a total length of about 5 km was formed. As a result of this phenomenon, water supply
through the canal was stopped until the end of April. Attempts to eliminate the jammed area with an
explosion or mechanical cleaning by excavators did not produce the expected effect. Firstly, the access
roads to the canal were covered with snow, secondly, the length of the boom of power shovel of the
excavator did not allow to completely clear the canal and, thirdly, the snow jam arca was quite long (3830
m). they succeeded in eliminating the snow jam area with a series of dynamic pumping only after the
onset of thaws before the flood (the third decade of April).
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and friction force in the opposite direction to the wind, equal (Eq. 5):
P = Gfr, (3)

where v — wind speed; G — snowflake weight; fr, — coefficient of friction of snowflakes on the underlying
surface.

When the condition is met Py, < Pg, snowflake is at rest. With increasing wind force at Py, > Py
snowflake will be transferred. On inclined terrain (both on the ascent and on the descent), the conditions
for equilibrium and transfer of snowflakes are different compared to horizontal terrain. The force of the
wind acting on sloping terrain, taking into account (Eq. 6) equals (Eq. 7):

u®
¢ —
v cos @ (6)
(@) _ K(U?%?
Py = 2g cos? ¢’ (7

where @ — the angle of inclination of the underlying surface; U () — horizontal component of wind speed.
The friction force of snowflakes on the underlying surface on an incline is (Eq. 8):

pf(r‘l’) = G(cos @ frr £ sin (p). 8)

In formula (8), the plus sign corresponds to the ascend, and the minus sign to the descent of the
underlying surface in the direction of the wind. The value of the critical wind speed, respectively, for the
windward and leeward slopes, we find from the condition of equality of forces acting on the snowball (Eq.

9) or horizontal component (Eq. 10):
Vc(;p) = Ver /COS(p + ik ©)
ffr
Uc(f) = V. - COS @ /cosq) + Sjiﬂ (10)
fr

where v, — critical wind speed corresponding to the beginning of snow transfer, v, =3 — 5 m/s; Uc(f ) _
horizontal component of speed corresponding to the beginning of snow transfer.

On an inclined surface with a descent, the friction force of a snowflake on the underlying surface
decreases compared to horizontal terrain, while when climbing it increases. Having determined the value
of the initial snow transfer rate, and using the law of a rectilinear increase in the thickness of the boundary
layer, we can find the slope coefficient of the snow drift. The equation of averaged turbulent motion in the
boundary layer by G.N. Abramovich [15] obtained in the form of the formula (Eq. 11):

V3

U _ ¢ Q@ (V3
o = 0.0177% + 0.6623¢7 cos (5) ¢ +0.2282 sin (L) ¢ (11)

We have filed applications to obtain patents for a utility model for such methods and designs as, a
method of protecting canals from snowdrifts, a method of protecting canals passing in recesses from snow
drifts, a method of protecting canals from snowdrifts and groundwater, a device for accelerating ice
formation on a canal [5,17-19]. A method of protecting canals passing in the recesses from snow drifts
[17]. The proposed method of snow protection is implemented as follows. Cut the ground of the windward

(2) edge at a distance (Eq. 12) from the edge of the recess with a slope m,/zsina as shown in Figure 2.
L=mhsina (12)

With such transverse profiles, snowdrifts fill only ditch (6) and on the transitional part (1) of the canal
non-accumulative snow transfer during snowstorms is provided. The principle of the method of protecting
the canals passing through the recesses from snow drifts is as follows. The transverse profiles of the canals
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the patterns of snowdrift formation, having information about the amount of snow entering the canal, the
speed of winter winds and the state of the snow cover for a specific area, we can calculate the snowdrift
parameters with sufficient accuracy for any date and at any stage of snow removal.

