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PURPOSE

The purpose of this reference guide is to provide a document that contains the information required for a National Nuclear Security Administration (NNSA) technical employee to successfully complete the Environmental Restoration Functional Area Qualification Standard.  In some cases, information essential to meeting the qualification requirements is provided.  Some competency statements require extensive knowledge or skill development.  Reproducing all the required information for those statements in this document is not practical.  In those instances, references are included to guide the candidate to additional resources.  

SCOPE

This reference guide has been developed to address the competency statements in the November 2002 edition of DOE-STD-1157-2002, Environmental Restoration Functional Area Qualification Standard.  Competency statements and supporting knowledge and/or skill statements from the qualification standard are shown in contrasting bold type, while the corresponding information associated with each statement is provided below it.  The qualification standard for the Environmental Restoration Functional Area Qualification Standard contains 42 competency statements.  This reference guide will address all the statements except those that are performance-based.
Every effort has been made to provide the most current information and references available as of November 2005.  However, the candidate is advised to verify the applicability of the information provided.

Please direct your questions or comments related to this document to TQP Administrator, Training and Development Department, at (505) 845-5689.
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Much of the information included in this document was originally published in the Environmental Compliance and Environmental Restoration Study Guides, Technical Qualification Training Materials Page, Clearinghouse Training, Education, and Development (CTED).  The CTED Home Page has been replaced by the Office of Training and Resource Development Website, and the information is no longer available on that website.
TECHNICAL COMPETENCIES

1. Environmental restoration personnel shall demonstrate a familiarity-level knowledge of chemistry fundamentals.
a) Discuss the following types of chemical bonds:

· Ionic

· Covalent

· Metallic

Ionic

In chemical bonds, atoms can either transfer or share their valence electrons.  In the extreme case where one or more atoms lose electrons and other atoms gain them to produce a noble gas electron configuration, the bond is called an ionic bond.  Typical of ionic bonds are those in the alkali halides such as sodium chloride, NaCl.

Covalent

Covalent chemical bonds involve the sharing of a pair of valence electrons by two atoms, in contrast to the transfer of electrons in ionic bonds.  Such bonds lead to stable molecules if they share electrons in such a way as to create a noble gas configuration for each atom.  Hydrogen gas forms the simplest covalent bond in the diatomic hydrogen molecule.  The halogens such as chlorine also exist as diatomic gases by forming covalent bonds.  The nitrogen and oxygen, which make up the bulk of the atmosphere, also exhibit covalent bonding in forming diatomic molecules. 

Metallic

The properties of metals suggest that their atoms possess strong bonds, yet the ease of conduction of heat and electricity suggest that electrons can move freely in all directions in a metal.  The general observations give rise to a picture of “positive ions in a sea of electrons” to describe metallic bonding.
b) Discuss how elements combine to form chemical compounds.
A chemical compound is a chemical substance formed from two or more elements, with a fixed ratio determining the composition.  For example, dihydrogen monoxide (water, H2O) is a compound composed of two hydrogen atoms for every oxygen atom.

In general, this fixed ratio must be fixed due to some sort of physical property, rather than an arbitrary man-made selection.  This is why materials such as brass, the superconductor Yttrium barium copper oxide, the semiconductor aluminum gallium arsenide, or chocolate are considered mixtures or alloys rather than compounds.

A defining characteristic of a compound is that it has a chemical formula.  Formulas describe the ratio of atoms in a substance, and the number of atoms in a single molecule of the substance (thus the formula for ethene is C2H4 rather than CH2).  The formula does not indicate that a compound is composed of molecules; for example, sodium chloride (table salt, NaCl) is an ionic compound.

Compounds may have a number of possible phases.  Most compounds can exist as solids.  Molecular compounds may also exist as liquids or gases.  All compounds will decompose to smaller compounds or individual atoms if heated to a certain temperature (called the decomposition temperature).  Every chemical compound that has been described in the literature carries a unique numerical identifier, its Chemical Abstract Service (CAS) number.

c) Define and discuss the following terms:

· Mixture

· Solvent

· Solubility

· Solute

· Solution

· Equilibrium

· Density

· Molarity

· Parts per million (ppm)

· Acid

· Base

· pOH

· Salt

· pH

Mixture

A mixture is a chemical substance that is a homogeneous or heterogeneous association, without chemical bonding, of chemical elements and/or chemical compounds in varying proportions that retain their own individual properties and makeup.  Mixtures can usually be separated by mechanical means.

There are no chemical changes in a mixture, i.e., each substance in a mixture keeps the same chemical properties and makeup as before.  Physical properties of mixtures, e.g., the melting point, may considerably differ from those of its components.

Homogeneous mixtures are mixtures that have a definite composition and definite properties, i.e., any amount of a given mixture has the same composition and properties.  Examples are solutions and some alloys (but not all).

Heterogeneous mixtures are mixtures without definite composition, for example, granite.  Pizza is a typical, humorous example of this kind of mixture.  Heterogeneous mixtures are said to have several phases (not to be confused with phases of matter), i.e., parts of homogeneous composition that can be mechanically separated from the rest.

Sometimes it is difficult to draw a boundary between homogeneous and heterogeneous solutions when the size of particles of the same phase approaches molecular sizes.  An example is colloid.  The classification depends on the particular situation.

Solvent

A solvent is a liquid that dissolves a solid, liquid, or gaseous solute, resulting in a solution.  The most common solvent in everyday life is water.  The term organic solvent refers to most other solvents that are organic compounds and contain carbon atoms.  Solvents usually have a low boiling point and evaporate easily or can be removed by distillation, thereby leaving the dissolved substance behind.  Solvents should therefore not react chemically with the dissolved compounds; they have to be inert.  Solvents can also be used to extract soluble compounds from a mixture, the most common example being the brewing of coffee or tea with hot water.  Solvents are usually clear and colorless liquids and most of them have a characteristic smell.  The concentration of a solution is the amount of compound that is dissolved in a certain volume of solvent.  The solubility is the maximal amount of compound that is soluble in a certain volume of solvent at a specified temperature.

Common uses for organic solvents are in dry cleaning (e.g. tetrachloroethylene), as paint thinners (e.g. toluene, turpentine), as nail polish removers and glue solvents (acetone, methyl acetate, ethyl acetate), in spot removers (e.g. hexane, petrol ether), in detergents (citrus terpenes), in perfumes (ethanol), and in chemical syntheses.

Solubility

The maximum equilibrium amount of solute which can normally dissolve per amount of solvent (or solution) is the solubility of that solute in that solvent.  It is often expressed as a maximum concentration of a saturated solution.  The solubility of one substance dissolving in another is determined by the intermolecular forces between the solvent and solute, temperature, the entropy change that accompanies the solvation, the presence, and amount of other substances, and sometimes pressure or partial pressure of a solute gas.

For inorganic salts, solubility in aqueous solutions is often dependent on a solubility constant.  The solubility constant is a special case of an equilibrium constant for the reaction of dissolving the salt in question, with the concentration of undissolved compound not in the expression because it is not in the aqueous phase.  The solubility constant is also “applicable” (i.e., useful) to precipitation, the reverse of the dissolving reaction.  As with other equilibrium constants, temperature can affect the numerical value of the solubility constant.

Solute

A solute is a substance that is dissolved into a solvent.  When a solute is dissolved into a solvent, especially polar solvents, a structure forms around it (a process called solvation), which allows the solute-solvent interaction to remain stable.

When no more of a solute can be dissolved into a solvent, the solution is said to be saturated.  However, the point at which a solution can become saturated changes significantly with different environmental factors, such as temperature, pressure, and contamination.  Raising the solubility (such as by increasing the temperature) to dissolve more solute, and then lowering the solubility causes a solution to become supersaturated.

In general the greater the temperature of a solvent, the more of a given solute it can dissolve.  However, some compounds exhibit reverse solubility, which means that as a solvent gets warmer, less solute can be dissolved.  Some surfactants exhibit this behavior.

Solution

In chemistry, a solution is a homogeneous mixture of one or more substances (the solutes) dissolved in another substance (the solvent).  A common example would be a solid dissolving into a liquid, like salt or sugar dissolving in water (or even gold into mercury, forming an amalgam); but gases may also dissolve into liquids, like carbon dioxide or oxygen in water, and liquids and gases may dissolve into themselves.
Equilibrium

Equilibrium, or balance, refer to any of a number of related phenomena in the natural and social sciences.  In general, a system is said to be in a state of equilibrium if all influences on the  system are cancelled by the effects of others.  A related concept is stability; an equilibrium may or may not be stable.  Chemical equilibrium is the state in which a chemical reaction proceeds at the same rate as its reverse reaction, resulting in no net change in the amount of each compound.
Density

Density is a measure of mass per unit of volume.  The higher an object’s density, the higher its mass per volume.  The average density of an object equals its total mass divided by its total volume.  A denser object (such as iron) will have less volume than an equal mass of some less dense substance (such as water).
Molarity

Molarity (M) denotes the number of moles of a given substance per liter of solution.  For instance: 4.0 liters of liquid, containing 2.0 moles of dissolved particles, constitutes a solution of 0.5 M.  Such a solution may be described as “0.5 molar.” (Working with moles can be highly advantageous, as they enable measurement of the absolute number of particles in a solution, irrespective of their weight and volume.  This is often more useful when performing stoichiometric calculations.)
Parts per Million

Parts per million (ppm) is a measure of concentration that is used where low levels of concentration are significant.  The ppm value is equivalent to the absolute fractional amount multiplied by one million (106).  It is a term with several variants in meaning, so the meaning should be made clear if this term is used.  Parts per million is related to percent (parts per hundred) as follows:

1% = 10,000 ppm or 1/100 = 10,000/1,000,000.
Acid

An acid (often represented by the generic formula AH) is typically a water-soluble, sour-tasting chemical compound.  In common usage, an acid is any substance that, when dissolved in water, gives a solution with a pH of less than 7.  In general scientific usage, an acid is a molecule or ion that is able to give up a proton (H+ ion) to a base, or accept an unshared pair of electrons from a base.  An acid reacts with a base in a neutralization reaction to form a salt.
Base

In chemistry, a base is the reactive complement to an acid.

pOH

pOH, in a sense, is the opposite of pH, which measures the concentration of OH− ions.

Salt

In chemistry, a salt is a neutral compound composed of ions.
pH
pH is a measure of the activity of hydrogen ions (H+) in a solution and, therefore, its acidity or alkalinity.  The pH value is a number without units, usually between 0 and 14, that indicates whether a solution is acidic (pH < 7), neutral (pH = 7), or basic/alkaline (pH > 7).

The concept was introduced by S.P.L. Sorensen in 1909.  The p stands for the German Potenz, meaning power or potency, and the H for the hydrogen ion (H+).  Sometimes it is referred to as Latin pondus hydrogenii.

2. Environmental restoration personnel shall demonstrate a familiarity-level knowledge of chemistry fundamentals in the areas of corrosion and water treatment.

a) Explain the process of general corrosion of iron and steel when exposed to water
Corrosion is the deterioration of useful properties in a material due to reactions with its environment.  Weakening of steel due to oxidation of the iron atoms is a well-known example of electrochemical corrosion.  This type of damage usually affects metallic materials, and typically produces oxide(s) and/or salt(s) of the original metal.  Corrosion also includes the dissolution of ceramic materials and can refer to discoloration and weakening of polymers by the sun’s ultraviolet light.

Electrochemical corrosion causes between $8 billion and $128 billion in economic damage per year in the United States alone, degrading structures, machines, and containers.  Most structural alloys corrode merely from exposure to moisture in the air, but the process can be strongly affected by exposure to acids, bases, salts, and organic chemicals.  It can be concentrated locally to form a pit or crack, or it can extend across a wide area to produce general deterioration.  Efforts to reduce corrosion sometimes merely redirect the damage into less visible, less predictable forms.

b) Discuss the two conditions that can cause galvanic corrosion.
Unwanted galvanic cells are formed whenever two metals are in contact in the presence of an electrolyte, such as salt water, resulting in the galvanic corrosion of the more active metal.  There are two common ways of preventing galvanic corrosion: one is to insulate the two metals from each other (for example, plastic or fiber washers are used to separate steel water pipes from copper-based fittings); the other is to use sacrificial anodes.

A sacrificial anode is a metallic anode used in an electrochemical process where the intent is for it to be dissolved as part of the process.

One example is the galvanic anode used in a cathodic protection system, where the intended purpose is to prevent corrosion of a desired piece of metal (such as a ship’s hull, an oil pipeline, or a water heater) by being more electronegative than the desired metal.

Another example of a sacrificial anode is the anode in an electroplating process whereby the metal in the anode replaces the metal that is depleted from the plating solution as it is deposited on the cathode.

c) Discuss the following types of specialized corrosion:

· Pitting corrosion

· Stress corrosion cracking

· Crevice corrosion

Pitting Corrosion

Pitting corrosion is a form of extremely localized corrosion that leads to the creation of small holes in the metal.  The driving power for pitting corrosion is the lack of oxygen around a small area.  This area becomes anodic, while the area with an excess of oxygen becomes cathodic.
Stress Corrosion Cracking

Stress corrosion cracking (SCC) is the cracking induced from the combined influence of tensile stress and a corrosive environment.  The impact of SCC on a material usually falls between dry cracking and the fatigue threshold of that material.  The required tensile stresses may be in the form of directly applied stresses or in the form of residual stresses.  The problem of SCC can be quite complex.  SCC of buried pipelines is a good example of such complexity.

Crevice Corrosion

Crevice corrosion is a localized form of corrosion usually associated with a stagnant solution on the micro-environmental level.  Such stagnant microenvironments tend to occur in crevices (shielded areas) such as those formed under gaskets, washers, insulation material, fastener heads, surface deposits, disbonded coatings, threads, lap joints, and clamps.  Crevice corrosion is initiated by changes in local chemistry within the crevice.

d) Explain the following water treatment processes.

· Ion exchange

· pH adjustment

· Clarification

· Solids handling

· Disinfection techniques
Ion Exchange
Ion exchange is a reversible chemical reaction wherein an ion (an atom or molecule that has lost or gained an electron and thus acquired an electrical charge) from a solution is exchanged for a similarly charged ion attached to an immobile solid particle.  These solid ion exchange particles are either naturally occurring inorganic zeolites or synthetically produced organic resins.  The synthetic organic resins are the predominant type used today because their characteristics can be tailored to specific applications.

An organic ion exchange resin is composed of high-molecular-weight polyelectrolytes that can exchange their mobile ions for ions of similar charge from the surrounding medium.  Each resin has a distinct number of mobile ion sites that set the maximum quantity of exchanges per unit of resin.

pH Adjustment

Soda ash is used to regulate pH in chemical process streams.  The superior buffering capacity of soda ash versus caustic soda offers advantages in plant wastewater pH ranges.

Clarification

Clarification is the process of removing colloidal materials from water.  A chemical coagulant (for example, alum) or a chemical flocculant (for example, polymer), or both, are added to the water.  Colloidal particles attach to each other and to the additives, and clumps grow to sufficient size that they can be separated from the water by gravity settling, centrifuging, hydrocycloning, or filtration.  Clarification is a final step in a closed mud system when a clear effluent is needed.
Solids Handling

A complete solids-handling system can be easily derived using a five-step methodology.  
· Separate:  The solids must first be removed from the well or process fluid stream.  This can be accomplished using desanding hydrocyclones, vessel drainage, or settled tank bottoms.  

· Collect:  To facilitate simple system design, all collected or removed solids must be gathered into one central location.  Collection can be as simple as using a desander accumulator vessel or a dedicated sump tank.  

· Clean:  In many cases the sand may require cleaning for oil or chemical removal prior to further handling.  A sand cleaning system can be employed as a modular add-on to remove the contaminants.  

· Dewater:  The total volume of sand slurry to be disposed can be greatly reduced by a dewatering step.  

· Haulage:  Haulage is a simple term used to define removal, hauling, and disposal of the solids.  The design of the haulage system will depend on the location (land based or offshore) and disposal requirements (i.e. disposal well, overboard, landfill, road surfacing, etc.).

Disinfection Techniques

There are a variety of techniques to disinfect fluids and surfaces.  Three common techniques are 

· disinfection ozone 

· ultraviolet radiation

· chlorine dioxide 

Ozone.  Ozone has been used for disinfection of drinking water for over 100 years and is used by a large number of water companies where ozone generator capacities in excess of 100 kg/h are common.

Because ozone is made of oxygen and reverts to pure oxygen, it vanishes without trace once it has been used.  When ozone disinfects or breaks down harmful bacteria or pollutants, there are generally no by-products, unlike with most disinfecting agents.

Ultraviolet radiation.  Ultraviolet radiation can be an effective viricide and bactericide.  Disinfection using UV radiation was more commonly used in wastewater treatment applications but is finding increased usage in drinking water treatment.  Recently it was discovered that ultraviolet radiation could treat the microorganism Cryptosporidium, which was previously unknown.  The findings resulted in two U.S. patents and the use of UV radiation as a viable method to treat drinking water.
Chlorine dioxide.  Chlorine dioxide (ClO2) is a synthetic yellowish-green gas with a chlorine-like odor. ClO2 is unstable as a gas and will undergo decomposition into chlorine gas (Cl2), oxygen gas (O2), and heat.  However, ClO2 is stable and soluble in an aqueous solution.  For example, solutions of approximately 1 percent ClO2 (10 g/L) may safely be stored if the solution is protected from light and kept chilled.  In solution, ClO2 exists as a true gas.

The instability of ClO2 has an important consequence.  It negates the possibility of creating and transporting cylinders or rail cars of the gas.  Instead ClO2 must be produced and used at the same location.

However, despite the care and safety considerations which must be taken when using ClO2, the potential advantages of using this chemical greatly outweigh the possible disadvantage of on-site production.  When produced and handled properly, ClO2 is an extremely effective and powerful biocide, disinfectant agent, and oxidizer.  C1O2 is presently used extensively in the pulp and paper industry, and new applications for ClO2 in other areas, such as municipal water treatment, are increasingly being investigated. 

3. Environmental restoration personnel shall demonstrate a familiarity-level knowledge of solving problems involving probability and simple statistics.

e) State the definition of the following statistical terms:

· Mean

· Variance

· Standard deviation of the mean

· Median

· Mode

· Standard deviation

Mean

The mean, in general terms, is the average value of the data set.

An average is a value that is typical or representative of a set of data.  The mean of a set of quantitative data is defined as the sum of the measurements divided by the number of measurements contained in the data set.

The arithmetic mean, or briefly the mean, of a set of N numbers X1, X2, X3, …, XN is denoted by X (read “X bar”), or the symbol m for a population, and is defined as:

[image: image1.png]



Example:

For the data set 5 3 7 9 8 5 4 5 8, the mean is:
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Variance

One of the most commonly used measures of data variation is the variance which is termed s2 for a population and S2 for a sample.  The formulas are

Population or σ2 = 
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Example:

This example shows how to calculate a sample variance.

Step 1. Compute the sample mean.

Step 2. Compute the deviation of each measurement from the mean: (X-
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Step 3. Square each deviation: X-
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Step 4. Sum the square deviations: 
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Step 5. Divide the sum by (number of measurements – 1).

Standard Deviation of the Mean

Mathematicians have shown that the uncertainty of the mean value of a normal distribution is much smaller than the standard deviation of the entire distribution.  They have proven that there is about a 2/3 probability that the true value will lie within ±
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 (where σ is the standard deviation of the data, and n is the number of data values) of the mean value, and about a 95 percent probability that the true value will lie within twice this distance from the mean value.  This number (±
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) is called the standard deviation of the mean, and whenever we say standard deviation in reference to a mean value, we mean standard deviation of the mean. 
Example:

	Trial
	Group A
	Group B

	1
	9.7
	16.4

	2
	9.9
	4.6

	3
	10.5
	2.6

	4
	10.1
	20.3

	5
	9.6
	5.2

	6
	9.7
	

	7
	9.4
	

	8
	9.8
	

	9
	10.0
	

	10
	9.6
	

	Mean Value
	9.8
	9.8

	Standard Deviation
	0.3
	8.0

	Standard Deviation of the mean
	0.1
	3.6


The table above shows some (contrived) data for two fictitious lab groups, Group A and Group B.  In this experiment, Group A has run 10 trials for a measurement, and calculated a mean value of 9.8 (in some units).  Group B has run 5 trials, and their mean value is also 9.8. 

Most (but not all) of the data falls within one standard deviation of the mean value, and just about all of the data falls within two standard deviations of the mean.  In the example above, only Group A’s trial #3, 10.5, is more than two standard deviations from the mean.  This means that it is an unusual value.

Group A has not only taken more data than Group B, but their data values are much more closely grouped, as indicated by the much smaller standard deviation of their data (which possibly indicates more care and skill in gathering the data).  Notice, too, that their data produces a much smaller standard deviation of the mean, which means that their experiment can provide a much better test.

Median

The median of a set of numbers — arranged in order of magnitude — is either the middle value for a data set with an odd number of members or the average of the two middle values if the data set contains an even number of members.

Example:

	
	Odd-member set
	Even-member set

	Data set
	7 3 5 9 7 5 4 5 9
	2 3 6 4 2 7 2 7 9 8 

	Order data set
	3 4 5 5 5 7 7 9 9 
	2 2 2 3 4 6 7 7 8 9

	Median
	5
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Mode

The mode of a set of numbers is that value which occurs with the greatest frequency.  The mode may not exist, and even if it does exist, it may not be unique.

Example:
	
	Example 1
	Example 2
	Example 3

	Data set
	3 4 5 5 5 7 8 8 9
	3 5 8 10 12 15 16 
	2 3 4 4 4 5 5 7 7 7 9

	Mode
	5
	No mode
	4 and 7 bimodal


Standard Deviation

The standard deviation is the square root of variance.  The formulas for standard deviation are:

Population or σ2 = 
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Example:

The standard deviation for the above example would be:

S = 
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f) Explain the structure and function of distributions.
If a variable, x, can only assume a discrete set of values, x1, x2, …, xK, with corresponding probabilities of p1, p2, …, pK, where the sum of p1, p2, …pK = 1, a discrete probability distribution for x called the probability function or frequency function of x has been defined.

Because x can only assume specific values with associated probabilities, it is often called a discrete random variable.  This is opposed to x values that can assume any value contained in one or more intervals and for which the associated probability function is continuous.

The probability distribution for a discrete random variable is a graph, table, or formula that correlates the probability associated to each possible value the discrete random variable can assume.  The form of the probability distribution for a continuous random variable is a smooth curve.  The areas under a probability distribution correspond to probabilities for x.  Also, because areas over intervals represent probabilities, the total area under the probability distribution is equal to 1.

The bell curve is one of the most commonly observed continuous random variable probability distributions.  Its probability distribution is a normal distribution.  The normal distribution is symmetric about its mean value, m, and it has a spread that is determined by s, its standard deviation.  The formula for the normal probability distribution is given by:

F(x) = 
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where:

μ = mean of the normal random variable x

σ = standard deviation

π= 3.1416

e = 2.71828

In probabilistic risk assessment, normal distributions are frequently used to describe equipment which has increasing failure rates with time.  A log-normal distribution is similar to a normal distribution with the exception that the logarithms of the values of the random variables, rather than the values themselves, are assumed to be normally distributed.  Thus, all values are positive, the distribution is skewed to the right, and the skew is a function of an error factor.  Log-normal distributions are encountered frequently in metal fatigue testing, maintainability data (time to repair), and chemical process equipment failures and repairs.

A distribution is called a discrete distribution if it is defined on a countable, discrete set, such as a subset of the integers.  A distribution is called a continuous distribution if it has a continuous distribution function, such as a polynomial or exponential function.  Most distributions of practical importance are either discrete or continuous, but there are examples of distributions which are neither.

Important discrete distributions include the binomial distribution, the Poisson distribution, and the negative binomial distribution.

Important continuous distributions include the normal distribution and the exponential distribution.

Binomial Distribution

The binomial distribution is applicable in defining the probability of r occurrences in n trials of an event which has a probability of occurrences of p on each trial.  The formula for a binomial distribution is:

y = 
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where:

n = number of trials

r = number or occurrences

p = probability of occurrence

q = 1-p

! = product of all integers up to the given number

Poisson Distribution

The Poisson distribution is the same as the binomial distribution but is particularly applicable when there are many opportunities of the occurrence of an event, but a low probability (less than 0.10) on each trail.  The formula for the Poisson distribution is:

y = 
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where:

n = number of trials

r = number or occurrences

p = probability of occurrence
Negative Binomial Distribution

The negative binomial distribution is applicable in defining the probability that r occurrences will require a total of r+s trials of an event which has a probability of occurrence of p on each trial.  The formula for the negative binomial distribution is:

y = 
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where:

r = number of occurrences

s = difference between number of trials and number of occurrences

p = probability of occurrence

q = 1-p

! = product of all integers up to the given number

Normal Distribution

The normal distribution is applicable when there is a concentration of observations about the average and it is equally likely that observations will occur above and below the average.  Variation in observations is usually the result of many small causes.  The formula for the normal distribution is:

y = 
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where:

μ = mean

σ = standard deviation

Exponential Distribution

The exponential distribution is applicable when it is likely that more observations will occur below the average than above.  The formula for the exponential distribution is:

y = 
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g) Calculate the mathematical mean of a given set of data.

h) Calculate the mathematical standard deviation of the mean of a given set of data.

i) Given the data, calculate the probability of an event.

Items “c” through “e” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

j) Describe how measures of samples (i.e., measures of central tendency and variability) are used to estimate population parameters through statistical inference.

Most frequency distributions exhibit a central tendency, i.e., a shape such that the bulk of the observations pile up in the area between the two extremes.  Central tendency is one of the two most fundamental concepts in statistical analysis.  The measures of central tendency are the mean, the median, and the mode.
Data are always scattered around the zone of central tendency, and the extent of this scatter is called variation.  A measure of variation is the second of the two most fundamental measures in statistical analysis.  There are several measures of variation.  The simplest is the range, which is the difference between the maximum and minimum values in the data.  The most important measure of variation is the standard deviation.  The square of the standard deviation is the variance.

k) Discuss type I and type II decision errors and the relationship to sampling and confidence levels.

There are two kinds of errors that can be made in significance testing: (1) a true null hypothesis can be incorrectly rejected, and (2) a false null hypothesis can fail to be rejected.  The former error is called a Type I error and the latter error is called a Type II error.  The probability of a Type I error is designated by the Greek letter alpha (α) and is called the Type I error rate; the probability of a Type II error (the Type II error rate) is designated by the Greek letter beta (ß).  A Type II error is only an error in the sense that an opportunity to reject the null hypothesis correctly was lost.  It is not an error in the sense that an incorrect conclusion was drawn since no conclusion is drawn when the null hypothesis is not rejected.
A Type I error, on the other hand, is an error in every sense of the word.  A conclusion is drawn that the null hypothesis is false when, in fact, it is true.  Therefore, Type I errors are generally considered more serious than Type II errors.  The probability of a Type I error (α) is called the significance level and is set by the experimenter.  There is a tradeoff between Type I and Type II errors.  The more an experimenter protects him or herself against Type I errors by choosing a low level, the greater the chance of a Type II error.  Requiring very strong evidence to reject the null hypothesis makes it very unlikely that a true null hypothesis will be rejected.  However, it increases the chance that a false null hypothesis will not be rejected, thus lowering power.  The Type I error rate is almost always set at .05 or at .01, the latter being more conservative since it requires stronger evidence to reject the null hypothesis at the .01 level then at the .05 level. 
4. Environmental restoration personnel shall demonstrate a familiarity-level knowledge of the basic principles and concepts of hydrology, geology, and soil science.
l) List the different soil textures (compositions) and soil structures.
Soils with similar properties (composition) are grouped into soil classifications as follows:

· Alfisols are typically forest soils with clay translocations and deposition, and with high base status.

· Aridisols are soils existing in a dry climate where salts and carbonates may have accumulated.

· Entisols are recently formed soils with a limited development of horizons (layers).

· Histosols classify the soils in peat bogs and fens which may have high amounts of undecomposed organic matter.

· Inceptisols are young soils that possess few diagnostic features.

· Mollisols are temperate grassland soils with a high organic matter content.

· Oxisols are highly weathered tropical soils.

· Spodosols are soils with substantial subsoil accumulation of humus and iron/aluminum oxides.

· Ultisols are soils with clay translocations and deposition, and with low base status.

· Vertisols are swelling clay soils.

Soil structure is a description of the grouping or aggregation of particles in soil and is important in determining its characteristics.  Structure is strictly a field term descriptive of the gross, overall aggregation or arrangement of the primary soil separates.  Four primary types of soil structure are recognized: platy, prismlike, blocklike, and spheroidal.  The mechanics of structure formation are exceedingly complicated and rather obscure.  The nature and origin of the parent material are important factors as are the physical and biochemical processes of soil formation, particularly those resulting in the synthesis of clay and humus.  Climate is also a prime consideration. 

m) Define humus and explain its role in chemical reactions in the soil.
Humus is partially decomposed organic matter that is only slightly soluble in water.  Humus coats sand, clay, and silt particles to form topsoils by binding these particles and contributing to the soil’s structure.  Humus usually possesses a negative electrical charge and tends to attract positively charged nutrient ions such as potassium (K+), calcium (Ca2+), and ammonia (NH4+).  Humus has a negative charge strong enough to counteract the leaching effect of rainwater as it passes through the topsoil layer, binding the nutrients in a location accessible to plant roots.  Pesticides that form cations (positively charged ions) also bond with the humus layer in a process called adsorption, decreasing their concentration in solution (and ultimately the groundwater).  In addition, humus limits the solubility of certain metal cations, attenuating the migration of these potentially harmful substances in surface and groundwater.  For example, the solubility of radioactive cesium could be limited at a nuclear disposal site because of humus.

n) Define erosion (water and wind).

Soil erosion is the loss of topsoil, surface litter, and other soil components, primarily due to the actions of flowing water or wind.  Loss of topsoil reduces surface fertility, which in turn reduces plant coverage and the ability of plants to hold the soil, accelerating the erosion process.  Wind erosion is experienced where dry, bare soil exists (as in the Great Plains Dust Bowl experienced in the U.S. Midwest during the 1930s) and usually contributes to less soil loss than does water erosion.  Three types of water erosion occur.  Sheet erosion occurs when uniform sheets (or layers) of soil are washed away due to a wide flow of water.  Rill erosion is produced when rapidly flowing surface waters form rivulets, cutting small channels into the soil.  Gully erosion results when the rivulets of rapidly flowing surface water combine with subsequent rains (usually on steep, vegetation-poor slopes), cutting wider and deeper channels (gullies).  Soil erosion is usually less severe in forests and rangelands than on croplands, but soil resources in these areas recover more slowly than those on croplands.

o) Describe the following processes and explain how water and soil interact in each:

· Infiltration and percolation

· Groundwater recharge

· Runoff

· Evapotranspiration

· Unsaturated flow

The flow of water through the environment is known as the hydrologic cycle.  This cycle facilitates the dispersion of nutrients through the environment.  The hydrologic cycle consists of evaporation, transpiration, condensation, precipitation, infiltration, percolation, and runoff. Evaporation is the process of water being converted into water vapor, and transpiration is the process of water being transported through a plant’s parts to be evaporated into the atmosphere (also known as evapotranspiration).  Condensation is the formation of water droplets from water vapor.  Precipitation is the deposition of condensed water vapor as dew, rain, snow, sleet, or hail.  Infiltration is the movement of water into the soil.  Percolation is the downward flow of water through soils and permeable rock layers into groundwater (this process is known as groundwater recharge).

Runoff is the surface flow of water that does not infiltrate into the soil.  The flow of water through unsaturated soils occurs as a result of a gradient of total potential.  Potential is the difference in energy of water in soil as opposed to free water.  Total potential is the sum of gravitational potential, matric potential, and osmotic potential.  Gravitational potential is exerted by the acceleration of gravity.  Matric potential results from surface tension and adhesion of water to the surface of the soil.  Osmotic potential results from differences in dissolved concentrations of molecules and ions.  Water moves from areas of higher total potential to areas of lower total potential.  Gravitational potential is usually the most significant factor making up the total potential and causing the unsaturated flow of water in soils; however, matric potential can also become significant.  For example, water does not usually move from clay to sand even though the sand is drier.  This is because the higher adsorption properties of the clay result in a low matric potential.  In drier soils, water is more strongly held at lower potentials and is mainly restricted to narrow pores, resulting in the water flowing more slowly in unsaturated soils compared to the rate of flow through saturated soils.
p) Describe how soil characteristics, slope factors, and land cover conditions impact the detachment and transport processes of pollution.

Erosion and sediment transport occur as a result of water flowing across the ground.  This process does not take place until the rainfall intensity exceeds the infiltration rate of the soil.  The size of the soil particles that are detached, or entrained, are a function of the velocity of the runoff water.  A soil’s erodibility is a function of the degree of slope, the texture of the soil, where finer textured soils can be detached and transported by lower velocities of water, and the degree of surface roughness (cover condition class).  At some point down slope when the velocity of the surface water decreases, sediment will be deposited with the larger aggregates deposited first and the smaller sized particles carried further downslope.  The sorted deposition of different sizes is a function of reduced velocities.  The density of vegetation and the amount of accumulated litter is a primary factor in increasing surface roughness, promoting infiltration, and reducing the velocity of water flowing across the surface.  A high degree of surface roughness aids in preventing the detachment of soil particles, in slowing water, and in promoting deposition.  

The transport of pollutants through the soil is dependent on physical soil properties as well as to the soil’s chemical properties, which determine its ability to retain (adsorb) the chemical constituents of the pollutants.  Water solubility of the contaminant is a large determinant in the release and transport of the contaminant in surface and groundwater.  Usually, highly soluble chemicals tend to have a low adsorption potential with regard to soils and sediments and tend to be quickly and easily distributed by the hydrologic system.  Dissolved pollutants being transported by surface waters mostly travel the route that the surface water flows, which is dependent on slope (among other factors).  Transport of pollutants into the groundwater is dependent on the rate of percolation.  Pollutants that are strongly adsorbed to soil particles are transported at the rate of soil erosion (i.e., transported with the soil particle).
q) Discuss contaminant loading and the contaminant delivery ratio.

Pollutant loading describes the rate of transmission of pollutants to the environment, usually to a surface water body, such as a river or stream.  Pollutant loading is often described in terms of mass of pollutant per unit time.  A pollutant delivery ratio is used to calculate the loading of a particular pollutant.  It can be described as the ratio of the gross amount of pollutant available per the amount delivered to a source.  Pollutant delivery ratios are determined by using the Modified Universal Soil Loss Equation (MULSE) and sorptive partition coefficients for the pollutants of concern.  The MULSE is an empirical model that is used to approximate the amount of surface soil eroded in a storm event of a particular intensity.  Sorption coefficients are required to project the amount of a pollutant transported in dissolved verses solid (sorbed) phases.  Pollutant loading is often used to determine the fate and transport of pollutants for Remedial Investigation/Feasibility Studies (RI/FS), Resource Conservation and Recovery Act (RCRA) Facility Investigations/Corrective Measures Studies (RFI/CMS), analysis of environmental impacts for National Environment Policy Act (NEPA) evaluations, and for conducting human health and environmental risk assessments.

r) Discuss the use of soil survey maps.

A general soil survey map is color-coded to distinguish the major soil associations (groupings) present in the area of consideration.  A general soil survey map depicts factors on a larger scale and is not suitable for obtaining information required for soil management at an individual site, but allows the comparison of larger areas of land for general land use determinations.  In addition to depiction of soil associations, general soil survey maps often include three dimensional representations showing relationships between soils, parent materials, and landscape position for the major soils included in the soil survey.  For information pertinent to a particular site, selection of the appropriate map for the specific site from the Index to Map Sheets in the soil survey is required.  Each map unit description includes soil information for common uses, major limitations or hazards, and possible alternates to remedy these limitations or hazards.  Soil surveys facilitate the development of resource plans, but as each soil area on the map may consist of several soil types, onsite investigation is required for intensive use planning.

s) Discuss the cation and anion exchange capacity of soils.

Cation exchange capacity (CEC) is defined as the ability of soil to sorb or hold cations and to exchange species of these ions in reversible chemical reactions.  It is a quality important for soil fertility-nutrition studies and for soil genesis.  This type of data is widely used in soil classification considerations.  However, its measurement is rather empirical, and several different analytical methods have been proposed.  Despite the differences, CEC determinations yield numbers that are valuable in evaluating the capacity of soil to retain cations, its degree of weathering, and general chemical reactivity.  The two types of CEC determinations that have been more widely employed are the ammonium saturation displacement method commonly conducted at pH 7, and the summation method in which all exchangeable cation species are added.  Some uses, inferences, and interpretations from CEC data are 

· inferences as to clay mineral species present in the soil

· relative degree of weathering of the soil

· agronomic and forest nutrition significance

· engineering practice

· computing percentage base saturation, a widely used pedologic and nutritional quality of soils 

Anion exchange deals with the reaction of phosphate ions with various metals such as soluble iron, aluminum, and manganese, and with insoluble hydrous oxides of these elements, such as limonite and goethite.  The compounds formed as a result of fixation by iron and aluminum oxides are likely to be hydroxy phosphates.  The large quantities of hydrous iron and aluminum oxides present in most soils make possible the fixation of tremendous total amounts of phosphorus by this means.  Part of the phosphate that has reacted with iron and aluminum compounds and with silicate clays is subject to replacement by other anions.  Such replacement is called anion exchange.

t) Describe the hydrologic cycle.

Water is the source of all life on earth.  The distribution of water, however, is quite varied; many locations have plenty of it, while others have very little.  Water exists on earth as a solid (ice), liquid, or gas (water vapor).  Oceans, rivers, clouds, and rain, all of which contain water, are in a frequent state of change (surface water evaporates, cloud water precipitates, rainfall infiltrates the ground, etc.).  However, the total amount of the earth’s water does not change.  The circulation and conservation of earth’s water is called the hydrologic cycle.
u) Define the following hydrologic terms and describe the relationships between them:

· Precipitation

· Stream flow

· Evaporation

· Transpiration

· Subsurface water

· Sedimentation

Precipitation

Precipitation is the primary mechanism for transporting water from the atmosphere to the surface of the earth.  There are several forms of precipitation, the most common of which for the United States is rain.  Other forms of precipitation include hail, snow, sleet, and freezing rain.
Stream Flow

Stream flow is surface water which originated as runoff from precipitation or from groundwater sources and is moving down gradient.  Most of this surface water either reaches the oceans, infiltrates into the groundwater, or evaporates.  This part of the hydrologic cycle is the excess water which is not used by vegetation and/or cannot be retained as groundwater due to insufficient infiltration (runoff) or flows back to the surface as recharge to streams.

Evaporation

Water is transferred from the surface to the atmosphere through evaporation, the process by which water changes from a liquid to a gas.  Approximately 80 percent of all evaporation is from the oceans, with the remaining 20 percent coming from inland water and vegetation.  Winds transport the evaporated water around the globe, influencing the humidity of the air throughout the world.  For example, a typical hot and humid summer day in the Midwestern United States is caused by winds blowing tropical oceanic air northward from the Gulf of Mexico. 

Transpiration

Transpiration is the evaporation of water into the atmosphere from the leaves and stems of plants.  Plants absorb soilwater through their roots and this water can originate from deep in the soil.  (For example, corn plants have roots that are 2.5 meters deep, while some desert plants have roots that extend 20 meters into the ground).  Plants pump the water up from the soil to deliver nutrients to their leaves.  This pumping is driven by the evaporation of water through small pores called stomates, which are found on the undersides of leaves.  Transpiration accounts for approximately 10 percent of all evaporating water.

Subsurface Water

Subsurface water is all the water that has penetrated the earth’s surface and is found in one of two soil layers.  The one nearest the surface is the zone of aeration, where gaps between soils are filled with air and water.  Below this layer is the zone of saturation, where the gaps are filled with water.  The water table is the boundary between these two layers.  As the amount of subsurface water increases or decreases, the water table rises or falls accordingly.  When the entire area below the ground is saturated, flooding occurs because all subsequent precipitation is forced to remain on the surface. 
Sedimentation

Sediments are particles of organic (living) and inorganic (nonliving) origin that accumulate in loose form on the seabed.  Sedimentation in the ocean comes from four different sources:
· Rock (weathering)

· Organic material (biological)

· Dissolved compounds in the sea water

· Outer space

It is delivered to the ocean via rivers, erosion from the coastline, settling out of deep ocean water, and from space.

v) Define the following groundwater terms and describe the relationships between them:

· Capillary water

· Zone of saturation

· Specific yield

· Hydraulic conductivity

· Transmissivity

· Vadose zone

Capillary Water. 
Capillary water is water held in the soil above the phreatic surface by capillary forces.
Zone of Saturation. 

The zone of saturation is the the part of a groundwater system in which all of the spaces between soil and rock material are filled with water.  Water found within the zone of saturation is called groundwater.  The water table is the top of the zone of saturation.
Specific Yield
Specific yield is the ratio of the volume of water that the porous medium, after being saturated, will yield by gravity to the volume of the porous medium.

Hydraulic Conductivity

Hydraulic conductivity, mathematically represented as K, is a property of soil or rock, in the vadose zone or groundwater that describes the ease with which water can move through pore spaces or fractures.  It depends on the intrinsic permeability of the material and on the degree of saturation.  Saturated hydraulic conductivity, Ks, describes water movement through saturated media.
Transmissivity

Transmissivity, T, is a measure of how much water an aquifer can transmit horizontally.  It depends on the aquifer’s saturated hydraulic conductivity and thickness, b:
T = Ks * b

Vadose Zone

The Vadose Zone is the zone between the land surface and the deepest water table which includes the capillary fringe.  Water in this zone is generally under less than atmospheric pressure, and some of the voids may contain air or other gases at atmospheric pressure.  Beneath flooded areas or in perched water bodies, the water pressure locally may be greater than atmospheric
w) Define the following surface water terms:

· Mass curve

· Frequency analysis
Mass Curve

Mass curve is a plotting of the cumulative values of a variable as a function of time.  This is applied especially to mass curves of rainfall in storm studies, to departures of various weather elements from normal, and to stream flow data for reservoir studies.
Frequency Analysis
A frequency analysis is a statistical analysis that is used to aid in developing appropriate design criteria for roads, engineering structures, and various facilities.

x) Discuss the composition and identification of the following types of rocks and cite examples of each.

· Igneous

· Sedimentary

· Metamorphic
Igneous

Igneous rocks are called fire rocks and are formed either underground or above ground.  Underground, they are formed when the melted rock, called magma, deep within the earth becomes trapped in small pockets.  As these pockets of magma cool slowly underground, the magma becomes igneous rocks. 

Igneous rocks are also formed when volcanoes erupt, causing the magma to rise above the earth’s surface.  When magma appears above the earth, it is called lava.  Igneous rocks are formed as the lava cools above ground.  Two examples of igneous rocks are granite and pumice.

Sedimentary

For thousands, even millions of years, little pieces of our earth have been eroded — broken down and worn away by wind and water.  These little bits of our earth are washed downstream where they settle to the bottom of the rivers, lakes, and oceans.  Layer after layer of eroded earth is deposited on top of each.  These layers are pressed down more and more through time, until the bottom layers slowly turn into rock.  Two examples of sedimentary rock are limestone and gypsum.

Metamorphic

Metamorphic rocks are rocks that have morphed into another kind of rock.  These rocks were once igneous or sedimentary rocks.  How do sedimentary and igneous rocks change?  The rocks are under tons and tons of pressure, which fosters heat build up, and this causes them to change.  If you examine metamorphic rock samples closely, you’ll discover how flattened some of the grains in the rock are.  Examples of metamorphic rock are schist and gneiss.
y) Describe the geometry and properties of the following rock mass features:

· Folds

· Faults

· Structural discontinuities

· Residual stress

· Sheet Joints

· Shear strength of discontinuities

Folds

Folds are undulations or waves in the rocks. Folds are best displayed in stratified rocks such as sedimentary and volcanic rocks, or their metamorphosed equivalents.  However, any layered rock, such as banded gabbro or gneiss, may display folds.  Folds may be developed over very small distances of less than an inch, or they may be several feet or even miles across.  Folds can even have continental proportions of several hundred miles. 
Anticlines are folds that are convex upward.  Anticline, in Greek, means “opposite inclined.” It refers to the characteristic, in the simplest anticlines, of the two sides or limbs being inclined or dipping away from each other.  In anticlines, the oldest rocks are exposed at the center of the fold.  Anticlines generally result from compressive forces that push the earth surface together.

Synclines are folds that are concave upward.  Syncline, in Greek, means “together inclined.”  It refers to the characteristic of the two limbs dipping toward each other.  In synclines, as opposed to anticlines, the youngest rocks are exposed at the center of the fold.

These simple folds can be greatly complicated by forces within the crust.  Folds can be overturned such that the limbs actually dip in the same direction.  They can be repeated forming a series of alternating anticlines and synclines.

In a plateau area, where strata are relatively flat, the strata may locally assume a steeper dip. Such a fold is a monocline.  The beds of a monocline may dip from a few degrees up to 90 degrees, and the elevation of the same bed on opposite sides of the fold may differ by several hundred to thousands of feet.
Groundwater tends to flow within permeable strata that act as aquifers and tends to be confined by less permeable strata that act as aquitards.  Flow is, therefore, controlled by the permeable character of the various layers of the subsurface.  The difference in elevation between the recharge area and the point of discharge is the force referred to as the head that causes groundwater to flow.  Therefore, flow tends to follow the topographic surface with groundwater flowing from the highest point, the recharge area, to the lowest point, the discharge area.  In unfolded rocks, groundwater flows along permeable beds to a point of withdrawal such as a spring, water body, or pumping well.  This flow is disrupted by strata that are dipping, and flow may be channeled in some other direction than that which would be expected based on the topographic surface.  Flow may be directed around an anticline if the oldest rocks (the rocks at the center of the fold) are less permeable than those in the limbs. Therefore, it is the permeability differences in the different strata and the relative positions of these strata that control groundwater flow around or through folds.  Each case must be analyzed individually to determine how the fold geometry and the permeabilities of the rock strata direct groundwater flow.

From an engineering perspective, folds can also increase the vertical stresses in the rock layers surrounding the fold.  It is possible for the vertical stress to go up by as much as 
60 percent.  With changes in the vertical stress, the horizontal stresses are increased by a factor of the vertical stress.  Different portions of the fold can see drastically different stresses, and even if this material is homogenous, the varying horizontal and vertical stresses can induce strength, porosity, and deformation anisotropy.  The stress induced anisotropy can require design changes in an engineered structure if located near the fold.
Faults

Stress placed on rocks results in deformation.  If the deformation caused by the stress proceeds far enough, the rocks eventually fail by rupture.  Failure by rupture is expressed in the rocks of the outer shell of the earth’s crust by joints, faults, and some kinds of cleavage.  Rocks are characteristically broken by smooth fractures known as joints.

Joints may be defined as divisional planes or surfaces that divide rocks, and along which there has been no visible differential movement of the rocks parallel to the plane of the joint.  A fault occurs when differential movement in a direction parallel to the plane of the joint has occurred.  If movement at right angles to the joint surface takes place, the resultant feature is called a fracture. 
The attitude of fault planes that result from horizontal tensional and compressional forces is usually not vertical.  Therefore, the rock on one side of the fault is essentially beneath the fault plane.  The rock beneath the fault plane is called the foot wall, and the rock above the fault plane is the hanging wall.  Faults result from either tensional or compressional forces.  Tensional forces result in a lengthening of the rock mass.  Lengthening the rock mass causes distinctive relative movement along a fault plane.  If a fault occurs as a result of tensional forces, the relative movement of the hanging and foot walls is for the hanging wall to move downward relative to the foot wall.  Such a fault is called a normal fault.

Compressive forces tend to shorten the affected rock mass.  Movement along a fault resulting from compressional forces is for the hanging wall to move upward relative to the foot wall. Such a fault is called a reverse fault.  Thrust faults are a special case of normal faults in which the angle of the fault plane is particularly low.  The relative movement along a thrust fault plane can be extensive, resulting in considerable crustal shortening.

Shearing stress may be imposed on a rock mass.  Shear stress results in lateral movement along the fault plane of the rock masses relative to each other.  Such faults are called strike slip faults.  Strike slip faults can have a vertical plane.

Faults, fractures, and joints can have considerable impact on groundwater movement.  Open fractures obviously offer an easy route for water movement.  Fractures are the principal method for movement of groundwater in igneous and most metamorphic rocks because these rocks are usually not porous.  However, fractures usually do not have large volume and, consequently, do not hold large volumes of water.  Therefore, water will move quickly through fractures, but the volume of water involved will be small unless the fractures either have wide openings, or the fractured rock is porous or in contact with porous and permeable rocks.  Faults may have a variety of hydraulic properties.  Faults that form from compressional forces may actually seal existing permeable rocks.  The compressive force in these cases causes the minerals along the fault plane to recrystallize and fill the existing pore space.  Faults and fractures may have been conduits for mineralized solutions.  These solutions could have deposited sufficient minerals in the fault or fracture to completely fill the void and essentially seal it to further groundwater migration.

Structural Discontinuities
Discontinuities in rocks are characterized by an abrupt change in rock type.  If strata suddenly end against different rock beds, a fault may be present.  Discontinuity of rock structures is characteristic of faults, but is not proof of faulting unless other possible interpretations are eliminated. Fault related discontinuities occur when movement along a fault results in dissimilar strata coming in contact with each other across the fault plane. 
Structural discontinuities can impact groundwater movement.  Abrupt permeability changes can occur at a structural discontinuity if the permeability of the rocks on either side of the fault plane are greatly different.  An increase in groundwater mobility can occur if a saturated low-permeability rock is in contact with a high-permeability rock through such a discontinuity.  This may result in unexpected movement of contamination. 
Residual Stress

Residual stress is the stress that remains in the rock mass after some release in stress energy has occurred.  Such a release may be associated with movement along a fault during an earthquake.  An earthquake occurs when the stress within the rock mass exceeds its elastic limit.  Movement occurs and some part of the energy associated with the stress on the rock mass is released.  In general, not all of the energy may be released, and that which remains is the residual stress.  In tectonically active areas, stress continues to build until another earthquake occurs.

Another example of residual stress is stress in a rock mass that remains after a glacial mass has been removed by melting.  The weight of a glacier pushes the underlying rock mass downward.  The elevation of the rock mass is actually depressed under the weight of the glacier.  After the glacier melts, the depressed rock mass rebounds through a process of isostatic readjustment.  Isostatic readjustment lags behind the unloading of the crust caused by the melting glacier.  The lag is a result of the time necessary for material deep in the crust and the upper part of the mantle to move under the area of reduced load.  The rocks within the crust are under a residual stress in the period after the glacier melts and before the rocks return to isostatic equilibrium.

Sheet Joints

Sheet joints, or sheeting, are somewhat curved joints essentially parallel to the topographic surface.  The joints are close together near the surface.  In many places the interval between joints may be only inches.  The intervals between the joints increase with depth, and a few tens of feet below the surface, sheeting disappears.  Sheeting is best developed in granite-like rocks, but can occur in sandstone. 

The effects of sheet joints on groundwater flow is similar to that of fractures.  However, sheeting effects will only be noticed in groundwater within a few tens of feet of the surface where sheet joints exist.

Shear Strength of Discontinuities

Shear strength of a rock mass is the resistance of that mass to deform by slippage along an internal plane.  Shear strength of discontinuity is the mutual resistance of the two rock masses on either side of the discontinuity to slip along the plane of the discontinuity.

Shear strength is a function of the discontinuity geometry and other characteristics related to its genesis.  A highly undulating plane of discontinuity would have more resistance to movement than would a flat plane discontinuity.  A discontinuity along a normal fault that resulted from tensional stress may be weaker than one along a reverse fault that resulted from compression stress because the increased pressure from compression may have effectively welded the rocks across the discontinuity together.

In other types of discontinuities, rock masses may have been invaded by dikes of rocks that are less resistant to weathering.  In these cases, the dikes, because of increased weathering, may be weaker than the invaded rocks, and the shear strength of the discontinuity will be low.

The shear strength of the discontinuity will in itself not impact groundwater movement.  However, if the discontinuity is characterized by hard, impermeable rocks or rocks that have been highly recrystallized by the forces that resulted in the discontinuity, groundwater movement may be impeded.  Also, if the discontinuity is highly weathered and the weathering results in conversion to clay minerals, the movement of groundwater may be impeded.  On the other hand, if the discontinuity is characterized by highly fractured rocks that have not been welded by recrystallization, groundwater movement may be enhanced.

z) Discuss the use of geological and geotechnical maps.
Geologic mapping is a highly interpretive, scientific process that can produce a range of map products for many different uses, including assessing groundwater quality and contamination risks; predicting earthquake, volcano, and landslide hazards; characterizing energy and mineral resources and their extraction costs; waste repository siting; land management and land-use planning; and general education.

The value of geologic map information in public and private decision-making (such as for the siting of landfills and highways) has repeatedly been described anecdotally, and has been demonstrated in benefit-cost analyses to reduce uncertainty and, by extension, potential costs.

The geologic mapper strives to understand the composition and structure of geologic materials at the earth’s surface and at depth, and to depict observations and interpretations on maps using symbols and colors.  Within the past 10 to 20 years, geographic information system (GIS) technology has begun to change some aspects of geologic mapping by providing software tools that permit the geometry and characteristics of rock bodies and other geologic features (such as faults) to be electronically stored, displayed, queried, and analyzed in conjunction with a seemingly infinite variety of other data types.  For example, GIS can be used to spatially compare possible pollutant sources (such as oil wells) with nearby streams and geologic units that serve as groundwater supplies.  In addition, GIS can be used to compare the position of a proposed road with the surrounding geology to identify areas of high excavation costs or unstable slopes.  These comparisons have always been possible, but GIS greatly facilitates the analysis and, as a result, offers geologists the opportunity to provide information in map form that is easily interpreted and used by the nongeologist.

The public has come to expect near-instantaneous delivery of relevant, understandable information via the Internet, which in turn has begun to affect the methods used in geologic mapping, as well as the nature of the product.  Geologists are rapidly incorporating GIS and information technology (IT) techniques into the production and dissemination of geologic maps.

aa) Describe the geologic considerations, criteria and procedures used to assess natural hazards and potential environmental problems related to the following topographic features and conditions:

· Areas of high or low relief

· Potentially unstable slopes

· Flood plain

· Karst terrain

· Proximity to fault zones

· Volcanic terrain

· Glaciated terrain

Area of High or Low Relief

Topographic relief is the elevation difference between the highest and lowest points on the land surface in a given area.  Relief considerations may be important to slope stability.  In areas of high relief and unstable rocks or soils, landslide hazards will exist.  Buildings and other cultural features will be threatened by any disturbance to the unstable slopes.

Saturated groundwater conditions will aggravate the hazard by reducing the geostatic pressure between soil and rock fragments that holds the slope in place.  Construction activities will generally result in steepening of some slopes, causing some increase in hazard.

High relief may result in increased mass wasting.  Mass wasting is the natural downslope movement of surface materials.  The potential for mass wasting can be assessed by geologists and engineers by evaluating the characteristics of the site, the conditions present such as soil and rock type, the degree of saturation, and the proposed actions.

Potentially Unstable Slopes

Mass wasting is also a concern when slopes demonstrate instability.  Slope stability is strongly influenced by the amount of water present in the subsurface.  The greater the volume of water, the more unstable the slope.

Mass wasting movements are categorized as: (1) slips, in which descending material remains coherent and moves along one or more well-defined surfaces; (2) falls, in which material free-falls or bounces down slope; (3) slides, in which descending material moves along a plane that is roughly parallel to the slope of the surface; and (4) slumps, in which material moves along a curved surface, with the upper part of the mass moving downward as the lower part moves outward.

The stability of the slope can be assessed by the same kinds of evaluations that assess the hazards of topographic relief.  The conditions to be evaluated are the subsurface materials present, their condition, and the amount of moisture present, as well as the activities that are planned for the area.

Flood Plain

Flood plains are formed by the erosion and deposition of sediments along either side of stream and river channels that occupy valleys of low topographic relief.  Flood plains are broad valleys that are covered by alluvium.  They are subject to occasional seasonal flooding. Depositional features exhibited in flood plains are bars, natural levees, and meander features.

Remediation of contaminated sites in flood plains are of concern because of potential flooding that can result in further migration of contaminants in soils, surface water, and groundwater.  Groundwater is typically very close to the land surface in flood plains.  As a consequence, groundwater is easily contaminated.  Groundwater flow rates may be relatively low because of the low hydrologic gradient and the presence of relatively impermeable clays in many deposits.  However, sands associated with the stream channels and sand bars may have a relatively high permeability.

Karst Terrain

Karst terrain is associated with areas of thick limestone and dolomite strata near the land surface.  These types of rocks can be dissolved by groundwater to form caverns of various sizes.  Karst terrain is characterized by the presence of many sink holes and a system of underground streams flowing through solution passages in the rock.  Sinks holes form when underground caverns become so enlarged toward the land surface that a surface depression develops.

Groundwater movement in Karst terrain is somewhat typical of groundwater flow in fractured rock.  The limestone and dolomite in which the caverns are developed usually have relatively little porosity, but the caverns can contain a large volume of water that is able to flow at a very high rate.  However, groundwater that is not in contact with the caverns will not be very mobile.
Proximity to Fault Zones
There is a strong correlation between permeability (the ease with which fluids flow through the rock) and proximity to the fault zone shear axes, with low permeability in the narrow shear zone, higher permeability on either side, and again low permeability still farther away in the unfractured country rock.  The width of the high permeability zone (approximately 20 to 40 m) is in good agreement with overall fault zone width inferred from trapped wave analysis and other evidence.  In addition, shear strength of the core material gradually increases with distance from the shear axis.  These permeability and strength observations are consistent with a fault zone model in which a highly localized core or shear zone of low permeability, clay-rich material is surrounded by a damage zone of fractured rock.  In this case, the damage zone will act as a high-permeability conduit for vertical and horizontal fluid flow in the plane of the fault. The clay core region, however, will impede fluid flow across the fault. 
Volcanic Terrain

Volcanic terrain is a term that is commonly applied to the vent and to the conical mountain (cone) built up around the vent by the erupted rock materials.  Volcanoes are described as active, dormant, or extinct.  The soil resulting from decomposition of volcanic materials is extremely fertile, and the ash itself is a good polishing and cleansing agent.
Glaciated Terrain

A glacier is a large, long-lasting river of ice that is formed on land and moves in response to gravity.  A glacier is formed by multi-year ice accretion in mountainous or sloping terrain.  Glacier ice is the largest reservoir of fresh water on earth, and second only to the oceans as the largest reservoir of total water.  Glaciers can be found on every continent except Australia.

