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IN THE ROMANIAN COASTAL- WATERS
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ABSTRACTS

UBlng the field data on th» horlaont&l distribution of
.the salinity la the planes generated 'by eeveral types
of waste water dischargas, the apparent eddy diffusivi-
ty was deterninated ly neaae of the Pick aad Bichat'daoa

aolutione for the steady state diffnBioa.

The quantitative description of the turbulent mixing
processes concerntng water masses with different properties stron-
gly depends on fche knowledge of the turbulent diffusion coefflol-
ents. Because the problem of selecfcLag the best suited theoretical
model Is not yefc completely solved, there Is a need for experlnien-
tal defcermlnation of these coefficients using different tracers.

For the Romanian shore wafcers, the turbulent diffusion
coefficients have been previously coiapiited for the region where
natural mlxliig between fresh or brackish and sea waters takes pLa-
ce (j).

In the present work the analysis is carried out for the
regions where the sewage Is discharged Into the sea, by computliig
the horizontal diffusion coefficients for different types of sour-
ces. The followlag cases of continuous discharges were Investlga-
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feed»

- submarine discharge tlarough a pipe lying on fthe bottom
at 4 m depth;

- open discharge channel afc the sliorellae}
- pipe discharge afe fche sea surface.

The waste water was used as a tracer ttirough tlie sallni-
fcy decrease produced by It In the areas surrondlag the discharge
points.

Burtng fche measurements carried oat tn 1977, the follo-
wing parameters were determined each time;

- effluent discharge rate?
current speed and direct Ion and water salinity In se-

veral points In the plume and outside It, In the noa-contamlnated
waters.

1'Iie location of the neasurlag points was calculated from
the Intersection of fcwo direction Lines taken with two theodoll- .
fees'from fche shore. The coordinates were then converted to a refe-
rence system having the origin In the discharge potnfc, the x-axls
downstream and the y-axIs cross-stream.

For a quantttafcive descri. pti. on, aLL cases were supposed
to be steady sfcates of tuu'bulent diffusion from a continuous polnfc
source Into a homogeneous fluid In uniform flow. Due fco the great
density difference between the effluent and the surronaing waters,
the former spreads In a very thin surface Layer, as It Is proved by
tee salinity measurements made at surface and at I m depth (Fig. I).
Owing to this fact, the vertical diffusion was negLecfeed and the
mixing regarded as a twodtmensionaL process.

Taking Into account that the downstream chaixge In coa-
centratlon produced by advectIon exceeds by far the cliange produ..
ced by diffusion and, consequently, there Is only cross-steeam
dtffuslon, the twodlmenstonal diffusion equation may be written In
fche s iiap lifted forms

5^z2=^<EyW^1) CD
where Ky (y)^ is fche horizontal diffusion coefficient; In the y dl-
reotlon$ u is fche mean flow speed. C (x, y) - the average concen-
tratlon tn the (x,y) potnl;*

According to the RICH&RDSON-OBIIKB07 law (4), K (y) fle-
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,. l - compartson. betnieen the^orlzo^ta^ s^ll-
:AA ~ ntt^'distelbutlons at _ the siuface <a;

aad''at~l."m~depfcli (b) In two cases.

pends on the space scale of the phenomenon:

»here k Is a constant. In this case, equation (D has the solu-
tloni 2/7

4 _ ^« r_ _Z^-1
C (x, y) TU (^I) ^

2-^ exp(-^n)^ 9 t
(5)

where Q Is the discharge rate and the concentration C (x,y) can
be computed as t ^ _ ^ ^

sm- s CX17L (4)
C (x, y) -s;=-sr

with S_ - the "norofflL" salinity outsiae the plume, Sg- the efflu-
enrsa?lntt7'and~S-(x, y) -toe salinity measured In the (x. y)

Because all parameters can be measured In the tie Id, ex-
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press ton (5) may be used for defcernlnatlon of the coefficient k.
But (5) Is a toanscedental equation relative feo-k and can only be
solved by approximate calculus. In. order to avoid the errors tn-
feroduced by applying the least squares metoodto the logarithm of
(5), the choice was made for aa algorlthia using dlreofcly the form
(3) and a "step search of minimum". A computer program written
for FBLIX-C 2$6 oalculafces tlie salinity for each point using (5)
and (4) and an arbitrary fcaltlal value for k, and then sucoeslve-
ly refines this value until the mean square difference befeweezi
computed and measured salinities reaches Its minimum. The corres-
pondliig value of k Is taken as the approximate solution of (5).
This approach was used for all the eight Investigated slfcuafclons
(Tab. 1). g,^^ ^

The values of k obtained from field experiments

No. Discharge type Date

I Pi.pe (underwater) 24.3
2 04.4
5 l2. io
^ 24. lo
5 Open channel 12.5
6 Pipe (surface) 06,6
7 " 29.6
8 14. lo

Current
speed

o. 258
0. 124
0. 246
0»0?0

0. 164

o. o95
0, 164
0«0?0

Discharge

rate (p3/s) (pi2/5/s)

o.5
o.3
o.5
o.5
o»5
1.0
1.0
1.0

2. 99^10"
5. l?xlo'-5

2. 84xlo~'2
2. 56xlo"5
5. 25s;lo~2
2. 72xlo~2
6, 87xlo~2
l. ooxlo"

-^=========S==S;;=2;=====;

(cni2/5/s)

o. 64
o. o?

o. 61
o. o5

o. ?o

o. 59
1*48
o.22

The values obtained for k are generally larger than
those given for other areas of the Black Sea (^) , but they ye Id
fche best agreement with the observed data. Ihl^ may be due fco the
fact that the "apparent; dlffuslvlty" also Includes, besides the
turbulent; diffusion proper, other processes responsible for the
concenliratlon aecrease, such. as the shear effecl;.

An alternative approach for quantitative teeafcement of
diffusion process was using the PICK solution (I) for the eauatl-
on (p, assumtDg consfcant dlffusloa coefflclenfclt
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C (x, y) = -^-S- (-^;-)exp (. -f
2 (3TuKyX )v£; 

"'' ' 

zt'&yx
(5)

Using the same coinputer program, the values of K^ were

determined for all the Investigated cases (Tab. 2).
Table 2

Mean values of the horizontal diffusion coefficient

Bischarge type Und^ter ̂ p^ channeL s^ce
Average K^(ciB'~/s) 2xlo' 5xlo' 6xlo'

The results show a better agreement with the data for

other Black Sea regions (4; S). The mean square differences bet-
ween computed and observed salinities show only a slight; Increase
as compared to those obtained by using solufclon (3).

Both formulas can. be used for a first attempt of pre-
dieting tile hortzontial aistelbutlon of poLLutanfc concentration by
using the values of  e experlmenfcally derived diffusion coeffl-
cleats.
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