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CONTRIBUTION TO A ~‘ETHOD FOR CALCULATING THE E)~~ECTE D ~~NEPALIZATION OF
RESERVOIR WATER

[city not given) GIDROTE~ iNIKA I MELORATSIYA in Russian No 3 , 1953 pp 52—6 3

[A~~icle by Candidate of Chemi cal Sciences M. I. Krlventsov]

[Text) In studies known to us, dealing with calculating the mineralization
of reservoir or lake water, N. M. Bochkov [1,2], G. I. Popov [3), 0. A. Alekin H

[!~], Ya. F. Pleshkov [5]  and P. P. Voronkov1 [6) , the mineralization of reser-
voir water by the end of a given calculation period was calculated or recom—
mended to be calculated by a formula derived from the equations of water and
salt balance of the reservoir or lake . This formula in the notation adopted
by us has the following general form :

M — ~~~~~~~~~~~~~~~~~~
~~~~ 

v.÷w.—Iv~— I..~ ‘ . (i)

where V1~ is the volume of’ water in the reservoir at the beginning of the cal —
cu.lation period

Wnp is the volume of all kinds of water entering the reservoir, exclud-
ing atmospheric precipitation , during this period

W~
_ is the volume of water released and lost , except for evaporat ion
losses , from the reservoir during this same period (release of water
for irrigation , sluicing, operation of hydroelectric sta~.ions , in~ius—
trial and communal purposes and losses of’ water ~n fiitrat~~n)

~~~ is the excess of water losses in evaporation from the reservoir
surface above the amount of atmospheric precipitaticn during tri i s
period

4~ is the average mineralization of water from the ~r-~tire reservoir ~t t
the end of the calculation period

MM , M~. , and M~~ are mean values of the mineralization of water ~.n t~~e
correspondin~r volumes .

In calculating t he  mineralization of wat~r ~n the Ry b inO k Oy . !  9-~serv~~r.

_



Ya. F. Pleshkov [5] , based on the reservoir salt balance equation and employing
integration, derived more involved formulas for calculating the expected min-
eralization of reservoir water. But in view of the technical difficulties in
employing these formulas in practical calculations , he recommended other
unique formulas; after the simplest transformations , these take on the form
of Eq (1).

In Eq (1), as pointed out even by G. I. Popov [3], it is hardest to determine
In G. I . Porov ’s view, if one assume complex mixing of the water in

the reservoir, ~~~ changes during the calculation period from M,~ to ~~ , and
it can be taken as equal to

M _ M.+M N
~~~~~~ 2

0. A. Alekiri [n ] ,  P. P. Voronkov [6] and Ya. F. Pleshko [5] also took M~~.
as the mean of M~ and M~ , without Justifying this step.

N. M. Bochkov [1] assumes that Me.,. is functionally dependent on and
and adopts

IS’ — !! ~W. + W.,~~~~— ( 3 )

M. I. Kriventsov , K. 0. Lazarev and N. G. Fesenko , in calculating the mineral-
ization of water in the Kuybyshev Reservoir, took as “CT the value suggested
by N. M. Bochkov, by Eq (3). But, referring to C. ~. Porov ’s comment , that
Mc7 depends not only on M,.~ and M~y , but also on evaporation losses , the fol-
lowing equality was presented:

Mc1r ~~~~~~~~~~~~~ (
~

)
—

The fo rmula they used in calculating the expected minera l iza t ion  of water i:

M= 
vr u+w~~~~

_
~~~~~~~~~:~~~~ wcr ( 5 )

I

We easily show that after simplifi cations th is  formula becomes

M — V,M, + W,,M~~~
~~~~ V.+W~~—L~~~’

that is, M~~. becomes equal to M k , which cannot be assumed oorreco.

~ut if one assumes that M~~ = + ~~ )/2 , E~ (1), ‘ift~ r ~~~~~~~~~~~~~~~~~~
becomes

M ~~~~~ — O, 5M1w~7I 
~~~~~~~~~~~~~~~~~~~~~~~ 

‘
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This fo rmula also does not yield exact results in the calculation of M~ , since
in some relations of water volumes appearing in the fo rmula , and also M~ and
M rip , M ,~ becomes negative .

This is clear from the following.

Let us express W~~ , W~.1 and ~~~ appearing in Eq ( 6 )  by V~ , and MH -—b y
that is , let us assume that Wap = a%~~ , W~. = bV~ , ~~~~ = cVH and

MN  = nMr~p.