Geologic features associated with glaciers include end, lateral, and medial moraines that form from glacially transported rocks and debris, U-shaped valleys and cirques at their heads, and the glacier fringe, which is the area where the glacier has recently melted.

ab) Discuss weathering and its significance in geotechnical engineering.
Rocks undergo continuous processes that result in their weathering.  Weathering processes can be mechanical (physical disintegration of the rock) and chemical (decomposition of the rock).  Weathering is a key factor in the geologic processes that shape the surface of the earth.  It results in the destruction of high, exposed areas and creates sediment that holds moisture in low lands that are the habitats of much life.  Weathering is the process of change that results from the exposure of rocks to air, water, changes in temperature, and other factors at or near the earth surface.

Mechanical weathering processes include
· frost action, which is caused by water freezing and thawing within fractures and pores of the rock.  Frost wedging is caused by water freezing and expanding in fractures prying the rock apart.  Frost heaving is caused by water freezing beneath rocks and soil, lifting them.
· abrasion, which is caused by the grinding action due to friction and impact associated with the transportation of rocks and sediment by water or wind, and by the action of glaciers.
· pressure release, which results from the reduction of pressure on rocks.  Pressure release is caused by the erosion of overlying rocks or the melting of glacial ice.  The release of pressure causes sheet joints as previously discussed.
· the growth of plant roots and animal burrows, which also causes mechanical weathering.

Chemical weathering processes result from the reactions of chemicals in water and air with rocks.  Oxygen is abundant in the atmosphere and is dissolved in water.  It is active chemically and often combines with elements and compounds, including certain minerals found in rocks exposed to the earth surface.  Leaching is a common chemical reaction that occurs in water solutions.  Leaching is the process of the dissolution of minerals into water.  The formation of caverns by the dissolution of limestone has been discussed and is a process of chemical weathering.  Hydration is another chemical process that occurs in water.  In this process, water molecules combine chemically with minerals to form new compounds.  This process usually results in swelling.  The increased volume forces the rock mass apart and causes concentric rock slabs to spall away from the rock mass in a process called exfoliation.

ac) Describe and discuss tests that assess weatherability.
Chemical alteration produces the effect of preconsolidation by changing the physiochemical bonds between the clay particles or by introducing stresses by the expansion or contraction of the grains during the alteration process.  Most residual soils and weathered rocks exhibit this kind of preconsolidation.  The preconsolidation load can be estimated from the stress-void ratio curve.  Preconsolidation is extremely important in foundation engineering.  A soil that is inherently compressible usually will not settle appreciably until the stress imposed by the structure exceeds the preconsolidation load.  

The triaxial shear test is considered to be the most reliable strength test.  The sample is subjected to confining pressure (by the application of axial stress or by holding axial stress constant and increasing confining pressure) until the sample fails in shear.  Weathering reduces the strength, increases the compressibility, and reduces the rigidity of intact rock.

ad) Describe and discuss the process for logging rock cores.
Use a graphic log format that visually expresses the stratigraphic succession for describing continuous cores and drill cuttings.  These logs should contain the following information:

· Thickness of rock units using a scale of 1 inch equals 5 feet, or as appropriate
· Grain size, terrigenous clastic grain sizes, and carbonate rock types using appropriate classification system (e.g., unified soil classification system, modifie Wentworth scale, clastic limestone classification, classification of limestones according to depositional texture)
· Textural maturity, including detrital clay content, sorting, and roundness
· Sedimentary structures (e.g., bedding, laminations, ripples, and flow structures)
· Accessories, such as fossils and diagenetic features (e.g., cementation, mineralization, and density)
· Lithologic name and type of contact (sharp, gradational, etc.) between different lithologies
· Moisture content
· Fracturing (describe pattern or type)
· Porosity estimate (with hand lens)
· Color, using the GSA rock color chart
ae) Discuss how contaminant movement relates to soil density.
Soils whose properties allow rapid transmission of a contaminant to groundwater are called sensitive soils.  

Soil sensitivity depends on four soil properties: permeability, water table conditions, organic matter content, and clay content.  

Permeability and water table conditions together control the leaching potential.  Soils with high leaching potentials are more sensitive than soils with low leaching potentials.  Organic matter and clay content together control the sorption potential.  Soils with low sorption potentials are more sensitive to groundwater contamination than soils with high sorption potentials.  Interactions between leaching potential and sorption potential govern the overall sensitivity of the soil.  A soil that has a high leaching potential and a low sorption potential is the most sensitive.  A soil that has a low leaching potential and a high sorption potential is the least sensitive.

Leaching refers to the removal of soluble materials by water passing through soil.  Naturally occurring salts, chemical fertilizers, and pesticides are subject to leaching.  Whether leaching occurs depends on the amount of water passing through the soil and the rate of water movement.

Leaching potential refers to the risk that soluble contaminants will be transmitted through the soil to the groundwater reservoir.  Leaching potential depends on soil permeability, water table conditions, and hydraulic loading. 

Permeability refers to the rate at which water moves through soil.  Permeability is controlled by the size and continuity of the soil pores.

Soil texture refers to the proportions of sand, silt, and clay in a soil.  A loam is a balanced mixture of sand, silt, and clay.  Unbalanced mixtures dominated by increasing amounts of sand are called sandy loam, loamy sand, and just plain sand.  If clay dominates, the texture is called clay loam, or, with more clay, just plain clay.  Silty soils that contain little or no sand are called, in order of increasing clay content, silt loams, silty clay loams, or silty clays.

Coarse-textured sandy and gravelly soils have the largest pores and the most rapid permeabilities.  Fine-textured clayey soils have very tiny pores and very slow permeability rates.  Medium-textured loams, silt loams, and clay loams have intermediate rates of soil permeability.

Organic matter helps create and stabilize aggregates of the grains of sand, silt, and clay.  These aggregates, or units of soil structure, have relatively large spaces between them, permitting more rapid water movement.

Roots and burrowing insects and animals create large voids, or macropores, that can transmit water very rapidly under saturated conditions.  

Dense, compact, or cemented soil layers have very slow rates of permeability.

The combined effects of leaching potential and sorption potential determine a soil’s sensitivity with respect to groundwater vulnerability.  The most sensitive soil is an irrigated sandy soil with very low organic matter content.  The least sensitive soil is a well-drained clayey soil with high organic matter content.  

Fine-textured soils, silty clays, and clays generally have low sensitivities because they have slow or very slow permeabilities and high sorption potentials.

Medium-textured soils, silt loams, silty clay loams, loams, and clay loams generally have low to moderate sensitivities, even in humid areas, because they have relatively slow permeabilites and relatively high sorption potentials.

Coarse-textured soils, sands, loamy sands, and sandy loams generally have moderate to high sensitivities because they are more permeable and tend to have lower sorption potentials.

5. Environmental restoration personnel shall demonstrate a familiarity-level knowledge of reading and plotting graphs and interpreting graphical data.
The following information provides the necessary basic information to have a familiarity-level of knowledge for reading and plotting graphs and interpreting graphical data.  However, these are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.
af) Solve for the unknown given a linear equation with multiple units, such as Environmental Protection Agency (EPA) risk equations.

As an example, the equation for risk-based concentration (C) for inhalation of fugitive dust for nonradioactive carcinogenic compounds is:

C = (target risk * body weight * averaging time * particulate emission factor) ÷ (inhalation slope factor * inhalation rate * exposure frequency * exposure duration)

C = 
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Consequently, the units for the resulting equation may be defined as Concentration [=] (Kg * yr * 365 days/yr * m3/kg) ÷ [(kg-day)/mg * m3/day * day/yr * yr] [=] mg/kg.  Once the correct units have been accounted for in the equation (conversion factors, cancellations, etc.), the data is inputted into the equation (such as the body weight, average time, etc., in the above example) and the resulting value (C) is calculated.

ag) Given a graph, interpret meaning of slope and intercept, such as slope factor for a carcinogenic chemical.

The typical form for a linear equation is given by y = ax + b.  This equation, and raw data that fit this type of equation, can be plotted on normal graph paper with the horizontal axis representing x and the vertical axis representing y.  This type of graph will show a straight line with a slope (rise over run = change in y over the change in x) that would have a value of a.  This line would also have a y intercept with a value of b.  For a carcinogenic chemical, the y axis could represent the risk based concentration for inhalation, and the x axis could represent either the duration of exposure or the amount of material (dust) to which a person is exposed.  The slope would then represent the change in concentration with changes in time.  The y intercept would represent the resulting concentration for no duration exposure (t=0).

ah) Interpret data on a simple graph, such as time/concentration.

This type of graph would provide for time along the x axis and concentration along the y axis.  If the resulting graph shows a straight line, the slope could be calculated from graphical data and the y intercept read directly off the graph.  Given a straight line plot, the slope would represent the change in concentration with time, and the y intercept would represent the concentration at time zero.  A straight line would indicate that this concentration change with time was constant.  Therefore, if the concentration was known at any given time (such as time = 0), the concentration at any other time could be calculated using the equation in element b.
ai) Given a table of data, plot the data points on a Cartesian coordinate graph.

There are several ways in which data can be plotted.  The data can be plotted on normal graph paper where each demarcation represents a fixed amount for a given variable (kg, seconds, days, apples, etc.).  This type of rectangular plot is called a Cartesian coordinate system graph.  It consists of two perpendicular coordinate lines that intersect at the origin (value = zero).  The horizontal axis is the x-axis and the vertical axis is the y-axis.  Each coordinate line has regular and fixed increments for the variable represented by that axis.  The plane defined by the two axes is called the coordinate plane or the xy-plane.

aj) Given a table of data, plot the data points on a logarithmic coordinate graph.

Data can also be plotted on other types of graph paper with a logarithmic coordinate such as log normal or log-log graph paper.  These types of plots may sometimes show a useful trend (such as straight lines) from which certain conclusions may be inferred.  A “log,” log-log, or log-normal graph is a graph that has the divisions along an axis based on the log base 10 (log10) system or natural log (ln) system.  The term “normal” denotes standard uniform fixed deviations  (Cartesian coordinate) along that particular axis (such as in a log normal graph).  Special graph paper makes developing these graphs simple as the “raw data” can be plotted directly onto the graph without any conversion.  If specialized graph paper is not available, the data can be converted (log of the raw value calculated) and the resulting transformed data plotted on normal graph paper.  The resulting graph (for both cases) would be identical in shape.

ak) Given a graph, determine the slope of a line.
The slope can be calculated (off the graph) by selecting any two points along the straight line (preferably as far apart as possible) and determining their x and y values or coordinates (x1, y1) and (x2, y2).  From this data, the slope can be calculated using:  Slope = change in y ÷ change in x = (y2-y1)/(x2-x1).  The resulting numerical value would then be used as the value for the variable “A” listed in element b.  The Y intercept (x=0) would provide the value for “B” in the equation in element b.
6. Environmental restoration personnel shall demonstrate a working-level knowledge of the units of measurement and conversion between English and SI systems.

d) Define the three fundamental dimensions: length, mass, and time.
Length

In general English usage, length (symbols: l, L) is but one particular instance of distance.  An object’s length is how long the object is, but in the physical sciences and engineering, the word length is in some contexts used synonymously with “distance.”  Height is vertical distance; width (or breadth) is a lateral distance; an object’s width is less than its length.  A kilometer and a mile are units of length or of distance, and the two statements are synonymous.  Likewise, a mountain might be a mile in height.  Length is the metric of one dimension of space.  The metric of space itself is volume, or (length).  Length is commonly considered to be one of the fundamental units, meaning that it cannot be defined in terms of other dimensions.  However, a set of units can be constructed where units of length can be derived from fundamental physical constants.
Mass

Mass is a property of physical objects that, roughly speaking, measures the amount of matter they contain.  It is a central concept of classical mechanics and related subjects.  There are three different quantities called mass: inertial mass, passive gravitational mass, and active gravitational mass.
Inertial mass is a measure of an object’s inertia: its resistance to changing its state of motion when a force is applied.  An object with small inertial mass changes its motion more readily, and an object with large inertial mass does so less readily. 

Passive gravitational mass is a measure of the strength of an object’s interaction with the gravitational field.  Within the same gravitational field, an object with a smaller passive gravitational mass experiences a smaller force than an object with a larger passive gravitational mass.  (This force is called the weight of the object.  In informal usage, the term “weight” is often used synonymously with mass, because the strength of the gravitational field is roughly constant everywhere on the surface of the Earth.  In physics, the two terms are distinct: an object will have a larger weight if it is placed in a stronger gravitational field, but its passive gravitational mass remains unchanged). 

Active gravitational mass is a measure of the strength of the gravitational field due to a particular object.  For example, the gravitational field that one experiences on the Moon is weaker than that of Earth because the Moon has less active gravitational mass. 

Although inertial mass, passive gravitational mass, and active gravitational mass are conceptually distinct, no experiment has ever unambiguously demonstrated any difference between them.  One of the consequences of the equivalence of inertial mass and passive gravitational mass is the fact, famously demonstrated by Galileo Galilei, that objects with different masses fall at the same rate, assuming factors like air resistance are negligible.  The theory of general relativity, the most accurate theory of gravitation known to physicists to date, rests on the assumption that inertial and passive gravitational mass are completely equivalent.  This is known as the weak equivalence principle.  Classically, active and passive gravitational mass were equivalent as a consequence of Newton’s third law, but a new axiom is required in the context of relativity’s reformulation of gravity and mechanics.  Thus, standard general relativity also assumes the equivalence of inertial mass and active gravitational mass; this equivalence is sometimes called the strong equivalence principle.

Time

Time is a nonspatial continuum in which events occur in apparently irreversible succession from the past through the present to the future.
e) List standard units of the fundamental dimensions for each of the following systems.

· International system of units (SI)

· English system
	Dimension
	SI
	English System

	Length
	meter, centimeter, kilometer
	inch, foot, yard, mile

	Time
	second, minute, hour
	second, minute, hour

	Mass
	grams, kilograms, metric ton
	ounce, pound, ton


f) Differentiate between fundamental and derived measurements.
Fundamental measurements are those that cannot be expressed in terms of others.  Mass, length, time, and electric current are examples of fundamental measurements.  The newton is a derived unit, because it is defined as the force required to accelerate 1kg at 1 ms-2.  Other derived units include power (work x time), pressure (force per unit area), and density (mass per unit volume).

7. Environmental restoration personnel should demonstrate a familiarity-level knowledge of the basic terms and concepts of environmental biology.

g) Define the following terms:

· Ecosystem

· Habitat

· Species

· Pathways analysis

· Bioaccumulation

· Bioconcentration

· Biotoxicity

· Biodiversity

Ecosystem

An ecosystem is a natural unit of living and non-living parts that interact to produce a system.  More simply, it is the sum of the plant community, animal community, and environment in a particular region or habitat.  Organisms in an ecosystem are linked with each other and their physical environment through energetic interactions and material cycling.  An ecosystem can be considered on a large scale, such as a watershed ecosystem, or on a smaller scale, such as a stream ecosystem within that watershed, or even the ecosystem associated with a fallen log.

Habitat

A habitat is the place or niche within the physical environment where a species or population lives.  A habitat includes living factors, such as plants and animals, and non-living factors, such as soil, climate, and light.

Species

A species is a categorical subdivision of a genus.  Species generally resemble each other in appearance, behavior, chemical makeup and processes, and in genetic structure.  A species is a group of morphologically and ecology similar organisms that (usually) can reproduce successfully only with each other. 

Pathways Analysis

Pathways analysis examines the relationship between the exposure routes of chemicals from the chemical source through air, water, sediment, and soil to populations of living organisms. The three exposure routes considered in ecological risk assessment are ingestion, dermal/surface contact, and inhalation/respiration.  Selected major pathways through which chemicals reach a population include
· source > air > animals > inhalation

· source > soil > plants > surface contact

· source > soil > animals > ingestion or dermal contact

· source > soil > plants > animals > ingestion

· source > water > plants > animals > ingestion

· source > water > animals > ingestion or dermal contact

· source > sediment > animals > ingestion or dermal contact

Bioaccumulation

Bioaccumulation is the net accumulation of a nonbiodegradable or a slowly biodegradable chemical by a living organism via all exposure routes.  Accumulation may often be present in a particular part or organ of the body.  A biodegradable substance is capable of decomposing rapidly under natural conditions.  Biodegradable substances are generally not bioaccumulated.

Bioconcentration

The terms bioconcentration, bioaccumulation, and biomagnification may be confused if not understood carefully.  Bioaccumulation is the net accumulation of a chemical by a living organism via all exposure routes.  Bioconcentration is the net accumulation of a chemical by an aquatic organism directly from aqueous solution.  Thus, bioconcentration is one route of exposure that may contribute to overall bioaccumulation in an organism.  Finally, biomagnification is the tendency of some chemicals to accumulate to higher concentrations at higher levels in the food chain through dietary accumulation.

Biotoxicity

Biotoxicity is a measure of the effect a chemical can cause in an organism, and the amount of chemical necessary to produce the effect.  Acute toxicity causes death or extreme physiological disorders to organisms shortly following exposure to the chemical.  Chronic toxicity involves long-term effects of small doses of a chemical and their cumulative effects over time.  These effects may lead to death of the organism, or disruptions of vital functions such as reproduction.  Biotoxicity is influenced by the organism (e.g., life stage, species, sex, etc.), the concentration of the substance, the duration of exposure, synergism with other chemicals, and environmental conditions.

Biodiversity

Biodiversity is the total of all living organisms and the communities and ecological complexes in which they occur, their variety and variability, and the interactions between them.  Biodiversity is considered on a number of levels, including genetic diversity, species diversity, and community or ecosystem diversity.  Decreases in biodiversity weaken an ecosystem, making it more susceptible to distress from natural and artificial sources.

h) Discuss how synergism makes it difficult to establish a cause and effect relationship between pollutants and disease.
Synergism is the interaction of individual chemicals to produce an effect greater than the sum of the independent effects of the individual chemicals.  In other words, two or more relatively harmless substances, that, once mixed become toxic, demonstrate synergism.  For example, a laboratory study of the effect of a single chemical on an organism may underestimate the effects that will occur in the natural environment, where the organism may be simultaneously exposed to a multitude of other chemicals which may interact with the original chemical.

8. Environmental restoration personnel shall demonstrate a familiarity-level knowledge of the basic principles and concepts of meteorology.

i) Discuss the properties of high pressure and low pressure systems and their impact on air pollution.

Air molecules are in constant motion, colliding with each other and objects in their paths.  As the molecules collide, energy is transferred in the form of momentum.  The momentum transferred is a function of the average kinetic energy of the molecules and is proportional to the absolute temperature.  As the collision occurs, a force is exerted on a unit area of surface and is called air pressure.

An object on the earth’s surface supports a vertical column of air which overlays it.  This column of air exerts a force on the object equal to its weight.  This force or atmospheric pressure is greatest near sea level (1.013 x 105 N/m2).  Atmospheric pressure decreases with altitude because the weight of the overlying column of air decreases.  Atmospheric density also decreases because the concentration of gaseous molecules per unit volume decreases.  Thus, within the atmosphere, there are high and low pressure air masses.

Large-scale horizontal air movements result from the differential heating, including cooling, of the earth’s surface.  Basically, this solar energy creates the large-scale pressure gradients.  Air flow moves laterally from high pressure areas to low pressure areas; this pressure gradient creates local weather conditions (e.g., wind conditions, storm fronts, etc.).  Classic air pollution episodes — most notably smog — occur when pressure systems allow air motion to stagnate.  Stagnant air is also known as light wind.  Pollutant concentrations increase with light wind conditions.  In periods of high winds of variable direction, pollutants are dispersed over greater lateral distances, and pollutant concentrations are lower.

al) Discuss the following horizontal dispersion terms:

· Wind rose

· Pollution rose/plume meander

Wind Rose

A wind rose is a graphical representation of wind direction frequency and speed for a set time period.  Data are plotted for eight primary and eight secondary compass directions.  The length of each spoke delineates the wind speed.  The center of the wind rose presents the percentage of calms, with each concentric circle showing the wind speed in the depicted range.
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   Figure 1. A wind rose.
Pollution Rose/Plume Meander

A pollution rose/plume meander is a wind rose graphically showing pollutant dispersion data from point and area sources.  Figure 2 shows a pollution rose for carbon monoxide from an air monitoring location.
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Figure 2. A carbon monoxide wind rose.
am) Describe the role of lapse rate in determining dispersion coefficients.

· Dry adiabatic lapse rate

· Prevailing lapse rate

· Neutral lapse rate

· Subadiabatic lapse rate

· Weak lapse rate

· Inversion

· Superadiabatic lapse rate

Lapse rate is the decrease in temperature due to increasing altitude.  The lapse rate continues in the troposphere to an elevation of approximately 10 kilometers (km).  The decrease in temperature with height is due to reduction of heating processes and radiative cooling of the air.  The average normal lapse rate is -0.65°C/100m or -6.5°C/km.

The temperature values measured in a vertical column of air may vary widely with elevation.  This measured temperature variance is called the lapse rate (or environmental lapse rate).  These different lapse rate values characterize the stability of the atmosphere according to air motion and thus pollutant dispersion.  Stability then is the turbulence created by buoyant forces in the atmosphere and is related to the vertical temperature profile.  The atmosphere is considered stable when the lapse rate approximates a normal lapse rate (-0.65°C/100m).

For warm, dry air being lifted vertically in dry air conditions, adiabatic expansion and cooling take place.  Under these conditions the lapse rate is called the dry adiabatic lapse rate and has a value of -1°C/100m or-10°C/km.

The prevailing lapse rate is the term used to describe the consistent current atmospheric conditions at a given geographic location.  This lapse rate is dependent on various factors such as elevation, prevailing winds, moisture content, etc., and varies from location to location.

A neutral lapse rate occurs when atmospheric conditions approach the adiabatic lapse rate 
(-0.65°C/100m).  Neutrally stable air is warmer than surrounding atmosphere and rises, resulting in good dispersion of pollutants. 

The subadiabatic lapse rate (≤-1°C/100m) is less than the dry adiabatic lapse rate.  Atmospheric conditions are considered stable under a subadiabatic atmosphere.

A weak lapse rate, or isothermal conditions, occurs when a warm parcel of air is released into an environment where the temperature remains constant with elevation.  Under these atmospheric conditions, the atmosphere is weakly stable and dispersion of pollutants is limited.

In an inversion, air parcel temperature is cooler than the surroundings, allowing the air to sink.  Atmospheric conditions are very stable, with restricted vertical motion and resistance to change. Dispersion potential during inversion conditions is very poor.  An inversion represents unusually stable air and is particularly favorable for the entrapment of pollutants to the degree that heavy smog or highly toxic fog can develop.  Local topography, such as in mountain valleys, can exacerbate inversion conditions by naturally trapping stable air.  A frontal inversion results when rapidly moving warmer air masses move into air masses of lower temperature, passing over the cooler air mass and forcing it to remain at ground level.

Superadiabatic lapse rate (-2°C/100m) occurs when unstable atmospheric conditions are such that warm air is cooling at a rate greater than the adiabatic lapse rate (-1°C/100m) allowing air to rise rapidly.  A superadiabatic lapse rate is excellent for vertical dispersion of pollutants.

an) Describe the classes of atmosphere stability, including inversions.
The classes of atmospheric stability are categorized into four types based on lapse rate:

· Unstable or superadiabatic lapse rate
· Neutrally stable or approximately the adiabatic lapse rate
· Isothermal
· Very stable or inversion conditions
Figure 3 graphically illustrates the relationship between elevation and temperature for each atmospheric stability category.  The figure presents the adiabatic lapse rate or normal lapse rate (dashed line) by showing a constant slope throughout.  The solid line represents the slope of the environmental lapse rate that shows the relationship between the elevation and temperature of an air mass.  As an air mass moves up and down the solid line, it is creating stable or unstable atmospheric conditions in relation to the surrounding air conditions.

Isothermal stability is when atmospheric conditions are such that temperature remains constant with increasing elevation and a warm air mass rises until it reaches equilibrium with the surrounding environment.  Isothermal conditions are fairly stable and, therefore, are limited in the dispersion of pollutants.  Inversions occur under very stable atmospheric conditions.  Under such conditions, atmospheric temperatures increase rather than decrease with increasing altitude, until a region of cooling is eventually reached.  The inversion layer is the vertical distance in which this inversion of expected temperature ranges occurs.  Inversion layers are located at ground level and in a variety of different atmospheric regions.  Inversions limit vertical atmospheric mixing and will vary in altitude during the course of the day.  The condition described above is the classic subsidence inversion.  Advective inversions are formed when a warm air mass moves to cover a colder surface, as when warm air is forced over cooler mountains, resulting in the warm air passing over and the cooler air remaining stagnant on the lee side of the mountains. Radiation inversions (nocturnal inversions) occur due to loss of surface heat during the night as radiant energy stored in the ground is dissipated.  As the surface temperature decreases, the air above the ground loses heat, producing a cooler air mass which remains stagnant.  A frontal inversion results when rapidly moving warmer air masses move into air masses of lower temperature, passing over the cooler air mass and forcing it to remain at ground level. 
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   Figure 3. Environmental lapse rates and atmospheric stability.
Also important to air stability is the effect of density differences. Air pressure — created by the kinetic energy of molecules colliding — elevation, and density of an air mass are all interrelated.  In general, as an air mass moves to a higher elevation, it has less air pressure or less kinetic energy due to a decrease in the concentration of air particles.  Moreover, as an air mass moves higher, its density also decreases, subjecting the mass to wind movement. Therefore, as an air mass at a high elevation cools, it drops in elevation, resulting in an increase in density, temperature, and pressure.  These changes then create stable or unstable conditions, such as stagnation.

ao) Describe the kind of information given by a wind rose and pollution rose.
See item “b” of this competency statement for information regarding this item.

9. Environmental restoration personnel shall demonstrate a familiarity-level knowledge of basic thermodynamics concepts and theories.

ap) Define the following terms:

· Specific volume

· Density

· Specific gravity

· Mass

· Weight

Specific Volume

The specific volume of a substance is the total volume of that substance divided by the total mass of that substance (volume per unit mass).  It has units of cubic feet per pound-mass (ft3/lbm).

Density

The density of a substance is the total mass of that substance divided by the total volume occupied by that substance (mass per unit volume).  It has units of pound-mass per cubic feet (lbm/ft3).  The density of a substance is the reciprocal of its specific volume.

Specific Gravity

Specific gravity is a measure of the relative density of a substance as compared to the density of water at a standard temperature.  Physicists use 39.2°F (4°C) as the standard, but engineers ordinarily use 60°F.  In the International System of Units (SI Units), the density of water is 1.00 g/cm3 at the standard temperature.  Therefore, the specific gravity (which is dimensionless) for a liquid has the same numerical value as its density in units of g/cm3.  Since the density of a fluid varies with temperature, specific gravities must be determined and specified at particular temperatures.

Mass

The mass of a body is the measure of the amount of material present in that body.  The weight of a body is the force exerted by that body when its mass is accelerated in a gravitational field.

Weight

The weight of a body is the force exerted by that body when its mass is accelerated in a gravitational field.

aq) Describe the relationship between absolute pressure, gauge pressure, and vacuum.
When pressure is measured relative to a perfect vacuum, it is called absolute pressure (psia), and when measured relative to atmospheric pressure (14.7 psi), it is called gauge pressure (psig).  The latter pressure scale was developed because almost all pressure gauges register zero when open to the atmosphere.  Therefore, pressure gauges measure the difference between the pressure of the fluid to which they are connected and that of the surrounding air.

If the pressure is below that of the atmosphere, it is designated as a vacuum.  A perfect vacuum would correspond to absolute zero pressure.  All values of absolute pressure are positive, because a negative value would indicate tension, which is considered impossible in any fluid.  Gauge pressures are positive if they are above atmospheric pressure and negative if they are below atmospheric pressure.

ar) Define the following and describe their relationship: 

· Energy 

· Potential energy 

· Kinetic energy 

· Work 
· Heat

Energy

Energy is defined as the capacity of a system to perform work or produce heat.

Potential Energy

Potential energy (PE) is defined as the energy of position.  Using English system units, it is defined by the following equation:

PE = mgz/gc

where

PE = potential energy (ft-lbf)

m = mass (lbm)

z = height above some reference level (ft)

g = acceleration due to gravity (ft/sec2)

gc = gravitational constant = 32.17 ft-lbm/lbf-sec2

In most practical engineering calculations, the acceleration due to gravity (g) is numerically equal to the gravitational constant (gc); thus, the potential energy (PE) in foot-pounds-force is numerically equal to the product of the mass (m) in pounds-mass times the height (z) in feet above some reference level.

Kinetic Energy

Kinetic energy (KE) is the energy of motion.  Using English system units, it is defined by the following equation:

KE mv2/2gc

where

KE = kinetic energy (ft-lbf)

m = mass (lbm)

v = velocity (ft/sec)

gc = gravitational constant = 32.17 ft-lbm/lbf-sec2

Work

Work is a form of energy, but it is energy in transit.  Work is not a property of a system. Work is a process done by or on a system, but a system contains no work.

This distinction between the forms of energy that are properties of a system and the forms of energy that are transferred to and from a system is important to the understanding of energy transfer systems.

Work is defined for mechanical systems as the action of a force on an object through a distance.  It equals the product of the force (F) times the displacement (d).

In dealing with work in relation to energy transfer systems, it is important to distinguish between work done by the system on its surroundings and work done on the system by its surroundings.  Work is done by the system when it is used to turn a turbine and thereby generate electricity in a turbine-generator.  Work is done on the system when a pump is used to move the working fluid from one location to another.  A positive value for work indicates that work is done by the system on its surroundings; a negative value indicates that work is done on the system by its surroundings.

Heat

Heat, like work, is energy in transit.  The transfer of energy as heat, however, occurs at the molecular level as a result of a temperature difference.  The symbol (Q) is used to denote heat.  In engineering applications, the unit of heat is the British thermal unit (Btu).  Specifically, this is called the 60 degree Btu because it is measured by a one degree temperature change from 59.5°F to 60.5°F.

As with work, the amount of heat transferred depends upon the path and not simply on the initial and final conditions of the system.  Also, as with work, it is important to distinguish between heat added to a system from its surroundings and heat removed from a system to its surroundings.  A positive value for heat indicates that heat is added to the system by its surroundings.  This is in contrast to work that is positive when energy is transferred from the system and negative when transferred to the system.  The symbol (q) is sometimes used to indicate the heat added to or removed from a system per unit mass.  It equals the total heat (Q) added or removed divided by the mass (m).  

as) Describe the following types of thermodynamic systems: 

· Isolated system 

· Open system 

· Closed system

Isolated System

An isolated system is one that is not influenced in any way by the surroundings.  This means that no energy in the form of heat or work may cross the boundary of the system.  In addition, no mass may cross the boundary of the system.

Open System

An open system is one that may have a transfer of both mass and energy with its surroundings.

Closed System

A closed system has no transfer of mass with its surroundings, but may have a transfer of energy (either heat or work) with its surroundings.

at) Using the ideal gas law, discuss the relationship between pressure, temperature, and volume.

The ideal gas constant is designated by (R), and the ideal gas equation is

Pv = RT

where

P = pressure

v = volume

T = temperature, and the pressure and temperature are absolute values.

The individual gas constant (R) may be obtained by dividing the universal gas constant (Ro) by the molecular weight (MW) of the gas.  The units of (R) must always be consistent with the units of pressure, temperature, and volume used in the gas equation.  No real gases follow the ideal gas law or equation completely.  At temperatures near a gas’s boiling point, increases in pressure will cause condensation to take place and cause drastic decreases in volume.  At very high pressures, the intermolecular forces of a gas are significant.  However, most gases are in approximate agreement at pressures and temperatures above their boiling point.

The ideal gas law is used by engineers working with gases because it is simple to use and approximates real gas behavior.  Most physical conditions of gases used by man fit the above description.  Perhaps the most common use of gas behavior studied by engineers is that of the compression process using ideal gas approximations.  Such a compression process may occur at constant temperature (pV = constant), constant volume, or under adiabatic conditions (no heat transfer).  Whatever the process, the amount of work that results from it depends upon the process.

au) Describe the effects of pressure and temperature changes on confined fluids.  

The predominant effect of an increase in pressure in a compressible fluid, such as a gas, is an increase in the density of the fluid.  An increase in the pressure of an incompressible fluid will not have a significant effect on the density.  For example, increasing the pressure of 100°F water from 15 psia to 15,000 psia will only increase the density by approximately 
6 percent.  Therefore, in engineering calculations, it is assumed that the density of incompressible fluids remains constant.

An increase in temperature will tend to decrease the density of any fluid.  If the fluid is confined in a container of fixed volume, the effect of a temperature change will depend on whether the fluid is compressible.

If the fluid is a gas, it will respond to a temperature change in a manner predicted by the ideal gas laws.  A 5 percent increase in absolute temperature will result in a 5 percent increase in the absolute pressure.

If the fluid is an incompressible liquid in a closed container, an increase in the temperature will have a tremendously greater and potentially catastrophic effect.  As the fluid temperature increases, it tries to expand, but expansion is prevented by the walls of the container.  Because the fluid is incompressible, this results in a tremendous increase in pressure for a relatively minor temperature change.  The change in specific volume for a given change in temperature is not the same at various beginning temperatures.  Resultant pressure changes will vary.  A useful rule for water is that pressure in a water-solid system will increase about 100 psi for every 1°F increase in temperature.

av) Describe how the density of a fluid varies with temperature.

An increase in temperature will tend to decrease the density of any fluid.  

aw) Define the term “buoyancy.”

Archimedes’ principle of buoyancy states that the buoyant force exerted on a floating body is equal to the weight of the volume of water which is displaced by that body.  Since the weight of water is about 62 pounds per cubic foot, huge forces result from large displacements, so it becomes understandable how steel ships float.  This law or principle is used in determining specific gravity of various substances.
ax) Describe the relationship between the pressure in a fluid column and the density and depth of the fluid.

Pressure can be measured with reference to the force that exists in a column of fluid at a certain height.  The most common of these are inches of water, inches of mercury, millimeters of mercury, and microns of mercury.  Conversion factors are listed below.

14.7 psia = 408 inches of water

14.7 psia = 29.9 inches of mercury

1 inch of mercury = 25.4 millimeters of mercury

1 millimeter of mercury = 103 microns of mercury

ay) Define the property of viscosity.
Viscosity is a measure of the resistance of a fluid to deformation under shear stress.  It is commonly perceived as thickness, or resistance to pouring.  Viscosity describes a fluid’s internal resistance to flow and may be thought of as a measure of fluid friction.  Thus, water is thin having a low viscosity, while vegetable oil is thick having a high viscosity.

az) Define the term head, head loss, and frictional loss, with respect to its use in fluid flow.

Head

Head is the pressure generated by the height of a fluid.
Head Loss and Frictional Loss

Head loss is the combination of two major components: friction losses and minor losses.  Frictional losses are head losses due to the friction that the walls of the pipe impose on a liquid.  Frictional losses are dependent on the viscosity of the fluid and the turbulence of the flow.  Minor losses are losses due to the change in flow patterns of the liquid, i.e., bends, valves, sudden changes in pipe diameter, etc.  Minor losses are usually negligible compared to friction losses in larger pipe systems.

10. Environmental restoration personnel shall demonstrate a working-level knowledge of engineering drawings.

ba) Given an engineering drawing, read and interpret the information contained in the title block, the notes and legend, the revision block, and the grid.

bb) Identify the symbols used on engineering P&IDs for:
· Types of valves and actuators

· Basic types of instrumentation

· Types of instrument signal controllers and modifiers

· Types of system components (pumps, etc.)

· Types of lines

bc) Identify the symbols used on engineering P&IDs to denote the location of instruments, indicators, and controllers.

bd) Identify how valve conditions are depicted.

be) Determine system flowpath(s) for a given valve lineup.

Items “a” through “e” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

11. Environmental restoration personnel shall demonstrate a working-level knowledge of the principles and concepts of environmental restoration.
bf) Discuss the currently available investigation, characterization, and data management technologies for environmental restoration.

The Technology Applications Program (TAP) at Sandia National Laboratories (SNL) develops, transfers, and applies new and emerging technologies to improve environmental restoration (ER) efforts to identify, assess, and remediate SNL’s inactive waste and release sites.  TAP focuses on technologies that fill gaps in the existing technology base, offer improvements in cost-effectiveness, save time, and meet site needs.  SNL’s ER project is currently faced with identifying and characterizing its inactive waste and release sites, determining the hazards posed by contamination at those sites through risk assessment, and preparing to start remediation work at some sites. 

ER needs may be categorized as follows: decision support tools (DSTs) (computer codes to quantify key elements in the decision-making process), characterization and monitoring technologies (methods for assessing an ER site to identify real hazards and source-to-receptor pathways), remediation technologies for treatment and disposal, and postclosure-monitoring technologies to assess the effectiveness of a remedial alternative. 

Decision Support Tools

Probabilistic Risk Evaluation and Characterization Investigation System (Precis) software aids site investigators in: performing probabilistic risk assessments to quantify risk to human and environmental receptors (and associated uncertainty) resulting from site contamination;  determining risk-based action or cleanup levels; and prioritizing data needs for characterization.  Precis can be used to estimate dose and action or cleanup levels for radionuclides, risks and toxicity effects from hazardous chemicals, and action or cleanup levels for hazardous chemicals. 

Borehole Optimization Support System (BOSS) software helps determine the optimum number and location of boreholes and monitoring wells necessary to define the nature and extent of contamination, and to detect possible releases of contaminants from a waste site.  Transport models are used to simulate contaminant migration from the waste site.  Data from a borehole or monitoring well is used to locate the next borehole before the drill rig is moved. 

Optimization Program to Minimize Analytical Sampling (OPTMAS) software combines probabilistic geostatistical simulations with optimization theory to predict the locations for obtaining surface soil samples that are required to define the nature and extent of surface soil contamination.  OPTMAS is used for soils in which the physics of transport cannot be accounted for, and where statistical methods are the only practical means to reduce sampling costs to obtain a defensible sampling scheme. 

Cost Uncertainty in Remediation Engineering (CURE) software is a modification of an existing cost code available from Delta Research Corporation.  An understanding of the uncertainty associated with remediation of a particular site is extremely useful in planning efforts for remediation budgets.  CURE is used to develop rough cost estimates and contingencies for remediation activities at SNL’s ER project sites. 

Characterization and Monitoring Technologies

Ion mobility spectrometry (IMS) quantifies amounts of high explosives in soils.  The IMS unit is tabletop sized and can be used in a mobile laboratory.  The system, which will be used for soil analysis, is more robust and more cost- and time-effective than the technique currently endorsed by the U.S. Environmental Protection Agency. 

TAP is developing special classes of time-domain reflectometry (TDR) sensors for quantifying moisture content in soils.  TDR is an electromagnetic technique for measuring the dielectric constant of the soil.  Moisture content is a critical parameter for risk assessment and for flow and transport calculations.  Moisture-content data are necessary for optimizing the performance of remedial designs for bioremediation and soil venting.  Two computer-automated systems have been developed: a small probe to analyze moisture content from soil cores at waste sites and a system using subsurface probes coupled with a multiplexer to evaluate changes in moisture movement in the subsurface.  The latter also is ideal for post closure monitoring.  Another TDR technology, a prototype system for downhole logging in access tubes, offers a safer alternative to the conventional neutron probe technology, which uses nuclear materials to quantify moisture content. 

TAP and Geo Centers, Inc., are developing a fiber optic probe for pore-pressure measurements in arid, unsaturated soils using Geo Centers’ patented, proprietary fiber-optic technology.  Pore pressure is a key parameter for risk assessment analyses.  

SNL is developing a new method for obtaining real-time hydraulic characterization data, or permeability data, from field tests using the Advanced Ring Infiltrometer Device (ARID).  Water permeates an infiltrometer ring, and measurements are recorded on the rate of the wafting front advance using TDR probes.  The rate of advance is solely dependent on the hydraulic properties of the soil.  The system provides saturated and unsaturated permeability estimates, as well as soil retention characteristics. 

TAP and the New Mexico Institute of Mining and Technology are developing an alternative methodology (including a computer code) to simulate flow and transport through unsaturated soils.  Equations relating heat flow and stable isotope behavior are added to the hydrologic model to obtain a more robust or unique set of simulation conditions. 

High-resolution infrared (IR) thermographic imaging produces a representation of the IR spectrum on a land surface to detect anomalies in the thermal response of the soil.  Thermal anomalies around waste sites are typically associated with buried objects or disturbed soil.  Sites as large as 50 acres may be analyzed in one day, yielding estimates of waste pit and trench boundaries and locations of buried objects.  Used with other noninvasive geophysical methods, the technique can gather extensive characterization data on a site before drilling and sampling activities begin.  
In situ moisture logging is being performed with a new nuclear logging tool that can quantify soil-moisture content and soil density along an access tube in the subsurface.  It will be ideal for use in logging horizontal access tubes beneath a waste site or a buried tank to monitor fluid changes.  The tool is self-contained, and its operation is programmed with a portable computer for start time and counting frequency.  It is attached to a constant-velocity winch cable system previously drawn through the horizontal access tube to allow the probe to collect continuous data along the tube.  A portable computer coupled to the winch collects distance information.  The combined winch and probe data yield distance versus moisture and/or density information. 

TDR and fiber optic probes are being developed for use in a cone penetrometer tip containing hydrologic and chemical sensors to obtain site characterization data with a minimally intrusive system.  Cone penetrometer systems are rapidly replacing drilling and sampling operations because they are cheaper, faster, and safer. 

Reprinted from U.S. Department of Energy, Office of Environmental Management, SNL Develops New Environmental Restoration Technologies.

j) Discuss the various currently available remediation technologies and their applications.
The Remedial Process Alternatives Selection System, a new decision support tool, will provide a method of evaluating and comparing remedial alternatives for the various types of ER sites at SNL.  Risk assessment, cost, and remedial technologies will be combined so that users can assess the relative cost benefit of various actions. 

Postclosure monitoring will involve monitoring for moisture and contaminant releases.  Some TAP-developed technologies for characterization, such as TDR, could be used for postclosure monitoring to provide real-time subsurface moisture monitoring changes. 
12. Environmental restoration personnel shall demonstrate a familiarity-level knowledge of evaluating technologies.

bg) Discuss the Department’s policies and procedures for screening technologies.
The Department has an overall policy that facility improvements and all other projects involving design and implementation of physical plant projects, including those that achieve or facilitate environmental compliance, be planned and designed in a manner that fosters
· functional effectiveness (meet environmental compliance objectives);

· cost-effectiveness, including life-cycle cost analysis;

· constructability in accordance with appropriate federal, state, and local building codes;
· ease of operation and maintenance over appropriate design life.

These factors are incorporated into a design alternatives analysis that is required before any physical asset is acquired or any facility design is implemented.  The design alternatives analysis is a cornerstone process that is used throughout the Department of Energy (DOE) complex as one means to continual improvement in the Department’s business practices.  Such an analysis is applied in the environmental compliance (EC) program whenever improvements to the EC infrastructure are planned and designed.  Examples of types of EC activities are:

· waste management facilities, such as groundwater and wastewater treatment plants, air pollution control units, and solid, hazardous, and radioactive waste packaging, treatment, and disposal facilities;
· environmental monitoring systems;
· closure of waste management units.

Evaluation of a range of technologies for accomplishment of waste management, monitoring, or closure objectives is a key element of the design alternatives analysis process.  The technology evaluation feeds vital information into the design alternatives analysis about the technical feasibility, cost, and comparative pros and cons of the range of potentially suitable technologies, which is then used in the alternatives analysis.  These steps are usually taken during or before Title I design is completed for an environmental compliance infrastructure project, which is the planning and conceptual design stage in accordance with DOE project management guidance.  

bh) Describe the process for performing an analysis of alternative environmental restoration options.

In the context of EC infrastructure projects, an alternatives analysis that incorporates technology evaluation is conducted in a staged manner:

· Project scoping.  During the initial planning of EC infrastructure projects, alternatives analysis and technology evaluation are initiated to assist project scoping and the project funding decision.  Key uncertainties in the project scope in relation to appropriate technology are identified and addressed in the next stage of alternative analysis.

· Title I design.  As an initial task in the Title I design process, an alternative analysis with technology evaluation is performed to select the optimum EC system option for design and execution.

Project Scoping

As part of the scoping process, different options for meeting the EC objective(s) of the project are identified, and the technologies that could be incorporated into the various options are assessed, sometimes with a state-of-the-art analysis which draws on
· reported experience in the Complex, in other government-administered programs (e.g., Department of Defense installations, municipal wastewater treatment, and solid waste disposal facilities), and in industry (e.g., nuclear power generating stations);

· emerging/innovative technology development studies and demonstration programs (e.g., the EPA Technology Transfer Program, and the DOE Remedial Action Program Information Center);
· mandated technology-based compliance program requirements (e.g., EPA categorical effluent limitations for industrial wastewater effluents and supporting development documents, and EPA Maximum Achievable Control Technology (MACT) regulations for air pollution control technology).

From the scoping analysis of options and technologies, a reduced list of potentially feasible options is advanced to the next alternatives analysis stage in Title I design.  The options incorporate available, demonstrated feasible technologies and, as appropriate and necessary, innovative/developing technologies.

Title I Design

In the initial part of Title I design development, a more detailed alternative analysis of the options for EC infrastructure improvements is conducted, incorporating the factors listed, plus additional attributes required for comparative analysis and selection of the best option.  The format and content of the options analysis will vary depending on the type of EC project (waste/media management, monitoring, closure) and the scale of project activity being planned:

· Is it a large or small scale project? 

· Is it a programmatic, project development, or unit-specific project?  The alternatives analysis will vary in complexity depending on whether multiple locations and project objectives are under consideration (programmatic), a group of technologies and project objectives are being combined (project development), or a single physical unit, location, and EC objective are being addressed (unit-specific).
· Is it for the replacement of an EC unit/technology or system having multiple technologies, the expansion/upgrading of an existing multiple-technology system, or for a new, grass-roots EC system development?
With some room for project-specific variation, the steps in the analysis will be as stated below.

Conduct Technology Studies

Prior to the summary analysis and selection, additional study may be conducted for both state-of-the-art and developing technologies to accomplish two objectives:
· Develop a more detailed assessment of technical feasibility and costs.
· Obtain design criteria, either of general or direct applicability, to the site-specific and installation-specific conditions.

Such technology studies may take a number of forms and require varying time and funding commitments.  The level of detail could involve a range of approaches and complexity.  Further literature review could be conducted and contacts made with technology developers and practitioners.  Field trips could be made to inspect existing and in-construction installations.  During the site visit, performance and cost data can be obtained from technology suppliers and/or the owner.  Laboratory and/or field pilot tests, known as treatability studies, may be conducted on the technology either on-site or in a remote test facility.

Technology studies may also be incorporated into the project after the alternatives analysis is complete if the objective is to obtain design criteria for the selected option prior to detailed (Title II) design.

Establish Project Requirements

The first step in the options analysis will be the setting of key project requirements that form the basis for comparative analysis.  These may include some or all of the following:

· Regulatory compliance standards (e.g., wastewater effluent or air emissions quality criteria)
· Other applicable federal, state, and local laws and regulations (e.g., the Federal Endangered Species Act consultation requirements for endangered species habitat impacts of site development, state hazardous waste management regulations governing hazardous waste generation and treatment, storage and disposal facilities)
· Cost and schedule constraints and objectives
· Health and safety requirements for construction and operation
· Operation and maintenance levels and requirements
· Environmental protection/review requirements for compliance with the National Environmental Policy Act
· Secondary waste/residues management requirements
· Energy conservation goals and objectives
· Safeguards and security requirements
Develop Option Descriptions
Each option must be developed at least to the extent necessary for comparative analysis.  Technology designs are developed to the conceptual level of detail, with major unit sizing, area requirements, and identification of necessary process controls, ancillary systems, and utility requirements.  Process inputs are estimated (e.g., treatment chemicals, consumables) and residuals are delineated as to quantities and disposal or other handling requirements.  A description is prepared of how the new, expanded, or upgraded EC facility will integrate with existing capacity and related systems.  If a complete option includes elements that meet two or more discrete project needs, then the mixing of technologies/‌alternatives to address each element must be considered.  This is often needed to assure that the objective of cost-effectiveness is achieved.  For example, a site that requires upgrades to an existing wastewater treatment plant and improvements to the existing wastewater collection system that conveys wastewater to the existing centrally-located treatment facility would be well served to look at the treatment and collection/conveyance parts of the project separately when options are initially formulated.  Then, different collection/conveyance and treatment alternatives can be combined for analysis of a number of options.

Prepare Cost Estimation

Cost estimates are prepared for the options at a level of detail commensurate with the stage of the project when the options analysis is performed.  If the options analysis is performed prior to Title I design, then conceptual design estimates are prepared; however, if the analysis occurs during Title I, then Title I estimates are prepared for the alternatives.  Although the Title I estimate entails a greater level of detail and requires more resources, usually a fewer number of options require cost estimation at the Title I stage than in the planning conceptual design stage because less-feasible options have been recognized and dropped from consideration during early Title I development.  The estimates should include implementation, operation, decommissioning, and closure costs to allow lifecycle cost analysis, however, especially in the pre-Title I stage, cost estimation often will only include implementation and operation (including maintenance) costs for a simple cost effectiveness analysis.  Life-cycle costing is restricted to Title I alternatives analyses and beyond during validation of the project in Title II.

Perform Criteria Analysis
Each alternative is analyzed using several criteria to allow selection of the best project option.  The major analyses and specific criteria evaluated in each analysis are outlined as follows:

· Technical feasibility

· Functional effectiveness and reliability (compliance risk)
· Level of technology development and availability
· Ease of operation and maintenance (including worker health and safety risks) Residuals management
· Energy requirements
· Cost effectiveness

· Present worth costs (capital, replacement, salvage, and operation and maintenance costs returned to present worth at the selected project base year [either the date of analysis or of scheduled project startup])
· Cost sensitivity analysis (potential cost impacts of technology uncertainties and other project assumptions)
· Environmental, safety, and health review

· Assessment of alternatives and technologies for achievement of core EC project objectives
· Compliance risk analysis
· Health & safety (H&S) analysis, comparison of H&S risks, and requirements of alternatives and technologies
· Identification of requirements for environmental impact analysis and consultation on ecological resource effects
· Administrative requirements

· Permits and approvals
· Stakeholder involvement in waste management and land use decisions
· Safeguards and security
Perform Decision Analysis
Rating and ranking techniques are used to select the optimum, technically-feasible, cost-effective, environmentally-benign, and doable alternative with its supporting technologies.  Some technology selections may be contingent on further field scale demonstration of their feasibility, in the case of technologies with particularly large funding requirements or for technologies which are developmental.  Often, a summary decision matrix is used to summarize the analysis, with text support for key differences among the alternatives and attributes of competing technologies.

Present Selected Alternative and Technologies
The selected alternative is presented in the conclusion of the analysis, with highlights of the factors which favored it.  The conceptual design and cost estimate, life-cycle cost analysis (if prepared), summary of advantages/disadvantages, additional technology assessments and other special studies required prior to Title II design, execution schedule, and scoping for permits and other administrative requirements are all presented.

13. Environmental restoration personnel shall demonstrate a working-level knowledge of problem analysis principles and techniques necessary to identify problems, determine potential causes of the problems, and identify corrective actions.
bi) Describe and explain the application of problem analysis techniques, including the following:

· Root Cause Analysis

· Causal Factor Analysis

· Change Analysis

· Barrier Analysis

Detailed descriptions of these techniques are available in the Problem Analysis and Risk Assessment Self-Study Guide.
bj) Describe and explain the application of the following Root Cause Analysis processes in the performance of occurrence investigations:

· Events and Causal Factors Charting

· Root Cause Coding

· Recommendation Generation

Detailed descriptions of these techniques are available in the Problem Analysis and Risk Assessment Self-Study Guide.
bk) Compare and contrast Type A and Type B accident investigations and discuss an example of the application of each.

Refer to the Problem Analysis and Risk Assessment Self-Study Guide.
bl) Explain the necessity for and differences between the immediate, short term, and long term actions taken as the result of a problem identification or occurrence.

Refer to the Problem Analysis and Risk Assessment Self-Study Guide.
bm) Explain and apply problem analysis techniques to the identification of potential problems and/or the prevention of problems.  Include data gathering techniques and the use of trending/history in your explanation.

Refer to the Problem Analysis and Risk Assessment Self-Study Guide.
bn) Participate in a contractor problem analysis and critique the results.
This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

14. Environmental restoration personnel shall demonstrate a working-level knowledge of Department of Energy (DOE) Order 5400.1, General Environmental Protection Program.

k) State the purpose of DOE Order 5400.1, General Environmental Protection Program.
Portions of this order have been deleted by DOE O 231.1, Environment, Safety, and Health Reporting.  Other portions have been incorporated into the same order.  The objective of the new order is to ensure collection and reporting of information on environment, safety, and health that is required by law or regulation to be collected, or that is essential for evaluating DOE operations and identifying opportunities for improvement needed for planning purposes within the DOE.
l) Define the following terms:

· Effluent

· Environmental monitoring

· Environmental protection standard

· Effluent monitoring

· Environmental surveillance

· Environmental occurrence

· Waste minimization

Effluent

An effluent is any treated or untreated air emission or liquid discharge at a DOE site or from a DOE facility.

Environmental Monitoring

Environmental monitoring is the collection and analysis of samples or direct measurements of environmental media.  Environmental monitoring consists of two major activities: effluent monitoring and environmental surveillance.

Environmental Protection Standard

Environmental protection standard is a specified set of rules or conditions concerned with: delineation of procedures; definition of terms; specification of performance, design, or operations; or measurements that define the quantity of emissions, discharges, or releases to the environment and the quality of the environment.

Effluent Monitoring

Effluent monitoring is the collection and analysis of samples or measurements of liquid and gaseous effluents for the purpose of characterizing and quantifying contaminants, assessing radiation exposures of members of the public, providing a means to control effluents at or near the point of discharge, and demonstrating compliance with applicable standards and permit requirements.

Environmental Surveillance

Environmental surveillance is the collection and analysis of samples, or direct measurements, of air, water, soil, foodstuff, biota, and other media from DOE sites and their environs for the purpose of determining compliance with applicable standards and permit requirements, assessing radiation exposures of members of the public, and assessing the effects, if any, on the local environment.

Environmental Occurrence 

Environmental occurrence is any sudden or sustained deviation from a regulated or planned performance at a DOE operation that has environmental protection and compliance significance.

Waste Minimization

A waste minimization program contains goals for minimizing the volume and toxicity of all wastes that are generated, with annual reductions if programmatic requirements allow.  Changes in waste quantity, volume, and toxicity that are achieved shall be compared with quantities generated in the previous year.  The proposed methods of treatment, storage, and disposal that accomplish waste minimization that are technically and economically practicable shall be reported as appropriate.  Waste minimization plans required by specific legislation, such as RCRA, shall be included as a part of this program plan.  The plan shall be reviewed annually and updated every three years.

m) Discuss the Department’s policy pertaining to the environmentally safe and sound operation of its facilities.

It is DOE policy to conduct its operations in an environmentally safe and sound manner.  Protection of the environment and the public are responsibilities of paramount importance and concern to DOE.  All DOE activities should recognize and reflect this concern and public trust.  To that end, DOE is firmly committed to ensuring incorporation of national environmental protection goals in the formulation and implementation of DOE programs.  It has an equal commitment to advance the goals of restoring and enhancing environmental quality and ensuring public health.  Accordingly, it is DOE policy to conduct the Department’s operations in compliance with the letter and spirit of applicable environmental statutes, regulations, and standards.  In addition, DOE is committed to good environmental management of all its programs and at all its facilities to correct existing environmental problems, to minimize risks to the environment or public health, and to anticipate and address potential environmental problems before they pose a threat to the quality of the environment or the public welfare.  Finally, it is DOE’s policy that efforts to meet environmental obligations be carried out consistently across all operations and among all field organizations and programs.

While responsibility for good environmental management is a Departmental responsibility, environmental protection practices will, of necessity, be carried out at the levels and locations where many DOE activities are performed by its management and operating contractors.  Thus, although the Department will continue to indemnify its management and operating contractors for fines, penalties, and other liabilities that are incurred pursuant to their contracts and not the result of willful misconduct or lack of good faith, it is DOE policy that contractors will share the Department’s commitment to good environmental management.  DOE expects its management and operating contractors to conduct their operations in an environmentally sound manner that limits the risks to the environment and protects the public health.  DOE will actively oversee contractors’ activities to assure compliance with this policy.

n) Discuss the Department’s policy pertaining to the minimization of waste.

Each field organization must prepare a plan that reflects the following waste minimization program requirements:

· Goals for minimizing the volume and toxicity of all wastes that are generated shall be included, with annual reductions if programmatic requirements allow.
· Changes in waste quantity, volume, and toxicity that are achieved shall be compared with quantities generated in the previous year.
· Proposed methods of treatment, storage, and disposal that accomplish waste minimization that are technically and economically practicable shall be reported as appropriate.
· Waste minimization plans required by specific legislation, such as RCRA, shall be included as a part of this program plan.

o) Discuss the requirements for notification and reports.  Include the following at a minimum:

· Office of Management and Budget Circular A-106

Office of Management and Budget Circular A-106
Departmental pollution abatement projects shall be reported in a five-year plan as required by Office of Management and Budget (OMB) Circular A-106, and EPA and DOE guidance issued thereto.  Field organizations shall submit their reports semiannually to EH-l on dates determined by EH-1, but in any event no later than May 1 and December 15 of each year.  Confirmatory reports are to be submitted by line organizations in those instances where there are no pollution abatement projects planned or underway.

p) Discuss the requirements for an Environmental Monitoring Plan.
A written environmental monitoring plan shall be prepared for each site, facility, or process that uses, generates, releases, or manages significant pollutants or hazardous materials.  The plan shall contain the rationale and design criteria for the monitoring program, extent, and frequency of monitoring and measurements, procedures for laboratory analyses, quality assurance requirements, program implementation procedures, and direction for the preparation and disposition of reports.

