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~~rticle ~~ .. . :. ~.riventsov , ~ovocherkassk Institute of chemical
Hy drol o~~/

~~ ex~7 Th~ s artIcle exa:~~rLes the problem of forecast1n~
t~ tp  :. thera~ content and chenical conpos~..tio-i of reservoir
~a ter 1 the 2roblem of t~ e rn;~ nitude of ca1c~ latlon errors

• whe n .isiri ’~ various forecastin.~ ~tethods and the tasks fac—
in: t~ e ~‘orecastin: of the chemIcal composition of reser—
ioi r water .

.~~s~ r i  ) I L ’ .~ )‘ struc ;13.x develop~ent in our country and the use of th t s
• 

- ~~t •~r ~or indu str ial  a~ d hone water supplies have made it necessary to
c~ lcuiate the expectea nir.~ral content and chemical composition of the
water )f these newl y constructed and existing reservoirs.

,~~r’ 
~~~~~~~~~~~ ~~ ll— nIon ~cientifi~ desearch ~nstit .~te

-
~~~
‘ •~at~r Sup - 1y, ~~wer ~~ste~ s , ~iyclraulic ~n~ineerIn~ 3truct ures , and

~~~~~~ i . y~ r o e ~ l- ;~/ f i rot  b’~ca~e involved wit~i the proble~r.s ~f
forecast~ -~- t:~e ulneral conteat of reservoir water durir~: the con—

~~~~
‘ 

~‘~. bstr~.al ari -
~ ~~~~~~~~~ water reservolrn in the ~onbass ~~~~~

• ~
. ~ r ~-r*~~r ~ a.~tr .nrs subsequently ~~~~~~ O~~ inprovtn : ~~~. - . .  ~och~ o’; ‘s

:.et:~oi; ~~~ develo-~.n: new forecastin: methods. ~elow we will. exanirte
the -~~~tory o~’ ~ne 1e-i~ lo~~ent of thIs problem and the 2rohlen of the
,a -~Jt Je o~ ca’~c lat lor , errors when usln/ varj o~ s foreoastin~r :~etoods

~~ -. ~~ll as the ~rcbiens ~acin : the forecastin: of reservoir water che.
. C ~tI CO~lpoSit iO( .

Jochkov 5ase-~ or. salt and water balance eq ’~ation~,7 has su~~ested
a calculatin forru la which looks like this in our symbols:

M.V , + ~~~~~~~~~~~~ 1
• M 1 — ~y• + Vip Vc? — Vial

~ ~~~~~~~~ ~~~~~~~ , ~~~~~~~~~~~~~~~~~~~~ V
VI 

-~~~~~~~~
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where ~~~~ is the expected water mineral content at the end of the calcu-
lat ion period; n1, . ~p and h~ t 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 expe ndit ure from
the reservoir; EI~~, V~~ and Vc.~ are the water volumes in the reservoir atthe beginning of the calculat ion period , all types of flow int• it and
out of it , except for evaporation, during the calculation peri~~ ; Vac.g
is the water loss through eyaporation from the reservoir’s surface during
the calculation period.

All of the values on the right side of the formula, except i1~~, can be
calculated quite accurately by studying physicogeographic conditions of
the basin and region of the reservoir , the hydrocheraistry 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 i cT was the most diff icult to determine. Therefore, i* . ~
Bochkov suggested the following approximate value for calcu].ating it
based on the functional dependence of M~i on i.q and d~,ps

- 

MV,  + M.~V.,M~= v.+V., — .

. I. ?opov(~7 feels that ~~~ will be changed during the calculation
period from ~~~~ to • . ~~, If it is assumed that the intake arid reservoir

• water is fully mixed . iie assumes that

Ma hI A’~~
M

~. 
- 

~3)

C . A. Aleki~5, pp 24—26; 6 ~ p 222-.22g, P. P. Voronkovff-27, Ia. F.
ileshkovLi~/, A . V . ChibovL~J and for the long—term regulation storage
period, including the years when flood waters were disposed through the
dam , V • A . Baranov and • h . BochkovL~~7, use the value ‘i~~ suggested by
3. I . ?opov and also when calculating according to formula (1).

After introducing foraula ( 3)  and the simplest transformations into it ,• formula (1) looks like
V 

M — ~~~~~~~~~~~~~~~~~~~~~
V~ + ~ ,p — O,5V~ — ~4)

Some authors divide the flow volume (va, ) into its components: Vp—
flow from the river , ‘

~b — intake from the side flows of the reservoir
arid the run—off from its drainage system, V r - subsoil flow , V.4.1 —

rainfall intake on the reservoir’s sur face , •~ ..T — water intake during
Ice thawing in the reservoir , from V~r they educe V~ ,0 - the water cx—
pend.ed on ice formation . Its corresponding mineral content equates tofl y these water volumes: hp ,  

~~~~~~ 
h~ , N~~~ , ~~~~~~ and ~~~

2
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~4hen substituting these values in formula (4), it looks like this:
• M,.-.

M,V. + MpV p+MØV6+ MFVr+Mr,MV.Ti, +ML, V~,—M4.V~ .—O,~Al.V., • (5)
V11 + V~+ V.+V, + V.~11 + Va., — V ~~~— O ,5Vc~— V s

I. Kriventsov , a . . Lazarev and • 3. Fesenko5~7 in forecaatin3 tne
rainera

~
l cclntent of the i~~ybyshev reservoir , aocepted a value for ;• 