Then Eq. ( 6)  becomes
Al — nM pV. +MnpaV. —O ,5nM 1bV5
1 I, lU iF~~~~~~~~.‘. r c 

~

After transformations we get

(7 )
1+ a — b — c

Let us examine what value Mg has for different ratios of a , b and n .

If the final volume of water V~ in the reservoir for the particular period
is equal to or larger than the initial volume of water V 1,~ , that is , ~~ ~~~~. V1~
and L~~~ is a positive value , a is always larger than b.  But if ‘J~, < V~wner i L~~ is negative , a is always smaller than b.

Let us note , besides , the first , in normal reservoir operations the value of
a in most cases is made not larger than b + 0 .5 ,  arid usually smaller than this
value and larger than b; second , in the freshet period , most important in the
mineralizing of water in the reservoirs , b can be 2—5, and in some cases , even
larger; thirdly , in the freshet period, however , especially for reservoirs
of the southern parts of European USSR , the ratio ri between M~ , which for
the spring period characteri zes winter water——most highly mineralized , and

~~~ can be 7—10 or larger.

Hence , let us look at the f irst  case , wh en a >b .  Let us assume that b = 2.
Then for all n , the expression n(l — O.5b ) in Eo (7) will ~~ual zero , andEo~ ( 7 )  becomes

AZ
‘
~~ a—c ’

that Is, it turns out that for this ratio of V 4 and ~~~~~,. , minerali zation of
water in the reservoir at the be~innitw of the calculation period 

‘
~~~~

not affect 
~1k 

at all. But this contradicts the fact tnat Mrr equals the
half—sum M ,4 + ~~ , as was assumed in the ~eri~:at~on of Eq (o). E~ (P’ )

thus turns out to be physically meanin~less.

3ut if b is . ar~zer than 2, toer ~ as n ~rows lar~ ,r , for th e ~~ir~~ a and r ,

~~ decreases , ani w~tn a ~~muz~~neoi~ ~~~~~ ir. n ani b , “~~ r~ : - 11: ~~~~~~~
zero and then hecone~ a ne~-ar ij~ 1uanti~ :, . ~~

- - 
, ~~~~~ b = ~~, T



If in this case a equals b + 0.5, that is , 3.5, when n = 7, ~~ becomes zero;
but if a is larger than 7 or a is smaller than 3.5, M~ becomes a negative
quantity.

On the condition a <b , the probability of getting a negative M~ grows, since
in this case b and n can be smaller than on the condition a>b .

The possibility of getting zero and negative M K by Eq (6) shows that it does
not correspond to actual processes in reservoirs, and calculating with this
formula cannot give us an exact value of M~ .

From the data of P. P. Voronkov [6], calculations of MK for the Rybinskoye Re-
servoir for 2 years and different periods of the year gave an error in the re-
sults, from —111.1 to +16.0 percent .

The relatively smaller deviations in the calculated M ,ç from the actual mineral-
ization of water cannot be held as confirming Eq (6).

This only shows that in this case the ratios of V~, , W~~ , ~~~~ M ,~ and M ,were
such that the ratios yielded M~ relatively close to the actual value. But
even here large fluctuations in the error point to Eq (6) failing to corres-
pond to processes occurring in the reservoirs.

This is explained n~t only by the fact that in deriving the formulas , in Eq (1)
erroneous values were adopted for M c~ , but also by the fact that Eq (1) was
set up on the assumption that the water present in , and arriving at the reser-
voir in the given period was completely mixed. From this assumption , as shown
above , C. I. Popov operated [3], by inserting into Eq (1) the value

This was also assumed by N. M. Bochkov [1], when he spoke of a functional de-
pendence of M~-~ on ~~ and M,.,~, . This dependence can exist only if in the re—
servoir there is mixing of water present in it at the beginning of the calcu-
lation period , with water arriving during this same period , and essen tially
this mixing must occur constantly during the cal culation period.

Actually , mixing of water in reservoirs is difficult to expect. This con-
firmed by data on the mineralizing of the far from homogeneous water in reser—
7~~~~5. Thus, from the data of p. ~~. Voronkov [6 , mineral iz ing of water in the
Rybinskoye Reservoir fluctuated in September , 1~L~6, from IY) to 150 oR/liter ,
and in September , l9L~7, from 100 to 200 mg/liter. From S. A. ~usin~ka’.’a ’s
data [7 ] ,  the content of chlorine ions in Dneprovskoye Reservoir water varied
from its head water to the dam , in August ~~~~ f rom  ~.26 to 11.20 ri / 1 i t c -~r ,
and in August l~ 35—— from 5.63 to 7.61 m~ /1iter. 

