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ABSTRACT

In this study, the quality of the Nubaria canal evaivas investigated before and after mixing
drainage water with Nubaria canal. Flow and watelity profiles have been estimated along the
canal through the mathematical model, QUAL2K. Thedel has been calibrated according to the
field data collected during summer and winter of frear 2007. The study included electrical
conductively (EC), Biological Oxygen Demand (BOD)deammonia (Nh).
From the results obtained, the QUAL2K model appé&alse useful for estimating water quality of
Nubaria canal. Dynamic management is the most @pigte solution for controlling water
quantity and quality of drainage water expectetdeaeused through mixing with Nubaria canal.
Moreover, the salt and waste assimilative capadfity canal could be calculated. Reusing of mix
project drainage water, by discharge of 0.50 mmillin/d does not affect the Nubaria water canal.
There are clear effects in the Nubaria canal watday due to drainage water specially drain 3.
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1. INTRODUCTION The reuse of drainage water for irrigation starited
the early of 1928Abdel-Rashid, [2] through the
Ministry of Water resources and Irrigation (MWRI)
program. In 1928, Upper Serw pump station in the
Eastern Delta was constructed to lift the Serwrdrai
water and mix it with Damietta Branch water. In
1930, an additional Serw Pump station was

Agriculture is the largest consumer of availableéara
resources in Egypt. On the other hand, drainaga fro
irrigated lands is one of the major causes of water
logging and water pollution. Water availability for
irrigation could be enhanced through judicious and

proper use of saline drainage water. The OleVempmenconstructed to support the main Serw Pump station.

of Crops with increased salt tolerance and the Two levels of drainage reuse are practiced in Egypt
adoption of new crop pattern and water managemen&hey are official and unofficial Drainage use.

strategies enable the use of more saline drainage
water for crop production. In the past decade, several mathematical modeks hav
been presented for evaluating and predicting water
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quality in streams. The most commonly models used characteristics of the pump stations of the Mixing
are: multimedia fate models (Mackay and EUSES Project.

models), hydrodynamic models (Mikell and

QUASAR models), steady state models (QUALZ2E 3. NUBARIA CANAL
and QUAL2K models) and finally stochastic models Nubaria canal is the largest main canal in western
(TOMCAT and GREAT-ER modelg¥, 8]. Nile Delta. The total served area by Nubaria cimal
1085053 feddans. The water supplies mounts to 21.6
million cubic meters per day (MCM/d). The actual
water demand for the area is 30.8 (MCM/d). In order

The water quality in drainage system in Egypt seems
to be quite complicated. The reason is that the

drainage network collects different types of water. to face the gap between the water demand and the
Abdel- Gawad, [1]. o .

water supply, an additional discharges of 9.2
Nagy and Salem, [11]nvestigated the quality of the (MCM/d), is required as shown in Tables (2) (EL-
omoum drain water. Flow and water quality profiles medany, [6]). .Table (3) shows hydraulic
have been estimated along the drain through thecharacteristics of Nubaria canal (Hydraulic Redearc
water quality model, QUAL2E. The model is used Institute,[7]).
for calibrating the de-oxygenating rate in the dray
utilizing measured field data report by issue Dagim
Research Institute (DRI). Primary waste water The study area covers the regulator at km 28.000 to
treatment plants are proposed at specific locationsthe drinking intake at km 66.00 as shown in figure
along the drain. The study presented a design char{2). A monitoring program in Nubaria canal was set
identifying the optimal amount of fresh water nedde to monitor the drainage water quantity and qudtity
for the dilution of drainage water. the proposed drainage reuse location. The objective
of this program is to investigate the availabilyd
suitability of the drainage water to feed Nubaria
canal. Some important parameters were estimated
and were compared to law 48 /1982. The results
were introduced to a water quality mathematical
model "QUAL2K" to suggest and predict different
strategies for safe reuse of the drainage watéaett
Nubariacanal and to choose the appropriate amount
of water for mixing.