~~~~
. equal

to ~~~~~ ‘ ‘ ,~r~J’~J-~ As ~~~~ 1. kriventsovLi~7 had earlier pointed out , with
the ~al~~ OfJ ~~~ calculated as -K (the average water mineral content of the
entire reservoir at the end. of the calculation period ) it becomes equal to
L~CT, which cannot be correct.

h . i . Tovbin , A . h . Alnazov , il . B. Eel’dinan and Yu. 3. ;-1aystrenko~T5, p 4Q7
• in their forecast of th~ wa~er mineral content of the i~akhovskiy reservoir ,

used the formulaM~~ , and they accepted ~ 
or 

~ 
for

• h51r. The divergence between the result’s obtained with the various values
of ~~~~~~~ according to their data , did not exceed 3.1 percent. They made
their final calculation with I~~ — ,~~. It is impossible to acknowledge the
correctness of either method.

Analyz ing formula (Li.), !~.. I . Kriventsov showed. that I~ the volume of drain-
age from the reservoir is more than double the volume of water in the reser-
voir at . the beginning of the calculation period , then using a greater nag—

• nitade for the ratio of the average water mineral content of the reservoir
at the beginning of the calculation period to the average water mineral
content of the flow during the calculation period , it is possible to obtain
a negative quantity for h~,<.

‘
. A . Aleksin~~, p 22~7 had earlier pointed out that the smaller the terw of

• the calculating period, the more accurate the oaloulation. P. P . ‘.‘or’” ~ov
• r27 had even earlier suggested that when using formula (4) and (5) ,  one

should use such calculation periods when the discharged water volume doc~not exceed by much the doubled water volume in the reservoirs at the be-
ginning of the calculation period .

~a, ~leohkov5~~, .~~~. . nritsr:iy an-i .~~ . F . ~eo~el’~ i~7 ~~~ A . ~~
-
.

skiy~~~~ have proposed ::ore acc urate calculation formulas . These forn ’.:ia s
have been derived oy the authors fron lifferential equations of salt a~d
water balances unier the followin: conditions: 1) the absence of salt se~ i—
nests in the reservoir and their eriterind and leaving through the aIr,~~~
for the calculation period the mineral content of the intake and the d~ -ree
of’ all components of the reservoir’s water balance are constant , 3 j  wat er
is pr omp t ly and f~liy :-iixed in the reservoir. The formulas of the first
three authors have not found usage because they are too complex for cal—
culation purposes . A • i . 3raslavskiy compiled auxiliary tables for his
fornulas whIch have si gnificantly simplified calculations. The auth or h~s
achieved an even greater calculation simplicity in his second work~~~7
where, having modified the formulas somewhat, he replaced the auxiliary
tables with noinograms.

1 

~~~~~~~~~~:~~!Tr~~.: V1~~~~T1 ~~~~~~~~~ V 
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~‘or the clear water period , A . t . 3raslavskiy ’s formula looks like this
V in our symbols:

V,p
M, = M, + (M1~ ~

, — ~
, + ~

, — M, ) B, (6)

Vt, 
-

V.1~~ V

w.ere

He suggested the following formula for the freezing period :
V•~M, M+(M 11~ V,p— (1—c)V~. 

— M.)B~ (7)

Vcir +~ V&i •

I’
• ~+

v,
where 

B=~I _ _
(~,,_) 

, and a is the ratio of the water mineral con-
tent in the ice to the minera l content of the water from which the ice was
formed which A . r~ 3ras lavskiy assumes as being equal to 0 .2.

The average water ~ineral content of ice during the winter is calculated
with the formula

8+

• Mi.~~=cfM.+ M,, V.~— (l—a) V1,0 
— M, [i — 

~~
_ ]j . (8)

~n another work A . r . 3raslavskiy~~~7 proposes a for~ ula for calculating
the average mineral ~onte mt  of the drainage water from the reservoir for
the calculation period . ~his formula , somewhat modified by us , looks like
this in our symbols:

M~ =M.+[~~~ M,~ - (i- 
~ + ~

) M] 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• (9)
(‘~~~~ v—~~

j
~ 

r~~ -~~Ui~ ~3~ 3 Is eq~al to of for;V Ja (7,, ar~ in formula (9~ 
is equal

Iz t o of ~‘oroula (6 , . fhe value of for all four forn~las is determined by
the tables attached to the author ’s work5L7.

in :c~cent years . .~~~. ~or~~ov and. 1~. • .  ropov~~~ 7 and • . A. Baranov~~~~
~i L i  ~~~~~~~~~~~~~~~ navi :~ . ~~o~~ V , L ~~ere~~ tha t the calculation formulas of the
expected water :~i:~era L content w~~ ioh have been inferred from the equations

4

4
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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 reservoirs and do not take into
account all of the factors which determine the ionic composition and :r~in—
eral content of reservoir water , have suggested that the expected water
mineral content should be determined by charts constructed with empirica l
equations ;

M.=f(~ - t M)=/(K. M) 1191 H ±&M,=f(K’) j20J.

where ~. ~ is the expected water mineral content at the end of the calcu-
lation period , V~ 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-
voir during the calculation hydrologic year (from , the star’~ of flood—time
to the end of the winter low-water period), i•i =~~ ~~ !~P~_ 

• where
i.~ and 1H are the average mineral content and water ~ 0~.U~1g in the reser-
voir before the beginning of flood—time , ii~7p and lap are the average pith—
eral content and volume of water intake in the reservoir during the cal-
culation hydrologic year , ~ = ‘i 1ti is the relative capacity coefficient
of the reservoii on a calculated date, ~~~ is the increase in the mineralcontent of reservoir water when it is at maximum water level during flood-
tine when compared to the mineral costent of the water before flood—time
(
~~k).  r.~ 

= , andrn~,s~~ 
1~~V ~~iiE , where ~~~~ and i~~~ is the

average mineral content and volume of intake water in the reservoir during
the period from the start of flood—time to the time of maximum water

• level in the reservoir.

Both of these charts have been constructed on the results of a study of
reservoirs mainly in the Donbass, partly in Aazaichstan and other individual
J~3R reservoirs. Therefore they can be used evidently only for reservoirs
close to these in their geographical conditions,

V . A . Baranov and L. 1 . ~opov have proposed a chart for calculatin3 •V~~
in any period of the hydrological year on the conditIon that there is no
su :rner rain flooding, ~ith the presence of the latter, the hydrolo~gical
year should be divided. into two parts : from the start of the spring flood—
tine to the be:Inr~in.: of rain flooding and fro~ the beginning of rain
floodin~ to the start of the next year’s spring flood—time.

V In this o~-.art the values of t’r’.e ex;ected mineral content of the water : )

have been plotted on ti~e x—axis arni t~~ value of cm the y—axis.
Addilt ion- al straight lines located at various distances from the y—axis and
at various angles to the x—axi s have been laId out on the chart, These
nt r ai ,ght lines are ‘used to detern~ne ~~~~~ with various values for equal
to ~~~ ~~~~~~~~~ 753, 1O3~ , 1250 , 1753 ~ :~1 2300 n,:/l. rhe end points of each
of ’ the In i icat e’ i  str.3ight lines correspond to the values of the expected.
nineral content of’ reservoir water 