__-—- - -—- -
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N. M. Bochkov [1] recognized that Eq ( 1) fails to f i t  processes in reservoirs .
He inserts into Eq (1) a corrective factor——the regeneration coefficient to
bring M g closer to the actually observed mineralizing of water in a reservoir.
N. M. Bochkov calculated this coefficient from the ratio between mean mineral-
izing of water determined by analysis in an actual reservoir and M~ derived
from Eq (i). This procedure cannot , obviously, be suitable for reservoirs
newly built.

But even if it is admitted that M~~calculated by Eq ( 1) is close to the actual
mineralization of water of a reservoir, it still will not be of practical value
for major reservoirs , of the Kuybyshevskoye and Stalingradskoye type . In Eq ( i )
M R is the average mineralization of reservoir water at the close of the period
in question, that is, it is a nonspecific quantity , which cannot actually be
related to any specific point in the reservoir. But when s ign if icant  amounts
of water is used from large reservoirs to irrigation and inundation, we must
know the expected mineralization of water at particular reservoir points——at
the dam and the headworks of canals.

Eq (1) cannot satisfy this requirement . This is another reason barring us from
using Eq (1) in calculating the mineralizing of water in large reservoirs.

Considering the high flow rate and the consequent low hydrochemical inertness
of the Kuybyshevskoye and Stalingradskoye reservoirs , P. P. Voronkov [6], in
an approximate calculation of the mineralizing of water in these reservoirs ,
applied a simplified formula of calculation, of the form

~~~~~~~~~~~~~~~~ (8)

This formula was derived by him from these equations of salt and water balance:

~~~~~~ — ~~~~~ = = —

9. 9. Voronkov calculated the mean—seasonal and mean—annual mineral izing of
water in the Kuybyshevskoye and Stalingradskoye reservoirs , but nere no ac—
count was taken of the effect  of changes in the mineralization of water in
the Kuybyshevskoye Reservoir on mineralizing in the Stalinc~radskoye Reservoir.
Besides , he did not consider that the flow rate in both reservoirs W~1i be
smaller than in the Volga River before it was controlled. bis is pointed tc~
by S. A. 0usinskaya~s data [7]  on the Dneprovskoye Reservoir. But a change
in the flow rate of water in the reservoirs causes a shift in the time of
arrival of the highest and smalles t mineralization of water in reservoirs
compared with the schedules existing for the Volca River before it was con-
trolled. All this reduces the accuracy of the results 7 . P. Voronkow derive t

The foregoing shows that we need to work out a new way of calculati~~- th~ ex~
pected mineralizing of water in reservoirs .

~e suggest a scheme of calculating the mineralization of wat~ r for lar~e ri~—
servoirs , by whi ch two problems can be solved.



1. Calculating the mineralizing of reservoir water for specific reservoir
points located near the reservoir he-ad waters, and at the reservoir dam; but
when sufficient data on the mineralizing of water at these points are avail-
able , mineralization can be calculated also for intermediate points.

2. Determining the mineralization of water not in certain seasons , but for
each month and for spring and fall ten—day periods , to be able to plot the
chronograph of water mineralization.

The calculation was founded on these assumptions . It is assumed that a reser-
voir is a somewhat transformed river and the water entering its head waters
gradually displaces——during its damward motion——water from the reservoir by
displacing it. Here water arriving in the reservoir is not mixed or is mixed
only partially with the water present , while at the same time the reservoir
water is completely mixed with the water of tributaries entering the reser-
voir , ground supply water and water forming as ice melts in the reservoir.

In these instances, mineralizing of water as it flows from the head waters
to the reservoir dais changes owing to these causes :

1. Losses of water by evaporation arid ice formation during the time the water
travels from the head waters to the dam. From F. P. Voronkov’s data [6], the —

mineralization of ice in the Rybinskoye Reservoir amounts to 20 percerrt of the
mineralization of the water from which the ice was formed. So ice forming
causes a rise in the salt concentration in reservoir water and in the evapo-
ration of water from the reservoir surface.