The paper gives the theory, methods, research results, new methods and designs of patents for a
utility model for such methods and designs as, a way to protect canals from snowdrifts, a way to protect
canals passing through recesses from snowdrifts, a way to protect canals from snowdrifts and
groundwater, a device to accelerate ice formation on the canal. These designs of the proposed devices are
quite possible using available technical means based on the current level of technology and knowledge,
because its design is quite simple, and the implementation of such devices has long been well mastered by
relevant enterprises at various levels.
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'KBLT BOMBI KOJJJAHBICTAFEI KAHAJIJAPAEL
KAP BACKLIHBIHAH KOPFAV/BIH 'KAHA QJICTEPI

Annotanmmst. JKs11 60#bI KOJTAHBICTAFbI KAHAJJAFEl MY3 >KAMBLUIFBICBIHBIH OCTIHICTI KAaTTHI OMOBI Kap KbLIY -
JBIK JKOHC CTATHKANBIK CalIMaKKa Oip yakeITTa ocep eremi. Kap xuHamraH sxepaeri OCTki KaOaTTHIH aCTHIHAA MY3
KapKBIH/BI EPITCHIC JKOHE KAPAAH CTATHKAIBIK CAIMAKTHIH YJIFAIObIHA OAWIaHBICTHI MY3 OCTIHAC CO3BUIFAH JKAPBIK-
Tap maiga 6onaael. CyaaHFaH KAp KAPHIK OOHBIMCH YKOFAPHI KOTCPITM, KAP MCH MY3 MACCAChl JKAWIAN TOMCH TYCC
Gacraiinel. My3 OeriHzaeri Kap OAaCKBIHBIHBIH YJIKCH K6JEMETi KOHIICHTPAIMSICH SCEPIHEH My3 KENTemicTepi maiina
00JIBII, KAHATIBIH OTKIBTIIITIK Ka0i1eTi ToMeHAeH i, aa KeHOIp »aFmainapaa TinTeH ToKran Kaiaaasl. Kexrem yaksl-
TBHIHA OMITBI KAPABIH KAPKBIHABI Pyl aFBIH/BI CY/IbIH KOCBHIMINA MOIICPiHIH Maiaa OOMybIHA BIKIAT €Tei, alx Oyl
ipi KaHagmapAaa CyOBIH TCNIC-TCHOITIH CAKTayJa MAHBI3ABI POI OWHAMIBI KOHC OJ KOKTCMTII YVAaKBITTa CYMCH
KaMTaMachI3 €Tyl MKocmapiay Ke3iHae eckepinyi tuic. COHBIMEH KaTap KYPTIK Kap €pireH Ke3ae Kap CYBIHAH Kep
KaHanmapel OepMaepi MEH CHICTEPiHIH OCICeHAI MUKPOUMIHTIPEKTI 3pO3MACH Oalikamaasl. bacTel FuMapaTTan cyabl
aly Ke3iHJe epireH Kap arbIHbI KOJCMiHIH a3af0bl KOKTEMC aNATTHIK YKAFIAHFa SKEIyl MYMKIH. ATalFaH MocelIenep
MAaKallaHbIH ©3CKTLIriH kepcereai. COHFBI KpUTAapsl Kazak Cy ImMapyamblibEbl FRUTBIMH-3EPTTEY HMHCTHTYTHI MCH
M.X. llynatu arsiHmarsl Tapa3 MEMIICKETTIK YHHBEPCHTETIHIH FaIbIMAAPHI THIPOTEXHUKAIBIK KYPBHUIBIMAAPIBIL,
COHBIH IMIHIC KAHATIAPABI KapIaH KOPFay MOCCICICPiMEH aHAIBICHIT Keleai. IC sKy3iHmeri kaHaamapaa Kyri3iareH
KOIDKBLIIBIK JANANBIK JKOHE JIAOOPATOPISUIBIK 3CPTTEYJICPIIH, COHBIMEH KAaTap XajblK INAPYaIUbUIbIFBIHBIH ©3T¢
OOBCKTINCPIHAC KApAAH KOPFAY TOCLIACPIH KOMAAHY TOXKIPHOCCIH JKAMBLIAY MCH TANay HETi3iHAC Kap OACKBIHBI-
HAH THAPOTEXHHUKAIBIK KYPBLUIBIMIAPABI KOPFAYIbIH TOCIIACP] YCHIHBLIBI OTHIP.