~~~~~~ 
presented in the chart which have

been pootto:: on the horizontal ~oordinatec corresponding to the values
= 1 a~ d .. J . he :do~ itioni~i . of these points has been determined with

P the ai~tho r ’s or i~ i .  chart.

5
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M, kr!a M, Mr/a
4 M Mr!a —- M MF/a

flpN~~~=1 npw ,K—0 npi, !(— l  npa .K— O

500 460 720 1500 1460 2200
750 700 1090 ~75.0 1720 2590

1000 950 1460 2000 1980 2980

~1’hen determining . ‘ .,~ with this chart , f irst  they locate the value of
for the entire hyd.:~oiogical ye-tv or, when dividing it into two parts ,
for each part, then for the end of each calculation period they compute

~ and at the intersection of the value of K with the sloping straight
line corresponding’ to the value of ~

‘ , they locate -‘ -~~~ .

~ A . Jaranov constructed his chart only for the rising water level
period in the reservoir . For the ~j eriod of a decrease in water storage
he ‘ . oes the chart of V . A . Baranov and. L . x’, -opov . The ratio between

V £. K (plotted on the x—ax i s)  for the end of the indio - ted period and the
val ue of ~~‘ (y—axis) is expressed by the straight lime whose equation ,
computed with the -author’s chart , has the for ~ ~~‘~K = —1~~3~3 .o ~~ + 1~ 32 ,2 .
~a1culat ed according to this equation or found thr ou~ h the chart , 4 •’ K
is .; i~~

V : - ’ ed up algebraically by the avera e ntnera i  content of reservoir
water at the be :inu .u~ of lood— t i : e - — f . H .  fhe value obtained ~~~~~ is for
the end of the period of a rising water level in -ihe reservoir .

At ‘1. Ii V~ 

~D3~~ they are continuing to develop charts expressing the en—
piri cal ratios of and the content s  of sepa rate ions It the end of the

• calculation period on those presented above and other values .

~ecr :tly I . ~~~. ~avel::o a~d : •~~~ , rarasov~~g :;:.~o;.~ uei a simp l i f i e d .  nntno’1
o~

V 
f’orecastin~ the . ~era 1 content  a d .  ion conpon i t t c ~ of reservoir water .

They calculated with f”r ~ ia ~5) b~ t they too - h1~e data Lne :ineral
content, of the ~.n i i v i i u a i types c~’ fl ow water frou charns outlining the
:Yi.n~. ~n , . -~xI tu r and weighted uin -~ .~l content  o: river water , accordin :
to i inage , for cold -and war~ perio:ms of the ye-ar and. also the value of
the layer being evaporated fro . thu water nur ace . :he aut h ur s  for e—
cas te t .-ie i~ eral .~cutont of the -tw .Lnttn ,; reservoi rs by V1sing the charts
whinn tru-~y nai V;o~ . V p I lnu  for ~~~~~~~~~~~~ do a reo,~~t of this calc~.latio n ,
values we.--c ohthined. w,nich deviatt . fron those -thservei in real life by
rio ore than 2 3—~ 0 percen t which is a sat isfact ory f i~ ure for rou~ h
est L-ates .

