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Material on the Chromaticity and CheMical  
1-£.  

Composition of the Water in the Upper Volga  tig E 
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By V.F. Roshchupko 
** 

The waters of the upper reaches of the Volga play a fundamental /120 
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role in the water supply of Moscow, and increased chromaticity and 

oxidizability represent a major shortcoming of Volga water from the 

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

the chromaticity and chemical composition of this water is therefore 

of practical value. 

The colouration of the waters in the upper reaches of the 

Volga and the Upper Volga Reservoir was studied simultaneously with 

other chemical and physical features of the water - temperature, 

transparency, electric conductivity, permanganate oxidizability, 

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

and l in individual samples, sodium and potassiuM. 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.  
*, ** Sem next page. 
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2. 

In order to determine the chromaticity of the water we used 

a chrome-cobalt scale; the colour tone of the water was determined 

from the Forer-Ule scale. The total sait  content was ascertained 

from the specific electric conductivity on an R-38 rheochord 	S .  

bridge.*** The other components were determined by generally 

accepted methods (Alekin, 1954). Some research' has been devoted to 

the chemical mechanism of the waters of this region (Ozerov, 1927; 

Abrosov, 1961). Data of the Hydrometeorological Service of the 

Central Regions, in addition to our own observations, were used in 

this report. 

The basin of the upper reaches of the Volga River is a 

complex lake and river region. A large number of hollows, sinkholes 

and small lakes, and the presence of extensive forests that regulate 

surface runoff, retard the development of erosion processes, and 

the increased moisture leads to the formation of swamps over large 

areas. A predominance of snow feeding, 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 matter and maintain the high oxidizability of the water. 

* Translator's note. 
"Chromaticity" is a translation Of the Russian tsvetnose. Another 
translation is "colour index", but a comparison of the definitions 
of the two terms as given in Websteris 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 reokhordynyi mostik,  for which no other suitable 
equivàlent is available.. 

** 

*** 



The water at the source of the Volga 	of swamp 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, to judge from single 
1964 to 

observations made in May, July, August and September 1950 an4/1966, 

varies within wide limits. In July 1950, 'a rainy year, V.N. 

Abrosov (1961) determined a chromaticity of 488°; in the dry summer 

of 1966, a chromaticity of 240°  was determined (our data). The 

permanganate oxidizability of the water at the source was of the 

order of 50 to 60 mg 02/1. The specific electric conductivity was 

low (40 to 65 micromho/cm); the total iron content ranged from 0.6 

to U.74 mg/1, and the overall hardness did not exceed 0.77 

microgram-equivalents/1 Ca. 1- Mg.. •  

When Volga Creek empties into Lake Malyi Verkhit (about 1.5 /121 

to 2 km from the source) the chromaticity of the water in the former 

decreases by 2.5 to 4 times. In [Lake) Malyi Verkhit during our 

observations the chromaticity of the water ranged from 90 to 170° . 

The oxidizability too, drops to less than half; its values in this 

lake do not exceed 20 to 25 mg 02/1. The total iron content 

decreases depending upon the season and the precipitation* during 

the year. 

The chromaticity of the water in Lake BolTshoi V,rkhit in 

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

* Translator's note."Precipitation" is a translation of the 
nussian vodnosti,  meaning literally "water content". 
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This is explained by the entry of heavily coloured water from 

the swamps located downstream from the latter: 

Diagram of the upper reaches of the Volga .  
and the Upper Volga 4eservoir 

Individual observations showed that in July and August 

1964 and 1966 the colouration of the water fluctuated from 100 

to 120.0 . 

The Upper.  Volga Reservoir is an unusual body of water 

that includes four controlled lakes (seè illustration): Sterzh, 

Vselug, Perm and Volgo. When the reservoir is normally filled, 	, 

its surface area reaches 181 km 2 , and its volume, 805.1 million m3 •  

Berore the Moscow Canal was dug and the Volga Cascade created, 

water was accumulated in the Upper Volga Reservoir in order to 

provide guaranteed depths for navigation in the upper pool of the 

Volga as far as Rybinsk. Water is now discharged in order to 

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



5. 

disdharged through the aperture** twice a year: in spring 

(May and June) and in autumn'(September and October). The annual 

discharge of water from the Upper Volga Reservoir averages 866 

million m3 . 

