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Appendix U – Water Treatment System

[image: image1.jpg]



1.
Task

During this activity, you will design, build and test an operational drinking water treatment system. You will work in groups of about 10 students and have about 2 hours to complete this task.  Prior to doing your design, you will receive instruction on basic water treatment design principles and examples of various treatment methods you may choose to use in your drinking water treatment system.  You will also receive instruction on how to sample and interpret drinking water sample results from your treatment system’s effluent.

2.
Purpose

In 1970, the Environmental Protection Agency (EPA) was established.  The newly-formed EPA faced growing public concerns about the safety of drinking water. About the time that interest in the environment took off and EPA was created, more and more contaminants were being identified in the waters of the U.S. and in drinking water served to consumers.  Pesticides were a big issue.  It was also discovered that, where certain organic compounds are present, adding chlorine for disinfection leads to the formation of trihalomethanes, most notably chloroform, suspected of being carcinogenic.

Data from surveys conducted by EPA in the early 1970s showed that drinking water was widely contaminated on a national scale, particularly with synthetic organic chemicals (SOCs).  A study in 1972 found that 36 chemicals were detected in treated drinking water taken from treatment plants that drew water from the Mississippi River in Louisiana.    

In response to these developments, Congress enacted the Safe Drinking Water Act (SDWA) in 1974. The SDWA gave EPA the authority to establish national drinking water standards, to be enforced by the states.  In addition to allowing states to enforce the provisions of SDWA, the SDWA also sets up multiple barriers against pollution.  These barriers include: source water protection, treatment, distribution system integrity, and public information.  Public water systems are responsible for ensuring that contaminants in tap water do not exceed the standards.  Water systems treat the water, and must test their water frequently for specified contaminants and report the results to states.  If a water system is not meeting these standards, it is the water supplier’s responsibility to notify its customers.  Many water suppliers now are also required to prepare annual reports for their customers.  The public is responsible for helping local water suppliers to set priorities, make decisions on funding and system improvements, and establish programs to protect drinking water sources.  Water systems across the nation rely on citizen advisory committees, rate boards, volunteers, and civic leaders to actively protect this resource in every community in America. 

This Environmental Engineering project requires teams to design and construct a water treatment system that will contain, treat, and discharge a “clean” sample of water contaminated with organic and inorganic matter.  Each team must create unique and innovative solutions to treating a mixture influent such that the effluent is measurably improved in quality from the influent.  The team that scores the most points based on measurable effluent water quality characteristics wins the design competition! 

The drinking water treatment system you will be designing and constructing supports two major components of the SDWA.  First, you will be designing an “expeditionary” field water treatment device to remove a variety of contaminants and hopefully, produce drinking water that meets EPA drinking water standards.  Second, you will monitor the system’s effluent by sampling the finished drinking water and comparing the results to EPA drinking water standards.  Your group’s finished treatment system will demonstrate design considerations that you will study in more detail in CIV ENGR 362, Introduction to Environmental Engineering, and CIV ENGR 467, Water Treatment Principles and Design (for Environmental Engineering majors).  In addition, most of you will be probably be deployed to a third world country someday and the design and construction of the drinking water treatment system will give you an appreciation for the production and distribution of clean water during contingencies.  

3.
Learning Objectives

a)  Understand the concept of turbidity.


b)  Develop a basic understanding of the drinking water treatment process for groundwater and surface water sources.


c)  Understand the differences between softening, adsorption, sedimentation, flocculation and coagulation, settling, and filtration.


d)  Analyze the basic design characteristics for sand and multimedia filters.

 
e)  Recognize the various types of contaminants regulated by the EPA.


f)  Become familiar with the basic steps to sampling drinking water and interpreting the results.

4.
Roles and Responsibilities

The Cadet Flight Commander will ensure the cadets arrive at the Environmental Classroom approximately 10 minutes prior to the scheduled start of this activity.

The Cadet Flight Commander will ensure proper safety procedures, as stated in Paragraph 6 below.

Each cadet will conduct themselves in a professional manner at all times.

You should bring the following items to this activity:

       1. calculator


2.  engineering paper


3.  pencil


4.  work gloves


5.  351 course book

6.  hard hat
5.
Assessment

Each team’s design and effluent quality will be evaluated for a total of 50 points.      

6.
Safety
symbol 183 \f "Symbol" \s 10 \h
Do not sit or lean on any of the designs.

symbol 183 \f "Symbol" \s 10 \h
Do not open the influent valves without instructor approval.

symbol 183 \f "Symbol" \s 10 \h
Take care in the area to watch for obstructions such as boards and other construction materials lying on the ground.
7.
Materials and Equipment

The following list shows all of the materials and tools available to you to construct your drinking water treatment system.  All materials are located in the activity area.  The tools are located in the tool boxes.  Each team will inventory the tool boxes BEFORE and AFTER the activity.

