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BASIC CONCEPTS IN THE SCIENCE OF AIR POLLUTION CONTROL
by: Arthur V. Bedrosian
Principal Consulting Scientist
TRC Environmental Consultants, Inc.

Air pollution from naturally occurring causes, such as volcanic eruptions and fires, has
been with us since the birth of our planet. Since the industrial revolution, mankind has actively
sought ways to reduce industrial emissions; but only since the creation of the U.S. Environmental
Protection Agency and the amendments to the Clean Air Act in 1970 has our awareness and
knowledge of air pollution developed into the profession we have today. This paper will present to
non-technical readers and newcomers to the field of air pollution an overview of some of the methods
and techniques typically used by engineers and scientists in the many aspects of the air pollution
profession. This paper will not try to present the myriad of local, state, and federal regulations which
create the framework within which the technical professional operates. Frankly, as the legal
implications of environmental regulations become increasingly more complex, regulatory
interpretations are best left to the environmental attorney.

Nor is this paper intended to serve as an all inclusive primer or do-it-yourself manual
for the technical aspects which abound. These areas are best left to the scientists and engineers who
work with these matters daily. What this paper will do is briefly present readers with a general
understanding of what constitutes a condition of "air pollution" as well as who causes the pollution,
where is it most prevalent, and when is it most likely to occur. The paper will explore in more detail
what is typically done to abate the air pollution condition when it is detected.

Most importantly, the paper will describe the methods of analysis or technical tools
used by air pollution scientists and engineers to ascertain if problems exist, to determine the extent
and magnitude of a problem, and to abate or solve the problem. The technical tools discussed will
include mathematicai dispersion modeling techniques, physical simulation of plume behavior, tracer
studies, property line sampling, source sampling, continuous emissions monitoring, ambient air
monitoring, and baseline studies. Also described will be the emission control analysis philosophies
known as BACT, RACT, MACT, and LAER which are used to compare the overall effectiveness of
various emission abatement alternatives. The paper will describe how and when the scientific analyses
are then used to regulate pollution sources, to demonstrate compliance, and to prepare state and
federal permit applications.

A CONDITION OF AIR POLLUTION

An appropriate, if not somewhat oversimplified, definition of air pollution is the
presence in the atmosphere of unwanted material. The most basic air quality standards are the
National Ambient Air Quality Standards (NAAQS) which were first established by the EPA and have
subsequently been adopted by the states. The NAAQS (Table 1) are considered to be the
cornerstone of the EPA’s air quality compliance standards and include carbon monoxide, nitrogen
dioxide, ozone, respirable particulate matter, sulfur dioxide, and lead. Later the EPA established the
New Source Performance Standards (NSPS), the National Emissions Standards for Hazardous Air
Pollutants (NESHAPS), and recently the list of 189 toxic pollutants. While the NAAQS were
established to define a region’s air quality "wellness”, the NSPS were designed to be minimum
performance standards for industrial process equipment. The NESHAPS established acceptable levels
of emissions for hazardous air pollutants and have been absorbed into the list of 189 toxic compounds



TABLE 1

NATIONAL AMBIENT AIR QUALITY STANDARDS

PRIMARY SECONDARY
STANDARD* STANDARD**
AVERAGING 3 3
POLLUTANT TIME ug/m ppm ug/m ppm
Carbon Monoxide 8-Hour Average! 10,000 9 Same?
1-Hour Average! 40,000 35 Same
Lead 3-Month Average 1.5 - Same
Nitrogen Dioxide Annual Average 100 0.05 Same
Ozone 1-Hour Average> 235 0.12 Same
Particulate Matter:
PM10 Annual Arithmetic Mean* 50 - 50 --
24-Hour Average® 150 -- 150 -
Sulfur Dioxide Annual Average 80 0.03 - -
24-Hour Average! 365 0.14 - -
3-Hour Average! — - 1300 0.50

Primary standards define levels of air quality which the U.S. Environmental Protection Agency’s
(EPA) Administrator judges necessary to protect the public health with an adequate margin of safety.
** Secondary standards define levels of air quality which the EPA Administrator judges necessary to
protect the public welfare from any known or anticipated adverse effects of a pollutant.

Not to be exceeded more than once per year.
Same as primary standard.
Not to be exceeded more than an average of once per year in three years.

This is an expected annual value (see 40CFR, Part 50, Appendix K).



which were an integral part (Title III) of the Federal Clean Air Act Amendments of 1990. The
Prevention of Significant Deterioration (PSD) provisions include Class I,II, and III increments which
can not be exceeded by new sources. All new sources or modifications must use atmospheric
dispersion modeling to demonstrate compliance with these increments to prove that they will not be
contributing to the deterioration of our nation’s air quality.

Air pollution has been with us since the beginning of time, and in its naturally
occurring forms will most assuredly be with us until the end of time. The most visible of these natural
forms, volcanic eruptions and forest fires, have resulted in the introduction of countless tons of
pollutants of all types into the atmosphere. Estimates indicate that a single strong volcanic eruption
can throw into the atmosphere as much as 100 billion cubic yards of fine particles. These particulates
and corresponding gases can rise as high as 70,000 feet into the atmosphere and take several years
to return to earth. It is known that the 1883 eruption of Krakatoa in Java introduced so much fine
particulate matter into the atmosphere that the eruption seriously interfered with the amount of solar
energy reaching the surface of the earth. The effect was a change in our planet’s heat budget which
resulted in a general cooling. It took several years for the particles to settle; but by that time, a
blanket of particulate was distributed over the entire planet.

