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CONTRIBUTICN TU THZ PRUBLZM OF FURECASTING THE »InZRAL SUWTERT AnD
S48 ICAL Cup2C3ITIVN UF RESSRVOIR WATE:

lovocherkassk JINDACKHINICHEZSAIYZ ~ATZRIALY in Russian Vol 45, 1947
pp 89-106

lxrticle ;y ... L. ariventsov, iiovocherkassk Institute of Chemical
Hydrology,

Zféxi7 This article examines the problem of forecasting

tne mineral content and chemical composition of reservoir
water, the problem of the magnitude of calculation errors
wnen 1sincs various forecastinz nethods and the tasks fac-

inzy the forecasting of the chemical composition of reser-
voir water,

deservolr construction development in our country and the use of this
water for industrial and home water supplies have made it necessary to
calculate the expectea mineral content and chemical composition of the
water of these newly constructed and existing reservoirs,

vy 3ochkov of /NII/UDGEC Z;ll-union Scientific Research Institute
~vater 3Supply, 3ewer Systems, Hydraullc zngineering 3tructures, and
Lnzineering Lyiro;eolo;x7 first became involved witn the problems of
forecasting the mlneral conteat of reservoir water durinz the con-

.
o

(9]

struction of industrial and drinkins water reservoirs in the Jonbass ZT—Z?,

o

A number of authors subsequently worked on improvinz 4§, .., Bochkov's
methods and developins new forecasting methods, 3elow we will examirne
the nistory of the develoopment of this problem and the problem of the
maznitude of calculation errors when using various forecasting methods
as well as the oroblems facing the forecasting of reservoir water chen-
ical composition,

A, 1, S3ocnkov lgéspd on salt and water balance equationg? has suggested
a calculating formula which looks like this in our symbols:

MgVg + MupVop— MaVer

‘I M|='—V-+ V-’—V“—V- ? (l)
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where i, 1s the expected water mineral content at the end of the calcu-
lation period; ,, .igp and ker are the average mineral content of reser-
voir water at the beginning of the calculation period; the weighted water
mineral content of all types of water intake into and expenditure from
the reservolr; Yy, Vgp and Vey are the water volumes in the reservoir at
the beginninz of the calculation period, all types of flow inte it and
out of it, except for evaporation, during the calculation period; Vgesm
is the water loss throush evaporation from the reservoir's surface during
the calculation period,

All of the values on the right side of the formula, except iler, can be
calculated quite accurately by studying physicogeographic conditions of
the basin and region of the reservoir, the hydrochemistry and hydrology
of the river which will feed the planned or is feeding the existing re=-
servoir, and the project's water management calculations,

The value of [{¢y was the most difficult to determine, Therefore, I, n.
Bochkov suggested the following approximate value for calculating it
based on the functional dependence of Mer on iy and dpps

MVa+ MepVap -

Ma= l+"v.v' @

G. I. Popov/ 4/ feels that ey will be changed during the calculation
period from iy to iy, 1f it is assumed that the intake and reservoir
water is fully mixed, He assumes that

Maaﬁ;_‘!s, ! )
C. A. Alekin/5, pp 24-26; ? 222-226/, P, P, Voronkov/7-3/, Ya. 7,
a

eleshxov[T A, V, Chibov/1 nd for the long-term regulation storage
period, includin~ the years when flood waters were disposed through the
dam, V, A, Baranov and i, ¥, 300hkov[f_7 use the value ch sugzested by

~

G. I, Popov and also when calculating according to formula ( )

After 1ntrodxcing formula (3) and the simplest transformations into it,
formula (1) looks like

MaVg + MupViop— 0,5MgVer
e T e @

Some authors divide the flow volume (Vg ) into its components: Vp-
flow from the river, Vg - intake from the side flows of the reservoir
and the run-off from its drainage system, Vp - subsoil flow, Vatm -
rainfall intake on the reservoir's surface, Va,r - water intake during
ice thawing in the reservoir, from Ver they educe V4.0 - the water ex-
pended on ice formation, Its corresponding mineral content equates to
these water volumes: ip, rig, py Moy, ar and nayp .
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When substituting these values in formula (4), 1t looks like thiss

-
=an- + MV + M6V0+Mrvr+Mm|Vn- +Ma2Var—MgoVao—0, Wuva . (5)
Vl TVt Vet Vet Vet Var—Vao—0,We— Vo

i1, I. Kriventsov, A 3. Lazarev and !, G. :esenxo[iz7 in forecasting the
miner con*ent of the Kuybyshev reservoir, accepted a value for i,y equal
to ngrw;rqgﬁiﬁQ As w. 1. sriventsov/i4/ had earlier pointed out, with

the Valué o ﬁcy-calculated as vtk (the average water mineral content of the
entire reservoir at the end of the calculation period, it becomes equal to
rieys Which cannot be correct,