Lake Sterzh, the uppermost pool of the reservoir along 

the Volga, undergoes least the effect of the hYdrostatic head. The 

water of Lake•Sterzh is fairly uniform in is hydrochemical prop- . 

erties'throughout the entire ice-free period. Its electric 

conductivity increases in.comparison with.the source.of the Volga. 

and reaches - 110 to 130 micromho/cm, and its hardness increases to /122 

1.3 to 1.5 Mi11igram-equiva1ents/1 Ca'' + Mg**. The water volume 

of Volga Creek is in this case less than that of the other numerous 

tributaries feeding the lake. In the course of a year the chromaticity 

of the water varies within wide limits. Its values fluctuate from 

22 to 124°  depending upon the season  and the precipitation during 

the year. In JulY and September the coloured waters at the soUrce 

of the Volga have no significant effect on the colouration of the 

waters of Lake Sterzh. Thus a chromaticity of 500  was determined . 

in july whcre the Volga empties into-Lake Sterzh. During the year, 

the chromatic tone of the lake water varies within the limits of 

XVI tO XXI on the Forel'-Ule scale. 

The Runa River, 28 km ,long, which Carries the waters of the  

basins or Lakes Khvoshchnya and Istoshchnya e .discharges into 	• 

**Translator's Note- "Aperture" is only a suggested rendition of 
the Russian beishlot,  for which no other 
suitable equivalent is available. Beishlot  - 
appears to be of German derivation; thé 
translation suggested above is based  on an. 
approximate German meaning. 



the channel between Lakes àterzh and Vselug. At flood time it 

• brings in more water than all the small rivers and creeks empty-

ing into Lake Sterzh together, including the small river 

conventionally taken as the source of the 'Volga. The Runa often 

causes a counterflow in the direction of Lake . Sterzh. The annual 

runoff of the Runa during the period from 1897 to 1898 was 116.2 

million m3  (Bushmakin, 190 )-I- ). Flowing through swampy forest 

terrain and receiving about 30 tributaries with a total length of 

• 73 km, the Rima  carries dark-coloured waters whose chromaticity 

usually exceeds 1000  and  increases the chromaticity of the waters 

in the upper area of Lake Vselug by 15 to 20° . 

The second widened pool of the Upper Volga Resrvoir is Lake 

Vselug. In the north it is joined by a narrow channel to Lake 

Sterzh, and in the southern area to Lake Peno, located below. 

The water of Lake Vselug differs little in its characteristics from 

the water of Lake Sterzh. According to data from the Rybinsk 

Hydrometeorological Observatory, the transparency decreases from 

winter to summer, falling to a minimum during the mass development 

' of phytoplankton. The chromaticity 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 winier corresponds 

to XVÎ, as in Lake Sterzh during this  pend. Hydrocarbonates and 

calcium predominate in the ion composition. The relative content 

of ions of strong acids increases in the late water towards 

_autumn owing to HCO3'. 



Lake Peno is the third in the system of the Upper Volga 

Reservoir. In its upper area, Lake Peno is separated  ifrorn  the 

pool of Lake Vselug by a dike which spans the flood plain  of  

the Kud ,  River a short distance above the point at which this 

river empties into the lake. The length of the pool is 9.0 km; 

its surface area when it is filled to the nàrmal level is 21.2 

km2 , its average depth is 4.2 metres, and its maximum depth is 

8.4 metres. 

The tranàparency of the water ,  in the Lake Peno pool ranges 
to 

from .05 / 2.2 metres in summer (Table 1) 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 period when 

water accumulates  in the reservoir with the aperture* closed. The 

active reaction of the water in Lake Peno is for the most part 

neutral or weakly alkaline. The pH rises to 8.2 during the 

Intensive developmentof blue-green algae at the end of summer 

and the beginning of autumn. The content of hydrocarbonate ionE) 

during the winter months ranges from 73 to 95 mg/1 (Table 2) and 

in spring debreases to 58 mg/l. In July and August the content 

of hydrocarbonate ion[s]  again increases, reaching more than 80  

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

* See Translator!s Note, p.5. 



calcium, whose content ranges from 21 tC•26 Mg/1:in winter,:17 to ' 

19 mg/1 in summer, -  and 16 to 24»mg/1 inTau#umn,  1. e  , yithin -the 

limits typical of the region being studied. 

