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By V.F. Roshchupko @ é

The waters of the upper reaches of the Volga play a fundamental /120

role in the water supply of Moscow, and increased chromaticity and

oxidizability represent‘a major shortcomiﬁg of Volga water from the

viewpoint of its drinking qualities (Ozerov, 1927). The study of

the chromaticity and chemical compositidn of this water 1s therefore

of practical value.

The colouration of the waters.in the upper reaches of the
Volga and the Upper Volga Reservoir was studied sipultaneously with
other chemical and physical features of the water - temperature,

transparency, electric conductivity, permanganate oxidizability,

total iron content, content of hydrocarbonates, calcium, magnesium,

and,in individual samples, sodium and potassiugt. These studies were

carried out on expeditions organized by the Institute of the Biology

of Inland Waters of the Academy of Sciences of the USSR from 1964

to 1966,

e, Nk See next pége.
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2.

In order to defermine_the chremeticity of the'wetef we used
a chrome-cobalt'scale; the»celour tone of the waﬁef‘was«determined
from the Forel{—Ule'seale; The totalksait content was ascertained
from the specific electric conductivity on an R-38‘fheoehord»

bridge, ¥¥*¥* 5The‘other components were determined by generally

- accepted methods (Alekin, 1954). Some research has been devoted to
‘the chemical mechaniem of the waters of this region (Ozerov, 1927;
Abrosov, 1961). Data of the HydrometeerologiCal Service of the
Central Regions, in addition to our own observations, were used in
this report. | |
The basin of the upber reaches of the Vblga‘Rivereis a
.complex lake and riVer regionl Avlarge numbef of hqllows, sinkholes
and small lakes, and the presence of extensive forests that regulate
surface runoff, retard the development of erosion processes, aﬁd
the-increéSed moistufe ieads to the~formation of swamps over large
areas. A predomlnance of snow feedlng, which represents 50%
(Zagorskii, 1960), and the considerable extent to which the sandy
and sandy-loam soils are washed, cause the water_to be poor - in
mineral salts, while the extensive occurrence of swamps, and the.
heavy forest cover of the region, increase the content of coloured
organic matﬁer and maintain - the highzokidiéability of the water.
* Translator's pote. - - '
"Chromaticity" is a translation of the Russian tsvetnost'. Another
translation is "colour index", but a comparison of the definitions
of the two terms as given in Webster!s Third New International

Dictionary, seemed to favour the former in the present context.

*¥%*  Numbers in the right margin indicate the corresponding pages
in the original.

%%  Translator's note. "Rheochord bridge" is taken directly from the
Russian reokhordyny1 mostik, for which no other suitable
equivalent 1is avallable, ;




The water at the source Qf.thé Volga Qs ofvswamp'origin and
is characterized by a weakly acid reaction, a high chromaticity and
oxidizability, and a low content of dissolved salts. The

_chromaticity of the water at the SOurce,~toAjﬁdgé from single

o o : 1964 to
observations made in May, July, August and September 1950 and/1966,

" varies within wide 1imits._ In July 1950, 'a rainy year, V.N.

Abrosov (1961) determined a cﬁromaticity of 488°; in the dry'summef
of 1966, a chromaticity of 240° was determined (our data). The
permangahate oxidizability of-the water at the sdurée wa.s of the
order of 50 to 60 mg 0o/1l. The spécific electric conduétiﬁity was
low (&O.to 65 micromho/cm);~the total iron content ranged.from 0.6
to 0.74 mg/l, and the overall hérdness did nét exéeed”O.TT |
microgram-equivalents/1l Ca-: + Mg- -, ' | | |

When-Voléa Creek empties into Lake Malyi Verkhit (abdut 1.5 /12l
to 2 km from the source) the chromaticify of the water in the former 4

decreases by 2.5 to 4 times. In [?ake Malyi Verkhit during our

observations the chroﬁati@ity of the water ranged from 90 to 170°

The oxidizability tob, drops to less than half; its values in this
lake do not exceed 20 to 25 mg Og/l. The total iron content
decreases depending upon the season and the precipiﬁation* during:
the year,

The chromaﬁidity of the water in Lake Bol'shoi Vﬁrkﬁit in

summer and autumn is 20 to 30° higher than in Lake Malyi Verkhit,

* Translator's note."Precipltation" is a translation of the
Russian vodnost’, meaning literally "water content'.




