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SEWERYN GOLOWIN *

INFLUENCE OF RETENTION TIME
ON THE LUBACHOW DAM RESERVOIR TROPHICITY

A distinct relationship (with a high correlation confficient) between dynamics of water
exchange in the reservoir and the development of phytoplankton (measured by the concentration
of chorophyll) has been found. The nomographs based on the equations expressing this
relationship and the transformed Carlson and Walker’s TSI equation allow us to predict the
development of phytoplankton (measured by concentration of chlorophyll) at various dynamics
of water exchange.

1. INTRODUCTION

Lubachéw reservoir on the river Bystrzyca was built in twentieth kilometer of
its course in 1918. The present capacity of this reservoir at the maximal swelling
amounts to 7.2 x 10° m?3, the catchment area to 51 ha, its maximal depth is 31.6 m
(with an average depth of 14.1 m), and the drainage area is 146.4 km?. The
reservoir is fed chiefly with water of the river Bystrzyca as well as its two small
tributaries and with surface run-offs from the area directly adjacent to the
reservoir. Annual water inflows have been determined from 47 year observations.
The minimal, average and maximal inflows being 10.8 x 10° m?, 93.7 x 10° m? and
54.2 x 10° m?, respectively. This corresponds theoretically to the number of water
exchanges in the reservoir ranging from 1.5 to 13 yearly. Depending on the
swelling level, such an exchange may occur even more frequently.

The Lubachow reservoir was built as a retention basin used also for energetic
purposes. At present it is a source of industrial water supply for the Bielawa—
Dzierzoniéw region. In the future it will supply this region with potable water.
Therefore, the knowledge of the factors affecting the trophicity of water in this
reservoir is of a special importance.
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Poland.
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2. RESULTS AND DISCUSSION

The trophicity of water in the Lubachow reservoir was estimated with the help
of two Carlson and Walker’s throphic state indices (TSI). Both the indices are
relatively simple; they are based on measuring data obtained as a rule during
routine works. Therefore, their practical application does not create any difficulties
and makes it possible to carry out a comparative assessment of a wide spectrum of
results obtained by various institutions. The additional advantage of these indices
is that each of them consists of 3 mutually dependent elements. Being based on
total concentrations of phosphorus — TSI (TP), total concentration of chlorophyll
— TSI (Chl), and on the transparency measured by Secchi disc — TSI (SD), they
describe: the reason — phosphorus content, the effect — development of phyto-
plankton (measured indirectly by the chlorophyll content), and its symptom —
water transparency. The importance of the later is questionable in the assessment
of the trophicity of water in retention reservoirs. Water flowing into it after intense
precipitations brings as a rule substantial amounts of suspended matter causing
turbidity of water masses and deterioration of their transparency, not related at all
to the development of plankton. Therefore in our considerations this third term in
TSI was neglected and used the two remaining ones: TSI (TP) and TSI (Chl).

Trophicity state index according to Carlson is:

In(48/TP
TSI (TP) = 10(6——"(—1—) , (1)
In2
2.04—0.68 In Chl
TSI(Chl) = 10 <6— o | 2)
In2
TP (mg/m?), Chl (mg/m®) — measures in surface water layer in summer,

TSIe {0, 100}.

TSI <40 — oligotrophic lake (0), 40 < TSI < 60 — mesotrophic lake (M), TSI
> 60 — eutrophic lake (EU). .

TSI according to Walker is:

TSI (TP) = —15.6+46 lg (TP), 3)
TSI (Chl) = 20+ 33.2 Ig (Chl), 4)

TSI < 30 — oligotrophic lake (0), 25 < TSI <45 — mesotrophic lake (M), 40
< TSI < 65 — eutrophic lake (EU), TSI > 60 — hypereutrophic lake (HEU).

In calculations of the TSI we used the results of analyses of water samples
taken from the Lubachéw reservoirs in the following months and years: July,
August, September, 1975 — samples Nos. 1 to 3; June, July, 1976 — samples Nos.
4,5; September, 1981 — sample No. 6; June, July, August, September, 1982 —
samples Nos. 11 to 14 (fig. 1).
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Fig. 1. Time-table of investigations and water exchange in reservoir
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The stated concentrations of total phosphorus and total chlorophyll as well as
TSI (TP) and TSI (Chl) calculated according to Carlson and Walker are given in

tab. 1.

