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Natural Sciences 101: Introduction to Global Change
Exam #1: Fresh Water Resources

September 13, 2007
Solutions

Instructions: There are 3 multi-part questions on this exam.READ EACH QUESTION CAREFULLY. The
number of points each is worth is given at the beginning of each question. No calculators or notes are permitted.
If a calculation is required please show your work. Please write brief but pithy answers legibly on this paper in
the space provided.Total points: 100

———————————————————————–

1. Warm-up

(a) (4pts) Name one similarity and one difference between the game “Mastermind” and the scienti�c
method.
similarities:
1. hypothesis, test, revise hypothesis, test...
2. science often broken down into simple systems
3. theory for both can be developed
differences:
1. “game rules” are unknown in science;
2. natural world is a lot more complex.

(b) (4pts) In our “Aquifer in a beaker” in-class demonstration, why was water able to pass into the sand
layer, but not through the clay layer?
The sand layer had large pore spaces for water to enter (high porosity), while the clay was much less
permeable.

(c) (4pts) Revise the following sentence for conciseness and clarity.

It is quite possible that the 2004 presidential election, I think, will go to the Republican
candidate, incumbent President George W. Bush, because it is thought that the current �eld
of ten Democratic candidates makes it dif�cult to choose between the Democratic options,
because it is hard to know all the information about each candidate and to compare and
contrast them, and besides, they all seem to be saying the same thing, so the Democratic
voters will be split in their loyalties, while the Republicans will be uni�ed behind incumbent
President George W. Bush, who is running unopposed in the Republican primaries.

Many believe that President Bush will win re-election in 2004 because the Democratic vote will be
splintered among ten indistinguishable candidates.
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2. Fresh water resources: Phoenix Active Management Area

The Phoenix AMA covers 5646 square miles, including 287,000acres of farmland, as well as the cities of
Phoenix, Mesa, Tempe and others. The population in 1998 was 2.9 million. Major industries are health
care, aerospace, banking and electronics. In addition, thePhelps Dodge Company, based in Phoenix, pro-
duces about 1/3 of US mined copper. It controls the Morenci mine in Greenlee County, the largest copper
mine in North America, which produced about $2.1 billion worth of copper in 1996. Listed (N=54) and
candidate (N=12) endangered species found in the region include the Jaguar and the Arizona Hedgehog
Cactus, respectively.

The following schematic cross-sectional diagram is of the near-surface geology of the Phoenix AMA.

(a) Indicate on the diagram the following features:

i. (4pts) The geologic stratum or strata in which groundwater will likely be found (“aquifer(s)”).
ii. (4pts) Direction of groundwater �ow within the aquifer(s) (show with arrows).

iii. (4pts) Direction of surface water �ow. Note: Arrows canpoint North, South, East or West; note
compass headings above �gure. Arrows into the page should beindicated by this symbol:
 .
Arrows out of the page should be shown by this symbol:� .

See diagram for solutions. Note that arrows drawn for water �ows which are heading downhill and
south are �ne.

(b) (8pts) Name two features shown in the diagram that identify the geology of the Phoenix AMA as part
of the Basin and Range Province.
north-south oriented mountains; basin sediments in between mountain ranges
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(c) Below is a �gure showing the annual cycle of rainfall (in inches/month) at Mesa, AZ.
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i. (4pts) Approximatelywhat percentage of the annual rainfall falls in the months ofDecember–
March?
6 months of the year (Dec-Mar; Jul-Aug) get� 1 inch of rainfall; 1 (September) gets 3/4”; 1
(April) gets about 1/4”; 2 (May-June) add up to about 1/4”. Sothe total is about 8.5”; winter
season is about 4”; percentage is a little less than half; about 47%. An estimate greater than 40%
and less than 50% is good enough.

ii. (4pts)Approximatelywhat percentage of the annual rainfall falls in the months ofJuly–September?
� 3.75/8.5� 44%. An estimate greater than 40% and less than 50% is good enough.

iii. (4pts) Approximatelywhat percentage of the annual rainfall falls in all other months besides
December-March and July-September?from your previous answers, 100% -44% -47%� 9%.
An estimate between 10% and 20% is good enough.

iv. (8pts) Given the similarity you just found to the rainfall regime in the Tucson Basin, brie�y
describe the meteorological controls on the rainfall regime in the Phoenix AMA.
wintertime: frontal midlatitude storms, bringing moisture from the west.
summertime: monsoonal tropical circulation brings moisture from Gulf of Mexico and Gulf of
California.
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(d) The following is the water budget for the Phoenix AMA.