MaxanaHbslH MaKcaThl — KaHAIIBI Kap 0acyTaH KOpPFayAbIH *OHE KATThI Kap OACKAaH Y4aCKEJIEpACTi KaHAIBIH
OTKI30CHTIH MIMIIHIH KYPYJbIH JKaHA 9AICTEPiH Taldy. ATanMbII MOCENCHI 3epTTeyaeri 0acThl aaic ic Ky3iHae Oap
KaHAJIIApAa SKYPri3iAreH HATYpabIK ChHIHAKTAP OO0MBIm caHamansl. byn Oopanma KaHAIIBIH KapFa TONY Ti3OCTiHIH
KeJeciieli OcifHeCiH aHBIKTayFa MYMKIHZIK Oepai. KaHanm apHachIHa KapaslH TOJYBI KE3CH-KE3CHMEH OpPBIH aJajbl,
SFHH Kap >KHHAYFa apHAIFaH OacCEeHHIHACTI CH >KAKbIH OPHANACKAH KAHANABIH IICTIHCH OacTasbIl, KYPTIK Kap
KAIBIHIBIFBI JKCIT OAFBITHIHA Call KOHE KApIThl OOPAHHBIH KAHAJFA KAKBIHIAYBIHA OAHIAHBICTHI OipTe-0ipTe ecei.

OKCHEPUMEHTTEPre Kapal OTHIPHIN KEIECLAEH KOPBITBIHABI Kacayra OOJafbl: KaHangapabl Kap OacyaaH
KOPFAMTHIH KOHCTPYKIMSFA OCPIITCH MATCHT THIMILIITIH KOPHEKI Typae moneaaeai. HotmwxkeciHae KaTTsl Kap 0ackaH
VYacKeJNepAeri KaHANABIH KOJIJACHCH IIINIHIH 63TepTy apKbUIbl KaHAIJAPABI KYPTIK KapJaH KOpFayAbIH Om;iCi
YCHIHBLIBII OTHIP. KaHATBIH K6IACHEH IMNIiHI KAp KOIIKiHI KeJIEMiHE TIYEICi3, KapChl3 Ja YPJICHETIH KaHaT OOJFaH
JKaFaiza KypTik Kap OCTiHIH NIEKTIK KAJIbIH JON AHBIKTayFa OaHNaHBICTHI BIK OONATHIH >Kara eHici ko3(du-
IUCHTIHC TCH CHICTIK KOA((HIUCHTIMEH JKOHE BIK OOJIATHIH KAFa CHICIHCH 0ACTANATHIH KAHAJ TCPCHOITIHE TCH OHiK-
TIKKE call VHIHAIHI KOCY apKbLIbI 63T€PTLITCH.

Y CHIHBUTBIN OTHIPFAH SAICTEP >KbLT OOMBI MAHAANAHYFA CCCHTENICH CYapy JKOHE CYJIAHIABIPY KaHAIAAPBIHAAFHI
Kap 0ackaH ydvackenepAc KOJJAHbLIA amanbl. TEXHWKANBIK KYH, KYPBUIBIM MAaTepHanaapbl MCH >KaOIBIKTAPIbIH
JKCTKLTIKTI OOy BI, COHBIMCH KaTap 3aMaHAYH TCXHOJOTHSIAP MCH OLTiM YCBIHFAH OJICTI KYPTIK Kap TapajFaH ydac-
KeJIepAe ic JKy3iHAC KOIAaHyFa MyMKiHAIK Oepeni. OchIFaH yKcac KOHCTPYKIMSUIAPABI CHAIPYAL SPTYPIl JACHICHIET1
COMKEC KACIMOPHIHAAP SIICKAMAH SKAKChl HTCPIEH.