2. Mixing with the water of tributaries , ground supply and water forming as
ice thaws in the reservoir.

3. Dissolving of salts accumulating on the surface of the periodically exposed
reservoir bed [3].

1~. Possible partial mixing with preceding water present.

Therefore, in calculating the mineralizing of water near the reservoir dam,
we must know:

a) in how many day s at different periods of the river’s life will the head
waters reach the reservoir dam —— the period of water advance ;
a) what percentage of water will be lost in the period of advance in evapora-
tion and the forming of ice in different periods -of water advance

c) how changes will occur in the mineralizing of water reaching the reservoir
head water at the beginning of the period of advance owing to the mix in  vita
side supply water (tributaries , ground supply and water formed in the thawinc
of ic e) and the dissolving of salts accumulatinR on the periodically ~xoos~~1reservoir bed.

- -~~~~ ~~~



As the basis of calculation we take the volume of water arriving at the reser-
voir from its head water during the day.

The periods of advance are calculated from the first of the above—adosted as-
sumptions: water reaching the head waters of the reservoir from the river
gradually displaces , as it moves toward the dani, the water from the reservoir
by displacing it. The head water comes to the reservoir in the initial days
of the calculated period of advance thus reaches the dam after as many days as
is required to fill the reservoir with the total flow with all forms of water
during the calculated period of advance. Here, the reservoir filling is as-
sumed to be what happens in the end of the advance period , plus the losses of
water from the reservoir during the calculated period of advance , due to fil-
tration and evaporation.

The percentage of water losses in evaporation and the formation of ice during
the period of the advance was calculated initially for each ten—day period
(in spring or autumn) and each month comprising the period of advance , for
the average volume of water in the reservoir and the volume of losses during
the same interval of time, and then the resulting values are summed over the
entire period of advance.

Calculation of the gradual change in the mineralization of the head water as
it moves toward the dam is very involved. Moreover , in most cases there are
not enough data. So instead of calculating the gradual change in ~the mineral-
izing of  water , it is assumed that all forms of water flow into the reservoir
not over its entire length, but only in the head water. The mineralizing of
water arriving in the reservoir is determined as the mean—weighted arithmetic
value of the mineralization of all forms of water, in the volume of their daily
flow. Here the mineralizing and volume of water flow from the river to the
head water of the reservoir is taken at the initiation of the calculation
period of advance , and the means for the calculated period of advance are as—
sumed for all other forms of water.

The data gotten from this calculation let us determine the mineralizing of
water by the end of the advance period at the reservoir dam . This value can
be gotten from the formula:

Al M ,,,.100
‘‘~~~ 100—L ‘ (~ )

where M1, is the desired mineralization of water at the reservoir dam by the
end of the cal culated, advance period
is the mineralization of water arriving in the reservoir at the start
of the advance period

L is the percentage of water loss in evaporation and the format ion of
ice in the calculated advance period.

The variable M ,1~ characterizes the mineralizing of water at the darn at the ~r~d
- of  the period of -advance on the assumption that the head waters , in f1owin~
toward the dais, are not mixed with the water already in the reservoir.



--

tn actuality , these forms of water obviously partially mix, but we do not
have data on this. When these data are at hand , a correction must be inserted
into the expression for ~~~

The assumption made when we calculated the mineralizing of Stalingradskoye
Reservoir water, that the water in the calculated period is mixed with 20 per-
cent of the water of the preceding period of advance, only slightly changes
“P

.
-.

The entire calculation is made under this scheme .

1. We set up a table of the water—management data we need for the calcu.la—
tion : a) the volume of water in the reservoir at the close of each month ,
and for the spring and autumn months and at the close of each ten—day period;
b) the surface area of the reservoir during these same periods ; c) the volume
of water losses due to filtration from the reservoir in each month of the year
and in each ten—day period , for the spring and autumn months ; d) the volume of
water released by the reservoir into the canals during these same periods ;
e) the river flow into the reservoir during these same periods ; f )  the total
flow of water into the reservoir during these same periods ; g) the excess of
evaporation over precipitation or the thickness of the ice formed during, these
same periods . -

We lay out an example of an arbitrary Table 1, not describing any spec i f ic
object , to illustrat e the calculation method.

