Estimating Exchange Rates of Water in Embayments using Simple Budget Equations.
Problem 1:
Combine the water and salt budget equations to obtain an equation for either To or Ti.



SiTi = So(F + Ti)



SiTi = SoF + SoTi


(SiTi - SoTi) = SoF


Ti(Si - So) = SoF


Ti = (SoF) / (Si - So)


OR



SoTo = Si(To - F)



SoTo = SiTo – SiF


(SiTo - SoTo) = SiF


To(Si - So) = SiF


To = (SiF) / (Si - So)
Problem 2:
Substitute the value for the volume transport obtained in Step 1 into the water budget equation to obtain an equation for the remaining unknown volume transport term. 


F + Ti = To


F + {(SoF) / (Si - So)} = To


To = F {1 + (So / (Si - So))}


OR



F + Ti = To


F + Ti = {(SiF) / (Si - So)}


Ti = F {(Si / (Si - So)) - 1}
Problem 3:
Calculate the volume inflow and outflow of water in Puget Sound, Washington.  Express your answer in (m3/s).
Step 1:  Calculate the freshwater input to the sound in (m3/s).

Freshwater input = River input + {(P-E) volume rate} x (surface area)}
River input = 1200 m3/s

{(E-P) volume rate} x (surface area) = (0.5 m/yr) x (1000 km2)
Conversion factors:


3.15 x 107 s/yr


106 m2/km2
First convert the (P-E) rate to units of m/s:
(P-E) = (0.5 m/yr) / ( 3.15 x 107 s/yr) = 1.58 x 10-8 m/s

Then convert surface area to units of m2:

1000 km2 = (103 km2) x (106 m2/km2) = 109 m2
{(P-E) volume rate} x (surface area) = (1.58 x 10-8 m/s) x (109 m2) = 16 m3/s
Total fresh water input is then = 1216 m3/s

Step 2: Given the salinity of the inflow and outflow water calculate the volume inflow and outflow of the water.

Si = 32       So = 30

To = F {1 + (So / (Si - So))} = 1216 {1+ (30/(32-30))} = 1216 (1+15) = 19,456 m3/s

Ti = To – F = (19,456 – 1216) m3/s = 18,240 m3/s
Compare your calculated value of To with the observed mean annual value measured with current meters of 20,000 to 22,000 m3/s.  How does your value compare?  Is your answer relatively accurate?
Students should realize that the calculated results compare very favorably with the measured results.  The answer obtained in this manner is an accurate estimate of the volume flow of water into and out of the sound.

Problem 4:
Calculate the volume inflow and outflow of water in the Mediterranean Sea.  Express your answer in (m3/s).
Step 1:  Calculate the freshwater input to the sea in (m3/s).

Freshwater input = River input + {(P-E) volume rate} x (surface area)

River input = 10,000 m3/s = 1 x 104 m3/s
{(P-E) volume rate} x (surface area) = (-1 m/yr) x (2.4 x 106 km2)
Conversion factors:


3.15 x 107 s/yr


106 m2/km2
First convert the (P-E) rate to units of m/s:

(P-E) = (-1 m/yr) / ( 3.15 x 107 s/yr) = -3.17 x 10-8 m/s

Then convert surface area to units of m2:

2.4 x 106 km2 = (2.4 x 106 km2) x (106 m2/km2) = 2.4 x 1012 m2
{(P-E) volume rate} x (surface area) = (-3.17 x 10-8 m/s) x (2.4 x 1012 m2) = -7.61 x 104 m3/s

Total fresh water input is then = (1 x 104 m3/s) + (-7.61 x 104 m3/s) = -6.61 x 104 m3/s
Step 2: Given the salinity of the inflow and outflow water calculate the volume inflow and outflow of the water.

Si = 36.3       So = 37.8
To = F {1 + (So / (Si - So))} = -6.61 x 104 {1+ (37.8/(36.3-37.8))}




= -6.61 x 104 {1 -25.2) = -6.61 x 104 {-24.2)





= 1.6 x 106 m3/s

Ti = To – F = (1.6 x 106 – (-6.61 x 104)) m3/s = 1.67 x 106 m3/s
Compare your calculated value of To with the observed mean annual value measured with current meters of 1.0 – 1.5 x 106 m3/s.  How does your value compare?  Is your answer relatively accurate?

Students should realize that the calculated results compare very favorably with the measured results.  The answer obtained in this manner is an accurate estimate of the volume flow of water into and out of the sound.

General Question:
The calculated values of inflow and outflow are similar to the actual measured values.  This indicates that our original assumptions that the total volume of water an embayment is generally steady state and that salt acts as a conservative constituent of the water so the total salt content remains constant also.
