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Features of formation of ice jams and ice-jam
floods at the junction of Sukhona — Yug — Malaya
Northern Dvina Rivers near Velikiy Ustyug

Formation of a giant ice jam on the Sukhona river
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Field research of the giant ice jam in spring 2016

A catastrophic ice-jam flood in Velikiy Ustyug and
its environs during the spring of 2016 and its
consequences
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The Sukhona joins the Yug near the town of
elikiy Ustyug, forming the Northern Dvina, one
of the biggest rivers of European Russia
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Velikiy Ustyug

Velikiy Ustyug is a town in Vologda region,
Russia, located in the northeast of the region at
the confluence of the Sukhona and Yug Rivers.

Velikiy Ustyug was first mentioned in a chronicle
in 1207.

Velikiy Ustyug has a great historical significance
and was one of the major cities of the Russian
North.

As of the 2010 Census, its population was 31,665.

There are timber industry enterprises in Velikiy
Ustyug, as well as a shipyard, food industry, and
enterprises serving the tourist industry — in
particular, the jewelry production plant.

Tourism is an important branch E

of economy in Velikiy Ustyug. “ale
It started in the 1960s and got a
further boost in 1990s when
Velikiy Ustyug started to be
marketed as the residence of Ded
Moroz, also known as
"Grandfather Frost”.




Features of formation of ice jams and ice-jam floods at the
junction of the Sukhona — Yug — Malaya Northern Dvina Rivers
near Velikiy Ustyug

Ice jam events very often occur on the Sukhona, the Yug and the Northern Dvina

WHY?

- Large volume of ice in river channels
- High flow velocity

- A lot of channel obstructions for the movement of ice floes in the form of bends,
rifts, islands and so on.

The most frequently flooded area due to ice jams on the Severnaya Dvina is the
territory of Velikiy Ustyug and its surroundings located near the confluence of the
Sukhona and the Yug Rivers.

Particular danger for this area is a situation when the steady ice cover at the
beginning of winter is destroyed due to a long thaw as a result ice jams are formed
which remain until the beginning of a spring flood.



Photos of floods in Velikiy Ustyug at the beginning of the 20th century
(before Orthographic Reform 1917-18)
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Nmetowmecss B JleTonnMCHOM KHUre
cBeAeHna O HaBOAHEHUSAX B panioHe
r. Benuknn YcTtior cBMOeTenbLcTByeT O
B3aMMOCBSI3W 3MMHUX MaBOOKOB W
MacwwTabHbIX HaBOAHEHUSIX BECHOM
crnegyoLlero roga.

Bce 3uMmHME naBogkm B paunioHe
Benukoro Yctiora B 1515, 1741, 1898
m 1969 rr. cnocobcTrBOBaNU
HeObIBanbIM no mMacwiTabam
pa3pyLieHUn NofIoBOAbLAM BECHOW
cnepymoulero roga.

«24 Hosibpsi 1515 2. eoda 8 peke
CyxoHe ©6biria eeriukasi, MoOobHas
8eCeHHel, u cmosiyia 8 00HoU Mepe
dee Hedernu...

B anpene 1516 e. wna CyxoHa
gecbma 2po3Ho. Bolda 6bina eeriuka,
makoea U He bbieana. JIbOom 20pod
cmepsio u rnocad rno ecemy bepeay
obpbirio. MHO20 080p0O8 CHECHO,
MHO20 /1t00siM 6€0b! YHYUHUIIO. . .».

B.-¥Yeror.
6. Husoguenie

27, 1. B. Yenors, Nenoxoss

Muponocun

st ITOmA b,




«B nocnedHux yucrnax Hosibps
1741 2. 6bina ommenerns U
cUsibHbIU O0X0b, om4ye2o 800a
mak npubbina, 4YmMo 8blWe
8eWHUX 800 socxodoura.

[0OHSI1ack, 4mo UepKoseb

HNoaHHa Yemiroxxckoeo
3anuearsachk u 0o
[lpoKkornbesckoe2o pPyOHUKa

B.-Yeror.
. Muponocuugan neprons, Havogmenie

«30 okmsbpss 1898 e. eoda
HeoXudaHHO cmarsna CullbHO
npubbieamb, MaKk 4mo MUHYym
3a 20 npubbirio 0o 08yx apWiUH.
JleO co cmpawHoU cumnou
cmario fiomMame. ..

B anpene 1899 a. Hauarscs
1eooxo0 Ha CyxoHe. JIbOowm
MPUYUHEHbI 3Ha4yumersibHble
- N o rnospexxo0eHusi O0epEeBSIHHbIM
B.-Yerwrt.. : : YKPEerIeHUsIM. ».