This is explained by the entry Qf'heaVily colpufed water from

~ the swamps located downstream from the latter.

.———Volgoverkhov'e
Bol'shoti Verkhit

Boarcsrprosse O

" Somutn Sepant

Lake-
Stert

SeliShche

Diagram of the upper reaches of the Volga
and the Upper Volga Reservoir

Individual observations showed that in July and August
1964 and 1966 the colourau¢on of the water fluctuated from 100
to 1200,

The Upper~Vblga Reservoir 1s an uhusuai body of water
that includes four controlled lakes (seé illustration): Stergh,
Vselug, Peno and Volgo. When the reservoir is hogmally filled,

its surface areas reaches 181 kmg, and its volume, 805.1 million m3,

Before the Moscow Canal was dug and the Volga Cascade created,
water was accumulated in the Upper Volga Reservoir in order tq
provide guaranteed depths for navigation in the upper pool of the
Volga as far as Rybinsk. Wafer is nowldiScharged in order to

increase. the flow rates of water in the Moscow Canal. Water is




disdharged through‘the;aperture** twice a:year' iﬁ sprihg
(May and June) ahd in autumn:(September and October) . The annual
: dlscharge of water from the Upper Vblga Reserv01r averages 866
million mS3. | | |
| Lake Sterzh, the uppermost pool of the reseryoir'along
the Volga, undergoes least the effect of fhe.hYérostetic head. The
~water of Lake'sterzh is fairly uniform in is hydrochemical prop— |
erties‘throughout the entire ioe—free period. 1Its eleotric
eonductivity increases.in.comparieoﬁ with~the source. of the Volga.
and reacheS’llO'to 130 micromho/em3 and its hardness increases to /122
1.3 to 1.5 mllngram-cqulvalents/l Ca*" +‘Mg-' The water volume
of Volga Creek is in this case less than that of the other numerous
tributaries feeding the 1ake. In the course of a year the chromaticity
of the water varies within wide 1imi£s. Its vélues fluctuate from
P2 o 124° dependinn upon the season and the precipitation during
'the year. In Julv and September the coloured waters at the source
of the Volsza have no s1gan3canL effect on the colouration of the
waters of lLake Sterzh. Thus a chromaticity of 609‘was determined
in July where the Volga empties into Lake Sterzh. During the year,
the.chromatic tone of the lake‘water variee withiu.the limits of
XVI to XXI on the Forel'-Ule scale.A | |
The Runa River, 28 km long, which carries the waters of the

basins of Lakes Khvoshchnya and Istoshchnya, discharges into
**Pranslator' s Note- "Aperture" is only a suggested rendition of
o the Russian beishlot, for which no other
suitable equivalent is available. Beishlot
appears to be of German derivation: the
translation suggested above 1is based on. an

approximate German meaning.




the channel between LakésléterZh and VSeiug. At flood time it
'brings in more water thén‘ali the Sm311 fivers and creeks empty-
ing into Lake Sterzh together, includlng the small river
conventlonally taken as the source of ‘the Vblga _ The Runa often
causes a counterflow in the direction of Lake Sterzh. The annual
Funof of the Runa dﬁ:bin_g the period from 1897 to 1898‘ was 116,2
million m3 (Bushmakin, 1904). Flowing‘thréﬁgh éwampy forest
terrain and receiving about ‘30 tributaries wiﬁh»a total length of
73 km, the Runa carrieé‘dark—coloured waters whose chromatibity
usually exceeds 1000 and increases the chromaticity of the waters :
in the upper area of Lake Vselug by 15 to 200 o

The second widened pool of the Upper Volga Reservolr is bake
Vsélug. In the north it is joihed by a narrow channel to Lake
" Sterzh, and in the southern area to Lake Peno, locéted below,
The water of Lake Vselug diffefé iiitle in its characteristics from
the water of Lake Sterzh, According to data frém the Rybinsk
Hydrometeorological Observatory, the transparency decreases From
winter to swumer, falllng Lo a minimum during the mass development
of phytoplankton The ghromat1c1ty also decreases from,the spring
and summer period to the winter, fluctuating within the limits of
96 to 210. The chromatic tone of the water in winter corrésponds
to XVI, as in Lake Sterzh during this perid. Hydrocarbonates and
calcium predominate in the ion compositioﬁ. The relative content
of' ions of stroﬁg acidé increases in the laté water towards

“autumn owing to HCOg'!




