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The aim of the study

is assessment of the permissible biogenic load
on Lake Teletskoye (TO) to preserve the stable
state of the aquatic ecosystem based on
modeling the cycle of nitrogen and phosphorus
compounds, including taking into account the
spatial and temporal factor

Methodological tools:

1. aphenomenological approach to simulating
the biogeochemical cycles of limiting
elements;

2. use of the Delft3D software suite for
modeling.
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Location
Coordinates

Primary inflows

Primary
outfiows

Basin countries

Max. length
Max. width
Surface area
Average depth
Max. depth
Water volume

Surface
elevation

Altai Republic
@ 21" 314" N BFA293°E
Chulyshman

70 other smaller rivers and
150 temporary streams

Hiya

Russia

78 km (48 mi)

5 km (3.1 mi)

233 km? (90 sq mi)
174 m (571 1)

325 m (1,066 )

40.54 km? (9.73 cu mi)
434 m (1,424 1)



Z0 - zooplankton, gC/m3;

ALG - phytoplankton, gC/m3;

NH, - ammonium nitrogen, gN/m?3;
NO, - nitrate nitrogen, gN/m?3;

PO, - phosphate phosphorus, gP/m?3;
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POC, - organic matter with fast
decomposition, g€C/m3;
POC, - organic matter with middle
decomposition, g€C/m3;
POC, - organic matter with slow
decomposition, gC/m3.
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where

C — concentration of modeled substances;

D — diffusion coefficient;

R — the rates of physical, chemical, and biological processes;
S — the rates of input from sources external to the ecosystem.



M =M, + At x ¥ cand 220 2 e
At ) At ),

where
Ar — fime step:

M M

i and — 15 the mass of the modeling ingredient 7 at t

mass change rates as a result:

AM
Ar ). — transfer between neighboring cells;
( AM W
A + -l'n11'rrr\--:nn1 ﬂ‘1ﬂi'ﬂ-:ﬁﬁ1 n-l-'l...-\-l 11-:n1ﬁ.ﬁ--:nn1 e s T artanlataTal



Concentration POz (gP/m?)

Temperature

_
<10 -
g
=
I
g
5
0 () 1 o
@0 &0 0 \’5,01 o \’6.0% 0\’.09
Dates
Ammonium nitrogen
§ 0.2 1 — NHs - calculated .
o @ NHs - monitoring . o
T
z o
g 0.1 1 a
g 0
€ o ¢
§0.0- seme ° o o0
9}
0 () 1 1 ) %) C)
o 10 »° %0 o 150 o
Dates
Phosphate phosphorus
0.010 1 ®
([ ] L ] [¢]
0.005 1 L L a °
[ ] [ ] ]
o o L] — PO - calculated
0.000 - o ® PO« - monitoring
0 1 D
@0 \f).oﬁ 0 1,),cﬁ o \’6,0% 0\’.09
Dates

Phytoplankton
g 0.010 A6 - cakculated ] z
2 ® ALG - monitoring
3
. o
£ 0.005 1
2 * | =
5 o o
§ ° ® 4.__. —._.T—
g 0.000 - ' l. l. T T 2 T T
Q
Dates
Nitrate nitrogen
E .
6
= 0.04 - 2 .
g o i .
‘___—_A.N_‘
'% 0.02 A ° . [ ] ° i ..
E A ¢ " = NO: - calculated
% 0.00 7] o @ NOs - monitoring
v
SO o y® D & »°
Dates
Organic matter
E 0
J 6 - [— POC - calculated
2 @ POC- monitoring
8 4 - °
= [ ]
'§ \-L.'; o 0O
o 21 o @
€ § o0 s
: 0 - o. ¢
é T T T T . r :
o \’5,06 @O f)_o'l 0 x‘>‘°% 0\’,09
Dates




Temperature

¢ 01-dd-2013 120000
575"

574- /'

§73-

v coordinate —»
on
=
3

o
=
|

\ \ \ |
51 52 53 54 55 56
X coordinate — 0

Temperature calculated by flow model (oC)

