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In teaching geochemistry to undergraduates, one of my main goals is to get them to discover the relevance of the material we discuss in class to the earth around them.  Here in the NE Wisconsin, geology doesn’t necessarily jump to your attention, “Oh you have geology there?” is a common question.  So to help students recognize these geochemical processes going on all around them really helps open their eyes.  This exercise is actually a collection of 4 labs run in sequential weeks.  Students collect water samples from a number different sites.

First is from High Cliff State Park at the Niagran Escarpment.  Here students find water in a number of different spots: 1) Lake Winnebago 2) puddles on the top of the escarpment which is a generally massive dolostone 3) from a seep flowing out of joints in the dolostone and 4) from a spring that flows out from a waste pile from an old lime kiln.   The second sampling trip comes goes to a local wetland reserve where they sample water from monitoring wells as well as standing water in the marshy wetland.  Next we sample from the Fox river which Lawrence is on the banks of.  Finally we went to a nearby cave, which is also on the Niagran escarpment.  Here we collected water from standing water within the cave and water seeping off the cave walls.

The main content/concept goal of this exercise is to help students understand equilibrium thermodynamics and their application.  My goal is to help them understand the connection between the numbers/equations/reactions we put up in class and what "really" happens.  The two big thinking goals for this project are data analysis and formulation of a hypotheses.  Students are faced with real data that they collected, in many cases for the first time.  They are then forced to understand why those numbers look the way they do, and, figure out if their numbers make sense.

At this point I have not had students using much in terms of analytical equipment, though in the future I am planning on having them run samples on our AA.  Additionally, students work in groups as they collect data.  By the end of the term, I serve as little more than a taxi service as I expect them to be ready to take the lead on sampling.  Finally, they are expected to put together a formal write up at the end of the term, which for many of them is the first time they are expected to write up their own data.  The following labs were those used in the spring of 2004.

Name: _______________

Geol 340

Lab 3: Water Sampling Trip to High Cliff State Park

Goal: The purpose of this lab is to expose to you sampling and analysis of some natural waters, applying what we have talked about so far to reality.  You will be exposed to sample collection procedures, not dissimilar to those discussed in the paper we read last week.  You will also be investigating a number of chemical parameters.

Specifically we will be collecting data for the following parameters.  The first three items will be measured directly with either the pH or conductivity meter, the final three will be collected using the Hach Digital titrator.  Follow the directions in the titrator handbook as necessary.

pH

Conductivity

Temperature

DO (dissolved oxygen)

Alkalinity

Hardness (Ca, Mg, and total hardness)

My goal is for each group to collect water from 4 different samples including, lake Winnebago, 2 springs, and 1 puddle on the top of the cliff.  If it looks like we will be running short on time, I may allow the groups share, we will see.

Some specifics:

Conductivity: This is a convenient way to measure the salinity (how much salt is dissolved in the water, NOT JUST NaCl) of water.  This is a measure of how well water conducts electricity.  Pure water does not conduct electricity at all, however as ions are added the conductivity increases.  While this does not tell us specifically the salinity, it does give us a good idea of how much “stuff” is in the water.

Hardness: is defined as the concentration of ions in the water that will react with a sodium soap to precipitate and insoluble residue (that ring on your sink).  It is usually reported as milligrams per liter of equivalent CaCO3, generally Ca and Mg are the culprits that are considered.  From their atomic weights:

Equivalent CaCO3 = 2.5(mg Ca/L) + 4.1(mg Mg/L)

Recording your Data:

It is important that you carefully record your data, and just as importantly that you record you field notes.  In addition to the parameter explicitly listed above you should include/describe seemingly mundane things such as the following:  time, location, weather, how long since the last significant rain event.  In addition, you should also describe in your field notes any specifics/difficulties for a given sample.  For example, it is important that when you measure DO you collect the sample quickly and seal it off to avoid addition of atmospheric O2.  Say for instance you are collecting water from a slowly seeping spring might there be a problem there?  It is also important that you keep this data handy, as we will be looking at other waters over the course of the term (yeah more field trips) and making some comparisons.

What you will hand in:

You will hand in a thorough lab write up for this exercise, including a section on methodology, results, and discussion.  In your methodology section you should translate your field notes into a more formal write up.  Some things you may consider in your write up may include: How different are the different waters?  Why might they be different/the same?  How close do the waters appear to be to saturation with the minerals surrounding them?   Also, if multiple samples were collected from the same water (groups can share data) you should make a comment on the precision of the data.  If one sample is much different than another, report the data but it may be discarded for discussion purposes, you should however justify why any data is not used!