?he a~ t ,h -r s  1r0 use ~o ~-.~ i c  t he iu cou osLt~~.’n of toe watei~ of ’ f u t u re
reservoir s w i t h  ch~~-bs whi ch te~~ ct the connection o~ the ion composition

• o~ river water to it s  nirie:ai ~ j nt~ tt ,

6
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All of’ the netnods described for d.~-terfining the expected chemical cç..—
LI position and mineral content of’ reservoir water have been based on the

assumption that a f ull and , acc ording to A . r . 3raslavskly, a prompt
mixing of the flow water with the reservoir water will occur . In reality
a full or close—to—ful l mixing of water can occur at separate periods of

V 

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—50
million cubic meters of water in them and having a length to average width
rat io of roughly not greater than 3~4),

A full mixing of intake water with the reservoir water is not obs€rved in
reservoirs with a large volume of water, elongated In length , with sea—

• sonal or yearly control , especially wIth great water traffic, The ful~.mixinp- of water both in long—term control reservoirs and in ponds5, 18,
22-327 is not observed during a period of flooding,

~~. i~. ~
oronkovr27 when study ing the problem of the expected mineral con-

tent of ‘Jolga reservoir water, characterized by a great water traffic,
considered them as rivers having increased water losses through evaporation
and, somewhat slow currents. k’roceeding from this, he suggested the follow-
ing formula (in our symbols) for calculating the expected mineral content
of the Irainage water from thems

~~~~~~~~~~~~~~~~~~~~~ (10)

and for a rough estimate of the mineral content of the water of the r~uy—
V byshev and. Volgograd reservoirs, he adopted the mineral content of ‘v’olga

i~ater near Saratov and Astrakhan ’.

IV ,, I, itriventsovLr4, 317 suggested river reservoirs , elongated in length ,
with seasonal or yearly regulat ion , should be cons~.dered as transformed
rivers in which the intake water gradually replaQe$ the water used and
discarded through the reservoir ’s dam water , L.oreover it is assumed that

V 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 reservoir 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 hydrogra;hs 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 minera l
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

V computed point are known.

‘I,.

7
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~~ the method under consideration It is assumed that the change of the
V mineral content of the running water occurs during its journey from the

top to the reservoir ’s dam not Orii~~ influenced by the water mixed into
it but also throu~h the water losses caused by evaporation or ice form-
ation.

In order to calculate the expecte~ :‘~inerai content at one or another pointof the reservoir according to this method it is necessary : 1) to determine
the duration of the runn lr ~ 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 running water after mixing it with other types of intake,

The length of the runn ing  period is determined by the time required to
fill the entire reservoir or a part of it up to the calculated po int
with the running water to the volume corresponding to the end of the
runnIng period according to water management calculations. ~-.oreover ,
the volume of all of the other types of inflow mixing with the running
water Is taken into account , as well as the volume of this same water
which is lost through evaporation or Ice formation . These losses are
computed according 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 section of the reservoir where the running water IS
for separate ten—day periods or months of the calculation running period.,

-
• The calculatIon •uf the wei~hted mineral content of the running water is

carried out according to the fornula -)

M ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
*e6 Vp +V 6 + V r + V a?~ +V~~T _ V~~, 

+S~~1 (11)

whe re T p is the volume of rl’jer drainage forning the reservoir for the
f i rst days of the colc ilated running period; ‘p6’, 1~

_ , 
~~~~~~~ 

/4V ’7~ and V 4 o
are the average daily iniake of water volume flowing into the reservoir,
th~ soil, flow , rainfall, water from seltlng Ice, water used in f ormin~Ice , for the conpu ter d r u : n i n ~ period . ~oreover , the winter  snow arid
the water fron the neltin; ice are t~~en intu arcount in the ice—nelt im-;
per lois and are out acc ~nte for the i ce—fr eez in ;  periods . - p  ~s
the o~ n~ ral monte-it of the river w i t o r  formin ;  the roservoir for the
~ir st -ia;-o or the nearest r u n n i n g  ;e~- ods calculated , .. ~~~~, V -

.r,  ~~~~~~~~ ..~~.-i
and •- .~~4 are the ave~ a :e water ~ tne r - j  contents 0 r the vol unes corres—

t o  it , ~~~~~~~~ is the a cint  of salt n ixe d.  and e~ tracted by the r onning
wate r ~ron the reser’-rois ’s bamr :s ~ur~~g the ir flooding and erosiun , cal—
m u l a t i n ~ on one l i t’ : of voluoe of all types of intake during the calcu-
lating period of the rur ~n iVng .