The plan shall be approved by the appropriate head of field organization, or his or her designee.  The plan shall identify and discuss two major activities: (1) effluent monitoring, and (2) environmental surveillance.  The plan shall reflect the importance of monitoring as a critical element of an effective environmental protection program.  The plan shall be reviewed annually and updated every three years.

Environmental Monitoring — General Requirements

Environmental monitoring shall consist of two major activities: effluent monitoring and environmental surveillance.
Effluent monitoring shall be conducted at all DOE sites to satisfy program objectives, which are to
· verify compliance with applicable federal, state, and local effluent regulations and DOE Orders;
· determine compliance with commitments made in environmental impact statements(EIS), environmental assessments (EA), or other official documents;
· evaluate the effectiveness of effluent treatment and control;
· identify potential environmental problems and evaluate the need for remedial actions or mitigation measures;
· support permit revision and/or reissuance;
· detect, characterize, and report unplanned releases.

Effluent monitoring shall comply with applicable regulations and shall be conducted to provide representative measurements of the quantities and concentrations of pollutants in liquid and airborne discharges and solid wastes.

· Monitoring Stations. Effluents from on-site waste treatment or disposal systems shall be monitored in accordance with applicable regulations.  Influents to on-site waste treatment or disposal systems should be monitored as needed.

· Sampling. Sample collection programs shall reflect specific facility needs.  Type and frequency of sampling shall be adequate to characterize effluent streams.

· Sample Analysis. Standard analyses shall be used to analyze samples whenever such methods are required by regulatory programs.  Exemptions due to analytical problems or for non-routine analyses may he employed after receiving approval from the appropriate regulatory agency.  Analyses not required by regulations may be conducted as determined by site-specific conditions.

· Monitoring Data Recordkeeping. Auditable records shall be established.

Environmental surveillance shall be conducted to monitor the effects, if any, of DOE activities on on-site and offsite environmental and natural resources.  An environmental surveillance screening program shall be undertaken at DOE sites to determine the need for a permanent surveillance program.  Environmental surveillance shall be designed to satisfy one or more of the following program objectives, which are to 
· verify compliance with applicable environmental laws and regulations;
· verify compliance with environmental commitments made in EISs, EAs, documented safety analyses, or other official DOE documents;
· characterize and define trends in the physical, chemical, and biological condition of environmental media;
· establish baselines of environmental quality;
· provide a continuing assessment of pollution abatement programs;
· identify and quantify new or existing environmental quality problems.

Environmental surveillance programs and components should be determined on a site-specific basis by the field organization.

Programs should reflect facility characteristics, applicable regulations, hazard potential, the quantities and concentrations of materials released, the extent and use of affected air, land, and water, and specific local public interest or concern.  Surveillance programs are likely to include one or more of the following:

· Monitoring stations

· Sampling and analysis

· Monitoring data record keeping

Meteorological Monitoring Program

Representative meteorological data are required at DOE facilities to support environmental monitoring activities.  This information is essential to characterize atmospheric transport and diffusion conditions in the vicinity of the DOE facility and to represent other meteorological conditions (e.g., precipitation, temperature, and atmospheric moisture) that are important to environmental surveillance activities such as air quality and radiation monitoring.

Meteorological information/monitoring programs.  A meteorological information/monitoring program shall be developed as a specific element of all environmental monitoring plans.  The program shall identify types of meteorological information required to support all environmental protection activities (both routine and non-routine) and the regulations applicable to assessing impacts of airborne releases.  The elements of the program (e.g., acquisition, analysis, and data management) shall be specified and the rationale or purpose for selecting those elements documented.

General requirements. Representative meteorological information shall be available at or in the vicinity of DOE facilities to
· provide data to characterize atmospheric transport, diffusion conditions, and other climatic conditions of importance in the vicinity of the DOE facility for assessments of the impacts of airborne releases (both routine and non-routine) on public health and safety;

· provide data to characterize conditions important to environmental surveillance activities such as air quality and radiation monitoring;

· provide data to confirm compliance with and implementation of applicable regulations and DOE Orders;
· provide a consistent database upon which decisions can be made concerning airborne releases and appropriate control activities.

Radiological and Non-Radiological Monitoring

Airborne radiation and radioactive materials discharged from DOE facilities shall comply with the requirements of 40 CFR 61, National Emission Standards for Hazardous Air Pollutants.  Further, for those radioactive materials not regulated under the Clean Air Act (CAA), DOE has established standards to meet its responsibilities under the Atomic Energy Act.

An assessment of the potential radiation dose to members of the public that could have resulted from site operations shall be made for facilities required to conduct effluent and environmental radiological monitoring.  Assessments shall be made in accordance with the requirements of DOE Orders dealing with radiation protection of the public and the environment.

Air monitoring — emissions.  Air emission monitoring shall be in accordance with the requirements of applicable federal, state, and local regulations authorized by the CAA. Section 118 of the Act specifically addresses the control of airborne pollution from federal facilities.  Design of air quality monitoring programs should be undertaken with a thorough understanding of the complex framework of air quality management.

Where applicable, DOE facilities shall comply with monitoring requirements discussed in 
40 CFR 60, which includes monitoring of fossil fuel combustion sources and associated test methods.  Appendix A of 40 CFR 60 provides methods referred to in 40 CFR Part 60.8 (Performance Tests) and 40 CFR 60.11 (Compliance with Standards and Maintenance Requirements).

Large permanent facilities or modification to such facilities may require a prevention of significant deterioration (PSD) permit prior to construction.  In addition to pre- and post-operational emission testing, the permit process may require up to a year of meteorological and ambient air quality monitoring.  Monitoring shall conform to the EPA monitoring regulations (40 CFR 58, Ambient Air Quality Surveillance), which contain siting, quality assurance, and accuracy requirements.  Siting of monitoring stations requires the use of atmospheric dispersion modeling to locate areas of expected maximum offsite impact.  The rules also identify specific reference methods and equivalent method analyses which shall be used for the program.

Air monitoring — environmental surveillance.  Ambient air quality monitoring programs should be designed to accomplish the following:

· Establish background concentration levels of pertinent chemical species
· Determine the highest concentrations of the pertinent pollutant species expected to occur in the vicinity of DOE operations
· Determine representative pollutant concentrations at areas where public health and other concerns should be considered
· Evaluate the effects of emissions on ambient levels of pertinent contaminants
Where possible, background data should be gathered from existing state and local air monitoring stations (SLAMS), which are required by 40 CFR 58.20, Air Quality Surveillance: Plan Content, to be provided for in a state’s implementation plan.  Design considerations for siting any supplementary air quality monitoring stations should include emissions, meteorology and climatology, topography, and geography.  Specific requirements associated with ambient air quality monitoring are found in regulations promulgated by EPA.  Particular attention shall be given to the following:

· 40 CFR 50, National Primary and Secondary Ambient Air Quality Standard
· 40 CFR 52, State Implementation Plan

· 40 CFR 53, Ambient Air Monitoring Reference and Equivalent Methods

· 40 CFR 58, Ambient Air Quality Surveillance

Water monitoring — effluents.  Under the authority of the Clean Water Act, EPA has promulgated regulations for monitoring liquid effluent discharges.  In the National Pollutant Discharge Elimination System (NPDES) established by section 402, the EPA Administrator, or states with approved programs, after opportunity for public hearing, issues permits that control and limit the discharge of any pollutant to the waters of the United States.  Where required, DOE facilities shall monitor liquid effluent discharges.  Federal regulations defining NPDES requirements for monitoring non-radioactive effluents appear in the following:

· 40 CFR 123, State Program Requirements

· 40 CFR 124, Procedures for Decision Making

· 40 CFR 125, Criteria and Standards for the National Pollutant Discharge Elimination System

· 40 CFR 129, Toxic Pollutant Effluent Standards

NPDES permits contain specific and legally enforceable effluent limitations and self-monitoring requirements for flow measurement and sampling.

In addition to rules promulgated under the Clean Water Act, DOE facilities shall satisfy monitoring requirements called for under RCRA, as amended, since under RCRA, a solid waste can be a liquid.  Under RCRA, it shall first be determined if a waste is hazardous.  If a waste is determined to be hazardous, the applicable regulations in 40 CFR 260 through 280 shall be implemented.

Water monitoring — environmental surveillance.  Ambient water quality monitoring should be conducted through a network of fixed stations from which data will establish well-defined histories of the physical, biological, and chemical conditions of local bodies of water and sediments.  The data obtained from this network should be coordinated with other monitoring activities.  Water quality data may be obtained from existing state and local monitoring stations.

Analysis of data collected from a fixed station monitoring network should support
· characterizing and defining trends in the physical, chemical, and biological condition of surface waters;

· establishing baselines of water quality;

· assessing water pollution control programs;

· identifying new water quality problems;
· detecting, characterizing, and reporting unplanned releases and their effects on water quality.

Monitoring networks should be operated and maintained in a uniform manner, i.e., through established procedures that allow comparative evaluations of data from monitoring sites.  Receiving water characteristics will determine the location of stations.  A reconnaissance survey might be sufficient in siting stations.  Under complex circumstances, mathematical models could be needed to select stations sites.

Monitoring programs are best served by fixed station networks.  However, a network of effluent monitoring and selected mobile monitoring stations could satisfy the needs at some facilities.

Surface water sampling performed at fixed monitoring stations will characterize physical and chemical properties of the water column and sediments, and biological species in the water column and benthos.  Types of sampling performed should depend upon local conditions and the variability of stream characteristics and water quality.

The monitoring frequency at a fixed network station is a function of the variability of the chemical, physical, and biological conditions of the water body.  Data collected shall be representative of the variations in water quality and changes in pollutant loads.  Varying sampling frequencies could be required to accurately reflect seasonal changes, variable pollution sources, time of water travel between stations, and tidal and diurnal variations.

Ambient water quality monitoring serves to confirm compliance with the Clean Water Act. An understanding of the Water Quality Management (WQM) process implemented by EPA, the states, interstate agencies, and area-wide, local and regional planning organizations is essential to the design of a water quality monitoring program.  The elements of the WQM processes are described in 40 CFR 130, Water Quality Planning and Management.  Test procedures for pollutant analyses are listed in the 40 CFR 136, Guidelines Establishing Test Procedures for the Analysis of Pollutants.

Groundwater Monitoring Plans

A groundwater monitoring plan shall be developed as a specific element of all environmental monitoring plans.  The plan shall identify all DOE requirements and regulations applicable to groundwater protection and include monitoring strategy.  The elements of the groundwater monitoring program shall be specified (sampling plan, sampling, analysis, and data management), as shall the rationale or purpose for selecting these elements.

General requirements.  Groundwater monitoring programs shall be conducted on-site and in the vicinity of DOE facilities to
· obtain data for the purpose of determining baseline conditions of groundwater quality and quantity;
· demonstrate compliance with, and implementation of, all applicable regulations and DOE Orders;
· provide data to permit the early detection of groundwater pollution or contamination;
· provide a reporting mechanism for detected groundwater pollution or contamination;
· identify existing and potential groundwater contamination sources, and maintain surveillance of these sources;
· provide data upon which decisions can be made concerning land disposal practices and the management and protection of groundwater resources.

Site-specific characteristics shall determine monitoring needs.  Where appropriate, groundwater monitoring programs shall be designed and implemented in accordance with 
40 CFR 264, Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities, subpart F, or 40 CFR 265, Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities, subpart F.  For sites with multiple groundwater pollutant sources, extensive groundwater pollution, or other unique site problems, groundwater monitoring programs could require more extensive information than those specified in 40 CFR 264 and 265. 

15. Environmental restoration personnel shall demonstrate a working-level knowledge of monitoring techniques related to environmental restoration.
q) Describe the types of equipment used to monitor a site for the following:

· Ambient air quality

· Emissions

· Groundwater contamination

· Meteorological factors

· River and stream contamination

· Soil and sediment contamination

· Wildlife contamination

Ambient Air Quality

Sampling of ambient air quality requires different analytical techniques and equipment depending on the atmospheric phase (gas, aerosol, or condensed water) and the chemical species under consideration.  In the absence of a condensed aqueous phase, aerosol particles are removed by filtration (impaction, diffusion, or interception onto a filter surface), with the air stream analyzed for the contaminant of concern. 

Particles may be collected by a variety of techniques, including gravitation settling, filtration, electrostatic and thermostatic precipitation, and impaction.  Of these, gravitational settling, filtration, and impaction have been the most widely used for sampling ambient particulate matter.

The simplest particle sampling method employs the principle of gravitational settling.  Large settleable particles are collected in an open top vessel placed in the atmosphere for a period of 30 days.  This is a static or passive sampling method requiring no air-moving equipment. This method has been used for a long time.

Hi-volume sampling.  The hi-volume sampler has been the most common particle sampling device employed in ambient air quality monitoring programs.  A collecting glass fiber filter is located upstream of a heavy-duty vacuum cleaner type motor that is operated at a high airflow rate (40-60 cubic feet/minute).  The sampler is mounted in a shelter with the filter parallel to the ground.  The covered housing protects the glass fiber filter from wind and debris, and from the direct impact of precipitation.  The hi-volume sampler collects particles efficiently in the size range of 0.3-100 micrometers.  The mass concentration of total suspended particulates is expressed as micrograms per cubic meter for a 24-hour period.  The hi-volume sampler is an intermittent sampling method.  It is normally operated on a six-day sampling schedule, with a 24-hour sample collected every sixth day.

Paper tape samplers.  Paper tape samplers are continuous sampling devices.  The sampler draws ambient air through a cellulose tape filter.  After a two-hour sampling period, the instrument automatically advances to a clean piece of tape and begins a new sampling cycle.  Paper tape samplers do not show instantaneous data.  Because of difficulties in relating data acquired by this optical method to the gravimeteric data of the hi-volume reference method, most paper tape sampling has been discontinued or is used only as a backup system.

Size selective samplers.  Various sampling devices are available that segregate collected suspended particulate matter into discrete size ranges based on their aerodynamic diameters.  These samplers may employ one or more fractioning stages.  The physical principle that is used in the segregation is inertial impaction of the particle.  Therefore, these samplers are referred to as impactors.  Impactors draw air throughout the unit and deflect the particle from its original flow path.  The size of the particle depends on (1) gas velocity, (2) particle density and shape, (3) air flow geometry, (4) gas viscosity, and (5) the main free path of the gas.  Multistage impactors can fractionate suspended particles into six or more size fractions depending on the number of stages built into the sampler.  Impactors can fractionate suspended particles into coarse (from 2.5–10 micrometers) and fine (less than 2.5 micrometers) size fractions.  The smaller fraction impactors are referred to as dichotomous impactors.  EPA reference method specifications for particulate matter-10 can be met by a variety of devices, including cascade and dichotomous samplers.

A multiple slotted-rod collector inserted through the skin of an aircraft can be used to collect samples of liquid water from clouds, with water collection taking place within the aircraft for analysis.  Super-cooled cloud water can be collected on any surface outside of the aircraft’s slipstream, but phase transitions can render the results ambiguous. 

Continuous gas-phase techniques are commonly used for airborne monitoring of ozone, carbon monoxide, nitrogen oxides, sulfur dioxide, ammonia, peroxyacyl nitrate (PAN), and hydrogen peroxide.  Ozone is monitored using the ethylene chemiluminescence technique with precision of ±10 percent or better, and accuracy in the range of 20 to 200 ppb.

Carbon monoxide is monitored using nondispersive infrared (IR) spectroscopy.  Nitrogen oxides (NOX) are measured using the chemiluminescent reaction of ozone with NOX and viewed with a red-sensitive photomultiplier tube.  Sulfur dioxide detection requires a modified flame photometric detector.  Ammonia monitoring uses Venturi collection, chemical reaction to an ammonia derivative such as isoindole, and determination by fluorescence in a flow through a fluorimeter.  Gaseous peroxides are difficult to collect and analyze without generation of “artifact” peroxides .  Artifacts are constituents that are detected, and may mask the actual contaminant present.  Use of diode-laser absorbence, ozone removal techniques, and prompt derivation and analysis have yielded “artifact-free” results.

Aerosol monitoring (in situ) of aerosol number, size distribution, and mass can be performed with a nephelometer (mass), an electrical aerosol analyzer, optical particle counters, optical particle probes, and impactor separation with piezoelectric balance. 

Organic components are separated by use of the appropriate filtering media and a high volume particulate sampler, with analysis performed for the component of concern using the appropriate analytical equipment (gas chromatography-mass spectroscopy, flame ionization, electron capture, infrared spectroscopy, etc.).  Inorganic particulates can be analyzed using scanning electron microscopy or a variety of chemical techniques.

Liquid bubblers are used to measure concentrations of oxidized sulfur compounds (SxO) and ozone (O3) in the atmosphere.  These devices collect gases by bubbling ambient air through a liquid medium that dissolves the components of interest.  Although bubblers are constructed to provide long-term reliability, they are not recommended for use in long-term monitoring in the United States because the liquid medium may evaporate or promote chemical speciation of the target compounds.

A nondispersive IR spectrometer is commonly used to measure carbon monoxide (CO) concentrations and can be modified to analyze nitric and sulfuric acid concentrations. The device measures the attenuation of specific wavelengths of infrared light which is compared to a reference cell containing a known quantity of CO.  Airborne instruments have a detection limit of approximately 50 ppb with a time resolution of 10 seconds.  Nitric acid can be detected to a level of 4 ppb by using Fourier transform infrared spectroscopy.  An IR-tunable diode laser spectroscope can detect nitric acid at a level of 100 parts per trillion (ppt).  Using a technique termed IR laser backscattering, sulfuric acid can be detected at concentrations of less than 1g/m3.

Emissions

Emissions are sampled and analyzed using the same types of equipment and techniques (to detect the same type of substances) as listed under ambient air quality.  Sampling and analysis procedures for pollutants from stationary sources are listed under 40 CFR 60.  For example, among these methods is EPA method 3A (to CO and oxygen [O]), EPA method 6C (for the detection of sulfur oxides [SOx] by pulsed fluorescence), and others for particular contaminants of concern. 

The term “effluent” refers to something that flows out into the environment.  At DOE sites, effluent air refers to air emissions released to the environment from processing and laboratory facilities.  Ventilation and filtration systems constantly filter the air, while monitoring equipment measures emissions to the environment.

Radionuclides such as plutonium, uranium, and americium occur as solid particles.  As a result, particle filtration of airborne effluent streams is an important and effective means of preventing the release of these materials to the environment.  Radioactive particles enter exhaust air streams where the particulate materials are removed by High Efficiency Particulate Air (HEPA) filters.

HEPA filters are designed to be fire- and chemical-resistant.  They are constructed of tiny glass fibers combined with a small amount of organic material added for strength and water repellency.  Multiple banks of HEPA filters, called filter plenums, are installed in series in air exhaust systems.

At Rocky Flats, the radiological particulate monitoring program uses a three-tier approach, comprising Selective Alpha Air Monitors (SAAMs), total long-lived alpha screening of air duct emission sample filters, and radiochemical analysis of isotopes collected from air duct emission samples.  This approach balances detectability and timeliness of results.  SAAMs are sensitive to specific alpha particle energies.  Therefore, for immediate detection of abnormal conditions, monitor alarms can be automatically programmed to sound if any out-of-tolerance conditions are detected.

At regular intervals, particulate material samples from continuous sampling systems are removed from the exhaust systems and radiometrically analyzed for long-lived alpha emitters.  Composite samples can be subjected to radiochemical separation and alpha spectral analysis, which quantifies specific alpha-emitting radionuclides.  Bubble-type samplers are used to determine tritium concentrations and are measured using a liquid scintillation photospectrometer.

Radiation monitoring can be done in situ (e.g., a scintillation detector is set atop soil to obtain a site-specific measurement), by collecting samples and transporting them to a lab for analysis, or by scanning broad regions to locate areas of higher than normal radiation (e.g., mounting a semiconductor detector on the back of a vehicle and driving around a site).  Specific project requirements and the radioactive elements of interest (whether they are alpha or beta emitters) determine the optimum monitoring technique.

Groundwater Contamination

Monitoring groundwater contamination is accomplished through collection of groundwater samples from a series of wells.  A series of wells is typically installed to define the extent of contamination and to determine whether a “plume” of contamination exists.  A number of wells are required to ascertain the direction of flow and rate of movement.  Baseline conditions, which provide a basis for comparison, can be determined by collecting samples from nearby wells that are known to be free of contaminants.

Groundwater samples are subjected to chemical analysis for constituents of interest, with temporal changes in the chemistry of a given location providing information regarding contamination variability, and possibly trends and movement of the contaminant over time.  Evaluating changes in groundwater chemistry requires knowledge of changes in related factors such as water table elevation and subsurface flow rate.

In addition to the use of monitoring wells, other methods and equipment are often used in studies of groundwater contamination.  These methods include other sampling techniques as well as geophysical methods.  Surface geophysical surveys and downhole geophysical logging are used to define geological characteristics and assist in delineating zones of groundwater flow and contaminant transport.  The discussion on borehole geophysical methods relies on Driscoll (1986).

· Pressure-vacuum lysimeters may be used to obtain samples of in situ soil moisture in the unsaturated zone.  They consist of a porous ceramic cup capable of holding a vacuum, a small-diameter sample chamber made of PVC pipe, and two sampling tubes leading to the surface.

· A piezometer measures pressure and is frequently used for monitoring water pressure in earthen dams, under foundations, or in aquifers.  It can also be used to measure vertical head differences under unconfined conditions.  Piezometers are also used to monitor water levels.

· A tensiometer consists of a porous cup attached to an airtight, water-filled tube.  The porous cup is inserted into the soil at the desired depth, where it comes into contact with the soil water and reaches hydraulic equilibrium.  Water moves through the porous cup from the tube into the soil. A vacuum is created at the top of the airtight tube and is a measure of the pressure head in the soil.  The measured pressure head is then converted to a calculated hydraulic head.

· Organic vapor analyzers are used to detect volatile organic carbon (VOC) compounds in groundwater.  Field organic vapor analyzers are inserted into the air space above the groundwater table in a monitoring well to measure the air quality and indicate the presence of VOC compounds emitted from contaminated groundwater.

· A cone penetrometer (CP) has five main applications: (1) to determine the soil profile and identify the soils present, (2) to interpolate ground conditions between control boreholes, (3) to evaluate the engineering parameters of the soils and to assess bearing capacity and settlement, (4) to extract samples for the detection and quantification of hazardous materials in subsurface soils and groundwater, and (5) to detect and measure the migration of subsurface contaminants through the measurement of groundwater flow, imaging techniques, and/or other methods.  The CP has a standard set of sensors for measuring cone tip pressure, sleeve friction, soil conductivity, and pore pressure.  By measuring these parameters, contamination can be detected in both soils and groundwater.

· The geoprobe collects one-time groundwater samples in unconsolidated material.  It is driven into the soil, and when the bottom of the probe is at least five feet below the water table, the outer cylinder can be pulled back, exposing a perforated stainless steel sample entry barrel covered with either a nylon or polyethylene filter material.  Hydrostatic pressure forces groundwater into the sample compartment.  The geoprobe is an inexpensive method of obtaining a groundwater sample, but may be of limited application in certain types of geologic materials (e.g., highly consolidated materials).

· Soil gas surveys are used to assist remedial investigations where the contaminants of concern include volatile organic compounds (VOCs).  Soil gas surveys are most effective in mapping low molecular weight, halogenated solvents and petroleum hydrocarbons.  They are used to delineate VOC contamination in subsurface soils and groundwater.  There are two basic soil gas equipment configurations.  The first is a mobile van-mounted probe that can collect samples in real time and perform chemical analysis in the van.  This method has been used to define contamination phases and direct placement of wells while in the field.  The other configuration emplaces static samplers approximately one foot into the soil.  These samples are usually collected on a grid.  Soil gas surveying results are usually considered to be qualitative data and are not sufficient by themselves to characterize a site.  This is because the results do not reflect the concentration of contaminants in the soil or groundwater.

· Ground penetrating radar (GPR) is used for the detection of buried waste, waste trenches and pits, and void spaces.  GPR can often be employed in areas with extensive infrastructures, and search depth can be set to be highly site specific.  GPR is based on the physical property of measuring two-way travel time to reflection caused by changes in dielectric constants.

· A time domain electromagnetic (EM) object detector detects anomalies in transient EM fields.  EM is used for the detection of electrically conductive buried objects, pipes, waste pits and trenches, landfill boundaries, and cells within landfills.  With EM, interference by infrastructure is substantially mitigated.

· Magnetic (Mag) surveys measure the total magnetic field and vertical gradient of the magnetic field.  Mag is used to detect ferromagnetic debris, drums, underground storage tanks (USTs), landfill boundaries, and uncontrolled waste pits and trenches. Mag has limited application within areas with extensive infrastructures and surface debris because of interference from these items.

· Frequency domain EM profiling measures ground conductivity and anomalies in the EM field caused by metallic objects.  EM is used to detect and delineate waste pits, trenches, landfill boundaries, and contaminant plumes dissolved in groundwater.  EM has limited application within areas with extensive infrastructure and surface debris.

· Metal detectors/pipe detectors measure distortions in EM fields.  They are used to detect metallic objects and pipes.  They are limited in the below surface depth they can detect.

· Shallow seismic surveys are used, in conjunction with subsurface borehole data, to generate a geologic model that can show preferred flow paths for groundwater and plumes.  Additionally, subsurface features such as faults can be detected as part of the characterization of the flow regime.  From these data, further investigation or remedial alternatives can be planned.

· Borehole resistivity logs are usually referred to as electric logs when combined with spontaneous potential curve information.  The electric log gives a detailed picture of the character and thickness of the various strata at the well site and an indication of the water quality by measuring the apparent resistivity of the materials surrounding the well bore.  Electric logs offer several important advantages.  These include locating the top and bottom of each distinct formation, determining relative water quality, and differentiating clean sand strata from silty sand strata and from sand strata with clay stringers. An electric log is obtained by lowering one or more electrodes which are suspended on a conductor cable into a borehole filled with drilling fluid. An electric current is forced to flow from these electrodes to other electrodes that may be in the borehole or placed in the ground near the top of the well.  The electric logging instrument measures the current loss (resistance to flow) between two electrodes.  Changes in electrical resistance of the entire circuit are recorded against depth to produce a graph or curve called an electric log or resistivity log.  Many factors found in the subsurface can influence the resistivity of the formation, including the physical properties of the drilling fluid, the rock formation chemistry, the presence of contamination, etc.  All these factors must be taken into consideration when interpreting the resistivity log.

· Spontaneous potentials (SP) are naturally occurring electrical potentials (voltages) that result form chemical and physical changes at the contacts between different types of subsurface geologic materials.  For example, a clay layer and an underlying sand layer will have a horizon of contact that marks their different potentials.  These potentials become more pronounced when the pressure in the borehole greatly exceeds the pressure in the formation with depth.  SP is measured by lowering an electrode into an uncased borehole filled with drilling fluid by means of a cable connected to one terminal of a millivolt meter and recorder.  The other terminal of the instrument is connected to a ground terminal at the surface, which is often placed in the mud pit.  No external electricity is applied to the circuit. The downhole electrode is usually negative with respect to the surface electrode. As the electrode is moved up and down in the borehole, the meter registers variations in SP of the different formations.  The SP log consists of a curve of these potentials plotted against depth.  Different geologic materials demonstrate distinct curves, as do formations containing saltwater or contaminants.

· In gamma logging, measurements are made of naturally occurring radiation coming from the materials encountered in the borehole.  The record of gamma radiation is used as a qualitative guide for stratigraphic correlation and permeability.  In some areas, a direct relationship can be established between gamma radiation and permeability.  Certain radioactive elements are naturally occurring in igneous and metamorphic rocks and as depositional particles in sedimentary rocks.  As the gamma radiation is emitted from certain geologic materials, the materials become unstable and decay spontaneously into other more stable elements.  Detection of gamma-ray emissions involves two random processes.  First, the rays are given off at random intervals by the radioactive minerals.  Second, these irregularly spaced pulses collide randomly with the detecting element in the logging probe.  The collisions per unit time are then correlated with depth, and a curve is generated called a gamma log.

· Gamma-gamma logs use an active source of gamma radiation (usually cesium-137 or cobalt-60) that is lowered into the borehole along with a detector that is shielded so it counts only the back-scattered gamma rays.  The source and detector are placed up to 15 inches apart and are set against the borehole wall by mechanical arms.  The gamma rays are directed into the formation surrounding the borehole.  Because the amount of back-scattered radiation depends on the electron density of the formation, the recorded counts are approximately proportional to the bulk density.  Density and porosity are inversely related.  Thus, in general, the higher the density, the lower the porosity.  The gamma-gamma log is sometimes referred to as the density log.  This log can be used to calculate the porosity of a formation when the fluid and grain densities are known.

· Neutron logs are used primarily as an indicator of total porosity under saturated conditions.  They are also used to measure the amount of moisture in unsaturated zones.  The log is obtained by recording the number of neutrons impinging on a detector mounted some distance from a constant neutron source (americium-241 or beryllium) in the borehole.  Before reaching the detector, many of the neutrons emitted from the source collide with various particles, lose energy, and eventually are captured.  Most of the energy is lost in collisions with hydrogen ions.  Because hydrogen is a principal component of water, the loss in energy indicates the amount of water present.  If the energy loss is large, the amount of hydrogen in the formation must be high, and therefore the porosity is large.

· Acoustic logs are useful in determining relative porosities of different formations and are widely used to verify how well the casing has been cemented to the formation.  This log is called the cement bond log.  The acoustic log is used to determine fracture patterns in the aquifer and thus is valuable in estimating where groundwater flow may be concentrated in semiconsolidated or consolidated rocks such as sandstone, conglomerates, and igneous rocks.  The acoustic log measures travel time and the attenuation of an acoustic signal created by an electromechanical source in the borehole.  A transmitter in the borehole converts electrical energy to acoustic energy which travels through the formation to one or more receivers.  The receivers convert the acoustic wave back into an electrical impulse that can be measured.

· A temperature log is obtained by lowering a temperature sensor down the water-filled borehole at a slow but constant rate.  As water flows by the sensor, the temperature is recorded.  The temperature probe should be slowly lowered through undisturbed formation water to ensure accuracy.  In general, the geothermal gradient is greater in formations with high hydraulic conductivity than in formations with low hydraulic conductivity.  This relationship is usually governed by the rate of groundwater flow.  Thus, interpretation of thermal data can suggest the relative hydraulic conductivity of the formation in the borehole.  Temperature logs are also used to detect episodes of seasonal recharge because recharge upsets the usual temperature regime.  They are valuable in identifying heat-pump recharge water, excess irrigation, and industrial wastes.
Meteorological Factors
Site-specific meteorological data are used when conducting screening or model analyses.  Collection of meteorological data in the field requires the design of a system that provides the necessary input information for dispersion modeling and takes into account the logistics of siting and operation of meteorological stations.  The following meteorological parameters are typically measured in the field:

Horizontal wind speed sensors (anemometers) are available in many shapes and sizes.  The most common types are the rotational cup and the propeller anemometers.  The cup sensors are generally more accurate.  The design of the anemometer cups dictates the durability, sensitivity, accuracy, and response of the instrument.  Three conical cups usually provide the best performance.  Propeller anemometers revolume about a pivoted shaft that is oriented by a vane into the direction from which the wind is blowing.  The number of blades normally varies from three to six.  For most atmospheric dispersion studies, anemometers should have a starting threshold of 0.5 meters per second or less and a system accuracy of ± 0.2 meters/sec.

Most sensors for measuring horizontal wind direction consist of a vane rotating on a fulcrum. The shapes and designs of the vane surface vary, but are generally rectangular or curved.  The vanes are designed to orient into the direction from which the wind is blowing.  For atmospheric dispersion studies, wind vanes should have a starting threshold of less than or equal to 0.5 m/s and a system accuracy of ± 5 degrees.

Vertical wind speed and direction can be measured with a vertical propeller anemometer, a UVW anemometer, or bivane.  The vertical propeller anemometer has a propeller-type sensor mounted on a fixed vertical shaft.  Since the propeller can reverse its direction, the sensor can indicate whether wind flows are directed upward or downward.  The UVW anemometer is located on a vertical shaft at right angles to the first two shafts.  This anemometer will measure the total (i.e., U and V are the horizontal wind components and W is the vertical wind component ) wind vector.  The UVW anemometer can be assembled to give real time data, including wind speed, azimuth, and elevation.  The bivane consists of a vane with two flat plates perpendicular to each other and mounted so as to allow rotation horizontally and vertically.  It only provides azimuth and elevation components of the wind direction and, therefore, must be complemented with a propeller anemometer.

The most common devices used to measure ambient temperature are resistive temperature detectors (RTDs) and thermistors.  Thermistors are electronic semiconductors that are made from certain metallic oxides.  The resistance of the thermistor varies inversely with its absolute temperature, so the electrical output through the sensor can provide an indication of the ambient temperature.  The RTDs, which function in a similar manner, are made of different pure metals including silver, copper, nickel, or platinum.  Normally, platinum provides the best material.  The RTD measures the electrical resistance of a pure metal, which increases with temperature.

Cloud cover is best determined from data collected at a representative National Weather Service (NWS) Station as there are trained observers available to provide this information.  If representative NWS cloud cover data are not available, then the total amount of cloudiness above the apparent horizon should be estimated as a fraction (in tenths) by a visual observation.

Ceiling height is defined as a layer of clouds that covers more than one-half of the sky.  The height of a ceiling is best determined by experienced observers at NWS Stations.  It can be estimated visually at the waste site by determining the height of the lowest layer of clouds that cover more that 50 percent of the sky.  A pocket-sized cloud atlas may be a useful tool for the field observer.

Mixing heights are best determined from representative NWS Stations that record upper air (i.e., above the surface) data.  Instrumentation packages called radiosondes are carried aloft twice daily (7:00 a.m. and 7:00 p.m. EST) throughout the United States by nontethered balloons.  These packages measure wind speed and direction, temperature, and humidity as they ascend.  Estimates of the mixing height can also be made at the site through the use of balloonsondes (tethered and nontethered balloons) and with remote sensors such as acoustic sounders.  This equipment requires special expertise to use, to evaluate, and to apply the collected data.

Atmospheric stability is determined in the field by using a number of alternative methods. These methods use the applicable meteorological parameters discussed above.  The Pasquill-Turner method of classifying atmospheric stability uses the combination of wind speed, incoming solar radiation, cloud cover, and time of day. The Pasquill-Turner equation is as follows:

σE = σW/US

where
σ= standard deviation of the vertical wind direction fluctuations

σW = standard deviation of the vertical wind speed fluctuations

US = scalar mean wind speed

It should be noted that σE in this discussion is in radian measure.

River and Stream Contamination

Monitoring surface water contamination is accomplished through analysis of water samples collected from streams, lakes, or ponds.  Baseline conditions, which provide a basis for comparison, can be determined by collecting samples from nearby or upstream surface waters that are known to be free of contaminants.  Surface water samples are subjected to chemical analysis for constituents of interest, with temporal changes in the chemistry of a given location providing information regarding the contamination event.  Evaluating changes in surface water chemistry requires knowledge of changes in related factors such as stream discharge, subsurface currents, water temperature, and water stratification.

Samples from shallow depths in rivers or streams can be collected by submerging the sample container.  High waterproof boots can be worn by a technician when collecting a sample in small streams. A boat is required to collect samples in large rivers.  The sample container is usually disposable or constructed of a nonreactive material such as glass, stainless steel, or Teflon.  A weighted-bottle sampler is used to collect samples at any predetermined depth from lakes or reservoirs.  The sampler consists of a glass bottle, a weighted sinker, a bottle stopper, and a line that is used to open the bottle and to lower and to raise the sampler during sampling.  Teflon bailers have also been used where feasible to collect samples in deep bodies of water.  Near-shore sampling may be performed using a pond sampler.  A dipper can be used to collect grab samples from the top few inches of the water column.  A Teflon or stainless steel dipper is used to collect a water sample, which is transferred to a sample bottle.  Another method of sampling requires the use of a peristaltic pump.  The pump can be attached to a long arm, allowing the sample to be pumped directly into the sample container. This system allows the operator to reach into the liquid body, sampling from depth, or sweeping the width of narrow streams.

The pH of a liquid can be determined in numerous ways.  For scientific purposes, pH is always measured with a pH meter equipped with an appropriate electrode.  These meters are generally accurate to 0.01 to 0.05 pH units.  Another common method uses acid-base indicators that undergo color change over a rather narrow pH range.  A universal indicator (pH paper), made by combining several acid-base indicators, may be used to determine pH (within one unit) of any liquid.  Measurements of pH are also used in groundwater contamination studies.

The electrical conductance of a substance is its ability to conduct an electrical current.  Current flows in ionized or mineralized water because the ions are electrically charged and move toward a current source that will neutralize them.  The electrical conductivity meter uses a probe to measure this current flow.  Liquids with greater conductivity usually indicate the presence of metals, salts, or other contaminants.  Chemically pure water has a very low electrical conductance, indicating that it is a good insulator.  Only a small amount of dissolved mineral matter will increase the conductance of the water. Conductance is measured in the inverse of ohms (the unit of resistance).

Conductivity units are recorded as mhos, and water conductance is usually expressed as micromhos.  Electrical conductivity is also measured in groundwater contamination studies.

A current meter is a mechanical device with a rotating element that, when submerged in a flowing stream, rotates at a speed proportional to the velocity of the flow at that point below the surface.  The rotating element may be either a vertical shaft or a horizontal shaft.  Meter manufacturers usually provide the user with calibration tables to translate rotation into linear speed in meters or feet per second.  Current meters can also be electromagnetic sensors where the passage of fluids between two electrodes in a bulbshaped probe causes a disturbance of the electromagnetic field surrounding the electrodes.  This disturbance generates a small voltage that can be made proportional to fluid velocity by internal electronic circuitry.  A direct readout of velocity in meters or feet per second is provided for the user.

Where repeated measurements of a volumetric flowrate at a certain cross-sectional area are required, it is best to install a permanent stage gauge along the stream’s side wall to facilitate measurement of the depth.  The gauge is usually made of rigid rod or board, with graduated markings on it, and firmly mounted with the streambed serving as a possible reference point.  Discharge rating curves can be used to define the relationship between stage and stream discharge, and to allow conversion of stage hydrographs to discharge hydrographs.

Weirs are commonly used flow measurement devices.  They are relatively easy to install and inexpensive to construct.  All weirs are deliberate restrictions inserted into an open channel or partially full pipe to obstruct flow by forcing the water through a calibrated cross section. The weir causes water to back up and create a higher level (head) than the level below the barrier.  The height of that head is a function of the velocity of the flow.  Standard tables and nomographs are available for many different types of weirs, based on different general equations for each type.  The three most common weir configurations are triangular (or 
V-notch), rectangular, and Cipolletti (or trapezoidal).

Soil and Sediment Contamination

Sediments near shore or above the waterline are most easily collected using simple tools, such as polypropylene scoops, trowels, or dippers.  Other alternatives for small semi-solid sediments include wooden tongue depressors or stainless steel tablespoons.  For stream bottom sediment samples, vertical pipe or core samplers (hand corers, gravity corers) are driven into a stream bed to any selected depth. Ponar grab samplers are a clamshell-type scoop activated by a counter-lever system.  The shell is opened, latched in place, and slowly lowered to the bottom.  When tension is released on the lowering cable, the latch releases and the lifting action of the cable on the level system closes the clamshell.

Split-spoon and thin-walled (Shelby tube) samplers are used to collect intact samples of unconsolidated materials.  Both techniques provide a continuous sample that is amenable to lab testing for permeability, density, and other parameters.  Split-spoon samplers are attached to the end of a drill stem and are driven into the base of an open, clean borehole by a series of blows. Thin-walled samplers are similar, but are pressed into the subsurface using the weight of the drill rig to collect a less disturbed sample.  Splitspoon and thin-walled samplers commonly are used in conjunction with hollow-stem augers.

Soil gas samples can be collected by burying an adsorbent (e.g., activated charcoal) that remains undisturbed for a period of days to weeks.  The adsorbent is retrieved and thermally or chemically desorbed, with the organic contaminants analyzed by mass spectrometry or gas chromatography. Soil gas grab samples can be taken by inserting a hollow metal probe into the vadose zone and withdrawing gas using a pump.  Samples are analyzed on site using portable instruments, providing real-time data.  Organic soil-gas analyzers are used to detect contaminant plumes transported with shallow groundwater. Organic compounds with high vapor pressures and low water solubilities will volatilize as a contaminant plume migrates, leaving detectable traces in vadose zone soils.  Measurements of soil-gas can be made using a probe mounted on a truck, in situ (leaving a sampler in place), or by collecting a soil sample from which the gas is removed.  The gas is analyzed using an organic vapor analyzer, photoionization detector, or gas chromatograph either with field instruments, in a mobile field lab, or in a fixed remote lab.

Soil resistivity surveys can provide information about aquifer boundaries, depth to water or bedrock, changes in soil type, and levels of contamination.  The survey is conducted by driving a series of metal stakes (electrodes) into the ground at fixed spacing and in a straight line and supplying current to two electrodes using a battery or small generator (the current is measured with a current meter).  The voltage between the other electrodes is measured with a voltage meter and the resistivity computed from these values.

Permeameters are used to measure the permeability of soil or rock samples in the lab.  The devices have a sample chamber (typically cylindrical), a mechanism for forcing water through the sample, a device to measure hydraulic head, and a meter to determine discharge. Hydraulic conductivity is computed from a modification of Darcy’s law.  Two types of devices are used: constant head permeameters commonly are used for nonconsolidated or poorly cohesive samples, whereas falling head permeameters typically are used for cohesive sediments.

Wildlife Contamination

General collection of terrestrial vertebrates will document the presence of species and can be used to estimate population sizes.  Vertebrate collection can be used to gather tissue for pollutant analysis.  

Live traps are preferred to collect sensitive species when lethal traps or hunting are inappropriate.  Population sizes can be estimated using live traps in a mark-and-recapture context.  A list of species present on the site can be generated.  The size of the range can be estimated using marking or radiotelemetry after capture and release.  Animals can also be trapped alive to collect tissue (especially blood) for analysis.

Lethal trapping can be used to establish which species are present on a site and to collect tissue-donor specimens for analysis of pollutants.

Hunting allows the documentation of species present on the site and is suitable for collecting tissues for analysis.  It is most useful on medium- to large-sized species and may be best for species not susceptible to trapping.

Ecological analysis provides an integrated analysis of the habitat values on a site.  The impact of the pollution on the site’s most important habitat values can be assessed by using an uncontaminated comparison area or information on a polluted site before it was polluted.

Macroinvertebrates can be sampled using sediment grabs, core samplers, shovels, box sieves, surber samplers, invertebrate drift nets, traps (e.g., on lake bottoms for crayfish), artificial substrates, in-situ bioassays , and other miscellaneous methods (e.g., hands, hand tools, dip nets, plankton nets).

Methods for collecting fish samples include trawls, electrofishing, seining (large net fishing), hook and line, and miscellaneous (e.g., gill nets, trammel nets, fyke nets, or rotenone) methods.
r) Describe the requirements of the following documents as they relate to environmental monitoring:

· CERCLA

· RCRA

· NEPA

CERCLA

CERCLA environmental monitoring requirements are as follows: Section 104(b) authorizes the investigation, monitoring, surveying, testing, and other information gathering activities by EPA in any actual or potential CERCLA action.  During the remedial investigation, the site is subject to sampling, monitoring, exposure assessment, and any other information gathering activity required to assess the release, or potential release, that could affect human health or the environment.  Further, during field assessments, monitoring takes place to determine the physical characteristics (soils, hydrology, ecology, etc.) of the site, including its air, surface water, and groundwater characteristics.

Under CERCLA, injury determination of natural resource damages (43 CFR 11.14) require determination of an adverse change in chemical or physical quality or viability of the physical resource, attributable to a release.  Damage assessment monitoring involves measuring specific criteria that pertain to surface water, groundwater, air, geologic, and biological resources.  Injury to surface water can be demonstrated if the concentration of a hazardous substance exceeds drinking water standards (as measured in relation to prerelease monitoring data).

RCRA

RCRA requires environmental monitoring under numerous instances, of which a sampling appears below.  For treatment, storage and disposal (TSD) facilities, the general groundwater monitoring requirements are set forth in 40 CFR 264.97.  This section details the requirements for the construction of monitoring wells and their placement, sampling requirements, analysis, statistical methods, and recordkeeping.  Section 264.98 establishes the requirements for the TSD detection monitoring program, which requires the owner or operator of a TSD facility to monitor for indicator parameters, waste constituents, and their reaction products to determine the presence of hazardous substances in the groundwater (40 CFR 264.98(a)).  This section also describes the determination of pertinent parameters, point of compliance, well placement, sampling frequency, and other factors.

In RCRA subpart M — Land Treatment, unsaturated zone monitoring is required in compliance with 40 CFR 264.278.  Title 40 CFR 264.347 requires monitoring of carbon monoxide during the incineration of hazardous wastes, and may require the sampling and analysis of incinerator waste and emissions (if specified by the Regional Administrator).  

Title 40 CFR 266 includes numerous monitoring requirements.  For example, section 266.102(e)(8) sets the monitoring requirements for burners of hazardous waste, and requires the monitoring of emissions as specified under the permit (i.e., hydrocarbons, carbon monoxide, and oxygen).  Part 266 includes other standards for monitoring and control of various emissions and discharges from a variety of sources.

NEPA

NEPA requires an EIS from federal agencies during their decision making process for major actions that may impact the quality of the environment.  Prior to generation of an EIS, an EA is performed.  Data gathered (including environmental monitoring data) during the EA are incorporated into the EIS.  Although no specific data are delineated, monitoring of any medium may be required to provide baseline information.

s) Describe the various quality assurance and quality control programs used to enhance data quality.  Include in your discussion programs both internal and external to the Department.

Two primary factors affect environmental data quality: measurement uncertainty and sample uncertainty.  Implementing quality control measures and quality assurance procedures can minimize the concerns associated with each factor.  Quality control measures include the adoption of good laboratory habits and practices, institution of standard sampling procedures, and the use of sound sample preparation and analytical procedures.  Sampling protocols should be developed specifically for the problem under consideration and should be strictly followed.  Sample collection technicians must be properly trained in the approved procedure, sampling equipment must be calibrated per established schedules, samples must be protected from destabilization, sample containers must be properly identified, and chain-of-custody procedures must be precisely followed.  Quality assessment requires monitoring of the sampling and analysis processes, and is best accomplished through continuous auditing.  Sampling protocols should be carefully examined on a periodic basis.  The EPA requires a quality assurance project plan (QAPP) and the inclusion of five data quality indicators (DQIs) (precision, bias, representativeness, completeness, and comparability) to control data quality.  Data quality objectives (DQOs) are derived from the QAPP (and its objectives for DQIs), and indicate the level of uncertainty that is acceptable based on the intended use of the data.

t) Given a sampling parameter/equipment, describe the standard sampling methods and protocols.
This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

16. Environmental restoration personnel shall demonstrate a working-level knowledge of the purpose and uses of environmental sampling and monitoring equipment.

u) Explain the reason for measuring emissions, meteorological factors, and ambient air quality under various operation conditions (e.g., routine and emergency).

The CAA and state implementation plans require measurement of emissions from stationary sources to comply with permit conditions (40 CFR 50, subpart F).  Emissions monitoring is used to indicate either operational compliance or permit violation and the need for corrective action.  Factors such as ambient air quality and meteorological conditions must be considered to properly evaluate measured emissions and to establish a pre-permit conditions baseline because they may influence the established operational limits.

Wind direction, temperature, air pressure, relative humidity, and other meteorological conditions affect data collected on ambient air quality and emissions and help to establish pollutant dispersion patterns and determine the relative risk posed to populations in emergency conditions.
v) Describe the purpose and limitations of the following air quality measurement instruments.

· High volume particulate sampler

· Liquid bubbler (e.g., for sulfur dioxide)

· Infrared spectrometer

High Volume Particulate Sampler

The high volume particulate sampler is used to collect organic compounds and associated particles with low vapor-pressures from ambient air.  These substances, which include volatile, semivolatile, and nonvolatile organic compounds, require filtration of large volumes of air to capture sufficient particles for analysis.  Sorbent filtration media are used to collect the substances of interest.  Because highly polar organic compounds may be difficult to separate from the filter matrix, these devices are not appropriate in all cases.

Several types of sorbent filtration media are used to collect particles, which are then separated and isolated for analysis.  Solid sorbents are not compound-specific.  Consequently, unwanted compounds are collected along with the target compound and must be separated prior to analysis.  Organic polymeric sorbents collect minimal amounts of water (which can affect sample quality) and are unable to capture highly volatile organic compounds and certain polar compounds.  Inorganic sorbents (silica gel, alumina, and molecular sieves) are more efficient collectors of polar compounds, but capture water also, which accelerates their deactivation.  Carbon sorbents are less reactive to water, are relatively nonpolar, and exhibit much stronger adsorption properties than organic sorbents, allowing efficient collection of VOCs such as vinyl chloride.  Carbon sorbents, however, require the use of a solvent to displace the target contaminant from the sample filter matrix which may potentially influence the sample test results. 

Liquid Bubblers

Liquid bubblers are used to measure concentrations of oxidized sulfur compounds (SOx) and ozone (O3) in the atmosphere.  These devices collect gases by bubbling ambient air through a liquid medium that dissolves the components of interest.  Although bubblers are constructed to provide long-term reliability, they are not recommended for use in long-term monitoring in the United States because the liquid medium may evaporate or promote chemical speciation of the target compounds.

Infrared Spectrometer

A nondispersive infrared (IR) spectrometer is commonly used to measure CO concentrations and can be modified to analyze nitric and sulfuric acid concentrations.  The device measures the attenuation of specific wavelengths of infrared light which is compared to a reference cell containing a known quantity of CO.  Airborne instruments have a detection limit of approximately 50 ppb with a time resolution of 10 seconds.  Nitric acid can be detected to a level of 4 ppb by using Fourier transform infrared spectroscopy.  An IR-tunable diode laser spectroscope can detect nitric acid at a level of 100 ppt.  Using a technique termed IR laser backscattering, sulfuric acid can be detected at concentrations of less than 1g/m3.

w) Describe the purpose and types of material collected by the following sampling media.

· High efficiency glass fiber filter

· Activated charcoal cartridge

· Silica gel

High Efficiency Glass Fiber Filter

High efficiency glass fiber filters are used to collect nonvolatile and semivolatile organic and inorganic compounds during high volume air sampling.  They are particularly useful for removing radioactive particles, such as plutonium, uranium, and americium, from effluent air, thus preventing their release to the environment. 

HEPA filters have the potential to remove 99.97 percent of the entrained particles from exhaust air streams.  These filters, which are constructed of tiny glass fibers combined with a small amount of organic material added for strength and water repellency, are designed to be fire- and chemical-resistant.  HEPA filters are commonly installed in banks of multiple filters, called filter plenums, in air exhaust systems.

Activated Charcoal Cartridge

An activated charcoal cartridge is used to filter and collect inorganic compounds and polar species of VOCs from air samples.  Activated carbons, which have a very large surface-to- volume ratio, can be produced from various materials, including coal, coke, coconut char, charcoal, lignite, and bone char.  These activated carbons vary in their adsorption capacities and affinity for different gases and vapors.  Organic molecules of high molecular weight, such as toluene, xylene, and benzene, can be effectively removed by filtration systems using activated charcoal or carbon.  However, activated carbon systems are relatively ineffective in removing gaseous contaminants of low molecular weight, such as HCHO and ethylene.

Silica Gel

Silica gel also is used to capture polar VOCs from ambient air.  Silica gel is a clayey, inorganic sorbent composed of highly porous crushed silica.  Silica gels also captures water, which accelerates VOC deactivation.

x) Describe the purpose for measuring each of the following parameters during field surveys of water quality.

· Temperature

· Dissolved oxygen

· Conductivity

· pH

Temperature, dissolved oxygen, conductivity, and pH are general indicators of the health of a water body, including the ability to sustain aquatic life.  These parameters also give an indication of the redox potential of a water body and are generally indicative of sample quality.  The primary water quality parameters established under the Federal Water Pollution Control Act (FWPCA) of 1972 are biological oxygen demand (BOD), chemical oxygen demand (COD), solids, conductivity, pH, oil and grease, fecal coliforms, heavy metals, and select organic compounds.  These parameters effectively define the criteria for water quality and are the parameters used to determine wastewater discharge permit compliance.

Temperature is measured in the field.  For groundwater samples, temperature should be equilibrated over at least three casing volumes of water to assure that the measurement reflects that of the aquifer and is not influenced by water injected during drilling and well installation.  Temperature affects pollutant solubilities and may indicate the release of contaminants (e.g., an increase in temperature may occur due to pollutant chemical reactions).  Conductivity and pH are other temperature-dependent parameters.

Dissolved oxygen (DO) is measured in the field or lab.  Because groundwater is usually nearly oxygen-free (possessing dissolved ions in their most reduced state), the presence of dissolved oxygen in a groundwater sample calls into question the sample collection method and may indicate the presence of pollutants.  DO affects the rates of chemical reactions and is an indirect measure of the effects of organic decomposition on surface water quality.

Conductivity, which is measured in the field, is an approximate measure of the total dissolved solids (TDS) content of a sample.  For groundwater samples, the value for conductivity should be stable over three well casing volumes to ensure a proper sample representative of the aquifer. Conductivity also measures salinity and indicates the ability of a water body to carry electrical current and thus pollutants.  Because the TDS concentration and conductivity of a sample may be pH- and temperature-dependent, conductivity should be measured along with pH and temperature.

The pH value, which is determined in the field, is a measure of acidity or alkalinity.  Values of pH less than 7 are considered acidic, values greater than 7 are considered basic, and those equal to 7 are considered neutral.  Whenever possible, the pH of a sample should be measured in situ to document the original conditions of the aquifer or surface water.

Because pH may change due to oxidation or other chemical reactions, pH measured in the laboratory may have little relation to the original conditions.  The solubilities of many analytes are pH-dependent, and their concentrations may change with variations in pH.

y) Discuss the factors that can affect readings and the preservation methods for the field measurements listed above.

At the moment of collection, the chemical and physical equilibrium of a sample may be altered, in some cases rendering the sample as nonrepresentative of existing water quality variations.  For example, exposure of groundwater samples to light can cause photochemical reactions, and changes in temperature or pressure can cause temperature-dependent kinetic reactions or alter the concentrations of dissolved gases.

Sample pH may also change as a result of disturbed equilibria.  Samples are vulnerable to reaction of dissolved constituents of the sample container, resulting in the loss of volatiles or the addition of extraneous compounds.  Volatilization can be minimized by containing the sample in a vessel with no air space.  Adsorption and absorption can be minimized by using a container lined with the proper material for the substance being considered (e.g., plastic containers for solutions containing metals, glass containers for solutions containing oils, etc.).  Diffusion can be minimized by containerizing the sample in Teflon-lined vessels. Precipitation, caused by a change in pH of the sample solution by reaction with the atmosphere, can be offset by the addition of nitric acid to the solution until the solution has a pH of less than 2.  Chemical changes require the use of specific control procedures for specific compounds and are beyond the scope of this study guide.  Refer to the analytical method suggested for the analyte of concern for recommended preservation techniques.  Photochemical changes can be minimized by collecting samples in amber glass or opaque containers.  Microbiological degradation can be offset by controlling the pH and temperature of the sample. Extreme pH (low or high) and low temperature can be effective, as can the addition of certain preservatives which kill and fix the organisms in the sample.  Immediately after a sample bottle has been filled, it must be preserved as specified by QAPP or analytical laboratory requirements.  Preservation requirements vary, based on the sample matrix and the analyses being performed.  For water samples, some analyses only require cooling to 4ºC, while others also require a chemical preservative such as nitric acid, sulfuric acid, hydrochloric acid, or sodium hydroxide.  Enough acid or base is added to the sample bottle to either lower the pH to below 2, or raise the pH above 10.

The chemicals used to preserve the sample must be of analytical (reagent) grade to avoid sample contamination.

z) Describe how trace toxic organics in water are assayed by gas chromatography.

In gas chromatography, a small sample is injected into a chromatographic column and carried through the column by a stream of inert carrier gas (commonly hydrogen or helium).  Constituents are separated by differential attraction to the column packing materials and are retained in the column for different lengths of time (retention time) prior to passing the detector.  A strip chart recorder is used to record the retention times, which are then compared to the retention times of a standard with known chemical composition.

Gas chromatography (GC) is very sensitive, highly selective against a hydrocarbon background, and relatively inexpensive to operate.

An example of an assay of trace organics using GC is found in the EPA methods for analysis of pesticides in drinking water, which require the use of GC with the proper detector or in conjunction with mass spectroscopy (MS), and the use of compound-specific methods (EPA methods 507, 508, 515.1, 53.11, and 504). 

Techniques common to these methods include sample collection, preservation, and storage at 4°C; descriptions of required apparati and equipment; safe handling procedures for reagents, consumables, and standards; the use of two columns of different polarity; and instructions on the use of blank samples, internal standards, surrogate solutions, interferences, calibrations, standardization, and quality control. 

EPA Method 505 for the analysis of organohalide pesticides and PCB products in water requires the following procedure:

Method summary — 35 ml of sample is extracted with 2 ml of dichloromethane; 2 ul is injected into the GC-ECD (extraction and analysis time = 30–50 minutes).

GC columns used — primary column = 0.32mm i.d. x 30m long, fused silica capillary column with DB-1; confirmatory columns = 0.32mm i.d. x 30m long, fused silica capillary columns with 1:1 mixed phase dimethylsilicone and polyethylene glycol (Durwax - DX3) or equivalent, or 0.32mm i.d. x 25m long 50:50 methyl-phenylsilicone (OV-17) or equivalent.

Method detection limits (MDLs) — only for modern pesticides (ug/l) at: Arochlor = 0.075, Atrazine = 2.4, Metoxychlor = 0.96, and Simazine = 6.8.
Samples are chromatographed using either packed or capillary columns and may be analyzed using either specific detectors or mass spectrometry.

aa) Describe how heavy metals in water are measured using atomic absorption spectrophotometry.