3.1 Field Measurements and Results

In this paper, a proposal for improving surfaceewat
quality is presented. The QUAL2K model was
selected as the best available model for Nubaria
canal. It has been the most widely used stream Imode
that is numerically accurate and includes an upbate
kinetic structure for most convention@ang, [15]).
The QUALZ2K is applied to estimate the impact of
discharged of drainage water on quality of Nubaria
canal. The study presents a plan to control theewWat
quality of drainage system in Nubaria canal, ineord Field Measurements were carried out during January
to feed it by additional drainage water. to December 2007 at Nubaria canal. 9 samples were
> DESCRIPTION OF MIXING DRAIN collected monthly and exami_ned in the laboratory
PROJECT .The _samples were analyz_ed in the Ia_boratory of the
Drinking Water Company in Alexandria. 5 samples
Mixing drain project is located near Hosh Easa,city from Nubaria canal and 4 samples from the 4 drains
El-Behaira governorate. Its length is 13.5 km and that discharge into Nubaria canal as shown in Eigur
serves an area of about 285,000 feddans. The bed2). 4 parameters were tested for each sample, (the
width of the drain is 24.00 m and the side slope is electrical conductivity EC, NE BOD and Total
3:2. Its designed flow rate is 48 faec. Dissolved Solids TDS). All the parameters were
determined in accordance with the American
standard methods for the examination of water and
waste water (Lenor et.,4fL0]).

The main objective of this project is to save
1x10Pm’year from Truga pump station P.St.,
Shereshra P.St.,, and Abo Hommes drainage
catchments areas to feed Nubaria canal at km48.00 aFrom the analysis, it was found thaater quality
shown in Figure (1). This will be established by along the Nubaria canal ranges from 197 to 360 mg/I
building control regulator on Umoum drain directly for TDS, 8 to 20 mg/l for BOD and 0.01 to 0.46 mg/|
downstream of Truga P.St.at km25.00 to reversefor NHs;, as Shown in fig.3. From the figure, it could
water direction to Shereshra drain and mixing drain be noticed that the TDS, NH3 and BOD
instead of throwing it into the sea. concentrations varied from one site to another and

Three pump stations have been constructed. Theselj-rom one season to another along the canal dueto t

are pump station No.1 (P.St.1) at km 13.5, P.St.2 achanges in drainage water quality and quantity that

" .~ are reused into the canal. Water quality along the
km .5'200 a_nd P.St.3 at km 0.700 on the Mle_ng drain mixing Drain ranges from 800 to 1600 mg/l for TDS,
for increasing water level to reach Nubaria canal

. 2 to 18 mg/l for BOD and 0.5 to 3.5 mg/l for lH
water level. Table (1) shows the hydraulic .Also, fig. 4 shows the variations of the TDS, NH
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and BOD concentrations from one month to another andi+1 [l/d]
along the mixing drain.

Ci = concentration of water quality constituémt
4. NUBARIA CANAL SIMULATIONS reachi [mg/L]
Canal modeling, was based on a steady flow t =time [day]

conditions in the canal. From the regulator at km
28.00 to the drinking intake at km 66.00, The
QUAL2K model was used to simulate the existing
hydraulic conditions and concentration of the . X . . X
biological Oxygen Demand (BOD), Electric guality state variables is available {Relletier and
Conductivity (EC) and Ammonia (N4 at Nubaria Chapra14]).