1. Cotepn Hporonis npareamaro,
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A painting in the museum of Velikiy Ustyug history
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Embankment in Velikiy Ustyug
1903 or 1905 ??

Embankment in Velikiy Ustyug
April 15, 2016




Max. water level, cm

The number of catastrophic floods in

Velikiy Ustyug

XVIII century - 5 floods (1723, 1741, 1742, 1761, 1779)

XIX century - 6 floods (1807, 1816, 1817, 1842, 1856, 1873)
During 1877-2013 (observation period) there were 11 floods with the rise of the
level above 8.5 m and 22 floods with the level rise above 7 m

Fl [ kRN AR RBRERERRRAT

900 7| v 850 e T .- T

800 & ; ; , T
) N\| T L
o v e | P i
400 V L/ | y v

2020

Most floods were caused by ice jams




Features of formation of a giant ice jam on the
Sukhona river near Velikiy Ustyug in winter 2015-2016

In November 2015 the establishment of freeze-up on the
rivers near Velikiy Ustyug

Thaws and mixed rain-snow precipitation in
November-December caused several floods in the Sukhona
river basin.

In mid-December, the Sukhona and the Yug rivers were
broken up almost simultaneously which led to the formation
of ice jam at the point of their confluence.

A sharp long cooling in late December 2015 and the first
decade of January 2016 contributed to the formation of the
main ice jam (“head”) near Velikiy Ustyug as well as formed a
cascade of ice jam formations (around 60 km long).



CTtaHoBneHue negocraBa B panoHe r. Benukum Yctior B aekabpe 2015 roga

Ha pekax Cyxona, IOr u Cesepnas /[BuHa B paiione r. Benukuii
VYetior B pesynbrate (OpMHUPOBAHUSL CEPUM MOUIHBIX 3aTOPOB JIbJA,
BBI3BAHHBIX aHOMAJIbHBIMU YCIOBUSIMHU 3aMEP3aHUs peK oceHbro 2015
roia, CJIOXWJIACh HCKIIIOUYMTEIBHO CJOXHAs JieqoBas OOCTaHOBKA,
KOTOpasi mpuBeia K KaracTpouueckoMy HaBOAHEHUIO BecHOU 2016
roja.

O6miast MpoaOIKUTENBHOCTh OCEHHErO JIEJOXOAa Ha YYacTKe II.
Kannkuno- r.Ben.Yetior cocrasuina 15-18 nuei.

3a Bech psJl TUAPOJIOTUUECKUX HAOIIONCHUIN TaKOW MOIIHOCTH M Ha
TaKUX BBICOKHX YPOBHSIX OCEHHHUX 3aTOPOB HAa ATOM yYaCTKE PEKHU HE
HaOM0AI0Ch. 3aTOPbl COXPAHSJIUCh BCIO 3uMy. WX yKpereHutro
CIIOCOOCTBOBAJIN XOJIOIHAS TOT0JIA SIHBAPs M MOHM>KEHUE YPOBHSI, UTO
BBI3BAJIO YIJIOTHEHHE MACCHI JIb/IA.

Hawnbonee MOIIHBIA OCEHHUM 3aTop JibJa 0Opa3oBaJICs HA BBIXOJE
pexu CyxoHna Ha pexy CeBepHas J[BuHa, Huxke . Benukuit Yctior. 23
nexabpst y r. Benukuii Yetior 0bu1 3a)MKCHpPOBaH Camblii BBICOKUI
YPOBEHB BOJIBI JIJIsl IeKaOpst 3a Bech nepuoj Habmogenu 1881-2015
IT. - 674 cM, NPEBBICUBIINK CPEAHEMHOTOJETHHUI JIEIOCTABHBIN
YPOBEHB Ha 4-5 M.
3a nocnennue 100 neTr HaMBBICIIMK ypOBEHBb BOABI IPU JIEJOCTABE
HaOmmromasica oceubro 2006 .




Ice jam on the Sukhona River Ice piles
November 26, 2015 December 12, 2015

2015/11/26

December 23, 2015
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Ice jam “head” in-Velikiy Ustyug
December 25, 2015




Field research of the ice jam in spring 2016

An extremely dangerous hydrological situation, leading to the high probability
of the formation of a disastrous flood in the spring of 2016, formed at the
junction of the Sukhona — Yug — Malaya Northern Dvina Rivers near the town of
Velikiy Ustyug during the 2015-16 winter.

