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Abstract: This study reports a PC software, used in a Wirsgdbased environment, which was
developed based on the first order reaction ofdgjichl Oxygen Demand (BOD) and a modified Streeter
and Phelps equation, in order to simulate and héterthe variations of Dissolved Oxygen (DO) and of
the BOD along with the studied river reaches. Toféngre considers many impacts of environmental
factors, such as the different type of dischargesdentrated or punctual source, tributary conticior)
distributed source), nitrogenous BOD, BOD sedint@na photosynthetic production and benthic
demand of oxygen, and so on. The software has Umshto model the DO profile along one river, with
the aim to improve the water quality through su@amgineering measure.
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INTRODUCTION tools for analyzing water quality in rivers.

Sincé!! have established a primary differential Self-Purification Modeling: It is well known that!
relationship between BOD concentration and passinfprmalized the oxygen, consumed by bacteria tolsero
distance (or time) for the Ohio River in the United oxidation of matter organic in waters as follows:
States, this formula became of the base of many
succeed studies. For examflepresented a more dL _ L
complete oxygen balanced relationship, in which thedt
oxygen consuming caused by bed slime and
photosynthesis were considered, except for theydefca where, L is carbonaceous BOD, varying with timert,
BOD and re-aeration through the water sufface say, passing distance x (x = Vt, V: stream veldciky
Analyzed the Neckar River in German, by the usa of stands for deoxigenation coefficient, depending
multi-parameter water quality model, which consists basically on the nature and concentration of sahstn,

9 equations and contains 12 ambient paraméters the quantity of bacteria and water temperatureviers.
Developed the so-called Simucev Model, which isThe absorbable atmospheric oxygen through the free
characterized by considering the second orderiogact Water surface must be considered in order to caple
of pollutants, suitable for the application in tleng the oxygen balance in river waters. The natural re-
reach of rivers under anaerobic condition. Simucewaeration tends to compensate the existent oxygfitde
Model has been used to simulate the variations@dC D, whose variation can be expressed as follows:

BODs and DO in a reach of the Leine River (Europe)

with the length of 24km The computational results LD:_kZD (2
were compared with those resulted from the famousdt

Qual Il Model, developed by EPA, U.S°A However, , , o _
the comparisons presented that the Quail I Modelvhere, k is so—called_ re-aeration coefficient, depending
exists more difference in the observed data. on the stream velocity, temperature, water deptthef

Based on the Streeter and Phelps’ méHel, riyer and others. The deficit D _is defined by the
presented a mathematical model of river self-pation, ~ difference between the saturated dissolved oxygén D
which has programmed by using Pascal Language &¥'d current dissolved oxygen DO:
early as in 1989 and can operate in PC (16 bitdeun
DOS system. This model has been used to simulate thP =DO, - DO 3)
water quality of the rivers in Brazil. Due to thaickly o _ o
developing and renewing of computer facilities andHence, the variation rate of dissolved oxygen dtefic
graphical visualization techniques, the programngs With respect to time in river waters, as a compeit
doubt out-of-date. It is necessary to renovatetegious ~ effect of both deoxygenation and superficial re-
code for his future employing. This study presesus  aeration, can be written by:
recent work to rewrite such a code into a practical
software in engineer[ng, which can bg easily used i @:le—kzD (4)
Windows-based environment by engineers as one ofdt
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Integrating equation (4) by starting from up-réach photosynthetic production coefficient of oxygen, F,
BOD and a deficit, L.and @, we have: represents net production of oxygen for alga and
basically depends on the presents and their cantednt
nutrients, on the temperature and transparencyaténw
and also on luminosity conditions, respectively. In
rivers with deep color and high turbidity, whictoul

Which expresses the deficit at any moment and i&ith @ mean velocity over 0.2m/s, the coefficientan
denominated by Streeter and Phelps equation. be ignored. The benthlc_ deman_d coefficient of oxyge

Further modification of water quality models based”: Presupposes the sedimentation of matter orgamic
on Streeter and Phelps equation is generally tohrey  €XPresses the soluble by-products of BOD (sucltis a
more complex environmental factors. Due to thevolatiles) for the anaerobic decomposition of setits

flocculating settling caused by absorption, acett N the bottom. This coefficient dep_ends on the same
by carbonaceous BOD in polluted river waters, thef@ctors as kand k. When rivers practically without the
effect of diffusion into biological slime can be Sedimentation of matter organic and their mean
expressed with a sedimentation coefficient ofVelocities more than 0.2m/B,also can be ignored.