Forest fires occur everyday all over the globe. The United States Forest Service
reported that during the 10-year period covering 1954-1963 the United States experienced 1,200,000
fires which burned 6,000,000 acres of forests. The global number must be even more staggering.
Each of these events results in the introduction of countless tons of particulate matter and gases into
the atmosphere.

While these natural mechanisms exist, the unfortunate fact is that the major sources
of pollutants are found in places where the greatest concentrations of people exist. Human activity
including heating and cooking fires, agricultural operations, industrial operations, and transportation
are among the most dominant mechanisms for the introduction of pollutants into the atmosphere.
It would take a book to list all of the activities and industrial processes which emit pollutants into the
atmosphere. History documents many man-made air pollution disasters which have been the result
of accidental releases such as in Bopal, India or closer to home the 1976 ammonia tanker truck crash
in Houston, Texas.

Air pollution can be even more insidious, however. Naturally occurring meteorological
conditions, such as, periods of little or no wind when combined with temperature inversions can
produce air stagnations or periods of time with poor atmospheric dispersion characteristics. These
conditions tend to assist in the ground level buildup of pollutants which might be in the atmosphere.
In 1930 in Belgium’s highly industrialized Meuse Valley a naturally occurring meteorological
temperature inversion resulted in a prolonged condition of atmospheric stagnation which trapped
locally produced industrial pollutants and resulted in the deaths of sixty-three people. A similar smog
condition occurred in Donora, Pennsylvania in 1948. During the five-day period many people became
ill and required hospitalization. Twenty people died. The most tragic of these naturally occurring
air pollution episodes had to be the dense smog in London, England in December, 1952. This five-
day event is believed to have been either directly or indirectly responsible, for four thousand deaths.

The potential to emit pollutants exists for virtually every act of combustion, every
chemical change, every transfer of particulate matter. People produce pollution. The more people,
the more pollution. That is, unless people take the time to identify the polluting mechanisms and
enact the steps to control or abate the pollution. This is where the air pollution professional comes
in. The air pollution professional is by degree and practice a scientist or engineer. This typically



includes (but is certainly not limited to) chemical, mechanical, environmental, and civil engineers as
well as chemists, physicists, and meteorologists. While many environmental attorneys also have
science or engineering degrees, they practice law and necessarily have a legal view of the technical
issues. In most cases, both the legal and technical viewpoints are necessary. While the environmental
attorney’s first priority is to stay current with legal and regulatory matters, it is the air pollution
professional’s first priority to stay current with changes and developments in technical matters.

THE TECHNICAL TOOLS

Up to this point, we have discussed in very basic terms what air pollution is, where
it is found, and what conditions cause it. What we will discuss now is how the air pollution
professional knows that a condition of air pollution truly exists and how the magnitude of the
problem is quantified.

These days most people are aware that in order to construct or operate a facility
which emits or has the potential to emit pollutants into the atmosphere one must obtain pre-approval
from appropriate regulatory authorities. Existing facilities are required at a minimum to self-monitor
their operations by performing and submitting detailed emissions inventories and by complying with
a complex set of federally enforceable environmental reporting requirements. The regulatory context
of the established requirements might include permits, litigation support, or environmental baseline
studies. Regardless of the reason technical data might be needed, the tools used by the air pollution
professional typically fall into four main categories: mathematical computation, source sampling,
atmospheric dispersion modeling, and ambient monitoring.

Mathematical Computation

In order to determine if the Prevention of Significant Deterioration (PSD) rules apply
to a new source or modification, prepare a permit application, submit an emissions inventory, or
prepare emissions data to support an attorney’s legal position, one must be able to quantify the
facility’s expected emissions. The air pollution professional looks for representative emission factors
which best describe the type of pollutants released by the facility. The most universally accepted
source for emission factors is the U.S. Environmental Protection Agency’s (EPA) "Compilation of
Air Pollutant Emission Factors”. This publication (better known as AP-42) covers virtually all
industry types and the factors are respected and used by every pollution control agency in the country.
Typically, the AP-42 emission factors tend to be conservative in nature. That is to say, if EPA had
any doubts as to whether a particular process emission should be one value or a slightly higher value,
EPA has chosen the higher value. Nonetheless, AP-42 is an excellent reference. Most regulatory
agencies will also accept emission factors provided by equipment manufacturers with the stipulation
that these factors are supported by substantiating test data.

Regulatory authorities work with a variety of facilities which emit pollutants into the
atmosphere; and although they might not have formal publications which document emissions from
different industries, the agencies often can be a helpful resource in directing the air pollution
professional to people who have documented emission factors. For instance, while AP-42 has little
or no information concerning emission factors from wastewater treatment facilities, EPA has several
publications which provide factors speciated by compound for each step of the wastewater treatment
process. They even have a PC based Lotus 1-2-3 spreadsheet which will do the necessary
computations.