Atomic absorption (AA) spectroscopy is the most widely used method of measurement of metals in water because it is highly sensitive, specific (only one metal can be tested at a time), and does not require preconcentration of the sample.  Atoms absorb energy in the form of ultraviolet radiation and move to a higher energy, “excited” state.  When such atoms revert back to their normal or “ground” state, the absorbed energy is lost in the form of radiation at specific wavelengths.  Emitted spectra can be analyzed and related to the concentration of a given constituent.

The AA procedure requires that metal in the sample be converted into a gaseous state because free atoms are necessary for atomic absorption to occur.  The conversion into a gas is achieved through aspiration of the metal solution into a flame, through use of a graphite furnace, or by chemical reduction in a solution followed by air bubbling.  A gas stream combines with the vapor, forcing it into an Ar-H2 flame, where the concentration of the substance is measured.  As atomic spectra have distinct profiles in the range of 0.2 nm wide, a monochometer is introduced into the system to disperse unwanted lines.  The resulting profiles are analyzed.

ab) Describe how volatile organics are measured.

In air sampling for VOCs, large volumes of air are forced through a solid sorbent material for adsorption of the compound to be examined.  Separation of unwanted compounds from the target compound is made, followed by analysis of the sample through the use of gas chromatography.

The qualitative identification and quantitative determination of gaseous (VOCs) pollutant levels requires that acceptable chemical and physical analytical techniques be available.  The acceptability of analytical techniques depends on their specificity, accuracy, precision, and relative ease of use.  A variety of chemical and physical techniques are used to determine concentrations of pollutant gases.  Some of these are manual methods that require the collection of gases with subsequent analysis conducted in the laboratory.  Most of those discussed below are used in continuous-flow, instantaneous-response instruments.

Wet Chemistry

Wet chemical techniques are primarily used to determine concentrations of VOCs collected by bubblers or impingers. Most of the numerous wet chemical procedures available employ absorbing reagents to collect the desired gas or gases.  The reagent/pollutant reaction product is analyzed in the laboratory, and atmospheric concentrations are calculated.  The most commonly used analytical principle is colorimetry, i.e., the formation of colored solutions whose light absorbance can be determined on spectrophotometric instruments.  Wet chemical techniques are not as prevalent as they once were, but are still useful in the determination of various gases for which instrumental analysis is unavailable.  Wet chemistry is also used for calibrating many instrument methods.

Chemiluminescence

Chemiluminescence is the emission of light as a result of chemical reactions.  It is used most commonly in continuous air monitoring instruments for determining O3 and NOx.  In the analyzer, sampled air is introduced into a chamber with a reactant gas.  Emitted light is sensed by a photomultiplier tube and amplified.  Chemiluminescence methods have the advantage of high specificity and sensitivity, and they require no liquid chemicals.

Electrochemistry

Electrochemical analyzers are widely used to measure gases such as SO2.  In these analyzers, sampled air passes through an aqueous solution, where a chemical reaction between the pollutant and the reagent liberates electrons, creating a small current flow across an electrochemical cell.  Current flow can be calibrated to indicate the concentration of pollutants being measured.  A major drawback to such methods is the interference resulting from the reaction of the electrolyte with other contaminants in the air sample.  This problem may be reduced by removing interferent gases before they reach the reaction chamber.

Infrared Analysis

Non-dispersive infrared (NDIR) analysis is primarily used for the ambient monitoring of CO concentrations.  The principle employed is the selective absorption of infrared energy by gases.  Infrared analyzers generally consist of sample and reference cells with split- or dual-beam infrared sources.  The absorption of infrared energy by gases such as CO results in differential heating and expansion between sample and reference cells, causing a diaphragm between them to move with a frequency related to the concentration of the absorbing gas. Because water interferes with CO analysis, sampled air must usually be dried prior to analysis.

Ultraviolet Absorption

Depending on their molecular structure, chemical substances may absorb ultraviolet light energy to a significant degree.  The selective absorption patterns can be used to identify some gases and their concentrations.  Ultraviolet instruments are particularly sensitive to O3.

Chromatography

In gas chromatography, molecules are adsorbed on a column of granular packing material.  The collected gases are desorbed from the chromatographic column by heating.  Because of differences in the strength of adsorption, each gas will be released differentially as a function of time.  Separated gases then pass through a detector where the relative concentration of each is determined.  A variety of detectors are available, measuring concentration based on (1) thermal conductivity, (2) differences in flame ionization due to the combustion of sample gases (flame ionization), and (3) current flow between two electrodes caused by ionization of gases by radioactivity (electron capture).  Because of the complexity of the equipment, gas chromatography is usually performed in a laboratory, although there are portable units available.

Photometry

In photometric analysis, the pollutant in sampled air absorbs some or all wavelengths from a light beam.  In wavelength-selective instruments, pollutant concentration is usually measured by analyzing the beam at two different wavelengths in separate sample and reference cells.

17. Demonstrate working-level knowledge of the Occupational Safety and Health Act (OSHA) requirements (and Mine Safety and Health Act (MSHA) requirements where facility applicable) in the following documents:

· DOE O 440.1A, Worker Protection Management for DOE Federal and Contractor Employees

· 29 CFR 1910, Occupational Safety and Health Standards

· 29 CFR 1926, Safety and Health Regulations for Construction

· 30 CFR 57, Safety and Health Standards — Underground Metal and Nonmetal Mines

· 30 CFR 58, Health Standards for Metal and Nonmetal Mines

· Other applicable portions of MSHA regulations found at 30 CFR Subchapters A-K (Parts 1-199)

ac) Discuss the application and impact of OSHA and/or MSHA on Department projects.
The OSH Act (P.L. 91-596) grants OSHA the authority to prescribe and enforce standards or regulations affecting the occupational safety and health of private-sector employees.  However, section 4(b)(1) of the Act waives OSHA’s jurisdiction in cases where another federal agency has exercised its statutory authority to prescribe or enforce occupational safety and health standards.  Relying on this section of the Act, the U.S. Department of Labor (DOL), in 1974, explicitly recognized the Atomic Energy Commission’s (AEC’s) authority to establish and enforce occupational safety and health standards at AEC-sponsored contractor facilities.  Subsequently, DOL and DOE, the successor agency to the AEC, acknowledged this agreement in the August 10, 1992, memorandum of understanding (MOU) between the two Departments.  As specified in the original agreement and in the 1992 MOU, this DOE exemption from OSHA enforcement has applied only to those government-owned contractor-operated (GOCO) facilities for which DOE exercises its statutory authority pursuant to the Atomic Energy Act of 1954.  OSHA exercises enforcement authority over all other DOE facilities. 

DOE has exercised its authority over working conditions at its GOCO facilities by developing and promulgating DOE Orders and conducting an extensive program of internal oversight at these facilities.  In May 1993, however, Secretary O’Leary announced that DOE would immediately begin the process of shifting from internal oversight of occupational safety and health to external enforcement by OSHA.

ad) Identify the requirements in the OSHA and/or MSHA that form the basis of authority for project management personnel in the oversight and management of a project.

See the answer to item “a” of this competency statement.

ae) Discuss the project manager responsibilities set forth in DOE O 440.1A, Worker Protection Management for DOE Federal and Contractor Employees.

The project manager responsibilities are to

· determine the necessity for requiring dedicated construction contractor safety and health personnel at project workplaces;

· ensure that construction project acquisition documents provide information or references to existing documentation that describes known hazards to which project workers may be exposed;

· ensure that a prework safety meeting is conducted with the construction contractor to review project safety and health requirements;

· ensure that the project safety and health plan is approved prior to any onsite project work, and that required hazard analyses are completed and approved prior to start of work on affected construction operations;
· ensure that project safety and health plans and hazard analyses are revised, as necessary, to address identified deficiencies in project safety and health performance or changes in project operations, contractors, or personnel;

· perform frequent and regular documented on-site reviews of construction contractor safety and health program effectiveness through personal on-site involvement and/or formal delegation to support staff and/or the construction manager;

· ensure documentation of all formal contract actions taken to enforce construction contractor compliance with project safety and health requirements.

af) Discuss the construction contractor’s responsibilities under DOE O 440.1A, Worker Protection Management for DOE Federal and Contractor Employees:

· Establishing a safety program

· Worksite presence during work activities

· Compliance by subcontractors

The following requirements and responsibilities apply for construction projects above the monetary threshold established by the Davis-Bacon Act (40 U.S.C. 276a) at Government-owned or Government-leased facilities where the contract clause “Safety and Health (Government-Owned or [Government]-Leased Facility)” applies.

Hazard analyses.  For each construction operation presenting hazards not experienced in previous project operations, or for work performed by a different subcontractor, the construction contractor shall prepare a hazard analysis and have it approved prior to commencement of affected work.  These analyses shall identify foreseeable hazards and planned protective measures, provide drawings and/or other documentation of protective measures that a professional engineer or other competent person is required to prepare, and define the qualifications of competent persons required for workplace inspections.

Project safety and health plan. The construction contractor shall prepare and have approved, prior to commencement of any on-site project work, a written project safety and health plan that provides a proposal for implementing the above requirements.  The construction contractor shall also designate the individuals responsible for on-site implementation of the plan, specify qualifications for those individuals, and provide a list of those project operations for which a hazard analysis is to be performed.

The contractor requirement document (CRD) requires DOE contractors to ensure that their subcontractors performing work on DOE-owned or DOE-leased facilities comply with requirements in the CRD and with the contractor’s own site worker protection standards (where applicable).

All work performed by contractors or subcontractors on DOE-owned or DOE-leased sites must comply with DOE-prescribed worker protection standards.  It is important that contractors include provisions in their subcontract documents to ensure that subcontractors comply with DOE-prescribed standards and other appropriate requirements.  Contractors must determine which program requirements should flow down into contracts with their subcontractors and incorporate those requirements.  All requirements in DOE O 440.1 must be met, regardless of whether the contractor or the subcontractor performs the actual worker protection activity. For example, a contractor may provide exposure monitoring for the subcontractor, or the contractor may require the subcontractor to conduct its own exposure monitoring.  In either case, DOE looks to the prime contractor for ensuring compliance at the site.
ag) Discuss the requirements for the performance of a hazard analysis and a hazard abatement/prevention program.  Include in the discussion each of the following elements:

· Responsibility for implementation

· Purpose and content of the hazard analysis

· Worker awareness of the hazards and hazard abatement/prevention program

DOE O 440.1 requires DOE elements and contractors to identify existing and potential workplace hazards and evaluate the risk of associated worker injury or illness.  There are four components to a hazard analysis: analysis and review; exposure assessment; workplaces and activities; and accident, injury, and illness reporting and data analysis.

Analysis and Review

DOE O 440.1 requires the analysis or review of

· designs for new facilities, and for modifications to existing facilities and equipment;

· operations and procedures;

· equipment, product, and service needs;

· the construction phase (to ensure that modifications do not preclude safety and health).
Worker protection professionals should be assigned review and approval authority in all four phases of project design: conceptual design, preliminary design, final design, and inspection.  Review during the conceptual design phase, the earliest phase of the project, is critical. Hazard analysis methodologies can be applied to facilities, processes, equipment, and operations throughout their life cycle.  Methodologies include

· preliminary hazard analysis

· health hazard analysis

· facility hazard analysis

· process hazard analysis

· safety review

Exposure Assessment

DOE O 440.1 requires assessment of worker exposure to chemical, physical, biological, and ergonomic hazards.  This assessment should entail appropriate

· workplace monitoring (including personal, area, wipe, and bulk sampling)

· biological monitoring

· observation 

Monitoring results should be recorded with documentation that (1) describes the tasks and locations where monitoring occurred, and (2) identifies

· workers monitored or represented by the monitoring

· sampling methods and durations

· control measures in place during monitoring (including use of personal protective equipment)

· any other factors that may have affected sampling results

Samples should be analyzed by a laboratory that is accredited by the American Industrial Hygiene Association.  Other detailed guidance on the implementation of this requirement is provided in DOE G 440.1-3, Occupational Exposure Assessment.

Workplaces and Activities

DOE O 440.1 requires routine evaluation of workplaces and activities by workers, supervisors, and managers, and periodic evaluation by qualified worker-protection professionals.

Hazard identification is accomplished most effectively by workers and their supervisors during the course of daily activities, with technical assistance from worker-protection professionals and functional area technical experts, as necessary.

Daily workplace evaluations by workers and supervisors include such things as inspections of tools and equipment, ranging from inspection of manual tools and power tools, forklifts, cranes, slings, and warning systems to inspection of respiratory protective equipment and other personal protective equipment prior to and during use.  Additionally, workplace conditions, housekeeping, utilization of assigned personal protective equipment, and conformance with procedures, work permits, health and safety plans, and other established criteria should be evaluated.  Workers and supervisors should consult with worker-protection professionals as necessary to address questions regarding regulatory requirements and compliance or areas where specific technical expertise is needed.

Additionally, daily worker and supervisor evaluations should be supplemented by worker-protection professional evaluations of the workplace.  These routine evaluations should include informal unscheduled walk-through evaluations conducted during worksite visits, and formal, scheduled periodic (annual) workplace evaluations.

Accident, Injury, and Illness Reporting and Data Analysis

DOE 440.1 requires the reporting and investigation of accidents, injuries, and illnesses, and analysis of related data for trends and lessons learned.  The collection of detailed, accurate data and information regarding workplace accidents, injuries, and illnesses, and the subsequent analysis of the data and information, are useful in identifying worker-protection problem areas.  This type of analysis or trending is used to identify the prevalent types of accidents, injuries, and illnesses and their sources and causes.  Information derived from trend analysis can be used to focus worker-protection efforts on the actual sources of injuries and illnesses and to help prioritize hazard abatement activities.  Necessary components of accident, injury, and illness data collection and analysis include

· systems and methods to collect, record, compile, and manage accident, injury, and illness data and information, including but not limited to the OSHA 200 log of occupational injuries and illnesses, workers’ compensation data, accident reports, incident reports, industrial hygiene and health physics exposure monitoring results, and inspection reports and corrective action tracking entries;

· methodologies to analyze data and information to identify and trend accidents, injuries, and illnesses by type and source; 

· a formalized approach to analyze identified trends, to determine root causes, and to develop appropriate control measures.

Worker Hazard Awareness

Workers shall be informed of foreseeable hazards and the required protective measures described within the approved hazard analysis prior to commencement of work on the affected construction operation.

Workplace Inspections and Hazard Abatement

During periods of active construction, the construction contractor shall have a designated representative on site at all times.  This individual shall conduct and document daily inspections of the workplace to identify and correct hazards and instances of noncompliance with project safety and health requirements. If immediate corrective action is not possible or the hazard falls outside of the project scope, the construction contractor shall immediately notify affected workers, post appropriate warning signs, implement needed interim control measures, and notify the construction manager of actions taken.

ah) Discuss the contractor’s responsibility for providing necessary training to employees in the area of safety and health on the worksite.

DOE O 440.1 requires DOE elements and contractors to provide workers, supervisors, managers, visitors, and worker protection professionals with worker protection training.  DOE O 360.1, Federal Employee Training, and 29 CFR 1960, subpart H, contain training requirements for federal employees.  DOE elements should consult the OSHA requirements (29 CFR 1960) and the DOE Order and the associated implementation guide and technical standards for direction in implementing a successful worker protection training program. Training is required for the following personnel:

· Top management officials

· Supervisors

· Safety and health specialists and inspectors

· Collateral duty safety and health personnel and committee members

· Employees and employee representatives

Contractors should consult 29 CFR 1960, subpart H, for direction in implementing a successful worker protection training program.  Training should be included as a component of the written worker protection program.

ai) Discuss the project manager’s responsibility for on-site safety and health inspections.

See item “17-c,” above.

aj) Discuss the contractor’s required response to an identified safety and/or health hazard.

For hazards identified in the workplace, abatement actions, which are prioritized according to risk to the worker, should be promptly implemented, and interim protective measures should be implemented pending final abatement.  Workers should be protected immediately from imminent danger conditions.  Hazards should be systematically managed and documented through final abatement or control.

18. Environmental restoration personnel shall demonstrate a working-level knowledge of the requirements for the use of personal protective equipment.

ak) Describe the principles governing the selection, use, and limitations of the following:

· Respirators

· Protective clothing

· MSHA approved self-rescue devices (at applicable sites)

Respirators

Engineering controls are to be used as the primary method of minimizing airborne radioactivity and chemical or biological exposure to workers.  Administrative controls, including access restrictions and the use of specific work practices, are to be used as the secondary method to minimize worker exposure.  When engineering and administrative controls have been applied and the potential for airborne exposure still exists, respiratory protection should be used to limit exposures.  Respiratory requirements for specific jobs are determined by the nature of the hazard and the work place conditions.  Workers must be trained and qualified to use the prescribed protection.  Additionally, workers must be fitted for the equipment to ensure the equipment functions properly.

Protective Clothing

Proper protective clothing is required whenever hazards of processes or environment, chemical hazards, radiological hazards, or mechanical irritants encountered are capable of causing injury or impairment in the function of any part of the body through absorption, inhalation, or physical contact.  The type of protective clothing to be used is based on the type of environment and hazards associated with the hazard.  

MSHA Approved Self-Rescue Devices

The filter self-rescue device is a small filter-type respirator designed to provide respiratory protection only against carbonmonoxide gas for a limited period of time.  The device is approved for protection against carbon monoxide, such as may result from underground fires, in concentrations up to 1 percent by volume (10,000 ppm) for a period of up to one hour.  As such, the device is to be used for escape only.  It is required that a self-rescue device be provided and available for each worker underground.  The filter self-rescue device is not a self-contained nor oxygen-supplying respirator, and must be used only in oxygen-containing atmospheres.  Neither does the device provide protection against toxic gases other than carbon monoxide.  Thus it must be emphasized that, in an underground mining emergency, the self-rescue device must be used for escape only.

The filter self-rescue device must be carried on the worker, attached to the mobile equipment the worker is operating, or located within 25 feet of the worker, so that it will be readily available in case of an emergency.  When the device is worn in the presence of carbon monoxide, heat is generated within the device, which may become uncomfortable or even painful to the wearer.  In such a case, the device must still be kept in place; otherwise, the worker would subject himself/herself to high risk of carbonmonoxide poisoning and possibly collapse and death. As indicated above, the self-rescue device is meant for escape only, and is a single-use unit to be discarded after use or after the seal is broken.

There are two filter self-rescue devices approved for use in metal/nonmetal mines.  The MSA W65 manufactured by Mine Safety Appliances Company, and the Drager 810 and 910 manufactured by Dragerwerk.

The operator has the responsibility of training workers in the use of filter self-rescue devices, and also of setting up and carrying out a maintenance program for the devices.  The maintenance program should include both visual inspection and weighing.  Weight gain indicates leakage and absorption of moisture.  Each device should be weighed upon receipt from the vendor and at regular intervals thereafter.  The device is weighed by first cleaning it (scraping off debris and wiping with a damp cloth) and then placing it on the balance.  The current weight is compared with the manufacture’s weight stamped on the case.  A weight record should be kept for each device.  In addition to regular weighing, the miner should know how to inspect the device and report defects such as a damaged case, a broken seal, or any sign that leakage has occurred.  Defective devices should be removed from service immediately.

Workers must be conscious of the filter self-rescue device available for use, and that it is provided for escape only. Proper use, care, and maintenance are necessary for the device to be reliable.

al) Describe the various types of equipment (devices or clothing) worn to protect a worker from exposure to hazardous substances and physical injury.

When engineering and/or administrative controls have been considered and implemented and are not sufficient to fully protect the worker from a recognized hazard, personal protective equipment (PPE) can be used to supplement these other controls as appropriate.  PPE is acceptable as a control method
· to supplement engineering, work practice, and administrative controls when such controls are not feasible or do not adequately reduce the hazard;

· as an interim measure while engineering controls are being developed and implemented;

· during emergencies when engineering controls may not be feasible;
· during maintenance and other non-routine activities where other controls are not feasible.

The use of PPE can itself create significant worker hazards, such as heat stress, physical and psychological stress, and impaired vision, mobility, and communication.  An example would be a worker wearing several layers of clothing (for warmth and anti-contamination), a respirator, gloves, and a helmet while welding or cutting.  This arrangement of PPE could prevent the worker from being aware of the environment in the event of a fire (for example, because of the lower heat transfer rate) or other emergency.  

In these situations, engineering and/or administrative controls (e.g., a fire watch to ensure the safety of the worker as well as the property) should be implemented to supplement PPE.  Equipment and clothing should be selected that provide an adequate level of protection.  The selection process should involve representatives of the affected safety disciplines (e.g., health physicist, industrial hygienist, fire protection staff) working in concert.  

Two basic objectives of any PPE practice should be to protect the wearer from safety and health hazards, and to prevent injury to the wearer from incorrect use and/or malfunction of the PPE.  To accomplish these objectives, a comprehensive PPE practice should include hazard identification (hazards that PPE will protect against and hazards caused by the use of PPE); medical monitoring; environmental surveillance; selection, use, maintenance, and decontamination of PPE; and its associated training.

am) Given a work procedure and atmospheric conditions, identify the appropriate type of respiratory protection for the activity.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

an) Describe the four levels of protection for workers at hazardous waste sites or for those workers conducting emergency response activities as defined by the EPA.

The four levels of protection are described below:

· Level A protection should be worn when the highest level of respiratory, skin, eye and mucous membrane protection is needed.

· Level B protection should be selected when the highest level of respiratory protection is needed, but a lesser level of skin and eye protection is acceptable.  Level B protection is the minimum level recommended on initial site entries until the hazards have been further identified and defined by monitoring, sampling, and other reliable methods of analysis, and equipment corresponding with those findings has been utilized.

· Level C protection should be selected when the type of airborne substance is known, its concentration has been measured, criteria for using air-purifying respirators has been met, and skin and eye exposure is unlikely.  Periodic monitoring of the air must be performed.

· Level D is primarily a work uniform and is used for nuisance contamination only.  It requires only coveralls and safety shoes/boots.  Other PPE is based upon the situation (types of gloves, etc.).  It should not be worn on any site where respiratory or skin hazards exist.  Refer to the Office of Emergency and Remedial Response, Environmental Response Division.  See “Interim Standard Operating Safety Procedures” for full details.

19. Environmental restoration personnel shall demonstrate a familiarity-level knowledge of the safety-related requirements for hazardous substances.

ao) Discuss the hazards associated with the use of corrosives (acids and alkalies).
Acids and metals react together to form hydrogen, which is a highly flammable gas.  Alkalies (bases) are more destructive to the human body than acids.  The material causes chemical burns, ulcerations, and scarring.  Bases soften and emulsify skin fats and may cause irritation to the eyes and respiratory tract.  They can also cause damage to the mucous membranes.  When dissolved in water, the chemical reaction releases a great deal of heat, and may cause the solution to boil and splatter.

ap) Describe the general safety precautions necessary for the handling, storage, and disposal of corrosives.

The general safety precautions for handling, storing, and disposing of corrosives are listed below:

· Use personal protective equipment.

· Carefully inspect containers prior to handling.

· Ensure all containers are properly labeled.

· Use proper transporting, handling, and storage containers.

aq) Discuss the general safety precautions regarding toxic compounds.

Each toxic compound has a material safety data sheet identifying the hazards of that material. 

ar) Describe the criteria used to determine if a compound is a health hazard and discuss the methods by which toxic compounds may enter the body.

The criteria used to determine if a compound is a health hazard are

· toxicity of the materials used

· physical properties of these materials

· absorption probabilities of these materials by individuals

· extent and intensity of exposure to these materials

· control measures used

Toxic compounds may enter the body through the following processes:

· Inhalation

· Ingestion

· Absorption

as) Discuss the general safety precautions regarding the use, handling, and storage of compressed gases, including hydrogen, oxygen, and nitrogen.
Compressed and liquified gases are widely useful due to properties including high heat output in combustion for some gases, high reactivity in chemical processing with other gases, extremely low temperatures available from some gases, and the economy of handling them all in compact form at high pressure or low temperature.  These same properties, however, also represent hazards if the gases are not handled with full knowledge and care.  Practically all gases can act as simple asphyxiants by displacing the oxygen in air.  The chief precaution taken against this potential hazard is adequate ventilation of all enclosed areas in which unsafe concentrations may build up.  A second precaution is to avoid entering unventilated areas that might contain high concentrations of gas without first putting on a breathing apparatus with a self-contained or hose-line air supply. A number of gases have characteristic odors which can warn of their presence in air.  Others, however, like the atmospheric gases, have no odor or color.  Warning labels are required for compressed and liquified gas shipping containers.  Similar warning signs are placed at the approaches to areas in which the gases are regularly stored and used.  Some gases can also have a toxic effect on the human system through inhalation via high vapor concentrations, or by liquified gas coming in contact with the skin or the eyes.  Adequate ventilation of enclosed areas serves as the chief precaution against high concentrations of gas.  In addition, for unusually toxic gases, automatic devices can be purchased or built to constantly monitor the gas concentration and set off alarms if the concentration approaches a danger point.  Precautions against skin or eye contact with liquified gases that are toxic or very cold, or both, include thorough knowledge and training for all personnel handling such gases, the development of proper procedures and equipment for handling them, and special protective clothing and equipment (for example, protective garments, gloves, and face shields).  With flammable gases, it is necessary to guard against the possibility of fire or explosion.  Ventilation, in addition to safe procedures and equipment to detect possible leaks, represents a primary precaution against these hazards. If fire breaks out, suitable fire extinguishing apparatus and preparation will limit damage.  Care must also be taken to keep any flammable gas from reaching any source of ignition or heat (such as sparking electrical equipment, sparks struck by ordinary tools, boiler rooms, or open flames).  Oxygen poses a combustible hazard of a special kind. Although oxygen does not ignite, it lowers the ignition point of flammable substances and greatly accelerates combustion.  It should not be allowed closer than 10 feet to any flammable substance, including grease and oil, and should be stored no closer than 10 feet to cylinders or tanks containing flammable gases.  Proper storage and handling of containers avoids many possible incidents.  Hazards resulting from the rupture of a cylinder or other vessel containing gas at high pressure are protected against by careful and secure handling of containers at all times.  Cylinders should not be dragged or rolled across the floor; they should be moved by a hand truck.  Also, when they are upright on a hand truck, floor, or vehicle, they should be chained securely to keep them from falling over.  Moreover, cylinders should not be heated to the point at which any part of their outside surface exceeds a temperature of 125ºF, and they should never be heated with a torch or other open flame.  Initial protection against the possibility of vessel rupture is provided by the demanding requirements and recommendations that compressed gas containers fulfill in their construction, testing, and retesting.

at) Discuss the safety precautions for working with cryogenic liquids.

Health Hazards
There are three groups of health hazards associated with cryogenic liquids: extreme cold, asphyxiation, and toxicity. 

Extreme cold hazard.  Cryogenic liquids and their associated cold vapors and gases can produce effects on the skin similar to a thermal burn.  Brief exposures that would not affect skin on the face or hands can damage delicate tissues such as the eyes.  Prolonged exposure of the skin or contact with cold surfaces can cause frostbite.  The skin appears waxy yellow.  There is no initial pain, but there is intense pain when frozen tissue thaws. 

Unprotected skin can stick to metal that is cooled by cryogenic liquids.  The skin can then tear when pulled away.  Even non-metallic materials are dangerous to touch at low temperatures.  Prolonged breathing of extremely cold air may damage the lungs. 

Asphyxiation hazard.  When cryogenic liquids form a gas, the gas is very cold and usually heavier than air.  This cold, heavy gas does not disperse very well and can accumulate near the floor.  Even if the gas is non-toxic, it displaces air.  When there is not enough air or oxygen, asphyxiation and death can occur.  Oxygen deficiency is a serious hazard in enclosed or confined spaces. 

Small amounts of liquid can evaporate into very large volumes of gas.  For example, one liter of liquid nitrogen vaporizes to 695 liters of nitrogen gas when warmed to room temperature. 

Toxic hazards.  Each gas can cause specific health effects.  For example, liquid carbon monoxide can release large quantities of carbon monoxide gas, which can cause death almost immediately.  Refer to the material safety data sheet for information about the toxic hazards of a particular cryogen. 

Flammability Hazards

Several types of situations exist that may result in a flammability hazard, including fire, oxygen-enriched air, liquid oxygen, and explosion due to rapid expansion. 

Fire hazard.  Flammable gases such as hydrogen, methane, liquefied natural gas, and carbon monoxide can burn or explode.  Hydrogen is particularly hazardous.  It forms flammable mixtures with air over a wide range of concentration (4 percent to 75 percent by volume).  It is also very easily ignited. 

Oxygen-enriched air.  Liquid hydrogen and liquid helium are both so cold that they can liquefy the air they contact.  For example, liquid air can condense on a surface cooled by liquid hydrogen or helium.  Nitrogen evaporates more rapidly than oxygen from the liquid air.  This action leaves behind a liquid air mixture which, when evaporated, gives a high concentration of oxygen.  This oxygen-enriched air now presents all of the same hazards as oxygen. 

Liquid oxygen hazard.  Liquid oxygen contains 4,000 times more oxygen by volume than normal air.  Materials that are usually considered non-combustible, such as carbon and stainless steels, cast iron, aluminum, zinc, and Teflon, may burn in the presence of liquid oxygen.  Many organic materials can react explosively, especially if a flammable mixture is produced.  Clothing splashed or soaked with liquid oxygen can remain highly flammable for hours. 

Explosion due to rapid expansion.  Without adequate venting or pressure-relief devices on the containers, enormous pressure can build up.  The pressure can cause an explosion called a boiling liquid expanding vapor explosion.  Unusual or accidental conditions, such as an external fire, or a break in the vacuum which provides thermal insulation, may cause a very rapid pressure rise.  The pressure relief valve may not be able to handle this increased pressure.  Therefore, the containers must  include another backup device, such as a frangible (bursting) disc. 

au) Explain the difference between a flammable material and a combustible material.
Flammable liquids have a flash point below 100ºF and have a vapor pressure not exceeding 40 psia at 100ºF.  Combustible liquids are those with flash points at or above 100ºF, but below 200ºF.
av) Describe the general safety precautions regarding the use, handling, and storage of flammable and combustible liquids.

General safety precautions regarding the use, handling, and storage of flammable and combustible liquids include the following:

· The vapor-air mixture formed from the evaporation of the liquid poses a hazard; therefore, exposures of large liquid surface areas and sources of heat shall be avoided or prevented during handling or storage of these liquids.

· Accidental mixture of flammable and combustible liquids shall be avoided.

· Fill and discharge lines and openings, as well as control valves associated with flammable and combustible systems, shall be identified by labels, color coding, or both to prevent mixing different substances.

· All storage tanks shall be clearly labeled with the name of the contents.

· Transfer lines from different types and classes of flammable products should be kept separate, and preferably, different pumps should be provided for individual products.

· When handling quantities of flammable liquids up to five gallons, a portable approved container should be used. The container should be clearly labeled.

· Smoking, the carrying of strike-anywhere matches, lighters, and other spark-producing devices should not be permitted in a building or area where flammable liquids are stored, handled, or used.

20. Environmental restoration personnel shall demonstrate a working level-knowledge of hazardous waste operations and their impact on worker safety and health.

aw) Describe the industrial process associated with hazardous waste operations as they pertain to environmental restoration.

Hazardous waste is generally accumulated for a short time on site and subsequently sent to permitted commercial facilities for treatment and disposal.  A very small portion is packaged in drums and either placed in permitted storage in buildings or on concrete pads awaiting the development of appropriate treatment facilities.  Land disposal restrictions ensure that hazardous waste is stored and disposed of according to specific regulatory provisions.  Hazardous waste accumulation and storage will diminish steadily as advanced minimization and treatment programs are established and implemented. 

A large portion of DOE’s waste inventory consists of waste that contains both radioactive and chemically hazardous components.  In compliance with the Federal Facility Compliance Act of 1992, DOE has worked with state and federal regulators to develop plans for treating this mixed waste.

ax) Explain the personnel hazards associated with the following:

· Polychlorinated biphenyls (PCB) removal

· Asbestos disposal

· Biological hazards

· Solvents

· Paint removal

· Waste oil

PCB Removal
PCBs are probable human carcinogens and can also cause non-cancer health effects, such as reduced ability to fight infections, low birth weights, and learning problems.  The risks and hazards associated with PCBs are a function of the toxicity of PCBs and an individual’s exposure.

Asbestos Disposal

Asbestos waste or debris must be promptly disposed of at an approved disposal site.  Disposal of asbestos must follow EPA’s NESHAP, 40 CFR part 61, subpart M.  See EPA’s Asbestos Waste Management guidance for general information about disposal.  The rule requires
· methods to contain asbestos waste (wet, double-bagged). 

· procedures for hauling waste.  Asbestos must not leak from the containers used to haul it. 

· disposal of asbestos containing material in an authorized landfill.  Landfilling is the environmentally preferred method of asbestos disposal because asbestos fibers are immobilized by soil.  Asbestos cannot be safely incinerated or chemically treated for disposal. 

· formal record keeping of asbestos waste disposal.

Biological Hazards

A biological hazard is any agent that causes infection including, bacteria, viruses, fungi, and parasites.  Any place where there is a close proximity of people to each other brings about an opportunity for at least some exposure to infective agents.  For example in the office, it is possible to catch a cold or flu, but in such cases the risk in the workplace is no greater than in the general community or at home.

Solvents and Paint Removal
Liquid paint and varnish removers are among the most toxic products used in homes and workshops.  The active ingredients in most common paint removers are organic solvents that may damage the skin, eyes, respiratory tract, nervous system, and internal organs.  Special precautions must be taken in their use, especially if there are children present who might come in contact with either the material or its vapors.  Paint stripper formulations in paste form are less hazardous than the liquid forms because they only contain around 50 percent solvents rather than the 100 percent found in the liquid forms.

All solvents can irritate the sensitive membranes of the nose and throat to varying degrees. Solvent concentrations that can irritate nose and throat membranes also may be capable of damaging sensitive lung tissue.  These inhaled substances commonly enter the blood stream where they can attack other internal organs and the nervous system.

All solvents can cause skin disease (dermatitis) by dissolving the skin’s natural protective barrier of oils.  If the skin experiences enough direct contact with a solvent, it can turn dry and white and become cracked and fissured.  In case of skin or eye contact, wash immediately to avoid burns and other serious damage.

Dermal contact with paint remover solvents, besides causing deterioration of the skin, can result in absorption through the skin.  Damage to the skin may lead to greater penetration of the solvents, resulting in internal organ injury.  Chronic exposure may damage the liver and kidneys, which are responsible for detoxification and elimination of toxic chemicals from the body.  Certain solvents can cause heart damage.  Benzene, which was an ingredient in paint removers up until 1978, can damage bone marrow, causing aplastic anemia and leukemia.

The most commonly experienced symptom of acute solvent exposure is narcosis or intoxication resulting from the solvent causing depression of the central nervous system (CNS).  Drinking or inhaling grain or ethyl alcohol produces similar results.  CNS depression can produce varied symptoms including irritability, fatigue, headaches, dizziness, sleepiness, loss of coordination and reflexes, nausea, and a staggering gait.  Although these acute effects are reversible if exposure to the solvent is discontinued, narcosis symptoms are an indication of overexposure to a solvent.  Chronic exposure may cause permanent brain damage, including behavioral changes, loss of memory, decreased intellectual abilities, confusion, seizures, etc.

The fire-causing potential of solvents can be classified as extremely flammable, flammable, combustible, or non-flammable.  Extremely flammable means that even in cold weather (below 20ºF), the presence of a flame, spark, or even static electricity can cause the solvent vapors to ignite.  Flammable solvents can cause a flash fire in the range of room temperature (below 100ºF), while combustible solvents must be heated above room temperature to ignite into flame.  Paint removers are a mixture of different solvents whose combined fire-causing potential is usually stated on product labels.

Some common paint remover solvents and their hazards are addressed below.
Methylene chloride.  Methylene chloride is a non-flammable solvent whose hazards include irritation of the skin and upper respiratory tract, solvent narcosis, pulmonary edema (on inhalation of large amounts), and heart arrhythmias (irregular heart beats).  Methylene chloride also can cause heart attacks because it is metabolized to carbon monoxide in the bloodstream.  The carbon monoxide ties up the blood’s oxygen-carrying hemoglobin, thus depriving the heart of sufficient oxygen.  For this reason, people with heart problems and heavy smokers are especially at risk when using methylene chloride paint strippers.

Perhaps the most serious hazard of methylene chloride is its link to cancer.  Years of research have proven that methylene chloride causes cancer in animals, and the Occupational Safety and Health Administration (OSHA) has declared it a suspected occupational carcinogen and has set a permissible exposure limit (PEL) of 25 parts per million in air.  Methylene chloride decomposes in the presence of flames, hot surfaces, or ultraviolet light to produce highly toxic phosgene gas.  For this reason, many paint stripper labels carry a warning against smoking while working, and direct users to turn off pilot lights on appliances and to keep vapors away from flames or hot surfaces such as those on stoves, water heaters, clothes dryers, furnaces, and other electrical appliances.

Toluene (toluol).  Toluene is flammable and may cause dermatitis, muscular weakness, narcosis, irritation of the upper respiratory system, and heart arrhythmias at high levels.  Chronic exposure can cause liver, kidney, and brain damage.  Internal organ injury can result from skin absorption, but the major concern is inhalation of the solvent vapors.

Methanol (wood or methyl alcohol).  Methanol is a flammable solvent known to enter the bloodstream through vapor inhalation or skin absorption. Once in the bloodstream, it acts on the central nervous system causing blurred vision, optic nerve damage, and even blindness from sufficient exposure.  It can be fatal if ingested.

Ethanol (grain or ethyl alcohol).  Ethanol, though flammable, is only slightly toxic; however, it is still capable of causing irritation of the eyes, nose, and respiratory system, and can produce symptoms of narcosis when inhaled in sufficient quantities.

Acetone.  Acetone is extremely flammable and causes irritation of the skin and upper respiratory tract, narcosis, and dermatitis with moderate exposure.

Mineral spirits.  Mineral spirits is a petroleum distillate (a product distilled from crude oil) and is combustible.  Its primary effects are irritation and dermatitis, although in sufficient quantity, it can be as hazardous as some of the more toxic solvents.55
Waste Oil

One gallon of oil can contaminate up to one million gallons of water.  The effect of oil on organisms can include genetic damage, structural deformities, reduced egg volume, and reproductive failure.

Oil contains low levels of carcinogenic compounds, such as benzene and toluene.  In addition to these compounds, oil also contains relatively high levels of polycyclic aromatic hydrocarbons, which may be absorbed through the skin of employees who are exposed to oil.  Polycyclic aromatic hydrocarbons are directly linked to a number of types of cancer, including skin tumors.  Shop personnel should avoid prolonged or frequently repeated skin contact with oil by wearing impervious protective gloves and by washing hands and other exposed areas thoroughly after contact.  Because oil is a combustible liquid, it must be properly handled, and oil soaked clothing must be changed to avoid a fire safety hazard.

21. Environmental restoration personnel shall demonstrate a working-level knowledge of the principles, concepts, and requirements of environmental risk assessment.

ay) Define risk assessment, risk management, and risk communication.

Risk Assessment

Risk assessment is a complex process by which the harm that a substance can have on human health or the environment is quantified.  Risk assessment determines if there is a health or environmental risk, what the risk is, and how severe the risk is.  With respect to human health, a risk assessment begins with the identification of specific hazards associated with the substance(s) of concern, examination of the dose-response patterns, human exposure considerations, and results in a risk characterization that is quantitative and qualitative in nature.  Risk assessment provides the data necessary for making decisions by providing better problem definition in the form of probabilities or estimates of impact on human health and the environment.

Risk Management
Risk management is a determination of what to do about a risk, typically, after the risk is evaluated in the risk assessment.  Risk management entails a systematic, comprehensive approach to decision-making, contingent on the control of impacts associated with a specific activity.  Risk management involves risk reduction and the identification and understanding of the relationship between programmatic, regulatory, policy, and financial actions and decisions.  Risk management, therefore, is the integration of this information to result in a decision.  Risk management requires the collection and assessment of information about cleanup alternatives and includes the evaluation and integration of stakeholder input into the decision-making process.

Risk Communication

Risk communication evolved out of the need of risk managers to gain public acceptance for policies grounded in risk assessment methodologies.  Risk communication describes a wide range of activities.  Typically it refers to any public or private communication that informs individuals about the existence, nature, form, severity, or acceptability of risk. 

az) Describe the four steps of a risk assessment.

Risk assessment provides a mechanism for determining whether or not a corrective action needs to be undertaken at a contaminated site and if a violation of environmental regulations has actually occurred. 

The four elements of a risk assessment are hazard identification, toxicity assessment, exposure assessment, and risk characterization.

Hazard identification requires a qualitative assessment of the presence of a contaminant and the degree of threat present.  Selection of contaminants which represent the greatest majority of risk to the site requires identification of the source(s) of contaminants, selection of the contaminants of concern (based on hazardous properties), and compilation of statistics in support of further evaluative efforts. 

The toxicity assessment involves the acquisition of toxicity information and dose-response evaluation.  The toxicity assessment is concerned with determination of the harmful effects of exposure and the adverse effects associated with specific levels of exposure.  The toxicity assessment requires compilation of toxicological profiles, with dose-response relationships being examined to aid in the estimation of adverse effects to be expected in populations exposed to different levels of the contaminant. 

The exposure assessment is undertaken to estimate the degree of potential or actual exposure of a population to the contaminant of concern.  It includes estimates of frequency and duration of exposure, exposed population data, and exposure pathways for population groups.  Exposure estimates provide the necessary data to evaluate if a threat exists based on conditions at or near the contamination site. 

Risk characterization entails the estimation of the probable incidence of harmful effects to the potential population at risk under various conditions of exposure.  The risk characterization phase integrates and summarizes the results of the toxicity and exposure assessments to define quantitative and qualitative risk levels.  Risk characterizations include descriptions of the level of certainty of the data.  Risks can be prioritized according to the severity of the risk, leading to a more focused and effective corrective action.

ba) Describe how risk assessment helps in site decision-making.

The results of a risk assessment provide the information necessary to determine if a corrective action needs to be initiated at a site and whether or not environmental regulations have been violated.  Cleanup criteria, based on an acceptable benchmark risk level for the specific conditions experienced, can be derived as a result of the risk assessment.  Risk assessment can indicate where resources should be applied to gain the maximum benefit from the corrective action.

bb) Define the term “baseline risk assessment.”

A baseline risk assessment is an analysis of current and future potential adverse health and environmental effects resulting from the release of a hazardous substance at a specific site and in the absence of any corrective action.  A baseline risk assessment identifies the primary health and environmental threats presented by the site and provides data for the development and evaluation of site-specific alternative restoration plans.  Baseline risk assessments contribute to the site characterization process by providing information regarding the necessity of undertaking a remedial action.

bc) Describe the process for performing a toxicity assessment.

A toxicity assessment consists of a hazard assessment and a dose-response assessment.  A hazard assessment requires the compilation of toxicological profiles for the substances of concern.  In conjunction with the hazard assessment, a dose-response evaluation is used to determine the effects of various doses of a contaminant and the incidence of adverse effects on the exposed population.  Risks associated with a contaminant cannot be adequately characterized without quantifying the potential effects through a dose-response assessment, even if the substance is known to be toxic. The toxicant is evaluated to determine the degree of morbidity/lethality to be expected at various exposure levels, the mechanism of action, metabolization, bioaccumulation, and other factors. 

The steps in a toxicity assessment include (1) gather toxicity information, both qualitative and quantitative, for substances being evaluated; (2) identify exposure periods for which toxicity values are necessary; (3) determine toxicity values for noncarcinogenic effects; (4) determine toxicity values for carcinogenic effects; and (5) summarize toxicity information.

Gathering Data

Evidence should be gathered from a variety of sources regarding the potential for a substance to cause adverse health effects (carcinogenic and noncarcinogenic) in humans.  These sources may include controlled epidemiologic investigations, clinical studies, and experimental animal studies.  Supporting information may be obtained from sources such as in vitro test results and comparisons of structure activity relationships. 

Exposure Periods

Identification of the exposure periods for which toxicity values are necessary is usually performed in close consultation with the regulating agency’s toxicologist or risk assessor.  The exposure period for one particular constituent (i.e., site specific contaminant) consists of the duration of the exposure in hours per day, the number of days per year, and the number of years in the expected average lifespan of the exposed individual or population.  The terms used in risk assessment for exposure are chronic, subchronic, and single event. 

Toxicity Values for Noncarcinogenic Effects

A reference dose, or RfD, is the toxicity value used most often in evaluating noncarcinogenic effects resulting from exposures at a site.  Various types of RfDs are available depending on the exposure route (oral or inhalation), the critical effect (developmental or other), and the length of exposure being evaluated (chronic, subchronic, or single event).  Also important in determining toxicity values is establishing the effect of a constituent characterized by the “lowest-observed adverse-effect-level” (LOAEL) which is referred to as the critical toxic effect.  The NOAEL (no-observed-adverse-effect-level) is established after the LOAEL and represents the highest level tested at which no adverse effects — including critical toxic effect — were demonstrated.  The NOAEL is the key datum obtained from the study of the dose-response relationship

Toxicity Values for Carcinogenic Effects

For carcinogenic effects, a slope factor and the accompanying weight-of-evidence determination are the toxicity data most commonly used to evaluate potential human carcinogenic risks.  Important to the evaluation of carcinogenic effects is the assumption made by EPA that a small number of molecular events can evoke changes in a single cell that can lead to uncontrolled cellular proliferation and eventually to a clinical state of disease. This mechanism for carcinogenesis is referred to as “nonthreshold” because there is believed to be essentially no level of exposure to such a chemical that does not pose a finite probability of generating a carcinogenic response.  Due to nonthreshold effects, EPA uses a two-part evaluation in which the substance first is assigned a weight-of-evidence classification, and then a slope factor is calculated. The two-part evaluation is complex and detailed, and the reader is referred to EPA guidance documents for the methodology.  Moreover, for some chemicals, toxicity values have not been developed.  These chemicals must go through an additional toxicity development process as detailed by EPA. Lastly, for all toxicity values, there is inherent uncertainty in the values, and this fact must be taken into consideration when developing and using these values.

Summarization of Toxicity Information

EPA suggests, through guidance documents, methods for presenting toxicity information.  A short description of the toxic effects of each chemical carried through the assessment in non-technical language should be prepared for inclusion in the main body of the risk assessment. The database and the study from which particular data were taken should be indicated. Summary tables should be used extensively.  They should include RfDs, uncertainty factors, confidence ratings, and a notation of the critical effects of any particular chemical.  Slope factors should always be accompanied by EPA’s weight-of-evidence classification. 

bd) Describe the process for performing an exposure assessment.

An exposure assessment is performed to estimate the severity of actual/potential exposures to contaminants, the duration and frequency of the exposures, and the size and nature of the population at risk.  An assessment for human health risks requires characterization of the physical setting and exposure settings of the site, identification of exposure pathways and migration pathways, identification of potential receptors, analysis of contaminant fate and transport, estimation of exposure point concentrations for environmental media and for critical pathways, and estimation of chemical intakes for significant pathways of concern and all potential receptors.  Exposure assessments may employ modeling of future anticipated exposures, environmental monitoring of present exposures, and biological monitoring for the determination of past exposures.  

Estimation of Exposure Concentrations

The risk assessor determines the concentration of chemicals that will be contacted over the exposure period.  Exposure concentrations are estimated using monitoring data and/or chemical transport and environmental fate models.  Modeling may be used to estimate future chemical concentrations in media that are currently contaminated or that may become contaminated, and current concentrations in media and/or at locations for which there are no monitoring data. 

Calculation of Intakes

The risk assessor calculates chemical-specific exposures for each exposure pathway identified above.  Exposure estimates are expressed in terms of the mass of substance in contact with the body per unit body weight per unit time.  These exposure estimates are termed “intakes” and represent the normalized exposure rate.  Chemical intakes are calculated using equations that include variables for exposure concentration, contact rate, exposure frequency, exposure duration, body weight, and exposure averaging time.  The values of some of these variables depend on site conditions and the characteristics of the potentially exposed population.  After intakes have been estimated, they are organized by population, as appropriate. 

Reasonable Maximum Exposure
Action at Superfund sites should be based on an estimate of the reasonable maximum exposure (RME) expected to occur under current and future land-use conditions.  The RME is defined as the highest exposure that is reasonably expected to occur at a site.  RMEs are estimated for individual pathways.  If a population is exposed via more than one pathway, the combination of exposures across pathways also must represent an RME.  Estimates of the RME necessarily involve the use of professional judgment.  In addition, RMEs are very site-specific and are usually developed in close consultation with the regulatory agencies. Exposures generally are estimated for an average and an upper-bound exposure case, instead of a single exposure case.  The advantage of the two-case approach is that the resulting range of exposures provides some measure of the uncertainty surrounding these estimates.  The disadvantage of this approach is that the upper-bound estimate of exposure may be above the range of possible exposures, whereas the average estimate is lower than exposures potentially experienced by much of the population. 

be) Describe the process used to characterize risk.

Risk characterization is the final step in the development of the baseline risk assessment process.  Risk characterization estimates the probable incidence of adverse effects to potential receptors under a variety of exposure scenarios.  Risk characterization summarizes and integrates the results of exposure and toxicity assessments to define risk levels.  Risk characterization requires the comparison of chemical-specific toxicity data against field-measured and estimated contaminant exposure levels to determine if contaminant concentrations are of concern.  The level of risk of an exposed population is characterized by calculating noncarcinogenic hazard quotients and indices, and carcinogenic risks (if applicable), and evaluating these parameters against benchmark standards so that risk decisions can be made for the site.  Risk characterization considers the effects of single chemicals as well as the synergistic effects due to multiple chemical interactions (when known) and adjusts for those effects.  A risk characterization cannot be considered complete unless the numerical expressions of risk are accompanied by explanatory text interpreting and qualifying the results. 

Review of Outputs from the Toxicity and Exposure Assessments

Most sites will require the evaluation of more than one chemical of concern and might include carcinogenic and noncarcinogenic substances.  The first step in risk characterization is to gather, review, compare, and organize the results of the exposure assessment and toxicity assessment.
Gather and Organize Information

For each exposure pathway and land use evaluated in the exposure assessment, check that all information needed to characterize risk is available.

Make Final Consistency and Validity Check

Check the consistency and validity of key assumptions common to the exposure outputs and the toxicity outputs for each contaminant and exposure pathway of concern.  These assumptions include the following:

· Averaging period for exposure.  If toxicity value is based on average lifetime exposure, then the exposure duration must also be expressed in those terms.

· Absorption adjustment.  Check that the exposure estimates and the toxicity values are either both expressed as absorbed doses or both expressed as intakes.  The three types of absorption adjustments that might be necessary or appropriate depending on the available toxicity are (1) dermal exposures, (2) absorbed-dose toxicity value, and (3) adjustment for medium of exposure.
Quantifying Risks

The next step is to quantify risk or hazard indices for carcinogenic and noncarcinogenic effects.  The indices are applied to each exposure pathway analyzed.  The following steps must be calculated: 

· Calculate risk for individual substances

· Carcinogenic effects

· Noncarcinogenic effects

· Aggregate risks for multiple substances

· Carcinogenic effects

· Noncarcinogenic effects

· Segregation of hazard indices

Combining Risks across Exposure Pathways

This step involves the combining of the multi-chemical risk estimates across exposure pathways and determining when such aggregation is appropriate.  At some sites, an individual might be exposed to a substance or combination of substances through several pathways.  The total exposure to various chemicals will equal the sum of the exposures by all pathways.  The steps for combining risks are as follows:

· Identify reasonable exposure pathway combinations.

· Sum cancer risks.

· Sum noncancer hazard indices.

Assessment and Presentation of Uncertainty

Uncertainty in Superfund site risk assessments must be performed to present key information bearing on the level of confidence in quantitative risk estimates for a site.  The following steps are needed to summarize and discuss important site-specific exposure uncertainties and the more general toxicity assessment uncertainties. 

· Identify and evaluate important site-specific uncertainty factors:

· Definition of the physical setting
· Model applicability and assumptions
· Parameter value uncertainty
· Tracking uncertainty
· Identify and evaluate toxicity assessment uncertainty factors:

· Multiple substance exposure uncertainties
Consideration of Site-Specific Human Studies

This step compares the results of the risk characterization with the Agency for Toxic Substances and Disease Registry (ATSDR) health assessments and other site-specific human studies that might be available.  These types of studies include not only the ATSDR health assessments, but also any epidemiological or health studies that might provide useful information for assessing exposures and health risks associated with contaminants from a site. 

Summarization and Presentation of the Baseline Risk Characterization Results

The results of the risk characterization should not be taken as a characterization of absolute risk.  An important use of the risk and hazard index estimates is to highlight potential sources of risk at a site so that they may be dealt with effectively in the remedial process.  Basically, the information should be presented in text and table format.  The discussion provides a means of placing the numerical estimates of risk and hazard in the context of what is known and what is not known about the site, and in the context of decisions to be made about the selection of remedies.  At a minimum, the discussion should include 

· confidence that the key site-related contaminants were identified, and discussion of contaminant concentrations relative to background concentration ranges;

· a description of the various types of cancer and other health risks present at the site, distinguishing between known effects in humans and those that are predicted to occur based on animal experiments;

· level of confidence in the quantitative toxicity information used to estimate risks, and presentation of qualitative information on the toxicity of substances not included in the quantitative assessment;

· level of confidence in the exposure estimates for key exposure pathways, and related exposure parameter assumptions;

· the magnitude of the cancer risks and noncancer hazard indices relative to the Superfund site remediation goals in the National Contingency Plan (NCP);

· the major factors driving the site risks (e.g., substances, pathways, and pathway combinations);

· the major factors reducing the certainty in the results and the significance of these uncertainties;

· exposed population characteristics;
· comparison with site-specific health studies, when available.

The results of the risk characterization step should be summarized in a few succinct concluding paragraphs.  The discussion should summarize both the qualitative and the quantitative findings of cancer risks and noncancer hazards, and properly qualify these by mention of major assumptions and uncertainties in the assessment. 

bf) Define the term “dose” and explain how it differs from “risk” as used in CERCLA.
Dose is the amount of a substance to which a person is exposed over some time period.  Dose is a measurement of exposure.  Dose is often expressed as milligram (amount) per kilogram (a measure of body weight) per day (a measure of time) when people eat or drink contaminated water, food, or soil.  In general, the greater the dose, the greater the likelihood of an effect.  An exposure dose is how much of a substance is encountered in the environment.  An absorbed dose is the amount of a substance that actually got into the body through the eyes, skin, stomach, intestines, or lungs. 

Dose (for radioactive chemicals) 

The radiation dose is the amount of energy from radiation that is actually absorbed by the body.  This is not the same as measurements of the amount of radiation in the environment. 

Risk is the probability that something will cause injury or harm.

22. Environmental restoration personnel shall demonstrate a familiarity-level of knowledge of the purpose and requirements of DOE Order 5400.5, Radiation Protection of the Public and Environment.

bg) State the Department’s policy and discuss the objectives regarding the protection of the public and the environment from radiation as contained in DOE Order 5400.5.

This DOE Order is directly applicable to DOE and its facilities, as it is written and administered by DOE.  The purpose of this Order is to establish standards and requirements for operations of DOE and DOE contractors with respect to protection of members of the public and the environment against undue risk from radiation.

Policy

It is the policy of DOE to implement legally applicable radiation protection standards and to consider and adopt, as appropriate, recommendations by authoritative organizations, e.g., the National Council on Radiation Protection and Measurements (NCRP) and the International Commission on Radiological Protection (ICRP).  It is also the policy of DOE to adopt and implement standards generally consistent with those of the NRC for DOE facilities and activities not subject to licensing authority.

Objectives

Protecting the public.  It is DOE’s objective to operate its facilities and conduct its activities so that radiation exposures to members of the public are maintained within the limits established in this Order and to control radioactive contamination through the management of real and personal property.  It is also a DOE objective that potential exposures to members of the public be as far below the limits as is reasonably achievable (ALARA) and that DOE facilities have the capabilities, consistent with the types of operations conducted, to monitor routine and non-routine releases and to assess doses to members of the public.

Protecting the environment.  In addition to providing protection to members of the public, it is DOE’s objective to protect the environment from radioactive contamination to the extent practical.

bh) List and discuss the factors that must be considered pertaining to the release of materials and equipment having residual radioactive material as outlined in Chapter IV of the order, Residual Radioactive Material Cleanup.
Release of Real Property

Release of real property (land and structures) shall be in accordance with the guidelines and requirements for residual radioactive material presented in chapter IV.  These guidelines and requirements apply to DOE-owned facilities and to private properties that are being prepared by DOE for release.  Real properties owned by DOE that are being sold to the public are subject to the requirements of Section 120(h) of the Comprehensive Environmental Response Compensation and Liability Act (CERCLA), as amended, concerning hazardous substances, and to any other applicable federal, state, and local requirements.  The requirements of 
40 CFR 192 are applicable to properties remediated by DOE under Title I of the Uranium Mill Tailings Radiation Control Act (UMTRA).

Release of Personal Property

Personal property, which potentially could be contaminated, may be released for unrestricted use if the results of a survey with appropriate instruments indicate that contamination to the property is less than the established contamination limits.

Release of Materials and Equipment
Surface contamination levels.  Prior to being released, property shall be surveyed to determine whether removable and total surface contamination (including contamination present on and under any coating) are in compliance with the established acceptable levels, and that the contamination has been subjected to the ALARA process.

Potential for contamination.  Property shall be considered to be potentially contaminated if it has been used or stored in radiation areas that could contain unconfined radioactive material or that are exposed to beams of particles capable of causing activation (neutrons, protons, etc.).

Surveys.  Surfaces of potentially contaminated property shall be surveyed using instruments and techniques appropriate for detecting the unacceptable limits.

Inaccessible areas.  Where potentially contaminated surfaces are not accessible for measurement (as in some pipes, drains, and ductwork), such property may be released after case-by-case evaluation and when documentation based on the history of its use and available measurements demonstrate that the unsurveyable surfaces are likely to be within the established limits.

