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EV 311: Water



Block 8, 2009

Project I: Longitudinal Analysis & the River Continuum

As you have seen in the river continuum papers, the results of geochemical and biological analyses from longitudinal samples may be different based on a number of factors including physical factors such as temperature, flow and slope; chemical factors including mineral weathering, anthropogenic inputs, clay sorption and ion exchange and biological factors such as organic growth and decay.   This project is designed to help you make sense of the causes of the changes in our longitudinal survey of the Fountain Creek Watershed.  Your group analyses should allow you to make inferences about the factors that affect biological, hydrological and biogeochemical processes and identify anthropogenic changes to the watershed.  

Honor Code: You may use your notes, texts, library resources and the people in your group as resources.  You may not use the help of any people outside your group (except questions for Miro, Matt or Howard).  Each person should sign the honor code as recognition and understanding of the stated rules for this project.
Use the combined class longitudinal sampling data (Excel spreadsheet) to answer the following questions.  Each group should submit one set of answers no later than Monday, May 11 at 9 AM.

Part I. General Questions (all groups):
1. Describe or draw a sketch of the water flow path from atmosphere to the Fountain Creek at the confluence with the Arkansas River that indicates the most significant hydrologic, geochemical and point-source anthropogenic inputs.

2. Is there a correlation between conductivity and specific conductivity?  Is it best to use all the data or some of the data to determine the answer?  Explain.  How do the two measurements vary with temperature?

3. Calculate the alkalinity at every site in mM HCO3 and ppm (as CaCO3).

4. Using the equation presented in our class handout, calculate the ppm concentration of DO for samples measured in percent saturation.  Show your work.  Check the calculations with the DO diagram provided in the same handout.

5. Plot the meter method for DO vs. the Winkler method results.  Are there any outliers?  If so, which measurement do you think is better in each case? Which do you think is more accurate, Winkler or meter?  Explain.

6. Calculate the BOD at each site using the Winkler DO as the initial and the BOD1 and BOD2 values as the 5-day incubation values.  Note that only some samples were run as duplicates.  Is there any longitudinal correlation with DO?  What are the outliers telling us?

7. Using your knowledge of statistics and appropriate functions in either Excel or a statistical program, quantitatively determine the significance of a relationship between:

a) TDS vs. specific conductivity?   

b) Total ion concentration (anions plus cations) vs. TDS? (molar units for concentration)

c) Total ion concentration (anions plus cations) vs. specific conductivity? (molar units for concentration)

d) Alkalinity vs. pH?

Make sure to hand in any relevant graphs and/or statistical information.

8. Among the relationships compared in parts a-d above, which relationship is the most significant?  Explain why you think this is so both mathematically and chemically.  Determine if there are any significant outliers.

9. Use the GIS map or a Pikes Peak map to determine the Strahler stream order at the confluence of Monument and Fountain Creeks.

10. Plot a GIS map of the assigned variables for your group and comment on any significant trends you noticed looking at your group’s GIS data plots.

Part II. Related Site Analysis-You have been assigned to answer the following six questions based on the specific group number that we provide in class:
Group 1: Confluence & Las Vegas WWTP (La Casita, Monument above confluence (ABP), Fountain above WWTP, Shooks Run, Little Joe’s, WWTP Culvert, Fountain Creek below WWTP (Sports Fields)

Group 2: Monument Creek Above Confluence & Phillips WWTP (USAFA, GOG1, GOG2, GOGWWTP, Woodmen, Cottonwood, Monument at CC, Monument above confluence (ABP))

Group 3: West Fountain Creek (Crystal Reservoir, Crowe Gulch, Crystola Creek, Horse Stream Tipi, Crystal Park, Highway 24, Town & Country, China-China, La Casita)

Group 4: Southern Watershed (Fountain Creek below WWTP (Sports Fields), Arkansas at Penrose, Arkansas below Pubelo, Fountain Creek at Fountain, Fountain Creek at Pinon, Sand Creek)
1. What is the Strahler stream order at each sample site?  Use your answers from Q4 in part I to aid your analysis.