carbonaceous BOD, sk which also depends on the By int_roducing the effects of BOD _sedimenta_tion,
stream velocity of the river (or turbulence). It is the benthic demand and photosynthetic production of

possible to express the removable total carbonaceo@gen,’ modified Streeter and Phelps equation and

BOD as a single coefficient .k namely the oOPtained following expression:
carbonaceous BOD removal coefficient, written by:

Lo (e—klt _ e—kzt) + D0 e—kzt (5)

k P - _
D=1 || - (et — gkt
K=kt 6) kz-kr( ’ kr]( ) (11)
+ﬁ E_f (1_e—k21)_+_ D. gk

Therefore, the removed total carbonaceous BOD at ™} | | " 0
time t (L,,) is governed by: 2
dL [l Elaborated this modified expression and
FraaL (7)  developed one formulation, which is easily

programmable. ®  Further introduced some
modifications into this expression, including theaf
carbonaceous BOD, nitrogenous BOD and distributed
BOD, and rearranged equation (11):

Similarly, the removed total nitrogenous BOD due
to nitrification at time t (Iy can be written by:

dN,
=-k.N (8)
dt D= lec Lo_i (e—k,l_e—kzl)
k, -k, Ak,
where, k represents the nitrogenous BOD removal 1 NGkt okt (12)
coefficient, depending on the same factors;as k k,—k,U %" A (e € )

boundary carbonaceous BOD,, Land nitrogenous L M+M—F+ P](l— e‘k2‘)+ D &'
BOD, N, and also considering the distributed K\ Ak, A
carbonaceous BOD, 4Land nitrogenous BOD, |\
respectively, we have: where, E represents the relation between the final
carbonaceous BOD and carbonaceous BOD of five
) days (BODR) in the studied river reach.
The studied river usually needs to be divided into
different races, in terms of their physical chagsistics
And: and homogeneous biochemistry from the point of view
of self-purification. Also, These races can be mkdi as

the function of external factors, such as the aenae

Integrating equations (7) and (8) by starting from (

L=Lg™ +ALTS(1_ e")

r

N = Nge™! +N—kd(1— e‘k”‘) (10)  of pollutant source and effluvium release, the texise
AK, of important reception or tributary convergenced an

on.
were, A stands for the mean transversal section of Figure 1 illustrates one typical situation, in wli
studying river reach. all of possibilities simulated by the model occdtrén

In general, the effects of photosynthetic produrcti this example, the mainstream was divided into three
and benthic demand of oxygen need to be considere@dces, according to two wastewater discharges from
by way of making a complete water quality modeleTh industries A and B, and one tributary into the rive
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: ——— tributry

conditions after mixing exist (Fig. 2):

: B _ _LQ; +L.Q,
Reach3 Q=+Q Lo _W (13-14)
Mainstream e
o N, = NQ +N.Q D, = D,Q +D.Q (15-16)
30 0 Q +Q, 0 Q+Q,

Fig. 1: Typical Simulated Situation The final flow-rate or down reach’s one can then

be written as follows:

oL A B Tributary
ootk @ LY, Q=Q,+ Q, (17)
IEEREER
b foL Fen onw Saact Feach By taking these boundary values and using the
R pre equations (17), (9), (10), (12) and (3), it is poiesto
fmz2 Kk TP g a1 a0 carry out one calculation from up reach to dowrchea

AR RO AR through every computational grid, to obtain theuesl

of Q, L, N, D and DO at the end of the first race.
Repeating this sequence of calculation to the reoe

_ and considering the previously obtained resultshas
boundary values, we can operate this calculation

Fig. 2: Sketch of Simulated Situation

5 AguaRio2.0

B Fle 2}MoReaches 2{FUpReaches (] Parameters 7} subReaches ) showData [B] Caloulate 15 Resubs 7 Hep :
| slgmane 2 successively.
Fig. 3: Main menu of AguaRio-2.0 Software Aguario—2.(_) S(_)ftV\_/are: The software fo_r modeling the
water quality in rivers, namely AguaRio-2.0, hazte
Cuons | Fi sirSousce | Distibuta | developed in suppqrt of Delphi .5.0. Thls softwaas ¢
be used easily for simple, one-dimensional steaatgm
HReBEsnatAR Rasteenl L CLE 0 quality analyzing and simulating in rivers, andoafer
Supetficial Be-aeration Cosfficient, K2 ¢ 1fd): (C— the alternative assessment of pollutant treatment
R . engineering.
Catbonaceouws BOD Bedimentation Coefficient, K30 1/d): |p Figure 3 shows the main menu of AguaRio—Z 0
Catbonaceous BOD Removwal Coefficient, Kx ( 144 i which consists of nine menus, nameI)Filé’,
= BT S e oot ot WS ‘NoReaches ‘UpReachés ‘Parameters
Ir0Zenous L0 OEIIIC1eT]] 5
. o ‘SubReaches’ Show Datj ‘ Calculate, ‘ Results and
Ehotosynthetic Production Coefficient of Oxygen, F (mgl) | 'Help’ as We” as one toolbar_
Benihonic Demand Cosflisient of Oxygen, F (mgl): — 1_'he user of this software can mput all data of
physical, environmental and computational pararseter
relative to the interested river reaches throughr fo