Records.  The records of released property shall include a description or identification of the property, the date of the last radiation survey, the identity of the organization and the individual who performed the monitoring operation, the type and identification number of monitoring instruments, the results of the monitoring operation, and the identity of the recipient of the released material.

Volume contamination.  No guidance is currently available for release of material that has been contaminated in depth, such as activated material or smelted contaminated metals (e.g., radioactivity per unit volume or per unit mass).  Such materials may be released if criteria and survey techniques are approved by EH-1.

bi) Identify and discuss the concepts of derived concentration guides and surface release criteria.
DOE Order 5400.5, Radiation Protection of the Public and Environment, establishes guidelines for concentrations of radionuclides in air emissions.  These guidelines, referred to as derived concentration guide values, are concentrations of radionuclides that, under conditions of continuous exposure for one year by one exposure mode (e.g., inhalation, ingestion) would result in a dose of 100 mrem to the public.  These derived concentration guide values are not limits, but serve as reference values to assist in evaluating the radiological air particulate data.  
Surface release criteria apply to measurements taken on surfaces such as floors, walls, and ceilings, and the results are expressed in units of dpm/100cm2 above background.  The strategy of addressing residual surface contamination parallels the commercial industry’s approach for leasing/transferring a building that was radiologically contaminated or has the potential to contain residual contamination.

DOE Order 5400.5, Radiation Protection of the Public and the Environment, offers generic release criteria for building surfaces, equipment, etc.  Per the November 1995 DOE position paper [4], DOE Order 5400.5 values are consistent with NRC guidance (Guidelines for Decontamination of Facilities and Equipment Prior to Release for Unrestricted Use or Termination of Licenses for Byproduct, Source, and Special Nuclear Material, July 1992, and Termination of Operating Licenses for Nuclear Reactors, Regulatory Guide 1.86, July 1974.
23. Environmental restoration personnel shall demonstrate a working-level knowledge of the purpose and requirements of DOE O 430.1A, Life Cycle Asset Management related to environmental restoration projects.
Note:  DOE O 430.1A has been replaced by DOE O 430.1B, Real Property Asset Management.  The information provided here is from DOE O 430.1, but may no longer be applicable to your site.
bj) Describe the purpose, scope, and application of the requirements detailed in 
DOE O 430.1A, Life Cycle Asset Management.

The purpose of this Order is to establish a corporate, holistic, and performance-based approach to real property life-cycle asset management that links real property asset planning, programming, budgeting, and evaluation to program mission projections and  performance outcomes.  To accomplish the objective, this Order identifies requirements and establishes reporting mechanisms and responsibilities for real property asset management.  This Order implements DOE P 580.1, Management Policy for Planning, Programming, Budgeting, Operation, Maintenance, and Disposal of Real Property, dated 05-20-02.
The management of real property assets must take a corporate, holistic, and performance-based approach to real property life-cycle asset management that links real property asset planning, programming, budgeting, and evaluation to program mission projections and performance outcomes.  Acquisitions, sustainment, recapitalization, and disposal must be balanced to ensure real property assets are available, utilized, and in a suitable condition to accomplish DOE missions.  This Order sets the requirements for the major real property asset management functional components of planning, real estate, acquisition, maintenance and recapitalization, disposition and long-term stewardship, value engineering, and performance goals and measures.

bk) Discuss the four basic actions to be performed prior to completion of mission activities or prior to transfer or disposition to ensure that facility systems are placed in stable and known conditions and that hazards are identified and known.

The four basic actions are
· identifying and characterizing hazardous and radioactive materials and wastes remaining in systems/facilities and providing for their stabilization (if necessary), adequate storage until they are removed from the facility, and (unless otherwise agreed to prior to facility transfer) their removal;
· assessment and adjustment (if necessary) of the facility authorization basis to ensure it continues to reflect conditions in the facility pending disposition;
· conducting surveillance and maintenance activities required to maintain the facility and remaining hazardous and radioactive materials, wastes, and contamination in a stable and known condition pending facility disposition;
· identifying and allocating resources needed to maintain stable and known conditions pending disposition.
bl) Discuss the process and requirements for disposition of physical assets, including the specific requirements for contaminated facility disposition.

The process for the disposition of physical assets shall ensure, at a minimum, the following:

· Guidelines contained or referenced in DOE STD-1120-98, Integration of Environment, Safety and Health into Facility Disposition Activities, will be applied.
· A DOE-certified real estate specialist will be used to execute the disposal of real estate, including the disposal of Departmental improvements without the underlying land.
· A method will be used whereby land and facilities (candidates for transfer) are either transferred to other program offices, or are determined to be excess, made available for disposal, and disposal procedures are initiated.
· To match the Departmental budget cycle, the normal date of transfer for a facility shall be the first October 1 after the two year anniversary of the date the receiving organization is notified, unless the parties reach another agreement.  As land and facilities are transferred from one program office to another, the appropriate funding and budget target will be transferred with it.
· In addition, for the transfer of contaminated facilities, at a minimum, the following apply.
· Completion of a Pre-Transfer Review is required, with participation by the Office of Environment, Safety, and Health when requested or directed, for transfer of facilities for disposition whose scope shall be commensurate with the existing hazards.
· Development of a signed agreement by relevant Secretarial Officers to document scope, conditions, state of readiness, and associated funding, when transferring facilities between program offices is required.  This includes a budget resources plan to manage the facility until funding is provided to the receiving program through the normal budgeting process.

· In addition, for execution of contaminated facility disposition, at a minimum, the following apply.
· A method must be used that ensures that deactivation, surveillance and maintenance, and decommissioning activities are appropriately planned, conducted, and documented in a manner consistent with the guiding principles and core functions of the Department’s integrated safety management and facility disposition policies.  The disposition process shall provide for
· the collection of baseline data to support a physical, chemical, and radiological characterization, updated as necessary to reflect changes in facility conditions during the disposition process;
· surveillance and maintenance activities that correspond with facility conditions, including changes resulting from disposition activities;
· a method for identifying, assessing, and evaluating alternatives for deactivating and/or decommissioning, and for selecting and documenting a preferred alternative;
· an end-point process in deactivation and decommissioning planning that identifies specific facility end-points and activities needed to achieve those end-points;
· a method for detailed engineering planning and for plan documentation to execute the preferred deactivation and/or decommissioning alternative.

· Non-Time-Critical Removal Action must be used as the approach for decommissioning, using the tailored process negotiated with the EPA, with continued Defense Nuclear  Facilities Safety Board oversight to the extent authorized by law.
· A final report, or equivalent document, must be developed for each deactivation and/or decommissioning project.  Where deactivation  and decommissioning are conducted as a single, uninterrupted activity, only one final report, or equivalent, is required.

bm) Using DOE O 430.1A, Life Cycle Asset Management, prepare an action plan which adequately outlines interviews and observations, and details documents to review during an evaluation of contractor compliance with the requirements of DOE O 430.1A, Life Cycle Asset Management.

bn) Evaluate contractor compliance with the requirements of DOE O 430.1A, Life Cycle Asset Management.  During this evaluation, demonstrate the ability to properly conduct interviews, observations, and document reviews.

bo) Given data from an evaluation, analyze the results of the evaluation to determine contractor compliance or noncompliance of the requirements.

Items “d” through “f” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies, if required.

24. Environmental restoration shall demonstrate a working-level knowledge of financial management necessary to integrate program resources and apply those resources to meet project commitments as described in DOE Guide 430.1-1, Life Cycle Asset Management.

bp) Define the term “work breakdown structure” and discuss the process for developing one.

A work breakdown structure (WBS) is the result of project/program planning that establishes the physical work packages or elements and the activities within those packages that completely define a project.  It organizes the physical work packages into levels that can be developed into a summary.
A WBS shows the relationship of all elements of a project.  This provides a sound basis for cost and schedule control.  During that period of a project’s life from its inception to a completed project, a number of diverse financial activities must take place.  These activities include cost estimating, budgeting, accounting, reporting, controlling and auditing.  A WBS establishes a common frame of reference for relating job tasks to each other and relating project costs at the summary level of detail. 

Since the WBS divides the package into work packages, it can also be used to interrelate the schedule and costs.  The work packages or their activities can be used as the schedule’s activities.  This enables resource loading of a schedule, resource budgeting against time, and the development of a variety of cost budgets plotted against time.

A WBS is a numerical, graphic representation that completely defines a project by relating elements of work in that project to each other and to the end product.  The WBS is comprised of discrete work packages, called elements, that describe a specific item of either hardware, service, or data.  Descending levels of the WBS provide elements of greater and greater detail.  The number of levels of a WBS depends on the size and complexity of the project.  The DOE WBS Guide presents a structure that may be used as a guideline when developing the project/program WBS.

bq) Define and compare the terms “cost estimate” and “budget.”

A cost estimate is a statement of costs estimated to be incurred in the conduct of an activity, such as a program, or the acquisition of a project or system.  The estimate can be in the form of proposals by contractors or Government agencies, a response to a program opportunity notice, or a DOE estimate.  

A budget is an annual proposal that outlines anticipated federal revenue and designates program expenditures for the upcoming fiscal year.
br) Describe the process for preparing cost estimates and budgets.

Cost Estimates

The techniques used for preparing cost estimates will necessarily vary with the project’s phase of acquisition and degree of definition; the state-of-the-art of the project; the availability of databases, cost-estimating techniques, time, and cost estimators; and the level of detail or work breakdown structure required in the estimates.  A study of the item or task, in light of the degree of estimating difficulty, should indicate the method or combination of methods to be used in estimating the cost of that particular item or task, as follows:

· Bottom-up technique.  Generally, a work statement and set of drawings or specifications are used to “takeoff” material quantities needed to perform each discrete task that is required to accomplish a given operation or produce an equipment component.  From these quantities, direct labor, equipment, and overhead costs are derived and added thereto.

· Specific analogy technique.  Specific analogies depend upon the known cost of an item used in prior systems as the basis for the cost of a similar item in a new system.  Adjustments are made to known costs to account for differences in relative complexities of performance, design, and operational characteristics.

· Parametric technique.  Parametric estimating requires historical databases on similar systems or subsystems.  Statistical analysis is performed on the data to find correlations between cost drivers and other system parameters, such as design or performance parameters.  The analysis produces cost equations or cost-estimating relationships, which can be used individually or grouped into more complex models.

· Cost review and update technique.  An estimate is constructed by examining previous estimates of the same project for internal logic, completeness of scope, assumptions, and estimating methodology. 

· Trend analysis technique.  A contractor efficiency index is derived by comparing originally projected contract costs against actual costs on work performed to date.  The index is used to adjust the cost estimate of work not yet completed.

· Expert opinion technique.  This technique may be used when other techniques or data are not available.  Several specialists can be consulted reiteratively until a consensus cost estimate is established.

Cost estimates can be developed for many purposes: comparative studies, trade-off studies, funding decisions, program changes, cost-benefit analyses, procurement support, and for independent review or analysis of another estimate for a test of reasonableness.  Cost estimates will include all relevant costs, depending on the purpose of the estimate (e.g., total life-cycle costs or components thereof, such as research, development, production, and operating support, and decommissioning costs, as appropriate).

Budgets

Providing adequate resources to develop, acquire, and operate a project is first a design constraint, and second a determination of the Department’s planning and budgeting process. Budget decisions shall be consistent with project baseline decisions derived from requirements contained in the project management system. 

Integration of decisions concerning project resource availability in the planning and budgeting process involves the following procedures: 

· Field budget call. A field budget call shall be issued by the chief financial officer in mid-to-late January incorporating any budget planning decisions that have been made by the Secretariat.  Prior to including a project in the budget, a conceptual design shall be completed.  Also, any planned conceptual designs that are expected to exceed $1 million shall be completed and submitted to Headquarters (HQ).  Project data sheets shall be developed and submitted for new project efforts and ongoing project efforts that require additional funding.  This documentation and the conceptual design report shall be used to validate the project and to defend the project in the internal review budget. 

· Project validation. Shortly after the field call is issued, the Office of Program/Project Management shall issue procedures and a checklist to be used with the information received in the field budget submission to conduct project validations.  In April and May, the Office of Program/Project Management, in coordination with the program offices, shall assess new projects over $5 million and ongoing projects requesting additional funding.  The validation process evaluates the projects for readiness to proceed into the Department’s budget process, and examines the planning, development, and baseline of a project to ensure that the funds requested are commensurate with the project’s anticipated scope and schedule.  Normally, the project must be validated prior to inclusion in the internal review budget.

· Internal review, Office of Management and Budget (OMB), and Congressional budgets. Project documentation shall be updated according to decisions made in each review.  The conceptual design report, justification of mission need, and project data sheet are the mainline documents used to defend the project within the Department. Outside DOE (i.e., OMB and Congress), only the project data sheet is used.  Therefore, it is vital that the document be accurate and up-to-date for each review.  

· Field Work Package Proposal and Authorization System.  Specific DOE contractors, primarily management and operations contractors, process their budget submissions through the use of the Field Work Package Proposal and Authorization System (WPAS).  The major emphasis of WPAS is to group associated research and development tasks and activities into work packages for the purpose of DOE approval and control.  A work package might include several project-related efforts grouped by objectives and technical discipline.  Each work package shall be measurable in terms of performance, and must include sufficient specifications of verifiable events or deliverables to mark project achievement.  

bs) Describe and compare labor and non-labor costs.
When estimating labor costs, the worker’s base rate plus all payroll indirect costs, such as Federal Insurance Contributions Act and payroll insurance, are multiplied by the estimated labor hours to generate the labor cost.  Typically, this sum is handled as a direct labor cost.  For ease of estimating, an average crew rate can be used and rounded to the nearest even dollar hourly rate.  Non-labor costs include interest, depreciation, rent, and indirect business taxes.

bt) Describe and compare direct and indirect costs.

Direct costs are costs that can be specifically identified with a particular project or activity, including salaries, travel, equipment, and supplies directly benefiting the project or activity.

Indirect costs are costs incurred by an organization for common or joint objectives and cannot be identified with a particular project or activity.  Examples are utilities, computer processing, security, and administrative expenses.  Indirect costs are often referred to as overhead or burdened expenses.

bu) Discuss methods of reducing indirect costs.

There are several ways to reduce indirect costs including the following:

· Understand the basis for allocation of cost pools.

· Question rate changes.

· Question cost changes.

· Look for inefficient/costly practices.

· Provide input to budget validations of indirect costs.

· Work with the chief financial officer for a more effective process.

bv) Discuss the importance of determining the measure for work performed before work starts.

By determining the measure for work performed before work starts, you are able to establish the milestones and deliverables for the project and begin the creation of the WBS.  The WBS then becomes the measuring device for the work performed on the project and a part of the established baseline for the project.
bw) Describe methods for measuring work performed.

The WBS, with its milestones and deliverables, becomes the measuring device for the work performed on the project.  The WBS technique accomplishes the objective of work definition and provides the basis for performance measurement at levels that meet specific management needs.
bx) Discuss schedule and cost variance.

Variance is the difference between planned and actual performance.  Variances that exceed established thresholds normally require further review, analysis, or action.  Established thresholds should be revised during the life of a project to ensure meaningful analysis.

Schedule baseline is the time-phased plan with a logical sequence of interdependent activities, milestones, and events necessary to complete the project.  The schedule baseline shall be formally changed during the execution of the project when required.

Cost baseline is a budget that has been developed from the cost estimate made upon approval of the technical baseline, and the majority of the budget has been time-phased in accordance with the project schedule.  It contains direct and indirect budget, management reserve budget, undistributed and higher-level budgets, contingency amount, and amount for fee, as appropriate.
by) Given actual project management documentation and data, identify budgeted cost of work scheduled, budgeted cost of work performed, and actual cost of work performed, and determine the schedule variance and cost variance.
This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

bz) Describe the types of EV and how they are measured.

The types of earned value (EV) are budgeted cost of work scheduled (BCWS), budgeted cost of work performed (BCWP), actual cost of work performed (ACWP), budgeted cost at completion (BAC), estimated cost at completion (EAC), cost variance (which is BCWP minus ACWP), schedule variance (which is BCVWP minus BCWS), and at completion variance (which is BAC minus EAC).  These types of EV are compared to the BCWS to obtain an indication of schedule performance, and are compared to ACWP to obtain cost performance.

ca) Explain what is meant by the term “baseline” as it relates to project management.

A baseline is a quantitative expression of projected costs, schedule, and technical requirements, the established plan against which the status of resources and the progress of a project can be measured.

cb) Describe the types of data required to forecast cost and schedule performance.

Cost and schedule performance measurement employs earned value to identify cost and schedule variances and performance trends.  Unexpected technical problems are often the source of cost and schedule variances.  Technical performance evaluation may facilitate early identification and definition of these problems, and estimation of their cost and schedule impact.

cc) Define the term “Life Cycle Cost Estimate.”

Life-cycle costs (LCCs) are all the anticipated costs associated with a project or program alternative throughout its life.  This includes costs from pre-operations through operations or to the end of the alternative.  

cd) Given sample data, calculate “Life Cycle Cost Estimate.”

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

ce) Discuss the importance of formal change control with regard to project management.

Project changes can be classified into two broad categories.  First are those changes that directly impact the performance baseline.  Second are those that occur within the performance baseline, such as changes to project sub-element costs and milestones.  Changes to the performance baseline require senior management attention and involvement.  Changes within the performance baseline are routinely accomplished during the development process as the design, engineering, execution or construction and risk management efforts continue. Establishing a formal change control process permits all changes to be managed to integrate the cost, schedule, and technical parameters that are affected by each change.  Change control approval thresholds should be developed in a tiered manner, from the acquisition executive to the deputy administrator level down to the project director and the contractor, commensurate with the size and significance of the proposed change.  Project changes shall be identified, controlled, and managed through a traceable, documented change control process that is defined in the project execution plan.  Congressional notification is required whenever a project change results in a 25 percent increase in the total estimated cost in accordance with applicable statutes.  Project changes caused by congressional action, such as a funding shortfall or the addition of new requirements, shall be called directed changes. Directed changes shall follow the change control process and shall be approved by the appropriate acquisition executive.

cf) Discuss the use of strategic planning, and how such planning relates to ongoing operations and safety of operations.

Strategic planning is a management tool.  As with any management tool, it is used for one purpose only: to help an organization do a better job — to focus its energy, to ensure that members of the organization are working toward the same goals, to assess and adjust the organization’s direction in response to a changing environment.  Strategic planning is a disciplined effort to produce fundamental decisions and actions that shape and guide what an organization is, what it does, and why it does it, with a focus on the future. 

A word by word dissection of this definition provides the key elements that underlie the meaning and success of a strategic planning process.  The process is strategic because it involves preparing the best way to respond to the circumstances of the organization’s environment, whether or not its circumstances are known in advance.  Being strategic, then, means being clear about the organization’s objectives, being aware of the organization’s resources, and incorporating both into being consciously responsive to a dynamic environment.  The process is about planning because it involves intentionally setting goals and developing an approach to achieving those goals.

The process is disciplined in that it calls for a certain order and pattern to keep it focused and productive.  The process raises a sequence of questions that helps planners examine experience, test assumptions, gather and incorporate information about the present, and anticipate the environment in which the organization will be working in the future.  Finally, the process is about fundamental decisions and actions because choices must be made to answer the sequence of questions mentioned above.  The plan is ultimately a set of decisions about what to do, why to do it, and how to do it.  Because it is impossible to do everything that needs to be done in this world, strategic planning implies that some organizational decisions and actions are more important than others, and that much of the strategy lies in making the tough decisions about what is most important to achieve organizational success.

25. Environmental restoration shall demonstrate familiarity-level knowledge of project risk assessment.

cg) Perform an assessment of project risks that identifies critical systems, subsystems, and other factors that require focused work and resolution.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

ch) Identify the types of risks that are addressed in a project risk assessment.

Project/program risk analyses include the evaluation of technical, schedule, cost, and funding risks.

Technical risks are those events or issues associated with the research and development (R&D), design, construction, and operation of facilities and processes that could affect the actual level of performance versus that specified in the program functional and operational requirements.

Cost risk is the risk associated with the ability of the project/program to achieve the planned life-cycle costs.  It includes design/construction and operating costs.  The two major elements of cost risk are the accuracy and completeness of the cost estimates for the planned activities and the risk that program performance will not meet the planned objectives because of a failure to manage technical risks.

Schedule risk is the risk associated with the adequacy of the time allotted for R&D, regulatory approval, design, construction, startup, and operations activities.  The two major elements of schedule risk are the reasonableness and completeness of the schedule estimates for the planned activities and the risk that program performance will not meet the planned schedule objectives because of a failure to manage technical risks.

In addition, program cost and schedule targets may not be met because the projected funding needed to complete the planned activities is not available when needed.  Each of the four risk categories is related to the others.

ci) Evaluate the assessed level of risk.

Risks are quantified (i.e., graded as low, medium, or high) based on the results of the risk analysis meeting and the definition of project scope, schedule, and cost.  Each risk and its corresponding assumptions should be recorded on a risk identification and analysis form.

Any method chosen for grading risk should be qualitative as well as quantitative.  Though formulas and modeling techniques are useful tools for organizing and assessing risks, they do not substitute for the professional judgment and experience of the project manager and other project team members.

A sound methodology for determining whether a risk is low, medium, or high is to combine information about its probability of occurrence (P) and the consequence of the realized risk (C).

The probability of occurrence is considered for the duration of the project.  However, if probability of occurrence is higher in some project phases than others, the probability of occurrence should be used in the current or next immediate project phase, and the probability of occurrence for the risk should be updated in a subsequent risk analysis.  The probability is expressed as a decimal between 0 and 1, where 0 is no probability of occurrence and 1 is 
100 percent probability of occurrence.  Record the probability of occurrence (P) on the risk identification and analysis form with any other assumptions or basis used for determining the probability.

The consequence of realized risk is best determined using a consequence table, which permits the team to define the cost and schedule thresholds at which the consequences of realized risk will result in one of the following outcomes:

· No consequence to cost and schedule
· Small reduction in desired cost and schedule results
· Some reduction in desired cost and schedule results
· Significant degradation in desired cost and schedule results
· Project cost and schedule goals cannot be achieved
The evaluation should quantify consequences in terms of dollars and schedule time units (days, weeks, months).  The consequence of a realized risk (C) should be recorded on the risk identification and analysis form with any other assumptions or bases used for determining the consequences.

One of the three following methodologies should be used to combine the probability of occurrence (P) and the consequence of the realized risk (C).

1.
Determine the risk factor (RF).  This approach yields the most conservative risk grading result; that is, it produces the highest number of risk factors that result in high risks.  To use this method, the following formula is applied:
Risk Factor (RF) = (P + C) - (P x C)

where:

High risk = RF greater than 0.7

Medium risk = RF between 0.7 and 0.3

Low risk = RF less than 0.3

2. Use a risk grading plotting chart.  This is a less conservative methodology.
3. Use a purely subjective methodology.  The team can evaluate the project, determine the risks, and assign a grade based purely on experience and judgment.  This methodology may best be used for low dollar value and less complex projects.
Other methodologies can be employed to quantify risk.  Whatever method is used, documentation of the chosen methodology is highly recommended.  Documentation creates a record for future use in the event that a later review, revision, or update is performed by a new team.
For additional information, refer to DOE Good Practice Guide GPG-F17-007, Risk Analysis and Management.

cj) Describe the basis for the risk assessment.

ck) Identify the critical project elements that contribute to the risk.

cl) Identify the consequences of the risk.

cm) Develop activities and alternatives to minimize the risk.

cn) Identify the stage(s) of the project in which the risk exists.

Items “d” through “h” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

26. Environmental restoration personnel shall demonstrate a working-level knowledge of configuration management principles to satisfy the project’s technical and operational requirements.

co) Discuss the objectives of configuration management.

The basic objectives and general principles of configuration management are the same for all activities.  The objectives of configuration management are to

· establish consistency among design requirements, physical configuration, and documentation, including analysis, drawings, and procedures for the activity;

· maintain this consistency throughout the life of the facility or activity, particularly as changes are being made.

cp) Describe the following elements of configuration management:

· Configuration identification

· Configuration control

· Configuration recording and reporting

· Waivers and deviations
Configuration Identification

The purpose of configuration identification is to define the functional and physical characteristics of a configuration item in sufficient detail so that it may be developed, tested, evaluated, produced, competitively procured, accepted, operated, maintained, and supported.  Configuration identification is established by baselines plus approved changes.
Configuration Control

Configuration control ensures that proposed engineering changes to configuration items are fully coordinated and documented.

Configuration control is tailored during each life cycle phase of a configuration item as follows:

· Acquisition Phase. During this phase, configuration control will be applied to a new item’s operational and functional requirements, and configuration control will be applied to all documents which establish the functional baseline documentation.  This phase represents the acquisition of a new device, and as such, establishes the product baseline documentation. 

· Operational Support Phase. During this phase, configuration control will be applied to any revisions to the established functional and product baseline documentation of an existing item.  This phase represents the modification/update of existing devices.

Configuration Recording and Reporting

Configuration recording and reporting, often referred to as configuration status accounting, is the recording and reporting of information needed to manage configuration items effectively, including

· a record of the approved configuration documentation and identification numbers; 

· the status of proposed changes, deviations, and waivers to the configuration; 

· the implementation status of approved changes; 

· the configuration of all units of the configuration item in the operational inventory; 

· discrepancies from functional and physical configuration audits.
Waivers and Deviations

When justified by cost or schedule considerations, waivers and/or deviations may be granted.  A deviation or waiver is a departure from the original requirements of a drawing, specification, or process procedure.  A deviation constitutes relief prior to producing a product or component, while a waiver grants relief after producing the product or component.  A deviation normally results from preliminary engineering tests and analysis showing that a drawing or specification cannot be met.  A waiver usually is the result of problems encountered during fabrication or test that cannot be corrected to meet the drawing or specification. 

Waivers and deviations are classified as type I or type II, depending on the severity and effect of the proposed/actual nonconformance.
Type I waivers and deviations are those products or components that depart from baseline requirements and may affect one or more of the following areas: performance, durability, interchangeability, systems interface, health or safety. 

Type II waivers and deviations are all nonconformances that are not classified as type I as defined above. 
cq) Discuss the revision process for technical baselines over the life of a project, including an explanation of each of the following terms:

· Functional requirements baseline

· Technical requirements baseline

Once a technical baseline has been established, formal configuration management and documented engineering change requests are used to manage the baselines.  Engineering changes should be evaluated for impact on schedule and cost baselines.  When these baselines are impacted, the change should be processed through appropriate change control. During design, change requests may be used to document and disposition minor design errors/changes.  During construction, field change requests may similarly be used to disposition minor field errors/changes.  These methods of initiating changes should be monitored, controlled, and approved based on a tailored change control process.  In addition, all such changes should be reflected in approved project drawings and specifications.

Agreed-upon approval thresholds specify the control each organizational element has over baseline change approval and the change control process.  The baseline objectives, performance baseline threshold values, and associated change control thresholds for each project should be documented in the project execution plan and approved at the critical decision-2 decision point.  Change approval thresholds for changes within the performance baseline will range from the contractor to the acquisition executive.  The secretarial acquisition executive and Under Secretary/NNSA Administrator retain specific approval authority for technical, schedule, and cost changes to the performance baseline for both major system projects and non-major system projects.

The initiator of a change proposal prepares the change request describing the change and identifying the amount of budget required or to be returned.  The initiator also describes the scope of the change and any schedule impacts resulting from the change, and provides an analysis of the change.  The analysis of a change should include the impact of the change on project technical, scope, schedule, and cost baselines and/or forecasts, as applicable.  Included in the technical category are items such as safety, quality, procurement, performance, personnel, training, ongoing operations, etc.  The analysis is to be all-inclusive and thorough.  A proven, structured approach for evaluating the impacts of a proposed change is obtained by completing a pre-established project change impact checklist for each change request.  Change analysis and understanding is especially important during project execution because of the large impact of seemingly small changes.

Each project should establish and maintain a change control log from which a specific number is assigned to each change request, and in which the title, scope, and cost of the change is recorded, along with the disposition of the change and any assigned action items.  If the change impacts project costs, then entries should also appear indicating the source of the funds needed to implement the change.

Often, a project change is caused by Congressional action, such as an Appropriations Act that reduces funding.  These changes are classified as directed changes.  In such cases, the project director should prepare a project change request and submit it through normal channels for review and approval.

For additional information, refer to DOE M 413.3-1, Project Management for the Acquisition of Capital Assets.

27. Environmental restoration personnel shall demonstrate a working-level knowledge of the principles of streamlining and maximizing cost-effectiveness.

cr) Define and discuss the following terms:

· Early response action

· Problem statement

· Uncertainty

· Data needs

· Core team

· Expedited site characterization
Early Response Action

An early response action is an action that may be identified and implemented at any time during the study or design phase.  Early response actions are limited in scope and address only areas or media for which a final remedy will be developed by the remedial investigation/feasibility study process.  An early response action should be consistent with the final remedy for a site.

Problem Statement

A problem statement is a site condition posing real or potential unacceptable risk, or a condition that the core team determines requires a response.  Problem definition initially focuses on whether site conditions require a response, but shifts as early as possible to what response is needed.  
Uncertainty
Uncertainties initially focus on resolving whether site conditions require a response, but shift to the response itself once a decision to take action is made.
Data Needs

Information needs include data to establish with sufficient certainty that a condition poses a problem, and data to focus on what response action to take.
Core Team

The core team is responsible for advancing the project through all phases of the environmental restoration process, generally starting with initial planning.

Expedited Site Characterization
The expedited site assessment (ESA) process is a framework for rapidly characterizing site conditions for corrective action decisions.  This concept has been described with other names, including accelerated site characterization, rapid site characterization, and expedited site investigation.  ESAs have been made possible by the recent development of improved, cost-effective methods for rapid sample collection and field analysis of soil gas, soil, and groundwater.  Where appropriate (or necessary), conventional sampling and analytical methods can be used to augment the ESA process.  An ESA is typically conducted in a single mobilization that can last several days and is distinguished by the following features: 

· Field-generated data and on-site interpretation 

· Flexible sampling and analysis 

· Field presence of senior staff empowered to redirect the investigation in response to new data 

The ESA process contrasts with conventional site assessments in which a significant amount of data analysis and interpretation is completed off-site at a later date.
cs) Discuss what should precede the development of a sampling and analysis plan.
Data collection options should be developed to ensure the customer has adequate information to make business decisions related to appropriate sampling and analysis methods and a project’s data collection program.
ct) Discuss the composition and role of a core team for ER projects.

The core team is the formal decision-making body for environmental restoration projects.  Other staff and technical support (e.g., consultants) and interested publics actively participate in decisions as part of the project team, but are not official decision makers.
The core team is an inter-agency team, and may also involve other decision-making stakeholders.  DOE is the lead agency, while EPA and the state have statutory-, regulatory-, and FFA-specific roles.  To a large extent, DOE cleanups are driven by external interests. Therefore, it is appropriate to involve external parties in the decision-making process to the degree they wish to participate.
At a minimum, the core team will need to include DOE (as lead agency), EPA, state regulators, the land owner (if not DOE), and any local regulators (such as water control boards).

Key decision makers need to work as a team and decide, by consensus, all the major aspects of the project.  All members must be fully engaged and responsible for the project’s scope, direction, objectives, and results.  Each team member is responsible for making important contributions to the project’s success.

The core team operates by meetings or conference calls in which decisions are at issue.  DOE staff and their consultants do all the technical leg work necessary to facilitate analysis and decision making by the core team during meetings.
Although the core team makes decisions arrived at through consensus, DOE is the lead agency for the duration of the project, performing all technical work as agreed to by the core team, and directing the work of its consultants.
cu) Discuss uncertainty, as it is associated with characterization, and the ways in which it can be managed.

An approach to managing uncertainty should be defined that will provide the balance between reducing and managing uncertainty at the least cost.  In some cases, the uncertainty must be reduced to manageable levels through investigation (e.g., by reviewing existing data, site characterization, and treatability studies).  In other cases, the residual uncertainty is manageable by contingency planning (if X happens, then do Y).

An approach to managing uncertainty must also be acceptable to the core team.  The history of a site may make it important to have a wider level of comfort (less uncertainty) than would be acceptable to just the core team or technical project team staff.  The process for establishing acceptable levels of uncertainty may include the general public (e.g., a citizens advisory board).

At some sites (e.g., a site with surface soil contaminated by dioxin), strenuous efforts to reduce uncertainty in advance may pay off in a much more efficient cleanup.  At other sites (e.g., a heterogeneous landfill), prior characterization may have little benefit, and the challenge is to manage uncertainty during remediation.

At most sites, both approaches are used to some degree.  Optimization means striking the right balance.  For any given site, there is a balance of uncertainty reduction and uncertainty management that is optimum with respect to cost, time, or risk objectives.

Uncertainties can also be categorized according to their appropriate level of response: 
(1) those that are insignificant; (2) those that can and should be reduced with more data before a remedy is selected; and (3) those that can and should be managed during the response with contingency planning.

Uncertainties need to be understood to be managed effectively.  Organization, documentation, and planning of environmental restoration projects must address these uncertainties

There are numerous ways in which we can be wrong or uncertain about a site and its problems.  Categorizing uncertainties by source helps to focus on the type of data needed to manage or reduce the uncertainties identified.  Five general sources of uncertainty are

· site characterization
· technology selection

· regulatory requirements

· administrative processes

· data analysis

These sources of uncertainty are interrelated.  For example, uncertainties in site characterization lead to uncertainties in whether a technology will work and what regulations apply.  Uncertainties in technology performance can lead to uncertainties in regulatory compliance.
The approach to managing uncertainty will include reducing and counteracting uncertainty.  The challenge is to reach core team consensus in establishing the balance between the two components.

cv) Discuss the importance of a concise problem statement for ER projects.
In practice, problem identification is integrated with the other principles — identifying response actions, managing uncertainty, and creating an effective core team.  The core team is ultimately responsible and accountable for problem definition.

Problems, by our definition, require a response — some action, either interim or final, taken to reduce/eliminate the potential for exposure.  Situations that core teams determine do not require a response are not problems.  Note that uncertainty may exist as to whether a problem exists.  This represents a data gap.  However, defining whether a problem exists is a critical initial activity and often the focus of investigation activities.

Uncertainty in whether a problem exists requires very specific definition of data needs.  A problem may be an actual risk to human health or the environment (e.g., evaluations may indicate that a health-based standard has been exceeded), or a perceived risk (e.g., Pu-239 in soils even if no chance of exposure exists).  There are thresholds that define the conditions under which a current or potential exposure pathway poses an unacceptable risk.  An unacceptable condition is a situation that regulations, agreements, or public perceptions delineate as unacceptable, regardless of the actual degree of risk posed.

cw) Define the following terms:

· Risk-based concentration (RBC)

· Maximum contaminant level (MCL)

· Remedial goal option (RGO)

· Background

· Action level

· Data quality objectives

RBC

Formulated by EPA Region III, RBCs are chemical concentrations corresponding to fixed levels of risk (i.e., a hazard quotient of 1 or lifetime cancer risk of 10-6) in water, air, fish tissue, and soil.  RBCs are often used to screen sites not yet on the national priorities list, respond rapidly to citizen inquiries, and spot-check formal baseline risk assessments.  However, RBCs have several limitations.  The calculation of RBCs does not include consideration of transfers from soil to air and groundwater, and cumulative risk from multiple contaminants or media.  Therefore, for a single contaminant in a single medium, under standard default exposure assumptions, the RBC corresponds to the target risk or hazard quotient.
MCL

The MCL is the maximum permissible level of a contaminant in water delivered to any user of a public system.  MCLs are enforceable standards.
RGO

RGOs are chemical-specific, medium-specific, numerical concentration limits that are identified for all contaminants and all pathways found to be of concern.  RGOs are not the first or the final set of cleanup levels in the CERCLA process, but can be viewed as modified preliminary remediation goals based on site characterization and risk assessment findings.  RGOs are valuable for designing data quality objectives in the remedial investigation process, for comparison to detected contaminant concentrations, and as criteria in selecting and designing remediation alternatives in the feasibility study.
Background

Background includes information regarding the site and factors that could influence public perceptions of the contamination problem.
Action Level

In the Superfund program, an action level is the existence of a contaminant concentration in the environment high enough to warrant action or trigger a response under the Superfund Amendments and Reauthorization Act (SARA) and the NCP.  It can also relate to regulatory levels recommended by EPA for enforcement by the Food and Drug Administration and the U.S. Department of Agriculture when pesticide residues occur in food or feed commodities for reasons other than the direct application of the pesticide.  As opposed to tolerances which are established for residues occurring as a direct result of proper usage, action levels are set for inadvertent residues resulting from previous legal use or accidental contamination.  The action level is one-half the relevant PEL or threshold limit values (TLV).

Data Quality Objectives

Data quality objectives are quantitative and qualitative statements specified to ensure that data of appropriate quantity and quality is collected during field activities to support specific decisions or regulatory actions.
28. Environmental restoration personnel shall demonstrate a working-level knowledge of the following DOE directives:

· DOE P 450.1, General Environmental Protection Program

· DOE O 231.1A, Environmental Safety and Health Reporting

cx) Discuss the relationship between Comprehensive Environmental Response, Compensation, and Liability Act and DOE P 450.1, General Environmental Protection Program.

DOE P 450.1 has been canceled.  

cy) Identify and explain the guiding principles for environmental restoration personnel in performing their duties.

The following guiding principles provide the framework by which every member of the DOE community should conduct his or her job-related activities in support of this vision:

· Communication.  We will conduct our activities in an atmosphere of trust and confidence that is based on open, honest, and responsive communication.

· Participation.  We will actively encourage participation by all interested parties in our activities.

· Risk identification and management.  We will utilize innovative and effective approaches to risk identification and management.
· Integrity and respect.  We will conduct our business with integrity and mutual respect.
· Systematic approach.  We will apply a systematic approach to all activities that affect environment, safety, and health.
· Effective integration.  We will effectively integrate environment, safety, and health into all activities.
· Resources.  We will allocate appropriate resources to support environment, safety, and health activities.
· Improved performance.  We will continue to improve our environment, safety, and health performance.
· Consistent approach.  We will manage and conduct a consistent approach to environment, safety, and health across the DOE complex.
· Information and resource sharing.  We will encourage and promote the sharing of environment, safety, and health information and resources.
· Ownership and accountability.  We will establish clear ownership and accountability for all activities.
· Teamwork and involvement.  We will promote teamwork through the involvement of interested parties.
· Education and training.  We will empower our employees through training, information, tools, and program involvement to effectively protect themselves, the public, and the environment.

cz) Discuss the purpose of the annual site environmental report as outlined in DOE 
O 231.1A, Environmental Safety and Health Reporting.

Heads of field elements will prepare an integrated annual site environmental report for each calendar year.  This report must present summary environmental data to
· characterize site environmental management performance.  The report must include data on effluent releases, environmental monitoring, and estimated radiological doses to the public from releases of radioactive material at DOE sites.

· summarize environmental occurrences and responses reported during the calendar year.

· confirm compliance with environmental standards and requirements.

· highlight significant programs and efforts.  The report must include environmental performance indicators and/or performance measures programs.  The breadth and detail of this reporting should reflect the size and extent of programs at a particular site.

The annual site environmental report for the calendar year will be completed and made available to the public by October 1 of the following year and will be submitted to the Assistant Secretary for Environment, Safety, and Health at that time.

29. Environmental restoration personnel shall demonstrate a working-level knowledge of the purpose and processes required by the CERCLA as outlined in the National Contingency Plan.

da) Discuss the general purpose of CERCLA as it applies to risks to human health and the environment resulting from releases or threatened releases of hazardous substances into the environment.

CERCLA, or Superfund, was enacted by Congress in 1980.  CERCLA was enacted as a response to such environmental disasters as Love Canal where historical waste disposal operations threatened and eventually condemned a residential neighborhood.  The nation was realizing that inactive hazardous waste sites presented great risk to public health and the environment and that existing law did not address these abandoned disposal sites.  CERCLA was designed to respond to situations involving the past disposal of hazardous substances.
When originally enacted, CERCLA was far less complex than it is today.  In 1986, CERCLA was extensively amended by SARA.  SARA added many provisions to CERCLA and clarified much of what was unclear in the original act.  However, even after SARA, CERCLA’s major emphasis has remained the cleanup of inactive hazardous waste sites and the distribution of cleanup costs among the parties who generated and handled hazardous substances at these sites.  

db) Identify what constitutes a hazardous substance under CERCLA.

CERCLA hazardous substances are defined in terms of those substances either specifically designated as hazardous under CERCLA, or those substances identified under other laws.  In all, the Superfund law includes references to four other laws to designate more than 800 substances as hazardous, and identify many more as potentially hazardous due to their characteristics and the circumstances of their release.

The Superfund law gives EPA’s Superfund emergency response program the authority to respond to emergencies involving these substances and pollutants or contaminants that pose imminent and substantial danger to public health and welfare or the environment.  The term pollutant or contaminant includes, but is not limited to, any element, substance, compound, or mixture, including disease-causing agents, which after release in the environment and upon exposure, ingestion, inhalation, or assimilation into any organism, will likely cause death, disease, behavioral abnormalities, cancer, genetic mutations, physiological malfunctions (including reproductive), or physical deformations in such organisms or their offspring.

The terms hazardous substance and pollutant or contaminant do not include petroleum or natural gas.  EPA conducts emergency responses to incidents involving petroleum and non-petroleum oils through its oil program, which functions under the CWA authorities.  Throughout the emergency response program, the term hazardous substance includes pollutants and contaminants.

In addition to the hazardous substances identified under the Superfund law, the Title III amendments to Superfund, also known as the Emergency Planning and Community Right-to-Know Act (EPCRA), identify several hundred hazardous substances for their extremely toxic properties.  EPA designated them as extremely hazardous substances to help focus initial chemical emergency response planning efforts.

dc) Explain the intent of the Hazardous Substance Response Trust Fund.

The hazardous substances response trust fund was established to accumulate and maintain a source of money to
· finance contracts or cooperative agreements between the state and the president of the United States under section 104 of CERCLA;
· provide state assistance in the form of supplies, materials, services, and equipment to prevent the release of a hazardous substance or contaminant, or control, contain, isolate, neutralize, remove, store, or dispose of any hazardous substance or contaminant already released into or on the air, land, or waters;
· finance response actions that are
· undertaken or authorized by the commissioner with respect to sites in the United States and considered by the commissioner to be necessary to protect the public health or welfare or the environment from the release or threatened release of a hazardous substance or contaminant;
· pay expenses related to releases of regulated substances other than petroleum from underground storage tanks;
· pay administrative and personnel expenses incurred by the state in responding to releases or threats of releases of hazardous substances or contaminants;
· pay claims for the reimbursement of necessary response costs incurred by persons that have received preauthorization from the commissioner for reimbursement;
· provide grants for household hazardous waste and conditionally exempt small quantity generator waste collection, recycling, or disposal projects;
· pay administrative and personnel expenses incurred by the department in implementing and administering household hazardous waste and conditionally exempt small quantity generator waste collection, recycling, or disposal projects; 

· transfer funds to the environmental remediation revolving loan fund.

dd) Describe the National Oil and Hazardous Substance Response Trust Fund.

The legislation that created the National Oil and Hazardous Substance Response Trust Fund was repealed on February 25, 2005.
de) Describe when a hazardous substance release is subject to CERCLA reporting requirements.

For releases of hazardous substances, the federal government has established Superfund Reportable Quantities (RQs).  RQs trigger the reporting requirements under Superfund law.  If a hazardous substance is released to the environment in an amount that equals or exceeds its RQ, the release must be reported to federal authorities so that emergency response personnel can evaluate whether a response action is needed.
df) Describe the objectives of the national priorities list (NPL) and the hazard ranking system (HRS).

The NPL is the list of national priorities among the known releases or threatened releases of hazardous substances, pollutants, or contaminants throughout the United States and its territories.  The NPL is intended primarily to guide the EPA in determining which sites warrant further investigation.
The HRS is the principal mechanism EPA uses to place uncontrolled waste sites on the NPL.  It is a numerically based screening system that uses information from initial, limited investigations — the preliminary assessment and the site inspection — to assess the relative potential of sites to pose a threat to human health or the environment.
dg) List the processes associated with the hazardous substance response process.

The on-scene coordinator (OSC) /remedial project manager (RPM) shall direct response efforts and coordinate all other efforts at the scene of a discharge or release.  As part of the planning and preparation for response, the OSCs/RPMs shall be predesignated by the regional or district head of the lead agency.

The first federal official affiliated with a national response team member agency to arrive at the scene of a discharge or release should coordinate activities under the national contingency plan (NCP) and is authorized to initiate, in consultation with the OSC, any necessary actions normally carried out by the OSC until the arrival of the predesignated OSC.  This official may initiate federal fund-financed actions only as authorized by the OSC or, if the OSC is unavailable, the authorized representative of the lead agency.

The OSC/RPM collects pertinent facts about the discharge or release, such as its source and cause; the identification of potentially responsible parties; the nature, amount, and location of discharged or released materials; the probable direction and time of travel of discharged or released materials; whether the discharge is a worst case discharge; the pathways to human and environmental exposure; the potential impact on human health, welfare, and safety and the environment; whether the discharge or release poses a substantial threat to the public health or welfare of the United States; the potential impact on natural resources and property that may be affected; priorities for protecting human health and welfare and the environment; and appropriate cost documentation.

The OSC’s/RPM’s efforts are coordinated with other appropriate federal, state, local, and private response agencies.  OSCs/RPMs may designate capable persons from federal, state, or local agencies to act as their on-scene representatives.  State and local governments, however, are not authorized to take actions that involve expenditures of the Oil Spill Liability Trust Fund or CERCLA funds unless an appropriate contract or cooperative agreement has been established.  The basic framework for the response management structure is a system (e.g., a unified command system), that brings together the functions of the federal government, the state government, and the responsible party to achieve an effective and efficient response, where the OSC maintains authority.

The OSC/RPM should consult regularly with the regional response team (RRT) and the national strike force coordination center (NSFCC), as appropriate, in carrying out the NCP and keeping the RRT and NSFCC, as appropriate, informed of activities under the NCP.

The OSC/RPM shall advise the support agency as promptly as possible of reported releases.

The OSC/RPM should evaluate incoming information and immediately advise the Federal Emergency Management Agency (FEMA) of potential major disaster situations.

In those instances where a possible public health emergency exists, the OSC/RPM should notify the Department of Health and Human Services (HHS) representative to the RRT.  Throughout response actions, the OSC/RPM may call upon the HHS representative for assistance in determining public health threats, and call upon the Occupational Safety and Health Administration (OSHA) and HHS for assistance on worker health and safety issues.

All federal agencies should plan for emergencies and develop procedures for dealing with oil discharges and releases of hazardous substances, pollutants, or contaminants from vessels and facilities under their jurisdiction.  All federal agencies, therefore, are responsible for designating the office that coordinates response to such incidents in accordance with the NCP and applicable federal regulations and guidelines.

The OSC/RPM ensures that the trustees for natural resources are promptly notified of discharges or releases.

The OSC or RPM coordinates all response activities with the affected natural resource trustees and, for discharges of oil, the OSC consults with the affected trustees on the appropriate removal action to be taken.

Where the OSC/RPM becomes aware that a discharge or release may affect any endangered or threatened species or their habitat, the OSC/RPM shall consult with the Department of Interior (DOI), or the Department of Commerce (DOC) National Oceanic and Atmospheric Administration (NOAA) and, if appropriate, the cognizant federal land managing agency.

The OSC/RPM is responsible for addressing worker health and safety concerns at a response scene.

The OSC submits pollution reports to the RRT and other appropriate agencies as significant developments occur during response actions through communications networks or procedures agreed to by the RRT and covered in the Regional Contingency Plan (RCP).

OSCs/RPMs should ensure that all appropriate public and private interests are kept informed and that their concerns are considered throughout a response, to the extent practicable, consistent with the requirements of 40 CFR 300.155.
dh) Discuss the Department’s CERCLA policies and procedures.
Section 120 of CERCLA governs federal facilities’ hazardous substance response activities that are subject to CERCLA authority.  Section 120(a) provides that all federal departments, agencies, and instrumentalities are subject to CERCLA requirements, with limited exceptions, in the same manner and to the same extent as nongovernmental entities.  In other words, CERCLA guidelines, rules, liability provisions, regulations, and criteria apply to federal agencies and private entities, with the exception of requirements pertaining to bonding, insurance, and financial responsibility.  In addition, federal facilities are not eligible to receive Superfund financing to respond to hazardous substance releases.  Section 120 also established special requirements and timetables for federal facilities, and required the EPA to establish the Federal Agency Hazardous Waste Compliance Docket (the “Federal Facilities Docket”), which is a listing of certain federal facilities that manage hazardous waste or may have hazardous substance release problems.

Subject to certain limitations, a federal facility encompasses all contiguous land owned by a department, agency, or instrumentality of the United States.  It includes all individual sites or units on the property, including Government-owned, contractor-operated sites.  In contrast, a CERCLA facility is any building, structure, installation, equipment, pipeline, well, pit, pond, lagoon, impoundment, ditch, landfill, storage container, motor vehicle, or any site or area where hazardous substances have been deposited, stored, disposed of, placed, or otherwise come to be located.  Thus, it is possible to have several “CERCLA facilities” within the boundaries of a single federal facility.

DOE Order 5400.4, Comprehensive Environmental Response, Compensation, and Liability Act Requirements (issued October 1989), established DOE CERCLA policies and procedures within the framework established by the National Oil and Hazardous Substances Pollution Contingency Plan (a.k.a., the National Contingency Plan [NCP]), which established the requirements that implement CERCLA.  The Order specified the responsibilities and authorities of various DOE offices for CERCLA compliance.  In addition, the Order provided that it is DOE policy to respond to releases and potentially imminent releases of hazardous substances from DOE facilities in accordance with the provisions of CERCLA and the NCP, regardless of whether the facility is listed on the National Priorities List (NPL).  This order was considered for update in 1993, but was subsequently cancelled under DOE’s New Directive System Initiative.  However, the requirements stated in the 1989 Order are still DOE’s policies with respect to CERCLA.
30. Environmental restoration personnel shall demonstrate a working-level knowledge of the following document development, review, and assessment under CERCLA.

· Remedial investigation feasibility study work plan
· Investigative work plan report
· Permits

· Records of decision

· Remedial design
· Remedial action work plan
· Consent order and settlement agreement
· Proposed plan
· Applicable, relevant and appropriate requirements (ARARs)
di) Describe the process for developing the elements of the listed documents.
Remedial Investigation Feasibility Study Work Plan
Work plans and attached or referenced supporting project plans document the decisions and evaluations made during the scoping process of the site investigation.  The work plan presents the facility setting and the objectives, tasks, and schedule for conducting the CERCLA RI/FS.  Work plans also present the background data, if any, data evaluation, and project direction for conducting a field investigation .

The general format of an RI/FS work plan includes the following:

· Introduction, which includes implementation of the RI/FS, project goals, organization of the work plan, and quality assurance/quality control (QA/QC)
· Background and physical setting
· Initial evaluation
· Work plan approach and rationale, which includes DQOs
· RI/FS tasks, including field investigation, sampling and analysis plan, interim actions, treatability studies, risk assessment, ecological evaluation, etc.
· Project schedule
· Project management, including staffing and coordination
Guidance documents include the following:

· Guide for Conducting Treatability Studies under CERCLA
· DQO Objectives for Remedial Response Activities
· EPA Requirements for Quality Assurance Plans 
· Superfund Exposure Assessment Manual
· Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual, Part A, Interim Final 

· Risk Assessment Guidance for Superfund, Volume II, Environmental Evaluation Manual

Investigative Work Plan Report
The investigative work plan report consists of the following:

· Introduction (site location, history, investigation strategy, data validation)

· Investigations activities and results (geology, hydrogeology, downhole geophysics as appropriate, soil and groundwater contamination)
· Qualitative risk assessment (QRA summary of data analysis and uncertainty, human health QRA and uncertainty, ecological risk assessment and uncertainty, qualitative overview of potential groundwater impacts from sources)

· Contaminants of concern in the soil and groundwater

· Conclusions

Permits

Within the DOE complex, most environmental restoration work is performed under an interagency agreement that is signed by the DOE, EPA, and state representatives.  Such an agreement requires that the cleanup programs integrate the requirements of CERCLA, RCRA, and the state’s regulations.  EPA maintains authority for CERCLA, while the state usually implements RCRA under the authority of the state’s hazardous waste program.  As such, permits, like a RCRA Part B permit, may be required if the site is currently operating as a TSD facility, or a NPDES permit, if the site is discharging waste into U.S. waters.   The state may or may not have received authorization to implement the EPA’s radioactive mixed waste program.

No federal, state, or local permits are required for on-site response actions pursuant to CERCLA sections 104, 106, 121, or 122.

Records of Decision

The purpose of the remedy selection process is to implement remedies that eliminate, reduce, or control risks to human health and the environment.  Remedial actions are to be implemented as soon as site data and information make it possible to do so.  To support the selection of a remedial action, all facts, analyses of facts, and site-specific policy determinations considered in the course of carrying out activities shall be documented, as appropriate, in a Record of Decision (ROD) for inclusion in the administrative record.  The ROD shall describe the following:

· How the selected remedy is protective of human health and the environment
· Federal and state requirements that are applicable, relevant, and appropriate to the site and that the remedy will attain
· The applicable or relevant and appropriate requirements of other federal and state laws that the remedy will not meet, the waiver invoked, and the justification for invoking the waiver
· How the remedy is cost effective
· Whether the preference for remedies employing treatment that permanently and significantly reduces toxicity, mobility, or volume of the hazardous materials as a principal element is or is not satisfied by the selected remedy (If this preference is not satisfied, the ROD must explain why a remedial action involving such reductions in toxicity, mobility, or volume was not selected.)
· Remediation goals
· Discussion of significant changes and the response to significant comments, criticisms, and new relevant information submitted during the public comment period
· A description of whether hazardous materials will remain at the site such that a review of the remedial action no less than every five years shall be required

· As appropriate, any commitment for further analysis and selection of long-term response measures within an appropriate time-frame
Remedial Design

Remedial design/remedial action (RD/RA) includes the development of the actual design of the selected remedy and implementation of the remedy through construction.  Treatability studies evaluate the design of the preferred technology.

Remedial Action Work Plan

The typical format of a remedial action work plan includes the following:

· Introduction (treatability study program)

· Alternative description and technology selection

· Treatability study performance and DQOs

· Treatability study design and operating requirement

· Supporting documents

· Schedule

Supporting documents include site characterization reports, health and safety plans, a project management plan, a data management plan, a hazardous waste operation permit, a radiation work permit, a safety analysis plan, and a standard operation procedure plan.

Consent Order and Settlement Agreement

CERCLA section 122, Settlements, gives authority to EPA to enter into agreements with any person, including the owner or operator, to perform any response action if it is deemed that such action will be done properly by the person.  Whenever practicable and in the public interest, as determined by the president, the president shall act to facilitate agreements under this section that are in the public interest, and consistent with the NCP to expedite effective remedial actions and minimize litigation.

Proposed Plan

Proposed plans are developed in accordance with the interagency agreement and consent order using information detailed in appropriate characterization and engineering documents. The proposed plan describes a remedial action and is issued by the EPA, the state, and DOE to the public consistent with CERCLA section 117.  A reasonable period for written and oral comments regarding the proposed plan is required before the final remedial action plan is issued.  The proposed plan is the first step in the remedy selection process.

ARARs
ARARs are those cleanup standards, standards of control, and other substantive requirements, criteria, or limitations promulgated under federal environmental or state environmental or facility siting laws that specifically address a hazardous substance, pollutant, contaminant, remedial action, or other circumstance found at a CERCLA site.  Only those state standards that are identified by a state in a timely manner and that are more stringent than federal requirements may be applicable.

The basic criterion for applicability is that a requirement must specifically address one of the following factors found at a CERCLA site: a hazardous substance, pollutant, or contaminant; type of remedial action; location; or other site-specific circumstances.  Only substantive requirements, as opposed to administrative requirements, can be applicable, and only requirements that are promulgated before the ROD (which selects a final remedy) is signed can be applicable.
Relevant and appropriate requirements are cleanup standards, standards of control, and other substantive requirements, criteria, or limitations promulgated under federal environmental or state environmental or facility siting laws that, while not applicable to a hazardous substance, pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA site, address problems or situations sufficiently similar to those encountered at the CERCLA site that their use is well suited to the particular site.  Only those state standards that are identified in a timely manner and are more stringent than federal requirements may be relevant and appropriate.
dj) Discuss the format that is to be used and the guidance available for developing each document.
See item “a” of this competency statement.

dk) Discuss the requirements set forth for each document and describe the process for reviewing these documents.

RI/FS Work Plan

The purpose of the RI/FS study is to assess site conditions and evaluate alternatives to the extent necessary to select a remedy.  Developing and conducting an RI/FS generally includes project scoping, data collection, risk assessment, ecological evaluation, treatability studies, and analysis of alternatives.  The remediation process begins with the work plan and includes an analysis of existing data, a preliminary conceptual model, identification of data needs, and an evaluation of data adequacy.  The work plan represents a document that describes how and where data will be acquired.  Review and comments by the lead regulatory agency are provided with adequate specificity so that DOE can make necessary changes to the document.  Comments refer to any pertinent sources of authority or references upon which the comments are based and, upon request of the DOE, the commenting agency provides a copy of the cited authority or reference.  The lead regulatory agency may extend the comment period for a specified period by written notice to the DOE prior to the end of the initial comment period.  DOE will update the document or respond to the comments.  The response will address all written comments and will include a schedule for obtaining additional information as required.

Investigative Work Plan Report

An investigative work plan report is the same as an RI/FS work plan.
Permits

No federal, state, or local permits are required for on-site response actions pursuant to CERCLA sections 104, 106, 121, or 122.

RODs

See item “a” of this competency statement.

Remedial Design

The RD/RA shall be in conformance with the remedy selected and set forth in the ROD or other decision documents for that site.  Those portions of RD/RA sampling and analysis plans describing the QA/QC requirements for chemical and analytical testing, and sampling procedures of samples taken for the purpose of determining whether cleanup action levels specified in the ROD are achieved, generally will be consistent with 40 CFR 300.430(b)(8). Remedial design documents might include design drawings, specifications of construction materials, construction procedures, and all constraints, the construction budget, schedules, and supporting documents.