4. V. Tovbin, A, s, Almazov, i. B, Fel'dman and Yu, G, daystrenko/15, p 40/
in their forecast of +h§ waéfr mineral content of the xakhovskiy reservoir,
used the formulaMy= W , and they accepted ix or i, for
fier. The divergence between the results ‘obtained with the various valaes
of iey, according to their data, did not exceed 3,1 percent, They made

their final calculation with h¢7 = . It is impossible to acknowledge the
correctness of either method,

Analyzinz formula (4), &, I, Kriventsov showed that if the volume of drain-
aze from the reservoir is more than double the volume of water in the reser=-
voir at tne bezinning of the calculation period, then using a greater rmaz~
nitude for the ratio of the average water mineral content of the reservoir
at the beginnins of the calculation period to the averase water mineral
content of the flow during the calculation period, it is possible to obtain
a negative quantity for .

0. A, Aleksinzz, ho) 22@7 had earlier pointed out that the smaller the term of
the calculating period, the more accurate the calculation, 2, ?. Jorekav

had even earlier suggested that when using formula (4) and \5,, ore
should use such calculation periods when the discharged water volume docs
not exceed by much the doubled water volume in the reservoirs at the be-

ginning of the calculation period,

Fles hmouleJ, 5. N, kritskiy and M. F. uen?el'ZZQ and A, 2, Braslav-
sxi;[*7 nave proposed nore accurate calculation formulas, These formulas
have been derived by the authors from differential equations of salt and
water balances under the followinsg conditions: 1) the absence of salt sedi-
ments in the reservoir and their enterin5 and leaving throuzh the air,'2)
for the calculation period the mineral content of the intake and the dezree
of all components of the reservoir's water balance are constant, 3, water
is promptly and fully nixed in the reservoir, The formulas of the first
three authors have not found usase because they are too complex for cal-
culation purposes, A, i, 3raslavskiy compiled auxiliary tables for nis
formulas which have siznificantly simplified calculations, The author has
achieved an even sreater calculation simplicity in hils second work[fj?
where, havinz modified the fornulas somewhat, he replaced the auxiliary
tables with nomograms,

B s




For the clear water period, A, ', 3raslavskly's formula looks like this
in our symbols:

——

R = e

( * Vap— V.: = o M-)B- 6)

v
1+ z
Nl

where pg_—1— (%)

He sugzested the following formula for the freezing period:

Va
M= M+ (Moo= iy — M8 O

B=|—("

where Tﬁ? , and a is the ratio of the water mineral con=-
tent in the ice to the mineral content of the water from which the ice was
formed which A. P, Braslavskly assumes as being equal to 0,2,

The average water mineral content of ice during the winter is calculated
with the fornula

Vay mli- % @
M...,==a MI+M"PV.,—(1—0)V,_;— = __c%a__u N
= :

In another work A, r, Braslavs rly[f;7 proposes a formula for calculating

the averaze mineral content of the drainasze water from the reservoir Lor
the calculation pericd, TIhis formula, somewhat modified by us, looks like
this in our symbols:

Ve
PN P TP B el i B

o

In formula (8)3 is equal to 5 of formula {7), and in formula (9) 5 is equal
to : of formula (5). The value of 3 for all four formulas is determined by
the tables attached to the author's}work[Tz7.

-

in recent years ¥V, A, 3aranov and L, i, :opov[TZ? and. ¥ Al 5aranov[§§7
\V.dll VUDGEIC,, having considered that the calculation formulas of the
expected water mineral content which have been inferred from the equations
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of the salt and water balances of a reservoir do not fully correspond to
all of the processes taking place in reservolrs and do not take into
account all of the factors which determine the ionlc composition and min-
eral content of reservoir water, have suggested that the expected water
mineral content should be determined by charts constructed with empirical
equations:

M,=f(¥,l.M)=f(k. M) [19] u iAM.=I(K') [20].

where .., is the expected water mineral content at the end of the calcu-
lation period, V4 is the volume of water in the reservoir at the end of
the calculation period, V is the greatest volume of water in the reser-
volr during the calculation hydrologic year (from the start of flood-time :
to the end of the winter low-water period), i = V%:'M" 5 , Wwhere

.y and Vy are the average mineral content and water vg&uﬁg in the reser-
voir before the beginning of flood-time, iigp and Vhgp are the average min-

eral content and volume of water intake in the reservoir during the cal- ]
culation hydrologic year, a = Vi/y is the relative capacity coefficient

of the reservoir on a calculated date, Ai.x is the increase in the mineral

content of reservoir water when it is at maximum water level during flood- :
time when compared to the mineﬁ? cpﬁﬁgntlof the water before flood-time

(#K)e A" = %{L;M , andMeps3 = :+ : , Wnere .yp and V5, is the

average nineral content and volume of {iftake water in the reservoir during i
the period from the start of flood-time to the time of maximum water ]
level in the reservoir,

3oth of these charts have been constructed on the results of a study of
reservoirs mainly in the Donbass, partly in aazakhstan and other individual
U3SR reservoirs, Therefore they can be used evidently only for reservoirs
close to these in their geographical conditions,