Tyiiin ce3aep: My3 JKaMBUIFBICHL, OepMa, CHICTIK K03()(hUIMEHTI, KaHAI TEPEHAIT, KAp TYHIBIPY.
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HOBBIE CIOCOBbI 3AIIIATHI 3AHOCHMOCTH
KAHAJIOB KPYT'JIOTOJUYHOTI' O JEUCTBUA

Annotanmusi. CHisHBIE CYTPOOBI HA KaHANAX KPYTJIOTOJAWYHON 3KCIDTYyaTAllMH, COCPEAOTOUCHHBIC HA TOBEPX-
HOCTH JICISHOTO MOKPOBA, OJHOBPEMCHHO BIHAIOT KAK HA TCIUIOBBIC, TAK M HA CTATHYCCKUC HATPY3KH. [IpH MHTCH-
CHBHOM TAasHHH JIbAA C HIDKHCH TOBCPXHOCTH B MCCTAX CKOIJICHUA CHCIKHBIX MACC, 4 TAKKC HU3-3a YBCIWICHUA CTa-
THYCCKOH HATPY3KH OT CHETA HA JIbAY 0O0Pa3yIOTCs MPOJOIbHBIC TpeuHbl. CHET, HACHIIICHHBIN BOJOH, MOAHUMACT -
Sl BBEPX IO TPCHIHHAM H IMPOMCXOAUT MOCTCIICHHOE OIMYCKAHHE CHEKHO-TCASHON Macchl. KOHIEHTpaums 0ombImux
00BEMOB 3aHOCOB HA MOBCPXHOCTH JICAFHOTO MOKPOBA MPHBOIUT K CHIPKCHHEO HMPOIYCKHOH CIIOCOOHOCTH KAHAIOB
H3-3a 00PA30BAHUS JICISHBIX 3aTOPOB, 4 B HEKOTOPBIX CIYy4YadX M K HX MOJHOH OCTAHOBKE. MIHTCHCHBHOC TasHHE
CyrpoOOB B BSCCHHHUI NMCPHO MPHBOAHT K 0OPA30BAHHIO JOTOJTHHTCIFHOTO 00BEMA CTOKA, KOTOPBIH HTPACT BaXK-
HYIO POJIb B BOJHOM OaNaHCE KPYITHBIX KAHAJIOB M KOTOPBIH HEOOXOANMO YUHTHIBATh IPH IUIAHHPOBAHUH BOJOCHA0 -
JKCHHA B BECCHHHH MeproA. Taoke MpH TasHAH CyrpoOOB HAOMFOJACTCA AKTHBHAS MHKPOPBIMAKHASL 3PO3HSA OTKOCOB
H OepM 3CMIITHBIX KAHAJOB OT TajO# BOIBL. A 3aHWKCHHC 00BCMA CTOKA OT TAJNOTO CHEra mpw 3a00pe BOABI W3
TOJIOBHOTO COOPY>KCHHS MOKET IIPUBECTH K aBAPHHHBIM CHUTYalMsIM BeCHOH. [lepeuncieHnbie mpoOIeMsl U AIacT
JAHHYEO CTATBEO aKTyaipHO#l. B mociemHue roasl yueHble KaszaXckoro HAyYHO-HCCICAOBATEIBCKOTO HHCTHTYTA
BOJHOTO X03siicTBAa M Tapa3cKOTO TOCYAAPCTBEHHOTO yHHBepcHTeTa MMeHH M.X. JlyJIaTH 3aHHMATHCh BOTPOCAMH
CHETO3AMIATHl THAPOTCXHHUYCCKHX COOPYKCHHUMH, B TOM YHCIC KaHATOB. Ha 0CHOBE MHOTOJICTHHX MOJICBBIX H JIabopa-
TOPHBIX HCCIICAOBAHHH, POBCACHHBIX HA CYHICCTBYIOIIMX KAaHAJAX, 4 TAKKS aHATIH3A H O0OOILCHHAS OTBITA MPUME -
HCHW CHCTO3AIIUTHBIX CPECACTB HA APYTHUX oObBexTax HApOOHOTO XOS}IfICTBa, IPEATOKCHBI CII0COOBI 3alIUTEI THAPO -
TCXHHYCCKHUX COOpy)KeHI/Iﬁ OT CHCKHBIX BCHIIOB.