During the course of the RD/RA, the lead agency is responsible for ensuring that all federal and state requirements that are identified in the ROD as ARARs for the action are met.  Comments will be addressed as discussed under the RI/FS work plan.

Remedial Action Work Plan

See item “a” of this competency statement.

Consent Order and Settlement Agreement

See item “a” of this competency statement.

Proposed Plan

A proposed plan includes the site background, a summary of site risks, the need for remedial action, action objectives, a detailed description of alternatives, a comparative analysis of alternatives based upon EPA’s Nine Evaluation Criteria, a Summary of Preferred Alternative, and a glossary.  Comments will be addressed as discussed under the RI/FS work plan.
ARARs

See item “a” of this competency statement.

dl) Conduct a review or assessment of at least three of the above listed documents.

This is a performance-based competency.  The qualifying official will evaluate completion of this competency.

31. Environmental restoration personnel shall demonstrate a working-level knowledge of the Clean Air Act (CAA) and implementing regulations.

dm) Discuss the application of the Clean Air Act to the DOE or its facilities.

The CAA applies not only to environmental activities at DOE facilities, but also to plant utilities, new sources (e.g., generators), and vehicle operation activities without exception, unless exempted by the president of the United States for reasons paramount to the country.  The DOE must also comply with all federal, state, interstate, and local requirements to the same extent as any non-government entity. 

dn) Identify the National Ambient Air Quality Standards (primary and secondary) and   the National Emission Standards for Hazardous Air Pollutants (NESHAP).

Section 109 of the CAA requires the EPA to promulgate primary and secondary national quality standards.  The national standards are called National Ambient Air Quality Standards (NAAQS).

Primary NAAQS standards are based on the maximum concentration of a pollutant in ambient air that is protective of public health.  The primary standards are also known as the criteria pollutants.  The secondary standards define levels for protecting the public welfare (i.e., soils, vegetation, and wildlife).

The NESHAPs, or Hazardous Air Pollutants (HAPs), were established to regulate emissions based on protection of the public health or welfare.  Public health or welfare is broadly interpreted and includes human health, soils, water, vegetation, economic well-being, weather, and other effects.  The NESHAPs (noncriteria pollutants) are different than the NAAQS (criteria pollutants) even though both categories include toxic pollutants.  NAAQS pollutants are concentration specific and NESHAPs are industry/process specific pollutants, such as chrome plating, dry cleaning, coal burning utilities, etc.  Examples of NESHAPS are asbestos, beryllium, mercury, inorganic arsenic, coke oven emission, vinyl chloride, benzene, and radionuclides.  These pollutants are considered to be carcinogenic and mutagenic hazards.

EPA has promulgated regulations specifically addressing asbestos emissions from manufacturing operations, building demolition/renovation operations, and waste disposal 
(40 CFR 61, subpart M).  The NESHAP standard does not set a numerical threshold for asbestos fiber emissions; instead, it requires persons conducting operations to notify EPA and to follow certain procedures relating to the stripping and removing of asbestos materials, and to adopt specific work practices to prevent the release of asbestos fibers into the air.  Disposal of asbestos at a landfill requires double bagging of the material prior to disposal.  Almost all states have enacted some type of asbestos-related legislation.  Therefore, each DOE facility will be subject to these state specific standards regarding asbestos.  State laws may include: accreditation plans for the training and certification of inspectors, abatement project designers, contractors, workers and others involved in asbestos work; performance standards; disposal methods; measures for building permits for demolition or renovation; and the liability of abatement project contractors, including fines for improper removal.

Under the 1990 CAA Amendments, Congress listed 189 toxic air pollutants (40 CFR 61 and 63).  These pollutants are known to be, or reasonably anticipated to be, carcinogenic, mutagenic, teratogenic, or neurotoxic, or to cause reproductive dysfunctions, or are acutely or chronically toxic.  The objective by the year 2000 was to achieve a 90 percent average reduction in toxics and 95 percent average reduction for particulate matter.  These standards apply to any major source as defined by the CAA.  To comply with the NAAQS and NESHAPs standards, a major source must apply Maximum Achievable Control Technology (MACT) to the regulated source.

do) Describe the requirements for permitting, monitoring, and reporting prescribed in the regulations that implement Title V of the Clean Air Act.

Permitting

The New Source Performance Standards (NSPS) set minimum nationwide emission limitations for classes of facilities.  The NSPS are set at levels that reflect the degree of control achievable through the application of the best system of continuous emission reduction that has been adequately demonstrated for that category of sources.  The NSPS must take into consideration the cost of achieving such emissions reduction, any non-air quality health and environmental impacts, and energy requirements.

The facility classes of most interest to DOE are those applicable to fossil-fuel-fired steam generators for which construction was begun after August 17, 1971 (40 CFR 60, subpart D), and electric utility steam generating units for which construction was begun after September 18, 1978 [40 CFR 60, subpart D (a)].

Any air pollutant-emitting modification or new facility planned will require a permit under the CAA.  Requirements exist for applications, permits and requirements for mathematical modeling, field measurements, and associated engineering aspects.  Title V requires each state to develop, implement, and administer a comprehensive operating permit program for pollution sources.  EPA reviews and approves programs and has authority to review and approve individual permits.  Any modification or new facility will undergo a New Source Review (NSR) permitting process.

Title V requires major sources, having the potential to emit over 100 tons/year of any pollutant, and any other source required to comply with the CAA.  Permits must include
· emission limitations and standards relevant to the source;

· monitoring, recordkeeping, and reporting requirements;

· a severability clause which ensures applicability of the rest of the permit if any portion is challenged;

· a statement that allows for modification, revocation, reopening, reissuance, or termination of a permit for cause;

· a fee schedule;

· compliance requirements (including certification, testing, monitoring, reporting recordkeeping requirements, inspection and entry requirements, schedule of compliance, and provisions for reporting);
· a statement declaring terms and conditions of the permit that are not required under the CAA and that are not federally-enforceable.

The NSR process is likely to become a critical path item for any project, especially if one year of ambient air quality data is required for a construction permit.

New source review and permitting.  The NSR is a process to evaluate an application for a federal, state, and local “permit to construct” from the air quality regulatory agency with jurisdiction.  A NSR application is required for a new source with the potential to emit 
100 tons/year, or for major existing plant modifications that will increase emissions significantly (i.e., 40 tons per year of sulfur dioxide or any other primary criteria pollutant).  The requirements that will apply are determined by the source’s location.  Sources located in an attainment area (regions which meet or attain national standards) are subject to the Prevention of Significant Deterioration (PSD) program [Section 2.1(d)].  Sources located in nonattainment areas must comply with the nonattainment permit program.

Nonattainment area permitting.  New major sources, having the potential to emit over 100 tons/year of a nonattainment pollutant with lower thresholds for more serious pollutants or modified existing sources in nonattainment areas, must receive a pre-construction nonattainment permit.  Permits must include
· a requirement that such sources achieve the Lowest Achievable Emissions Rate (LAER) based on the most stringent state implementation plan (SIP) limitation, or on an actual limit achieved in practice by the same or similar industrial category;
· offset requirements stipulating that the source must offset its potential to emit nonattainment pollutants by securing emissions reductions from other facilities in the area, and that offsets must be achieved at greater than a one-to-one ratio;
· certification by the source that all of its sources are in compliance with all applicable air quality requirements;
· certification by the source that the benefits of the source will outweigh its social and environmental costs.
Permit application requirements.  Every major air pollution source is required submit a permit application within one year after the date that EPA approves the state permit program.  For most existing major sources, applications were due on or before November 15, 1995, assuming that EPA authorized the state to administer the program by the statutory deadline.  Each state develops its own standard permit application form.  However, the form must include the following information requirements at a minimum:

· General company information, including facility name and address, owner’s name and agent, and the facility contact person
· A description of the facility’s processes and products, along with the facility’s SIC code
· An inventory of the emission of all regulated air pollutants and air pollutants for which the facility is classified as a major source
· A description of all emission points
· Emission rates
· A description of fuels and how they are used, as well as a description of raw materials used
· A description of all air pollution control and compliance monitoring devices or activities
· A description of any operating limitations or restrictions on work practices that affect emissions of regulated air pollutants
· A description of all applicable state and federal air pollution control requirements, including those promulgated at the time of application that will become effective during the term of the permit
· A compliance plan for all sources within the facility regulated under the permit program
· A certification of compliance with all applicable requirements and a schedule for submission of a least annual compliance certifications during the permit term
· A description of methods used to determine compliance, including monitoring, recordkeeping, reporting, and testing methods
States are allowed to exempt insignificant activities or emission units (e.g., based on size, emission levels, or production rate) from permit application information requirements.  However, the application must contain a list identifying the activities or units that are exempt.

The permit application must include a compliance plan.  If the source is not in compliance, the plan must describe how the source will be brought into compliance.  The plan must include a schedule of measures that will be taken, along with enforceable milestones.  At least every six months, the facility must submit a certified report describing its progress in meeting the terms of the compliance plan.  Even sources that are in compliance must submit a plan, but this plan need not make a statement that the source will continue to comply.  Currently, compliant sources do not need to submit progress reports.

Sources that are subject to compliance with acid rain standards will have to also submit a national uniform permit, required by EPA.

Monitoring and Recordkeeping/Reporting Requirements (40 CFR Parts 60 & 61)

Monitoring and recordkeeping requirements are industry specific.  For example, a glass manufacturer may have different monitoring requirements than a copper smelter.  In addition, new sources have different standards than existing sources.  Thus, it is imperative that monitoring and recordkeeping requirements be researched according to source specific conditions.  The following is a general overview.

Existing sources.  Monitoring must be performed according to industry specific standards.  Regulators may require a performance evaluation of monitoring equipment at any time and the operator must send, within 60 days, a written report of the results.  The owner must inform the regulators, in writing, of the date of the performance test 30 days before the test.  Each different effluent that is subject to a standard must be monitored separately and at each point of release, even if the contaminants are emitted through a common waste stream.  The owner must reduce the monitoring data prior to submittal to the regulators, excluding down times, calibration checks, zero span adjustments, etc.  The regulators may alter monitoring requirements based on using alternate monitoring techniques or due to dispute of the results of monitoring data.

Records of all monitoring data, monitoring system calibration checks, and malfunctioning of monitoring equipment shall be maintained for a minimum of 2 years.  If the particular industry is required to perform continuous monitoring, the amount of data that must be kept can be substantial.  In reality, monitoring data should be kept permanently for owner protection. Records must be made available to the regulators at any time, upon request.

New sources.  Monitoring must be performed according to industry specific standards.  For new sources, most industrial categories require installation of a continuous emission monitoring system (CEMS).  All CEMS equipment must be in place prior to performance testing and must meet manufacturers written specifications for operation.  The owner may also be required to comply with opacity standards.  If so, the source must install a continuous opacity monitoring system (COMS) and conduct a performance evaluation. Evaluation of the COMS must be sent to the regulators 10 days before any performance testing of a facility’s emission control systems.  The owner must provide a written report to the regulators within 60 days of completion of a performance evaluation.  Monitoring systems must be checked daily during operation.  A CEMS must measure emissions on a cycle (sampling, analyzing, and data recording) for each 15-minute period.  CEMS must be installed so as to properly measure process parameters.  A CEMS must be installed that will monitor each pollutant at each point of release, even if the pollutant is combined with other pollutants in a single waste stream. Opacity measurement data must be reduced to 6-minute averages, and for COMS, to 1-hour averages for reporting.  Within the 6-minute period, there must be 36 or more data points recorded.

Breakdowns, calibration checks, and zero and span adjustments are not to be included in the averages.  All units must be consistent.  The regulators may approve alternatives to monitoring systems based on data included in a written application.  Such alterations may include: location of the equipment; pollutant conversion methods; procedures for performing daily checks of zero and span calibrations; alternatives to American Society for Testing and Materials (ASTM) methods; alternative CEMS; alternative monitoring requirements for combined effluents; alternatives to relative accuracy for performance tests; and alternatives to the reference method tests for determining accuracy of CEMS.

Records must be kept of any startup, shutdown, or malfunction in the operation of the facility, air pollution control equipment, or any period in which the CEMS is inoperative. Facilities with a CEMS must submit a performance report semiannually, except when more frequent reporting is requested by the regulators.  All reports must be postmarked by the thirtieth day following the end of each calendar half.  Records of all monitoring data, monitoring system calibration checks, and malfunctioning of monitoring equipment shall be maintained for a minimum of 2 years.  In reality, monitoring data should be kept permanently for owner protection.

Records must be made available to the regulators at any time, upon request.

dp) Describe the prevention of significant deterioration (PSD) regarding the requirements established by the Clean Air Act.

Section 161 of the CAA establishes PSD requirements.  Areas where NAAQS standards are met are designated attaining, and major facilities in these areas will be subject to PSD requirements.  Basically, in the NSR permit, the source is allowed to consume some or part of an incremental deterioration in ambient air quality in the attainment area.

The attainment areas of the country are subdivided into three classes of land use with different allowable increments for each pollutant.  In Class I, little deterioration of air quality is allowed and, therefore, Class I increments are small.  Class II and Class III areas have progressively larger increments, allowing for a slight amount of industrial growth.  Most attaining areas are classified as Class II.

To receive an approved PSD permit, a new major facility must achieve emission limits based on best available control technology (BACT).  BACT is the maximum level of reduction of emissions possible based on technology, while considering economic, energy, and other factors.  BACT is applied to the criteria pollutants, NESHAPs, and HAPs. 

dq) Discuss the modeling requirements for monitoring and close calculation air dispersion in the National Emissions Standards for Hazardous Air Pollutants, Standards for Radionuclides.

To determine compliance with the standards (effective dose equivalent of 10 mrem/year to any member of the public), radionuclide emissions shall be determined using EPA approved sampling procedures and computer models.

Environmental measurements of radionuclide air concentrations at critical receptor locations may be used as an alternative to air dispersion calculations in demonstrating compliance with the standard if the owner or operator meets the identified criteria.  The critical receptor is usually defined as the maximally exposed member of the public at any offsite point where there is a residence, school, business, or office exposed to all sources of emissions in the facility.  However, the regulators may redefine the critical receptor to be a more sensitive species or location.  The identified criteria are the activity levels of radionuclides found by sampling or by modeling that clearly show compliance with the standard for that particular radionuclide pollutant.

The radionuclides that must be monitored for are based on a broad definition in the CAA.  In 40 CFR 61.91 (c), radionuclide is defined as “a type of atom which spontaneously undergoes radioactive decay.”  Due to this broad definition, the regulators can require DOE to monitor for almost any type of radionuclide at a site.  In fact, the regulation applies to any DOE facility that emits any radionuclide other than radon-222 and radon-220 into the air.

dr) Identify the major sources and emission limitations per the Clean Air Act, Title I.

The CAA defines major sources in attainment and nonattainment areas.  In attainment areas, a major source has the potential to emit 100 tons/year of criteria pollutants and/or 
250 tons/year of NESHAPs.  In a nonattainment area, a major source has the potential to emit over 100 tons/year of any nonattainment pollutant.

Emission limitations are based on permit requirements which incorporate BACT, LAER, and Reasonably Achievable Control Technology (RACT) technology requirements.

ds) Discuss the New Source Performance Standards (40 CFR 60).

Due to the high cost associated with retrofitting an existing facility, the CAA amendments require new sources to comply with higher requirements for technical performance.  New sources, therefore, are subject to a higher, more stringent level of control than existing sources.

Section 111 of the CAA authorizes EPA to establish New Source Performance Standards (NSPS).  Based on industry categories, the NSPS are federal technology-based requirements on emissions from new or modified stationary sources of pollution.  Types of facilities (by type of process and size) to which the standards apply are found in 40 CFR 60.  Examples of facilities identified in 40 CFR 52.21 include fossil-fuel-fired steam generators, incinerators, citric and sulfuric acid plants, asphalt concrete plants, and petroleum refineries.

dt) Discuss the potential liabilities of the Department of Energy and its contractors inherent in the enforcement of environmental regulations (i.e., compliance orders, enforcement actions, fines and penalties, and provisions for civil suits).

The 1990 CAA Amendments significantly strengthened the EPA’s enforcement authority under the CAA and increased civil and criminal penalties for violations.  Given the 1990 Amendments, the DOE and its contractors may be fined, penalized , or sued for violations.

For civil penalties, the 1990 amendments allow the EPA to bring administrative enforcement actions against violators without going through the Department of Justice (DoJ).  Similar to the Clean Water Act, the CAA authorizes the EPA to impose administrative penalties of up to $200,000 (or more, if the EPA and the DoJ agree that stiffer penalties are warranted).  This process allows EPA to avoid having to coordinate with DoJ first and enables EPA to attempt to reach agreements with violators before litigating.

The 1990 amendments also provide authority to EPA to use field citations for minor violations.  These field “tickets” can be as high as $5,000 per day per violation.  Violators may pay the fee or request a hearing. 

Private citizens may sue (citizen suit provision) for violations of the CAA.  Further, the CAA now provides authorization to EPA to pay a bounty of up to $10,000 to anyone who provides information that results in a conviction of civil penalty. 
Criminal liability can be imposed on any person (e.g., individual, corporation, partnership) who knowingly violates the CAA.  Fines of up to $250,000 per day per violation and up to five years in jail may be levied.  Corporations may be fined up to $500,000 per violation.  Recordkeeping crimes have also been expanded to include making false statements and failing to file or maintain records or reports as required.  Individuals may be fined up to $250,000 and two years in jail; corporations may be fined up to $500,000.  This is particularly important given that permittees must certify annually to permit compliance.  Knowingly failing to pay a fee is a criminal act, and is punishable by fines of $100,000 and one year in jail for individuals, and $500,000 for corporations.  Criminal penalties may also be levied against persons who knowingly or negligently release air toxics which place another person in imminent danger.  Knowingly releasing pollutants could result in $250,000 per day and up to 15 years in prison for individuals and $1,000,000 for corporations.  Negligently releasing pollutants may result in fines of $100,000 and up to one year in jail for individuals and $200,000 for corporations.  
In addition to increasing fines and penalties, per requirements in the Pollution Prosecution Act of 1990, the EPA has increased its ability to enforce these statutory requirements by adding trained criminal investigators to its staff. 
du) Discuss the National Emissions Standards for Hazardous Air Pollutants air emission limits.

NESHAP air emissions limits apply to major sources (10 tons/year for any on HAP and 
25 tons/year for any combination of HAPs).  Air emissions limits are established by permit and are based on MACT requirements.

dv) Describe the Clean Air Act, Title V, Stratospheric Ozone Protection criteria.

Note:  The correct Title for Stratospheric Ozone Protection is Title VI.

Title VI of the CAA requires phasing-out the production and consumption of ozone-depleting substances.  Regarding products which contain ozone-depleting substances, it authorizes EPA to ban products determined to be non-essential, requires labeling, and regulates replacements with substitutes.

dw) Discuss the requirements for control technologies specified in the Clean Air Act and the purpose and function of various air pollutant abatement technologies.

See item “l” of this competency for a discussion of the classes of air pollutant abatement/control technologies and item “m” for a discussion of various pollution abatement equipment/technologies.

dx) Describe the four basic classes of air pollutant abatement/control technologies specified in the Clean Air Act.

The four classes of air pollutant abatement/control technologies are:

· Maximum Achievable Control Technology (MACT).  This category of technology is intended to result in the maximum degree of emission reduction that is achievable.  MACT requires that new sources must be at least as stringent as the best emission level achieved in practice by the best controlled source in the source category (for new source MACT standards) or the best performing group of sources (for existing source MACT standards). 

· Lowest Achievable Emissions Rate (LAER).  LAER is the most stringent emission limitation contained in any state implementation plan or that is achieved in practice by the same or similar source category, whichever is more stringent.
· Best Available Control Technology (BACT).  BACT (considered on a case-by case basis) is the maximum level of reduction of emissions possible based on technology, while taking into consideration economic, energy, and other related factors.  BACT must be at least as stringent as any New Source Performance Standard (NSPS) applicable to the source category. 
· Reasonably Achievable Control Technology (RACT).  RACT is technology that will result in the maximum degree of emission control that is reasonably achievable considering feasibility issues such as technology and economics.

dy) Describe, in general, the purpose and function of various pollution abatement equipment/technologies.

· Cyclones

· Baghouse

· Electrostatic precipitator

· Thermal oxidizer

· Scrubber

· Adsorption

Cyclones

Cyclones are used to remove particulate from a waste gas stream.  Particles can be removed from a waste gas stream by creating cyclonic air flow.  Figure 4 shows a common cyclone.  Waste gas enters an inlet near the top of a cylindrical body.  Centrifugal forces created by the spiraling waste stream push the particles against the walls of the cyclone, where they concentrate and swirl downward to a hopper for removal. 
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Figure 4. Common cyclone dust collector

Baghouse

Baghouses are used to control dust emissions from a variety of industrial sources.  Within a baghouse there is a filter fabric collection system consisting of multiple suspended tubular or flat collecting bags.  The filter fabric can be made of many materials.  Figure 5 shows a typical baghouse configuration.  The waste gas enters from the side and flows downward to a hopper, where flow is reversed upward into an array of bags.  Large particles drop out as air direction is reversed, and smaller particles are collected on the inside of the filter bags.  Bags are cleaned and reused, as feasible.
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Figure 5. Baghouse fabric filter dust collection system

Electrostatic Precipitator

Electrostatic precipitators remove solid and/or liquid particles from waste gas by electrically charging particles which are then collected on opposite charged plates.

Scrubber

Control systems which employ liquid media to remove gases are called scrubbers.  Scrubbers remove gasses by chemical absorption in a medium that may be a liquid or a liquid-solid slurry.  Water is the most common medium used due to low cost, but other chemical reagents may be added to increase absorption capacity.

Adsorption

Different than the method used for scrubbers, some contaminants can be removed from waste gases by their physical adsorption to solid surfaces.  The solid collecting media is called an adsorbent.  Adsorption is a reversible process, thereby recovering the adsorbent, and therefore is widely used for solvent recovery in various industrial processes (i.e., dry cleaning, degreasing, etc.).  Adsorption has limited use in air pollution problems and is mainly used to control malodors. 
32. Environmental restoration personnel shall demonstrate a working-level knowledge of the following laws as related to the environmental medium of water:

· Clean Water Act (CWA)

· Safe Drinking Water Act (SDWA)

· Resource Conservation and Recovery Act (RCRA) (groundwater provisions)

· National Groundwater Protection Policy (NGPP)

· Oil Pollution Act (OPA)
· Rivers and Harbors Act (RHA)

dz) Discuss the application of the listed laws to the Department of Energy and its facilities.
Clean Water Act

The CWA (Federal Water Pollution Control Act) was promulgated in 1972 with major revisions in 1977 and 1987.  The aim of the CWA is to restore and maintain the chemical, physical, and biological integrity of the nation’s water.  To achieve this, two national goals were established: (1) eliminating the discharge of pollutants into navigable waters; and 
(2) achieving an interim water quality level that would protect fish, shellfish, and wildlife while providing for recreation in and on the water wherever attainable.  Major provisions of the Clean Water Act that address these goals and pertain to DOE facilities are as follows:

· Water quality standards

· Effluent technology-based standards on an industry-by-industry basis

· Establishment of the NPDES program

· Provisions for toxic chemical and oil spills 

· Section 404, Permitting for Dredge/Fill Activities s in “waters of the U.S.”

Safe Drinking Water Act

The SDWA was passed in 1974.  The act has two purposes:  (1) to ensure that the water that comes from the tap in the United States is fit to drink, and (2) to prevent the contamination of groundwater, which serves as the principal source of drinking water for 50 percent of the general population and 96 percent of the rural population.  SDWA regulates public water systems, which include community and non-community water supply systems.

Included in this regulation are the National Primary Drinking Water Standards and Secondary Drinking Water Standards, which are maximum levels of pollutants established to protect the public health and welfare.  The Safe Drinking Water Act of 1974 mandated that EPA must set primary and secondary drinking water standards.  EPA was slow in developing these standards and had problems with their enforceability within the states.  The SDWA amendments of 1986 strengthened the original Act by requiring EPA to set national primary drinking water standards for 83 contaminants in 3 years and for an additional 
25 contaminants each year thereafter.

The SDWA bans the use of lead piping and contains provisions for treatment when elevated levels of lead and copper are found in drinking water.  Groundwater protection is provided through the SDWA mandates of the Underground Injection Control Program, as well as critical aquifer (sole source) protection programs.  Other aspects addressed by the SDWA include conditions for public notification, filtration requirements, and monitoring specifications for various pollutants.  

The most recent amendments to the SDWA were signed by the President on August 6, 1996.  The 1996 amendments address (1) stronger approaches to preventing contamination through state programs; (2) consumer notification; (3) regulatory improvements (better science, prioritization, and risk assessment), including the elimination of the requirement to regulate 25 contaminants every three years; and, (4) state revolving funds (federal facilities are not eligible).  Some of these provisions may indirectly affect DOE to the extent that they may have an impact on state programs and the development of maximum contaminant levels.  One specific provision in which this relationship is clear is the requirement for states to develop an operator certification program.

Resource Conservation and Recovery Act (RCRA) (Groundwater Provisions)
RCRA addresses the protection of groundwater from contamination of hazardous wastes in 40 CFR 264 subpart F and 265 subpart F.  Part 265 applies to treatment storage or disposal facilities (TSDFs) operating under “interim” status, and is intended to minimize the potential for environmental and public health threats.  Interim facilities are essentially awaiting EPA permits.  Part 264 regulates permitted TSDFs, and its requirements are more specific than part 265 requirements.  Part 264 also differs from part 265 in that it includes provisions for corrective actions.

The protection of groundwater under RCRA is also addressed in subtitle I concerning USTs.  The aim of UST regulations is to prevent groundwater contamination resulting from UST systems corroding and leaking, or spills from tanks caused by overflow or during emptying.  UST regulations address existing tanks in terms of correcting existing problems, and address new tanks by setting standards in order to prevent recurrence of past problems.  The UST programs are administered on a state level.  However, the state program must incorporate the technical standards and corrective action requirements outlined in 40 CFR 280.  The environmental staff at a DOE site should be familiar with existing state regulations because these may be more stringent than the federal regulations.

National Groundwater Protection Policy (NGPP)
NGPP is a broadly written EPA policy.  The policy is detailed in the EPA document entitled “Protecting the Nation’s Groundwater:  An EPA Strategy.”  The EPA established the NGPP in 1991 with the intent to write a broad, guidance policy that composites all of the environmental laws addressing groundwater protection.  The policy is not enforceable and does not list standards; rather it sets forth EPA’s strategy in directing the protection of the nation’s groundwater.

The EPA’s current strategy for regulating groundwater is for states to develop comprehensive programs tailored to meet the particular state’s needs.  Many, but not all, states have developed such programs.  Examples of states which have comprehensive groundwater protection laws include Nebraska, Kansas, and California.  Some aspects of groundwater protection are currently addressed in the RCRA and the SDWA.  However, there is currently no comprehensive federal groundwater protection legislation. 

Oil Pollution Act

OPA addresses liability for oil spills and safety measures for vessels and facilities.  OPA imposes strict liability, with limits, for a list of damages resulting from an oil spill into surface waters (subject to exceptions as delineated in OPA).  In addition, it designates a $1 billion supplemental compensation fund for oil spills.  Title IV of OPA amends section 311 of the CWA by enabling federal oversight of oil spill clean-up operations.  Title IV also addresses shipping and navigation safety, including a requirement for vessels and facility operators to develop response plans, and a requirement for replacement of single hull tankers with double hulls vessels.  Furthermore, the OPA increases civil and criminal penalties for causing spills and for violating marine safety and environmental protection laws.

OPA applies to any potential for discharges of oil to navigable waterways, thus inland facilities are subject to regulations as well as vessels.  Any bulk storage of fuel or petroleum is likely to be regulated as a result of OPA.  Specific regulations related to OPA can be found in the most recent 40 CFR 109 through 117.

Rivers and Harbors Act (RHA)
RHA (1899) was originally intended to regulate surface waters with respect to navigation.  However, it became a means to regulate discharges to water.  The portions of the RHA most relevant to DOE facilities are sections 9, 10, and 13.  Section 9 of the RHA requires congressional approval of the construction of any bridge, dam, dike, or causeway over or in a navigable water of the U.S.  Section 10 of the RHA prohibits the unauthorized obstruction or alteration of any navigable water of the U.S. without a permit.  This includes the excavation from or depositing of material in navigable waters.  Section 13 prohibits the “discharge of any refuse of any kind or description ” into navigable waters excluding refuse “flowing from streets and sewers in a liquid state.”  The CWA supersedes the RHA with respect to discharges to water.

Furthermore, the authority of the Department of the Army in issuing permits under section 13 has been superseded by the EPA and NPDES delegated states under sections 402 and 405 of the CWA.

ea) Describe water quality criteria and stream use classification identified in the Clean Water Act.

(Note: stream use classification is not a term used in the CWA.  Designated uses or use classifications may be what was intended.)

Water quality criteria and designated uses are components of water quality standards that are mandated in the CWA.  Section 303 of the CWA requires states to develop water quality standards.  Water quality criteria, designated uses (stream use classifications), and Antidegradation (a classifications related topic) are defined in the following paragraphs, and the interrelationship of these concepts are discussed under the paragraph entitled “Water Quality Standards.”  Although it is a separate component of the CWA, technology-based effluent standards play a similar role in permitting and are briefly described at the end of this subsection.

Water Quality Criteria

Water quality criteria are scientifically derived ambient limits which are developed by EPA for pollutants of concern.  These are recommended levels that are not to be exceeded in a body of water in order to protect aquatic life and human health.  Water quality criteria apply within a receiving water, but are often used as the basis for developing limitations in (NPDES permits.  EPA has published recommended water quality criteria in a document referred to as the “Gold Book.”  Updated information on water quality criteria is published in Federal Register Notices.  Water quality criteria are most often thought of as being numeric (e.g., 50 ug/L), however, they may also be narrative.  For example, “All waters must, at all times and flows, be free from substances that are toxic to humans or aquatic life.”

Designated Uses (Stream Use Classifications)

The CWA mandates that states must classify waters within its boundaries in terms of their existing uses and their potential to support uses.  The states’ designated uses must, at a minimum, meet the requirements as defined under CWA sections 101(a), 101(a)(2), and 303(c), in that they must address propagation of fish, shellfish, wildlife, and recreational uses (i.e., the “fishable/swimmable” goal of the CWA).

States must also consider the use and value of the waters for human consumption.  States may designate more specific uses.  For example, a state may have use categories of “warm water fish species” and “cold water fish species,” to address the designated use of propagation of fish.

In order for the state to have a designated use that does not support the “fishable/swimmable” goal of the CWA, the state must conduct a use attainability analysis.  The use attainability analysis is a demonstration that the “fishable/swimmable” goals cannot be met when effluent limits under CWA section 301(b)(1)(A) and (B) and section 306 are implemented for point source discharges, and when cost effective and reasonable best management practices are implemented for non-point sources.  Regulations governing when states may remove uses or establish subcategories are found in 40 CFR 131.10.

Antidegradation Policy

The purpose of an antidegradation policy is to ensure that the existing quality of water bodies is not lowered, even when lowering of that quality will still support the uses classified by the state.  In the adoption of antidegradation requirements under the CWA (40 CFR 131.12), three tiers of protection have been established.  Tier I [40 CFR 131.12(a)(1)] protects existing water quality and uses, and the water quality necessary to maintain these uses.  Establishing an existing use requires demonstrating that this use has occurred since November 28, 1975, or that the waters are capable of this use regardless of whether or not this use was made of the water body in the past.  Tier II [40 CFR 131.12(a)(2)] is established to protect waters whose quality is better than necessary to meet the “fishable/swimmable” goals under the CWA.  Tier II designated waters require an extensive antidegradation review before standards can be relaxed — but in no case may the standards be relaxed to a point where an established use of the waterbody is impacted.

Tier III designates outstanding national resource waters where no degradation is allowed.  Tier III designation protects the highest quality U.S. waters and waters of exceptional ecological significance.

Water Quality Standards

Section 303 of the CWA requires states to develop and implement water quality standards.  A water quality standard is a law or regulation that consists of the beneficial designated use(s) of a water body, the numeric and narrative water quality criteria that are necessary to protect the use or uses of that particular water body, and an antidegradation statement.  Thus, the water quality standard has three components:

· Numeric or narrative water quality criteria
· Designated use
· Antidegradation statement
The term water quality standard is commonly used when referring to a state’s water quality criteria that has been adopted into a standard, thus the terms water quality criteria and water quality standard are easily confused.  The two terms may be distinguished as follows:

· Water quality criteria are elements of state water quality standards, expressed as constituent concentrations, levels, or narrative statements, representing a quality of water that supports a particular use.  When criteria are met, water quality will generally protect the designated use.

· Water quality standards are provisions of state or federal law that consist of a designated use or uses for the waters of the United States and water quality criteria for such waters based upon such uses.  Water quality standards are to protect the public health or welfare, enhance the quality of water, and serve the purposes of the CWA.

The EPA regularly (usually triennially) reviews a state’s water quality standards and may require the states to make modifications.  The state then resubmits the “officially adopted” standards to EPA, which may reflect modifications required by EPA.  At this point, if EPA determines that the standards do not comply with the CWA, EPA may promulgate water quality standards for the state.  It should be noted that Indian Tribes, upon specific demonstration to EPA, may be treated as a state and may develop water quality standards in the same manner as states.  The environmental staff at a DOE site should retain a current list of water quality standards either by periodically reviewing Federal Register notices, or by contacting the EPA region.

The system by which states apply standards will vary.  However, some general methods are common.  For example, most states will have developed a set of criteria which apply to most waters of the state.  Then, where there are unusual conditions, the state may develop more customized or “site specific standards” for one or more parameters.  Such was the case at the DOE Rocky Flats site, whereby the state developed site specific standards for radionuclides in two of the receiving waters.  The DOE participated in the standards process through hearings and petitions to the Colorado Water Quality Control Board.  
Technology-Based Effluent Standards

Section 301 of the CWA sets forth the requirement for EPA to develop technology-based standards on an industry-by-industry basis.  Technology-based standards refer to standards that reflect pollutant concentrations in wastewater that are achieved assuming a certain level of treatment.  In developing these standards, EPA collects data using industry surveys. The resulting standards that are promulgated are referred to as “effluent guidelines”.  The effluent guidelines may be found in the most current 40 CFR 401-471.

There are no effluent guidelines that directly apply to DOE facilities.  However, in some instances, the permitting authority may “borrow” technology-based effluent standards as a basis for a permit limit.  This may be done, particularly if the permit writer determines that a permit limit is necessary to protect the health of the receiving water, and if the basis of the effluent guideline also applies to the particular DOE activity.  For example, if a DOE facility conducts an operation that results in the potential for asbestos to enter the wastewater discharge, and there are no applicable water quality standards for asbestos, then the permit for this facility may contain an effluent limit for asbestos that is based on the “Effluent Guidelines and Standards for the Asbestos Manufacturing Point Source Category”.  Such an action must be justified in the permit’s fact sheet.

eb) Discuss the Clean Water Act permitting requirements including monitoring and reporting.  Include in the discussion, National Pollutant Discharge Elimination System Program and the Rivers and Harbors Act Dredge/Fill material permits.

The CWA sets forth permitting requirements in two main areas: the NPDES and section 404, which addresses dredge/fill activities.  The NPDES program is administered by EPA.  Section 404 is administered by the Army Corps of Engineers in conjunction with EPA.

National Pollutant Discharge Elimination System (NPDES)

The CWA prohibits the discharge of pollutants through point sources to waters of the U.S. without an NPDES permit.  This includes wastewater and point source discharges of storm waters.  This paragraph focuses on wastewater discharges.

The NPDES program is administered overall by EPA; however, EPA delegates authority to states, who meet certain requirements to implement the NPDES program components. NPDES program components are as follows:

· Federal facilities

· Wastewater discharges

· Pretreatment program

· Sludge permitting

· Storm water 

· General permits

The EPA may grant a state NPDES authority for any one or more of these components.  A description of the applicability of the NPDES program to DOE sites, the permitting process and monitoring and reporting, which applies to the overall program, is provided below, followed by a description of special segments of the NPDES program components as they relate to the permitting process.

· NPDES Program as it Applies to DOE Sites 
Any point source discharge from a DOE site is subject to an NPDES permit.  The NPDES permit will address pollutants which may be present in that discharge due to activities at the site or site conditions.  The implementing regulations (40 CFR 122), contain a wide encompassing definition of “pollutants”, however, the definition excludes radionuclides which are regulated under the AEA.  Since many DOE sites contain radioactive materials, it is important to distinguish the applicability of the CWA NPDES program versus the AEA concerning radionuclides.  This distinction follows:

· The CWA applies to naturally occurring and accelerator-produced radioisotopes.  In addition, section 301(f) of the CWA prohibits the discharge of any radiological warfare agent or high-level radioactive waste into the navigable waters.

· The AEA regulates source, byproduct, or special nuclear materials.  Source materials include (1) uranium, thorium, or any other material that the Atomic Energy Commission finds is essential to the production of special nuclear material pursuant to the provisions of section 61 of the AEA; or (2) ores containing one or more of the foregoing materials, in such concentration as the Commission may by regulation determine from time to time.  Byproduct materials include (1) any radioactive material (except special nuclear material) yielded in or made radioactive by exposure incident to the process of producing or utilizing special nuclear material; and (2) the tailings or wastes produced by the extraction or concentration of uranium or thorium from any ore processed primarily for its source material content.  Special nuclear material includes (1) plutonium, uranium enriched in the isotope 233 or in the isotope 235, and any other material which the Commission, pursuant to the provisions of section 51, finds is capable of releasing substantial quantities of atomic energy and is in the interest of the common defense and security, but does not include source material; or (2) any material artificially enriched by any of the foregoing, but does not include source material. 

· Permit Development Process
Prior to discharging through a point source to a water of the U.S., one must apply for and obtain an NPDES permit.  The permit is valid for five years.  A person already possessing an NPDES permit must submit an application for renewal at least 180 days prior to the permit expiration date.  The application forms and requirements for the renewal are generally the same as for new permits.  The application consists of several EPA forms and accompanying data that the forms request.
· Monitoring and Reporting
The monitoring and reporting section of the permit will specify frequency, sample types and analytical methods.  In the absence of direction in the permit, analytical requirements (including sample techniques) must adhere to methods outlined in 40 CFR 136.  In conducting monitoring, the permittee is required to maintain records that include the following items of information:

· Date, exact place, and time of sampling or measurement;

· Names of individual(s)s who performed the sampling or measurement;

· Names of individuals(s) who performed the analyses;

· Analytical techniques or methods used; and,

· Results of the analyses.

The permittee must also keep records on instrument calibration, maintenance, and original strip chart recordings.  All these records must be kept for a minimum of three years.  Records on sludge use and disposal, regulated under 40 CFR 503, must be kept for five years.

The permittee is required to report the results of monitoring using the discharge monitoring report (DMR) form developed by EPA.  The required frequency for submitting the DMR is specified in the permit.  If the permittee monitors at a frequency greater than specified in the permit, these results must be included in calculations and reported on the DMR.

In addition to monthly reporting, there may be instances specified under standard conditions where spills, upsets, and bypasses must be reported.  These generally reflect the requirements of 40 CFR 122.41.
The written submission must contain a description of the noncompliance and its cause; the period of noncompliance, including exact dates and times, and if the noncompliance has not been corrected; the anticipated time it is expected to continue; and steps taken or planned to reduce, eliminate, and prevent reoccurrence of the noncompliance.

· Special Segments of the NPDES Program 

· Federal Facilities
In order for states to exercise NPDES authority over federal facilities, states must obtain special authorization.  Federal facilities include DOE facilities and other installations which are owned and operated by the U.S. Government.  Permits are issued to federal facilities similar to any other individual permit, except additional requirements may be included to reflect CWA section 313.  This section requires EPA to cooperate with federal facilities in implementing innovative treatment processes.

· Pretreatment
Pretreatment refers to an industry partially treating its wastewater prior to discharging it to the Publicly-Owned Treatment Works (POTW).  The purpose of pretreatment is to prevent toxic chemicals from interfering with a POTW's biological treatment systems and to prevent toxics pass-through.  Industries which discharge to a POTW are referred to as “indirect dischargers”, and are not required to obtain an NPDES permit.  EPA does regulate indirect dischargers; however, regulation is through the pretreatment program.  The requirements under the NPDES pretreatment program are outlined in 40 CFR Part 403.  These regulations require POTWs receiving industrial effluent to ensure that indirect discharges do not cause toxic interference and pass through.  The POTW must also ensure that the wastewater received from the indirect discharger meets effluent guidelines and pretreatment standards which are found in 40 CFR 400-424.  Note that the POTW bears the responsibility for meeting the pretreatment regulations.

Section 404 Permits (Rivers and Harbors Act)

Activities that involve dredge and fill of navigable waterways were originally regulated by sections 9 and 10 of the RHA of 1899.  CWA section 404 supersedes these regulations with respect to dredge 404 and fill.  A description of the 404 permitting program, including regulatory authority and applicability, is provided below, followed by a discussion of types of permits issued.

· CWA Section 404 Permitting Program

Permitting for dredge and fill of navigable waterways is under the jurisdiction of the Army Corps of Engineers in conjunction with EPA.  The Army Corps District or Division Engineer develops and issues permits.  These are reviewed by the EPA.

Section 404 of the CWA establishes the authority for the Army Corps to issue permits following “public interest review” for the discharge of dredge/fill material into waters of the U.S. at disposal sites specified in EPA Guidelines [(CWA section 404(b)(1)].  While these are guidelines, EPA has the authority to veto a permit if granting of the permit would result in unacceptable adverse effects on municipal water supplies, shellfish beds and fishery areas, wildlife, or recreational areas.  Where there is a potential applicability of other regulations that protect resources, the Army must also consult with other agencies such as the United States Fish and Wildlife Service or the National Marine Fisheries Service.

The term “dredge and fill” encompasses a variety of activities, as specified by 33 CFR 323.2, including:

...the addition of dredge material to a site; the runoff or overflow from a contained land or water disposal area; and, any addition, including any redeposit, of dredged material, including excavated material, into waters of the U.S. which is incidental to any activity, including mechanized landclearing, ditching, a channelization, or other excavation.

Because of the wide encompassing definition, it can be assumed that most major activities on waters or wetlands would fall under the jurisdiction of CWA 404, Permits.  However, there are clarifications of excluded activities and exemptions in CWA section 404(f)(1) and (2), 33 CFR 323.2, 323.3, and 40 CFR 232.4.  In proposing any activity which may affect a “water of the U.S.,” these references should be consulted as well as the District Army Corps of Engineers.

The term “waters of the U.S.” is another critical definition concerning 404 Permits.  An entire section of regulations is devoted to this definition (40 CFR 328).  Waters of the U.S. include “navigable waters of the U.S.” and also other hydrologic conditions.  Wetlands are included in the definition if their destruction has the potential for affecting interstate commerce.  Under section 404 of the CWA, the definition of wetlands cites three characteristics: wetland vegetation, hydra soils, and hydrology (flooding/soil saturation).  Anyone attempting to define or delineate a wetland should consult these regulations and the Army Corps District Engineer.

· Types of Permits Issued Under CWA Section 404

The Army Corps of Engineers issues two types of permits:  general and individual.  General permits, authorized by CWA section 404(e), are issued for a specific category or categories of permits on a specific geographical basis and for activities expected to have only minimal impacts.  When that geographical basis is nationwide, they are referred to as nationwide permits.  Nationwide permits are issued through publication in the Federal Register and are codified in 33 CFR 330.  

Individual permits are issued on a case-by-case basis by Army Corps District or Division Engineers.  The regulatory approach and general policies set forth by the Army Corps in issuing permits are found in 33 CFR 320.  These policies emphasize consideration of the public interests, including careful consideration of wetlands and water quality, and historic, cultural, scenic, and recreational resources.  Several other considerations are included in the general policies, as well as reference to EPA Guidelines, and should be consulted when proposing an activity subject to CWA 404 permits.

ec) Describe the reporting requirements identified in the Clean Water Act.

Reporting requirements resulting from the CWA mainly stem from the NPDES program.  In addition to NPDES, the CWA contains a provision in section 311 to immediately report the discharge of oil or a hazardous substance to the U.S. Government.  This section generally applies to spills rather than permitted discharges.  Stemming from section 311 are regulations for determining reportable quantities for hazardous substances outlined in 40 CFR 117.  This regulation stipulates the quantity in pounds for numerous hazardous substances that would trigger the reporting requirement.

ed) Discuss the standards for maximum contaminant levels (primary and secondary) contained in the Safe Drinking Water Act.

Primary and Secondary Maximum Contaminant Levels (MCLs) are the means by which EPA sets limits on pollutants in drinking water in order to ensure the public health and welfare. Primary standards address contaminants that may affect public health; for example, bacteria or benzene (carcinogen).  Prior to the 1986 amendments, EPA developed “interim” standards and Recommended Maximum Contaminant Levels (RMCLs).  The 1986 amendments dropped the “interim” status; all interim standards became National Primary Drinking Water Standards.  In addition, the amendments changed RMCLs to Maximum Contaminant Level Goals (MCLGs).  The 1996 amendments replace the requirement for regulating 25 new contaminants every three years with the option for EPA to review five contaminants every five years.  Furthermore, EPA is given discretion over whether or not to regulate the contaminant following the review.

EPA must base such a decision according to criteria (1) that the contaminant would adversely affect human health, (2) that there is a high probability of frequent occurrence at significant levels; and (3) that the regulation would represent a meaningful opportunity for health risk reduction.  The definitions of MCL and MCLG are as follows:

· The MCL is the maximum permissible level of a contaminant in water which is delivered to the free flowing outlet of the ultimate user of a public water system, except in the case of turbidity where the maximum permissible level is measured at the point of entry to the distribution system.  Contaminants added to the water under circumstances controlled by the user, except those resulting from corrosion of piping and plumbing caused by water quality, are excluded from this definition.

· The MCLG is the maximum level of a contaminant in drinking water at which no known or anticipated adverse effect on the health of persons would occur, and which allows an adequate margin of safety.  MCLGs are non-enforceable health goals.

Note that MCLs are requirements, whereas MCLGs are nonenforceable goals.  In some instances, it may not be technically or economically feasible to determine how much of a contaminant is present in drinking water (i.e., the contaminant may be harmful at levels which are below the most sensitive detection limits.)).  In this case, EPA may adopt a treatment technique in lieu of an MCL/MCLG as a National Primary Drinking Water Standard.  For example, public water systems must certify adherence to certain dosing restrictions in order to protect against elevated levels of acrylamide and epichlorhydrin. 

When EPA develops an MCL and MCLG for a given contaminant, the standards are published in the Federal Register for public review.  Public hearings may be held during which EPA receives comments from the scientific community and the general public.  EPA attempts to address these comments and then final National Primary Drinking Water Standards are promulgated.  The 1996 amendments have added provisions for EPA to conduct a cost-benefit analysis in the development of MCLs.  A complete list of the Primary Drinking Water Standards as well as the sampling and analytical method requirements may be found in the most current edition of 40 CFR 141, National Primary Drinking Water Regulations.
National Secondary Drinking Water Standards

Secondary Drinking Water Standards are designed to protect the public welfare by addressing aesthetic properties of drinking water (e.g., odor).  Secondary Drinking Water Standards are nonenforceable; however, states may adopt these standards into regulation.  A complete list of Secondary Drinking Water Standards may be found in the most current 
40 CFR 143, National Secondary Drinking Water Regulations.
ee) Describe the provisions for notification to consumers as outlined by the Safe Drinking Water Act.

Regulations for public notification are designed to ensure that the public has the opportunity to make informed decisions about drinking water problems.  The regulations concerning notification to consumers is specified in 40 CFR 141.32 for Violations of MCLs, and 40 CFR 141.85 concerning elevated levels of lead.

Notification for Violation of MCLs

For each type of condition requiring notification, the owner/operator must conduct an initial notification and follow-up notifications for as long as the violation or condition exists.  In addition the owner/operator must provide these notices to all new billing units or new hookups prior to beginning the service.

When an owner/operator issues a notification, specific requirements that must be adhered to are outlined in 40 CFR 141.32(d).  The notice must explain the violation, any potential adverse health effects, the population at risk, the steps that the public water system is taking to correct the problem, the necessity for seeking alternate water supplies (if any), and any preventive measures the consumer should take until the violation is corrected.  The notice must include a telephone number to contact as a source of additional information.  Where appropriate, the notice must be multilingual.  In describing the potential adverse health effects, the notice must contain language that is provided in 40 CFR 141.32(e).
Notifications for Elevated Levels of Lead

In addition to notifying consumers of violations of the MCL, the owner/operator is required, within 60 days, to provide “public education” materials when concentrations of lead exceed 0.015 mg/L.  The public education program includes written materials and broadcast materials. The exact language and content of the educational materials is provided in 
40 CFR 141.85.  Basically, the materials describe the health effects of lead and steps the consumer can take to reduce exposure to lead.  Written materials must be inserted in water bills and provided to newspapers, and delivered to schools, city and county health departments, hospitals, clinics, some doctors offices, Women, Infants, and Children (WIC) and Head Start programs, and local welfare agencies.  Notification must be repeated every six months for as long as the action level is exceeded.  For non-community, nontransient water systems, the owner/operator must post informational posters in public places or the common area of each building served, and must deliver informational pamphlets to each person served by the water system.  Notification by non-transient, non-community water systems must be repeated once a year for as long as the action level is exceeded.

ef) Discuss the Safe Drinking Water Act Underground Injection Control Program.

Section 1422 of the SDWA requires EPA to identify states that need Underground Injection Control (UIC) Programs to protect drinking water sources.  This section also sets forth a requirement for EPA to develop a UIC Program.  The overall program is administered by states; however, in the absence of an approved state program, EPA administers the program.  UIC regulations apply to well injection which is defined as “the subsurface emplacement of fluids through a bored, drilled or driven well, or through a dug well, where the depth of the dug well is greater than the largest surface dimension.”

The types of activities covered by the UIC program are described as follows [40 CFR 144.1(g)(1)]:

· Any injection well located on a drilling platform inside the state’s territorial waters
· Any dug hole or well that is deeper than its largest surface dimension, where the principal function of the hole is emplacement of fluids
· Any septic tank or cesspool used by generators or hazardous waste, or by owners or operators of hazardous waste management facilities, to dispose of fluids containing hazardous waste
· Any septic tank, cesspool, or well used by a multiple dwelling, community, or regional system for the injection of wastes
Not included are wells located outside the state’s territorial waters, single family waste disposal systems, and nonresidential sanitary waste disposal systems with a capacity to serve fewer than 20 people per day.  The UIC program regulates activities by grouping them into five categories or classes of wells:

· Class I. Wells used to inject hazardous waste beneath the lowermost formation containing, within one-quarter mile of the well bore, an underground source of drinking water.

· Class II. Wells that inject fluids associated with natural gas storage operations or conventional oil or natural gas production.

· Class III. Wells that inject for the extraction of minerals.

· Class IV. Wells used to dispose of hazardous waste or radioactive waste into or above a formation which, within one-quarter mile of the well, contains an underground source of drinking water.  Such wells are now prohibited.

· Class V. Other types of injection wells not included in class I, II, III, or IV.  These injection wells are to be assessed by EPA at a later date.  Future regulations governing such wells may ensue.
Within the UIC program, well injection may be authorized by permit or by rule.  Authorization by rule is restricted to Class I, II (except for enhanced recovery and hydrocarbon storage), and III wells.  Authorization by rule expires either when a permit is issued, or five years after the approval or promulgation of the UIC program (either state or EPA).  Permits may be issued as area permits, which are permits covering a specific geographic area and which meet other requirements (e.g., a single owner/operator).  Area permits are not issued for injection of hazardous wastes.  Emergency permits may also be issued under certain circumstances (e.g., when there is an imminent danger to persons).

Requirement for Authorization by Rule is outlined in 40 CFR 144, subpart C.  For Authorization by Rule, owners/operators must provide “inventory information” such as lists of wells and the depth of the formation into which the well is injecting.  Authorization by Rule stipulates operating requirements, including monitoring and closure requirements that are provided in subpart C.

Subpart D of 40 CFR 144 addresses Authorization by Permit. Permits for Class I wells are effective for up to 10 years.  Class II and III permits are reviewed every five years, whereby they may be modified, revoked, reissued, terminated, or have a minor modification made. Permits may contain construction requirements, corrective actions, operation requirements (e.g., maximum injection volumes and/or pressures), monitoring and reporting requirements, and any compliance schedule.  The permits contain standard conditions that outline information that is the same among all permits issued (e.g., signatory requirements).  Furthermore, under the UIC program, owners and operators of injection wells are required to demonstrate the financial ability to support closure of the wells (i.e., plugging and abandonment).  The specific requirements for financial demonstrations are outlined 40 CFR subpart F.

eg) Describe the standard methods for the examination of water and wastewater.

Standard Methods for the Examination of Water and Wastewater (Standard Methods) contains analytical methods of analyses that are appropriate for analyzing natural waters and wastewater.  Each method outlines step-by-step instructions for performing the analyses and includes information on quality control.  Within the scientific community, these methods are commonly accepted as the standard test procedures.  With respect to environmental regulations, however, not all the test methods in Standard Methods are acceptable.  With respect to wastewater permitting, 40 CFR 136 specifies which of the methods and which edition of Standard Methods are acceptable for compliance monitoring for various pollutants.  Currently, the 16th and 17th editions contain most EPA approved methods.  In addition, NPDES permits may contain specific references to Standard Methods.  Regulations implementing the Safe Drinking Water Act National Primary Drinking Water Standards also specify acceptable methods, which include Standard Methods tests, and specific techniques to use when conducting the analyses.  The other major protocol incorporated by reference in 40 CFR 136 is Methods of Chemical Analysis of Water and Wastes.
eh) Discuss the Safe Drinking Water Act permitting requirements.

The SDWA requires permits under the UIC Program.  Several other components of the SDWA and its implementing regulations require information that is to be submitted to and by states, but which does not constitute “permitting.”  States, on the other hand, may establish permitting programs for public water systems; thus, one should contact the appropriate state agency regarding permits for public water systems.

ei) Describe the aquifer protection (sole source) regulations of the Safe Drinking Water Act.

Section 1424(e) of the SDWA outlines requirements to identify drinking water supplies that depend on a single aquifer (sole source).  When an aquifer is designated as a sole source, no federal activity or activity receiving federal financial assistance may be conducted that the EPA regional administrator determines may contaminate the aquifer and result in a significant hazard to the public health.  Once identified, critical aquifer protection areas are established to prevent groundwater contamination.  The criteria for critical aquifer protection areas are as follows:

· All or part of an area which was designated as a sole or principal source aquifer prior to June 19, 1986, and for which an area wide groundwater quality protection plan was approved under Section 208 of the CWA.

· All or part of a major recharge area to a sole or principle source aquifer, designated before June 19, 1988, for which:

· The sole or principle source aquifer is particularly vulnerable to contamination due to hydrogeologic characteristics;

· Contamination is reasonable or likely to occur unless a program to reduce or prevent such contamination is implemented; and,

· In the absence of any program to reduce or prevent contamination, reasonably foreseeable contamination would result in significant costs resulting from using alternate drinking water supplies as well as economic costs, and social costs.

Any person, group, or community, may petition for an aquifer to be designated as a sole source.  The regional administrator reviews these petitions and makes a final determination of whether or not the aquifer is a sole source.

ej) Discuss the cross-connection identification/elimination and back-flow prevention regulations described in the Safe Drinking Water Act.

The SDWA does not address cross-connection identification/elimination and backflow prevention.  These requirements are implemented on a state and local level.
In addition, the OSHA prohibits cross-connections unless they are equipped with backflow prevention devices.  State and local regulations are subject to wide variations among and within states and a description of these is beyond the scope of this document.  Nonetheless, since cross-connection control and backflow prevention are important in order to ensure safe drinking water, some discussion is provided.

Cross-connections and backflow are situations where non-potable water, due to plumbing characteristics, has the potential for coming into contact with potable water.  If the non-potable water contains chemical or microbiological constituents that are harmful to human health, then the persons served by the water supply are at risk.  Cross-connections may be defined as an actual or potential physical link between the potable water supply and any other source or sources that may be considered non-potable.  The cross-connection may be a direct arrangement of piping line that allows the potable water supply to be connected to a line that contains a contaminant.  Backflow is the reversal of flow in a piping system that is counter to the normal direction of flow.  Backflow may consist of backpressure (pressure greater than the supply pressure) or back-siphonage (were pressure becomes less than atmospheric pressure, thus creating a siphon or vacuum in the system).  Cross-connections are commonplace at institutions and large commercial and industrial facilities.  Backflow prevention may be achieved through several devices.  Information on these devices may be found by contacting the American Water Works Association.

An essential step in cross-connection control and backflow prevention is formation of a strong program which not only addresses the physical devices, but identification, inventory, and inspection of cross-connections.  This may be a state or local requirement as well as a practical approach to ensuring safe drinking water.  The Oak Ridge National Laboratory (ORNL) has such a program in place.  The ORNL’s cross-connection control program is directed by a committee that evaluates the potable and non-potable water systems at the facility.  The committee functions include locating and identifying all potable water cross- connections and providing recommendations for corrective actions.  In addition, the committee oversees new installations of backflow prevention devices, maintenance of existing devices, labeling of potable and process lines, and responding to complaints and concerns.  Additionally, personnel trained in backflow prevention routinely inspect the devices to ensure that they meet local laws and accepted standards.  The results of the survey and the inspections are entered into a database system. 
For information on state and local laws concerning cross-connections and backflow prevention, contact state drinking water agencies and construction/plumbing agencies.  Additionally, the following manuals address cross-connections and backflow prevention practices:
· Recommended Practice for Backflow Prevention and Cross Connection Control.  Available for a fee from American Water Works Association, 1-800-926-7337.

· Cross Connection Control Manual, Hendrickson, Howard D., U.S. Environmental Protection Agency, Office of Drinking Water.

ek) Describe the groundwater protection requirements applicable to interim status Resource Conservation and Recovery Act’s (RCRA) facilities in RCRA’s implementing regulations, Subpart F of 40 CFR 265.

