Chemistry 106, Environmental Chemistry, Spring, 2006
Hydrology Unit

Problem Set I

1) Suppose that the polar ice caps and ice in Greenland and Antarctica completely melt.  Estimate the height that the oceans will rise as a result.  Comment on the consequences of the event on our civilization and the climate.

2) In 1986, a catastrophic fire broke out in a chemical warehouse in Schweizerhalle, a suburb of Basel, Switzerland.  Hearing the sirens that blared during the night, residents of Basel thought that WW III had broken out.  Unfortunately, the water used to put out the fire broke the dike surrounding the warehouse and tons of chemicals were washed into the Rhine River which was close to the warehouse.  The principal toxic component was the insecticide disulfoton (C8H19PS4) [CAS 298-04-4].  The following data are relevant to the incident:

amount release in the spill, 3.3 metric ton (1 ton = 1000 Kg)

mean flow velocity of the Rhine at Schweizerhalle, 1.0 m/s

mean depth of the Rhine at Schweizerhalle, 5.0 m

width of the Rhine at Schweizerhalle, 250 m

duration of the spill, 12 h

a) Calculate the volumetric flow rate (discharge) of the Rhine River in m3/s and L/s.  (L = liter)
b) Calculate the volume of water that flowed during the incident.

c)  Estimate the concentration of disulfoton in the contaminated river water in μg/L and ppb.

d) Comment on the biological consequences of the accident.  Useful data on the toxicity of disulfoton can be found at the EXTOX Web site.

e) The flow at Loblith, close to the mouth of the Rhine and 700 km downstream from Schweizerhalle, is 2300 m3/s.  When the polluted plume reached Loblith, the concentration of disulfoton was 2.7 μg/L.  Was dilution a major source for the reduction of the disulfoton concentration or were other factors responsible?  Briefly discuss.

3) The average concentration of gold in the oceans is approximately 20 pM.

a) Express this concentration in ppm.

b) What is the total mass of gold in the oceans in US ton?  metric ton?

c) What volume of water must be processed to yield 1 Kg of gold?

d) What is the current market value of 1 Kg of gold?

e) Comment on the results from this problem.

4)  (from Spiro and Stigliani) The global hydrological cycle is driven by solar evaporation of water on land and sea.  Calculate the solar energy required to drive the global hydrological cycle using the data provided in class and in your text.  Assume that the enthalpy (change) of evaporation of both saline and fresh water at 15(C (the global average temperature) is 44.3 kJ/mole.  Compare our answer with the figure given in Figure 1.1 of Spiro and Stigliani, 12.5 x 1023 J.
5) (adapted from Spiro and Stigliani) Consider a corn yield of 7,400 Kg/hectare (equivalent to 120 bushels/acre).  
a) If 25 Kg (ca. one bushel) of corn consumes about 20 m3 of water during the growing season, what is the ratio of the weight of water grown to the weight of water consumed?  Where does most of the water end up?  
b) Assuming a rainfall of 30 cm/yr, calculate the minimum quantity of irrigation water required per hectare to grow the corn.  How much irrigation water would be required by a farmer in the Imperial 

Valley?  
c) If the water is provided by an aqueduct but has to be pumped up 1000 feet in elevation in order to reach the farm calculate the minimum energy requirements for the irrigation.  Hint: the change in gravitational potential energy is mgh where h is the elevation gain in m, g = 9.80 m/s2, and m is the mass of the water in Kg.  
d) Assume instead that the corn is not irrigated.  Calculate then the minimum annual rainfall in cm required to raise the bushel of corn.

6) Refer to the map of the Angeles National Forest (ANF) located in the San Gabriel Mountains to answer this question.  A prominent feature in the national forest is the San Gabriel River watershed whose boundary is marked by the solid black line.  The scale on the map is provided by the squares.  Each square is a section with the dimensions of 1 mile by 1 mile.  

All precipitation that falls in this watershed is eventually channeled to the San Gabriel River.  The river passes through San Gabriel Canyon on its way to the area south of the mountains.  The canyon is narrow and two dams, the Morris Dam and the San Gabriel Dam, have been constructed in the canyon to capture all the water in the watershed.  Prior to the construction of the Los Angeles and California aqueducts, the communities in the greater Los Angeles area derived all their water from the local mountains.  The Angeles National Forest, the oldest in the state, was created by President Benjamin Harrison to preserve the integrity of the watersheds in the mountains.  Communities such as Pasadena which once owned the water rights to the water trapped by the two dams in the canyon derived much of their water from these watersheds.

In this problem, you will estimate the amount of water available to the City of Pasadena from the San Gabriel watershed and determine if this water is adequate for the city's needs.

a) Determine the area in square miles and then square meters of the watershed.

b) The average annual rain fall in the area is 15.0 inches.  Calculate the total volume of water available per year using this average figure.  Convert this figure to the volume per day.  Repeat this calculation for the year 2001-2002 in which the annual rain fall was only 4.42 inches.
c) Locate the population of Pasadena from census data.  Come up with an estimate of the daily per capita consumption of water.  Useful data can be found at http://www.globalchange.umich.edu

/globalchange2/current/lectures/freshwater_supply/freshwater.html and at the USGS Web site  water.usgs.gov/watuse/index.html. Combine the two numbers to produce an estimate of the daily water requirements for the City of Pasadena.

d) Compare the results from parts (b) and (c) and comment on the results.

e) What means do we have to deal with large annual variations in the supply of water in southern California?  Is there sufficient water in California?  Base your discussion on data rather than newscasters' impressions.  Useful data on supply and demand can be found at water.usgs.gov/watuse/misc/consuse-renewable.html.
f) Suppose that the supply of fresh water is not sufficient to meet our needs and a 20% cut in consumption is required.  If you were governor of California, what would you recommend to the legislature.  Useful data relevant to this vexing issue can be found at ga.water.usgs.gov/edu/ summary95.html.
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