During the Texas Air Control Board’s (TACB) recent emissions inventory workshop,



the agency provided a workbook which provided guidance on how the upcoming emissions inventory
would be performed. The workbook also provides guidance on some types of emission factors.

Source Sampling

The most direct way to determine facility emission rates is to base the calculations on
actual sampled data. Source sampling is a general term for a wide variety of data collection
techniques including, stack sampling, continuous emissions monitoring, and property line sampling.
Stack sampling is just what the name implies: the determination of a stack’s emission rate by direct
measurement of the exhaust gas stream. Most regulatory agencies require stack sampling data be
submitted by virtually all newly permitted sources in order to demonstrate compliance with the
appropriate regulations. To assure accurate sampling results, the process operating conditions and
throughput rates during sampling must be representative of the facility’s maximum operating
conditions.

Continuous emissions monitoring (CEM) is another way of determining a stack’s actual
emission rate. While the stack sampling techniques involve hands-on sampling, continuous emissions
monitoring is performed by instrumentation which relies on sensors positioned in the subject stack.
The instrumentation is routinely calibrated and data are collected on a continuous basis. Another
difference is that while stack sampling methods require that time be allowed for laboratory analysis
of the samples before results are known, CEM results are available on a real-time basis.

Property line sampling involves the collection of emissions data at a subject facility’s
property line as opposed to from the stack itself. Texas regulates the property line emissions of
facilities as well as the stack emissions.

Other types of commonly used source sampling include the use of hand held volatile
organics analyzers in order to quantify volatile organic compounds which typically leak from flanges
and valves in petrochemical facilities. These monitored data are superior to emissions estimates
derived through mathematical emissions factors. Often the emissions factors tend to be too
conservative thereby resulting in higher expected emissions than actual sampling.

A technique known as grab sampling can be utilized to obtain samples at specific
locations. The technique requires that a calibrated pump be used to inflate over a known period of
time a bag made of some non-reactive material. A quantity of this known sample is then injected into
a mass spectrometer/gas chromatograph for analysis. This technique is used for measuring and
categorizing volatile organic compounds. A similar sampling technique utilizes a metal canister to
collect gaseous emissions directly from stacks. These samples are then laboratory analyzed.

Atmospheric Dispersion Modeling

The mathematical computation and source sampling techniques discussed thus far are
tools for characterizing and quantifying the emissions which a source could release. Such analyses
are essential in the development of permitting strategies, determining if a facility is major or minor
with respect to the PSD regulations, or to determine if a problem exists. The air pollution
professional reaches for a very different tool in order to determine the extent and magnitude of a
problem. Possibly the most powerful and important tool available to air pollution engineers and
scientists is the mathematical dispersion model. Dispersion modeling is the tool which explains how
a facility’s emission rate can be translated into a downwind concentration.



When a gas is released into the atmosphere, it expands both horizontally and vertically
as it moves away from its point of release. Although the amount of gas released remains the same,
the concentration of the gas becomes increasingly more dilute. Wind and turbulence enable the gas
to diffuse in the atmosphere, but it is the characteristics of the emission source itself which establishes
just how the wind will affect the gaseous release. Emissions sources are typically characterized as
either point, line, volume, or area sources. The emissions releases can be further grouped as either
instantaneous or continuous sources. An explosion,a puff release, or a passing automobile would be
an instantaneous release. An emission from a smoke stack or a busy freeway would be a continuous
release.

Just by looking up at the sky we can see that the atmosphere is in constant random
three-dimensional motion. Vertical turbulence is driven by the fact that the atmosphere typically
cools with height. The faster the temperature drops with height, the greater the turbulence factor.
Conversely, the slower the temperature drops with height, the lessor the turbulence factor. More
specifically, when temperature decreases with height at a rate higher than 5.4 degrees F per 1000 feet,
the atmosphere is considered to be unstable. In instances where the temperature increases at a lower
rate with height, turbulence is reduced. When temperature increases with height, an inversion is said
to occur and turbulence is very much reduced, and the atmosphere is considered to be stable.

Horizontal turbulent diffusion occurs over a much larger area than vertical turbulence.
Horizontal diffusion can occur over the entire surface of the planet. The main driving mechanism
for horizontal turbulence is the wind. Winds are produced by atmospheric pressure gradients, but
truly steady-state winds almost never occur. The reason for this is that the winds themselves are
driven by the rotation of the earth and by surface friction. While both the vertical and horizontal
components are critical, the physical forces which act upon the horizontal component of the
atmosphere are several orders of magnitude greater than those which act upon the vertical
component.

One of the underlying basic assumptions of atmospheric diffusion is that an ideal gas
will disperse throughout the atmosphere in a statistically normal or Gaussian distribution pattern
(Figure 1) in both the horizontal and vertical directions. Gaussian models are the most commonly
used variety and are relatively accurate out to a range of approximately 50 kilometers.

Most regulatory compliance activities such as compliance with the NAAQS, with PSD increments,
and defining areas of impact do not require modeling beyond this distance.