Lake Peno is the third in the sysﬁem of'the UpperAVblga.
'Reservoir In its upper area, Lake Peno. is separated from the
pool of Lake Vselug by a dlke whlch spans the flood plain of
the Kud' River a short distance above the point at which this

river emptles 1nto the lake The length of the pool 1s_9.0 km ;

1ts surface area when it 1s filled to the nbfmal level is 21.2

ng; its average depth is L.2 metres,‘and'itS'maximum depth is
8.4 metres.

The tranéparenoy of the water in the Lake Peno pool ranges
from .05 /tg 2 metres in summer (Table l) and reaches its
highest values in winter.' In the summer months the chromatic
tone ranges from XVIII to XIX_and in winter corresponds to XVI.

It may.be'seen from the data given in Table 1 that the
seasonal variations in the colouration'of the water differ>widely

in individual years. The colouration indices in the winter months -

are determined mainly by the hydrometeorological situation at the

end of the autumn of the preceding year, i.e., in the pefiod when

‘water accumulates in the reservoir with the aperture¥* closed., The

active reaction of the water in Lake Peno.is for the most parf !
neutral or weakly alkaline. The pH riées_to 8.2 during the
intensive develppmenﬂ‘of blue-green aigae at the end of summer
and the beginning of autumn. The content of hydroeerbonate ion[e}
during the winter months ranges from 73 to 95 mg/l (Table 2).and
in spring decreases to 58 mg/i. In July and.August the content
of hydrocarbonate ion é] again increeses, reaching more than 80

~mg/1l in individual samples. Among cations the most important is

* See Translator's Note, p.5.




19 mg/l in summer, and 16 to 24 mg/l 1n autumn, 1. e., within the

.1imits typical of the. region being studied

“-the west, in the upper reaches of this river a reservoir has been~

calcium, whose content ranges from 21 to 26 mg/l 1n winter, 17 to

The Kud' River emptles into the upper erea of the 1ake from

bullt for the purpose of maintaining~ ﬂi timber floating along the
river during the loW-water‘period The annual flow of the Kud!'

River during 1897-1898 was 140.8 million w3 (Bushmakin, 1904).

The water of the Kud" is poor in dissolved salts and- its.chromat- : /127.
icity fahges'frem U5 to 80° (in July and September); The Orekhovnye'
River, emﬁtyiﬁg.from the west into one of the bays of the lake,
significahtly=influeﬁces the eolouration ef_the seuthwest part of

the pool of Lake Peno during flood time.




Physical and Chemical Properties of the

Water of Lak,é Peno

- - -
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Jpacumper-
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10.  Jero P }
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cr. 21 1.5 { 40 820 | 954| — 10.6 JaHHNE i
er. 20 0.5 | 55 7.60 | 108.9| — 13.2 A
cr. 23 1.3 | 45 7.60 | 99.3| — 11.5
11+ 0Ocens ' ' ;
e e , . , 22, |
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borel' Ule Scale.

f;id...

UKey Table l
l; Season and date;
2. Place where samples taken;
3. Transparency, in metres; A
4, Chromaticity, in degrees‘-
5. Specific electric conductivity, in micromho/cm, f
6. Total iron, in mg Fe/1; |
7. Oxidizabllity,(permangagate), in mg Op/1;
8. Source of ‘dataf .

© 9, Springy

10 Summer;

11. Autumng

12.. Winter;

13. Volga chaﬁnel'. l

14, Middle of widened areas

5. Izvedovo'

16. Peno settlements-

17. Station - '

18. Peno settlement; f

19. Depths e ;

20, Abrosov; -

21._ Fotievs

22, Station of Hydrometeorological Services.