2. Calculate the [H+] and [OH-] at each site?

3. What percent of the alkalinity is due to bicarbonate and what percent is due to carbonate for the sample at each of your sites?  Explain in terms of alpha fractions and the measured pH.  Using the value for the analytical concentration of all carbonate forms from your alkalinity determination, estimate the concentration of carbonic acid (as combined CO2(aq) plus H2CO3(aq)) present at each site.

4. Is there a charge balance between base cations (Na+, K+, Ca2+, Mg2+) and major anions (HCO3-, Cl-, SO42-, 

F--) at your sites?  A spreadsheet may help for this analysis.  Would the addition of H+, OH- or any metals improve the balance?  Typically, HSiO4- is about 10,000 ppm and Al3+ is about 500 ppm while other metals are in the ppb range.  If so, add any relevant ions. (HINT: think about your choice of concentration units!)

5. What are the most significant chemical and physical indicators of differences among your sites? What do you think may be the cause of these differences?

6. Using ANOVA, determine whether there is a significant difference in the alkalinity among your sites and among the three determinations.  Could you determine significance for any other parameters that we measured?  Why or why not?

Part III: Snow Samples (all groups-see snow data sheet)

1. There are small amounts of NO3-, Cl- and SO42- in snow.  How did they get there?

2. There are small amounts of Ca2+, Mg2+, Na+ and K+ in snow.  How did they get there?

3. Using regression, determine whether the most likely source of chloride is from CaCl2, MgCl2, NaCl or KCl.

4. Using regression analysis along with chemical principles, determine whether low pH is due to acid rain from HNO3 or H2SO4 and whether high pH is due to alkalinity or ammonia.

5. Based on class discussion, does the average pH of the snow samples make sense quantitatively.  

6. Discuss any other patterns that might exist among the snow sample depth and ions.  

7. Using the temperature and density of each layer and assuming that 500 km2 of snow covered Pikes Peak uniformly as represented by our data.  Calculate the water yield and the amount of solar energy required to melt the snow.  About how long will it take to melt assuming perfectly even solar illumination and a solar constant of 342 W/m2.  State any assumptions.

8. Discuss qualitatively any observed patterns in the snow density.
Part IV: Fountain and Monument Creek Geochemical and Anthropogenic Inputs (all groups):

Pikes Peak granite contains the minerals quartz (SiO2), K-feldspar (K-AlSi3O8), Na-feldspar (Na-AlSi3O8), biotite (K(Fe,Mg)2AlSi3O10(OH)2, and accessory fluorite (CaF2).  It may also contain microscopic calcite (CaCO3) deposits along grain boundaries.  

1. What data would be best to distinguish between mineral weathering inputs vs. atmospheric inputs for SO42?  

2. What data would be best to distinguish between atmospheric inputs vs. anthropogenic inputs for NO3-?  

3. Should there be any F- in fresh snow? What is the source of F- to waters at high altitudes?  Write a reaction to describe the process.

4. Why is the pH of most natural waters higher than the pH of snow?  Explain using probable reactions.

5. Based on the amount of F- in Crowe Gulch and Crystola Reservoir estimate the amount of water coming from each source.  The EPA limit for F- in drinking water is 4.0 ppm.  Will there be a problem with fluoride levels from the Crystola Reservoir this year?  Explain.

6. What is the general trend for Cl- concentrations as one looks at data going downstream?  What evidence do you have for geochemical or anthropogenic sources?

7. Why are the data from the groundwater springs (Sample 12) so different than nearby streams?

8. Plot the cations and anions for all the sites on a bar graph starting at the highest elevation and ending with the lowest.  What is the general trend for cations as we move downstream?  Why?  What is the general trend for anions as we move downstream?  Why?  Which ions seem to have the greatest anthropogenic signature?

9. Is there any observable trend for TSS?

10. Do the numbers for TSOS and TSIS make complete sense?  Even if not, is there any pattern that might be gleaned from the River Continuum?

Part V: Fountain and Monument Creek Biological Analysis & River Continuum (all groups):

Questions to come….