Team Materials:

•
One 
10 gallon collection tank

•
One
6-foot step ladder

•
1 roll toilet paper, 1 small collapsible shovel, 3-1L bottles full of clean, filtered water, 1 roll duct tape, 20 1-gallon plastic sample bags, map of mine, 1 flashlight, matches and a first aid kit (which includes gauze pads, band aids, 3 oz. H2O2, 3 oz. Iso. Alcohol, Neosporin and bandage wrap)

•
One
5/8” 50 ft. garden hose

•
Emergency Clothing (extra socks and t-shirts for each team member), 1 blanket/team

•
Old boards and lumber 8 – 2x4 10’ in length and 4 4x4 10’ in length

•
Nails 
Several pounds of nails (6d (2 inch long) common round wire nails, 10d (3 inch long) common round wire nails, 16d (3.5 inch long) common round wire nails, and 20d (4 inch long) common round wire nails)

•
Two
48-quart Coolers (used for samples)

•
Two
gel-packs (1 in each cooler used to keep samples cold)

•
Ten
½ gallon sample bottles (milk jugs with caps)

•
One 
3’ x 3’ screen ¼”

•
One
3’ x 3’ screen ½”

•
Two
5 gallon buckets with lids for each team

Required to enter a mine site:

•
Dust mask
•
Hard hat
•
Hearing protection (ear plugs)

•
Safety glasses

From mine environment:  Sand, anthracite (coal), clay (kaolinite), rocks and gravel of various sizes.
8.  Text

Water treatment employs various methods to remove turbidity.  Turbidity is a measure of the extent to which light is either absorbed or scattered by suspended material in water.  Most turbidity in surface waters results from the erosion of colloidal material such as clay, silt, rock fragments, and metal oxides from soil.  Vegetable fibers and microorganisms may also contribute to turbidity.  The colloidal material associated with turbidity provides adsorption sites for chemicals and microorganisms that may be harmful or cause undesirable tastes and odors.
The basic process for treating drinking water starts at the source.  The two major sources include groundwater and surface water.  Groundwater systems typically have higher concentrations of dissolved minerals that must be removed by softening.  Surface water systems usually have higher concentrations of turbidity that must be removed using coagulation and sedimentation.  Therefore, the major types of treatment are related to the source of drinking water.  Softening, filtration, and adsorption are usually employed for groundwater systems whereas sedimentation, flocculation and coagulation, and filtration are typically employed on surface water sources.  Each process will be described in more detail.  
Softening describes the process of removing water hardness (multivalent cations like calcium and magnesium) through chemical precipitation or ion exchange.  Chemical precipitation is accomplished by adding lime and soda ash or caustic soda to the influent to remove the calcium and magnesium cations in the drinking water.  Ion exchange processes are used to remove inorganic contaminants if they cannot be removed adequately by filtration or sedimentation.  Ion exchange can be used to treat hard water.  It can also be used to remove arsenic, chromium, excess fluoride, nitrates, radium, and uranium.

Adsorption is another technique to remove organic contaminants, unwanted coloring, and taste and-odor-causing compounds from drinking water.  Since these contaminants “stick” to the surface of granular or powder activated carbon, the engineer simply designs a process to allow the water to flow through the carbon layer where the contaminants are extracted from the drinking water.

Flocculation refers to water treatment processes that combine or coagulate small particles into larger particles, which settle out of the water as sediment.  Alum and iron salts or synthetic organic polymers (used alone or in combination with metal salts) are generally used to promote coagulation.  Settling or sedimentation occurs naturally as flocculated particles settle out of the water.
Many water treatment facilities use filtration techniques to remove larger particles from the water.  Those particles include clays and silts, natural organic matter, precipitates from other treatment processes in the facility, iron and manganese, and some microorganisms. Filtration clarifies water and enhances the effectiveness of disinfection.

Filtration is most often a polishing step to remove small flocs or precipitant particles not removed in the settling of coagulated or softened waters.  The most commonly used filtration process involves passing water through a stationary bed of granular medium.  Solids in the water are retained by the filter medium.  The most common practice is gravity filtration in a downward mode, with the weight of the water column above the filter providing the driving force through the filter bed.  A well-designed and operated filter should remove virtually all solids down to the submicron size.  Once the contaminants are removed from the influent drinking water and appropriately disinfected, the effluent quality should be compared to enforceable drinking water standards.  
The EPA establishes standards for various contaminants in drinking water.  These standards, also known as the National Primary Drinking Water Regulations or primary standards, are legally enforceable standards that apply to Air Force drinking water systems.  Primary standards protect public health by limiting the levels of contaminants in drinking water.  Examples of regulated contaminants commonly found in Air Force water systems are listed in Table 1.