Assuming that the set of equations is correct and that the considered two
elements are mutually interdependent with respect to their cause, as well as that
processes running in water body of the reservoir are not disturbed with other
factors. its should be expected that the indications of both the elements of each

Table

Concentrations of total phosphorus (TP), chlorophyll (Chl) and values of trophic state index TSI (T

and TSI (Chl) after Carlson and Walker

1
P)

TP Chi Carlson Walker
No. Dates 3 3
mg/dm ng/dm TSI(TP)  TSI(Ch)  TSI(TP) TSI (Chl)
1 160775 0.075 1100 66.5 315 70.6 214
2 13.08.75. 0.067 0.900 64.8 29.6 68.4 18.5
3 110975 0.078 8.210 67.0 512 714 503
4 1.06.76 0.061 2.060 634 376 66.5 304
5 6.07.76 0.121 11.200 733 543 80.2 54.8
6 220981 0.236 7.100 829 498 935 482
7 8.06.82 0322 1.600 875 3522 99.8 2638
8 5.07.82 0.226 13.700 823 56.2 927 57.7
9 18.08.82 0.249 96.200 837 75.4 94.6 85.8
10 13.09.82 0.716 387.000 99.0 89.0 1157 105.9
1 6.06.83 0.106 11.000 714 54.1 776 54.6
12 40783 0.069 81.000 65.2 737 69.0 83.4
13 8.08.83 0.375 134.000 89.7 78.6 1028 90.6

14 5.09.83 0.329 173.000 87.8 81.1 100.2 94.3
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index will be in conformity. In order to verifiy this assumption the correlation
between TSI (Chl) and TSI (TP) according to Carlson and Walker has been
presented graphically in figs. 2A and 2B, respectively.

At a close conformity of indications, the points should be arranged along the
diagonal axis of the piot. In reality, however, in the graphs made for the
considered relationship, the arrangement of points differs remarkably from the
diagonal position. Spatial distributions of the points determining the relationship
between TSI (TP) and TSI (Chl), calculated by Carlson’s method and that due to
Walker, are very similar, though the classification of trophic state based on the
Carlson’s method differs from that on the Walker’s one.

All the values of TSI (TP) calculated according to Carlson are comprised
within the eutrophy region. Of 14 points determining Carlson’s relationship for
TSI (Chl) only the values of 5 points (Nos. 9, 10, 12, 13, 14) correspond to the
eutrophy state. TSI (Chl) values of other 5 points (Nos. 3, 5, 6, 8, 11) are specific
for mesotrophy, while that of the remaining 4 points (Nos. 1, 2, 4, 7) correspond to
oligotrophy (fig. 2A).

The values of TSI (TP) calculated according to Walker correspond to hypereu-
trophy. In figure 2B, illustrating the correlation between TSI (Chl) and TSI (TP),
the indications of a group of 5 points are in agreement. The indications of these
points were also uniform in the above correlation of Carlson’s indices. The values
of Walker’s TSI (Chl) of the next 5-point group (Nos. 3, 5, 6, 8, 11) correspond to
eutrophy. This is the same group, the values of which according to Carlson
indicated the mesotrophy state. Finally, the values of TSI (Chl) of the last 4 points
(Nos. 1, 3, 4, 7), according to Walker, correspond to oligotrophy, like in the case
of TSI (Chl) according to Carlson.

Thus, in the TSI (Chl)-TSI (TP) relationship 5 (9, 10, 12, 13, 14) of the total 14
points show the conformity of indications of both the elements, suggesting that the
development of phytoplankton follows the assumptions of Carlson and Walker
and that is equivalent to the interrelation of both the indices considered and
assumed by these authors. The investigations which gave the above results fell on
the period during which the rate of water exchange in the reservoir was considerably
slower (fig. 1). The highest discrepancy showing the relatively weakest development
of phytoplankton with respect to the actual phosphorus content in water has been
stated in four points (1, 2, 4, 7). Of this group the samples Nos. 1, 2, 7 were taken
in the period of the intensified water exchange in the reservoir or immediately after
this period.