574-

vy coordinate >

569

01-Ju-201312:00.00

Phytoplankton

51

52

53 54
xcoordinate -

55

55
o

>
=,

Bia

Algas (non-Diatoms) (DY NAMO) (gC/m3

w

Phosphate phosphorus

0 01402013 120000 i
575°
75
574 V 4 .
655
573~ £
o
8
; I
3
5572 3
8 b5 g
. Eof
& s7;
571- s {
T
¢
45 574
57-
: 4
573
559 ‘ ; ‘ ; ‘
51 52 53 54 55 56

X coordinate - 0

vy coordinate —-
o
=y
~

o
=

569

01402013 120000

34

52

53 54
X coordinate -

Ammonium nitrogen

0

=)

008

008

r=3
P=Y
<

008

Ammonium (NH4) (gN/m3)



v coordinate —

el 15-Jul-2013 12:00:00
575-
13
12
574-
9
=112
o}
; 3
573- g
-10
§
=
by
2
_ 93
572- 3
&
o
2
| 1] g
0
51-
7
57- :
5
569 ! ! L )
54 52 53 54 55 56
X coordinate - el
1
2
a
£
T
3
[}
Q
>

575-

574-

5173

572-

51-

57-

569

Phytoplankton

15-Ju-2013 12:00:00

51

Il
52 53 54 55 56

i &
x coordinate - A0

s
25

Algae (non-Diatoms) (DY NAMO) (gC/m3)

Phosphate phosphorus

$0

575¢

5741

on
pay
P

y coordinate —
on
=

S71F

57t

15-Juk2013 12:00:00 0’

Ortho-Phosphate (PO4) (gP/m3)

55
X
575+
5
B sy
4
573-

569
51

L L
52 53 54 55 58
X coordinate - w0

v coordinate —
o
=
]

o
=

57-

569

1

15-Juk2013 12:00:00

31

L
53 54
X coordinate -

Ammonium nitrogen

0093

009

0085

008

0.075

=)
=
=

Ammonium (NH4) (gMN/m3)

0063

0.06

0055

005



Yy coordinate —

Temperature Phosphate phosphorus

f O1-Aug-2013 120000
5750
v 01-Aug2013 120090 e
" 575
6
5741
g L
ug 574 58
2
5731 g R
9]
133 £
513k <
"; 56 %]
a -~
il : {  Ammonium nitrogen
] L s
:  Phytoplankton ., " g
: : i
: 3 :
571 3 » g )
"L g 0-Ag2013 120000 i o 01-Aug2013 120000
£ 515 e -52§ 575r
¢ &
2
57 0.18
10
574 1% 37 5 574
569 I I I I | 19 E 018
51 52 53 54 55 56 %
X coordinate - o 573 1553 | | | sew 48 5731
' g 51 52 53 54 55 56
: : . ST
A g X coordinate - A0
18 2
2 ¥ g
2 g g,
% 512 5T 5 572
3 § 3 o
Q o ;
” 17 8
[
51 . LNals
1855 0
a
o
16
87 5T 008
155
15 A
5 69 i 569 L L L L I
il 52 53 54 55 56 31 52 53 54 55 56
¥ coordinate - 0 X coordinate - X106

Ammonium (NH4) (gMN/m3)



Temperature
A 15-Aug:2013 120000
575°
574-
573-
i
)
g
i
Q
8
by
57-
57-
569 s ‘
51 52 53 54 55 56
x coordnte -+ o

o
Temperature calculated by flow model (0C)

110

o
=g
<

ST4r

v coordinate —
o o
< =
3 )

on
=

569

Phytoplankton

15-Aug-2013 12:00:00

51

52

53

54

x coordinate

55

56

K7

>
=

Algae (non-Diatoms) (DYNAMO) (gC/M3)