23. \Cﬁirkovag

24, Our data;

- 25, Rybinskaya dead volume level.
Note: The Roman numerals indicate the colour tone on

~the




Table 2

Ton Composition of the Water of Lake Peno

—~
—

| Season & Flace where. , , . A 108 POUTCE
[ - M or6o o6 Ca” .| Mg~ Na + K’ HCO: O o Ccr - HCTOUHEX RaHHHRX
] date™ samples taken | T . ° ! tot81 | of data
{ - Spring | S | ’ ' 1
200V1950 | BomxcKan oporoKa 19.1 1.10 . 0.26* - 58.0. 45 - 0.40 83.5 \I‘OSOV
" | Izvedovo 095 | 0.09 ©0.01 © 095 | 0.09 0.0 - 1.05 Afpocos
P 0. LBTRCOVO ) s g.ao_, ns é;% égo 0.5 - Station of Hydro-
. ¢ . 1)) . D0, . . 2. o
8 Vi964 1 _Hmnqno_ : 17.2 5 182 ) 13.20 92.2 meteorological
S 0.86 | 0.29 0.07 08 | 07 L 0.09 2 ) \Tocr TMC Service
et | 352 7 | 11.9° 2.9 - 39. © 7.0 3.7 - - | ‘
Sum;aer. Volga . : : :
oo Channel ' Abrosov
-4 VIIT 1950 " BomKcKan npoToKa 39.2 | 4.80 0.00 ' R
70.97 0.10 0.00 107 |}  Abpocon
45.3 47 0.0 - J
: ‘ Izvedovo : - ‘ . ,
6 VII'1961 | >~ Hasemoso 16.5 3.40- 2.68 58.6- 8.60 . 2.20 92.0 :
_ , T 1 0.82 | 0.28 0,10 0.96 0.18 0.06 1.20 -
* 342 |16 4.2 40.0 7.4 2.6 —
| 29 VIII 1963 - > 22.3 4.00 - 2.60. 83.6 4:90 2.50 120.0
. ] L COAr | 033 0,10 137 0.10 0.07 1.4 Toer [ME
30 VII 1964 | - » 36.0 | 10.7 33 . 44.4 3.3 2.3 — ,
‘ . , 22.0 3.50 220 76.9 6.20 3.10 113.9
o ‘ : 1.44 0.29 S N8 1.26, .13 - 0.09 1.48
. 37.2 9.8 3.0 42.8° 44 0 —
S - Station ' | . | o " & " Our dats
" 16 VII 1965 cr. 23 258 | 2.30** 115 - 70.2 - - - | «
- 1.29 (.10 0.43 1.15 (1.27 ** i Hamm anmne
45.0 5.0 40.5 4.5 - !




Table 2 -~ cont'd.

12,

o

w

‘Season & Place where B Source
Clegoit, -cgata |- Me wrfinpa 1Pos - My’ . K’ 30 cir HCToYBAK BaHHLY
date™ |samples taken ’ data
26 VI 1965 . yVasexano 85;3 — 7?‘?6 g%g (2)'33 Station of
lzvedovo 83 - 41,7 5.4 2.9 By C,l romet.
, S , ) - . Hoct TMC Service
3 VIH 1965 » 270 72.6 7.90 3.10 {11.4 ‘ -
0.22 . 1.49 0.16 0.09 1.4
: 7.6 41.3 5.6 3.1 —
: Station : ‘
18 VII 1966 ™ cr. 18-a 3.8 é.uﬂ, 70.86 19.6 2.20 19.5 '
a ‘ 0.31 .03 1.1 0.2 0.06 - 1.42 Our data
11.0 40.8 7.0 2.2 — |
o ] } : : . Hamm panune
- 23 VII 1966 cr. 22 90 0.78 83.6 10.6 2.10 126.9 , i
. 40 .02 1.37 0.22 ¥»% 0.06 1.65
. , A 2.9 415 1 6.7 . 1.8 —
23 VII 1966 e, 21 .80 1.05 | 173.8 18.7 2.10 4.
~ A8 0.03 1.21 0.3 0.06 1.
5 3.5 36.5 11.7 1.8 —
‘ | B -
T 23 VI 1966 Cr. 20 (.76, 83.6 5.8 210
- . : .02 . 1.37 0.1 0.06
N 3.2 44.2 3.8 2.0
.23 VII 1966 cr. 23 1.12 72.0 10.6 -] 22 l Our data
0.03 1.18 0.22 **» 0.06 Hamu panxne
. ‘ 40.5 7.0 2.5 l .
o Station of
0
Ocenb Izvegovo . Hydromet.
9 IX 1962 * MiaBenoBo - 61.0 2.00 1\ Service:
— — 1.00 0.06 Iocr TMC ‘
Stition — 43.2 2.4
18 1X 1965 \er. 23 22.0 0.90 | 70.2 Our da
o . 1.4 0.02 1.15 /- ux data
8.0 . 9.0

