Hydrologic Cycle and Water Balance Equation

Directions:  Answer the following questions to the best of your abilities.  Where appropriate, show all of you work and use the appropriate significant figures.  The work for problem 2 and 3 will need to be completed using a spreadsheet (i.e. Excel) that will be submitted via e-mail.

1. Create a conceptual model, including all possible inputs and outputs, for a 100 mi2 basin.  The basin annually receives 40 inches of rainfall.

2. Using the conceptual model as a framework, develop an Excel model that calculates the runoff for a basin.  Note that individual components can be sub-divided, i.e. water that infiltrates can be used to recharge the ground water, can evaporate, or can be used by plants (transpiration).
a. Set up a spreadsheet program and calculate the total flux for each component in the water balance equation (provide components in inches/year, m3/day, and gallons/day – build your conversion factors into the spreadsheet).

b. You can use the following in your calculations:

i. 10% of precipitation goes to overland flow

ii. 85% of precipitation infiltrates

iii. Of the water that moves into the unsaturated zone, 40% goes to recharging the ground water and 40% is accounted for by evapotranspiration

iv. Of the water that moves into the saturated zone, 95% goes to baseflow of streams within the basin

c. Check to see if your water balance equation is balanced.

d. Assume the average person consumes 200 gallons of water per day (this includes all uses such as personal, cooking, and development of goods and services used by a person).  As a result of governmental agreements, a minimum of 15 million gallons of water must leave the basin a stream flow each day.  Given the total runoff, how many people can this basin support?

3. Assume that the mean annual temperature increases, resulting in a proportional increase in evapotranspiration.  Now assume that 70%, rather than 40%, of the unsaturated soil moisture results in ET and that 25%, rather than 40%, of the soil moisture goes to recharging the groundwater.  Furthermore, assume that 90% of the water in the saturated goes to baseflow of streams, instead of the 95%.

a. Create a second workbook that you can modify for the above problem. (You can copy the previous workbook and make modifications to the copy)

b. Modify the spreadsheet to account for these new flux rates.

c. Check to see if your water balance equation is balanced.

d. Compare and contrast the resulting ET and runoff rates derived for problems 4 & 5.

e. By what percent did streamflow change as compared to the first scenario?

f. Again, assume the average person consumes 200 gallons of water per day (this includes all uses such as personal, cooking, and development of goods and services used by a person).  As a result of governmental agreements, a minimum of 15 million gallons of water must leave the basin a stream flow each day.  Given the total runoff, how many people can this basin support?