The above observations may suggest that the development of phytoplankton in
reservoir, adequate to the relationship between the contents of total phosphorus
and chlorophyll in water and resulting from the equations for TSI, depends to a
high extent on the dynamics of water exchange in the reservoir. It may be namely
assumed that for a lake (reservoir) in which the processes are not disturbed, the
indications of TSI (IP) and TSI (Chl) should be consistent. Consequently, this
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Fig. 2. TSI (Chl) versus TSI (TP) after Carlson (A) and Walker (B)

means that for a given concentration (given content) of phosphorus in water there is
an adequate development of phytoplankton (measured by the chlorophyll content),
assuming that this development is the function of phosphorus content, described
by the formula

In (TP) = 0.68 In (Chl)+1.38  according to CARLSON (5)
or

lg (TP) = 0.7217 1g (Chl)+0.7739  according to WALKER. (6)
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In such a case the TSI (Chl) to TSI (TP) ratio is 1. Each disturbance of the
normal courses of processes occurring in water brings about the deterioration of
the phytoplankton development. Consequently, the chlorophyll content is lower
than that resulting from the equations (5) and (6) for the given concentration of
phosphorus and the TSI (Chl) to TSI (TP) ratio becomes smaller than 1.

In order to establish whether and into what extent the dynamics of water
exchange influences the development of phytoplankton, the correlation between
the index TSI (Chl)/TSI (TP) and the dynamics of water exchange in the reservoir
was determined and plotted. Dynamics of water exchange was expressed by the
number of exchanges which would take place during one year if the average rate
of exchange during the month preceding the given investigations lasted for the
whole year (tab. 2). The plots were prepared for the TSI (Chl)/TSI (TP) ratios

Table 2
. TSI (Chl) .
Coefficients ————— and dynamics of
TSI (TP)
water exchange in reservoir
TSI (Chl)
TSI (TP) Dynamics
No. of water
Carlson Walker Eashatiue
1 0474 0.303 20.0
2 0.457 0.270 214
3 0.764 0.704 10.5
4 0.593 0.457 9.2
S 0.741 0.683 6.5
6 0.600 0.515 6.3
7 0.402 0.269 1517
8 0.683 0.622 7.8
9 0.900 0.907 23
10 0.900 0.915 2.1
11 0.758 0.704 8.2
12 1.130 1.200 1.76
13 0.876 0.881 1.76
14 0.924 0.941 1.76

according to Carlson (fig. 3A) and Walker (fig. 3B). In the two plots arrangement
of all the points shows a distinc linearity, on the TSI (Chl)/TSI (TP) ordinate the
value of this ratio approaches 1, on the abscissa being less than 1. This means that
the development of phytoplankton resulting from the function described by egs. (5)
and (6) for the given phosphorus content in the reservoir water is achieved at the
average dynamics of exchange during the month preceding the investigations,
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Fig. 3. Coefficient TSI (Chl)/TSI (TP) after Carlson (A) and Walker (B) versus dynamics of water
exchange

where this dynamics corresponds to the water exchange taking place more rarily
than once a year. With the increasing dynamics of water exchange the value of the
index TSI (Chl)/TSI (TP) proportionally decreases, reaching the values 0.41 (Carl-
son) and 0.21 (Walkers) at the dynamics of exchange corresponding to 20. This
means that if the rate of water exchange during the month preceding the
investigations (the given time point) corresponded to 20 exchanges during the year,
TSI (Chl) would scarcely reach 41°/, of the value which could be predicted from
TSI (TP) according to Carlson (fig. 3A) or 21°/, of the value of TSI (Chl) which
could be expected from TSI (TP) according to Walker (fig. 3B).
Transformations of Carlson’s formulae (1) and (2) to the forms

In (Chl) = 0.1019 TSI (Chl)—3.16, )
In (TP) = 0.0693 TSI (TP)—0.288 (8)
and of Walker’s formulae (3) and (4) to the forms

TSI (Chl)—20

lg (Chl) = & : ©)
TSI (TP)+15.6
gnm=uljgihv (10)

make it possible to plot TSI (TP) versus total phosphorus concentration (TP) and
TSI (Chl) versus chlorophyll concentration (figs. 4 and 5).

Based on the figs. 3-5, the following calculation may be performed:

1. If the concentration of total phosphorus in water is known, the expected
chlorophyll concentration may be determined at non-disturbed courses of proces-
ses in the water body of the reservoir. It for instance concentration of TP equals
0.100 mg/dm? (100 pg/dm?), then the expected development of phytoplankton will
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Fig. 4. Chlorophyll and total phosphorus concentrations versus TSI (Chl) and TSI (TP) after Carlson
Fig. 5. Chlorophyll and total phosphorus concentrations versus TSI (Chl) and TSI (TP) after Walker

cause the concentration of chlorophyll in water being equal to 59 pg/dm?®. Both
the values are within the eutrophicity (broken line in fig. 4).