The purpose of RCRA subpart F of 40 CFR 265 is to assess the impact on groundwater of hazardous waste treatment, storage, and disposal facilities operating under interim status.  Interim status refers to existing facilities waiting for an operating permit.  More specifically, these are facilities that were in existence on Nov. 19, 1980 (or brought under subtitle C regulation due to an amendment) that meet certain conditions.  Subpart F applies only to owners/operators of surface impoundments, landfills, land treatment facilities, and certian waste piles used to manage hazardous waste.

The major elements of the subpart F regulations are as follows:

· Development and installation of a monitoring system
· Background monitoring
· Routine monitoring and evaluation
· Conducting assessments
· Reporting requirements
Each of these elements is discussed below.
Development and Installation of a Monitoring System

The owner/operator of a surface impoundment must develop a monitoring system that consists of four wells.  One well must be placed upgradient and should reflect groundwater not influenced by the waste management unit.  Three wells must be placed downgradient, such that they intercept any waste migrating from the unit.  If properly located, comparison of up- and downgradient conditions should indicate if there is contamination.

Background Monitoring

Background monitoring must be conducted for one year to establish the basis for comparing all future data.  Parameters to monitor include drinking water parameters, groundwater quality parameters, and groundwater contamination parameters. Background monitoring must be conducted and reported on a quarterly basis.

Routine Monitoring and Evaluation

The purpose of routine monitoring and evaluation is to examine groundwater for elevated levels of indicator constituents.  Routine monitoring includes semiannual monitoring for groundwater contamination indicator parameters, and annual monitoring for groundwater quality indicator parameters.  Drinking water parameters are not included in routine monitoring.  The results of routine monitoring are examined statistically (compared with background monitoring).  If an elevation (or decrease in pH) occurs, the owner/operator must notify the regional administrator within seven days.  In addition, the owner/operator must implement an assessment program.  Reports on routine monitoring must be submitted annually along with well elevations and changes in background level.  Monitoring must continue for the life of the facility unless it is a land disposal facility, in which case it must be monitored for up to 30 years after the facility has closed.  At this time, the owner/operator may discontinue the assessment.

Conducting Assessments
When contamination is suspected, the owner/operator must implement a groundwater assessment program to determine what is contaminating the groundwater, the extent of contamination, and the rate of the contaminant migration.  Within 15 days, the owner/operator must submit a report to the regional administrator.  If assessment shows no contamination, then the owner/operator may resume monitoring for the indicator parameters.  If the assessment does show contamination, then the owner/operator must continue assessing the extent of groundwater contamination quarterly until the facility is closed or further monitoring is required as a result of the permitting process.  If the facility was already closed, no more assessment is required.

It should be noted that all or part of the groundwater requirements may be waived if the owner/operator demonstrates that there is low potential for migration of hazardous wastes from the facility.  The owner/operator may receive special permission for an alternate monitoring system if the one specified in the requirements is not capable of yielding unbiased samples.

Reporting Requirements

Reporting requirements are addressed under 40 CFR 265.94, Recordkeeping and Reporting.  The owner/operator must keep records of monitoring analyses, including groundwater elevation, throughout the active life of the facility and post-closure period.  Reports must also be submitted the first year when initial background concentrations are being established for the facility.  Quarterly sampling results must be submitted within 15 days after completing sampling.  Annual reports must include the concentrations or values of parameters specified in 40 CFR 265.92, Sampling and Analysis, (b)(3), and must separately identify any significant differences from initial background analysis found in upgradient wells.  If contamination to groundwater occurs during operations, the annual report must address rate of migration of hazardous waste constituents.  This information must be submitted no later than March 1 following each calendar year.

el) Describe the groundwater protection requirements applicable to permitted RCRA facilities in RCRA’s implementing regulations, subpart F of 40 CFR 264, and in the facility’s permit.

Part 264, Technical Requirements, requires an owner/operator to take corrective action if groundwater contamination is detected, and compels the owner and operators of the different waste management methods to design their management units to prevent the release of hazardous wastes.

These requirements are more extensive than what is required under part 264 for facilities operating under interim status.

Permit writers base their permits on information obtained while operating under part 264, Standards.  Permits will include specific requirements based on best engineering judgment (BEJ).

The subpart F requirements of part 264 apply to permitted treatment, storage, and disposal facilities (TSDFs) that have surface impoundments, waste piles, land treatment units, and landfills.  Subpart F requires the owner/operator to clean up any groundwater contamination.  Subpart F has three programs:

· Detection monitoring
· Compliance monitoring
· Corrective action
Detection monitoring includes background monitoring and semi-annual monitoring for indicator parameters.  The permit specifies the point at which compliance monitoring is conducted, as well as the indicator parameters and constituents that must be monitored.  “This point is located at the edge of the waste management area, best envisioned as an imaginary line on the outer limit of one or a group of disposal units.”  If the monitoring system detects leakage of contaminant, then the owner/operator must commence a compliance monitoring program and establish groundwater protection standards.

The permit contains limits for parameters that are selected from appendix VII of part 264 and are determined to originate from the TSD.  The assigned limits may be background levels, levels listed in table I of part 264.94, or alternate concentration limits (ACLs) established by the regional administrator.

The owner/operator must initiate corrective actions if any statistically significant increase in levels for a permitted parameter occurs.  Specific corrective actions are outlined in the facilities permit.  The owner/operator may remove the wastes from the groundwater or treat the groundwater in place.

em) Discuss the storm water management aspects of the National Pollutant Discharge Elimination Standard (NPDES).

The NPDES specifies the permitting system under the CWA, section 402, for discharging effluents into bodies of surface water.  Section 405 of the CWA establishes deadlines, priorities, and permit requirements for storm water discharges from industrial sources and from municipal separate storm sewer systems servicing populations of a certain size, or if the source is determined to significantly contribute to noncompliance of regulated waters.

Activities Requiring a Permit.

Regulated industrial discharges of storm waters include those directly related to manufacturing, processing, or raw materials storage areas, but do not include discharges associated with parking lots and administrative and employee buildings.  In other words, the storm water conveyance is collecting storm water that has come from areas where specific activities identified by EPA occur.  The specific activities covered can be more accurately identified by Standard Industrial Codes (SIC).  The SICs subject to storm water permits, as well as other situations which affect coverage/exemption, are identified in 
40 CFR 122.26(b)(14)i through (xi).  It should be noted that construction activities that result in a disturbance of over five acres are subject to storm water regulations.

Types of Permits

Permits may be issued by the state, if it has the appropriate NPDES authority, or by EPA.  States with NPDES storm water authority are free to issue their own version of permits (provided they meet Federal requirements) or they may adopt EPA’s permits.  There are four types of storm water permits issued by EPA:
· Baseline General Permit for Storm Water Discharges Associated with Industrial Activity

· Baseline General Permit for Storm Water Discharges Associated with Construction Activity
· Individual Permit

· Multisector General Permit for Storm Water Discharges Associated with Industrial Activity
Baseline General Permit for Storm Water Discharges Associated with Industrial Activity (Baseline/Industrial).  To be covered by the baseline/industrial permit, the discharger must meet the requirements of being a storm water discharge associated with industrial activity.  For coverage under the baseline/industrial permit, the discharger is required to submit a Notice of Intent (NOI), for which EPA has developed a special form.  The NOI requirements include the preparation (without submission) of a pollution prevention plan.  Other general information is required, such as identification of the receiving water, location of outfalls, and existing NPDES permit information.  The NOI must also include an indication of whether existing quantitative data exists, but no monitoring must be submitted with the NOI.
The baseline/industrial requirements are divided into categories of industries  (e.g., primary metals industries, animal handling/meat packing).  Each category has a specific set of monitoring requirements.  The only category with actual limits is for facilities with coal pile runoff.  Either semi-annual or annual monitoring is required depending on the category. Information on eligibility, NOI requirements, permit conditions, monitoring requirements, and pollution prevention plans can be found in Federal Register Notice September 25, 1992, vol. 57, no. 187, pp. 44438–44470.

Baseline General Permit for Storm Water Discharges Associated with Construction Activity (Baseline/Construction).  The baseline/construction permit covers discharges of storm water associated with construction activity that result in a disturbance to five or more acres of land.  The NOI requirements are essentially the same as for the baseline/industrial permit, except that the discharger must provide construction start and end dates and acres disturbed, and must certify that the pollution prevention plan is in accordance with state and local erosion/sedimentation requirements.  The baseline/construction permit does not require monitoring; however, the permittee is required to submit signed copies of the NOI to state or local agencies which may require erosion and sedimentation plans.

Individual Permit for Storm Water Discharges Associated with Industrial Activity (Individual Permits).  Individual permits for storm water discharges associated with industrial activity are issued either (1) when the EPA director determines they are required, or (2) when the applicant requests such a permit.  Exclusions of the general permit may be eligible for an individual permit.  These permits are issued on a case-by-case basis.  Most of the time the contents of these permits are standard for an industry (i.e., several steam electric plants may have the same monitoring requirements and limits).  This is because several states have developed model permits for groups of industries based on information received during the group application process (group applications are no longer available).  To apply for an individual permit, the applicant must submit extensive information, including monitoring data from representative storm events.
Multisector General Permit for Storm Water Discharges Associated with Industrial Activity (Multisector General Permit).  The multisector general permit was proposed in 1993 after receipt and processing of group applications for discharges associated with industrial activity.  The monitoring associated with the group applications formed the basis for the multisector general permit, thus this permit is more specifically tailored to industrial categories than is the baseline/industrial permit.  The NOI submission requirements are essentially the same as for baseline/industrial permits.  Storm water discharges associated with industrial activity are eligible for filing of an NOI under this permit if
· EPA is the permit-issuing authority (i.e., the state does not have the appropriate NPDES authority)
· the state has permit issuing authority and has adopted the multisector general permit
Not all states having permit-issuing authority have adopted the multisector general permit. For example, Colorado does not issue multisector permits.
The multisector general permit sets forth conditions for 29 industrial categories.  The multisector general permit differs from the baseline/industrial permit primarily in the monitoring requirements and the pollution prevention plan requirements, as these are industry specific.

en) Explain the spill prevention and control requirements of the Clean Water Act (40 CFR 109-114).
Regulations concerning the discharge of oil into water can be found in 40 CFR 109 through 114.  While the provisions for spill prevention control and countermeasure requirements (SPCC) are mainly addressed in part 112, part 110 contains associated definitions and the prohibition of oil discharges.  In general, under 40 CFR 110, no person may discharge oil into navigable waters that may affect natural resources or that, in any quantity, may cause a violation of a water quality standard or cause a sheen or a sludge or emulsion.

SPCC requirements were implemented as a result of the CWA, section 311(j)(c), and are found in 40 CFR 112.  The SPCC requirements address non-transportation-related onshore and offshore facilities.  In relation to most DOE facilities, this will include inland bulk fuel storage tanks.  As per 40 CFR 112.1(c), federal facilities, departments, agencies, and instrumentalities, including the DOE, are subject to all these regulations with the exception of 40 CFR 112.6, which addresses civil penalties.  Activities that are exempt from SPCC requirements include
· onshore and offshore facilities which, due to their location, could not reasonably be expected to discharge oil into or upon the navigable waters of the United States or adjoining shore-lines;

· equipment or operations of vessels or transportation-related onshore and offshore facilities that are subject to the authority and control of the Department of Transportation;
· facilities for which the underground buried storage capacity of the facility is 42,000 gallons or less of oil or oil product, and the aboveground storage capacity of the facility is 1,320 gallons or less of oil or oil product, provided no single aboveground container has a capacity in excess of 660 gallons.

Facilities that are covered by this regulation are required to submit a spill prevention control and countermeasures plan.  The purpose of the plan is to prevent oil and hazardous substances from reaching surface waters in the event of a spill.  SPCC plans identify instances where the installation of equipment or practices will achieve this objective.  The time frame for preparation is generally within six months of initial operation.  The SPCC plan must then be fully implemented within one year of initial operation.  A copy of the SPCC plan must be kept on site.  Furthermore, a registered professional engineer must certify that the SPCC plan is in accordance with good engineering practices.

Guidelines for information to be addressed in SPCC plans is specified in 40 CFR 112.7.  These specifications are very detailed and are dependent upon the type of facility and the activities at the facility.  In general the plan should
· address corrective actions for previous spills, and if there is reasonable potential for spills, include a prediction of the direction, rate, flow, and quantity of oil or hazardous substance which would result from failures;
· address provisions for containment and/or diversionary structures or equipment (e.g., dikes, weirs, curbing) that prevent oil from reaching navigable waters;
· include a demonstration of why installation of equipment is impractical;
· include a discussion of conformance to any applicable state regulations regarding spill control measures and specific techniques listed under 40 CFR 112.7(e).

33. Environmental restoration personnel shall demonstrate the ability to appraise the contractor’s program(s) and/or permits to assess compliance with the requirements for the environmental medium of water.

eo) Given a proposed permit, verify that the water quality criteria and stream use classification as identified in the CWA has been correctly applied.

ep) Review the contractor’s program for compliance with the CWA’s reporting requirements.

eq) During an assessment of an existing facility, verify that the pre-treatment standards contained in the CWA are being met.

er) During an assessment of the contractor’s sampling and monitoring program, verify that the standards for maximum contaminant levels (primary and secondary) provided by the SDWA are being met.

es) Conduct an assessment of the contractor’s program to verify that the SDWA provisions for notification to consumers have been established.

et) Perform an assessment of underground injection procedures and monitoring, and assess for compliance with the restrictions and controls provided by the SDWA.

eu) Conduct an assessment to ensure the contractor’s program is in compliance with the Standard Methods for the examination of water and wastewater or other acceptable protocol as detailed in 40 CFR 136, Analytical Test Procedures.

ev) Review the contractor’s program(s) for adequate provisions to ensure that the cross-connection identification/elimination and back-flow prevention is as described by the SDWA.

ew) Prior to closure of a permit, review it for compliance with the RCRA requirements for groundwater protection.

Items “a” through “i” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

34. Environmental restoration personnel shall demonstrate a working-level knowledge of the implementation of the regulations and requirements of the National Environmental Policy Act (NEPA).

ex) Explain the purpose and scope of the Council on Environmental Quality regulations implementing the National Environmental Policy Act (40 CFR 1500-1508).

The NEPA of 1969 establishes a national policy to restore and enhance the quality of the human environment and to avoid and minimize any possible adverse effects of federal actions on the quality of the human environment, and establishes the Council on Environmental Quality (CEQ).  The two objectives of NEPA are (1) to consider every significant aspect of the environmental impacts of a proposed action, and (2) to inform the public that the agency did indeed consider environmental concerns in its decision-making process.  Section 101 of NEPA sets the goals, while Section 102 provides the means for carrying out the policy.  Section 102 also contains action-forcing provisions to make sure that federal agencies act according to the letter and spirit of NEPA.

The CEQ regulations (40 CFR 1500-1508) implement section 102 of NEPA and provide federal agencies with procedures for complying with the intent of NEPA.

The CEQ regulations require an interdisciplinary approach for defensible scientific analysis, concentration on significant issues, and an objective evaluation of reasonable alternatives to the proposed action.  The regulations also provide procedures to ensure that environmental information is available to the public before decisions are made and actions are taken.  The planning process, therefore, should result in informed decisions that reflect environmental values.

In addition, the CEQ regulations allow agencies to prepare EISs for proposed actions with potentially significant effects, and EAs to determine whether to prepare an EIS or a Finding of No Significant Impact, or if the proposed action has no individual or cumulative significant effects and an EIS or EA is not required, in which case there would be a categorical exclusion (CX) for the action.

ey) Discuss the purpose and scope of DOE O 451.1B, National Environmental Policy Act Compliance Program.

The purpose of DOE O 451.1B is to establish internal requirements and responsibilities for implementing NEPA, the CEQ regulations, and the DOE NEPA implementing procedures.  DOE O 451.1B sets out the requirements and responsibilities for ensuring efficient and effective implementation of DOE’s NEPA compliance program.

ez) Describe the public participation process.

Categorical Exclusion (CX)

Neither CEQ nor DOE NEPA regulations require public participation in CX determinations.  The purpose of the CX is to avoid clogging the system with documentation for proposed actions that clearly have no significant impact on the environment.

Environmental Assessment (EA)

There are no regulatory or procedural requirements that require the DOE to offer opportunities for public input into the scope or review of EAs.  The DOE will notify the host state and host and affected tribes of the intent to prepare an EA, and will provide the opportunity for the state and tribes to comment on EAs (14 to 30 days).  DOE shall make NEPA documents available to the public.

Finding of No Significant Impact (FONSI)

Normally, the DOE will issue an approved FONSI concurrently with the final EA.  In certain circumstances, the DOE must make a proposed FONSI available for public review and comment for 30 days before the FONSI is approved.  The public is notified of the availability of proposed or final FONSI.  A copy of the final FONSI is placed in public reading rooms, and copies are provided to individuals and groups upon request.

Environmental Impact Statement (EIS)

Providing the public with the opportunity for involvement is mandated at certain steps of the EIS process.  Public input must be requested during the scoping process, and the public is given the opportunity to review and comment on a draft EIS before a final EIS is prepared. The DOE regulations require that the public be involved in the scoping process through at least one public scoping meeting.  The review of a draft EIS must have at least one public hearing.

Scoping

Publication in the Federal Register of the NOI begins the scoping period (a minimum of 
30 days) for receiving comments on the DOE’s proposal to prepare an EIS and on the draft alternatives outlined in the NOI.  Notices of scoping meetings must be published at least 
15 days before the date of the scheduled meetings.  A written transcript of comments from draft and final EIS scoping activities, and copies of written comments must be made available in public reading rooms as soon as possible.  A summary of the scoping process and the disposition of comments received are included in the EIS Implementation Plan (IP).

Implementation Plan (IP)

The IP outlines the plans for preparing the EIS and recording the results of the scoping process.  The IP is made available to the public by placing it in public reading rooms and mailing it to individuals and groups upon request.  (DOE regulations 10 CFR 1021 are currently being revised.  The requirement to prepare an IP will be deleted in the revisions.)

Draft EIS

Publication of the notice of availability of a draft EIS begins the period of at least 45 days for public review and comment.  The draft EIS and appropriate related material are made available in public reading rooms and mailed to interested groups and individuals upon request.  The DOE must conduct at least one public hearing after the notice of availability is published.  The hearing must be scheduled at least 15 days after the date of public notification of that hearing.  A written transcript of comments from the public hearing, summaries of other review and comment activities, and copies of written comments are made available, as soon as possible, in public reading rooms.  A summary of the comment process and the disposition of comments received on a draft EIS are included in a comment response document, which is made available to the public as a part of the final EIS.

Final EIS

The final EIS and appropriate related materials are made available in public reading rooms and distributed to interested groups and individuals on request.  The DOE publishes a notice of availability of the final EIS in the Federal Register.  The DOE must wait 30 days after publication of the notice of availability before making a decision on the proposed action.

Record of Decision (ROD)
The ROD is published in the Federal Register.  A copy of the ROD is placed in public reading rooms as soon as possible after it is signed, and copies are provided to individuals and groups upon request.

fa) Discuss the integration of consultation requirements under other environmental legislation (e.g., National Environmental Policy Act and Endangered Species Act and Fish and Wildlife Coordination Act).

Agencies are required to coordinate NEPA planning activities with other agencies and groups, as appropriate, per the requirements of relevant environmental laws and executive orders.  DOE will consult with agencies regarding appropriate permits and licenses.  Examples include CAA, CWA, and RCRA permits.

The CEQ regulations require, to the fullest extent possible, that agencies prepare draft EISs concurrently with and integrated with environmental impact analyses and related surveys and studies required by the Fish and Wildlife Coordination Act, the National Historic Preservation Act of 1966, the Endangered Species Act of 1973, and other environmental review laws and executive orders.

CEQ regulations also require that all federal permits, licenses, and other entitlements needed to implement the proposal be identified during the scoping period and be listed in the draft EIS.

Additional regulations and executive orders that involve consultation and/or stakeholder involvement include the following:

· Executive Order for Environmental Justice (affected minority and low income groups)
· American Indian Religious Freedom Act (affected Native American groups)
· Prime and Unique Agricultural Lands (Department of Agriculture)
fb) Discuss the content and procedures specified by the Department implementing regulations 10 CFR 1021, Compliance with the National Environmental Policy Act, and DOE O 451.1B, National Environmental Policy Act Compliance Program.

Title 10 CFR 1021 establishes procedures for DOE to comply with NEPA.  These regulations adopt the CEQ regulations and are supplements to, and to be used in conjunction with, the CEQ regulations.  Based on these procedures, DOE shall provide adequate and timely review for the incorporation of NEPA into the planning process.  NEPA reviews shall be completed before DOE decisions are made.

DOE Decisionmaking and Planning

DOE shall incorporate NEPA early into the planning process, shall complete the NEPA process before making its decisions, limit actions, during the EIS process, that may impact the decision to be made in an ongoing EIS.

Implementing Procedures

DOE shall make NEPA documents available to state, federal, and local governments, American Indian tribes, interested groups, and the general public.

DOE shall notify the host state and tribe of the intent to prepare an EA or EIS, and provide them the opportunity to review and comment.

DOE shall prepare an implementation plan for each EIS to be prepared.

DOE shall prepare programmatic NEPA documents to support programmatic decisions, and prepare site-wide EISs for certain large, multiple projects.

A mitigation action plan shall be prepared upon completion of each EIS and EA and associated ROD or FONSI that addresses mitigation commitments expressed in the ROD.

Classes of Actions

The regulation also identifies the level of NEPA review (EIS, EA, or CX) for typical classes of actions.  Appendices A and B list the actions typically categorically excluded, appendix C lists actions usually requiring an EA, and appendix D lists classes of actions normally requiring an EIS.

In summary, 10 CFR 1021 applies to all DOE facilities and activities; provides opportunities for public, state and tribal participation in the DOE NEPA process; specifies DOE planning, decision-making, and NEPA review requirements; and identifies typical classes of actions for EISs, EAs, and CXs.

Secretarial Policy on NEPA

The NEPA Secretarial Policy Statement establishes policies to streamline the NEPA process, minimize costs and time for document preparation and review, emphasize teamwork, and make the process more useful to decision makers and the public.

The NEPA Secretarial policy statement summarizes delegations of authority for NEPA implementation.  Heads of field organization have full authority for EAs; FONSIs; and associated floodplains and wetlands action documentation requirements related to their proposed actions.  To support this delegation, field offices must (1) designate a NEPA compliance officer; (2) prepare internal scoping procedures, public participation plans, and quality assurance plans; and (3) provide adequate legal resources.

Secretarial officers and heads of field offices will submit annual NEPA planning summaries to the Assistant Secretary for Environment, Safety, and Health.  The Assistant Secretary for Environment, Safety, and Health is delegated authority to provide NEPA variances.

The Office of Environment, Safety, and Health will provide NEPA guidance and training.  The NEPA Document Manager will conduct an early scoping process for the EIS or EA being prepared, which will include a proposed schedule. EISs will be completed within 
15 months of the issuance of the NOI.

DOE will continue to work to improve the NEPA process through (1) contract reform (for contracts to prepare EISs and EAs); (2) enhanced public involvement efforts; and 
(3) continued process improvement in DOE NEPA document review times, emphasizing quality and encouraging innovation.

The DOE will rely on the CERCLA process for review of actions to be taken under CERCLA and will address NEPA values and public involvement procedures under the CERCLA process.

fc) Participate in the preparation of the documents listed below.

· EIS

· EA

· FONSI

· CX

· ROD

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

fd) Discuss the potential liabilities of the Department and its contractors inherent in the enforcement of environmental regulations (i.e., compliance orders, enforcement actions, fines and penalties, and provisions for civil suits).

Potential Liabilities of DOE

Compliance orders are usually issued against DOE, not against its contractors, although states prefer to have the contractor named in the orders.  DOE prefers not having the contractors named in the orders, due to the change-over of contractors.  Enforcement actions have been brought against both DOE and its contractors for environmental regulatory violations. Fines and penalties are usually negotiated between DOE and the states or EPA.  Civil suits can be brought against DOE.

Potential Liabilities of DOE Contractors

Compliance orders are usually issued against DOE, not its contractors, although states prefer to have the contractor named in the orders.  DOE has traditionally not preferred having the contractors named in the orders, due to the change-over of contractors.  Enforcement actions have been brought against both DOE and its contractors for environmental regulatory violations.  Fines and penalties can be assessed against a DOE contractor outside of the negotiated ones between DOE and the states or EPA.  Civil suits can be brought against DOE contractors.

Federal Agency Liability

Per the Federal Facilities Compliance Act (FFCA), federal facilities do not have sovereign immunity from state enforcement of state environmental laws under the solid and hazardous waste provisions of the SWDA.  Additionally, federal facilities are obligated to pay fines and penalties assessed by the states.

Federal Employee Liability 

Federal employees can be personally liable for both civil and criminal penalties imposed under the solid and hazardous waste provisions of the SWDA.

Civil Penalties

The FFCA exempts personal liability of agents, employees, or officers of the United States for any civil penalty under any federal, state, interstate, or local solid or hazardous waste law with respect to any act or omission within the scope of the official duties of the agent, employee, or officer.  However, federal agencies are now liable for civil penalties and fines.

Criminal Penalties

The FFCA states, an agent, employee, or officer of the United States shall be subject to any criminal sanction (including, but not limited to, any fine or imprisonment) under any federal or state solid or hazardous waste law, but no department, agency, or instrumentality of the executive, legislative, or judicial branch of the federal government shall be subject to any such sanction.

35. Environmental restoration personnel shall demonstrate the ability to review and assess the following National Environmental Policy Act documentation:

· Environmental Impact Statement (EIS)

· Environmental Assessment (EA)

· Finding Of No Significant Impact (FONSI)

· Categorical Exclusion (CX)

· Record of Decision (ROD)
fe) Discuss the requirements for each document and describe the process for reviewing the listed documents.

EIS

As required by section 102(2)(C) of NEPA, environmental impact statements are to be included in every recommendation or report on proposals for legislation and other major federal actions significantly affecting the quality of the human environment.

Agencies shall make sure the proposal that is the subject of an environmental impact statement is properly defined.  Agencies shall use the criteria for scope in section 1508.25 to determine which proposal(s) shall be the subject of a particular statement.  Proposals or parts of  proposals that are related to each other closely enough to be, in effect, a single course of action, shall be evaluated in a single impact statement.

Environmental impact statements may be prepared, and are sometimes required, for broad federal actions such as the adoption of new agency programs or regulations.  Agencies shall prepare statements on broad actions so that they are relevant to policy and are timed to coincide with meaningful points in agency planning and decision-making.

When preparing statements on broad actions (including proposals by more than one agency), agencies may find it useful to evaluate the proposal(s) in one of the following ways:

· geographically, including actions occurring in the same general location, such as a body of water, region, or metropolitan area;
· generically, including actions which have relevant similarities, such as common timing, impacts, alternatives, methods of implementation, media, or subject matter;
· by stage of technological development, including federal or federally assisted research, development, or demonstration programs for new technologies which, if applied, could significantly affect the quality of the human environment.  Statements shall be prepared on such programs and shall be available before the program has reached a stage of investment or commitment to implementation likely to determine subsequent development or restrict later alternatives.

Agencies shall as appropriate employ scoping, tiering, and other methods listed in section 1500.4 and 1500.5 to relate broad and narrow actions and to avoid duplication and delay.

EA

An EA is a concise public document for which a federal agency is responsible that serves to
· briefly provide sufficient evidence and analysis for determining whether to prepare an environmental impact statement or a finding of no significant impact.

· aid an agency’s compliance with the Act when no environmental impact statement is necessary.

· facilitate preparation of a statement when one is necessary.

The EA shall include brief discussions of: the need for the proposal; alternatives, as required by section 102(2)(E); the environmental impacts of the proposed action; and alternatives.  The EA shall also include a listing of agencies and persons consulted.

FONSI

The FONSI is a document in which the agency briefly explains the reasons why an action will not have a significant effect on the human environment and, therefore, why an EIS will not be prepared.  The finding itself need not be detailed, but must succinctly state the reasons for deciding that the action will have no significant environmental effects, and, if relevant, must show which factors were weighted most heavily in the determination.  In addition to this statement, the FONSI must include, summarize, or attach and incorporate by reference, the environmental assessment. 
CX
Categorical exclusions are categories of actions that do not individually or cumulatively have a significant effect on the human environment and for which, therefore, neither an environmental assessment nor an environmental impact statement is required.  DOE’s categorical exclusions are listed in appendices A and B to subpart D of the NEPA regulation, 10 CFR 1021.  In applying a categorical exclusion under 10 CFR 1021.410(b) to a specific proposed action, DOE must determine that 

· the proposed action fits within a class of actions listed in the regulations; 

· there are no extraordinary circumstances related to the proposal that may affect the significance of its environmental effects;
· the proposal is not connected to other actions with potentially significant impacts, nor is it related to other proposals with cumulatively significant actions or an improper interim action.  

ROD

A ROD is a concise public document that records a federal agency’s decision(s) concerning a proposed action for which the agency has prepared an EIS.  The ROD is prepared in accordance with the requirements of the Council on Environmental Quality NEPA regulations.  A ROD identifies the alternatives considered in reaching the decision, the environmentally preferable alternative(s), factors balanced by the agency in making the decision, whether all practicable means to avoid or minimize environmental harm have been adopted, and if not, why they were not. 

The ROD shall

· state what the decision was.

· identify all alternatives considered by the agency in reaching its decision, specifying the alternative or alternatives that were considered to be environmentally preferable.  An agency may discuss preferences among alternatives based on relevant factors, including economic and technical considerations and agency statutory missions.  An agency shall identify and discuss all such factors, including any essential considerations of national policy that were balanced by the agency in making its decision and state how those considerations entered into its decision.

· state whether all practicable means to avoid or minimize environmental harm from the alternative selected have been adopted, and if not, why they were not.  A monitoring and enforcement program shall be adopted and summarized where applicable for any mitigation.

ff) Describe the process for performing an assessment of the listed documents and discuss criteria that could be used during an assessment.

EIS

Federal agencies are required to prepare EISs in accordance with 40 CFR 1502, Environmental Impact Statements, and to file the EISs with EPA as specified in 1506.9.  The EISs must be filed no earlier than they are transmitted to commenting agencies and made available to the public.

If an EIS is hand-carried to EPA, the person delivering the document must complete a form stating that transmittal to all agencies is being made simultaneously with the filing with EPA.  This will assure that the EIS is received by all interested parties by the time the EPA notice of availability appears in the Federal Register, and therefore allows for the full minimum review periods prescribed in 1506.10. 

Federal agencies file an EIS by providing EPA with five (5) copies, including appendices.  In addition to the five copies of the EIS that are filed with EPA Headquarters, agencies should provide a copy of the EIS directly to the appropriate EPA regional office(s) for review and comment.  Material which is incorporated into the EIS by reference is not required to be filed with EPA.  The agency filing the EIS (usually the lead agency if more than one is involved) should prepare a letter of transmittal to accompany the five copies of the EIS.  The letter should identify the name and telephone number of the official responsible for both the distribution and contents of the EIS, and should state that the transmittal has been completed. 

Once received by EPA, each EIS is stamped with an official filing date and checked for completeness and compliance with 1502.10 of the CEQ Regulations.  If the EIS is not complete (i.e., if the documents do not contain those elements outlined in 1502.10 of the CEQ Regulations), EPA will contact the lead agency to obtain the omitted information or to resolve any problems prior to publication of the notice of availability in the Federal Register. 

Agencies often publish (either in their EISs or individual notices to the public) a date by which all comments on an EIS are to be received.  Agencies should ensure that the date they use is based on the date of publication of the notice of availability in the Federal Register.  If the published date gives reviewers less than the minimum review time computed by EPA, then EPA will send the agency contact a letter explaining how the review period is calculated and the correct date by which comments are due back to the lead agency.  This letter also encourages agencies to notify all reviewers and interested parties of the corrected review periods. 

Notice in the Federal Register.  EPA will prepare a weekly report of all EISs filed during the preceding week for publication each Friday under a notice of availability in the Federal Register.  At the time EPA sends its weekly report for publication in the Federal Register, the report will also be sent to the CEQ.  Information included in the report for each EIS is the same as the data entered in EPA’s computerized data file.  This includes an EIS accession number (created by EPA), EIS status (draft, final, supplemental), date filed with EPA, the agency or bureau that filed the EIS, the state and county of the action that prompted the EIS, the title of the EIS, the date comments are due, and the agency contact. 

Time periods.  The minimum time periods set forth in 1506.10(b),(c), and (d) are calculated from the date EPA publishes the notice of availability in the Federal Register.  Review periods for draft EISs, draft supplements, and revised draft EISs shall extend 45 calendar days, unless the lead agency extends the prescribed period or a reduction of the period has been granted.  The wait periods for final EISs and final supplements shall extend for 
30 calendar days, unless the lead agency extends the period or a reduction or extension in the period has been granted.  If a calculated time period would end on a non-working day, the assigned time period will be the next working day (i.e., time periods will not end on weekends or Federal holidays).

EA

The CEQ regulations in 40 CFR 1508.9 state that an EA is a concise public document that shall include brief discussions of the following:

· The need for the proposal

· Alternatives as required by section 102(2)(E) of the NEPA

· The environmental impacts of the proposed action and alternatives

· A listing of agencies and persons consulted

The CEQ regulations do not prescribe a format for an EA.  The contents of an EA are determined on a case-by-case basis and depend on the nature of the proposed action.  In implementing the CEQ regulations, DOE has traditionally included the following information, as appropriate, in its EAs:

· a clear and concise description of the proposed action, including drawings, maps, and charts, if directly pertinent to analyzing the environmental consequences of the proposed action;

· a description of the existing environment affected by the proposed action in sufficient detail to permit a meaningful evaluation of the potential; 

· an assessment of the probable impacts of the proposed action, including direct and indirect effects and those adverse impacts which cannot be avoided should the proposal be implemented;

· an evaluation of the probable cumulative and long-term environmental effects, including any beneficial impacts;

· an assessment of the risk of credible accidents, if applicable;
· a discussion of the relationship of the proposed action to any applicable federal, state, regional, or local land use plans and policies likely to be affected.

FONSI

This is a document by a federal agency briefly presenting the reasons why an action, not otherwise categorically excluded, will not have a significant effect on the human environment and for which an EIS, therefore, will not be prepared.  It should include
· a brief discussion of the reasons why an action will not have a significant effect on the human environment and for which an EIS will, therefore, not be prepared;

· a summary of the EA, noting any other environmental documents related to it, including a brief description of the proposed action and alternatives considered in the EA, factors considered, and projected impacts (but if the EA is included, the finding need not repeat any of the discussion in the EA, but may incorporate it by reference);

· a summary of any comments received on the proposed FONSI and comments received on the EA and the disposition of these comments;

· any commitments to mitigations that are essential to render the impacts of the proposed action, not significant beyond those mitigations that are integral elements of the proposed action, and reference to the mitigation action plan;

· any statement of findings required by 10 CFR 1022, “Compliance with Floodplains/Wetlands Environmental Review Requirements;”

· the date of issuance;
· the signature of the DOE approving officer.

CX

Categorical exclusions are classes of actions that DOE has determined do not individually or cumulatively have a significant effect on the human environment.  For an action to be categorically excluded, DOE must determine

· that the proposal fits within a class of actions listed in appendix A or B to subpart D of 10 CFR 1021;

· that there are no extraordinary circumstances related to the proposal that may effect the significance of the environmental effects of the proposal;
· that the proposal is not connected to other actions with potentially significant impacts.

Appendices A and B divide categorical exclusions into two sets of actions that usually do not require an EA or an EIS.  Appendix A contains general agency actions such as routine administration, procedural rulemaking, and transfer of property (if the use is unchanged).  Appendix B contains specific agency actions such as modifications to screened water intake structures; improvements to fish and wildlife habitat; environmental monitoring; and modifications of facilities for storing, packaging, or repacking waste (not high-level or spent nuclear fuel.)  Appendix B actions are listed under six different groupings:

· B1 — CXs applicable to facility operations

· B2 — CXs applicable to health and safety

· B3 — CXs applicable to site characterization, monitoring, and general research

· B4 — CXs applicable to Power Marketing Administrations and to all of DOE with regard to power resources

· B5 — CXs applicable to conservation, fossil, and renewable energy activities

· B6 — CX applicable to environmental restoration and waste management activities

ROD

No decision may be made on a proposal covered by an EIS during a 30 day waiting period following the completion of the final EIS.  The waiting period begins with the publication of the notice of availability for the final EIS in the Federal Register.  No action shall be taken until the decision has been made public.

The ROD will support the selection of an action and will include all facts, analyses of facts, and site-specific policy.  Determinations considered in the course of carrying out activities will be documented, as appropriate, for inclusion into the administrative record.  The ROD shall be published in the Federal Register.  The ROD should include

· a statement of the decision;

· identification of all alternatives considered by the agency in reaching its decision;

· specification of the alternative or alternatives which were considered to be environmentally preferable;

· discussion of all such factors, including any essential considerations of national policy that were balanced by the agency in making its decision and an explanation of how those considerations entered into its decision;
· discussion of whether all practicable means to avoid or minimize environmental harm from the alternative selected have been adopted, and if not, why not.  A monitoring and enforcement program shall be adopted and summarized where applicable for any mitigation.

fg) Perform a written review/assessment of each of the listed documents.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

fh) Discuss the relationship between 40 CFR 1500, Regulations for Implementing the Procedural Provisions of the National Environmental Policy Act, and DOE 
O 451.1B, National Environmental Policy Act Compliance Program.

The CEQ regulations (40 CFR 1500-1508) implement section 102 of NEPA and provide federal agencies with procedures for complying with the intent of NEPA.  The DOE regulations (10 CFR 1021) establish the procedures that DOE shall use to comply with section 102 of NEPA and the CEQ regulations.  DOE O 451.1B establishes the internal requirements and responsibilities for implementing NEPA, the CEQ regulations (40 CFR 1500-1508), and the DOE implementing procedures.

36. Environmental compliance personnel shall demonstrate a working-level knowledge of the following laws, regulations, and Department of Energy Orders as related to environmental radiation:

· AEA

· 40 CFR 61 Subpart H, National Emission Standards for Hazardous Air Pollutants

· 40 CFR 141, National Primary Drinking Water Regulations

· DOE Order 5400.1, General Environmental Protection Program

· DOE Order 5400.5, Radiation Protection of the Public and the Environment

· DOE O 435.1, Radioactive Waste Management

· 40 CFR 122, EPA Administered Permit Programs: The NPDES

fi) Discuss the application of the above listed documents to DOE and its facilities.

AEA

The AEA of 1954 was enacted for the development and control of atomic energy.  It is stated in section 1 that atomic energy is capable of application for peaceful as well as military purposes.  Therefore, the development, use, and control of atomic energy should be used to promote world peace, improve the general welfare, increase the standard of living, and strengthen free competition in private enterprise, subject to the paramount objective of making a maximum contribution to the common defense and security of the United States.

The Act provided for programs for research and development, dissemination and control of unclassified and restricted data, government control of atomic energy and special nuclear material (SNM), development of atomic energy for peaceful purposes, international cooperation for defense and security, and administration of all of the above.  Thus the Atomic Energy Commission was created, which is now known as the DOE.

40 CFR 61 Subpart H, National Emission Standards for Hazardous Air Pollutants
The provisions of subpart H apply to operations at any facility owned or operated by DOE that emits radionuclides other than radon-222 or radon-220 into the air.

40 CFR 141, National Primary Drinking Water Regulations
Part 141 establishes primary drinking water regulations pursuant to the Public Health Service Act, as amended by the SDWA, and related regulations applicable to public water systems. This part applies to all DOE facilities that have water systems that meet at least one of the following conditions of a public water system:
· Consists of not only distribution and storage facilities, but also of collection and treatment facilities
· Does not obtain all of its water from, or is owned or operated by, a public water system to which such regulations apply
· Sells water to any person
· Is a carrier which conveys passengers in interstate commerce
Since most, if not all DOE facilities collect and treat water, part 141 applies to DOE facilities.
DOE Order 5400.1, General Environmental Protection Program
This Order has been canceled.

DOE Order 5400.5, Radiation Protection of the Public and the Environment
DOE Order 5400.5 is directly applicable to DOE and its facilities, as it is written and administered by DOE.  The purpose of this Order is to establish standards and requirements for operations of DOE and DOE contractors with respect to protection of members of the public and the environment against undue risk from radiation.

DOE O 435.1, Radioactive Waste Management
DOE O 435.1 is directly applicable to DOE and its facilities, as it is written and administered by DOE.  The purpose of this Order is to establish policies, guidelines, and minimum requirements by which DOE manages its radioactive and mixed waste and contaminated facilities.  This Order applies to all DOE elements and DOE contractors and subcontractors performing work that involves management of waste containing radioactivity and/or radioactively contaminated facilities for DOE under the AEA.

40 CFR 122, EPA Administered Permit Programs: The National Pollutant Discharge Elimination System

Part 122 contains provisions for the NPDES Program under the CWA and covers basic EPA permitting requirements.  The NPDES program requires permits for the discharge of pollutants from any point source into waters of the United States.  The point sources most likely to occur at a DOE facility are discharges of storm water, thereby making most, if not all DOE facilities subject to operating their storm water treatment/collection/release systems under a NPDES permit.

fj) Define the following terms and their implications for regulation in DOE:

· Source material

· SNM

· Byproduct material

· Naturally occurring or accelerator-produced radioactive material

Source Material

Source material is any physical or chemical form of uranium or thorium or ores that contain by weight 0.05 percent or more of uranium or thorium.  Air emission standards are probably the only environmental regulations that might impact source material handling.

SNM

Special nuclear material includes plutonium, uranium-233, or uranium enriched in the isotopes uranium-233 or uranium-235.  Air emission standards are probably the only environmental regulations that might impact special nuclear material handling.

By-Product Material

By-product material is any radioactive material (except special nuclear material) yielded in, or made radioactive by, exposure to the radiation incident or to the process of producing or utilizing special nuclear material.  For purposes of determining the applicability of RCRA to any radioactive waste, the term “any radioactive material” refers only to the actual radionuclides dispersed or suspended in the waste substance.  The non-radioactive hazardous waste component of the waste substance will be subject to regulation under RCRA or, the tailings or waste produced by the extraction or concentration of uranium or thorium from any ore processed primarily for its source material content.  Ore bodies depleted by uranium solution extraction operations and which remain underground do not constitute “by-product material.”

All environmental regulations are likely to have an impact on the handling of by-product material.

Naturally Occurring or Accelerator-Produced Radioactive Material
Naturally occurring or accelerator-produced radioactive material is any radioactive material that (1) can be considered naturally occurring and is not source, special nuclear, or by-product material, or (2) that is produced in a charged particle accelerator.

Congress enacted the Uranium Mill Tailings Radiation Control Act (UMTRCA) in 1978.  Under the authority of section 108 of the Act, the EPA promulgated 40 CFR 192, Health and Environment Protection Standards for Uranium and Thorium Mill Tailings.  These standards were designed to govern the disposal and cleanup of the designated inactive mill tailings sites.  EPA published new final standards on January 11, 1995.

Title 40 CFR 192.31(b) states that the tailings or waste produced by the extraction or concentration of uranium or thorium from any ore processed primarily for its source material content is defined as uranium by-product material.  Naturally occurring radioactive material (NORM) is defined as any radioactive material that can be considered naturally occurring and is not by-product material.  Therefore, uranium mill tailings, which are by-product material, are not NORM since NORM specifically excludes by-product material.  Furthermore, as 40 CFR 192 was promulgated for uranium and thorium, it will not affect NORM.

fk) Describe the concept of reportable quantity and identify that quantity for a given radionuclide.

Reportable quantity is a CERCLA/SARA Title III term used to describe the minimum amount of a spilled or leaked hazardous substance that must be reported to the EPA spill response center.

Radionuclides are included in 40 CFR 302.4, table 302.4, List of Hazardous Substances and Reportable Quantities; therefore, they have a reportable quantity (RQ) assigned.  The statutory RQ value is one pound, but the adjusted final RQs for individual radionuclides are listed in appendix B to part 302.4, Radionuclides.  All regulated isotopes are listed in appendix B.

fl) Describe the system for classifying mixed waste and the general requirements for treatment, storage and disposal.

System for Classifying Mixed Waste

Mixed waste is waste containing both radioactive and hazardous components as defined by the AEA and RCRA, respectively.  Source material and SNM do not meet the definition of waste; therefore, even if these materials were contaminated with hazardous components, they would not be mixed wastes.  NORM and accelerator-produced material also do not meet the definition of waste.  By-product material, if contaminated with hazardous components, would be considered mixed waste, due to its being generated as a by-product from another process.

General Requirements for Treatment, Storage, and Disposal

Mixed waste must meet all treatment, storage, and disposal (TSD) requirements in RCRA subtitle C hazardous waste regulations (40 CFR 260-270).  In addition, mixed waste must meet the requirements for managing radioactive waste, as described in DOE O 435.1, Radioactive Waste Management.

fm) Describe the basic monitoring and reporting requirements of radionuclides in NESHAP and state the dose limit.

Emissions of radionuclides to the ambient air from DOE facilities shall not exceed those amounts that would cause any member of the public to receive in any year an effective dose equivalent of 10 mrem/yr.  There are specific emission monitoring and test procedures to determine compliance with the emissions standard, as well as specific rules and reporting requirements for determining the level of compliance.

All facilities must maintain records documenting the source of input parameters, including the results of all measurements upon which they are based, the calculations and/or analytical methods used to derive values for input parameters, and the procedure used to determine effective dose equivalent.  This documentation should be sufficient to allow an independent auditor to verify the accuracy of the determination made concerning the facility’s compliance with the standard.  These records must be kept at the site of the facility for at least five years and, upon request, be made available for inspection by the EPA administrator or the authorized representative.

fn) Describe the basic limits for radionuclides in drinking water and their application to Department operations.

The following are the maximum contaminant levels for radium-226, radium-228, and gross alpha particle radioactivity:

· Combined radium-226 and radium-228 — 5 pCi/l

· Gross alpha particle activity (including radium-226 but excluding radon and uranium) — 15 pCi/l

The average annual concentration of beta particle and photon radioactivity from manmade radionuclides in drinking water shall not produce an annual dose equivalent to the total body or any internal organ greater than 4 mrem/yr.  Except for the radionuclides listed in 
table 2.5-2, the concentration of man-made radionuclides causing 4 mrem total body or organ dose equivalents shall be calculated on the basis of a 2 liters per day drinking water intake using the 168 hour data listed in Maximum Permissible Body Burdens and Maximum Permissible Concentration of Radionuclides in Air or Water for Occupational Exposure, National Bureau of Standards (NBS) Handbook 69 as amended August 1963, U.S. Department of Commerce.  If two or more radionuclides are present, the sum of their annual dose equivalent to the total body or to any organ shall not exceed 4 mrem/yr.

fo) Describe the following types of radioactive waste and the associated requirements:

· Low-level waste

· High-level waste

· Transuranic waste

Low-Level Waste

Low-level waste is waste that contains radioactivity and is not classified as high-level waste, transuranic waste, or spent nuclear fuel or by-product material.  Test specimens of fissionable material irradiated for research and development only, and not for the production of power or plutonium, may be classified as low-level waste, providing the concentration of transuranic is less than 100 nCi/g.  

High-Level Waste

High-level waste is highly radioactive waste material that results from the reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing and any solid waste derived from the liquid that contains a combination of transuranic waste and fission products in concentrations requiring permanent isolation.

Transuranic Waste

Transuranic waste is waste that is contaminated with alpha-emitting transuranium radionuclides with half-lives greater than 20 years and concentrations greater than 100 nCi/g at the time of assay.  Other alpha contaminated wastes peculiar to a specific DOE site must also be managed as transuranic waste.

37. Environmental restoration personnel shall demonstrate the ability to appraise the contractor’s program(s) to assess compliance with the requirements for environmental radiation protection.

fp) Assess whether the effluent monitoring from a facility meets the requirements of DOE O 5400.5, Radiation Protection of the Public and the Environment.

fq) Assess whether adequate methods are used to characterize effluents for purposes of limiting doses to the public in accordance with regulatory and “as low as reasonably achievable (ALARA)” limits.

Items “a” and “b” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.
38. Environmental compliance personnel shall demonstrate a working-level knowledge of the supporting environmental laws and regulations, including:

· Pollution Prevention Act (PPA)

· Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)

· Toxic Substances Control Act (TSCA)

· Endangered Species Act (ESA)

· Comprehensive Environmental Response, Compensation & Liability Act/Superfund Amendments and Reauthorization Act (Superfund)

· Emergency Planning and Community Right-to-Know Act (EPCRA)

· AEA

· FFCA

fr) Describe the deadlines identified in the PPA.

The PPA of 1990, as incorporated into the EPCRA under the provisions of Superfund, requires owners and operators of facilities that must file toxic release inventory (TRI) reports as delineated under section 313 to provide information annually on pollutant source reduction and recycling activities in conjunction with the filing of their TRI report beginning in calendar year 1991.  Initially, these reports were to be submitted by July 1, 1992, but on May 27, 1992, EPA agreed not to initiate enforcement actions against facilities as long as they submitted an accurate form R report between July 1, 1992, and September 1, 1992 (due to delays in finalizing and distributing form R).

fs) Identify the disciplines/areas in which PPA applies.

The PPA applies to facilities required to submit toxic chemical release inventories in accordance with section 313 of CERCLA.  These industries fall within standard industrial classification (SIC) Codes 20 through 39, have more than 10 full-time employees (defined as total hours worked at the facility being greater than 20,000 hours, rather than by head count), and manufacture, import, process, or use listed toxic chemicals at higher than established threshold quantities.

ft) Describe the process for licensing applicators as defined in the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA).

Standards for certification of commercial pesticide applicators are found in 40 CFR 171.4, with standards for certification of private applicators appearing in 40 CFR 171.5.  The commercial applicator must demonstrate competency in the use and handling of pesticides as determined by passing a written examination (in conjunction with performance testing, if required).  General requirements include a demonstration of practical knowledge with regard to pest control and pesticide safety in the following areas: label/labeling and instruction comprehension; pesticide safety; environmental factors; pest identification and biology; pesticide types, interactions, persistence, toxicity, hazards, effectiveness, and dilution procedures; pertinent equipment use and maintenance; application techniques; and knowledge of the applicable federal and state laws.

In addition, specific standards of competency must be demonstrated for each of the different applicable categories of commercial pesticide application; agricultural pest control (plants and animal); forest pest control; ornamental and turf pest control; seed treatment; aquatic pest control; right-of-way pest control; industrial, institutional, structural, and health-related pest control; public health pest control; regulatory pest control; and demonstration and research pest control.

In contrast, certification of a private pesticide applicator requires the applicator to demonstrate “a practical knowledge of the pest problems and pest control practices associated with his agricultural operations; proper storage, use, handling, and disposal of pesticides and containers; and his related legal responsibility.” 

fu) Discuss the purpose and history of the Comprehensive Environmental Response, Compensation, and Liability Act/Superfund Amendments and Reauthorization Act (Superfund).

The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(42 U.S.C. Section 9601), also known as CERCLA and Superfund, became law on December 11, 1980 and has since undergone subsequent revisions under the Superfund Amendments and Reauthorization Act (SARA).  CERCLA imposes cleanup and reporting requirements on the owners and operators of facilities and vessels where there is a release or a threatened release of a hazardous substance into the environment.  While the Resource Conservation and Recovery Act (RCRA) provides regulatory control of active (and recently closed) waste management sites, CERCLA addresses the problem of contamination emanating from abandoned facilities, and from vessels and facilities not subject to RCRA.  CERCLA provides a response mechanism for the release of a hazardous substance from any facility at any time.  Under CERCLA, strict liability is imposed on potentially responsible parties (PRPs), providing the ability for EPA to order a cleanup by the PRPs or to undertake the cleanup and bill the responsible parties.

fv) Explain how the RQs specified by CERCLA are applied.

Under CERCLA, an RQ is defined as the quantity of a released hazardous substance which requires EPA notification under 40 CFR 302.  Reportable quantities are determined in accordance with 40 CFR 302.4 for toxic chemicals (and appendix B to this section for radionuclides), with the lowest RQ applying where two or more substances exist in the same event.  For unlisted hazardous substances, under 40 CFR 302.4(b), the reportable quantity is 100 pounds, except for those that exhibit extraction procedure (EP) toxicity per 
40 CFR 261.24 and are subject to the RQs listed in table 302.4 under EP-toxic contaminants.  In cases where more than one EP-toxic substance is present, the lowest RQ on the table applies.  The RQ applies to the waste as a whole, not just the toxic contaminant.  RQs for nonnuclear hazardous substances range from one to five thousand pounds.

fw) Describe the removal/cleanup actions required by CERCLA/RCRA.
CERCLA response actions designated as removals (as opposed to remedial actions) must be completed within 12 months and at a cost of less than $2 million, except where: the continued action is in response to an emergency; there is an immediate risk to public health, welfare, or the environment; it is part of an approved remedial action; or it is consistent with a remedial action to be taken [42 U.S.C. 9604(c)(1)].

Removal actions can include providing alternate water sources to offset the effects of groundwater pollution, immediate cleanup of a hazardous waste, or barrier erection around a contaminated site.  Almost any short-term action that diminishes the threat to the public and/or the environmental can qualify as a removal action.

Under RCRA corrective action provisions (40 CFR 264.100 and 264.101) there is no time or financial limitation imposed on the cleanup action.  The EPA regional administrator (or designated state official) may specify a period in which the cleanup action must commence. RCRA corrective actions require that a groundwater monitoring program be instituted and that cleanup of contaminants beyond the facility boundaries (except in limited circumstances) be instituted to meet the applicable groundwater protection standards, and to protect human health and the environment [40 CFR 264.100(d)].

fx) Discuss the interface/coordination with environmental restoration efforts required by Comprehensive Environmental Response, Compensation, and Liability Act/Resource Conservation and Recovery Act.

The EPA proposed corrective action requirements for solid waste management units under RCRA subpart S to expand its corrective action regulatory authority to include the prompt cleanup of sites which pose an imminent hazard to the environment, to facilitate voluntary cleanups, to allow remedy selection streamlining, and to control the source of contamination through the use of response actions that essentially duplicate those under CERCLA’s National Contingency Plan response actions.

CERCLA has been used to supplement RCRA authority in cases where an owner or operator of a RCRA facility is unwilling or unable to pay for cleanup actions at a RCRA site, where cleanup success is hampered by inadequate financial guarantees to ensure site cleanup, and where the EPA or state priorities for addressing the RCRA site are not likely to result in cleanup.  Where RCRA provisions are adequate to ensure site cleanup, CERCLA has deferred listing the site on the National Priorities List.

The National Contingency Plan, section 300.425(b)(4) states that the EPA may exercise its authority under CERCLA, RCRA, or both, to accomplish site remediation.  In addition, if an imminent and substantial endangerment exists to human health and the environment, EPA may compel an immediate cleanup action through a RCRA section 7003 order or an order under CERCLA section 106.

At federal facilities operating under RCRA hazardous waste treatment, storage, and disposal permits, CERCLA and RCRA may sometimes be interfaced.  The interface is usually accomplished by a federal facilities compliance agreement that sets forth the authority of the state (RCRA) and EPA (CERCLA) in the specifics of environmental restoration.

fy) Describe the application of the Emergency Planning and Community Right-to-Know Act to Department facilities (e.g., toxic release inventory and coordination requirements with local emergency planning committees).

The Emergency Planning and Community Right-to-Know Act is intended to provide emergency planning and community information requirements.  The Act sets forth reporting requirements for the following:

· Material Safety Data Sheet (MSDS) - DOE must have available a n MSDS for all hazardous chemicals as defined by OSHA.

· Emergency and hazardous chemical inventory forms - DOE must fill out this form and give to local emergency planning committee, fire department, and state emergency response committee.

· Toxic chemical release forms - DOE must complete this form and submit to EPA or the state annually.  The form covers toxic chemicals.

· Emergency Response Plan - DOE must develop a emergency response plan for the local community.

The Act also provides for civil penalties and enforcement actions.

fz) Discuss the Endangered Species Act consultation requirements.

Agencies are required to coordinate NEPA planning activities with other agencies and groups, as appropriate, per the requirements of relevant environmental laws and executive orders.  DOE will consult with agencies regarding appropriate permits and licenses.  Examples include CAA, CWA, and RCRA permits.

The CEQ regulations require, to the fullest extent possible, that agencies prepare draft EISs concurrently with and integrated with environmental impact analyses and related surveys and studies required by the Fish and Wildlife Coordination Act, the National Historic Preservation Act of 1966, the Endangered Species Act of 1973, and other environmental review laws and executive orders.

CEQ regulations also require that all federal permits, licenses, and other entitlements needed to implement the proposal be identified during the scoping period and be listed in the draft EIS.

Additional regulations and executive orders that involve consultation and/or stakeholder involvement include the following:

· Executive Order for Environmental Justice (affected minority and low income groups)
· American Indian Religious Freedom Act (affected Native American groups)
· Prime and Unique Agricultural Lands (Department of Agriculture)
ga) Discuss the marking of polychlorinated biphenyls (PCB) and PCB items required by the Toxic Substances Control Act (TSCA).
Marking requirements for PCBs and PCB items are located in 40 CFR 761.40, Marking Requirements.  Part 761.40 lists the containers, electrical components and assemblies, hydraulic and heat transfer systems, and transport vehicles that must be marked as containing PCBs (as well as electronic components that must be labeled “No PCBs”).  PCB transformer locations must be marked in accordance with part 761.40(j).  Marking formats required on PCBs and PCB items are delineated in part 761.45, stating: “letters and striping on a white or yellow background shall be sufficiently durable to equal or exceed the life (including storage for disposal)” of the PCB-containing material.  For a large PCB item, the size of the marking is specified to be 6" x 6" (or 2" x 2" if the item will not accommodate the larger marking).  For a small PCB item, marking dimensions are specified at 1" x 2" unless the item is too small for this marking, in which case the marking can be reduced to a minimum of 0.4" x 0.8".

gb) Describe how the Federal Facilities Compliance Act will impact Department compliance actions.