Llenpro cTaTbd ABIACTCS MOMCK HOBBIX CHOCOOOB 3aMIMTHI KAHAJNA OT 3aHOCA W CO3JAHHA HEHMPOHHIAECMOTO
mpo()HUIT KaHAJMA HA YYACTKAX, CHIIGHO MOKPBITBHIX CHCTOM. BeaymmM METOA0M K HCIICAOBAHHIO JAHOH MPOOJICMBI
CTaJTH HATYPHBIC HCIBITAHHSA, MPOBEACHHBIC HA CYIICCTBYKOIIUX KaHanaX. OHH MO3BOJHIA BBLBHTH CICIYHOLIYEO
KapTHHY TOCICAOBATCILHOCTH 3alOJIHCHHA KAHAJNA CHETOM BO BpeMs MeTend. OTIIOKCHHE CHETa B PYCJe KaHAna
MPOUCXOIUT MOCTCIICHHO, HAYWHAA C KPad KaHaja, Ommkaiimero k kparo OacceitHa At cOopa CHera, ¢ MOCACIyIo-
[IAM YBEJIMUCHUEM Baia Cyrpoda Mo HAMPABJICHHIO BETPA MO MEPE MPUOIIKSHIA CHEKHO M METEITH K KaHATY .

%K OKCHICPUMCHTOB MOYKHO CACIATh BBIBOJ, YITO HOJ'Iy‘IeHHBIfI NAaTCHT HA KOHCTPYKIHWK) IMPOTHUB CHCIKHOTIO
MOKPOBAa KAHAJIOB, HATJLIAHO JOKA3a7 CBOXO 3(()eKTHBHOCTH. B pesyibrare mpearactcs cnocod 3alIuThl KAHATIOB
OT CyTpoOOB MyTEM H3MCHCHHS MONMCPSUHOTO MPO(HIA KaHAJA HA CHIIBHO 3aCHEKCHHBIX y4acTKax. [lomepeyHsrit
mpoduiab KaHANA H3MEHEH MyTeM J00ABICHHUS K HEMY HACHIMH C KO3(D(UIMEHTOM YKIOHA, PAaBHBIM KO3 (DHIHCHTY
NOABCTPCHHOTO YKJIOHA, U BBICOTOfI, paBHOI\/'I Iy OMHE KaHAJIA OT NOABCTPECHHOTO OTKOCA, B 3aBUCUMOCTH OT TOTHOTO
VYCTAHOBJICHHA MPEICIbHOTO MOJOKCHHA MOBEPXHOCTH CYTPOOOB, MPH KOTOPOM KAHAI MpoAyBacTcs Oe3 CHera,
HE3aBUCHMO OT KOJIMYCCTBA CHETOMCPEHOCA.

Hpe/:[nar aeMBbIE CIIOCOOBI MOTYT NPUMCHATHCA HA YIACTKAX CHCTONAAA HA MOJTHUBHBIX U OPOCUTCIBHBIX KaHAJIAX,
PACCUHTAHHBIX HA KPYTJIOTOIMYHYFO 3KCIUTYaTAUHE0. TEXHHYCCKOE COCTOSHHE, HATHYNC JOCTATOYHOTO KOMYECTBA
CTPOHMTEIBHBIX MATCPHAJIOB U OOOPYIOBAHHUA, 4 TAK S COBPCMCHHBIC TCXHOJOTHH M 3HAHUS MO3BOLIIOT PEATH30-
BATh MPCANIOKCHHBIA COCO0 HA YYACTKAX PACMpOCTpaHCHHA Cyrpoda. BHeapeHHe moI00HBIX KOHCTPYKIIHHA JABHO
XOPOILO OCBOCHO COOTBETCTBY FOIIMMH MPSANPHATHAMHA PA3THYHOTO YPOBHA

Kirouerbie ¢JioBa: TeaIHOH TIOKPOB, OepMa, KO3(D(HUIMCHT YKIOHA, TIyOHHA KAaHAJA, OCAKICHAC CHETA.
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