2. Knowing the dynamics of water exchange in the reservoir during the past
month, the real concentration of chlorophyll may be expected. If, for instance,
dynamics of exchange corresponded to 12, then, according to fig. 3A, it may be
expected that the real value of TSI (Chl) according to Carlson will be 63°/, of
TSI (Chl) corresponding to the concentration of TP equal to 100 pg/dm?. Thus it
may be expected that the real value of TSI (Chl), instead of being 70.6, will
amount to 44.5, to which there corresponds the concentration of chlorophyll of
4.1 pg/dm? (broken line in fig. 4 — which at TP concentration corresponding to
eutrophy gives the chorophyll concentration within mesotrophy.

3. If the concentration of TP in water is 100 pg/dm® and we do not want at a
given time point the development of phytoplankton in water be more intense than
that corresponding to the chlorophyll concentration of 4.1 pg/dm3, then during the
month preceding this time point the dynamics of exchange should be equivalent
to the value 12, thus in this month the water should be exchanged.
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4. Based on the above, it is possible to forecast for a given time point the
probable chlorophyll concentration at a given concentration of TP and at various
dynamics of water axchange in the reservoir.

Analogical procedure may be carried out according to equations given by
Walker using figs. 3 and 5, respectively.

3. CONCLUSIONS

For 14 samples taken in summer months of the years 1975-1976 and 1981-
1983 the indices of trophic states according to Carlson and Walker have been
determined from concentrations of phosphorus (TP) and chlorophyll (Chl) stated
in the performed investigations. It has been assumed that at undisturbed courses
of the processes taking place in the reservoir the indications of TSI (TP) and
TSI (Chl) should be in agreement. In reality, however, the indications of both
members of TSI were in most cases divergent. The highest divergences indicating
the weakest development of phytoplankton (measured by the concentration of
chlorophyll) with respect to phosphorus content have been stated for TSI determi-
ned from the results of investigations performed during or immediatley after the
periods of the most intense exchange of water in the reservoir. A strong correlation
between the index TSI (Chl)/TSI (TP) and the dynamics of water exchange has
been found. This correlation (using the transformed formulae of Carlson and
Walker) makes it possible to predict the intensity of the phytoplankton develop-
ment (measured by the concentration of chlorophyll) at various dynamics of water
exchange.
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WPLYW CZASU RETENCJI NA STAN TROFICZNY WOD
ZBIORNIKA ZAPOROWEGO LUBACHOW

Stwierdzono wyrazna (o duzym wspotczynniku korelacji) zalezno$¢ pomigdzy dynamika wymiany
wody w zbiorniku a rozwojem fitoplanktonu (mierzonym stgzeniem chlorofilu). Na podstawie rownania
wyznaczajacego te zalezno$¢ oraz przeksztalconego rownania TSI Carlsona i Walkera wykreslono
nomogramy, ktore pozwalaja przewidywaé rozwdj fitoplanktonu przy roéznej dynamice wymiany wody.
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BJIUSIHUE BPEMEHU 3AJEPXKMBAHUA HA TPOPUMUYECKOE COCTOSHME BOJ]
3ATPAAUTEJIBHOI'O BOAOXPAHW/INIIA JIIOBAXYB

VCTaHOBJEHA OTHYeT/IMBas (GOMBIIOTO KOX(pQHUIHEHTa KOPPENAIMH) 3aBHCHMOCTb MEXIY IH-
HAMHMKOM BONOOOMEHa B BOJOXPAaHWJIMILE M Pa3BUTHEM (PUTOIUIAHKTOHA (MEPHMBIM IIOCPEICTBOM
KOHUEHTpauuu xiaopodusuia). Ha ocHOBe ypaBHEHHS, ONeEpenessIoIero 3Ty 3aBUCHMOCTb, a Takxke Ha
ocHose npeobpa3osaHHoro ypaBHeHus TSI Kapibcona m Basnbkepa BBIYEPTUIIM HOMOIPAMMBI, KOTO-
pble MO3BOJIAIOT MpPEABMAETh Pa3BUTHE (UTOMIAHKTOHA MPH pa3HOH JMHAMHMKE BOJOOOMEHa.