t*1

1’ 8 

-~ . 
~~~~~~~~~~~~~~~~~~~~~~ - -  - -
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~~~~~~ 
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The ~ioeral content of water at the cai.euDttlr.g point - ‘
~?,T ~~ fetermined

according to the fornula

M~~~- I t ~OM~,7 = ~~~~~~~~~~ (12)

where L is the percer~t of water loss through evaporation o~ ice formationby the running water for the calculating period of the running,

A . A . enin and : • ~~~. 
Lazarevr3~7, when checking . .  I . ~~iventsov ’s

method at the ~uybyshev reservoir, computed the period of water runn~ og
from the top to the dam of the reservoir, dividing the water volume ifl 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. ~e fully accept this
calculating r~ethod but it , like calculattog the running period suggested
by .-.. I. I.riventsov , :1ust take into account not o~iy the factors indicated
by the authors but also the side and. soil in flows entering the discarded
water which influence the length of the running period..

. .  A . Aie~<i.nr~7, for forecasting the mineral content of water stretchedthroughout the lengt h of reservoirs with seasonal or yearly regulation,
sugge sted 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. de considers the division of the reservoir along its
length Into several sections in accordance with the norphometry of the
basin to be a less accurate solution to this problem. Calculatin3 the
expected mineral content of the water should be done consecutively along
the sections from the upper to the lower ones according to formula (5) .
:~;oreover, he recommends , subject to the water interchange (ratio of -

vol~~e of the inflow water to the volume of the water at the section) andzcorphometry of the section , m I x  the old water with the new at a ratio of
from 1:3 to 1:1 for the calculating period , which shou,ld be equal to the
period required for filling the given section.

The forecasting methods outlined were checked by various authors at sev-
eral existing reservoirs. Thus, r. P. Joronkovrz7 found t~-.at the calcu-
lation error using formula ç 5)  for the expected mineral content of the
water of the ?Lybinsk reservoir for the years i9~i4—2-i-5 and 1946-4~7 flue-
tuated from 1.1 to 1~ percent compared to that which was actually observed.

~. I . ~riventsovc3~~ compared the results of calculating the nineral
content of the water of the Veselovskiy reservoir for the period from
20 Jul y 1) 55 to 27 July 1)56 for its different points according to his
proposed ~.ethorl with those actually observed, It turned out that the

- 
-~ calculat ion error fl uctuated from 3 to 34 percent , with an average equal

to 16 percent .

~~~~~ 
~~~~~~~~~~~~~~
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k . ~ . )eni8ova ono -~ ~~~~ ~J ~ nvL 3~~ ca l cu l -L te  thtk mineral content of
the wat-~r of the~~~~c b n v s K L y re servoir  for the ~eriod July 1) 56 to
).~e~~, -~ber j~9 iu ;~ o - ~ fo r ;! , i lu  ~L~j ;  in which 

~‘~~-r 
was equated to ~~~~. A com-

par ison of tho results of this ci~uulation with values observed in reality
showed that the calculation error - was e ju a l  to 13.14 percent on t~e aver—
age wi th  f luctua tions from 3 to -~D . ~ percent . Unfortunately,  wit h these
calculations for .-

~ ,~ of the first  period and for that mineral content of the
reservoir water observed ifl realIty , they did not take the average min-
eral contents of its water but rather the mineral content of the water
In the pre—dam section which is not the sane thing. A . A . .enin and a .
Lazarev5~7 have checked the results of forecasting the water mineral con-
tent of the huybyshev reservoir done by ~~

-
. x~. ;oronkovrz7 with fornula

~13) and. :., I . Kr iventsov with the r u n n i ng  method and have concluded that
if one correctly determines the mineral content of the intake water , then
its value s found th rou g h formula ~13) , taking into account the runn in g
and according t o t he me t hod of . .  I . ~rivemtsov , will be close to those
observed in reality.

A . -~aran ov a n - i  i~,. ~~~. ;opovø27 :onpared the results of calc~ lating
the mineral nouitent of the water according to the cnart s V ~ggeste-i  by them
wi th that  observed in reality. The calculation error for the reservoirs
& the Jonbass turn ed out to be equal to +10—20 percent ,

:~riventsov , - . T . r~etrenko on-I A , ~~~. mho nenK o~~~7 have checke d some
of the forecas t L n  -- 

~thods and th~~lr nodift cation s at fo ur existir i~ re—
se nvoirs . These so -e authors , to ether with 9 , L . Patina , later checked
these sane an-I other ‘orecastL-tg u~ethois at yet another seven exI stiui~reservoirs~ Au of the reservoirs at which the indicated check took
place have been enumerated In table 1,

k,. 
~he expected water otneral  content  was calculated thro~~;n formula ~5;
d 4 r i n r -  a calcu a t ion  for  an on t ire reservoir and fo: two reservoirs ~~~~

e calcu la tion :iooe ~~~secu t iv~ iy by sect ion s—— accrirdio~ to the fo~ .~u 1as
-of ~~~ . P . .~rasla is o ;- , the chart of i , A . 3aramov an - i  L. ~~~. opu ’J , toe
chorts of ; . h . O L--unov and the r~~ -t i n n  ne tood of ij . .  I . ,~x I~’e ntsov .

the :a o io .t .~ ~~i ~oiu i ,o for ~r , la 
~5 , ,  ~~~~ was e-1~at’ ~ to ~~~• ? V~ ~~~~

• - ~~~, J . j  - H ~~~~ - - K  ~~~~~~~ .) .75 ,~~~ + ‘.i .25 -- s. he e~~ atioui~~~~ = u .25
- ? 3 .7 - - K  can be ob served in rezorv oirs  cn~’ Jt i—yea r re 0 u lat lo n d ir—

- 
the fl oodio 0 - mu - ted, when the 1 0-4 oi lk era l— cor i tent  loud waters pass

t er n  ~~n the reser ’io r at the s~ r face  levels ~ r d r - ~,r c- j i s c a~~~et  r o - , the
:emervoi . r in :°~ °-~~~~ amounts than the more n t n er a l l m e l  winter waters of
tho low’r levels .

= 
~~ ~~~~ + ; .~~ - ‘ K  ~~ the neoal l~ a m ne p t e t  value

-
- = -~~~~ + ~~~ In orm-ila b-,- .

¼ roat~ - ’ watE-: ~: t .~~::om-~ o e an a ‘Thn n -~- -t~ -~~l -~t~~ ’~~~~ -- ; o ” water ~~~~ toe
re-;e ’- to - n e r ~ tho nI w~ ,er f~ -~~t nuns - ~t an~ t~~ V C int a~ e 4ater re~ la ces

~,t , also m i x i n  ; ct i ’ ill y with tme ulu water .
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~~ values of the - inI ua , ,:a xi m u  - and avoCage cal~Ldat1Jn errors !
‘ the

water tot~ra1 cout .~ut  b’u”rv -ai  in ~.-ealt ty have been ~~e-~~~ ed 1’& t.t~~i~ ’ 1.
h t - ;  table also v . ’ . . the u~ a r act er!mtics  o the re~e:voirs for wn tet- Inter—

chau-’e ~the r-1~ i-) u~ ~ratnage vo l u u e  and all type-s of w—iter con~ .~ pt!.’:
to the greatest vol c of water in the reservoir durin~ the calCulate
yearj and the ratio or the len’~th of the reservoir to its avera ge width
during ~ ~~~ormal backwater ieveg.

From the ros.&lts presented in table 1, one can make the following pre—
li’t inary conciusions &

1. ?or reservoirs 0r the r%arlovskiy and nl’khovskiy types (a water volume
of’ 25—27 million cubic meters , a 3.65 water interchange, a ratio of length
to width of 12 to 4), the calculation of the expected mineral content o~

’
the water ought to be ~1one accordin 3 to the charts of ‘I . A. Baranov~~~7,
the formulas of A . 3ra~lavskiy~T7J and formula (5~ with i.c.T 0.25 .-.~~~

+ 0.75 :-~~~, Good. results have been obtained for these reservoirs when
also using the chart of ~~~. A . Jaranov and L. .

~~
. iopovLT~7.

2. F’or reservoirs of the Tsiwlyanskij type (water volume during .:9 of
23.~ cubic kilometers , a 0.~ water thterchange, a ratio of the length
from the city of :~ lach—na-3on . to the dam to the average width of i2 ,~
satisfactory and close results have been obtained when calculatIng
according to the method of i-.. . ;~ri-’entsov, the charts of ~~ . A . jarar.ov
and 7, A . 3aranov and L. ~~. z’opov and the formulas of A.  r. ~raslavsoiy.

3. i’he expected mineral content of the water of .eselovskiy type reser—
v~irs (a water volume of about one cubic aflorieter, a -0.62 water inter—
change and a ratio of the length to the average width of 45) should be
computed consecutively by sections through formula (5) with ..~~~~~ = 3 .5 .-.