The Kud' River empties into the upper area of the lake from 

the west; in the upper reaches of this river a. reservoir has been • 

 built for the purpose of maintaining 	timber floating along the 

river during the low-water period. The annual flow of the Kud' 

River during 1897-1898 was 140.8 million m3  (Bushmakin, 1904). 

The water of the Kud" is poor in dissolVed salts  anditsI chromat- /127 

icity ranges from 45 to'80°  (in July and September). The Orekhovnya 

River, emptying from the west into one of the bays of the lake, 

significantly influences the colouration of the southwest part of 

the pool of Lake Peno during flood time. 
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Table 1 .  

Phsical'and Chemical Properties of the  

Water of Lake Peno 

1.. 	2. 	3. 	el/' • 	à.5 . 	qt 	7e,gr. 	8.-. 
.., 	e..i 	 t.,i .x 	w., 	e, _ ..-i IStecTo ch.OPEI. 	« 	0 	 ceor 	. E., 	„t?.. 	lieTnnunx 

Ce3on, naTa 	, 	npots 	ii. 	 pH 	''' e 	l 	g e 	U .4,.... 	aannbix 

	

Ru? 	re> 	iaee,  

	

. 	t-i e. 	 >bon* 	on 	oaim 

• ' Beene 

20 V 1950 	1 33-donwcuan 	2.0 	48 	7.6 	- 	- 	. 0 • A6pocos 
,. 	nporoxa 

23V  1965 . 	14 Cepeanna 	- 	100. 	- 	- 	- ' 	18.6 4  1. (Domes 
.pacumpen- 
mii *men( 	 . 

L 0 : 	 neTO 

4 VIII 1950 1 31jonaceman 	- 	66 	 - 4 ° • A6pocon 
npoToKa 	 . 

22 ,, 
6 VII 1901 15 ilaaenono 	- 	51 	7.40 	0.22 	15.6 	1 	noçT 

29 VIII 1963 	* 	- 	34 	7.40 	- 	0.36 	11.7 	j 	FMC 

20 VIII 19134 	» 	1.0 	40 	7.60 	- 	- 	- 	23 .1-inpxos 
30 -VII 1964 	» 	-- 	31 	7.80 	- 	0.05 	12.6 	HOCT 

	

. 	 22.rmc 

16 VII 1965 	17 teT. 23 	2.0 	• 55 	< 7.59 . 	100.0 	0.36 	11.0 	
24. 18  VII  1966 	CT.  18-a 	2.2 	35 	8.20 	97.9 	- 	10.9 

23 VII 1966 	CT.  22 	0.8 	60 	. 7.17 	110.6 	- 	14.0 	Hams 
CT. 21 	1.5 	40 	8.20 	95.1 	- 	10.6 	Amur° 
CT.  20 	0.5 	.55 	7.60 	108.9 	- 	13.2 	. 
cT. 23 	1.3 	45 	7.60 	99.3 	11.5 

Li.  	Ocenb 
22. 

9 IX 1962 	514il1eaoso 	- 	76 	7.20 	- 	0.22 	15.1 	1 	HocT 
22 X 1904 	» 	 :32 . 	7.60 	- 	0.42 	10.5 	f 	MC 

15  ix  I 965 	7  C.  23 	1.5 	. 40 	8.20 	120.0 	0.17 	_ 	8.1 e  4. Hams 
gamble 

17  XI  1965 1 	•Ilaue;ono 	1.0 	48 	7.60 	- 	0.28 	11.9 • 2 • Hoer 
• FMC 

L2 • 	311Ma 	 . 

