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Mass Balance Estimation
Question One

Three creeks flow into a lake, one flows at 8.0 m3/second, one at 2.0 m3/second and the other at 1.0m3/sec.  There is one stream flowing out of the lake.  If the lake is in steady state conditions and has a total volume of 3,300,000m3, what is the water flowrate in the stream leaving the lake and what is the average residence time of water in the lake?  Express your answers in (m3/second) and (days), respectively
SOLUTION:

(a) The water flow rate in the stream leaving the lake is 33 M3/Second, 
· First, compute the total in-flow velocity for the three creeks

(8.0 + 2.0+ 1.0)


=11 M3/sec
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------------------------------------,ii,


But, K= R *T-------------------------------,iii,

· Second, using the Bernoulli’s equation, we describe the flow of the stream during the intake and outtake sections, where input is equal to its outflow water
                

R1T1 = R2T2
-Creeks inflow rates- A=˃ 8.0 M3/sec




       - B=˃2.0 M3/sec




      -C=˃ 1.0 M3/sec



-The Total Intake Rate is 11 M3/sec (R1)
-Time taken to fill the lake in a steady state (T1)

11 M3 --------------------˃ 1second

3,300,000 M3 ---------------˃ ? seconds
3,300,000 ÷11 =300,000 seconds are needed to fill the lake, which becomes the T1 
-To calculate the time taken to drain the lake (T2),

300,000 seconds----------------˃ 3creeks

    ? seconds------------------------˃ I creek (outlet)

   300,000 ÷ 3 = 100,000 seconds, which is the time taken to drain the lake (T2)
· Third, computing the outflow rate for the lake (R2), substitute the values obtained to the Bernoulli’s equation,

R1T1 = R2T2



where, R1=  11 M3/sec,





 T1 = 300,000 Seconds,





 R2  = ???



           
            T2 = 100,00 seconds

                                     11 *300,000 = 100,000* R2



R2 is 33 M3/Second                                                       

(b) Alternatively, the average residence time of water in the reservoir is given using the equation, Residence time = amount in reservoir ÷ outflow/inflow at steady rate. Therefore, the residence time is 3,300,000 M3 ÷ 33M3/Seconds, which is 100,000 Seconds. 
Converting 100,000 seconds into days, we conclude that it takes 1.15 Days (100,000/86,400) to drain the entire water in the reservoir
Question Two

In a small lake, there is a population of 500 trout. Each month, 25 trout are born (added to the pond) and 25 trout are randomly caught (removed from the pond). These are the only processes in which the trout enter or leave the lake. Assuming the trout population is in steady state conditions, what is the average age of trout in the lake? Report all answers in two significant figures. Hint: use the residence time equation to solve this problem
SOLUTION:

The residence time regard to the average time that an element remain in a reservoir. The formula to compute the average residence time is the amount in the reservoir divided by the outflow/inflow at a steady state. Therefore, the average residence time for the trout in the pound is 20 days. 
Residence time = Amount of trout in the pond ÷ number of the trout captured/ born in the pond

500 ÷ 25

20 days
Question Three

As water flows down the Colorado River, it is held in large reservoirs behind dams.  A great deal of water evaporates from the river and dams, which increases the salinity of the water.  Also, farming along the Colorado uses irrigation for crops; much of this water returns to the Colorado, but a salt concentration increase as a result of this process.  Furthermore, municipal uses of water further increase salinity.

We will look at the Colorado River between Lake Powell (behind Glen Canyon Dam) and Lake Mead (behind Hoover Dam).  By carefully using the concept of Conservation of Mass, we can keep track of the amount of water in the river and the amount of salt.  In this way, we can calculate the salinity in the Colorado River, and see how it changes as we go downstream.
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Information and Analysis

Use Conservation of Mass and the information provided to calculate the salinity at different points on the Colorado River.  Report all answers in three significant figures.
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· In a year, the amount of water and salt flowing into Lake Powell is…

· Water flow into Lake Powell = 1.45*1010m3
· Salt entering Lake Powell = 7.80*109kg

Question: What is the concentration of salt in the Colorado River as it flows into Lake Powell?  Express your answer in mg of salt per L water
SOLUTION:

Computing the level of salt concentration in the Colorado River hinges on Reynold’s Transport Theorem and the mass balance of the components within the control volume (CV). The mass balance for the chemical component (salt) flowing in the Colorado River can be computed as the summation of the net rate of salt advection into the control volume and the net rate of salinity due to evaporation process in the control volume.
The rate of increase in salt concentration = net rate of advection of salt in the Colorado River + net rate of salt formation due to reaction along the river
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-The Colorado River has a steady-state of salt advection through farming and evaporation as it follows into Lake Powell. 

The first order reaction can be represented as 

Cin – c = k1ctd --------------------------,i,
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,  -------------------,ii,  but  [image: image7.png]Cin
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Therefore, the volume of water (solvent) streaming into Lake Powell is 1.45x1010M3, converted into CM3
1000Liter ------------˃ 1 M3
??Liters----------˃1.45x1010M3
=1.45x107 Liters 

Note: M [image: image9.png]
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K (Constant) =  [image: image12.png]


,    but [image: image14.png]


 is equal to the density ([image: image16.png]


)

Alternatively, the mass of the salt entering into Lake Powell is 7.80x109 Kg. converting into Mg,

7.80x109kg----------- ˃ ?? mg

 1Kg-------------------- ˃ 1x106mg

= 7.80x1015 mg

The amount of salt concentration in the Colorado River as it flows into Lake Powel satisfies the first order equation, which is    [image: image17.png]Cin
=%1 lcowz




whereby, the amount of salt concentration 
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= 5.4x108 mg of salt /liter of water 
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