~~~

+ 0 .5 L.t~ and through the chart of 7 . A . 3aranov and L. ~~. ro~Ov , and for
the separate points 0f the reservoir through the method of . -.  I. arl-.’en-
tsov (see page 9~ ) with the presence of reservoir water volume data fro~n
its thinning—out area to its calcu]ated point.

~ - . y
~r aatta—i urganskty type reservoIrs ~a volume of 590 million cubic

meters, a 1.1 water interchange and a ratio of’ length to width of 11 trie
best results are obtained using the chart of 7 . A . .aranov and L. .. .

- - ropov. Satisfactory results are also obtained for this reservoir when
calculating with formula (5)  for all values of ~‘~~~~~

- and with the for~r.ulas
of A . :- . 3raslavskiy.

5~ ~‘or the ~a;:arkaod and r~ingirskiy type reservoirs (a volume of i7~ -
350 million cubic ;9eters, a 1.9 water Interchange and a ratIo of’ length
to average width of 3—1~) fine results have been obtained -1urin~ cal-
culations with formula ~~ when ~~~ = 0.25 ~~~~ + 0.75 .-.~~and with the

- formulas of A . : • Braslavskiy.

11
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6. In calculating the expected mineral content of the water for the Star o—
krymskiy 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 obtained 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. ~raslavsk iy and with formula (5),

7. For reservoirs of the i~ayrak-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 M~~ 0.75 

~
‘
~u 

+ 0.25 ~~.

8. Reservoirs with significant volumes of water (8.8—18.2 cubi’o 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 -

~~. I. Ariventsov’e
method which yields results having the least deviation from the values
observed in reality. The work of A . A . Zenin and K. G. Lazarev~5’g 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, corn—
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 their true values. This pro-
bably introduced some distortions into the magnitude of the errors.