canal. The data provided by the monitoring program Where:-

(DRI, [5]) and by field measurements, gave the most

Figure 6 represents the schematic diagram of
interacting water quality state variables. The
complete description of process of interacting wate

substantial constituents, which are considered asZFg:ae bottomap: hytoplankton mo: detritus
:gﬁ):é Yr? rtlaatt))llsj to simulate the canal water quaéity cs: slow cf: fast CBOD cT: total
' CBOD inorganic carbon
4.1 Model Theory 0: oxygen no: organiama: ammonia
The water quality model QUAL2K was used to study an: nitrate ngrogen organic n:Frogeninor anic
the quality of Nubaria canal water. In this modw t o po: 9 PI: 9
nitrogen phosphorus phosphorus

stream is conceptualized as a one-dimensionalgstrin
of completely mixed segments that are linked 4.2 Input Data
sequentially via the mechanisms as adjective
transport and dispersion. The model uses a finite- )
difference solution for the adjective dispersionsma reaches. Each reach has a constant hydraulic data,

transport equation and also has the capabilityinitial co_ndition, and in<_:re_menta| flow for all

performing an uncertainty analysis. The model computational elements_ wlthln the re_ach. The model
permits the solution of 36 water quality constitisen assumes a_complete_m|xmg e_ffluent in the stream. |
The stream could be divided into 100 reaches andthe simulation, the five .feedlng source points (one
each reach has 1000 computational elements. Eac resh water and four drainage water) as shown digur

computational element has constant of hydrological = The ge.ometncal properties of the car)al reaches
characteristics and reaction constants. were obtained from the longitudinal section of the

canal, by Nubaria irrigation directoratd?]. The
The modeling tool QUAL2Kw has a general mass discharge, cross section area, and water depth are
balance for a constituent concentration ci (Figirb) measured by Hydraulic Research Institute (HR]),
the water Column of a reach i (the transport and table 3.
Loading terms are omitted from the mass balance L
equation for Bottom algae modeling) as (Pelletier e 4.3 Model Calibration

The study area was simulated by dividing it intgefi

al.,[13]) The used model was calibrated. The calibration data
& @y & G B : w for ambient water quality were based on Nubaria
& =V, V—[c‘-—T:‘c-:H_,—'l'(cs.l—c.J —F‘_:tq.::—fs}—v—i‘ +5 canal field sampling effort in 2007, Table 5. Chainn
i dimensions and cross Section is based on field
Where:- physical measurement taken by HRI, 2003, Table 3.
' Rating curve coefficients and exponents were
Qi =flowatreachi [l/d] developed using the equations in (Chapra and
Qab,i = abstraction flow at Reach i [l/d] Pelletier, B])
Vi =volume of reach | [i For water quality calibrat_ion, the modeled
concentrations for the following parameters were
Wi = the external load- ing of the constituent t compared with observed data in order to provide
reachi [mg/d] guidance on parameter adjustment: Discharge Q, EC,
Si —sources and sinks of the constituent due t BOD, and NH. The model is considered reasonably

calibrated because the model simulated pollutant of
interest within the range shown by the observed.dat
Ei = bulk dispersion coefficient between reache Fig.7. shows that a good calibration of the model t
[I7d] the 2007 data was achieved.

reactions and mass trans-fer mechanisms  /pihg/|

Ei-1, Ei are bulk dispersion coef- ficients betwee
reaches i-1 andiand i
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4.4 Tested Scenarios high water requirementThe discharge drainage
The water quality of Nubaria canal was simulated water (Q2) after Operated P.S. (B)3. (2) and P.S

by QUAL2K model Case 1)in the maximum water (3)is 17.4 rifs.

requirements season. Figure (2) shows the scheme ofhird Scenario "adding Q3" It is proposed to
Nubaria canal before mixing, the discharge of operate the pump stationwiith its full capacity with
Nubaria canal water at km 28.00 at this season isdischarge Q3 and study the quality of Nubaria canal
123.670 n¥'s, this was nametBase Casé in the waterand stop the shereshra pump station, during the
representation of results. summer. The discharge of drainage water (Q3) after

An integrated management strategy was set for theOperatmg P.S. (1R.S. (2) and P.S (3) is 23.18/m.

canal to use drainage water without affecting the The best solution was chosen and compared to the
drinking water intakes. The quality of Nubaria dana present situation or standards of mixing the

water was simulated by QUAL2K modglase 2)at agricultural drainage water with the canal and the

maximum water requirements and different scenariosappropriate amount of water for reuse was specified
were introduced to manage the drains that flow into (Case 4)

the Nubaria canal, Figure (8) 5 RESULTS

The results of the simulated scenarios were oldaine
analyzed and represented on Figures 10 to 12. It is
clear that there is a variation in the concentratid

the modeled parameters (BOD, NH4 and EC) along
Nubaria canal at maximum water requirements.