V. A, Baranov and L, .[, Popov have proposed a chart for calculating ..x

in any period of the hydrological year on the condition that there is no
summer rain flooding, With the presence of the latter, the hydrolozical
year should be divided into two parts: from the start of the sprinz flood-
time to the vezinning of rain floodinz and from the beginning of rain
flooding to the start of the next year's spring flood-time,

In this chart the values of the expected mineral content of the water (i)
. have been plotted on the x-axls and the value of 4 on the y-axis,
Additional straisht lines located at various distances {rom the y-axis and
at various anzles to the x-axls have been lald out on the chart, These
straiznt lines are used to determine .. with various values for i. equal
to 250, 579, 750, 1000, 1252, 1750 and 2000 mz/1. The end points of each
of the indicated straizht lines correspond to the values of the expected
Y nineral content of reservoir water (..x) presented in the chart which have
k been plotted on the horizontal coordinates corresponding to the values
a=1and £ =0, The positioning of these points has been determined with
the author's orijinal chart.
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' My wur/a My ur/a
M wr/a M ur/a
npu K =1 npr K =0 npn K==1 npn K =0
250 330 350 1250 1250 1830
500 460 720 1500 1460 2200
750 700 1090 1750 1720 2590
1000 950 1460 2000 1980 2980

dnen determining .ix with this chart, first they locate the value of .
for the entire hydrological year or, when dividingz it into two parts,
for each part, then for the end of each calculation period they compute
x and at the intersection of the value of X with the sloping straight
line corresponding to the value of i, they locate i,

Y, A, 3aranov constructed his chart oanly for the rising water level
period in the reservoir, For the period of a decrease in water storase
he uses the chart of V, A, Baranov and L, ?. ~opov., The ratio between
A.. g (plotted on the x-axis) for the end of the indicated period and the
value of ' (y-axis) is expressed by the straigzht line whose equation,
computed with the author's chart, has the form A.g = -1333.5 «' + 1432,2,
Calculated according to this equation or founi throush the chart, Ak

is summed up algebraically by the averase mineral content of reservoir
water at the vezinninz of flood- tlnus-.“ The value obtained iy, is for
the end of the period of a rising water level in the reservoir,

At YiII 7TODGEU they are continuing to develop charts expressing the enm-
pirical ratios of i and the contents of separate ions at the end of the
calculation period on those presented above and other values,

Recentily L. [, iavelﬁo and D, H. fara°ovZ§l7 proposed a simplified method
of forecasting reral content and ion composition of reser voi* water,

?arxula (5) but they took the data on th
content of the in;'viiual types of flow water from charts outlining the
ninimum, maximum and weizhted mineral content of river water, accordinz
to drainage, for cold qnd warm periods of the year and also the value of
the layer beinz evaporated from the water surface. Zhe authors fore~
casted the nineral content of the existing reservoirs by using the charts
which they hadi complled for nazakhstan, As a result of this calculation,
values were obtained which deviate from those observed in real life by
no more than 20-30 percent which is a satisfactory fizure for rouszh
estinates,

They calculated with
P :L

The authors propose to judse the ion composition of the water of future
reservoirs with charts which depict the connection of the ion composition
of river water to its mineral content




All of the methods descrived for determining the expected chemical cou-
position and mineral content of reservolr water have been based on the
assumption that a full and, according to A, . Braslavskiy, a prompt
mixing of the flow water with the reservoir water will occur, In reality
a full or close-to-full mixing of water can occur at separate periods of
the year only in reservoirs of long-standing regulation, i,e.,, in reser-
voirs with slight water change and small in volume {on the order of 20-5)
million cubic meters of water in them and having a length to average width
ratio of roughly not greater than 3-4),

A full mixinzg of intake water with the reservolr water is not observed in
reservoirs with a large volume of water, elonzated in length, with sea-
sonal or yearly control, especially with great water traffic, The_full
mixing of water both in long-term control reservoirs and in ponds[?, 18,
22-327 1s not observed during a period of flooding,

B VOronkov[_z7 wnen studying the problem of the expected mineral con-
tent of Volga reservoir water, characterized by a great water traffic,
considered them as rivers having increased water losses through evaporation
and somewhat slow currents, rroceeding from this, he suggested the follow-
ing formula (in our symbols) for calculating the expected mineral content
of the dArainage water from them:

1 4
M“=Mupv'l"'_r'—p_-+ .::_ . (10)

and for a rough estimate of the mineral content of the water of the nuy-
byshev and Volgograd reservoirs, he adopted the mineral content of Volga
water near 3aratov and Astrakhan',

b, I, nriventsox[fh, 317 suggested river reservoirs, elongated in length,
with seasonal or yearly regulation, should be consjdered as transformed
rivers in which the intake water gradually replaces the water used and
discarded through the reservoir's dam water, soreover it is assumed that
the intake water (running) is mixed fully with the water of the side flows
of the reservoir, rainfall, soil-supply water and water from melting ice
and is not mixed or mixed only partially with the reservoir's replaceable
water, Considering that the speed of the water current in a reservolr is
slow in comparison with a river's and the running time from one point to
another cannot be determined through a correlation of the hydrographs of
these points, he developed a method for calculating the running of water
into the reservoir from its top to the dam or to another point, taking
into account the water loss through evaporation or the ice formation of
the running water, '

