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2006 California Envirothon
Aquatics Station
Total = 100 points
Please write team number on top of each page of test. You may unstaple the test and work on
questions in any order, however, pages should be returned to their correct order when turned in.
You may choose to split your team up and work on multiple questions at once or work on
questions together. Please show all work, as you may receive partial credit where possible.
I. Water Cycle
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Figure 1.

The next five questions apply to Figure 1. (Answers to 1-5 can be found at:
http://www.usda.gov/stream_restoration/newtofc.htm, Chapter 2, Page 2.3-2.4
1. This figure is an illustration of the transfer of water from precipitation to surface water and
water,
storageonand
runoff,
and blanks
eventually
back
to the atmosphere.
is this cycle
2. ground
There are
fourtoblanks
figure
1 these
define
processes.
Chose fromWhat
the following
called?
___(1
pt..)
list and fill in those blanks on figure. (4 pts)
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Percolation
Evaporation
Consolidation

Precipitation
Transpiration
Perspiration

3. There are five arrows pointing towards the cloud formation. These are lettered A-E. These
arrows represent processes or locations where moisture for cloud formation comes from.
List the processes or locations in the blanks provided below. (5 pts)
A.

____B.

C.

____D.

Streams_____________
____ Ocean

__________
E. _____
_________ (Hint: The arrow at location E is moving up from a broad-leafed
crop plant with lots of surface area. This crop uses lots of water.)

4. Precipitation can do one of three things once it reaches the earth. What are those three things?
(3 pts)
a. ____________ __________________________________________
b. ____
_______ _________________________________________
c. ________________________________________________________
5. A portion of precipitation never reaches the ground because of vegetation, forest floors, or
other surfaces. What is this process called? (Hint it is not evaporation, it is the process of
being hung up on surface objects) (1pts)___
__
6. Impervious surfaces such as pavement and rooftops generate _
than a woodland area of the same size. (1 pt)
(Answer at http://www.epa.gov/owow/nps/facts/point7.htm)
a. 4 times

b. 6 times

___ more runoff

c. 9 to12 times

II. Physical Processes
7. You will be using channel geometry to estimate the amount of water currently in the creek at
the pool cross-section site using the electronic level. To do this you will need to know three
things.
a. You must first know the elevation of a reference point, commonly known as a Bench
Mark or BM. The rebar is our BM and exists at an elevation of 450feet above sea level.
Enter this value in the chart on page 4. (2 Points)
b. Next you will need to determine the instrument height or the HI (to the nearest 10th of a
foot). To do this you will first set the rod on the BM (or rebar) and add this reading to the
BM elevation to determine your HI. Enter this value in the chart on page 4. (2 Points)
c. To establish the level of the current water surface you will need to subtract the rod
reading (foresight, FS) at the waters edge from the HI. This will give your current water
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surface elevation (to the nearest 10th ft.). Enter this value in the on the chart on page 4. (2
Points)
d. Graph this elevation directly on the Bean Creek X-Section at Pool graph below. (2
Points)

e. Using your vast math knowledge determine the current area that the water occupies in
the channel. Enter this value in the chart on page 4. (2 Points)
f. Because you know the volume of water at the cross-section you can determine a rough
estimate of discharge using the continuity equation Q=VA; where Q is discharge in
feet3/second, V is velocity in feet/second, and A is area in feet2. Assume the water is
flowing at 0.5 feet per second what is the discharge at the pool site in feet3/second (cfs)?
Enter this value in the chart on page 4. (2 Points)
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Value

450--------- (2)
BM (given)
(2)
HI (BM+Rod Reading)
(2)
FS (measure)
(2)
Water Surface Elevation (HI-FS)
(2)
Cross-Sectional Area (calculate)
(2)
Discharge in cubic feet/sec (calculate)
8. The continuity equation does not account for physical conditions of the channel as it
leaves out roughness of the bed and does not account for slope of the channel; Manning’s
accounts for roughness and slope. Manning’s equation is as follows:
Q=1.46/n (A) (A/WP)2/3 (S)1/2
Where:

Q =discharge in cfs
n=Manning’s roughness coefficient=.035
A=Area in feet2 (calculated above)
WP=wetted perimeter (measure off cross-section below)
S=slope = .018