2. From data on the excess of the evaporation from a reservoir over the pre-
cipitation on its area, ice thickness and the average area of the water sur-
face for each month and ten—day period in the spring and autumn months , we
calculate the volume of water losses due to evaporation and the formation of
ice in the reservoir. The layer of water involved in form in~ the ice is cal-
culated from the thickness of ice formed during a civen time , ass uming the
conversion factor to be 0.9, and the fraction of pure water in the ice volume
to be 0.8.

• An example of the calculation of water losses in evaporation from the reser-
voir is in Table 2.

3. The duration of head waters advancing to the reservoir -ia~c is calculated——
the period of advance. This calculation rests on data from Tables 1 and 2
and the assumptions laid down earlier. An example of this calculati on is in
Table 3.

Calculations sf the duration of advance periods are performed in se~:uence .
one after the other , as shown in Table 3, until the close of the cycle of
periods , that is , when the end of the last period ~.ill be close to the begin—
n~ ng of the firn t period. If the final days of one period have not arri’~-ed
for each month ari a each ten—day period of sprin~ -and autumn , the periods of
water advance are assumed to be such that the ends of each of them -ire char—
acteri:e-d uni formly  the whoie year and in the svr in~ and i t~imn te l  ia ’r ~erio -is .

_ _ _ _
-
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Table 1. Main Water—Management Data for Reservoirs

‘ ~~~ ~~
( - ‘ \

~~~~~~ 

!~~ ~
~L(2) ~~3) ~~~~~~~ !~~~

‘t 
° 

ItI~~~. 
~~~~~~~~

_____ _____ _____ 

~~~~ 
_____ ____________

- ia wao. 
~~~~~ (10). as np mec7syw~~aI OTpSI~~ ap lNIU - -~~

31/111.. . .  . 21,50 2100 — — — — —

10/IV 22,00 2200 0,066 0,255 2,165 1,120 20
20j 1V 22,00 2200 0,066 0,255 10,898 3,250 20
30/W 22,00 2200 0,066 0,255 11,072 0,400 20

Key :
1. Data
2. Volume of water in reservoir ( in 2krn 3 )
3. lu r face  area of reservoir ( in  km
I~. Filtrat ion from reservoir ( in  km3 )
5. ~elease of reservoir water into canals (in i~~i

3 )
6. Flow of rive r into reservoir ( i n  lcn3) 

3T . Total flow of tr ibutaries into reservoir ( i n  km
5. Excess of evaporat i on over precipi ta t ion , or thickness

sf ic~ formed (in mm)

~~. for a given late
10. for t i e  p receding time interval

r Thi s sch eme for  ca lcu la t ing  the advance periods was adorted~~ y us whe n we
calculated the mineralizing of water in the Staiingrals~ o e Feservoir. lot
i t is ~uite admissible to calculate the advance periods se ra rate ly  f r c m  each
othe r. The only thing we have to do is to have t i e  f i n al  lat es of the  t e r icoc
closely enough characterize the en t i re  year and L e r m i t  ~~ ot t i :i c  of t~:e chrono-
graph of water mineralizing in the reservoir at i t s  dan .

d . The reroentage of water losses in evaporation and i- c e :~~~m i r ~ fr om the
reservoir during the tine the water is advar.c~~n- ~ f r o m  h~~~-i wa te rs  to
the  reservoir dam is calculatel. An exanrl~ -of t:r~s ~al-c uL -~t ion is ~i cwr .
T-a~ 1e

5. ~ e next  calculate the mean m in e r i l i :a e i - : o  of  ~ - t t - r  arr ;:.o- ~~~: -  r ’?:~~:’—
voir , f r  the i n i t i a l  late of each a lv-an ce r - e r i c .~ . 1h~~.o :i ~~ ‘~~ :t t i  is ~~~~