This method of calculation makes it possible to determine the mineral
content of reservoir water not only near its dam but at any point of
the reservoir if the water volumes at the section from the top to the
computed point are known,
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in the method under consideration it is assumed that the change of the
mineral content of the runninz water occurs during its journey from the
top to the reservolir's dam not only influenced by the water mixed into
it out also through the water losses caused by evaporation or 1lce form-
ation,

In order to calculate the expected mineral content at one or another point
of the reservoir according to this method it is necessary: 1) to determine
the duration of the running of water in different periods of the year from
the top of the reservoir to its computed point, 2) to determine water
losses through evaporation and ice formation of the running water in per-
centages of its volume and 3) to compute the weighted mineral content of
the runningz water after mixinz it with other types of intake,

The lengsth of the running period is determined by the time required to
i1l the entire reservoir or a part of it up to the calculated point
with the running water to the volume corresponding to the end of the
runnins period according to water management calculations, ..oreover,
the volume of all of the other types of inflow mixingz with the running
water is taken into account, as well as the volume of this same water
which is lost throush evaporation or ice formation, These losses are
computed accordinz to the size of the evaporated water layer or the
thickness of the former ice layer and according to the surface area

of the water at the sectlon of the reservoir where the running water is
for separate ten-day periods or months of the calculation runninz period,

The calculation of the welshted mineral content of the running water is
carried out according to *h fornula

MPVP + MgV + MV + MariVaru + My 2Vazs—Myo Vaio

e’ Vo+Ve+Ve+ Varu+ Var—Vao + Ses (11)

where Vp 1s the volume of river drainage forming the reservoir for the
first days of the calculated running period; Vg, ', Yarm, a7 and Va.c
are the averagze daily intake of water volume flowing into the reservoir,
the soil flow, rainfall, water from melting ice, water used in Fforming
ice, for the computed rlnnln period, .oreover, the winter snow and

the water from the meltinz ice are taken into account in the ice-melting
periods and are not accounted for in the ice-freezinz periods. wne is
the mineral content of the river water forming the reservoir for the
first days or the nearest runninzg periods calculated, g, nr, siamm, 0T
anl “A.0 are the averase water minersal contents of the vclumes corres~
ponding to it, S5em is the amount of salt mixed and extracted by the running
water from the reservoir's banks during their flooding and erosion, cal-
culatinz on one liter cf volume of all types of intake durinz the calcu-
lating period of the running,




The mineral content of water at the calculatlnz point .p+y is cetermined
according to the fornula

Mios - 100
Mn.r= 'Tlu__-[—' (12)

where L is the percent of water loss through evaporation or ice formation
by the running water for the calculating period of the running,

A. A, Zenin and K, 3. Lazarev/ 32/, when checking i, I, ariventsov's

method at the ruybyshev reservoir, computed the period of water running
from the top to the dam of the reservoir, dividing the water volume in the
reservoir at the start of the calculating period by the daily expenditure
of water from the reservoir, taking into account ice formation, ice melting
and an increase of evaporation over precipitation, We fully accept this
calculating method but it, like calculating the running period suggested
by ... I. ariventsov, nust take into account not only the factors indicated
by the authors but also the side and soil inflows enterinz the discarded
water which influence the length of the running period,

U, A, Alemin[ﬁé?, for forecasting the mineral content of water stretched
throughout the length of reservoirs with seasonal or yearly regulation,
sugsested the use of a model of a reservoir's water replacement processes
with whose results could be decided the future mineral content of the
reservoir water, He considers the division of the reservoir along its
length into several sections in accordance with the morphometry of the
basin to be a less accurate solution to this proolem, <Calculatinz the
expected mineral content of the water should be done consecutlively along
the sections from the upper to the lower ones according to formula (5),
{oreover, he recommends, subject to the water interchange (ratio of i
volune of the inflow water to the volume of the water at the section) and
morphometry of the section, mix the old water with the new at a ratio of
from 1:3 to 1:1 for the calculating period, which should be equal to the
period required for filling the given section,

The forecasting methods outlined were checked oy various authors at sev-
eral existing reservoirs, Thus, ., 2. 70ronkovzrz7 found that the calcu-
lation error using formula (5, for the expected nineral content of tne
water of the Rybinsk reservoir for the years 1944-45 and 1546-47 fluc-
tuated from 1.1 to 1% percent compared to that which was actually observed,
Vil iy nriventsov[T327 compared the results of calculating the mineral
content of the water of the Veselovskiy reservoir for the period from