V iiowever, the relative relationships of the errors of the various method.s
must not change because of this and the conclusions presented above on
the applicability of one or another forecasting method remain basically
in force.V 

- It Is interesting to note that the magnitude of the calculation errors
for the narlovskiy, ul’khovskiy, Staro—i~rymskiy, r~irigirskiy and. Sanar—
kand reservoirs , obtained through the formulas of A . i. Braslavs

~iyLi~~ ,have proven to be less than or equal to the errors obtained usiri~ thecharts of / , A . Baranov~~
’
27 and / . A . ~aranov and L. ~ . ropov~~9J. This

indicates that the so—called “intrabas1r~ processes ”, to which the latter
authors attach great importance and wh ich 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 ~n the
salt balance of reservoirs~ The di”ergence between the calculated and
observed mineral content of reservoir water depends , to a significant
c1e~ree, on the non-binding of water balances which fluctuate somewhere
roughl y around 10 percent.

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

15
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- - balance of the reservoirs and the rivers Peeding them . There should ~~
a broadening not only of the number of reservoirs which will make It poss-
ible to determine which calculating nethod is 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 typical 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 cail exist which is su i t—
able for different reservoirs differing 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 VNII .‘LDGEC.

At the sar-~e tt:~e these conclusions point to the necessity for broadening
the work on studying the factors influencing the hydrochemical system of
the reservoirs and. the chemical conposition and mineral content of their
water.

he proolen concerning the processes f o r  mixing the Intake water in the
reservoir with its own water has the greatest importance. This question
Is lnportant not only to Improve the forecasting method of the normal
ingredients for natural water, but its importance is particularly grow-
ing with the al ways 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 received little attention. Investigators are more interested in the

problems of the flow and stratification of currents in reservoirs (
~.

~oc~ikov5~7, i . gabriel ’ , K . Symon~~~~ )and the problems of mixing the
watcrs of two rivers feeding the reservoir (A. A. ieninj~7~. These
proolens have great importance for forecasting the chemical composition
and mineral content of reservoir water at its separate points. i~owever ,
they still ha ve not found -such a quantitative concept which could be used
in calculating formulas .

~ihen calculating the expected mineral content of water it is necessary to
- 

- know in what proportions ~.n difTerent parts of the reservoir and in di ff—
erent periods of the year the intake waters are mixed with the reservoir
water . Re~ uired are data similar to that obtained by A , ~~~~ Alrnazov59,
pp 1~5-2Oj/ during a study of the mixing of river and sea waters in the
~nepr and other estuary areas , although the stratification and flow of
currents are also observed in them .

te presented calculations for the cc~tent of the Tsirnlyanskiy intake and
~iinter  water at the separate hydrochenilcal stations of the ~ol’shoy Lad—
kovskiy ~ay of the Teselovskiy reservoir for the non-icebound period in1-~~~~O , the content of intake and old water in the middle of the cross—
sections of the Ieselovsicij reservoir for the period June—September 1954
ama for the ~ingirskiy reservoir for the non-icebound period in 1958 and
1959 . 

16
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The calculation was made with the equatIons

1)x~~ 1OO—yu2 )Y— ~~,i~~~’1OO.

where . and y are the portion of the flow water volume entering the reser-
voir for the calculation period and the portion of the winter and old water
volume in percentages in the reservoir or bay statIon under investigation
at the end of the calculation period, Cl~ is th e weighted content of
chloride ion in the flow water during the calculating period , Cl i. is the
chloride ion content in the water of the station under study at tne start
of the calculat ing period, Cl is 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 1’iiddle of the Cross—sections
of the ~eselovskiy ~eservoir at the End of the calculating ~-eriod
(June—September 1954)

PaccToirnle flou )Iozi 06ieii ioi~
* pa3pe3a y acme

-~ P13PC33 07 UIOTMHM, 
cupo l aoD~w, so~aw nPITo~ca. OT aepmiiu

- KM *0 paspelu,
M*E. Z

- 3 73,6 0 100 78.64 60,8 1,4 98,6 133
5. 34.3 89,3 10.1 - -

6 28,7 95.1 4.9 356
- 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,

- 

- 

2able 3. The Composition of the ~iate r at the ~ear. gtations of the 3o1’shoy
• 3adkovskiy .~ay during the ~-eriod from 24 April to 15 Letober 1960

~In ~-ercenta-~-es
4,. - 

~~~. 
- 

Liars iconua pac~emoro flCPMOU 
-

isivi o~wii isi
k” .’ ‘~~~~~ “i 3$WHU iou 3iUIHU eO$,$ 3•wHiI .0~a

~ ~ou epiToka iou j upirrois ion upu~o.a

a 22,6 i/o 0 100 0 100 4,2 93,8
. 21 8 10,4 89.6 0 100 7.5 cr�,s

-
~~ r 21 .2 24 76 0 100 6.4 93.6

- 

.a 19,2 5,5 87.3 12,7 .10 M / O UJ O ~ /o
e 14,0 i/O i/o i/o 5.4 94,6 e.4 ~s,6
z 12.0 15,0 11/0 i/o 18,0 82,0 23,5 75,5

3 7.0 45.0 iilo i/o 51 ,8 48,2 36,0 54,0
3 0 58 9 100 0 67.7 32,3 55,2 44,8

-2 0 71 .8 100 0 73,9 25.1 66.7 33.3
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Table 4 . Water :n;~ s~ tion at the - .edian Stations of the Kingirskiy
xieservoir

— — —
Ilep.o* . flep.o~ ~, flep.o*
pac~eta ~ I pac~e~a - - pac~eta I -

1. 
~~~~

-
=i u 2 ,, u 2 ,, .