Hamu panrne




13.

oource

S&a%on & | . Ton I
eaqQH, nara MecTo orbopa <a” Mg~ Na' 4+ X HCO, 50} cr VICTOYHMR NATHHX ¢
2a%e samples ta en ¢ : ! tot8l. | of data ;
17 XI 1965 HssenoBo. — — — — .| 81.2 6.90 3.20 —
Izved\ 1.33 - 0.14. 0.09 {.5GHees ] Iocr TMC
Winter .OVo — — — — 42.6 4.50 2.90, — Station of
_3mm ‘ Hydromet.
28 111 1950 BomKcan mpoToKa 2514 | 4.00 7.00 934, | 5.2 1.10 145.8 Service
: : , . 1.28 | 0.33. 0.28 1.53 0.32 0.03 1.89
o Volga channel| 33.9 8.7 7.4 407 7| 85 0.8 — A6pocos
. : - o ' l
.20 I 1961 WaBenioso 134 3.20 4.70 36.0 18.4 3.90 793 Abrosov
- - 0.65 | 0.26 0.17 0.59.1 0.39 .10 08
Izvedovo 304|114 8.5 270 | 180 5.0 _
' _ g o
- 19 ITI 1962 22.7 4.30 5.36 90.3 7.00 1.70 131.4
143 | 0.35. 0.20) 148 | 0.15 0.05 68
33.6 {10.6 5.8 442 | 44 1.4 —
; _ : 1 :
26 III 1963 21.4 3.30 1.07 73.2 4.90 2.90 106.8 /Mo TMC
- 1.07 | 0.27 0.04% 1.20 0.1 0.08 1.38 )
_ 383 | 9.8 1 428 3.8 2.9 = Station of
' ' _ I ' . Hydromet.
11, 11T 1964 23.0 5.00 - 3.82 87.8 7.30 3.20 129.5
(15 1 041 12 4 | 01s 0.1 168 Service
34.8 12.1 1t 4.29 440 - 270
12 1T 1965 H3Beposo 258 | 4.6 2.41 95.2 7.00 .90 H/ t
o 1.29 .38 Q. 1.6 IRE IR 1.76
36.6 1108 2.6 343 e Co14 -
A i i

Note: For each sample' first line
is percentage equivalent.
* Na- and K- wer calculated from theii] difference,
*¥¥* NA- and K+ were determined on a*flame photometer.
*%* 80") and SO" .+ C1' ‘were calculated from (their] difference.
*#%%% fnalysis does not balance. :

is mg/l; secénd line is mg-equivalents/1 third line




The'ﬁransparenc§>§f fhe‘water in the sedtioh of'the'Upper
Volga Reservoir belween the Perio and Volgo Podls, ranges from
0.8 to 1.0 metfgs in“summer dnd’increéses towards wintér.
Aécording to our observations, thé chromaticity of the waﬁer ih
this région was of'éhe game order as in the uppér poolé, In
autumn highef chromaticity valueé were noted bélow.the mouth of
thc Zh&kopa River. |

The Zhuképa River eﬁpties into the ReserVoir from the sbuth
below the settléMeﬁt of'Peno;vflood'timé.on.this river'beginé.
somewhat? sooner Lhan in the basih formed by the northérﬁ pools of
Lhe Reservolr, and_its’wﬁter flow exceeds the total flow volume
of rﬁvers‘emptying>intd the Réservoir aboVe the settlement of
Peno. The annual low of the Zhukopa River is‘380;3 m3
(falinir. Oblast'! ~tlas, 1954), Flowing through forested terrain

Lt ig swampy in places, the Zhukopa River brings into the

Reservoi water that is wore coloured {han that of the Kud' and
Runea. Rivers. The ﬁhukoba-éarries\a large'quaﬁtity of crﬁshed»wqod
bark,‘Whiéh is not only an imﬁortant component of bottom depoéiﬁs,
hut dis alsoe a possible factor incfeasing the chromatic;ty and
oxidizabilily orf lhe water in the Reservoir; The chromaticlty
values of Zhukopa water in’May,'July, and September are high
(150 to 2259), Tbc amount of mineral matter is higher~than in
the Runa or the Kud'.