r: t he  :‘-ormula 

- ~~~~~~~~~~~~~~~~~~- - -  -~~~~~~~~~~~~



Table 2. Calculation of Water Losses from a Reservoir Due
to Evaporation and Ice Formation

Il peasiwewle .a7apeaas aa.e CpS~$U ~. l I~ aAb 
O6~~~ ~~~ ~~~(1) ocaAxa~~. 1411 TOJZULIIIS aepeij ia IO~ OXpII -

IcflapexIr 1411 oOpasoeaa.e
(2) ~~~~ as *uuy

~4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~ 35 ZellAy .~~ Mecl u
p (

U 5) - a- -- - ~s aai ’)
U ue~~g (a ~~) aeze~ y (s aM’) 0)

( 1
~

)
1 — b u y . . .  — 20 ~~~~~~~~=2350 2150X0,00002 =0,043

11—20 11V. .. 60 20 2200 2200X0,00002 =0,044
21—30J1V . . . — 20 2200 2200X0,00002 =0,044

300X0,9X0,8= 

.. 
l700+~ 600 1650X0 ,000216=0,336

- 
=216 ~~

Key :
1. Ten—day period and month
2. Excess of evaporation over precipitation , or

ice thickness
3. in a month (in mm)
~4 . in a ten—day period ( i n  rum )
5. Average surface area of reservoir in a ten—day

period or in a month (in km2)
6. Volume of water  losses owing to evaporation or

ice forming in a ten—day period or in a month
( in  Ion3) -

MIW,+M6W6+M rWr + M A WJTM~~= ( 13)

where M ,.,, is t~ie mean mineralization ~ f all form s of vater arri vin~ a~
reservoir

-k is the mineralization of water coming from the river into the re-
servoir head waters by the start of the calcula ted advance pen ci

is the mean mineralization , for the calculated advance period , of
wate r in the tr ibutaries emptying into the reservoir

M ,~ is the mean mineralization of ground supply water in the reservoir
dur ing t h i s  per iod

is the mean mineralization of water :‘o r m i n o  w h c n  ice mel t s
~~ is the amount of salt carried ‘cy reservoir wat er  an - i l e a c n E - 1  fr om

eroued ba nk soils , i e r  liter of the  eri~~ire flow r t  tn -~ reser~~ ir
— l u r i n g  the calculated per i od

V~ is the f l o w  o~ the river intO the r e s e rv oi r  h~~t i  vat

m i  tial lays ct the caLculate I r~ r ic:



Table 3. Calculating the Advance Periods of Water Flowing
to a Reservoir

(1) ( 2 )  1 
~~~~~~~~~~~~~~~~~~~~~~~~ ~: ~ ~ 

k
~
loI

tk 
~~ 

(6)a. (7) 
~~~ ~~~~~~ ~~

c .

~~1i I~~speusI. •“~r 
~~~~~ d1

~C (a aM’) (. ui”) 
~~~~
. ~id ~~..

j 31111! 21,50 0,0 0.0 0.0 21.50 ~~~~~~ IIIV— 2511V

101W 22,00 0,043 0,066 0,0255 22,364 3.285
20/IV 22,00 0,087 0.132 0.510 22.729 17.433 (25 ai~ fl)

241W 22,00 0,105 0.159 0,612 22.876 22.022 — - - -- - -

4baa (3OO.O .9.l6SO+4 9j: 1I~~~+~~10 ~~~~~~~~~~~

25/W 22,00 0.109 0.165 0,637 22,911

0T TUH I~~l.2~ 
, - 

2 25j 1V 22 ,00 1 0.0 0.0 0.0 22.t~ 0.0 261W—
30/by 22 .00 0,022 0.033 0.128 22,183 5.73-6

0,427
OT Taa1u4~ ~bM c12) 6,163I . . . I . . .

~

... 1
~ey:

1. Period number
2. Date
3. Volume of water in reservoir ( i n  km~ )
d . Total losses and release of water from reservoir in a

given period
5. due to evaporation ( i n  k~~~)
6. due to f il t ra t i on ( i n  km ° )
7. into canals ( :~m 3)
3. Total of losses and releas e of  wat ~~r ( i n  :em )
9. Total flow of water i n t o  r es ervo ir  in a : i v -~n

period ( i n  km--
13. fa lendar  reric-d o an -I  i u n at i  on of  a ivan~~ rer ~ c- i
~1. (
13. Fr ot  i c e  ‘1’ it t-~



~~~~~~ - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~

Table ~~. Calculation of Percentage of Water Lost in Evaporation
and Ice Formation During the Periods of Water Advance

(2 )  I c
=.:r ~~~~~~~~~~ 1( 5’r

~o6~ s- Pscqa,ssi*
w ~~~~~~ ‘ 3  ~ ic6~ saai

(7 )( .~~ il) (7 )  (. aM’) (•~~ ) (s%~

1 1—IOII V , —2 — 21,Th 0.043 0~.197

11—20/N 22.00 0.044 0. 200 0.497

21—251W 22.00 = 0.022 0.100

2 . . .
I

Key :
1. Period of water advance
2. Calculated period
3. Mean volume of water in reservoir
Li . Volume of water losses in evaporation and

ice formation
5. Wate r losses
6. Losses of water during advance period (in percent )
7. (in ion3)
8. ( i n  percent )

W g  is the mean daily flow of’ groun d water during this  period
is the volume of water formed when ice melts in the reservoir
and mixes with head water as it flows toward the lam .