dialog boxes: Number of Studied ReachedJp-Reach
Fig. 4: Parameters Dialog Box boundary conditioris * SubReachesand Parameters
where the formal three are simple dialog boxesthrd
Figure 2 sketches the scheme of simulatedast is tagged one. Figure 4 shows the coefficigratge
situation, with all of parameters and variableReach  Of the tagged parameters dialog box. In order tthéu
1, which are used in the mathematical formulatibn o use the data input into thBarametersdialog box, the
the model. In this sketch, the subscriptss up-reach’s user can save these data as a text file through
boundary variable of the river,. ‘= variable of [File[Save]
concentrated or point-mode influxg = variable Two tables can display the input data by clicking
distributed along with the sub-reach ang = up-  the pull-down menus ofShow Datamenu. The Up-

reach’s boundary variable of the studied sub-rage. Reaches table presents the up-reach’s boundary
addition, the symbols: Q = flow-rate, the=Sengthof  conditions and theReachestable show the parameters

the sub-reach, ;S= computational step-length, GC = and variables of divided reaches as well as thected
mean water temperature and DOsaturated dissolved computational step-length. If the user only usesdata
oxygen, respectively. that have been saved previously, it is no necessity
According to the balance principle of mass at therepeat the input procedure in thearameters dialog
beginning of one studied reach, following boundarybox and only to invoke the saved file Byi¢|Open|
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Table 1: Parameters for Each Reaches
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Reaches 1 2 3 4 5 6 7 8 9 10 11 12 13 14
vV m/s 04 046 045 043 034 032 0314 0314 9310305 0315 0336 0333 032
gC 18 18 19 18 17 17 17 20 20 21 21 18 18 18
DOsmg/l 87 87 86 8.6 86 87 8.7 8.6 8.6 8.6 86 .78 87 8.7
Am? 715 628 650 680 1237 1512 1550 1560 156.0161.0 158.00 203.6 2055 213.0
Fe 146 146 146 146 146 146 146 146 146 1.461.46 146 146 146
K, 1/d 038 037 036 038 042 042 040 039 039 .370 0.36 041 042 038
K, 1/d 092 097 097 092 088 08 084 08 086 .850 0.85 091 092 0.0
Ks 1/d 00 00 018 018 010 012 005 0.0 0.12 0.100.0 017 018 00
K, 1/d 038 037 054 056 052 054 045 039 051 470 0.36 058 060 0.38
Kn 1/d 031 032 035 036 033 032 031 030 038 .370 0.32 036 038 032
F mg/l 006 008 008 010 010 005 005 002 00 00 0.10 012 010 0.08
P mg/l.d 00 00 01- 010 012 012 014 014 014 010 0.0 008 0.08 0.8
S km 10 9 6 12 14 8 6 9 4 11 7 9 8 10
S km 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Q. ms 00 016 007 004 124 72 010 018 0.2 0.040.06 186 0.0 0.0
D. mg/l 00 87 87 8.7 08 06 8.7 8.7 8.7 8.7 87 21 00 0.0
L mg/l 00 942 342 634 22 18 840 924 962 872 921 071 00 0.0
Nc mg/l 00 00 00 0.0 00 00 0.0 0.0 0.0 0.0 00 00 00 0.0
Qqm3/s 00 00 0167 00 00 00 0.0 0.0 0.125  0.378.104 0.0 0.125 0.0
Lakg/kkmd 00 00 360 0.0 00 00 0.0 0.0 810 883.885.7 0.0 405 0.0
Nakghkkmd 00 00 207 00 00 00 0.0 0.0 2325 507 221.4 0.0 2325 00
A 1 2 B 3 considered in the form of distributed sources. Trfan
J jﬂﬁ | | J ‘ mmm | stream falls into a lake at the point of @8 where the
requirement of water quality is that they DO, aisie
co 28 5 © 3g N2 gg 8¢ 8 no lower than 4ngl, i.e., the value of DO for the third