The lavel; aepth and surface érea of the poo]qat T.ake V01go -
the lower pool in the system of the Upper Vblgé Reservolir -‘fluétuate
within wider Liwmits than in the upper pools. According £o.observa~

Lions made in summer, the greatest transparency (1.3 metrés) has
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been fquhd in the deep, widened area of the pool. Thé'pransparency
increases at the beginning of~autﬁmn and reaches its.higheét values
nin winter, Dﬁring:thé year,.fhafdegree of colouratipn'of the water
in thé Lake Volgo Podlvranges‘from 21 to_156° -A sharp drop in
Colourailon and owldlzabanty in wrnter, topether with a simultan-
eous increase 1n the total content of 1ons, 1ndlcateo an increase
in the role of ground »water] teedlng. Colouratlon 1ndiceS"

| reahhing_lSOQDaﬁd mbre were noted by V.N. .Abrosov (1)61)'in May
anﬁ_August of 1950, a vear in which water was abundant in the upper
reaches of the Vblaa In July and Aupust 1965 and 1966 the
Chromacnc1tv of the wate. in Lako VOlgo ranged from 50 to 90°,

The permanganate ox1dlzab111ty of the water of Lake Volgo
ranges frpm 9 to 23 mg Gg/l.» During the Greater'part of the year
the active‘reaction of the water ja close to neutral The hlghest
oH indices ; 7.9 to 8 4 - are characterrstlc of the summer months
-and’ the befinnlng of auguﬂm

The quantity of mrnoral oomponents dlssolved in the water 1is
small. Fven in July, the water of}Lake VOng contalns fewer
.dissolved-salts,than.the upper pools, which is explained by the
greaﬁer ﬁilution of winter waters bj the‘wateré_at fload time. The
content of salts increases in autumn ‘and in winter.

The rivers emptylng into Lake Volgo carry waters that are more
coloured and richer in dissoived salts than‘phé‘water of the lake

itsell.

Conclusion
The colouration of the waters in the upper reaches of the Volgo

is, as a rule, above average and 1s high in places. According .to
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the clasolflcatlon of water colouratlon proposed by~M A. Fortunatov
(1959), waters of medium and 1ncreased oolouratlon predomlnate in
the Upper Volga Reservoir. No waters virtually free of eolouration
have been found elth91 in the Reservorr or in the rivers flowing |
in the basin formed by he ‘upper reaches of the Volga nghly

coloured and dark-coloured waters are found in open pools o“ the

Reservoir, mainly in years with a heavy runoff, in the-second - /128

phase of high water, or in years with heavy summer precipitation,

Very darkly .coloured waters, and those that are exceptionally

darkly coloured whosd¢ chromaticity is above 150°, are found in

creeks and rivers flowimg out of swamps. The swamp from which

i'lows the creek conventionally called.the source of the Volga, is
characterized by a. very high water colouration (from 200 to 4889),
when theiupper and lower pools are compared it may be seen that the

water of lakes Sterzh, Vselug, and Peno is less coloured than that

of the lake Volgo Pool located below. ‘This iS»related to. the

sreater flow_volume of.coloured water in the Zhukopa River es
compared to the other tributaries'emptying into the ReServoir above
the sevtlement of Peno.

The high chromaticity indices of the water in the Upper_voiga_

Reservolr are caused by the presence of organic matter carried

in by rivers and creeks, which is confirmed by their high permanganate

oxidizability. The influence of ferric salts on the value of the
chromaticity is negligible, since the total iron content does not

exceed 1 mg/l.
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The quantitonf_dissoived salté inéreéses'from the source
to the aperture*. Tributaries carry_into'the Reservoir waters
thaﬁ are richer‘in dissblvéd‘salts_th@n.the-Water of‘the'lakes,
In_theUReSQrQoir-itself @nd_ih_its;tribuféfigs the water must

be assigned to the hydrocarbonate class, calcium group

(Alekin, 1954),

¥ Sen Translator's note p., 5
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