The value of ~-1~ is taken from the chronograph of water minera l iza t ion  for
the river in the reservoir head water.  ~~~ is calculated as the ari~ hnetic
mean from available values of mineral izat ion of water in the tributaries for
the calculated period of advance -or parts of this water , if the mineral i za-
tion of t r ibutar;  water changes markedly dur in~: the calcula ted z en i c h  of al—
vance. Whe n sufficient data ire at han d , 

~~~~
. mus t be calculate-h as se w e i - -nte I

ar i t hme t i c  mean .

~ineralization of ground sunoiy water -~~~~ is ietermine-i :‘rsro ts~ ia~ a —vi
minera liza t ion  of ground water in the area of ~ne r eservoi r  and
from the ra t io  of the  increments  of  i o n i c  and w a t ° r  f l o w s  -ov ~ r T h -  r~ s.~rvr ~
s e c t i O n  -lu r ing  o h ’  w i n o - o r  mor Oss  

~~~~~~--- - -~~~~~~~~~~~~~~~~~-~~~~ _



-‘I’

The mean mineralization of water fo rming as ice melts is taken as 20 percent
of the arithmetic mean from the value for the mineralization of water during
ice forming in the head water and at the dam of the reservoir.

The value Mr can be calculated only roughly , from data on the content of water—
soluble compounds in the soils of the reservoir bottom , from the amount of
water evaporating from the soil surface and from the soil surface area . The
reservoir regime is taken into account——the periods of exposure and flooding
of the bottom and the volume of water in the reservoir.

The daily river flow in the ini t ial  day s of the advance period W~ is taken
from the hydrograph of the river at the point located in the reservoir head
water.

W~ is calculated from the increas e in the water flow of the river before it
was regulated over the reservoir section , as done by 3. V. Polyakov [8:1 . A
model hydrograph of the groun d flow was plotted with allowance for fluctua-
tions in the water level in the reservoir. This var iable , like M~ , can be
calculated only roughly . But for large reservoirs with  high flow rat e , of
the Stalingrads koye Reservoir type , the relative value of the ground supply
is small , and the error in the calculation results caused by the approximat e
calculation of M~ an d W~, will be small .

The daily flow of water into the reservoir can be determined in two ways.
If the un i form tributary flow occurs during an extension of the total calcu-
lated advance period , W~ is equal to the auotient from dividing the flow of
all tributaries by the number of days in the period. But if the un i form flow
occurs not during the entire period of water advance , the volume of tributary
water mixing with the head water is determined from the formula

E.B ‘ ( I I)

where W b is the volume of water in the tributary flow mi xing with  the head
water as it flows toward the reservoir dam

W c is the flow of tributaries oeh:- c-:h na : along the entire reservoir
lengt h during the part of the advance period in luestion

A is the duration ( i n  days ) of the un i form flow of the t r ibutar ies

B 
arriving during the advance reriod in auestion

is the duration of the -calculated period in lay s
B is the duration ( i n  days ) of the u n i f o r m  fl-ow from tue t r i z ut a r i e s .

Let us clari fy this fo rmula. i~e ass ume that the flow from t r ibutar ies  deb ou ch —
into the reservoir occurs during the second -and th i rd  ten— lay periods of A r r i l ;
and from the minera l iz ing  of water for the  d i f f e r e n t  ten—d ay periods the  f low
d i f f ers , but is un i fo rm through each ten — lay period. The flow Qf all t r i n u —
tarj .es into the reservoir lur ing  the second ten —da y r er i - o d is ~ an - i  lu r i n o
the thi rd  ten—day p er icd —— ~~~. The calcu lat e-.l -advance neriod runs fr om  I
to 25 April and is 2~ days.