These are the physical mechanisms which atmospheric dispersion modeling experts
have learned to simulate in mathematical terms. The advent of the computer has further enhanced
the realm of dispersion modeling by enabling the tedious and complicated mathematical equations
to be iterated repeatedly for multi-source, large receptor grid modeling scenarios. Modeling runs that
ten years ago would have taken several days can now be performed in a matter of hours. The time
needed for a single modeling run is directly proportional to the number of sources being modeled and
to the number of points in the receptor grid.

As a function of their complexity, conservativeness, and accuracy, most dispersion
modeling efforts are considered to be either of the screening or refined variety. In general, all
dispersion models, screening or refined, require at least three major databases as inputs: source
emissions data, meteorological data, and physical surroundings data (which includes nearby structures
and receptor grid data). Screening models provide reasonably accurate but somewhat conservative
results. They tend to require very few input parameters so they are easy and quick to set up and run.
Screening modeling also tends to be low cost so multiple runs can be executed in trial and error
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fashion to, for instance, estimate an ideal height for a new smoke stack or to get a rough idea of a
facility’s area of impact.

For compliance purposes or for preparing permit applications, the air pollution
professional will use the more accurate and somewhat more complicated refined model. Refined
models typically require more precise meteorological data, more source input information, and larger
better defined receptor grids. Where screening models usually have a built-in limited meteorological
data base which is designed to provide worst-case results, refined models require actual measured
meteorological data which is representative of the emission source being modeled. When available,
data collected by the National Weather Service (NWS) should be used. In rural or remote areas,
NWS data is often not available and on-site meteorological data must be collected before modeling
can be performed.

In order to provide consistency to industry and regulatory control agencies alike, the
EPA created the User’s Network For Applied Modeling of Air Pollution (UNAMAP) and in 1978
first published its "Guideline on Air Quality Models." By this time in its development, the air
pollution industry became aware that modeling could not accurately or effectively be "cookbooked.”
It was also clear that one model would not be sufficient to simulate all emission scenarios, all
geographical conditions, and all receptor conditions. EPA therefore provided a listing of preferred
models (Table 2) for use in simple terrain. Simple terrain is terrain which is below the emission
release point. Today’s most commonly used simple terrain refined model is the Industrial Source
Complex Model (ISC). This model exists in either the short term version or the long term version
(ISCST/LT). The ISCST/LT is an extremely versatile model which can be run in either the screening
or refined modes. It can be set up to give averaging periods such as 1-, 3-, 8-, or 24-hours as well
as annual averages. Input parameters include: emission rate, stack height, stack diameter, stack
temperature, stack gas velocity, and location coordinates. The emission sources can be input as any
combination of point, line, area, or volume sources. It will accept either hourly meteorological data
or annual joint frequency distributions of wind speed, direction and atmospheric stability category.
These joint frequency distributions are known as stability arrays or STAR decks. In the screening
mode, ISCST/LT requires no external meteorological data but rather will run on a built-in data file
of twenty-hours of worst-case data. ISCST/LT also allows the user to construct polar or cartesian
coordinate output grids (Figure 2) plus it allows discreet and elevated receptors to be located.

For complex terrain, that is to say, terrain which exceeds the height of the emission
release point, EPA recommends the use of the following sophisticated screening modeling
techniques: COMPLEX 1, Valley, RTDM, and SHORTZ/LONGZ. While the complex terrain
models are screening models, they are very sophisticated screening models and require skill in order
to set up a truly representative modeling run.

Pollutants such as ozone and its precursors, oxides of nitrogen (NOx) and volatile
organic compounds (VOC), are referred to as photochemically reactive and require the use of
specialized models. To be representative, photochemical modeling must consider the chemical
reactions of the various precursors. These models also tend to be regional in scope so the receptor
grids can be very large, often covering thousands of square miles. EPA recommends that
photochemical modeling be performed with the Urban Airshed Model which is considered to be an
acceptable refined approach. Originally, such modeling was crudely performed using proportional
rollback modeling which was little more than the name suggests, a mathematical proportioning.
Empirical models such as the Empirical Kinetic Modeling Approach (EKMA) were developed to fill
the gap between the oversimplified rollback approach and the input data intensive Urban Airshed
Model.



Table 2

Preferred Models for Selected Applications in Simple Terrain

Short Term (1-24 hours) Land Use Model*
Single Source Rural CRSTER
Urban RAM
Multiple Source Rural MPTER
: Urban’ RAM
Complicated Sources** Rural/Urban ISCST
Buoyant Industrial Line Sources Rural BLP

Long Term (monthly, seasonal or annual)

Single Source Rural CRSTER
: Urban RAM
Multiple Source Rural MPTER
Urban COM 2.0 or RAM*
Complicated Sources** Rural/uUrban ISCLT
Buoyant Industrial Line Sources Rural BLP

*Several of these models contain options which allow them to be inter-
changed. For example, ISCST can be substituted for CRSTER and equivalent,
if not identical, concentration estimates obtained. Similarily, for a point
source application, MPTER with urban option can be substituted for RAM.
Where a substitution is convenient to the user and equivalent estimates
are assured, it may be made. The models as listed here reflect the
applications for which they were originally intended.

**Complicated sources are sources with special problems such as aerodynamic
downwash, particle deposition, volume and area sources, etc.

