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ES 203 EXAM #1

Instructions
Answer four of the six questions below.

Please show your work, label your steps carefully, and include relevant units. Write neatly for
full credit. If we can’t understand what you have done, we can’t give you credit for it.

Useful Facts

e The Redfield ratios can be expressed as (P1So6 N16C1060110 Has3).
e Molecular weights

Molecular
Weight (approx)
Element (g/mol)

1

12

14

16

31

Sllelvdleljes

e Fate of runoff at various levels of imperviousness. All values are expressed as a
percentage of incident precipitation.

Percent
impervious Evapo- Shallow Deep
surfaces Runoff transpiration Infiltration Infiltration
0 10 40 25 25
10 t0 20% 20 38 21 21
3510 50% 30 35 20 15
7510 90% 55 30 10 5

e Storm return intervals for Androscoggin County, Maine.

24 Hour

Return 24 Hour Storm
Interval Storm (in) (cm)

1 25 6.35

2 3 7.62

5 3.9 9.906

10 4.6 11.684

25 54 13.716

100 6.5 16.51

500 7.8 19.812
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Questions

Question 1: Ecological Footprints

Assume that humans consume, on average, 10,000 J of food per day per person
1. Approximately how much energy do all humans consume per year?

2. Assume 10% of the food humans consume comes from meat or animal products. To
supply that 10%, it is thought that livestock consume on the order of 4 x 10'° J per year of
net primary production. What is the total net primary production consumed directly and
indirectly (via livestock) by humans per year?

3. If humans were to get more of their food from animal products — let’s say 25% of their
food — how much net primary production would be consumed directly and indirectly by
humans per year?

4. Finally, assume that people directly consume and use about 2.5 x 10" J of energy per
year in the form of wood products, fuel, and paper. Assuming that net primary
production is 4.7 x 10*' J per year, what percentage of primary production supports
humans directly or indirectly through all our current consumption patterns?
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Question 2: Statistics

A student is studying levels of dissolved oxygen beneath the ice in No Name Pond. She
measures the concentration of oxygen using an electrochemical D.O. meter 0.25 m beneath
the bottom of the ice. She collects data at a total of 25 locations, and gets the following
results.

a. The mean dissolved oxygen is 14.92 mg/l.

b. The standard deviation of the measurements is 1.05 mg/1.

c. The mean temperature at that depth was 1.52 degrees

d. The a standard deviation of 0.65 degrees
1. What is the standard error of the mean oxygen concentration?

2. What is the standard error of the mean temperature?

3. A second student repeats the study, and observes a mean dissolved oxygen concentration
of 10.74 mg/l with a standard deviation of 1.12 mg/l. The professor looks at the results
from both students (which the students claim came from nearly identical studies) and
suggests that something is probably wrong. On checking the equipment, the second
student discovers that the Hydrolab he was using was out of calibration, and giving
erroneous readings. What about these data suggested to the professor that something was
wrong?
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Question 3: Limnology

Given a lake with volume V=2.2x 10'm".
1. Draw a stock and flow diagram showing all the standard flows of water in and out of the
lake.

2. Draw a similar diagram showing the most important flows of energy (heat) in and out of
the lake.

3. If the water in the lake is at a steady state and a total of 500,000 m’ per year of water
flows into the lake, what is the residence time of the lake?

4. How much energy would it take to raise the temperature of the lake by 1 degree Celsius?
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Question 4: Nutrients

The city of Lewiston is interested in the effects of increased development on Noname
pond. The consulting firm Austin-Bohlen LLC was hired to prepare a preliminary
analysis. Predicted land use in the watershed in the year 2025 is given in the first column
of the following table. Subsequent columns show nutrient loading rates from each land

use.
Estimated Estimated Annual P Annual N
Predicted Phosphorus | Nitrogen Load Load
(2025) Loading Loading From From
Land Use Rate Rate Runoff Runoff
Land Use Category Ha kgHa” Yr' kgHa” Yr ' Kglyr Kglyr
Extractive 3 0.6 10 30.0
Field or Pasture 12.5 0.81 5.2 65.0
Forested 233.3 0.2 2.5 583.4
Low Density Residential 137.8 0.21 1.5 206.7
Medium Density Residential 74 0.43 1.6 118.4
Wetland 24.6 -0.25 0 0.0
Pond 58.7
Total 543.9 | | 1003.5|

1. Determine predicted year 2025 annual phosphorous delivery rates from runoff to Noname
pond based on these data (fill in the above table).

2. Would nitrogen or phosphorus be more likely to limit phytoplankton growth in Noname
pond in 2025? How do you know?

3. The phosphorus stock in the lake has a turnover time of 2 years. Assuming runoff from
the watershed is the only significant source of phosphorus to the lake, how much
phosphorus will be in the Noname pond P stock in 20257
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Question 5: Lake Thermal Stratification

1. Draw a diagram depicting the vertical temperature profile as it occurs in a deep (more
than 20 m) temperate lake during the late summer months. Indicate on the graph which
sections correspond to the epilimnion and hypolimnion. Finally, indicate (on your graph)
the depth in the lake where water density is the greatest.

2. Draw a separate graph showing a typical winter temperature profile under the ice of a
frozen lake in the temperate zone. Indicate the part of the lake with the lowest water
density.

3. Why don’t lakes mix completely from top to bottom during the summer? What causes
them to mix from top to bottom in the fall?

4. Why don’t lakes mix completely from top to bottom during the winter? What causes
them to mix from top to bottom in the spring? (Your answer should not be identical to the
answer for part 3).
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Question 6: Site Development and Nutrients

Wal-Mart is still working on developing an acceptable building plan to meet the stringent
requirements of the Lewiston City Council. Council members have recently expressed
concerns about nutrient loading from run-off on the development. The hypothetical proposed
Wal-Mart development included approximately 29 acres (11.75 ha) of impervious surfaces
on a site that was roughly 90 acres (36.5 ha) in total.

Maine regulations require management of the "first flush" volume for control of water

quality. On large projects, this requirement is normally met by collecting and treating the

first 1/2 inch (roughly 1 cm) of rainfall to remove major contaminants. First flush treatment

can be provided by allowing the "first flush" volume to fill an artificial wetland to an average

depth no greater than about 1/4 m (25 cm).

1. How much land area would the Wal-Mart have to put aside to provide "first flush"
treatment using a shallow wetland? (One ha = 10,000 m?)

2. Assuming that the concentration of P and N in the runoff from Wal-Mart was 0.1 ppm
and 2 ppm respectively, calculate the total amount of P and N that would be delivered to
such a wetland treatment system after a rainfall event in which the first Icm of rain was
collected for treatment.

3. Approximately 2/3 of all precipitation occurs in events of less than 1cm. That is, these
events are effectively treated by “first flush” treatment. Assuming 1.1 m of precipitation a
year in Maine, how much N and how much P would be delivered to such a treatment
wetland over the course of a year?
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4. Assuming a fully functioning treatment wetland removes 50% of nitrogen that enters it
and 85% of phosphorus it receives, how much N and P will be removed annually from
stormwater by this treatment wetland?

5. (Extra Credit) Compare the total amount of N and P removed by this treatment wetland to
the amounts of N and P delivered in runoff from natural wetlands (see the table in
problem 4). What do you conclude?