28  III  1959 1 	.130,imcgan 	1.5 	80 	- 	- 	- 	f  0 .A5poc,oi 
• upoToKa 

20  III  	1961 	1 	•11aneaono 	118 	6.65 	0.30 	24.0 
19 III 	1962 	» 	- 	'. 53 	7.20 	- 	0.42 	13.0 

. 	26  III  1963 » 	- 	80 	7.00 	- 	0.32 	22.8 	2 Jlocr 
11 	I 11  1904 	»'- 	40 	7.40 	- 	0.14 	10.1 	FMC 
12  III 	1965 	 1.9 	24 	7.15 	- 	0.20 	8.2 

1 O  111 	1966 1 	iaoc. IIeno: . 	 25. 
1 	. rayfinna 	2.4 	XVI 	7.00« 	

_ 	
} 	Pu6nu• 

1,4 0.5 	 cas  ' 
• rayriona 	XVI 	6.80 	- 	- 	 rmo 

" . 9  M 



Key: Table 1 

1. Season and date; 

2. Place where samples taken; 

3. Transparency, in metres; 

4. Chromaticity, in degrees; 

5. Specific electric conductivity, in micromho/cm; 

6. Total iron, in mg Fe/1; 

7. Oxidizability. (permanganate), in mg 02/1; 

8. Source of data; 

9. Spring; 

10. Summer; 

11. Autumn; 

12. Winter' 

13. Volga channel; 

14. Middle of widened  are.;  

15. Izvedovo, 

16. Peno settlement; 

17. Station; 

18. Peno settlement; 

19. Depth; 

20. Abrosov; 	' 

21. Fotiev; 

22. Station of Hydrometeorological  Service;.  

23. .Ohirkova; 

24. Our data; 

25. Rybinskaya dead volume level. . 

Note: The Roman numerals indicate the colour tone on the 
Forer- U1 e Scala. 



6 VII 1961 

29 VIII 1963 • 

30 tut 1964 

Izvedovo 
14313e »Bo 

Ca*" • 74g" 

4.5 	• 
0.09 
4 • 3 - 
8.00 

0.17 
7.0 

4.80 
0.10 
4:7 

8.60 
0.18 
7.4 
4:90 
0.10 
3.3 
0.20 
(1.13 
4.4 

0.27 ** 
• 9.5 

e.Lace  wnere .  
saerrjeUeen .  

Volga . - • 
\,Channel 
Bomiccxàlt aparoxa 

Izvedovo 
IlasegoB0 

Volga 
\ Channel 
Boa-mexam npoToNa 

Abrosov 	- 

}

\ A6pocos 
Station of Hydro-
'meteorological 

i \Roc,. rmc Service 
f 

flucT CM" 

Our data 
Hann, rtamme 

Table 2 

. Ion Composition of the . Water of Lake Peno  

Station 
16 VII 1965 	 23 

0.95 
45.2 
58.6 

0.96 
39.3 

59.2 
•• 0.1)7 
•45.3 

58.6 • 
0.96 

40.0 
8:3.6 

1:37 
44.4 
70.9 

1.20. 
42.6 - 

70.2 
- 1.15 

40.5 

HCO  so," cr  

0.40 
0.01 
0.5 
3.20 

0.09 
3.7 

0.00 
0.00 
0.0 

2.20 
0.06 
2.6 
2.50 
0:07 
2.3 
3.10 
0.09 
3.0 . 	. 

source  
of data  

19.1 
0.95 

45.2 
17.2 

0.86 
: 352 

• 

16.5 
• 0.82 
.34.2 . 
22.3 

1.11 
36.0 
22.0 

1.11 

25.8 
1.29 . 

45.0  

1.10 
0.09 
4.30 
3.50 

0.29 
11.9 

3.40- 
0.28 

11.6 
4.00 
).33 

10.7 
3.50 
0.29 
9.8 

2.30 ** 
()AO  

Na. - + IC 

• 0.26 * 
0.01 
0.5 
1.82  

0 .07 
29  

2.68 
0.10 
4. 9 

 2.6o. 
0.10 
3.3 • 

11.118  
3.0 

1.15 
0.113 
5.‘') 

Igpymm  
totri 

83.5 
1.05 

92.2 

1.22 

1.07 
-7 

92.0 
1.20 

120.0 
. 1.54 

113.9 
1.48 

I .12 
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Table 2 - cont'd. 