Phosphate phosphorus

w0’
575¢

5.74r

573r

572r

v coordinate >

571F

5.69

15-Aug-2013 12:00:00

N

=2

51

52 53 54
X coordinate -

65

110’

Ortho-Phosphate (PO4) (gP/m3)

Ammonium nitrogen

110 15-Aug-2013 12:00:00
S78r
015
ST4r
014
S13F 013
1
o
i 012
£ 502
g
g
» 011
SMF
01
57r 009
008
559 1 1 1 |
51 52 53 54 55 58
xcoordinate - e

Ammonium (NH4) (gN/m3)
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The level of the bottom surface, m

(a) Temperature

——

_50 -

—100 ~

=150 ~

|
M
[=]
[=]
1

25 50 75 100 125
Temperature (°C)

The level of the bottom surface, m

(b) Phytoplankton

0~

_50 -

—100 A

=150 A

—200 4

158160 1.62 164 168 1.70
Concentration ALG (gC/m3)*107

e, m

The level of the bottom surfac

(c) Phosphate phosphorus

0 ~—

_50 -

|
=t
[=]
o
1

|
[
[%)]
[=]
I

|
BJ
[=]
o
I

52 54 56 58 6062
Concentration POa4 (gP/m3)*107

12



Table.1 Model assessment of the main components of nitrogen and
phosphorus inputs and losses in Lake Teletskoye

(in tons of N) (in tons of P)

Entrance N Year Entrance P Year

8081.531 Receipt of P forms 125.153

Receipt of N forms
P with a surface runoff

with a surface runoff

Entering the water 0.740
Entering the water 17.520 froml tﬁe bo}cljclom
from the bqttom 5 By summing 125.894
1 By summing 8099.051 Output P Year
Output N Year With the river Biya -123.763
With the river Biya -7768.699 Sedimentation _0.213
Sedimentation -11.790 In total -123.976
In total -7780.489 Residual (sum of 1.917
3 Residual (sum of 318.562 7 clauses 5 and 6) in

clauses 1and 2) in tons of phosphorus

tons of nitrogen

Residual by P, in -2%

4|  Residual by N, in -4% 8 percentage terms

percentage terms
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Table 2. The assimilative characteristics of lakes (dash means no data available)

N¢ Lakes Water Piotal Niotol (Norg - in cases®)
exchange | Holding | Coefficients of Total | Holding | Coefficients of Total
period, |capacity | transformation | assimila | capacity | transformation | assimila
years of lakes rate of tion, | of lakes rate of tion,
substance, year ® | tP/year substance, year | tN/year
1 Onega 15.6 0.72 0.14 624 0.7* 0.13* 6122*
2  Ladoga 12.2 0.63 0.13 1284 0.69* 0.16* -
3 Pskov- 1.16 0.52 0.354 112 0.53 0.64 1136
Chudskoe
4 Kroshnoo 0.88 0.47 0.63 2.1 0.38* 0.49* -
zero
5| Teletskoe 4.35 0.02 0.005 3.5 0.06 0.014 585
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Conclusion
1. A simulation model of the nitrogen and phosphorus cycle in a deep reservoir is
proposed using Lake Teletskoye as an example.

2. Biogeochemical processes in Lake Teletskoye are numerically reproduced in the
hydrological conditions of the summer period of 2013. The results obtained were
compared with the monitoring data 1985 -2003.

3. Dynamic modeling of spatially heterogeneous processes in the ecosystem of
Lake Teletskoye has been performed. Based on the proposed model of trophic
interactions, the features of the formation of water quality in a deep reservoir are
explained.

4. The assimilation potential of the lake in relation to phosphorus compounds is
insignificant, practically absent. A relatively small increase in anthropogenic
pollution can lead to a violation of the stability of the lake ecosystem.

5. It is necessary to bring the research on Lake Teletskoye up to modern level:

- both in terms of the number of observation points of the monitoring network in

the characteristic zones, the increase in the list of monitored indicators and the
frequency of monitoring;

- as well as improving the quality of the instrumental and methodological base. 13
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