=**x]f only a few sources in an urban area are to be modeled, RAM should be
used.

Source: U.S. Environmental Protection Agency, 1986
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The 1990 Federal Clean Air Act Amendments have brought a greater emphasis on
toxic pollutants. The dispersion models which have been discussed up to now have assumed that the
released material is a lighter than air ideal gas. Toxic releases often involve compounds that are
heavier than air, therefore these types of releases tend to involve more complex source dynamics and
chemistry than releases of conventional pollutants. Dense gas simulation models require a more
detailed characterization of the release. Not all the toxic release models currently available treat
these initial characterizations in the same manner. Dense gas models must also be capable of
representatively portraying the diffusion of a heavier than air cloud as it moves downwind if the
model is going to give acceptable results in the near field as well as at greater distances. This
requires that the model be able to address the chemical as well as the physical mechanisms that would
occur in this type of release. A number of these types of models are currently available, including:
DEGADIS and SLAB which are public domain models and AIRTOX, CHARM, FOCUS,
SAFEMODE, and TRACE which are proprietary.

This paper is intended to be a basic overview of the scientific tools available to the
air pollution professional, so it would not be complete without some discussion of Good Engineering
Practice (GEP) stack height determination, the concept of stack downwash, and wake/cavity effects.
All the modeling just discussed must take into consideration the EPA’s provisions for calculating the
ideal maximum allowable stack height for dispersion calculation purposes. EPA requires that a stack
be modeled at its actual height or at GEP, whichever is shorter. If the modeled stack is found to be
less than the height defined by the EPA formula for determining GEP, then the air quality impacts
associated with cavity or wake effects due to nearby structures must be determined. Figure 3 provides
a conceptualized view of the turbulence which results from the presence of structures. What this
means is that if the stack is not tall enough, the resulting emissions are expelled into a zone of
atmospheric turbulence created by the nearby structure or into the wake of the structure. These
emissions rather than rise, disperse, and travel downwind are abruptly brought toward the ground
near the stack and before any dispersion has occurred. Plume’s which are trapped in the structure’s
cavity zone tend to become flattened in the vertical extent and widened in the horizontal. Resulting
concentrations at receptors can be reduced due to this plume distortion. Downwash effects occur
when stack plumes are influenced by nearby structures such that the emissions are directed by the
wake effects. When the plume is in the aerodynamic wake, it is brought down prematurely and
pollutant concentrations tend to be higher than the plume’s unhindered maximums would have been.
In its wind direction dependent form, Schulman-Scire downwash, can involve a complicated set of
calculations to identify and characterize. Several commercial software packages are currently available
to assist the air pollution professional in these analyses; although these packages are not always
accurate and require review.

Fluid modeling which is also called physical wind tunnel modeling involves the creation
of a physical model of the stacks, structures, and terrain features which need to be modeled. This
physical model is then placed in a wind tunnel and the atmospheric effects are physically simulated
and measured. This type of modeling is often used in situations where mathematical simulations are
inadequate. These situations can include the modeling of emissions sources in complex terrain, in
areas for which little or no meteorological data exists, or for complex groupings of structures and
topography which cannot be adequately simulated mathematically. Fluid modeling is an especially
powerful tool for evaluating and describing cavity and wake effects.

Another powerful tool for determining the dispersion characteristics of a stack is the
tracer study. By injecting into the subject stack a non-reactive tracer material, usually sulfur
hexafluoride (SF6), the stack’s resulting plume can be accurately tracked. In this way its downwind
distance of travel as well as its horizontal spread and density can be determined. Again, this

11



G861 ‘Aousfy uonoa10Id [BIUSWUOIAUY S [] :90IN0G

‘(uon23s (£a1113A) Buipjing e Jo axem ayl ul suoibas Ajiaed pue 3adojaauad ay) jo auINO anewweibeiq

c. o> 7 Quz_ﬂwd.tqmm\\v\\‘\w \.V\\I.VII“.

D
e (N e
IR AT N A\ foroa)”

U A.A.J S 24—\

DRI HOH OEN

DN J vJ)MGGfrﬁx/,/k//\/M (7
‘ Jﬁ)/'/\ J/J/fl = "7 7" nNoiiviivaas

( DRI RS 592N
( DADIEN VT Cmqhumuﬁ @@r@uuﬁ\ullxmg\,
YD) Nowaw VM A~ 01 B4 2 NG RIPONT
Nt SRR Onrfhoﬁrmr%: %@JS
C ) 9 DRV, ﬁud r\\\%.% qﬂvm ulv ( 1)
N 5, 2 OGLERG S B
C D D C hh\m.u (0L C £
\V ‘u (.. A(f\ -
AH,V C D) A C nuhaﬁ 34013AN3
Cy Gy g
“ _ NOIDIH GIBHNLSIANN

¢ oImBLy

12



technique is a substitute for mathematical dispersion modeling. Tracer studies have been effective
tools in calibrating models, determining complex cavity and downwash effects, and characterizing long-
range plume transport mechanisms.