First Scenario "without drain 3" It is proposed to
mix the water of drain No.3 to Boston Canal and
study the quality of Nubaria canal water, during
maximum water requirements. The discharged
dr;’:\inage water from this drain at this season is 14
m-/s.

Figs.10 shows the EC values in Nubaria canal due to
adding drainage water. Variations can be obsemed i
water quality parameter along Nubaria canal when
operating the Pump Stations with Q1, Q2 and Q3
dischargegCase3] The EC values along Nubaria
canal increased after adding discharge Q1 by9%, Q2
by 27% and Q3 by 45%.

There are variations in water quality parametenglo
Nubaria canal after adding discharge Qlor Q2 or Q3

Second Scenario "without drain land 3 "It is
proposed to mix the water of drain 1 to EI-Nasr
Canal and study the quality of Nubaria canal water,
during maximum water requirements. The discharged
dré':\inage water from this drain at this season is 10
m°/s.

Third Scenario "adding Q" It is proposed to
increase the discharge of Nubaria canal up to
1.5million cubic meter/day from EI-Rayah EL- .
Behairy and without drain No. 3 and No.1, although vag(SeQZ]applymg (S1), (S2) and (S¥rase3 and
Bostan drain still discharges its water to Nubaria

canal, and study the quality of Nubaria canal water « The EC values along Nubaria canal decreased
during maximum water requirements. The discharge when applying (S1) by23%, (S2) by 38% and
of Nubaria canal water at km 28.00 at this season i (S3) by 42% after addinQ1=5.8 ni/s.

141 nils. _
. * The EC values along Nubaria canal decreased
Also, an integrated management strategy for the when applying (S1) by16%, (S2) by 27% and

Mixing drain was set to identify the suitable ambun (S3) by 31% after addin@2=17.4 ni/s
of water that could be reused. In this case QUAL2K ]
model Case 3)was used to simulate the maximum The EC values along Nubaria canal decreased

water requirements and introduce different scesario when applying (S1) by13%, (S2) by 21% and
to manage and operate the pump stations on the (S3) by 26% after addin@3=23.1 ni/s

drains, Figure (9). « These values are complying with the standard
First Scenario " adding Q1" It is proposed to limits of the national law 48/1982.

operate pumps 2 and 3 with discharge Q1 and studygijgs 11 shows the values of BOD in Nubaria canal
the quality of Nubaria canal water, during the gy g adding drainage water. The BOD values along

summer where the crops need high water \yparia canal increased after adding discharge Q1
requirement. The discharge of drainage water (Q1) by1%, Q2 by 9% and Q3 by 19%.

after Operating P.S. (2) and P.S (3) at this se&son '

5.8 ni/s. * These values are complying with the standard

. . o limit of th tional law 48/1982.
Second Scenario "adding Q2" It is proposed to Imit oTthe national faw

operate the pump stationl with half of its capacity * The BOD values along Nubaria canal decreased
with discharge Q2 and study the quality of Nubaria when applying (S1) by13%, (S2) by 15% and
canal water, during the summer where the crops need (S3) by 16% after addinQ@1=5.8 m/s.
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The BOD values along Nubaria canal
decreased when applying (S1) by8%, (S2) by
22% and (S3) by 22% after addiqgR=17.4
m’/s

The BOD values along Nubaria canal

decreased when applying (S1) by 7%, (S2) by 0.

8% and (S3) by 8% after addifip=23.1 nv/s

These values are still not complying with the
standard limit of the national law 48/1982.