Phoenix AMA water budget Flux(acre-feet/yr)
Salt-Gila River at Eastern end of AMA 1,000,000 +
Salt-Gila River at Western end of AMA 100,000 -
Evapotranspiration 200,000 -
Net groundwater �ow out of Phoenix AMA 20,000 -
Precipitation 30,000 +
Human demand 2,000,000-
Riparian restoration 70,000 +
Post-use Recharge 600,000 +
Central Arizona Project deliveries 300,000 +

i. (4pts) Compute the net �ow of water into or out of the aquifer(s) under the Phoenix AMA (be
sure to give the units and sign of your answer).
(1000+30+70+600+300 - 100-200-20-2000)� 1000 acre-feet/yr = -320,000 acre-feet/yr over-
draft.

ii. (12pts) Between 1990 and 1998, the population of the Phoenix AMA increased by 31%. This
ranked the region as the 6th fastest growing metro area in theUS for that period. What are three
speci�c threats to water and/or ecological resources in thePhoenix AMA posed by continued
growth in human population?
Three of the following:
A. Aquifer damage via surface subsidence and aquifer compaction
B. Depletion of easily reached near-surface aquifers (water table lowered)
C. Possible salini�cation of waters in the deep aquifer via cones of depression near the deep salt

deposit
D. Reduction in riparian area due to water table drawdown
E. Loss of habitat and possibly extinction for endemic endangered species
F. Pollution of aquifer and surface waters via point and/or nonpoint source pollution
G. Increasing dependence on surface water supplies, and therefore short-moderate term climate

change
iii. (4pts) Here is a table showing water quality in Tucson, Tempe and New York City, compared to

the maximum contaminant levels (MCL) allowed by the US EPA orthe New York State Dept. of
Health. According to the government, are any of these water supplies out of compliance, and if
so, which ones and for which water quality parameter?

Measure Tucson Tempe NYC MCL
Chlorine (mg/L) 0.75 0.98 0.48 4.0
Fluoride (mg/L) 0.21 0.72 0.5 4
Hardness (mg/L CaCO3) 86 239 118 no MCL
Nitrate (mg/L N) 1.6 1.6 0.48 10
Sodium (mg/L) 33 127 32 no MCL
Temperature (Deg. F) 73 75 52 no MCL
Total dissolved solids (mg/L) 192 611 186 500(NYS DOH)
pH (log units) 7.32 7.6 7.3 6.5-8.5

The only measurement to exceed an MCL is for TDS in Tempe's water supply, and this only by
NY State's rules. Otherwise, these water supplies are all safe to drink with respect to these water
quality data.

4



3. Fresh water resources in Long Island

Long Island, NY is home to over 6 million people, many of whom live on its beautiful coastlines; the
western end of Long Island is one of the most densely populated regions in the country. Agriculture used
to be an important sector of the economy but rising land values have transformed much of the region into
suburbia. In 1985 80% of water demand was municipal, 15% was industrial, and 5% was agricultural.

Below is a cross-sectional diagram of the near-surface geology of Long Island.

(a) Indicate on the cross-sectional diagram the following features:

i. (4pts) The geologic layers in which groundwater will likely be found (“aquifer”).
ii. (4pts) Direction of groundwater �ow within the aquifer(s) (show with arrows as in Question 2).

iii. (4pts) Where surface water will be present, if at all.

See diagram for answers. Note: Because of the pressure of aquifer water above, groundwater actually
�ows uphill toward the Long Island Sound in the lower aquiferunits (dashed arrows).
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Below is a �gure showing the annual cycle of rainfall (in units of inches/month) at Glenham, L.I.,
based on measurements for 1985–1995.
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(b) (4pts) Use your skills in approximation to estimate how the total rainfall received annually at Glenham,
L.I. compares to that of Mesa.
From the graph, the monthly average is approximately 3.5in/mo. Over 12 months, that is 42in – almost
5 times greater.