eason . 	" :ce w ere 	 on 	Source ymm a 

	

Mg" 	 Na' 	• 	 HC(1.:, 	, 	 soz 	
• 	 CI' Sâtg"  l 'SaInïe"I'ïâre 	la- 	

t  owl 	
of data 

1 
26-V11 1965 	/113Bni-dio 	23.4 	2.80- 	-- 	-- 	70.8 	7.20 	2.90 	- 	1 	Station 

	

I .17 	0.21 	 '1.16 	0.15 	0.08 	1.39 Izvedovo 	41.8 	8.2 	- 	- 	 Hydromet  
} 	nocT!  ,FMC 

3 VIII 	1965 » 	 93.0 	2.70 . 	2.1(1 	72.6 	7.90 	3.10 	1 t 4.4 

	

1.14 	0.22 . 	(1.08 	 1.19 	0.16 	0.09 	1.44 	I 	' 

	

40.8 	7.6 	 2. 4 	41.3 	. 5.6 	3.1 

	

Station 	 •  
18VII 	1966 	N CT. 	18-a 	. 20.3 ' 	3.8. 	1.70 	1.08. 	70.8 	19.6 	2.20 	119.5 

	

1.01 	0.31 	. 	0.07 	0.03 	1.16 	0.20*** 	0.06 	1.42 	Our 	data 
. 	 35.5 	" 	11.0 	 3.5 	 40.8 	7.0 	2.2 	 I 

	

. 	 Hama ganarge 
23 VII 1966 	 u. .22 	 22.8 	4.90 	2.10 	0.78 	83.6 	10.6 	2.10 	126.9 

	

1.14 	0.40 	(09 	0.02 	1.37 	0.22 *** 	0.06 	1.65 

	

. 	
35.0 	12.1 	 2. 3 	41.5 	' 	6.7 	. 	1.8 	- 

23 VII 1966 	 CT. 21 	 21.2 	5.80 	2.1À1' 	LOS 	73.8 	18.7 	2.10 	124.7 
• 1.06 	0.48 	0.00 	0.03 	1.21 	0.39 *** 	0.06 	1.66 	• 

	

32.o 	11.5 	• 	3. 5 	 36.5 	. 11.7 	1.8 	- 

23 • VII  .1966 	 Cr. 20 	 'AS 	• 3.21 	1 .80 	0.76.. 	83.6 	5.8 	. 	2.10 	121.1 

	

1.19 	9.26 	0.08 	9.92 	1.37 	0.12 *** 	0.06 	. 	1.55 

	

..38.4 	8.4 	---- 	3. 9  • 	41.2 	3.8 	2.0 	- 1  
• 23 VII 1966 	 CT. . 23 	. 20.6 	3.80 	2.00 	1.12 	72M 	10.6 	- 	2.20 	112.3 	

Our 	data 

	

1.03 	0.31 	0.09 	0.03 	1.18 	0.22*** 	0.06 	1.46i 	Hainm gamme 

	

35.3 	10.3 	- 4. 	 40.5 	7.0 	2:5 	- 
Station 

Oceiii, , 	Izvedovo 
\ 	 Hydromet 

• 9 IX 1962 	• IlaaegoBo 	 - 	- 	61.0 	• 	4.90_ 	2.00 	' 	- \ 	Servi 
- 	'1.00 	0.10 	0.06 	1.16**** 	} 	Hoer rmc 

- 

	

Stat  ion 	 - 	- 	43.2 	4.40 	2.4 	• 	- . 