20 July 1955 to 27 July 1955 for its different points according to nis
proposed method with those actually observed, It turned out that the
calculation error fluctuated from 3 to 34 percent, with an average egqual
to 15 percent,

SR N A e




A. L. Jenisova and A, u, AIJJJOVZTBQ calculated the mineral content of

the water of the nakhovskly reservolr for the period July 1956 to

December 1753 using formula (4); in which iier was equated to !i\x. A com=-
parison of the results of this calculation with values observed in reality
showed that the calculation error was equal to 13,4 percent on tre aver=
age with fluctuations from O to 40,5 percent. Unfortunately, with these
calculations for iy of the first period and for that mineral content of the
reservoir water observed in reality, they did not take the averaze min-
eral contents of its water but rather the mineral content of the water

in the pre-dam section wnich is not the same thing, A, A, Zenin and a, G.
LazarevZ§g7 have checxed tne results of forecasting the water mineral con-
tent of the nuybyshev reservoir done by 7, 2. /oronkovzrz7 with formula |
(13} and ., I. ariventsov with the running method and have concluded that
if one correctly determines the mineral content of the intake water, then
its values found through formula (10), takinz into account the running
and according to the method of .., I. Kriventsov, will be close to those
ooserved in reality,

V. A, 2aranov and L, N, ;opovz_' compared the results of calculatinz

the nineral content of the water according to the cnart sugzested by them
with that observed in reality. The calculation error for the reservoirs
of the Donbass turned out to be equal to *10-20 percent,

.., I, ariventsov, &, 7, retrenko and A, J, nhonen<og3§7 have cnhec«ed some

f the forecasting methods and their modifications at four existing re-
servoirs. These sane authors, tosether with D, L, fatina, later checked
these same and other forecasting nethods at yet anotner seven existing
reservoirs, All of the reservoirs at which the indicated check took
place have been enunerated in table 1,

[ne expected water mineral content was calculated throuch formula (5)
during a calculation for an entire reservoir and for two reservoirs in
a calculation done consecutlvely by sections--according to the foriulas
of A, 2. 3raslavskiy, the chart of V., A. Baranov and L. «, rfopov, the
charts of V, A, 3aranov and the ruaning method of i. I. ariventsov,

jurin; the calculation using formula (5), sey was equated to 0,25 .y
D75 ligy 0.5 by ¥0,5 i and 9,75 wy + 0,25 wge. The equation ey = 9,25
. T 2,75 L can be observed in reservoirs of multi-year regulation dur-
ing the flooding period when the low mineral-content flood waters pass
tarouzn the reservoir at the surface levels and are discarded Trom tae
reservolr in sreater amounts than the more mineralized winter waters of
the lower levels,

The equation ey = 2.5 iy * 0,5 g 1s the zenerally accepted value

ey = gy > “K/Z in ’ormuld (5).

Rezardinzg the ﬁ'4atjaﬁ er < 75 g ¥ 0,25 S, this occur with a
sreater water Interchanse and a fine vertical intermixing of water ia the
reservoir when the old water first runs out and the iatake water replaces

it, also mixing partially with the old water,
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The values of the .ilnliam, saximun and avecage calculation errors for the
water iilneral content observed in reallty have been presented ia tatle 1,
Ihis table also ives the characteristles of the reservolers for water inter-
chanve (the ratins of lralnage voluae and all types of water conswipilon

8 to the jreatest volume of water in the reservoir during the calculated
year) and the ratio of the length_of the reservoir to its avera:e width
during inzgormal backwater leve;7.

From the results presented in table 1, one can make the followinz pre-
liminary conclusions:

1., For reservoirs of the sarlovskiy and .l'khovskiy types (a water volume
of 25-27 million cubic meters, a 0,55 water interchange, a ratio of lenzth
to width of 12 to 4), the calculation of the expected mineral content of
the water ought to be done accordinz to the charts of 7, A, Baranovzzz7,
the fornulas of A, =-. 3raslavskiy[jz7 and formula (5, with lLer = 0.25 oy
+ 0.75 kv, Good results have been obtained for these reservoirs when

v

also usinz the chart of Vv, A, 3aranov and L, I, Eopov[f27.

2, For reservoirs of the Tsimlyanskiy type (water volume during ..z of
23.8 cubic kilometers, a 0.% water interchange, a ratio of the lencth
from the city of aalach-na-Donu to the dam to the average width of 12,,
satisfactory and close results have been obtained when calculating
according to the metnod of ., I, ariventsov, the charts of vV, A, Jaranov
and ¥, A, Baranov and L., &, ropov and the formulas of A, r, 3raslavskiy,

3. The expected mineral content of the water of /eselovsxiy type reser-
volrs (a water volume of about one cubic zilometer, a 9,62 water inter-
chanze and a ratio of the lensth to the averaze width of 45) should de
conputed consecutively by sections throuzh formula (5) with ..er = 0.5 .u
+ 0.5 ik and throush the chart of V. A, 3aranov and L, 4. ropov, and for
the separate points of the reservoir through the method of ... I. ariven=~
tsov (see page J6) with the presence of reservoir water volume data from
its thinninz-out area to its calculated point.