(c) The following is the water budget for Long Island.

Long Island aquifer system water budget Flux(acre-feet/day)
Evapotranspiration 2500
Precipitation 5000
Stream�ow to Long Island Sound and Atlantic Ocean 100
Groundwater �ow to Long Island Sound and Atlantic Ocean 1000
Demand 3100

i. (4pts) Compute the net aquifer recharge (be sure to give the units and sign of your answer).
5000-2500-1000-100-3100= -1700 af/d. Net �ow to aquifer = Precipitation - Evapotranspiration

- Stream�ow to Long Island Sound and Atlantic Ocean - Groundwater �ow to Long Island Sound
and Atlantic Ocean - Demand, or 5000 - 2500 - 100 - 1000 - 3100 = -1700 acre-feet/day.

ii. (4pts) What are two potential threats to Long Island's water supply?

� overdrafting: quantity (when demand is �gured in)
� urban non-point source pollution: oils, pesticides, organics
� point-source pollution from industrial concerns
� saltwater intrusion into the aquifers where they outcrop into the LIS or ocean.

iii. (4pts) What are two ways in which Long Island might conserve water?

� water conservation housing codes, as in Tucson
� use ef�uent for golf courses, school lawns, etc.
� use graywater for non-potable needs
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References for the information in this exam:

� Phoenix AMA:

1. AZ Dept. of Water Resources, Phoenix AMA webpages,
http://www.azwater.gov/WaterManagement2005/Content/AMAs/PhoenixAMA/default.htm, and
links therein, accessed via Internet 13 September 2007. Note that numbers in the water budget in the
exam are approximate and the budget is simpli�ed from reality.

2. US Census Bureau, Population trends in Metropolitan Areas and Central Cities, 1990-1998; accessed
via Internet: http://www.census.gov/prod/2000pubs/p25-1133.pdf, 13 September 2007.

3. Arizona Dept. of Mining and Mineral Resources; AZ Mining update 1997, accessed via internet,
http://mines.az.gov/Info/miningupdate1997.html, 13 September 2007.

4. Endangered species listings by state and territory, US FWS, endangered and candidate endangered
species listing for Arizona, accessed from http://www.fws.gov/endangered/wildlife.html#Species
accessed via internet, 13 September 2007.

5. Climate data: frmo US Historical Data Network (USHCN), accessed via Internet,
http://ingrid.ldeo.columbia.edu/expert/SOURCES/.NOAA/.NCDC/.USHCN/, 14 September 2005.

6. Water quality data from the City of Tucson's most recent water quality measurements (1/5/2005) from
Well A-036A, accessed via internet, 13 September 2007, http://www.ci.tucson.az.us/mw/viewer.htm.

7. Water quality data from city of Tempe Water quality data tables, 2003, accessed via internet
http://www.tempe.gov/waterquality/ccr.htm and Typicalwater quality values for regulated and
unregulated species, http://www.tempe.gov/waterquality/typicalvalues.htm, 13 September 2007.

8. New York city water quality data from the 2004 NYC water quality testing results report, data for
Croton Reservoir system, accessed via internet 14 September 2005,
http://www.nyc.gov/html/dep/pdf/wsstat04.pdf.

� Long Island, NY:

1. Water Quality in the Long Island-New Jersey Coastal Drainages, New York and New Jersey, 1996?98
Water Resources Circular 1201, By Mark A. Ayers, Jonathan G.Kennen, and Paul E. Stackelberg,
accessed via Internet: http://water.usgs.gov/pubs/circ/circ1201/, September 16, 2002.

2. Perry G. Olcott, “GROUND WATER ATLAS of the UNITED STATES”Connecticut, Maine,
Massachusetts, New Hampshire, New York, Rhode Island, Vermont HA 730-M, USGS, 1995,
accessed via internet: http://capp.water.usgs.gov/gwa/index.html, September 18, 2002.
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