With so much of this presentation dedicated to the tool known as mathematical
dispersion modeling, it must now be all too obvious that this is a powerful tool which is heavily relied
upon by the air pollution professional. The question which should now be asked is: how accurate is
mathematical modeling? In addition to accuracy, there is the question of uncertainty. That is, when
we set up a modeling run we put in all the data we know about the source and the atmosphere; but
what about the factors, such as turbulent wind velocity, which we cannot quantify or simulate? Even
with a perfect model, there are likely to be factors which will introduce uncertainty into the results.
EPA suggests that uncertainty alone may be responsible for a range of variation in concentrations
of up to plus or minus 50%. With regard to model accuracy, atmospheric scientists agree that models
are more accurate for estimating longer time-averaged concentrations than for estimating short-term
concentrations at specific locations. It is also agreed that models are reasonably reliable in
estimating the magnitude of the highest concentrations occurring sometime, somewhere within the
modeled area. That is, while errors in highest estimated concentrations of plus or minus 10 to 40%
are found to be typical; the time and site at which these modeled concentrations occur correlate
poorly with the time and site of the actual observed concentrations. Still, modeling is the preferred
tool for estimating the maximum expected concentrations which would occur somewhere in the area
of impact.

Ambient Monitoring

While modeling is the preferred tool for determining emission limitations, there are
instances for which no truly representative mathematical model exists. For existing sources which are
not adequately represented by a refined mathematical model, monitoring data can serve as the basis
for emission limits as long as the source meets a set of criteria established by EPA with regard to the
non-availability of other more representative data. Once it has been established that ambient
monitoring is the preferred tool, the air pollution professional will investigate to ascertain if there
exists any nearby monitoring network data of sufficient quality to be used in lieu of establishing a new
monitoring site or sites. Should it be found that no such data exists, a protocol which outlines the
purpose, rationale, location, and methods for the proposed program would need to be prepared and
submitted for approval by the appropriate regulatory agencies. The EPA has criteria which must be
adhered to for every aspect of a monitoring program, including: monitor siting, types of monitors and
instruments used, types and locations of the monitoring probes, instrument operating conditions,
operating schedules, methods for data reduction and validation, quality assurance, and data reporting.

CONTROL TECHNOLOGIES

We have discussed the criteria that constitute a condition of air pollution and the tools
used by air pollution experts to identify pollution problems and quantify impacts. The topic remaining
to be discussed is that of what can be done to eliminate or abate the air pollution problem. It is not
within the scope of this paper to try to explain the complex engineering principles which form the
bases for the design of the control technologies which are used throughout the world. Instead, the
focus of this section will be to discuss how and when the air pollution professional applies BACT,
RACT, LAER, and the recently conceived MACT.

The air pollution professional must understand not only which control devices are
available, but also what degree of emission control must be applied to the project at hand. The EPA
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has coined the acronyms LAER, BACT, RACT, and MACT to describe control philosophies which
must be addressed in permitting or modifying industrial facilities. Lowest achievable emission rate
(LAER) applies to major new sources or modifications in nonattainment areas. LAER is the most
stringent emission limitation contained in the implementation plan of a state or the most stringent
emission limitation achieved in practice by a type of industrial source. Determination of LAER does
not consider economic, energy, or environmental factors.

The BACT analysis is an important step in the PSD review process. Any major source
or major modification subject to PSD must conduct an analysis to ensure the application of best
available control technology (BACT). Subsequently, many state permitting programs now require the
submission of a BACT analysis. Because BACT is a provision of the PSD review process, it applies
to construction proposed within areas which are classified as attainment or unclassifiable with respect
to the NAAQS. EPA’s implementation of the BACT provisions is by means of the top-down process.
This process requires that applicants evaluate all available control technologies. The applicant then
eliminates any control options that are not technically feasible for use on this type of source and
identifies the top or most effective emission control technology with less effective controls ranked in
descending order. The economic, energy, and environmental impacts of each control technology is
then determined. Those technologies with unacceptable impacts are then eliminated from
consideration. The most stringent remaining control establishes the BACT emission limit for the
facility.

As defined under the 1990 Federal Clean Air Act Amendments (FCAAA), existing
sources subject to control technique guidelines (CTG) and all VOC and NOx sources with the
potential to emit 50 tons per year or greater in ozone nonattainment areas are subject to meet the
reasonably available control technology (RACT) provisions. Like BACT, RACT is an advancing
control technology which changes with time and for which economics are considered. The control
techniques specified as RACT vary with location and with regulatory agency.

Title I, the air toxics provisions of the FCAAA, requires that EPA set a new control
standard by industry category or subcategory. This new standard called maximum achievable control
technology (MACT) is defined as "the maximum degree of reduction in emissions of the hazardous
air pollutants subject to this section (including a prohibition on such emissions, where achievable) that
the Administrator, taking into consideration the cost of achieving such emission reductions, and any
non-air quality health and environmental impacts and energy requirements, determines is achievable
for new or existing sources in the category or subcategory to which such emission standard applies”.
EPA estimates that there will be over 750 categories and subcategories. Each will have its own
MACT.

With these control requirements in mind, the air pollution professional adapts the
most commonly used abatement devices to achieve the levels of compliance mandated by the
regulatory agencies. The most commonly used categories of air pollution abatement devices are the
various forms of wet scrubbers, electrostatic precipitators, baghouses, inertial separators, flares,
incinerators, absorbers, and adsorbers. In addition to these major groups of control devices, process
adjustments, operating curtailments, and fuel restrictions are also widely used techniques for achieving
compliance.