0 o * *~~~ 0 * *~~ 0
- •H ~ _ _ _ _

1958 r. 1959 r. 1969 r.
20.1 27/11 24/IV ie onpe*e- 8/V 10/Vi 42.8 57,2 II IVI 15/Vu! Ne Oiipus- -ala. - ~~ai
8.9 27/Il 24/ IV 3 .5 98.5 8/V 10/VI 93.0 7.0 11/VI 35/VUl 97,8 2,2
3.7 27/11 24/IV 23.1 76.9 8/V 10/Vi 96.0 3,4
0.2 27/11 24/1V 29,3 70.7 8/V IO IVI 100 0

Lone 257 millIon cubic ~-eters of water entered the top at the Veselovskiy
reservoir during the period June—Septembe r 1954 .

Thus the “irst sector (from the top to section 3) had a water interchange
of aoo ut 3, the second sector (to~-section 4)—~about 2, the third ~to;—
sectIon 5b,j-—about 1, the fourth ~top—section 6)——around 3.7, and the
fiftn (top-section 7)—-around 3.5, ,üth such water interchange rnagni-

• 
- 

tudes, full mixing of theold water at thelower limits of the first and
second sectors occurred , at the lower limit of the third old water mixed
with f1~w water at a ratio of 9;I, at the lower limit of thefourth——ln
a ratio of 19~ 1, and flow water actually did not reach the lower limit
of the fifth sector during the four months.

At th~ ~- l ’ shoy ~adkovskiy 3ay 4 mill ion cubic meters of water entered
the to; “rum April 24 ~o J une 15, 112 - Lia ion oubic meters by 6 August ,
and 223 million cubic .- e t e r s  by 15 ~ctober . ~itn such a f low water
vol u: ie , the water interchange at the separate sectors was approximately
equal to the values presented in table 5.

Table 5.

Bozoo6a.e*
Y~actoK —

— 
~~/Iv—1 5/V I ISI V 1—61 VIII 6/Vill—16(X

7 13 20
3 6 7

a—s 0,9 3 ,6 • 2
It’ a—i 0.7 1.2 2

- a—k 0,6 1.0 1.5
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In this case a full mixing of the water at the a-d sector (table j  did
not occur by 15 June , even though the water interchange was two times
3reater than in the preceding case . The flow water did not reach the
lower parts of the a-i and a—k sectors.

In the period from 15 June to 6 August the flow water replaced the bay ’s
winter water not oniy 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 ar i e—zh sectors, At the zh—z , z—i and i—k sectors ,
the old water amd the flow water occurred at the ratios 1:1 , 2:1, 311.

In the period from 6 A ugust t o 15 ~ctober 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
is explained by the followin3. Th october the feeding of TsimlyansAiy
water into the bay noticeably decreased and stoppe d on 14 uctober. :~ot
only the Tsimlyanski y water hut also the ground water whose level ap;rec—
ia’oly increased over the level of the bay water beca ise of the filtration
of the- water from two feeder canals passing close to the bay part icipate

-; Im feeding the bay. Therefore, the volumes of the separate types of water
for 15 (~ctober at the upper stations of the bay were somewhat distorted .

~ne can cite the apparent influence of the ground flow into the bay to
ex2lain also the slowin~ down of the replacement of old water with flow
water in~ the bay compared with its faster replacement an the reservoir,

Re~-ardin~ the ~-.in~irskiy reservoir, in the period from 27 February to
24 April 1958, 123 million cubic meters- of flow water entered it with a
water volume in the reservoir at the start of the period of 136 million
cubic meters. The water interchange therefore in this period was equal
to approximately 0.8.

?ro’~ ~ . ay  to ~3 June 195-), the flow was equa l to 16.9 million cubIc
meters, the volume of water in the reservoir was 171 million cubic meters,
and the water interchan~e was 3.1.

From 11 June to 15 August 1959 , the flow was equal to 14~.7 i i llian cubic
meters, the volume of water in th~ reservoir was 157 million cubic meters,
and the water interchange was 0.03.

Lying to the insigni ficance of’ the water interchange, a f ull replacement
of the old water in the ~IngirskIy reservoir with flow water did not
occur even in the period of the 1~?5~ - flood—tine , .evertneless the old
water was three—quarters replaced by the flow water. At the end of this
period the ratio in the reservoir of old water to flow water was equal to
approximately 1i3.
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In two ~ther pe~~~~o I . ; wh~~ri tne water Interchan ~o was equa l to 0 .1 and 0.03,
the old water predominated in th t ~ reservoir, the portion of the flow
water only in the top—area part was equal to 57 percent on 10 June , at
the remaining stations of the reservoir its portion was appreciably lower
than iC percent.

The accumulation of similar data on the process of mixing the flow water
with the reservoIr water will permit the establishment of the rules of
th is process, making it possible to improve the method of forecasting
the chemical compos it ion of reservoir water.

Besides studying the process of mixing flow water with reservoir water ,
It is necessary to pay attention to the study of the interact~on of shore
~grouncl) deposits with the reservoir water (the seepage of water into
the shores and ground water drainage into then during the decrease of
water storage, 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 part icles carried
by the wind durmn~ 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 great importance Is the study of the dynamics of organic and parasitic
substances and the connection of their content throughout the entire re—

- - servoir and in its separate parts with the water interchange and nor-
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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