Using your values from the problem above for A (area), measure the wetted perimeter
from the cross-section, use 0.035 for n, 0.018 for S, and calculate the new Q or discharge.
Be sure to set up the problem on the test so we may see your work. Record this value in
the chart below. (4 Points)

a. Discharge using Q=VA

(1)

b. Discharge using Manning’s Equation
Q=1.46/n (A) (A/WP)2/3 (S)1/2
c. Difference

(2)

9. Which value do you believe is the most correct and why? (2 Points).
http://www.usda.gov/stream_restoration/newtofc.htm, Ch 7, Page 7-18)

Manings equation provides in flow velocities and__ elevations due to differences in
hydraulic roughness. It also accounts for gravity by____ adding a slope
factor.______________________________________________________

(1)
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10. The figure below is a storm hydrograph. It
shows how stream discharge changes over time in
response to a storm event. This area under the
curve is the amount of water and how it is
distributed in the creek after a storm. Look at the
line that represents before and after urbanization
and answer the following questions:
(http://www.usda.gov/stream_restoration/newtofc.htm, Ch 1,
Page 1-15)

a. Does the storm water runoff of an urbanized
environment more or less quickly than an unurbanized environment? More Quickly_____
(2 Points)
b. Look at the hydrographs for before and after
urbanization. Why do you think there is a
difference in their shapes? (2 Points) Storm runoff
moves more rapidly over smooth, hard pavement__
than over natural vegetation. As a result, the rising
limb of a storm hydrograph becomes steeper and__
higher in urbanizing areas. Recession limbs also decline more steeply in_
urban streams.________________________________________________
c. What physical changes in the urban environment causes the change in the storm
hydrograph? (2 Points).roadways, parking lots, r_______________________
Streams annual flow is delivered as storm water runoff rather than bas

d. What Best management Practices could be used to help restore the storm hydrograph
to a more pre-urbanized condition? (2 Points)
Reduction of impervious cover____
Reduce the amount of storm water_
through the use of planting
runoff into the stream through storm
vegetation or replacement with
water storage ponds_____________
porous material_
Restoration of instream habitat
(pools/riffle)___________________
Creation of riparian buffers_______
Restore native vegetation in riparian
zone_________________________
………………………...
e. If the timing of water is important for human use (e.g. draught in the summertime),
what do you notice about the hydrograph for post urbanization that might affect
baseflow levels? What would you propose to cause this to happen? (3 Points)
http://www.usda.gov/stream_restoration/newtofc.htm, Ch 1, Page 1-15)

rms. Since impervious cover prevents rainfall from infiltrating into the soil, less flow is
available to recharge ground water.___________________
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f. Again considering the timing of water flows how would you expect the hydrograph to
respond to climate changes that result in the reduction of spring snowpack, earlier
snowmelt, and more runoff in the winter months with less runoff in the spring and
summer? (How would the hydrograph look?)(2 Points)
___Steeper slope and may have less or more water depending on the amount of
rainfall compared to the yearly average._________________________________

g. How would you expect the lag time to change? Increase or Decrease? (2 Points)
_____________Decrease________________
h. How do you think this climate change would affect the size material in Bean Creek
and why? (2 Points)
More water could
materialue to increased velocity/discharge.
11. Returning to the concept of discharge and Manning’s Equation, If we were to remove
some of the fine material in the creek what would that do to the roughness of the
channel and how would that affect the stream discharge? (2 Points)
Reduction of fine material should increase the relative roughness of the channel
causing more friction on the channel bottom, which should reduce the velocity of the
water flowing over the channel bottom
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
12. Take a look at the watershed map on page 11. Do you notice how the creek and its
watershed appear to be offset? Isn’t this an interesting pattern? Look at the other
creeks in the area. Do they follow the same trend? Do you have an explanation for
the pattern seen on the topographic map of the watershed? (2 Points)

Plates abruptly slipped as much as 2 meters (7 ft) along___ their common boundary-the
San Andreas f___________________________
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Chemical Processes

13. The following table has water quality data taken from the creek that flows along the
soccer field up the hill. It also has some data from Bean Creek. Fill in the blanks in the
table using the water quality test kits provided. (10 Points)
Test/Location
Bean Creek
Soccer Field Creek
a. Time/Date
(2)
N/A
b. Air Temperature