The situation caused a serious public outcry and concern among local residents
and the executive authorities of the Vologda region and Velikiy Ustyug.

At the beginning of 2016 the head of Vologda Centre for Hydrometeorology and
Environmental Monitoring (Vologda Centre) applied to State Hydrological
Institute (SHI) a request for joint field research in order to:

- estimate the main characteristics of the formed giant ice jam;

- specify a forecast of maximum ice-jam water level at Velikiy Ustyug water
gauge station (forecast method was developed in SHI and used now in the
Vologda Centre);

- develop recommendations on carrying out of ice-jam flood control activities.



Why the Vologda Centre addressed to SHI?

Method of short-term forecasting of ice jams and ice jam
floods at the junction of the Sukhona-Yug-Malaya Severnaya
Dvina rivers. — Report of State Hydrological Institute (SHI), S.
Petersburg, 2011 [in Russian].

Integrated research of river-bed processes and formation of
ice jams at the junction of the Sukhona-Yug-Malaya Severnaya
Dvina rivers in order to regulate the processes of ice jam
formation and develop ice-jam flood control activities near
Velikiy Ustyug. — Report of State Hydrological Institute (SHI), S.
Petersburg, 2014 [in Russian].




Model of the junction of the Sukhona, the Yug and the Northern Dvina
rivers created in the framework of the specialized research project
(2013-14) by the department of channel processes of SHI




Field research of the ice jam in spring 2016

Field surveys were carried out by specialists of State
Hydrological Institute and Vologda Centre for
Hydrometeorology and Environmental Monitoring
during the periods of 7-15 February and March 24-31,
2016.

At the preliminary stage, 27 cross-sections were
planned across the main significant part of the formed
ice-jam by the specialists of the Vologda Centre
(namely by specialist of the Velikiy Ustyug hydrological
station).




! 27

27 cross-sections and ice jam structure
(dark red — ice jam “heads”)
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Field research of the ice jam in spring 2016

In February 2016 a complex of specialized hydrological
measurements was made at each of the planned
cross-sections.

Ice cover was drilled along a cross-section line usually in 30-50
meters (depending on the width of the river and the state of
the ice cover). Then at each point the following characteristics
were measured:

- depth of the river (direction and velocity of flow in same
cases);

- thickness and structure of ice cover layer;

- thickness of the slush layer (brash ice layer);

- height of snow cover (SWE);

- height of nearby hummocks (torosses);

- photo and GPS fixations.




Formed ice jam




Implementation of hydrological measurements along the cross
section No. 16 (red line) (500 m upstream of the road bridge in
Velikiy Ustyug)




Implementation of hydrological measurements along the cross
section No. 14 (red line) (at Velikiy Ustyug gauge station)




Field research of the ice jam in spring 2016
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At the end of March 2016, repeated measurements were made at the
cross-sections located at the most significant sections of the ice jam.
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Location of the cross-sections near Velikiy Ustyug. Blue highlighted profiles
with repeated measurements in March 2016.



It was found based on the analysis of field research data that:

- The body of the main ice jam was located in the riverbed of the Sukhona
River from the village of Syvorotkino to Velikiy Ustyug, the length of the
main jam was about 10 km;

- A cascade of ice-jam formations was formed upstream of the Sukhona
from Velikiy Ustyug (about 60 km);

- Height of ice concentrations in the ice jam reached 0.5-1.0 m, height of ice
packs on the shores - 1.0-2.5 m;

- In the downstream of the Sukhona there was ice cover with hummocks
that reached 1,0-2,0 m;

- Ice in the ice jam had a complex layered structure;

- The thickness of ice cover throughout the whole ice jam was close to the
average annual thickness;

- Under the ice cover there was a dense sludge (ice brash) layer
(everywhere) with thickness from 0.5-1.0 m to 2.0-3.0 m;

- During the interval between measurements in February and March, ice
thickness increased and the slush layer decreased.
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Field research. Conclusions.

The monitoring of the development of a powerful ice jam formed in
2015-2016 made it possible to specify the forecasting method of maximum
water level developed in SHI and used by the Vologda Center.

The results of the analysis of the obtained expedition data and the
updated forecast led to the conclusion that the forecasted maximum water
level in Velikiy Ustyug in the spring of 2016 will exceed the dangerous
level.

In February, a preliminary forecast of a dangerous hydrological event was
reported to the executive authorities — the raising of the level on the
Sukhona river in Velikiy Ustyug up to 960 cm.