CONCLUDING REMARKS

In order to be effective as introductory material to be used by non-technical persons,
this paper has exposed the reader to a quick sampling of the many tools used by the air pollution
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professional in the preparation of environmental and scientific products. Many of the concepts
presented are complex and intertwined. Things are not always what they seem to be in the field of
air pollution. For example, for the past five years, the EPA and TACB have been negotiating
whether Culberson County in far west Texas should be reclassified as nonattainment for ozone. The
irony here is that there is not much in the way of people, cars, or industry out there. EPA’s basis
for wanting to reclassify the county was some ambient monitoring data collected by the National
Parks Service at Guadalupe Mountains National Park on the Texas-New Mexico border. After a five
year struggle, and more than three years of monitored ozone data which shows compliance, the EPA
is just now agreeing to allow Culberson County to keep its classification as "unclassifiable”. Take
nothing for granted. Not all permits are created equal. An applicant may obtain a permit which
contains special provisions which cannot be met. Monitoring and modeling results typically do not
coincide. With the proliferation of software, anyone can purchase and run dispersion models, but
only modelers know enough about the subtleties of the mathematical codes to recognize and
compensate for non-standard circumstances.

The science and engineering of air pollution has matured dramatically since EPA was
created twenty-one years ago. Air pollution professionals are more knowledgeable with respect to
changing technology than ever before. Just as regulatory matters have become more complex and
require specialization, so do the permits, modeling studies, and emission control analyses which those
regulations mandate.
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Introduction

Before you play the game, you need to know the rules. This paper is a
primer on water quality and pollution control, and it’s intended to
provide the basic rules of the water pollution control game. It’s pretty
basic information, so if you already have a working knowledge of water
quality and pollution control, there may not be much new information
here for you. For the novice, you must recognize that water quality and
its protection is a complex subject that involves many of the natural
science and engineering disciplines, so this primer can only provide you
with a rudimentary understanding of the principal concepts and
definitions.

The paper is organized into three principle sections: (1) water quality
fundamentals; (2) treatment technologies; and (3) laws and regulations.

Water quality fundamentals

Water quality is a generic term that is used to describe the physical ,
chemical, and biological properties of water. To make sense, the term
must be related to the intended use or uses of the water. Typical water
uses include: :

e drinking water supply;

* protection and propagation of aquatic life;
 contact and non-contact recreation;

* industrial water supply;

» water for livestock; and

e irrigation water.

There are differences in water quality requirements between various
uses. For example, water for certain industrial uses does not need to be
of drinking water quality. Similarly, the inorganic salt content of water
used for recreation is relatively unimportant, but inorganic salts can be
important pollutants in water used for irrigation. The concentrations of



Pollutants

natural salt in ocean waters would represent unacceptable water quality
for drinking water, water for most industrial uses other than cooling,
livestock water, and irrigation water. Naturally occurring water quality
can be, and often is, unacceptable for many desirable water uses. A
perfect example of this is the high, naturally-occurring salt content of
certain tributaries of the Brazos River.

Pollutants are physical, chemical, and biological properties of water that
can limit its uses. It is important to recognize that with one major
exception — synthetic organic chemicals — water pollutants are
naturally-occurring constituents and properties of all surface and ground
water bodies. A constituent or property that is considered desirable at a
certain level for a particular water use may be a pollutant if found in
water that is used for another purpose. It is simply a case of being in the
wrong place at the wrong time. The ocean is again a good example —
the salinity of sea water is essential to the growth and propagation of
marine life, yet this same level of salts in a fresh water environment
would be fatal to most fresh water aquatic life. Thus, in the fresh water
environment, salinity is a pollutant while in the ocean it is a necessity.

Water quality is characterized using a number of different constituents
and properties, and all of these can be pollutants under the right
circumstances. As part of its statutory framework, the Clean Water Act
classifies pollutants into three categories — conventional pollutants;
nonconventional pollutants, and toxic pollutants. Although these
categories have little scientific or technical meaning, they are widely
used because of their regulatory connection and they will be used here to
identify and define a number of important water quality characteristics.

Conventional poliutants

BOD

The term conventional pollutant was coined by Congress to identify
those pollutants that are removed by conventional secondary
wastewater treatment plants. The term is a misnomer, since many
nonconventional and toxic pollutants are also removed by secondary
treatment plants. The following constituents in wastewater are referred
to as conventional pollutants.

Biochemical oxygen demand (BOD) is a measure of the amount of
biologically degradable organic (carbonaceous) matter in water. It



measures the amount of organic matter in water as the amount of oxygen
required by adapted microorganisms to degrade the organic matter. The
standard test requires 5-days of incubation at 20 °Celsius (C) and was
developed over 100 years ago. The result is reported as BOD,, BODS,

or sometimes just BOD.

Organic matter in water is expressed as oxygen equivalents so that it can
be related to the impacts of these substances on water quality. When
organic matter in water is biologically degraded, dissolved oxygen is
removed from the water by the microorganisms that are degrading the
substances. Since dissolved oxygen must be present to support aquatic
life, the amount of oxygen demanding substances must be low to
prevent oxygen depletion and consequent damage to the aquatic life.