18 IX 1965 	\cr. 23 	 22.0 	2.88 . 	1.95 	0.90 	70.2 	- 	-.. 

•
- 	1.10 	0.24 	0.08 	0.02 	1.15 	0.29*** 	 1.44 	1 	/

Our 	dat, 

	

38.0 	8.0 	. 	4.0 	39.0 	11.0 	 f •Harnt Atunime 



beason ec 	lace wnere 	. 	 ion 	Source 	' c 
tO

ym  ma 

	

luerie 	1;141ffe°;6"eàle 	
Ca" 	mg" 	Na  ' + X' 	Hc0; 	S0'.1' 	C1' 	

ina..1"x  e  edtrè 	Sa ... 	 rl 	 itigl. 	Éf)rnt  

	

17 XI 1965 	• 	Haseipso, 	 - 	 " 	- 	81.2 	. 	6.90 	3.20 	- • `-... 
Izve 	

1.33 	• 	- 0.14, 	0.09 	1.56**** 	/ ITOCT I-111C 

	

dovo 	 426 	450 	290 , 	- 

	

linter 	 _ 	_ 	_ 	_ 	. 	. 	. 	 Station, o \ 	.. 
. 	 . 3Hma. 	 Hydromet. 

	

28 III 1950 	Box-Iceman nporoica 	25.1 	4.00 	7.00 	. 	93.4 	15.2 	1.10 	145.8 	Service 
• \ 	• 	- 	1.28 	0.33 . 	0.28 	1.53 	0.32 	0.03 	1.89 

Volga channel 	33 .9 	8.7 	 7.4 	40.7 	8:5 	0.8 	'7 	 A6poton 

	

I 	 \ 

	

.20 III 1961 	Ilusegorso 	13.1 	3.20 	4:70 	36.0 	18.4 	:3.90 	• 79.3 	. 	Abrosov 
-. 	,..---- • 	.0.65 	0.26 	0.17 	0.59 . 	0.39 	. 	0.10 	' 	1.08 ' Izvedovo 	30.1 	' 11.4 	8.5 .  27.0 	18.0 	5.0 	_ 

	

19 III 1962 	 » 	. 	22.7 	4.30 	. 	5.36 	 90.3 	7.00 	1„70 	131.4 
. 	 1 ..13 	0.35 . 	0.20 	1.48 	0.15 	0.05 	1.68 

33.6 	10.6 	 . 5.8 	44.2 	4.4 	1.4 	- 
I 

	

26 III 1963 	 21.4 	3.30 	1.07 	73.2 	4.90 	2.90 	106.8 	illocT rmc 
1.07 	0.27 	0.04 	 1. 90 	0.1 0 	0.08 	1.38 /  

• 38.3 	9.8 	 1.9 	43.8 	:3.8 	2.9 	- 	- Station 	1 

	

. - I 	 Hydromet 

	

11 , III 1964. 	 2:3.0 	• 5.00 • • 	3.22 	 87.8 	7.30 	3.20 	199.5 	Service • 1.15 	ftm 	0..12 	1..1 ; 	0.15 	0.09 	1 Jib .  
33.8 	12.1 	 1.111 • 	• 	4. 9 9 	4.40 	- 	2 .70 	• -- 

12 III 	1965 	 113BPA0B0 	 25.8 	4.6 	 2.41 	 95.2 	7.00 	I.Oti 	137.0 
1.29 	0.38 	 0 .i 11 	 1.56 	HAS - 	0.‘C, 	1.7 1 ; ' 

36.1; 	10 . 8 	 2.6 	• 	44 • 3 	4.3 	1.4 	- 

Note: For each sample: first line is mg/1; second line is mg-equivalents/1, third line 
is percentage equivalent. 

*Na. and K- werecalculated from thei] difference. 
[f 	

, 

** NA. and K. were determined on a lame photometer. 
*** Se4 and SO"4 + C1' were calculated from Uheil] difference. 

**** Analysis does not balance. 



The - transparency - of the -water in the section of - the'Upper 

, Volga Reservoir between the Peno and VOlgo Pools, ranges from 

0.8 to 1.0 metres in summer and - increases towards winter. 

According to our observations, the chromaticity of the water in . 

this region was of the samè order as  in  the upper pools. In 	• 

autumn higher chromaticity values were noted bélow the mouth of 

the aukopa River. 

The Zhukopa River empties into the Reservoir from...the south 

below the settlement of Peno; flood - time on this river begins 

somewhat sooner than in the basin formed by - the northern pools of

•the Reservoir, and its water flow exceeds the total flow volume 

of rivers - emptying into the Reservoir above the settlement of 

Peno. The annual Clow oC the Zhukopa River is - 380:3 m3  

Paiinj• Oblast' 'tlas, 164). Flowing through forested terrain 

th t. is.'swamPY in ,places, the Zhukopa River brings into the • 

Reservo's water that:is more coloured than that of the Kud and . 