Recommendations were also prepared on carrying out of ice-jam flood
control activities

Comprehensive measures were carried out:
- to prevent the population of the expected flooding;
- to prepare evacuation means from the expected flood zones;

- to prepare accommodations for evacuated population and material
values, food supplies and so on.



[NpOorHo3 HauBbICLLUX YPOBHEN BOAbI
p.CyxoHbl y r.Benukuu Yctior B 2016 r.

Mepuon AOCTUKEHNA HAMBbICLUNX YPOBHEW BOAbI

19-23 anpensa 2016 r.

HauBbICLLUNUN 3aTOPHbLIN YPOBEHb —
900+960 (OA) cm Haa “0” rpadomka-
58,34 + 58,94 m BC

(BbINnyLleHa KOHcynbTauusa B despane 2016 r.-
3abnaroBpeMeHHOCTb 3 Mmecsua).
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Catastrophic ice-jam flood in Velikiy Ustyug and its environs
during in April 2016 and its consequences
On April 15 the first ice movements began on the Sukhona river near Velikiy Ustyug.

At 12:25 the beginning of ice drift at the water level 815 cm which is almost 4 m above
the normal.

On April 15, a municipal emergency regime was declared over the territory of the Velikiy
Ustyug district, and on the evening of April 17 the emergency situation at the regional
level throughout the territory of the Vologda region.

On April 16 at 12:36 the water level at the Velikiy Ustyug water level gauging station
reached 964 cm (above 960 cm is a dangerous hydrological phenomenon), which is only
5 cm below the historical maximum of 1953.

On April 19 at 11:00 am there was a breakdown of the ice jam and water level started
decreasing.

The emergency regime was extended until May 24, 2016.

22 settlements (almost 2,000 houses with a population of about 8000 people) were
flooded.

The material damage, according to the Government of the Vologda region, amounted to
533 million rubles (9.1 million dollars).



lNpoxoxaeHue nonoBoabA B panoHe r. Benukum Yctror B 2016 roay

14.04. Hayanca negoxod B HWXHEM TedyeHun CyXOHbl, KOTOpPbIN
conpoBoOXaarcs 3aTtopHbIMM OCTaHOBKaMu Ha yyacTtke [longapca (79 km)
- KanuknHo (39 km).YpoBeHb Boabl no r/n KanvkuHo coctasun 1211 cm
YTO BblE MakcumarbHOro HabnwogeHHoro Ha 159 cm. NoBTopsieMocTb
Takoro ypoBsHs coctasnsgeT 1 pa3 B 1000 ner.

16.04.2016 B 12.36 ypoBeHb Boabl Mo B/m Benuknn YcTior
KpaTKOBPEMEHHO AocTuran oTMeTkn 964 cm n Bcero Ha 5 cm ObIn HUxe
ncrtopmyeckoro Makcumyma 1953 r. O6ecrnedeHHOCTb TaKoro YpPOBHSA
cocTtaBnset okono 1 %,nosTopsiemoctb 1 pa3 B 100neT.
Mo r/n Benukuin YcTior ypoBeHb BOAbl HA OTMETKe OGrM3KOM K OnacHon
900-950 cm yoepxuBasnca 5 CyTok.
Mo NpOAOIKNTENBHOCTU COXPaAHEHUS UCKIIOYUTENBHO BbICOKUX YPOBHEWN
BOAbl, MOLLHOCTM 3aTOPOB U MacwTaby HebnaronpusaTHOro BO34ENCTBUS,
ypesBblHaWHbIe YCrnoBus, crioxkuswmneca BecHom 2016 r. B panoHe T.
Benvknin YcTior aBnsoTCca aKCTpemMasibHbIMU U HE MMEKT aHarnoros 3a
NCTOPUIO HABNIOAEHUN .
3a BpeMs CTosHMA 3atopa B . Benukui YCTor n HaceneHHbIX nyHKTax
BOKPYr Hero 6bIfio 3aTonsieHo 22 HaceneHHbIX MyHKTa, MNoYTh 3 ThiCaYn
NPUAOMOBBIX TEPPUTOPUM C HAcerNeHneM 7,5 TbiCAY YernoBek.
MpeaBaputenbHbiA  MaTepuanbHbi - yuwepb, Mo OueHKe
[MpaBuTenbcTBa Bonorogckom obnactu, coctasun o 533,074 mnH. py6.




Catastrophic ice-jam flood in Velikiy Ustyug and its environs
during in April 2016 and its consequences
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Catastrophic ice-jam flood in Velikiy Ustyug and its environs during in April
2016 and its consequences
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