The FFCA requires the Secretary of the DOE to develop and submit site treatment plans (STPs) addressing the treatment of mixed wastes.  Under the FFCA, RCRA was amended to include fines and penalties, applicable to federal agencies, for the violation of RCRA provisions.  Although DOE was exempted from these fines and penalties until after 
October 8, 1995, it retains its exemption after this date in cases where it is operating in compliance with an approved plan and order.  DOE has been unable to comply with RCRA in the past due to insufficient treatment capacity, and in certain cases, a lack of adequate treatment technology for mixed wastes.  DOE is required to develop 35 STPs and compliance orders for 38 sites located in 20 states that currently generate or store mixed wastes.  As of October 1995, negotiations have been completed on 28 plans, and one plan has been finalized.  These STPs identify the timetables for compliance and development of treatment capacity for each specific site.  For wastes that currently have no available treatment technologies, the FFCA requires the submittal of schedules relating to research and development for these technologies.

Although the FFCA does not require the DOE to address the disposal of treated mixed wastes, DOE and the states are evaluating disposal options and potential disposal sites with the realization that disposal is an integral part of mixed waste management.

39. Environmental compliance personnel shall demonstrate a working-level knowledge of the management and negotiation of regulatory agreements and permits.

gc) Describe the responsibilities involved with the management of the following documents:

· NPDES permit

· Federal facility agreement

· Consent orders and settlement agreements

· Record of Decision

· RCRA part B permit

· Grant conditions

NPDES Permit

An NPDES permit allows discharge of pollutants from a point source into waters of the United States.  The permit gives the right to discharge specific pollutants from specific outfalls, generally for a period of five years.

The NPDES permit provides an enforceable document that establishes effluent limitations, monitoring and reporting requirements, system operation and maintenance responsibilities, recordkeeping requirements, and inspection and entry provisions.  An NPDES permit may require use of best management practices.  The permit may also contain a schedule of compliance in situations where the permittee can not come into compliance with the permit requirements immediately.

NPDES implementation and enforcement depends largely on self-monitoring.  As a consequence, dischargers are required to keep stipulated records and report results on standardized reports (discharge monitoring reports).

Proper management of a site permitted through NPDES, therefore, requires sufficient internal controls to assure recordkeeping requirements are followed and reporting requirements are complied with per permit terms and conditions.
Federal Facility Agreement

The SARA Amendments to CERCLA (1986) enacted an entire section devoted to the cleanup of federal facilities (section 120).  CERCLA section 120 requires substantive and procedural cleanup of federal facilities to the same extent as any private company or firm.  CERCLA contains waivers of sovereign immunity for federal agencies; individuals and states may bring cost recovery actions and citizens may bring suits against federal facilities.  Requirements of CERCLA section 120 include
· requirements associated with listing sites on the National Priority List (NPL) (site assessments, hazardous ranking, and evaluation procedures); and,

· the creation of a federal agency hazardous waste compliance docket that lists facilities which manage hazardous waste or have potential hazardous waste issues.

Once sites are listed on the compliance docket, timetables are prepared for addressing problems.  Within 18 months, preliminary assessments and site inspections are required.  The facility is then scored under the hazardous ranking system to place it on the NPL.  If listed, the facility must begin an RI/FS within six months.  During the RI/FS stage, consultation with EPA must occur.  Within 180 days of EPA’s review of the RI/FS, an interagency agreement (for remedy selection) between EPA and the agency must be signed.  Once signed, management of a federal facility agreement requires a complete understanding of compliance schedules, performance standards, and reporting requirements.
Consent Orders and Settlement Agreements
Settlements with the EPA are usually formalized in a CERCLA consent decree or a consent order (administrative order on consent).  A consent decree is filed with and signed by a federal court.  A consent order, on the other hand, does not require judicial action.  Management of consent orders and settlement agreements require a complete understanding of compliance schedules, performance standards, and reporting requirements.  Failure to meet commitments may result in payment of stipulated penalties for non-compliance.
Orders (unilateral and consensual) and compliance agreements are the primary mechanisms EPA uses to address violations at federal facilities.  The specific type, scope, and effect of the administrative enforcement tool used for a particular violation will depend on the specific statutory authority that is available to EPA for enforcing compliance at a federal facility. Orders will be used as EPA’s principal formal enforcement response unless EPA lacks the statutory authority to issue them.  Otherwise, EPA will use a consent agreement to resolve violations.  As a general rule, the federal agency will be provided an opportunity to meet with EPA to discuss key issues prior to the order becoming final and effective.

When EPA and the federal agency settle a matter, EPA will prepare orders or compliance agreements for joint signature by the affected facility and EPA.  At a minimum, all orders or compliance agreements should provide that the violating facility take specified steps to achieve full compliance with the underlying statute.  As appropriate, the agreement or order should provide for further enforcement or penalties if the facility fails to meet the established schedules for compliance.

ROD

At the end of the public comment period, the lead federal agency makes a decision on the proposed federal action.  To justify and explain its course of action, the lead federal agency must publish a ROD.  The ROD is a written statement that is made available to the public.

RCRA Part B Permit

RCRA requires owners and operators of TSDFs to get a permit per RCRA section 3005.  A permit A application contains basic facility information.  A permit B application is a detailed document that provides information demonstrating compliance with applicable technical standards for TSDFs, including written plans and procedures related to facility operations.  Technical standards for a facility will be governed by the annual RCRA permit.  States with delegation authority from EPA administer programs to review applications and issue permits. Permits are issued when the facility has been found to comply with all relevant RCRA requirements.

Under RCRA, EPA can take several types of enforcement action; administrative orders and civil and criminal penalties can be imposed on TSDFs.  Violators may be issued a compliance order, or EPA may seek injunctive relief in a U.S. District Court.  Failure to comply with an administrative order may result in either suspension or revocation of a facility’s RCRA permit.  Civil penalties may be levied for up to $25,000 for per day per violation.  In addition, criminal penalties may be imposed for up to $50,000, two years in prison, or both for knowingly committing certain violations.  Violations for knowing endangerment may result in fines of up to $250,000 and up to fifteen years imprisonment.

Government officials responsible for management of RCRA part B permits, therefore, should clearly consider the message sent by Congress that more rigorous enforcement of hazardous waste laws is intended.  Responsible officials should be familiar with all RCRA part B permit requirements and assure that internal controls are sufficient to ensure compliance.
Grant Conditions

Under certain circumstances, the building of a component/portion of a wastewater treatment system may be justified in advance of completing all NEPA requirements for the remainder of the system(s).  When there are overriding considerations of cost or impaired program effectiveness, the responsible official may award a construction grant, or approve procurement by other than EPA funds, for a discrete component of a complete wastewater treatment system(s).  The process of partitioning the environmental review for the discrete component shall comply with the criteria and procedures described below in “Criteria for partitioning.”  In addition, all reasonable alternatives for the overall wastewater treatment works system(s) of which the component is a part shall have been previously identified.
Criteria for partitioning.  Projects may be partitioned under the following circumstances:

· To overcome impaired program effectiveness, the project component must immediately remedy a severe public health, water quality, or other environmental problem.
· To significantly reduce direct costs on EPA projects, or other related public works projects, the project component (such as major pieces of equipment, portions of conveyances, or small structures) must achieve a cost savings to the federal government and/or to the grantee’s or potential grantee’s overall costs incurred in procuring the wastewater treatment component(s) and/or the installation of other related public works projects funded in coordination with other federal, state, tribal, or local agencies.

The project component also must
· not foreclose any reasonable alternatives identified for the overall wastewater treatment works system(s);

· not cause significant adverse direct or indirect environmental impacts, including those which cannot be acceptably mitigated without completing the entire wastewater treatment system of which the component is a part;
· not be highly controversial.

40. Environmental compliance personnel shall demonstrate a working-level knowledge of the requirements for managing environmental compliance data.

gd) Describe the relationship of the following documents to the data management requirements of environmental compliance:

· DOE O 414.1C, Quality Assurance

· NQA-1, Quality Assurance Program Requirements for Nuclear Facilities

· DOE G 1324.5B, Implementation Guide for Use with 36 CFR Chapter XII, Subchapter B, Records Management

· DOE Order 5400.5, Radiation Protection of the Public and the Environment

DOE O 414.1C, Quality Assurance

Two primary factors affect environmental data quality: measurement uncertainty and sample uncertainty.  Implementing quality control measures and quality assurance procedures can minimize the concerns associated with each factor.  Quality control measures include the adoption of good laboratory habits and practices, institution of standard sampling procedures, and the use of sound sample preparation and analytical procedures.  Sampling protocols should be developed specifically for the problem under consideration and should be strictly followed.  Sample collection technicians must be properly trained in the approved procedure, sampling equipment must be calibrated per established schedules, samples must be protected from destabilization, sample containers must be properly identified, and chain-of-custody procedures must be precisely followed.  Quality assessment requires monitoring of the sampling and analysis processes, and is best accomplished through continuous auditing. Sampling protocols should be carefully examined on a periodic basis.  The EPA requires a quality assurance project plan (QAPP) and the inclusion of five data quality indicators (DQIs) (precision, bias, representativeness, completeness, and comparability) to control data quality.  Data quality objectives (DQOs) are derived from the QAPP (and its objectives for DQIs), and indicate the level of uncertainty that is acceptable based on the intended use of the data.

NQA-1, Quality Assurance Program Requirements for Nuclear Facilities
NQA-1 sets forth requirements for the establishment and execution of quality assurance programs for the siting, design, construction, operation, and decommissioning of nuclear facilities.  Nonmandatory guidance is provided in the appendices.

DOE G 1324.5B, Implementation Guide for Use with 36 CFR Chapter XII, Subchapter B, Records Management
This guide supplements DOE Order 1324.5B, Records Management Program, of 1-12-95, which establishes the records management program.  This guide primarily implements 
36 CFR Chapter XII, subchapter B, Records Management.  This guide provides detailed non-mandatory guidance and an acceptable system for the organization, maintenance, and disposition of records of the DOE.  Appropriate examples are provided for demonstration and application.  
Note: DOE Order 1324.5B, Records Management Program has been canceled and replaced with DOE O 200.1, Information Management Program.

DOE Order 5400.5, Radiation Protection of the Public and the Environment
This DOE Order is directly applicable to DOE and its facilities, as it is written and administered by DOE.  The purpose of this Order is to establish standards and requirements for operations of DOE and DOE contractors with respect to protection of members of the public and the environment against undue risk from radiation.

ge) Describe the quality assurance requirements for monitoring radiological air emissions specified in the NESHAP.

To determine compliance with NESHAP, radionuclide emissions shall be determined, and effective dose equivalent values to members of the public calculated, using EPA-approved sampling procedures.   

Radionuclide emission rates from existing point sources (stacks or vents) shall be measured in accordance with the following requirements. 

· Effluent flow rate measurements shall be made using the following methods:

· Reference method 2 of appendix A to part 60 of NESHAP is used to determine velocity and volumetric flow rates for stacks and large vents.

· Reference method 2A of appendix A to part 60 of NESHAP is used to measure flow rates through pipes and small vents.

· The frequency of the flow rate measurements depend on the variability of the effluent flow rate.  For variable flow rates, continuous or frequent flow rate measurements are made.  For relatively constant flow rates, only periodic measurements are necessary.

· Radionuclides shall be directly monitored or extracted, collected, and measured using the following methods:

· Reference method 1 of appendix A to part 60 of NESHAP is used to select monitoring or sampling sites.

· The effluent stream shall be monitored continuously with an in-line detector or representative samples of the effluent stream is withdrawn continuously from the sampling site following the guidance presented in ANSIN13.1-1969, “Guide to Sampling Airborne  Radioactive Materials in Nuclear Facilities,” including the guidance presented in appendix A of ANSIN13.1.  The requirements for continuous sampling are applicable to batch processes when the unit is in operation.  Periodic sampling (grab samples) may be used only with EPA’s prior approval.  Such approval may be granted in cases where continuous sampling is not practical, and radionuclide emission rates are relatively constant.  In such cases, grab samples are collected with sufficient frequency so as to provide a representative sample of the emissions.

· Radionuclides are collected and measured using procedures based on the principles of measurement described in appendix B, method 114.  Use of methods based on principles of measurement different from those described in appendix B, method 114, must have prior approval from the Administrator.  EPA reserves the right to approve measurement procedures.

· A quality assurance program shall be conducted that meets the performance requirements described in appendix B, method 114.

· When it is impractical to measure the effluent flow rate at an existing source in accordance with the requirements, or to monitor or sample an effluent stream at an existing source in accordance with the site selection and sample extraction requirements of paragraph (b)(2) of this section, the facility owner or operator may use alternative effluent flow rate measurement procedures or site selection and sample extraction procedures provided that
· it can be shown that the requirements are impractical for the effluent stream;
· the alternative procedure will not significantly underestimate the emissions;
· the alternative procedure is fully documented;
· the owner or operator has received prior approval from EPA.

· Radionuclide emission measurements are made at all release points that have a potential to discharge radionuclides into the air in quantities that could cause an effective dose equivalent in excess of 1 percent of the standard.  All radionuclides that could contribute greater than 10 percent of the potential effective dose equivalent for a release point are measured.  With prior EPA approval, DOE may determine these emissions through alternative procedures.  For other release points that have a potential to release radionuclides into the air, periodic confirmatory measurements are made to verify the low emissions.  To determine whether a release point is subject to the emission measurement requirements, it is necessary to evaluate the potential for radionuclide emissions for that  release point.  In evaluating the potential of a release point to discharge radionuclides into the air, the estimated radionuclide release rates are based on the discharge of the effluent stream that would result if pollution control equipment did not exist, but the facilities operations were otherwise normal.
· Environmental measurements of radionuclide air concentrations at critical receptor locations may be used as an alternative to air dispersion calculations in demonstrating compliance with the standard if the owner or operator meets the following criteria:

· The air at the point of measurement is continuously sampled for collection of radionuclides.

· Those radionuclides released from the facility that are the major contributors to the effective dose equivalent are collected and measured as part of the environmental measurement program.

· Radionuclide concentrations that would cause an effective dose equivalent of 
10 percent of the standard are readily detectable and distinguishable from background levels.

· Net measured radionuclide concentrations are compared to the concentration levels in table 2 of appendix E of NESHAP to determine compliance with the standard.  In the case of multiple radionuclides being released from a facility, compliance is demonstrated if the value for all radionuclides is less than the concentration level in table 2, and the sum of the fractions that result when each measured concentration value is divided by the value in table 2 for each radionuclide is less than 1.

· A quality assurance program is conducted that meets the performance requirements described in appendix B, method 114.

· Use of environmental measurements to demonstrate compliance with the standard is subject to prior approval by EPA.  Applications for approval must include a detailed description of the sampling and analytical methodology and should show how the above criteria will be met.

Radionuclide emission rates from new point sources (stacks or vents) as defined in subpart A are measured according to the following requirements, or other procedures for which EPA has granted prior approval:

· Effluent flow rate measurements are made using the following methods:

· ANSI/HPS N13.1-1999, “Sampling and Monitoring Releases of Airborne Radioactive Substances from the Stacks and Ducts of Nuclear Facilities,” is used to determine velocity and volumetric flow rates for stacks and large vents.

· ANSI/HPS N13.1-1999 is used to measure flow rates through pipes and small vents.

· The frequency of the flow rate measurements depends on the variability of the effluent flow rate.  For variable flow rates, continuous or frequent flow rate measurements shall be made.  For relatively constant flow rates, only periodic measurements are necessary.

· Radionuclides shall be directly monitored or extracted, collected, and measured using the following methods:

· ANSI/HPS N13.1-1999 is used to select monitoring or sampling sites.

· The effluent stream is monitored continuously with an in-line detector, or representative samples of the effluent stream are withdrawn continuously from the sampling site following the guidance presented in ANSI/HPS N13.1-1999.  The requirements for continuous sampling are applicable to batch processes when the unit is in operation.  Periodic sampling (grab samples) may be used only with EPA’s prior approval.  Such approval may be granted in cases where continuous sampling is not practical, and radionuclide emission rates are relatively constant.  In such cases, grab samples are collected with sufficient frequency so as to provide a representative sample of the emissions.

· Radionuclides are collected and measured using procedures based on the principles of measurement described in appendix B, method 11.  Use of methods based on principles of measurement different from those described in appendix B, method 114, must have prior approval from the administrator.  EPA reserves the right to approve measurement procedures.

· A quality assurance program is conducted that meets the performance requirements described in ANSI/HPS N13.1-1999.

When it is impractical to measure the effluent flow rate at a source according to the requirements, or to monitor or sample an effluent stream at a source in accordance with the site selection and sample extraction requirements, the facility owner or operator may use alternative effluent flow rate measurement procedures or site selection and sample extraction procedures provided that
· it can be shown that the requirements are impractical for the effluent stream;
· the alternative procedure will not significantly underestimate the emissions;
· the alternative procedure is fully documented;
· the owner or operator has received prior approval from EPA.

Radionuclide emission measurements in conformance with the requirements are made at all release points that have a potential to discharge radionuclides into the air in quantities that could cause an effective dose equivalent in excess of 1 percent of the standard.  All radionuclides that could contribute greater than 10 percent of the potential effective dose equivalent for a release point shall be measured.  With prior EPA approval, DOE may determine these emissions through alternative procedures.  For other release points that have a potential to release radionuclides into the air, periodic confirmatory measurements are made to verify the low emissions.

To determine whether a release point is subject to the emission measurement requirements, it is necessary to evaluate the potential for radionuclide emissions for that release point.  In evaluating the potential of a release point to discharge radionuclides into the air for the purposes of this section, the estimated radionuclide release rates are based on the discharge of the effluent stream that would result if pollution control equipment did not exist, but the facilities operations were otherwise normal.

Environmental measurements of radionuclide air concentrations at critical receptor locations may be used as an alternative to air dispersion calculations in demonstrating compliance with the standard if the owner or operator meets the following criteria:

· The air at the point of measurement is continuously sampled for collection of radionuclides.

· Those radionuclides released from the facility that are the major contributors to the effective dose equivalent are collected and measured as part of the environmental measurement program.

· Radionuclide concentrations that would cause an effective dose equivalent of 
10 percent of the standard are readily detectable and distinguishable from background levels.

· Net measured radionuclide concentrations are compared to the concentration levels in table 2 of appendix E of NESHAP to determine compliance with the standard.  In the case of multiple radionuclides being released from a facility, compliance is demonstrated if the value for all radionuclides is less than the concentration level in table 2 of appendix E of NESHAP, and the sum of the fractions that result when each measured concentration value is divided by the value in table 2 of appendix E for each radionuclide is less than 1.

· A quality assurance program is conducted that meets the performance requirements described in appendix B, method 114.

· Use of environmental measurements to demonstrate compliance with the standard is subject to prior approval by EPA.  Applications for approval must include a detailed description of the sampling and analytical methodology and show how the above criteria will be met.

gf) Describe the mean relative difference (MRD) statistical evaluations required by the Quality Assessment Program (QAP) for Department laboratories.  Include in your discussion the purpose of the three types of evaluations (duplicate, blind-sample, and split-sample) performed.

The MRD, a statistical evaluation, is calculated to assess result reproducibility and laboratory performance.

Duplicate samples are two samples taken from, and representative of, the same population, and carried through all steps of the sampling and analytical procedures in an identical manner.  Duplicate samples are used to assess variance of the total method, including sampling and analysis.
A blind sample is a sub-sample submitted for analysis with a composition and identity known to the submitter but unknown to the analyst and used to test the analyst’s or laboratory’s proficiency in the execution of the measurement process.  

Split samples are two or more representative portions taken from a sample or sub-sample and analyzed by different analysts or laboratories.  Split samples are used to replicate the measurement of the variable(s) of interest. 

gg) Describe the program administered by the Department’s Environmental Measurements Laboratory (EML) to assess the quality of environmental data reported to the Department.

The EML, a government-owned, government-operated laboratory, is part of the Science and Technology (S&T) Directorate of the Department of Homeland Security (DHS).  The Laboratory supports the efforts of the Office of Research and Development (ORD) to advance and apply the science and technology required for preventing, protecting against, and responding to radiological and nuclear events. 

Defending the homeland from radiological and nuclear threats represents one of the high-priority missions of the Department of Homeland Security.  As an S&T ORD federal laboratory, EML’s programs seek to improve the understanding of current and future threats through research, development, testing, and evaluation.  Pilot deployment programs transition equipment from the developing and testing phases to operational field trials, and provide scientific interface with field end-users.  The Laboratory’s Technical Assistance and Outreach Programs are promoting acceptance of radiation countermeasure technologies and standards, providing technical reachback capability, and providing technical assistance on radiation monitoring and radiation protection to New York area operational-level and responder organizations. 

41. Environmental restoration personnel shall demonstrate familiarity-level knowledge of hazardous waste as described in 40 CFR, Resource Conservation and Recovery Act (RCRA).
gh) Define the term “hazardous waste.”

To be classified as a hazardous waste, the waste must first meet the definition of a solid waste.  A hazardous waste is defined as
· solid waste not excluded from regulation under 40 CFR 261.4(b);
· solid waste listed in 40 CFR 261, Identification and Listing of Hazardous Waste, subpart D (unless it has been excluded in 260.20 and 260.22 and listed in appendix IX);
· solid waste exhibiting a hazardous waste characteristic [261.21 through 261.24].
Listed wastes include wastes that exhibit certain characteristics (ignitable, corrosive, reactive, or toxic), are deemed acutely hazardous (fatal to humans in low doses), or that could pose a risk to human health and the environment.

“F”-listed wastes consist of wastes from non-specific sources:

· Spent solvents

· Electroplating and metal finishing wastes 

· Wastes from other non-specific sources, including
· certain chlorophenols

· certain incinerator and heat treatment residuals

· wood preserving wastes

· petroleum processing wastes

· landfilled hazardous waste leachate

“K”-listed wastes include specific wastes generated by specific industries, as defined in 261.32. “P”-listed and “U”-listed wastes include discarded commercial products, off-specification commercial products, container residues from these commercial products, and spill residues from these commercial products.  Chemicals listed in 261.33(e) are considered acutely hazardous (“P” wastes), while those listed in 261.33(f) are considered toxic (“U” wastes).  Discarded chemicals falling under these categories are regulated as hazardous wastes if they are in their pure form or if they constitute the sole active ingredient of the waste.

gi) Using the decision tree in 40 CFR Part 260, relate RCRA solid waste to hazardous waste and identify the applicable RCRA regulations for each.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

gj) Identify the kinds of hazardous wastes generated within the Department and their sources.

This is a site-specific competency.  Discuss the kinds of hazardous waste generated at your facility.  The local qualifying official will evaluate the completion of this competency.

gk) Describe the combination of facilities used to manage hazardous wastes at a site.

This is a site-specific competency.  Discuss the combination of the facilities used to manage hazardous wastes at your site.  The local qualifying official will evaluate the completion of this competency.

gl) Discuss the current methods of disposing of hazardous wastes.

Each hazardous waste generator is responsible for conducting a hazardous waste determination whenever they generate a solid waste.  For the purposes of complying with the land disposal restrictions (LDR), each generator is also responsible for determining, at the initial point of generation, any and all of the listings and characteristics that apply.  Thus, waste will carry the waste code(s) for any applicable listing as well as one or more of the waste codes under 40 CFR 261, subpart C, where the waste also exhibits a characteristic.  One exception to this provision is recognized and this occurs when the treatment standard for a listed waste specifically addresses the characteristic(s).

Most wastes must be treated to meet numeric standards based on the performance of best demonstrated available technology (BDAT).  In some cases, the waste must be treated by a specified treatment technology before land disposal.  Compliance with the treatment standards is verified by either analyzing the treatment residues and comparing the results against the EPA-established concentrations, or reviewing documentation that the specified technology was used.

The ultimate disposition of the treatment residue depends on whether the waste is a listed hazardous waste and/or a characteristic hazardous waste.  Residues from the treatment of listed hazardous wastes are also listed hazardous wastes under the derived-from rule in 
40 CFR 261.3(c)(2).  Such treatment residues must be disposed of in a hazardous waste disposal facility regulated under subtitle C of RCRA.  If characteristic hazardous wastes are treated and the treatment residue is no longer a characteristic hazard, the treatment residue can be disposed of in a solid waste disposal facility regulated under RCRA, subtitle D.

gm) Explain the relationship between the Resource Conservation and Recovery Act and the Federal Facilities Compliance Act (FFCA).  Include in your discussion the development of STPs and waste treatment technologies.

One of the requirements of RCRA is that all hazardous waste being generated must be able to be disposed without treatment, subject to the LDRs, or must have a treatment technology available to enable the waste to be treated to the appropriate land disposal restrictions.  In general, no hazardous waste may be stored beyond one year, before treatment or disposal, unless a capacity variance for an identified treatment technology has been issued by EPA.  Mixed wastes have had a treatment variance that has continued to be extended due to little or no existing technologies for treating the hazardous portion of the wastes.

The FFCA requires all DOE facilities to develop appropriate and timely STPs and waste treatment technologies for all mixed waste stored and/or being generated at the facility.  A STP should specify activities to be carried out by DOE to develop mixed waste treatment technologies and capacities and to treat mixed wastes to meet the requirements of the FFCA.  Also to be included are system descriptions, milestones, and target dates.  Waste Treatment Technologies are required to be developed to meet the milestones in the STP.

The two acts, RCRA and FFCA, will continue to work in tandem until federal facilities have developed mixed waste treatment technologies, treatment capacities, and final disposition for the mixed wastes.

gn) Describe the types of facilities that need Resource Conservation and Recovery Act (RCRA) permits; list differences between a RCRA Part A and a RCRA Part B permit application; and give examples of RCRA Part B permit application requirements that apply to all facilities and those that apply to specific types of facilities.

RCRA Permitted Facilities 
The RCRA hazardous waste permit program is described in 40 CFR 270.  A RCRA hazardous waste permit is required for the TSDF of any hazardous waste described in 40 CFR 261.  Other facilities included in these requirements are hazardous waste injection wells, NPDES permitted TSDFs, and barges or ocean-going vessels disposing of hazardous wastes.  Owners and operators of waste management units must have permits during the active life and closure period of the facility.  In addition, post-closure permits are required for owners and operators of surface impoundments, landfills, land treatment units, and waste piles receiving wastes after July 26, 1982, or that have certified closure after January 26, 1983, unless they demonstrate closure by removal.

RCRA Part A permit applications.  Part A of a RCRA permit application is an abbreviated document that provides general facility information and brief descriptions of hazardous wastes being managed at the facility.  A Part A permit application can be submitted as a stand-alone document if a facility has been in operation with hazardous waste management occurring at the site prior to the effective date of statutory or regulatory amendments under RCRA that render the facility subject to the requirement to have a RCRA permit.  Granting of the Part A permit by either the state or the EPA gives the facility interim status until the Part B permit application can be completed.  If a facility, or the portions relating to the waste management activities outlined in the Part A permit application, will be moving or has moved into shutdown mode, a Part B permit application is usually not submitted, as the facility can operate its shutdown and cleanup activities under interim status.  If the facility is new or is just commencing hazardous waste management activities, the Part A permit application is submitted as the first of the overall RCRA permit application, with the Part B being the major part of the application.

Data required in the Part A RCRA permit application includes the following information:

· RCRA regulated activities
· Name, address, and geographic location of the facility
· Standard Industrial Codes (SIC) pertinent to the facility
· Owner and operator data
· Whether the facility is located on Native American lands
· Information on facility age and application status
· For existing facilities, drawings and photographs of the past, current, and proposed TSDFs
· TSDF process description and design capacity
· Specifications for and estimated quantities of regulated wastes, including a description of treatment processes
· A list of permits/construction approvals or applications under specific programs as listed in 40 CFR 270.13(k)
· A detailed topographic map of the facility and surrounding area delineating structures, wells, and TSDFs
· A brief description of the nature of the facility’s business
· A list of hazardous debris, including a description of the debris and contaminant categories to undergo TSDF
RCRA Part B permit applications.  Part B of the RCRA permit application includes a much greater level of detail about the facility and waste to be handled than is included in Part A.  Information requirements include specific data according to facility and containment types, and are defined in the following 40 CFR subparts:

· Containers, 40 CFR 270.15

· Tank Systems, 40 CFR 270.16

· Surface Impoundments, 40 CFR 270.17

· Waste Piles, 40 CFR 270.18

· Incinerators, 40 CFR 270.19

· Land Treatment Facilities, 40 CFR 270.20

· Landfills, 40 CFR 270.21

· Boilers and Industrial Furnaces, 40 CFR 270.22

· Miscellaneous Units, 40 CFR 270.23

· Process Vents, 40 CFR 270.24

· Equipment, 40 CFR 270.25

· Drip Pads, 40 CFR 270.26

Part B permit application requirements that apply to all facilities include the following information:

· A general facility description
· Chemical and physical analyses of wastes to be treated
· A copy of the waste analysis plan
· A description of facility physical security
· A general inspection schedule
· Waiver justifications
· A contingency plan
· A hazard prevention plan (including equipment lists)
· An ignitability/reactivity prevention plan
· Traffic information
· Detailed facility location information
· An outline of training programs
· A copy of the facility closure plan(s)
· Closure documentation (if a closure permit)
· A closure/post-closure estimate of costs
· Insurance/fiscal responsibility documentation
· A detailed topographic map including facility features
· Other information as specifically required for groundwater protection and solid waste management units
Part B permit application requirements that apply to specific types of facilities (e.g., a landfill) are provided in 40 CFR 270.21, which requires the following information:

· A list of hazardous wastes to be placed in each landfill/cell
· Detailed landfill design plans and engineering reports for liner systems (or exception conditions) and leak detection systems
· Plans for construction quality assurance, leakage/response action, control of runon/run-off conditions, control of wind dispersal, and collection/holding facilities
· Specific inspection plans
· Detailed engineering reports and plans for the final cover
· An explanation of management plans for ignitable/reactive wastes, liquid wastes, incompatible wastes, and containerized hazardous wastes
· A waste management plan for F020-F023, F026, and F027 hazardous wastes to include
· waste properties, volumes, and characterization
· soils/substrate properties
· mobilization properties of co-disposed materials

· the effectiveness of additional treatment, design, and monitoring techniques
go) Describe how to determine if a material is a solid waste.  Given a material that is a solid waste, describe how to determine if it is a hazardous or a mixed waste.

Solid Waste

A solid waste is a solid, liquid, semi-solid, or contained gaseous material that
· is discarded;

· has served its intended purpose;
· is a manufacturing or mining by-product.

There are several materials excluded from solid waste regulation:

· Domestic sewage

· CWA point source discharge

· Irrigation return flow

· AEA source, special nuclear, or by-product material

· In situ mining waste

Unless excluded, all of the materials defined as solid waste (including garbage, refuse, and sludge) are RCRA solid wastes whether discarded, used, reused, recycled, reclaimed, stored, or accumulated.

A solid waste, which is not excluded from regulation as a hazardous waste, is a hazardous waste if it exhibits any of the following characteristics:

· Ignitability

· Corrosivity

· Reactivity

· Toxicity
Characteristics of ignitability.  A solid waste exhibits the characteristics of ignitability if a sample has any of the following properties:

· It is a liquid and has a flash point less than 60°C (140°F) as determined by one of several listed American Society for Testing and Materials (ASTM) standardized tests.

· It is not a liquid and is capable of causing fire through friction, absorption of moisture, or spontaneous chemical changes, and when ignited, it burns vigorously.

· It is an ignitable compressed gas as defined in 49 CFR 173.300.

· It is an oxidizer as defined in 49 CFR 173.151.

Characteristics of corrosivity.  A solid waste exhibits the characteristics of corrosivity if the waste has either of the following properties:

· It is aqueous and has a pH less than or equal to 2 or greater than or equal to 12.5.

· It is a liquid and corrodes steel at a rate greater than 6.35 mm (0.25 inch) per year per the listed tests.

Characteristics of reactivity.  A solid waste exhibits the characteristics of reactivity if the waste has any of the following properties:

· It is normally unstable and readily undergoes violent change without detonating.

· It reacts violently with water.

· It forms potentially explosive mixtures with water.

· When exposed to other conditions listed in 261.23, it is capable of generating toxic gases, vapors, or fumes, or of detonating or creating an explosive reaction.

Characteristics of toxicity.  A solid waste exhibits the characteristics of toxicity if, using the TCLP described in appendix II to Part 261, the extract from a sample of the waste contains any of the contaminants listed in table 1 in section 261.24 at a concentration equal to or greater than the respective value given in that table.

Hazardous waste. In order to be classified as a hazardous waste, the waste must first meet the definition of a solid waste.  A hazardous waste is defined as
· solid waste not excluded from regulation under 40 CFR 261.4(b);
· solid waste listed in 40 CFR 261, subpart D (unless it has been excluded in 260.20 and 260.22 and listed in appendix IX);
· solid waste exhibiting a hazardous waste characteristic (261.21 through 261.24).
Listed wastes include wastes that exhibit certain characteristics (ignitable, corrosive, reactive, or toxic), are deemed acutely hazardous (fatal to humans in low doses), or could pose a risk to human health and the environment.

“F”-listed wastes consist of wastes from non-specific sources:

· Spent solvents (F001-F005)

· Electroplating and metal finishing wastes (F006-F019)

· Wastes from other non-specific sources (F020-F039), including
· certain chlorophenols
· certain incinerator and heat treatment residuals
· wood preserving wastes
· petroleum processing wastes
· landfilled hazardous waste leachate
“K”-listed wastes include specific wastes generated by specific industries, as defined in 261.32. “P”-listed and “U”-listed wastes include discarded commercial products, off-specification commercial products, container residues from these commercial products, and spill residues from these commercial products.  Chemicals listed in 261.33(e) are considered acutely hazardous (“P” wastes), while those listed in 261.33(f) are considered toxic (“U” wastes).  Discarded chemicals falling under these categories are regulated as hazardous wastes if they are in their pure form or if they constitute the sole active ingredient of the waste.

Characteristic wastes exhibit at least one of the properties of ignitability, reactivity, corrosivity, or toxicity.

· Ignitable characteristic hazardous wastes (D001) are liquids with a flash point of less than 140º F, as defined in 262.21.
· Corrosive characteristic hazardous wastes (D002) have a pH of less than or equal to 2 or greater than or equal to 12.5, or corrode steel at a rate of greater than 6.35 mm per year, as defined in 261.22.
· Reactive characteristic hazardous wastes (D003) are defined in 261.23, and include wastes that have the potential of exploding or releasing toxic gases during the waste management process.
· Toxicity characteristic hazardous wastes (D004 through D043) are defined in 261.24 and consist of specific heavy metals, insecticides and herbicides, and other organic compounds.  Toxicity characteristic wastes are tested using the Toxicity Characteristic Leaching Procedure (TCLP), as described in 40 CFR 261, appendix II.

Mixed waste is waste containing both radioactive and hazardous components as defined by the AEA and RCRA, respectively.  Mixed waste contains listed or characteristic RCRA hazardous waste and regulated radioactive material.  The radioactive material may be waste which contains SNM, regulated under the AEA of 1954, or may be waste or residue which contains NRC nuclear material, such as medical isotopes or commercial spent nuclear fuel (SNF).  Categorically, however, SNM and SNF that are contaminated with hazardous waste, are not considered mixed waste under RCRA.

Mixed waste also refers to waste that contains RCRA hazardous waste constituents, but is also managed under TSCA regulations.  This type of waste is called TSCA mixed waste.

Characteristic wastes, defined in 40 CFR 261.10, and 261.20 through 261.24, are solid wastes that are determined to exhibit characteristics that cause, or significantly contribute to, an increase in mortality or an increase in serious illnesses.  The characteristics can be measured by an available standardized test method or can be reasonably detected by generators of solid waste through their knowledge of the waste.

gp) Discuss the land disposal restriction (LDRs), including the different types of treatment standards, the dilution prohibition, the storage prohibition, and different types of variances and exemptions.

The LDRs were mandated in the Hazardous and Solid Waste Amendments of 1984 to RCRA.  Numerous major final rules have been issued, beginning in 1986, addressing the many requirements of LDRs.  For each hazardous waste, EPA must establish treatment standards that are protective of human health and the environment when the wastes are land disposed. Land disposal includes placement in a landfill, surface impoundment, waste pile, injection well, land treatment facility, salt dome or salt bed formation, underground mine or cave, or concrete vault or bunker.

The treatment standards either require the use of one or more specified treatment technologies, or they require that wastes be treated to meet certain concentration limits for hazardous constituents.  Where concentration limits are used, EPA assumes that a waste is treated with the best demonstrated available technology (BDAT).  Although such wastes can be treated by any technology, the concentration of hazardous constituents in any treatment residues cannot be higher than those obtained using BDAT.

For example, incineration is BDAT for many organic hazardous wastes.  Incinerators typically produce two treatment residues — ash and scrubber water.  EPA analyzes the concentrations of hazardous constituents in the ash and scrubber water when a particular waste is being burned and then uses those concentrations as the BDAT treatment standards for the waste.  In this case, one treatment standard for “non-wastewaters” is applied to the ash, and a different treatment standard for “wastewaters” is applied to the scrubber water.  Although the use of incineration isn’t required, the treated waste and/or treatment residues cannot be land disposed unless the concentration of hazardous constituents is equal to or less than the concentration limits (treatment standards) based on the use of incineration.

Once BDAT has been established for a particular waste, EPA next establishes an effective date for the LDR standards based on the availability of BDAT capacity.  The capacity determination is made on a nationwide basis.  No allowance is made for the fact that waste from a specific facility might have to be shipped all the way across the country to use the available capacity.  If inadequate capacity exists to handle additional wastes subject to LDR, EPA can delay the effective date of the treatment standards for up to two years.

The dilution prohibition is a very complex aspect of the LDRs.  In summary, no dilution is allowed for listed wastes in order to meet LDRs.  For characteristic wastes not going into a system regulated under the CWA, dilution is only allowed for corrosive wastes.  For characteristic wastes going into a system regulated under the CWA, underlying hazardous constituents must be treated, thereby usually removing the dilution option for corrosive wastes.  

The storage prohibition refers to the requirement that it is illegal to store an LDR hazardous waste for longer than one year, unless a treatment or disposal capacity variance has been granted by EPA.

Different types of variances and exemptions.  Parties subject to the LDR may be able to postpone compliance or obtain exemptions from the requirements by three general mechanisms:

· “No-migration” exemptions.  Land disposal of restricted wastes that do not meet treatment standards may be allowed by EPA if “there will be no migration of hazardous constituents from the disposal unit...for as long as the wastes remain hazardous [40 CFR 268.6(a)].”

· Case-by-case extensions of effective dates.  EPA may grant an extension of an LDR effective date if an applicant can demonstrate all of the following:

· A good faith effort has been made to locate and contract with treatment, recovery, or disposal facilities nationwide to manage the wastes by the effective date.

· A binding contract has been entered into to construct or otherwise provide alternative capacity (i.e., recycling) or disposal capacity that meets the treatment standards.

· Treatability variances.  It may not be possible to treat some waste streams to the levels specified by the LDR treatment standards.  EPA will allow a generator or owner/operator of a TSDF to submit a petition requesting a variance that will establish an alternative treatment standard, providing the petitioner can prove that the treatment standard for a given waste cannot be met. 

gq) Discuss the regulatory requirements applicable to federal facility solid waste landfills, including Resource Conservation and Recovery Act, subtitle D).

Subtitle D of the RCRA, entitled “State or Regional Solid Waste Plans,” was enacted with the objectives to assist in developing and encouraging methods for the disposal of solid waste (other than hazardous waste) that are environmentally sound and that maximize the use of valuable resources and to encourage resource conservation.

Under subtitle D, the EPA administrator was required to publish guidelines for the identification of those areas that have common solid waste management problems and are appropriate units for planning regional solid waste management services.  Additionally, the EPA administrator was required to promulgate regulations containing guidelines to assist in the development and implementation of state solid waste management plans.  These requirements were completed by July 31, 1979.

For a state plan to be approved, it must
· identify the responsible state, local, and regional planning personnel;

· prohibit new open dumps;

· provide for the closing or upgrading of existing open dumps on a compliance schedule;

· require that all solid waste be utilized for resource recovery, disposed of in sanitary landfills, or be otherwise disposed of in an “environmentally sound manner”;
· provide that no local government shall be prohibited from entering into long-term contracts for the supply of solid waste to resource recovery facilities;
· demonstrate sufficient regulatory authority to implement the plan.

In addition to financial aid, EPA offers states technical assistance in developing and implementing these state plans.  Two smaller grant programs are available to give special solid waste management planning assistance to small and rural communities.

The quasi-regulatory portion of subtitle D involves open dumps.  EPA has published criteria to distinguish between open dumps and sanitary landfills, and the EPA administrator was directed to make an inventory of all open dumps except those operating under compliance schedules not to extend five years from the date of the inventory (EPA has since determined that the states should be responsible for conducting the inventory).  It appears that the only remedies for violation of the open dump prohibition are
· cut-off of funds

· injunctive relief if the dump presents an “imminent hazard” 

All of the states have developed the required state plans.  An example is the state of Colorado, which has the local areas issue solid waste disposal permits for landfills, but reviews and comments on all permit applications.  For federal facilities, the states issue the permits, not the local governments.

In Colorado, as in many states, two different types of landfills are permitted: municipal and industrial.  Many permitted landfills accept both types of waste.  The requirements for developing and maintaining new solid waste landfills are, in many states, becoming almost as stringent as for developing and maintaining RCRA hazardous waste landfills. 

gr) Discuss the Personal Protective Equipment (PPE) requirements for work activities in hazardous areas.

PPE controls the degree of worker exposure.  PPE is acceptable as a hazard control measure: when engineering or administrative controls are not feasible or do not totally eliminate the hazard; while engineering controls are being developed; or during emergencies.

The type of PPE and the material from which the PPE is made are to protect against the hazards that are present.  Worksite managers should be aware that no single combination of protective equipment and clothing can guard against all hazards.  Because every worksite is different and the degree of known or unknown hazards varies, the PPE ensemble required is likely to change as work progresses.  For hazardous waste work, PPE is conveniently organized into levels of protection under a system originally developed by EPA.  There are four levels: A, B, C, and D.  Although each level specifies a complete clothing ensemble, in practice, the level of protection selected for a particular task is driven by the respiratory protection requirements; clothing is then matched to the dermal and safety hazards present.  OSHA requires that PPE be selected based on three distinct tasks:

· Conduct a hazard characterization and exposure assessment to identify actual or potential hazards, and possible exposure routes.

· Organize and analyze the data and select PPE based on the type of hazard, the level of risk, and the seriousness of potential harm from each identified hazard.

· Make certain that the PPE fits and that it protects against the hazards and periodically reassess the hazards and PPE selection.

For all levels of protection (A-D), DOE usually requires the use of a personal radiation detector (i.e., dosimeter).  This is definitely true for areas known to have radiological hazards and may be required in areas suspected of having radiological hazards.

For radiological activities, the DOE RadCon Manual provides guidance for worksite managers in determining what combination of PPE is to be used.  The process is analogous to that used for non-radiological hazards.  The radiological control organization is responsible for determining the PPE to be used for work performed under a radiological work permit (RWP) on a task-by-task basis.  Articles 325 and 461 as well as appendix 3C of the DOE RadCon Manual, present guidelines for the selection of protective clothing, doffing procedures, and use of step-off pads for contamination control.  The DOE RadCon Manual warns against the use of PPE beyond that authorized by the radiological control organization because over-prescription of PPE is seen as “detract[ing] from work performance and [being] contrary to ALARA principles and waste minimization practices.”  This is analogous to best practice in non-radiological health and safety hazard control, which also discourages the over-prescription of PPE that can result in problems related to heat stress and worker inefficiency.

Although chemical and radiological PPE requirements are different, they can be applied simultaneously.  In some situations where both types of hazards co-exist, chemical issues require the more restrictive level of protection; in others, radiological issues are more restrictive.  Successful integration of PPE requirements for mixed wastes or for other combinations of chemical and radiological contaminants requires coordination between radiological and chemical safety professionals and workers.  Whatever the circumstances, successfully addressing both types of hazards is essential.  As an example, where particulate airborne chemical and radiological hazards exist, the more prescriptive provisions of the DOE RadCon Manual are followed as the protection specified will protect against both hazards.  Where chemical vapors and airborne radiological hazards co-exist, the PPE is marked to ensure proper radiological surveys and decontamination of PPE.

gs) Discuss the potential liabilities of the Department of Energy and its contractors inherent in the enforcement of environmental regulations (i.e., compliance orders, enforcement actions, fines and penalties, and provisions for civil suits).

See competency statement 34, item “g” for a discussion of potential liabilities.

gt) Discuss the waste management requirements for polychlorinated biphenyls (PCBs) outlined by the Toxic Substances Control Act (TSCA).

When PCBs and PCB-containing items are removed from use, they may be stored up to one year while awaiting disposal.  All items stored must be marked to indicate the date the item was removed from service, and the storage facility must be constructed to contain spills.  In addition, operators must inspect the stored PCBs every 30 days and follow specific recordkeeping requirements.

EPA has issued a policy governing the reporting and cleanup of all spills resulting from the release of materials containing PCBs in concentrations greater than 50 ppm.  The policy classifies PCB spills as either low concentration spills or high concentration spills.  Low concentration spills have a PCB concentration less than 500 ppm and involve less than one pound of PCBs.  High concentration spills have a PCB concentration greater than 500 ppm or are low concentration spills that either involve one pound or more of PCBs or 270 gallons or more of untested mineral oil.  Any spill that involves a release of more than 10 pounds of PCBs must be reported immediately to the appropriate EPA Regional Office.  (CERCLA also requires reporting to the National Response Center.)

The level of cleanup required under the PCB cleanup policy is determined by the following factors:

· Spill location

· Potential for exposure to residual PCBs remaining after the cleanup

· Concentration of PCBs initially spilled

· Nature and size of the population potentially at risk from exposure

In general, the greater the potential human exposure, the more stringent the cleanup standard.

Compliance with the PCB cleanup policy will “create a presumption against both enforcement action for penalties and the need for further cleanup under TSCA.”  However, when cleanups are required under RCRA, CERCLA, or other statutes, they may have to meet standards different from those imposed under TSCA.

Operators of a facility must prepare and keep at hand an annual report for the previous calendar year if their facility contains 45 kg or more of PCBs in PCB containers, one or more PCB transformers, 50 or more large PCB capacitors, or is used for PCB storage or disposal. Other records described specifically in part 761 of TSCA must be maintained by persons engaged in activities involving PCBs.

EPA has promulgated a rule that creates a nationwide PCB manifesting system under TSCA.  The rule requires all PCB disposal companies, transporters, commercial storers, and generators of PCB wastes who store their own wastes to notify EPA of their activities and identify their facilities.  All companies that notify EPA receive an EPA registration number. EPA has attempted to use the least burdensome restrictions by integrating its federal PCB regulations with state regulations under RCRA and by allowing PCB operators to use the RCRA uniform manifest, which has space designated for additional information required under various state RCRA programs. 

gu) Discuss the Resource Conservation and Recovery Act underground storage tank regulations (subtitle I).

Subtitle I of RCRA is codified in 40 CFR 280.  Part 280 covers the regulatory standards that apply to USTs containing petroleum and hazardous substances.  

In general, the tanks that are regulated by this part have 10 percent or more of their volume underground (the volume of underground pipes attached to the tanks must be included in this calculation).  Besides CERCLA hazardous substances, underground tanks containing any petroleum product that is liquid at 60ºF and atmospheric pressure are regulated.  A few types of tanks, such as those used in wastewater treatment systems, are excluded from the regulation.

New tanks and their associated piping are subject to design, construction, installation, operating, and release detection requirements, some of which differ depending on whether the tanks hold petroleum or hazardous substances.  The general standard that applies to new tanks is that they must be designed and constructed in a manner that will prevent leaks due to structural failure or corrosion over their useful lives.  The tanks must be constructed from fiberglass-reinforced plastic (FRP), composite steel/FRP, or coated steel with cathodic protection unless an equivalent design has been approved or unless non-corrosive soil conditions exist.  New tank installations must comply with industry standards, and the installation must be certified.

Once tanks are placed in operation, steps must be taken to prevent spills and accidental overfills.  In addition, corrosion prevention systems must be maintained, and any required repairs must be made in compliance with industry codes.

All underground tanks must operate with provisions for detecting releases of the tank contents.  Release detection systems must have been retrofitted to existing tanks and piping based on the applicable retrofitting schedule in 280.40(c).  If the tank contains hazardous substances, it must be equipped with secondary containment with interstitial monitoring between the tank and the containment system.  For example, a double-walled tank equipped with leak detectors between the two walls provides an acceptable release protection system.  

The following additional release protection options are available for tanks holding petroleum:

· Tightness testing with monthly inventory control or weekly tank gauging
· Automatic tank gauging and monthly inventory control
· Soil vapor monitoring
· Groundwater monitoring
· Interstitial monitoring
· Approved alternative
Regardless of the release detection method used, both the underground tank and its associated piping must be covered.

Perhaps the most important requirement of the UST regulations is that all existing underground tanks were required to be either upgraded or closed by December 22, 1998.  At a minimum, steel tanks were to be upgraded by installing an internal liner or cathodic protection.  Metal piping was to be cathodically protected, and spill and overfill prevention equipment was required to be installed.  Alternatively, existing tanks could be upgraded to meet new tank standards.

All owners and operators of UST systems must comply with a 3-phase leak response program:

· If a leak is suspected, it must be reported within 24 hours.
· Suspected leaks must be investigated and confirmed.
· Any release from a UST must be cleaned up if a threat to human health or the environment exists.

Also, whenever a UST system is temporarily or permanently closed, or when it is converted to some other type of service, strict closure requirements must be met to ensure that no leak has gone undetected (and uncorrected).

gv) Describe the relationship of the Hazardous Materials Transportation Act (HMTA) (49 CFR Parts 170-179) to the Resource Conservation and Recovery Act transportation regulations (40 CFR 263).

EPA has promulgated standards for all transporters of hazardous wastes in 40 CFR 263.  These standards are closely coordinated with the standards issued by the U.S. Department of Transportation (DOT) under the HMTA for the shipment of hazardous materials.  For the most part, EPA’s regulations incorporate and require compliance with the DOT provisions for: labeling, marking, and placarding; using proper containers; and responding to spills.  All transporters of hazardous waste must obtain an EPA ID number prior to transporting any hazardous waste, and they may only accept hazardous waste which is accompanied by a manifest signed by the generator.

42. Environmental Compliance personnel shall demonstrate familiarity-level knowledge of the management of radioactive waste as described in:

· DOE O 435.1, Radioactive Waste Management

· DOE M 435.1-1, Radioactive Waste Management

gw) Discuss the requirements identified in DOE O 435.1, Radioactive Waste Management, for the following types of waste:

· Low-level

· High-level

· Transuranic

Low-level

Requirements for low-level waste. DOE O 435.1 has numerous requirements for low-level waste:

· Waste generation.  Technical and administrative controls for reducing gross volume of waste generated and/or radioactivity requiring disposal; waste generation reduction; waste segregation; waste minimization

· Waste treatment.  Waste shall be treated to meet performance objectives; waste treatment techniques shall be implemented to meet performance requirements; development of large-scale waste treatment facilities are supported by NEPA documentation; operation of waste treatment facilities are supported by adequate documentation

· Shipment.  Volume of waste and number of shipments are minimized; generators provide annual forecast of waste to be shipped to receiving facility; generators must receive approval from receiving facility prior to shipment; each package must comply with labeling requirements

· Long-term storage.  Low-level waste is stored by appropriate methods to meet performance objectives; records are maintained for all low-level waste; development and operation waste storage facility are supported by documentation; storage of waste by approved methods is acceptable

· Environmental monitoring.  Each operational or non-operational low-level waste TSDF is monitored by an environmental monitoring program; the environmental monitoring program is designed to monitor specific parameters; the environmental monitoring program monitors air, water, and soil, as needed; the monitoring program is capable of detecting changing trends in performance

· Quality assurance.  The low-level waste operational and disposal practices are conducted according to applicable requirements

· Records and reports.  Each field organization develops and maintains a recordkeeping system; records (waste manifest) are kept and accompany each waste package from generator through final disposal.

High-level

Requirements for high-level waste.  DOE O 435.1 has numerous requirements for high-level waste:
· Design. Requirements for new facilities; design review for existing facilities

· Storage operations, doubly contained systems.  Waste characterization; storage and transfer operations; monitoring, surveillance, and leak detection; contingency actions; training; quality assurance; waste treatment and minimization

· Storage operations, singly contained tank systems.  Waste characterization; storage and transfer operations; monitoring; surveillance, and leak detection; contingency action; training; quality assurance

· Disposal. New and readily retrievable; other waste

Transuranic

Requirements for high-level waste.  DOE O 435.1 has numerous requirements for transuranic (TRU) waste:
· Waste characterization. Any material known or suspected to be TRU waste should be evaluated as soon as possible in the generating process; lower concentration limit for TRU waste (>100 nCi/g of waste) applies to the contents of any single waste package at the time of assay; radioactive wastes with quantities of TRU radionuclides in concentrations of 100 nCi/g of waste or less are considered to be low-level waste

· TRU waste generation and treatment. Technical and administrative controls reduce the gross volume of waste generated and/or the amount of radioactivity requiring disposal; TRU waste is assayed; mixed TRU waste is treated to remove hazardous waste component; classified TRU waste is treated to remove classified characteristic

· TRU waste certification. TRU waste is certified; uncertified TRU waste is not sent to the Waste Isolation Pilot Plant (WIPP); all TRU waste certification sites prepare a certification plan; each certification plan defines controls and other measures; certification plans are submitted for review, comment, and approval by the WIPP-WAC Certification Committee; the WIPP-WAC Certification Committee submits certification plan to New Mexico’s Environmental Evaluation Group for review; the Environmental Review Group’s comments are resolved before granting final approval; approved certification plans are implemented by generating sites procedures; certification activities are audited; the WIPP-WAC Certification Committee issues an audit report; failure to resolve audit findings will result in suspension of certifying authority

· TRU packaging. Newly generated TRU waste is placed in noncombustible packaging; all Type A TRU waste containers are equipped with pressure relief devices; waste packages are marked, labeled and sealed properly

· Temporary storage at generating sites. Segregate TRU waste; certified TRU waste is not commingled with non-certified; TRU waste in storage areas is protected from unauthorized access; TRU wastes are monitored; TRU waste storage facilities are safely designed, constructed, maintained, and operated; contingency plan required; radiation exposures should meet ALARA

· Transportation/shipping to WIPP. Follow appropriate regulations with appropriate documentation

· Interim storage. Storage sites appropriately designated; new facilities sited, designed, constructed, and operated with RCRA regulations 

· WIPP. Description of WIPP and WIPP requirements

· Buried TRU. Contaminated Waste – Discussion of closure of buried waste sites

· Quality assurance. TRU waste operations shall be consistent with applicable 

gx) Discuss the Department’s performance objectives and performance assessment for disposal of low-level radioactive waste as outlined in DOE M 435.1-1, Radioactive Waste Management.

The Department’s performance objectives for the disposal of low-level radioactive waste are to: protect public health and safety; assure that external exposure does not exceed 25 mrem/yr and meets ALARA; and assure that effective dose equivalents after 100 years does not exceed 100 mrem/yr for continuous exposure or 500 mrem for a single exposure.

The Department’s performance assessment for disposal of low-level radioactive waste consists of: a site-specific radiological performance assessment; an overall waste management systems performance assessment; and monitoring measurements to evaluate actual and prospective performance.
gy) Discuss the low-level waste characterization requirements.

Low-level waste characterization requirements are to characterize low-level waste, record waste characterization data on a waste manifest, and determine the concentration of radionuclides.

gz) Describe the Department’s low-level radioactive waste acceptance criteria.

Waste is shipped according to requirements established by the receiving facility.  WAC is established for each low-level waste TSDF.  Generators of waste implement a low-level certification program.  The generator low-level waste certification is audited by the receiving facility.

ha) Discuss the basic requirements for a low-level disposal site closure and for post closure operations.

Disposal.  Low-level waste is disposed of by appropriate methods to meet performance objectives.  Engineered modifications are developed through performance assessment model.  An oversight and peer review panel is selected.  Disposition of waste greater than class C must be handled as special cases.  Below-regulatory-concern wastes are disposed without regard to radioactivity content.
Disposal site closure/post closure operations.  Site-specific comprehensive closure plans for new and existing operating low-level waste disposal sites are established.  Residual radioactivity levels for surface soils must comply with DOE decommissioning guidelines.  Corrective measures are applied, if needed.  Inactive disposal sites are managed according to RCRA and CERCLA requirements.  Closure plans are reviewed and approved.  Termination of monitoring and maintenance activities at closed facilities are based on analysis of site performance.

hb) Define the term “mixed waste.”

Mixed waste is waste containing radioactive and hazardous components as defined by the AEA and RCRA, respectively.  Source material and SNM do not meet the definition of waste.  Therefore, even if these materials were contaminated with hazardous components, they would not be mixed wastes.  NORM and accelerator-produced material also do not meet the definition of waste.  By-product material, if contaminated with hazardous components, would be considered mixed waste, due to its being generated as a by-product from another process.

hc) Identify the applicable regulations and DOE Order for managing mixed low-level radioactive waste.

In managing low-level wastes which are subject to RCRA and TSCA requirements, personnel need to be cognizant of the requirements for storage and disposal of the waste.  The ability to dispose of RCRA or TSCA waste that has a radioactive component is very limited.  Therefore, waste generators should avoid creating a mixed or TSCA-regulated low-level waste, and generators and waste managers should avoid actions that result in generating low-level waste with no path to disposal.

Mixed low-level waste is managed within the Department through an existing Mixed Low-Level Waste Management Program.  Appropriate management interfaces and exchanges of technical information need to be identified in the low-level waste management program wherever necessary to affect safe and effective management of mixed and non-mixed low-level waste.  The systematic planning of mixed low-level waste can either be integrated with low-level waste planning or addressed as a subset of low-level waste as appropriate.  Mixed low-level waste interfaces, exchanges, inputs, and subset discussions need to be included in the documentation of the complex-wide low-level waste management program and in the site radioactive waste management programs, as appropriate.  The low-level and mixed low-level waste management programs should utilize existing data wherever possible.
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