Runa Hivers. The Mukopa carries' a large quantity of crushed mood 

bark, Whieh is nut only an important component of bottom depos -its, 

huL is also a possible factor increasing the chromaticity and 

oxidizability of the water in the Reservoir. The chromaticity 

values of rZhuk-opa water in May, July, and Septembe/',are high 

' (150  tu 2250 ). The amant of minerai  matter is higher-than in 

the Rune or the Kud' . 

The ivele depth and surface area of the Poo.1 at Lake Volga 

the lower pool In the system of the Upper Volga Reservoir - fluctuate 

withln wider limits than in the upper pools. According to. observa-

-Uons made ir summer, the greatest transparency (1.3 metres) has 
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been found in the deep, widened area of the pool. Thé transparency 

dncreases at the beginning of-autumn and reaches its highest values 

in. winter. During thé year, the'degree of colouration of the water 

in the Lake Volgo Pool. ranges .  from 21 to. 156° ..A sharp drop in 

.coloilration and oxidizability-in winter, together with a simultan-

cous increase in the. total  content  of  ions, indicates an increase 

• in the role.of 'ground frater) feediug. ColouratiOn indices . 

reaching 1500  and more were noted'by V.N. Abrosoy (1961) in May 

and.August of J950,  a year:in which water was abundant in the upper 

reaches of the Volga. In July and  August 1965 and 1966 the 

Chromaticity Of the water. in Lake'Volgo ranged from 50 to 90° . 

The permanganate oxidiZability of the water of Lake Volgo 

ranges from 9 to 23 mg 0,11. - During  the greater part of the year 

the active . reaction of the water is close to neutral, The highest 

pH indices - 7.9 to 8.4 - are characteristic of the summer months 

• and the  beginning of autumn.- 	• 

The quantity of mineral components dissolved in the water is 

sMall. Even in July, the water of Lake Volgo contains fewer . 

dissolved•salts..than the upper pools, whicn is explained by the 

greater dilution of winter waters by the waters.at  flood time. The 

content of'salts increases in autumn .and in winter.. 

The rivers emptying into Lake Volgo carry waters that are more 

coloured and richer in dissolved salts than . the water of the lake 

itself. 

Conclusion 

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

is, as a rule, atove average and is high in places. According to 
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the classification of water colouration proposed by M.A. Fortunatôv 

(1959), Waters  of medium and increased colouration predominate in 

the Upper Volga Reservoir. No waters  virtually free of coIouration 

have been found either in the ReserVoir.or in the rivers flowing • 

in the basin formed by the upper reaches of the Volga.  .Highly 

coloured and dark-coloured waters are found in open pools of 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 whose chromaticity is above 150° , are found  in 

 creeks and rivets flowin;; out of swamps. The swamp from which 

flows the creek conventionally called thé &puree of the Volga, is 

characterized by a. very high water colouration (from 200 to 4880 ). 

\r.hen the upper and lower pools are coMpared, it may be seen that the 

water of Lakes Sterzh, • -selug, and PenO is less coloured than that 

of the Lake Volgo -Pool located below. 'Mrs isrelated to.  the  

greater flow volume of coloured water in the Zhukopa River as 

compared to the other tributaries emptyin into the Reservoir above 

• the settlement of Peno. 	• 

The high chromaticity indices of the• water in the Upper Volga. 

Reservoir are caused by the presence of organic matter carried 

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

oxidizability. The influence of ferric Salts on the value of the 

,-:hromaticity is'negligible, since the total iron content does not 

exceed  1 mg/l. 



1 

The quantity of dissolved salts increases from the source 

to the aperture*. Tributaries carry into the Reservoir waters 

that are richer in dissolved salts than the water of the lakes. 

In the Reseryoir itself and in its tributaries the water must 

be assigned Lo the hydrocarbonate  class, calcium group 

(Alekin, 195 )-t-). 

See Translator's note p. 5 
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