GEOL 340 Heckrodt Lab  





Background

The Heckrodt wetland preserve in Menasha is part of an ongoing teaching/research project in the LU geology department.  In the summer of 1999 Jeff Clark installed 4 automated wells in a N-S transect from Lake Winnebago to near HWY 10 to monitor water levels and hence, the N-S directional flow of the ground water.  In the spring of 2000 Tony Hoch, through the work of Faye Gilbert, began periodically collecting water samples from the wells to establish baseline chemical conditions in this rapidly developing area.  In this lab, we are going to be measuring some of that baseline chemistry again.  We will be looking more closely at the data (including a number of elements we have not analyzed at this site or any of the previous sites) Tony and Faye collected later in the term

The four wells from North to south are: Tracy’s well, North well, South well and Beach well (Fig. 1).

Hydrology results indicate the shallow ground water flows from the lake into the wetland through most of the year, with the exception of the high water months after the spring thaw.  During the high runoff season the flow is reversed and groundwater flows from the wetland to the lake.

Geochemically the most striking features are persistently high sulfate levels (up to 1000 mg/L) in the north well, with lesser, but still elevated levels in the nearby wells, particularly the south well, which is down-gradient most of the year.  This is likely due to the presence of industrial alum sludge (Al2(SO4)3) that was dumped here before this was a nature preserve.

Field Trip
To do:

· Again, record all of our field data as it is collected.

· Is the pH stable when measured in the field? Why or why not?

· How and why is the Beach well different than the other samples?

Figure 1.
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Water flow is north to south for all months except parts of April and May, when it flows north from the lake.

Lab

In addition to the parameters that we have tested at all the previous sites, we will also be looking at three new parameters:

1) Sulfate

2) Total Fe

3) Fe2+ (and then Fe3+ by difference)

For the Total Fe and Sulfate samples, we will probably not be running these analyses in the field, but rater preserving the samples to be tested later.  In order to properly preserve these samples, they need to be filtered in order to get rid of small particulate matter that may lead to either dissolution or precipitation reactions that will foul our results.  Also, for the samples to be run for Fe and SOv2- (as well as hardness) we will acidify the samples by adding HNO3.  Lowering the pH helps to prevent precipitation.  However, for obvious reasons we do NOT want to acidify the samples to be tested for alkalinity.

Filtering – to filter the samples, you will simply place the water into a syringe with a filter attached where the needle would normally be.  When you put the filter paper into the filter, be sure that the fit is good, if the little gasket is crimped you will not be filtering the sample!  Filter into two nalgene bottles – one is acidified and one is unacidified and labeled appropriately:

HK042504-BW                                         HK042504-BW


FA




FU

acidified sample from beach well
   unacidified sample from beach well

Write Up:

This will be a data collecting trip only, we will be looking at the data, along with all the other data we have collected, as a part of the final lab write up, but for now you have nothing due for our next meeting in 2 weeks.  You should however start looking at the data we have collected and picking out any patterns.


One of the things that you will also be asked to do regarding this lab in particular is make a comparison of the DO measurements and the Fe2+/Fe3+ ratios, we won’t finish collecting the speciated Fe data in lab, but you may want to start thinking about how you would set up that problem.  On thing you will need to do, which you will be able to do with the data collected today, will be to, using the DO data you collected, predict what the Fe2+/Fe3+ ratios should be.

Geology 340: Sampling Waters from the Fox River

Today we will be sampling waters from the Fox River near campus.  You will be responsible for collecting three sets of samples, one from above the dam, one below in the “whitewater” area, and one from the water in the locks.  You are responsible for testing these waters for the same batch of tests we ran at Heckrodt last week.  Have fun and be on the look out for sturgeon!

Geology 340

Lab trip to Ledge View Nature Center Caves

This will be the last of our water sampling field trips.  On this trip you will be collecting 2 water samples from two different spots in the cave (1 close to the entrance the other further in).  You will be responsible as a group for collecting 2 sets of alkalinity and hardness data for each sample outside of lab.

What to write up/consider:

This trip in particular:


You should consider how caves form.  What is the chemical reaction between groundwater and the bedrock that causes the dissolution?  We have been looking at the chemical aspects of groundwater and Jeff talked about the physical side of it last week.  What are the chemical and physical parameters that ideally will be met in order to form these caverns?  How and why do cave features such as stalactites and stalagmites form?

Big picture:

Also, in 2 weeks, you will hand in a final lab report considering all the water-sampling trips we have taken (4 in total).  For this report you will bring together all your data, and in the form of a final write up discuss the similarities and differences between the waters, along with a description of why you believe you see these similarities/differences among these samples which all came from the same watershed.  One thing you should consider is how close each of the samples is (particularly the groundwater samples) to being in equilibrium with the bedrock (this will involve calculations).  You have enough information to at least take a first pass at this, if you are having a hard time figuring out how to determine the saturation, come see me.