C L’nder tnese -conditions , the head wat- r arrivino
at the reservoir -a rt 1 Ap ril will be ~ni :-ood not with t h e  en t ir e  mear~~- : i i I o  :1
of tributaries arrjvine~ at the reservco t g  l u r in g  t t t o se c c n - :  an I osi  r i  t e n — toy

_ _ _  
-~~~~~~~~~ - - - -~~~-- - -~~~~-



periods in April , but only with part of each of them. This assumption is
grounded on the following. If the un i fo rm flow of the tributaries into the
reservoir occurred during the entire calculated period , the head water——flow-
ing toward the dam——would be mixed each day wi th  1/25 of the mean—daily flow
of all tributaries, and during the entire calculated advance peri od would be
mixed with the mean—dai ly flow of all tributaries , for the given period.

In our example , when the unifo rm flow of the tributaries occurs in the cal—
culated period only in the second and hal f of the third  ten—day period , the
head water moves during the second ten—day period over 10/25 of its path
and.——the re fore——mixe~ only with 10/25 of the mean—daily flow of all the tri-
butaries , equal to W / ~ J , that is , with a volume that is (lO~W )/25 ’lo , or
(A~W1)/ ~~ 3. During the third ten—day period , the head water——from this same

calculation——mixes with the volume of the flow from the tr ibutaries , equal to

( 5~~W
2

) / ( 2 5~~l0 ) ,  or ( A ’W 2 ) / 6 B.

The variable W,~1,. is determined from the appropriately altered Eq (11):

A.W.

where A is the number of days in the calculated period , whe n the ice me1t~
is the duration of the calculated period in days

B is the ice melting period in the reservoir , in days
W~ is the volume of water from all the ice melting in the reservoir.

If all the data for calculating the mineralizing of water enteriri~c the reser—
voir are not available, this value must be equated to the mineralizing of the
water in the river before its control at the dam location in the beg inn ing of
the advance period, but with allowance for the time needed for the water to
advance from the head water to the reservoir dam . For example , the advance
period of 1—25 April was calculated. A comparison of the hydrographs of the
river before its control at the head water and dam of the future reservoir
showed that water advances in the beginning of the calculated period for 3
days. ctTherefore, we must take the mineralizin~c of the water by ~ April as

The mineralizing of water by this date is roughly d ual to its value
after mixing of the head water arriving upstream of the reservoir -on 1 April ,
with water from lateral inflow ~t r ib utaries , groundwater supply m i  water
from melting ice).

6. From Eq (~
) we calculate the mineralizing of water at the ro~~or v c - i r  lam

at the close of’ the advance period. ~f needed , to this v-artab le is -~dI e-t i

corrective factor for the mixin g of water in the  ca icul - it e  i advance c-erich
wi th water from the ore red ing  period.

- - - - --~~~- -
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Legend:

_________ 
mineralization of water in the Volga River and
in the city of Dubovka
mineralization of water at the Stalingradskoye
Reservoir darn
in the mean—water—level year in the absence of
the mixing of water in the reservoir. . ..  in the mean—water—level with partial mixing of water

— — — 
in the reservoir
in a low—water—level year , i n th e abse nce of wat er— 
mixing in the reservoir . .in a low—water—level year, with parti-a~. mixing o~water in the reservoir

Key :
1. Salt content in mg/ l i te r
2. Months and ten—day periods

~‘r srs tue scheme presented , wate r minera l iza t ion  at h~ oc’i~ r r~ -~~r’yr~irpoints is calculated. f there are no ~xact Iat-a , the voi—Lme of -~-a c- .~r inthe reservoir from its head water to the point in d ’ l e r t i - n is -1et~ rmln .~~from t h e  ratio f’ Iicoa n - ’es f rom t u e  res~~rv~ i e- -i w~~ - .~’ n -  
~

-
~~ -c’ t - ~ -n

o in t in- i - t us, an I ~c -  v - cn~ o 1’ - -  - - - - 
~~
• ‘ ‘  c-u - rvo I ris view.~-~~ -~.~ a corle ~~ i~~l - i h~~~_ c - --, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) “~~~~~ 5~~~-lam .
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The proposed calculation scheme is far from perfect , but it lets us calculate
the mineralization of reservoir water at specifi c reservoirpcir~ss and in the
form of a chronograp h of water mineralization . With  further study -of the
water exchange in large reservoirs , this calculation can be re f ined ;  this
will enable us to get the values of the expected mineralization of water more
accurately .

By way of example, in the figure are chronographs of the mineralization of
Stalingradskoye Reservoir water , from the above—described calculation scheme
based on the water—level status of years and different calculation conditions .
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