Fig. 5: Sketch of Calculated Example

After inputting and checking data, the user camnth
run the program by clickingCalculaté menu. The
calculated results can be displayed in the formisoff
tables and graphics. Clicking pull-down menus:
‘Tablé, ‘Save Taband ‘Print Tal under Results
menu, the user can view, save and print the outaiat.
Similarly, clicking ‘GraDQ’, ‘SaveGraDO’ and
‘PrintGraDQ’, ‘GraBOD5’ and ‘GraNBOD’, the user
can view, save and print the profiles of dissolved
oxygen (O), carbonaceous BOD (BOD5) and
nitrogenous BOD (NBOD) along with the calculated
river reaches.

Application: The developed software has been used tQ, o,

calculate one river with a length up to 128 Figure 5
briefly presents the sketch of simulated situatishere
A, B, and C express three cities and 1, 2 and 8ethr
tributaries, respectively, except for eight concateid
discharges from industries. These three cities hatad

water

class water, in order to remain a reasonable emalbg
Equilibrium and to guarantee the downstream demand
of water supply. The field observations has found o
that the poor quality of river water mostly happens
since the river passes through the City B, due inan
the effects of large population and five conceetiat
sources from the city and his suburbs. The engimger
consideration is to build a water treatment plamntthe
City B, which will be greatly reducing the discharg
loads and be favorable to recover the quality eérmri
water. Different engineering alternatives have been
calculated by using the software to model the fasfi
of DO along this river with the observed environtaén
parameters and coefficients, the number of divided
reaches is up to 14 (see Table 1).

Figure 6 illustrates a simulated representative
variety of dissolved oxygen along the river in laater
It is clear that the three infants whidtown
into the mainstream at 37 km, 51 km and 96 km,
respectively, positively increase the DO of riveater,
owing to their relatively better water quality agibater
quantity. However, the contributions of
concentrated and distributed sources, especiatigeth

up to 390 thoughts populations with A, 40,000, B.from the City B (mainly ranged from 74 to 96 knare
290,000 and C, 60,000, respectively. In these sitie so poor that the DO quickly decreases, with theieval

there are currently no sewage treatment plants; th

wer than 4 mg/l from 87 km and a minimum one of

discharge of domestic sewage has to be approxiynateB.28 mg/l appeared at 96 km.
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Sanitary Profile of D.O.
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Fig. 7: D.O. Profile of Mainstream with primary

grade treatment

The DO at 123 km is also lower than 4 mg/l, equals

3.48 mg/l. Although the profile of DO has been

elevated over 4 mg/l for a while because of the2.

convergence of the third tributary, the value & DO

is still smaller than 4 mg/l again, due to the Hage
from the City C (105 — 11&m) and the effect of the
discharges from up-reaches. This simulation cogid
with the observed data at three stations, markeitjin
AguaRio2.0 and in Figure 6, with the ranks of DO
values at S-1(75 km): 4.2-5.5 mg/l, S-2(95 km)-2.9
mg/l, S-3(121 km): 3.8-4.3 mg/l, respectively. The
ability of river self-purification, obviously, caoh
recover the water quality to a security value ie th
calculated reach. It

water quality of the river. Several alternativesvéa
been calculated and the obtained results are athlyz

is necessary to take some
engineering measures to accelerate the recovery the

For example, the treatment in primary grade foeehr
industrial discharges and domestic sewage from the
City B is to remove 50% of pollutant loat (L4 and

Ng). In this case, the simulated results (Fig. 7)veho
that the mainstream can satisfactorily recovemraser
quality with a minimum value of DO up to 4.15 mg/l
and the value of DO at 123 km reach to 4.5 mgl/l.

CONCLUSION

Mathematical models of water quality, such as the
one introduced in the study, can constitute povienfid
practical tool, with the aim of the assessment and
analysis of engineering alternatives and the ptatec
of water resources, besides their other correlative
applications. However, the utilization of such misde
must be careful, as the precisions of models slyong
depend on the adopted various environmental
parameters and coefficients, which have to be obthi
through long-term field investigations and a lot of
laboratory work.

AguaRio-2.0 Software, produced in support of
powerful and smart Delphi 5.0, is easy to be used i
Windows-based environment by vast civil engineers
and environmentalists.
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