4, For ratta-purzanskiy type reservoirs (a volume of 590 million cubic
meters, a 1,1 water interchanse and a ratio of lenzth to width of 1, tne
best results are obtaired usingz the chart of Vv, A, -aranov and L, ..,
ropov, 3atisfactory results are also obtained for this reservoir when
calculating with formula (5) for all values of :ay and with the formulas
of A, 7, Braslavskliy,

5. For the Jamarkand and singirskiy type reservoirs (a volume of 170-
350 million cubic neters, a 1,9 water interchanze and a ratio of lenzth
to average width of 3-12) fine results have been obtained during cal-
culations with formula (5) when et = 0,25 iy + 0.75 .« and with the
formulas of A, -, Braslavskiy,

A e R Uy Uy
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6. 1n calculating the expected mineral content of the water for the Staro-
krymskily reservoir (a water volume of 52 million cubic meters, a 1.2 water
interchange and a ratio of length to average width of 63) fine results
have been obtalned with all of the calculation methods (calculating con-
secutively by sections has not been done because of the absence of data

on the water volumes in the reservoir at its separate sectors), The
closest values to those observed in reality were obtained with the for-
mulas of A, S, Braslavskiy ard with formula (5).

7. For reservoirs of the Kayrak-aumskiy type (a water volume of 4,16

cubic kilometers, a 5.1 water interchange and a ratio of length to average
width of 7; the best results are obtained when calculating according to
formula (5) with Mer = 0,75 Iiy + 0.25 lix.

8. Reservoirs with siznificant volumes of water (8.8-18.2 cubic kilo-
meters), with a large water interchange (7.8-2.9) and a large ratio of
length to average width (22-27) should be computed with ii, I, Kriventsov's
method which yields results having the least deviation from the values
observed in reality, The work of A. A, Zenin and K. G. Lazarev[327 also
confirms this conclusion,

There has been an insignificant number of analyses of their water min-
eral content for some of the reservoirs examined above. Therefore, when
the average observed water mineral contents of these reservoirs, com-
puted with available values to which the mineral contents of the water
obtained through these calculations have been compared, it is possible,
to some degree, that they deviate from thelr true values, This pro-
bably introduced some distortions into the magnitude of the errors,
However, the relative relationships of the errors of the various methods
must not change because of this and the conclusions presented above on
the applicability of one or another forecasting method remain basically
in force,

It is interesting to note that the magnitude of the calculation errors
for the zarlovskily, Cl'khovskiy, Staro-irymskiy, singirskiy and Samar-
kand reservoirs, obtained throush the formulas of A, <, Braslavsniy[ﬁ§7,
have proven to be less than or equal to the errors obtained usinz the
charts of /, A, BaranovZ§Q7 and V, A, Saranov and L, N, Eopov[f « This
indicates that the so-called "intrabasin processes", to which the latter
authors attach great importance and which they strive to take into
account in their charts and which A, :, 3raslavskiy does not take into
account in his own formulas, do not have considerable importance in the
salt Lalance of reservolrs, The diverzence between the calculated and
observed mineral content of reservoir water depends, to a significant
desree, on the non-binding of water balances which fluctuate somewhere
roughly around 10 percent,

Flans call for the continuation in the future of the work described by
accumulating materials on the chemical composition of water and the water

15




balance of the reservoirs and the rivers feedinz them, There should be

a broadening not only of the number of reservoirs which will make it poss-
ible to determine which calculatinz method 1s most suitable for which type
of reservoir and to define more exactly the forecasting method, but also
to calculate for a large number of years the most typlcal water content
year for the year being calculated and its place in a series of previous
years,

The conclusions presented above allow us to make a general inference that
there is no way a universal forecasting method can exist which is suit-
able for different reservoirs differinz in the degree of drainage regu-
lation, water interchange, and morphology and morphometry, It is fully
possible that in the final analysis it will be necessary to develop and
use various methods for the separate hydrological periods of the year

as they are already doing at YNII /CUDGEC,

At the same time these conclusions point to the necessity for broadening
the work on studying the factors influencing the hydrochemical system of
the reservoirs and the chemical composition and mineral content of their
water,

The problem concerning the processes for mixing the intake water in the
reservoir with its own water has the greatest importance, This question
is lmportant not cnly to improve the forecasting method of the normal
inzredients for natural water, but its importance is particularly grow-
ing with the always increasing inflow into surface waters, including into
reservoirs, of home and industrial effluents,

Unfortunately, the process of mixing intake water with the reservoir water
has recelved little attention, Investigators are more interested in the
problems _of the flow and stratification of curreants in reservoirs (ii. ..
Sochkov/36], I. Gabriel®, K, Symon/37/)and the problems of mixing the
waters of two rivers feeding the reservoir (A, A. Zenin[§§7;. These
provlems have great importance for forecasting the chemical composition
and mineral content of reservoir water at its separate points. However,
they still have not found such a quantitative concept which could be used
in calculating formulas,