Table 1.  Common Air Force Drinking Water Contaminants
	Contaminant
	MCLG
(mg/L) 
	MCL or TT
(mg/L) 
	Potential Health Effects from Ingestion of Water
	Sources of Contaminant in Drinking Water

	Turbidity
	n/a
	Treat
	Turbidity is a measure of the cloudiness of water. It is used to indicate water quality and filtration effectiveness (e.g., whether disease-causing organisms are present). Higher turbidity levels are often associated with higher levels of disease-causing microorganisms such as viruses, parasites and some bacteria. These organisms can cause symptoms such as nausea, cramps, diarrhea, and associated headaches. 
	Soil runoff

	Nitrate (measured as Nitrogen)
	10
	10
	Infants below the age of six months who drink water containing nitrate in excess of the MCL could become seriously ill and, if untreated, may die. Symptoms include shortness of breath and blue-baby syndrome.
	Runoff from fertilizer use; leaching from septic tanks, sewage; erosion of natural deposits


Water systems monitor for a wide variety of contaminants to verify that the drinking water they provide to the public meets all federal and state standards.  Currently, the nation's water systems must monitor for more than 83 contaminants.  The major classes of contaminants include volatile organic compounds (VOCs), synthetic organic compounds (SOCs), inorganic compounds (IOCs), radionuclides, and microbial organisms (including bacteria).  Testing for these contaminants takes place on varying schedules and at different locations throughout the water system.

BACKGROUND INFORMATION 

Drinking Water Treatment System Problem

The scenario:  Water has become a very limited resource in Colorado.  New technologies are regularly being implemented to treat the water not only being distributed to its residents, but also the water entering its waterways either surficially or sub-surfically.  The mining rich state recognizes the necessity for continuous testing of water, which is affected by the old abandoned and currently active mines.

An environmental engineering group has been contracted to take water samples in an old abandoned mine in south-central Colorado.  The old mine is located in an isolated range once lucrative in mining ore and coal for industrial uses.  Two teams of engineers and scientists (i.e., you and your teammates) performing fieldwork entered the old mine site to collect samples and perform water analysis.  While in the mine, an earthquake strikes the region and the mine caves in on both sides of you leaving you and all of your team members stranded in a 50-foot stretch of mine.  Several company supervisors have remained above ground and they have informed you that it will be an extended period of time until the subsurface team can be rescued.  The only fresh drinking water, which is available, is the water that each member carried in for the day.  

Being below the water table, there is water flowing down the walls of the mine.  Not only is the water extremely turbid, but due to the nature of your team entering the mine, you are all aware the many potentially harmful constituents which saturate the water.  Your team must treat the water so that it is drinkable.  For the sake of survival you scrap all of your sampling materials and scavenge the mine for usable materials to build a contained treatment system.  Based on the length of time in the mine, you will need five gallons of treated drinking water to survive.
Only materials mentioned above may be used.   Items that are assumed to be not available are any water filtration devices, filters made for water treatment, and water purification chemicals.

The water treatment system must be set up on site and must not exceed a 10’ by 10’ area.  The design must be safe to operate and maintain.  The maximum height must be less than 10 feet, with no exceptions.  Any system that appears structurally unsafe may be disqualified at your instructor’s discretion.  The effluent of your system must be discharged within the boundaries of the treatment area.  If your team has any questions please ask your instructor.
judged based on performance.  Team performance will be determined by the volume and quality of the effluent, the technical design, aesthetics, and design creativity.
Table 2.  Mine Water Contaminants

	Constituent
	Amount
	Unit

	Kaolinite Clay
	1 
	Cup

	Sulfur (powder)
	2
	Tablespoons

	Cocoa Krispies Cereal (a.k.a. mouse droppings)
	4
	Cups

	Sodium (table salt)
	4
	Tablespoons

	White Chalk (ground)
	2
	Sticks

	Centrum Multi Vitamin (ground)
	5
	Tablets 

	Miracle Grow Plant Food (15-30-15)
	4
	Tablespoons

	Vegetable Oil
	1 
	Cup

	Distilled Vinegar
	1
	Cup

	Quaker Quick Oats
	1
	Cup

	Yellow Food Coloring
	10
	Drops

	Red Food Coloring
	30
	Drops

	Joy Dish Soap
	½
	Tablespoon

	Post Grapenuts Cereal
	2
	Cups

	Lime Jello Gelatin
	6 
	Oz.

	Orange Jello Gelatin
	12
	Oz.


Step 1:  Design  

Materials needed:  
Engineering paper



  


Straight edge






Calculator




Design the water treatment system using any (or all) of the methods described during the lecture and the existing supplies available to your team.  Consider filtration, coagulation and sedimentation, and adsorption techniques in your design.  Calculate the volume of water to treat and understand how surface loading rates impacts the size of your treatment system.
Step 2:  Material Acquisition and Inventory  Now that you know what you plan to build, you can figure out what you need to construct.  Make a list of the materials you require for your design.  You may need to update this list as you enter the construction phase.  

Step 3:  Construction  It’s time to get busy!  Build your water treatment plant using the supplies available to your team.
Step 4:  System Test    Your instructor will turn on the water to your system.  You will collect samples from the effluent for testing and design validation using the portable environmental water quality laboratory.
Step 5:  Clean-up  Disassemble your system CAREFULLY.  Separate materials into unique piles for future classes.  The only materials that we won’t reuse are the clothing and perishable items, but everything else stacked neatly in the work area.  
HANDOUT OF EPA DRINKING WATER STANDARDS TO FOLLOW
Notes:
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