Figs. 12 shows the values of NH3 in Nubaria canal
due to adding drainage water. The NH3 values along
Nubaria canal increased after adding discharge Q17- REFERENCES

by15%, Q2 by 38% and Q3 by 46%.

The NH3 values along Nubaria canal decreased
when applying (S1) by67%, (S2) by 73% and
(S3) by 80% after addinQ@1=5.8 ms.

The NH3 values along Nubaria canal decreased!?]

when applying (S1) by56%, (S2) by 67% and
(S3) by 72% after adding2=17.4 nils

The NH3 values along Nubaria canal decreased

when applying (S1) by53%, (S2) by 63% and 31

(S3) by 68% after addinQ3=23.1 m3/s

6. CONCLUSIONS

Based on this study; the following are the extrdcte
conclusions:

1.

N

There are great variations in EC, N&hd BOD [4]

concentrations from one site to another and from
one season to another along the canal due to the
changes in drainage water quality and quantity
that are reused into the canal.

The QUAL2K model appears to be useful for

simulating water quality in Nubaria canal under [5]

different conditions of reusing drainage water.
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water canal. [7]
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water. [8]

6. Reusing of mix project drainage water without

applying drain3 and drainl, could be allowed if
a discharge of 23.15%s was added to Nubaria

water canal. 9]

7. The BOD values along Nubaria canal, is higher

than the law48/1982 in all scenarios, even with
diverting drains No.1 and No. 3 from the
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(1]

Nubaria canal. This is due to organic loads in the
original water sources of the canal

The NH; values along Nubaria canal are
complying with the standard limit of the national
law 48/1982.

Dynamic management is the most appropriate
solution for controlling water quantity and
quality of drainage water expected to be reused
through mixing with Nubaria canal as water
quality along drains is variable from one place to
another and from time to time.
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Table 1 The Designed Hydraulic Data for P.St. efitixing Project

ltem P.S.1 pP.S.2 P.S.3
Catchments area (fed.) 232000 285000 285000
No. of units 5 5 5

Design capacity (m3/s) 10.0 12.5 125

Table 2 Water balance for Nubaria Canal (EL-Med§®ly,

Water resources
Command (fedan) (MCM/d) Water demand (MCM/d)
Area
.S.urfa_\ce .'V.'Od?r” Nile | drainage Agriculture | industrial | navigation | Potable
irrigation | irrigation | water water
oo
S 762244 322809 19.0 2.6 28.0 0.4 0.5 1.9
>
4
Total 1085053 21.6 30.8
Table 3 Hydraulically Data for Nubaria Canal (AftéRI, [7])
Reach Km Side slope Manning Bottom Width Longitudinal Flow
CO(?‘l:!'uent (m) Slope (m/s)
1 28 - 38 3:1 0.019 60.50 0.0001 136.0
2 38-44 3:1 0.019 38.00 0.0001 136.0
3 44 — 48 3:1 0.019 27.00 0.0001 121.8
4 48 — 57 3:1 0.019 34.00 0.0001 122.6
5 57 - 66 3:1 0.019 33.00 0.0001 53.7
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Table 4 Average water quality parameters for samgdibcations

Name Location Flow EC BOD NH;

(Km) (m3s) (umhose/cm) (mgll) (ug/L)
Mixing Drain with Q1 46.300 5.8 1850 18 1500
Mixing Drain with Q2 46.300 17.4 2100 25 1800
Mixing Drain With Q3 46.300 23.15 2500 30 2000
Drain 3 52.900 14 2000 27 4500
Drain 1 56.00 10 1600 14 1140
Bostan P.S. 30.00 4 1500 23 240

Table 5 Average water quality in Nubaria Canal akimum requirement

Location EC BOD NH;
(Km) (umhose/cm) (mgll) (ug/L)
28.700 250 9.5 220
42.300 310 10 57
46.300 300 10 50
60.600 550 13 220
65.300 550 12 150

Engineering Research Journal, Minoufiya University, Vol. 33, No. 2, April 2010

143




	OLE_LINK1