#hen calculating the expected mineral content of water it is necessary to
know in what proportions in different parts of the reservoir and in 4iff-
erent periods of the year the intake waters are mixed with the reservoir
water, Reguired are data similar to that obtained Tty A. ., Almazav[Eé,
pp 195-207/ during a study of the mixing of river and sea waters in the
Onepr and other estuary areas, although the stratification and flow of
currents are also observed in them,

de presented calculations for the ccatent of the Tsimlyanskiy intake and
winter water at the separate hydrochemical stations of the Bol'shoy sSad-
kovskiy Zay of the /eselovskiy reservoir for the non-icebound period in
1960, the content of intake and old water in the middle of the cross-
sections of the Veselovskiy reservoir for the period June-3eptember 1954
and for the aingirskly reservoir for the non-icebound period in 1958 and
1959.
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The calculation was made with the equations

1) x=100—y ¥ 2) y =Gt - 100,

where x and y are the portion of the flow water volume entering the reser-
voilr for the calculation period and the portion of the winter and old water
volume in percentazes in the reservoir or bay station under investigation
at the end of the calculation period, Clx is the weighted content of
chloride ion in the flow water during the calculating period, Cly is the
chloride ion content in the water of the station under study at the start
of the calculating period, Cl 1s the same at the end of the calculating
period.

The results of these calculations have been presented in tables 2-4,
Table 2, The Composition of the Water at the liddle of the Cross-sections

of the veselovskiy Reservoir at the End of the Calculating seriod
(June-September 1954 )

OGven BoxM
N Pa;:;g:::e n:" Aoas Ha ywacTxe
o ot naomunu, | CT2POR BOXM, | BozM mpaTOKa, :; BepmmnnM
e % % MaH, M3
3 73,6 0 100 78,6
4 60,8 1,4 98,6 133
Ss 4,3 89,3 10,7 300 -~
6 28,7 95,1 4,9 355
7 18,9 100 0 472

If you consider the flow volume for the calculation period and the water
volume at sectors from the top to the calculated station, you will have
the following picture,

fable 3., The Composition of the Water at the ..ean Stations of the 3ol'shoy
Sadkovskiy Zay during the reriod from 24 April to 15 Uctober 1950
\in rercentazes)

£ |e. F ¢ [lata KOHZ PacYeTHOro mepmOZa

£ |5328 |, Zq 15/VI 6/viil 15/X

S |SR8 @25 smunas | pona | omumss | poxa | smunss | moma

8 |S8522|88235| soxa |nmputoka| moxa |npurtoxa| poxa | mpuroxa
2.6 o 0 100 0 100 4,2 85,8

: 21,8 Il! 10,4 89,6 0 100 7.5 2.5

r 21,2 . 24 76 0 100 6,4 93,6
19 55 | 87,3 | 12,7 e ﬁ?

a 2 . ) ) u/o u/o n/o u/o

e 14,0 H/o Hfo H/o 4 ,6 6’.4 N’.B

x 12,0 15,0 n/o H/o 18,0 82,0 2,5 76,5

%7 | B3

3 7.0 45,0 ll&()) néo 51,8 48,2 3%,0 64,0

" 3,0 58,9 1 67,7 32,3 55,2 4.8

X 0 71,8 100 (1] 73,9 26,1 66,7 83,3
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Table 4, Water Compusition at the ledlan Stations of the Kingirskiy

reservolr
§=_ Mepuox g . Mepuoa g ¥ Mepuoa 3 .
:; pacvera | 5‘ pacwera - 5‘ pacsera E
°s g 3 | i ; 1
gg s o = ® g .
s: v g\. [ 8}. 8 '._
=] b | xe x x (-] x x
HHE I AEIH AL IR AR RE AL
85| 2| 8 [8=2|82| 2|2 |8=x|88| 2| ¢ |8=2|8
1958 r. 1959 r. 1959 r.
20,1 [27/11|24/1V| me onpexe- | 8/V |10/VI| 42,8 | 57,2 [11/VI|I5/VIII| we onpexe-
AfaN . asan
8,9 127/11(24/1V] 1,5)98,5] 8/V [10/V1} 93,0 | 7,0 {11/VI{15/VIll| 97,8 | 2,2
3.7 |27/11|24/1V| 23,1 | 76,9 | 8/V |10/V]1] 96,6 | 3,4
0,2 |27/11]|24/1V| 29,3 | 70,7 | 8/V | 10/V1}100 (1]

some 257 million cublc meters of water entered the top at the Veselovskiy |
! reservoir during the period June-3eptember 1954, '