(2)

N/A

c. Water Temperature

(2)

N/A

d. PH

(2)
6.0

Dissolved Oxygen
(DO)
e. Alkalinity
Nitrate

11-12 ppm

9 ppm
52 ppm

(2)
1.1 ppm

8.8 ppm

a. What differences do you notice about the water quality of Bean Creek versus that of
the Soccer Field Creek? (2 Points)
. Nitrate is lower at Bean Creek. ___________________

__

_ __

b. Given that the Soccer Field Creek is much more likely to be affected by urbanization,
what do you think might be the cause of the water quality differences between the
two creeks? (2 Points) http://www.epa.gov/safewater/dwh/c-ioc/nitrates.html,
Primary sources of nitrates include human sewage and livestock manure. The greatest use
of nitrates is as a fertilizer. I would think that since the creek is downstream of homes
and adjacent to the soccer field that fertilizer and possibly septic tanks are responsible for
the increased nitrate levels in the soccer field c

together When pH is high, alkalinity decreases, so the pH may be responsible for the
trend in alkalinity. Another thought is that a common fertilizer Ammonium N for the
difference in DO as lower temperatures hold more DO
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IV. Biological Processes
14. The chemical, physical and biological conditions of an aquatic system are very closely
related. Looking back at the physical condition of bottom size distribution, why and how
does this affects the following?
a. Fish Spawning and Rearing (2 Points)
Habitat seems pretty limited to support fish spawning. There is limited gravels to
maintain re living spaces for aquatic insects is clogged with sand there is little
opportunities for food development for fish. There is good wood material available for
fish and DO and pH would support fisheries._____.
b. Macroinvertebrate (aquatic insects) habitat (2 Points)
Aquatic insect habitat is severely limited by the heavy blanket of sand that lines the
channel. Aquatic insects live in voids in the substrate and under rocks. If this habitat is
occupied by sand there is not place for the insects to survive. The habitat is limited to
cobble areas (riffles) within the streambed.____________________________________.

15. Given the current conditions of Bean Creek where would you expect to find aquatic
insects and why? (2 Points)
Habitat is limited to riffles and areas where the fast water clears the sand away providing
aquatic insects with a place to live.
16. Select some brave soul from your team to go and investigate this habitat type. What did
you find? (2 Points)
You should have found “bugs” under the rocks in the riffle area. When I collected bugs I
found dragon flies, caddi, and worms.
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17. Laid out on the table are some aquatic insects collected from Bean Creek. Using the
identification cards, classify the insects and draw them below. You may draw the insects
you discovered from your investigation above and you may use the back of this paper if
you need to. (12 Points)
Name
Drawing
A
P

B
Chi

c

d

18. What does the diversity of insect type lead you to believe about Bone Creek? (2 Points)
The habitat has been negatively affected by urbanization and is in poor condition. There
is just no place for insects to live because of the lack of habitat and tremendous
sedimentation.

6. What does the sensitivity of the insect populations you identified tell you about Bean
Creek? (2 Points)
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The sensitivity of the insects indicates the water quality is probably pretty good and
supports what we measured in the creek.
7. Looking up at the channel banks and the type of vegetation present in the ecosystem
what do you notice? (2 Points)

19. Consider yourself an aquatic ecologist who has just been asked to summarize the effect of
urbanization on the chemical, physical and biological condition of Bean Creek. Please
provide a short summary of the effects that natural and man caused influences may have
had on this ecosystem. (5 Points)
Chemical:
Chemical conditions seem o water quality is good with the exception of the
predominance of sand sized material in the channel substrate.

Physical:
Physical conditions are poor
to t channel as pool to riffle ratios is out of the normal range of variability and lacking.
The channel is a flat sand dominated environment with almost no roughness and poor
point bar development

Biological:
The presence of the English Ivy is the first indicator of poor riparian vegetation habitat.
This plant has severely limited plant species diversity. I did not see any fisheries
although this does not mean they are not present. Aquatic insects are present and are
limited in abundance and diversity. Again the dominance of sand is responsible for the
lack of biological diversity as it has affected habitat conditions.

Map of the Bean Creek Watershed
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1.5 Year Discharge Recurrance for San Lorenzo Watershed Area
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