Thus the first sector (from the top to section 3) had a water interchange
of about 3, the second sector (top-section 4)--about 2, the third {(top-
sectior. 5b/--about 1, the fourth (top-section 6)--around 0,7, and the
£ifth (top-section ?3--around 0.5. with such water interchange mazni-
tudes, full mixing of theold water zt thelower limits of the first and
second sectors occurred, at the lower limit of the third old water mixed
with flow water at a ratio of 9:1, at the lower limit of thefourth--in

a ratio of 1931, and flow water actually did not reach the lower limit
of the fifth sector during the four nonths,

At thz B30l'shoy Sadkovskly Bay 40 nillion cubic meters of water entered
, the top from April 24 to June 15, 112 million cubic meters by 6 August,
£ and 223 million cubic meters by 15 ctober, With such a flow water
volume, the water interchanze at the separate sectors was approxinately
equal to the values presented in table 5,

?‘ fable 5.
BozooGuen
- ¥Ysactox
b 24/1V—15/V1 | 15/VI—6/VIil 6/VIIli—15/X
. —
’ 7 13 2
2 a—,
1 — 3 5 7
* a—3 0,9 1,6 2
3 i a—n 0,7 1,2 2
h; a—K 0,6 ,0 1,5
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In this case a full mixing of the water at the a~d sector (table 3, did
not occur by 15 June, even thoush the water interchange was two times
sreater than in the precedinz case. The flow water did not reach the
lower parts of the a-l1 and a-K sectors,

In tne period from 15 June to 6 August the flow water replaced the bay's
winter water not only in its upper parts but also in the entire a-d sec-
tor, The old water was replaced, to a significant extent, by the flow
water at the d-e and e-zh sectors, At the zh-z, z-1 and i-k sectors,
the old water and the flow water occurred at the ratios 1:1, 2:1, 3:1,

In the period from 6 August to 15 uctober was observed the apparent re-
turn of theold water to the upper sectors and an increase of its share |
at these sectors of the bay. Apparently such a sharply different pic- |
ture of mixing and substitution of old water with flow water in the bay i
is explained by the followinz, In ctober the feeding of Isimlyansxiy
water into the bay noticeably decreased and stopped on 14 Uctober, lot
only the Tsimlyanskiy water but also the ground water whose level apprec-
iably increased over the level of the bay water because of the filtration
) of the water from two feeder canals passing close to the bay participate
in feeding the bay., Therefore, the volumes of the separate types of water
for 15 Uctober at the upper stations of the bay were somewhat distorted, :

vne can cite the apparent influence of the ground flow into the bay to
explain also the slowing down of the replacement of old water with flow
water in the bay compared with its faster replacement an the reservoir,

Regarding the iingirskly reservoir, in the period from 27 February to
24 April 1958, 120 million cubic meters:of flow water entered it with a
water volume in the reservoir at the start of the period of 136 aillion
cubic neters, The water interchange therefore in this period was equal
to approximately 0.8,

From 3 lay to 10 June 1959, the flow was equal to 16.9 million cubic
neters, the volume of water in the reservoir was 171 million cubic meters,
and the water interchange was 0,1, ’

Trom 11 June to 15 Auzust 1959, the flow was equal to 4,7 million cudic
r meters, the volume of water in the reservoir was 157 million cubic meters,
and the water interchange was 0,03,

winz to the insignificance of the water interchange, a full replacement
of the old water in the aingirskiy reservolr with flow water did not
occur even in the period of the 1958 flood-time, .evertheless the old

* e

] water was three-quarters replaced by the flow water, At the end of this
E period the ratio in the reservoir of old water to flow water was equal to
[~ approximately 1:3,
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In two other periods when the water interchanze was equal to 0,1 and 0,03,
the old water predominated in the reservolr, the portion of the flow
water only in the top-area part was equal to 57 percent on 10 June, at
the remaininz stations of the reservoir its portion was appreciably lower
than 10 percent,

The accumulation of similar data on the process of mixing the flow water
with the reservoir water will permit the establishmient of the rules of
this process, making it possible to improve the method of forecasting
the chemical composition of reservoir water,

Besides studying the process of mixing flow water with reservoir water,

it is necessary to pay attentlon to the study of the interaction of shore
(zround) deposits with the reservoir water (the seepage of water into

the shores and ground water drainage into them during the decrease of
water storaze, the deposit on the shores of salt and washout during their
flooding, the erosion of their banks and the entry into the reservoir
water of chemical compounds from their rocks, etc,) on the factors instru-
mental to the sedimentation of calcium carbonate from the reservoir water,
on the mineral content and composition of ice, on the influence of plants
on the chemical composition of the water and on atmospheric and wind-
borne precipitation falling on the water surface of the reservoirs, It

is possible that we should also pay attention to the solid particles carried
by the wind during dust storms, whose composition has been insufficiently
studied and which can in some regions of our country prove to be an influ-
ence on the chemical composition of reservoirs,

f zreat importance is the study of the dynamics of organic and parasitic
substances and the connection of their content throughout the entire re-
servolr and in its separate parts with the water interchanze and mor-
phology of the reservoir, These data make it possible to forecast the
content of these substances not only by analogy but also through
calculation,
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