During the 5-day test not all of the organic matter in a water sample is
biodegraded. To determine the total amount of biodegradable matter in a
sample, long-term BOD tests are run. The sample is incubated for 20
days or more and the results are reported by identifying the incubation
period, e.g, 20-day BOD (BOD,,) or by designating it as ultimate BOD
(BOD,).

The standard BOD test will measure the biodegradation of ammonia and
organic nitrogen, in addition to carbonaceous (organic) materials. This
is referred to as nitrogenous BOD. The standard BOD test can be
modified so that it measures only carbonaceous BOD. This approach is
necessary when data is needed for water quality modeling, for example.

Since the test is a biological assay of the degradable organic matter in a
water sample, the measurements are subject to many operating
variables. For example, if the microorganisms are not adapted to the
organic chemicals in the sample, then the measured BOD will be lower
than the true BOD. The test conditions must be carefully controlled to
obtain precise and reliable measurements. There is no way to measure
the accuracy of the test, since the true amount of biodegradable organic
matter cannot be measured by any other means.

Many efforts have been made to replace the BOD test with an analytical
method that has better precision and accuracy and does not require 5
days to run. No acceptable alternative has ever been adopted, however,
because of the fact that the BOD test is a standardized method for
measuring only the amount of organic material that can be biologically
degraded. Other analytical methods all have the tendency of measuring



TSS

oil and grease

pH

nonbiodegradable wastewater constituents, which is the principle
objective of the BOD test.

Total suspended solids (TSS) represents the organic and inorganic
particulate matter in a water sample. It is measured by a standard
filtration procedure. TSS can have a variety of water quality effects.
Organic TSS can biodegrade and exert a BOD. Both organic and
inorganic TSS can, when present in excessive amounts, clog the gills of
fish and shellfish and coat the bottom of water bodies, killing the aquatic
life that lives in the sediments.

Like the BOD test, the TSS test measures a wide range of different
materials. Very small particles (such as colloids) can pass through the
filter used in the test and will not be measured. The accuracy of the TSS
test is a function of the characteristics of the particulate matter in the
water — the true TSS cannot be measured.

Oil and grease is a characteristic that is defined by the analytical method
rather than by its water quality impacts. The test is intended to measure
the presence of substances that are typically'thought of as oils and
greases — petroleum materials and animal fats that float on and coat the
water surface and thus cause adverse water quality effects such as
reducing the natural reaeration of water by the air.

The test procedure involves extracting the water sample with a solvent,
evaporating the solvent, and weighing the residue. Alternatively, the
amount of material extracted by the solvent can be measured with
infrared spectrometry and the spectra can be compared to a standard oil
sample. Although the solvents used effectively extract petroleum and
animal materials from the water, they also extract a variety of other
substances that do not behave like oil and grease in water (e.g.,
chlorophyll, sulfur compounds).

Oil and grease is not widely used to assess the quality of natural waters.
However, it is routinely used to regulate the quality of effluent
discharges.

pH is the logarithm of the reciprocal of the hydrogen ion concentration
in water. It is a measure of alkalinity and acidity. At neutral pH (pH =
7), the hydrogen and hydroxyl ions are balance. The range of the pH



scale is from O to 14, with O being the most acid and 14 being the most
alkaline.

Natural waters typically have pH values in the range of 6 to 9.5, and
most aquatic life can survive and propagate in this range. Most treated
effluents that are discharged to natural waters are required to have a pH
value in the range of 6-9. Wastewater before it is treated often has a
wider pH range, and some treatment processes are designed and
operated at highly acid and highly alkaline pH values. After such
treatment steps the pH of the treated water must be adjusted to the
appropriate range for discharge.

pH is usually measured with direct-reading electochemical instruments.
These readings are very accurate and precise if the instrument is
calibrated correctly. Litmus paper, which changes color as a function of
pH, is occasionally used for screening purposes. It is much less
accurate than a pH meter and is never acceptable for regulatory reporting
of effluent and ambient water quality.

fecal coliforms
Fecal coliforms are a genera of bacteria that are common inhabitants of

the digestive tract of warm-blooded animals. They are used as an
indicator of the potential presence of domestic wastewater (sewage),
which may contain pathogenic microorganisms (organisms that cause
disease in humans). The fecal coliforms are not pathogens themselves.

Fecal coliforms are measured by bacteriological tests of water samples.
The test is used to identify surface waters that are acceptable for
recreation and shellfish harvesting, and to control the quality of treated
effluents that contain human waste.

Fecal coliform data must be interpreted with care. High fecal coliform
numbers in a surface water can be due to the presence of large numbers
of water fowl or due to runoff from fields used to graze livestock. In
such cases, the presence of fecal coliform bacteria does not indicate the
presence of human pathogens and the test results thus have little
meaning.

Nonconventional pollutants
The term nonconventional pollutant is even more meaningless than the

term conventional pollutant. It is a catch-all category used by Congress
for any water quality constituent that is not designated as conventional
or toxic.



COD

ammonia

temperature

total organic carbon

There are a great many nonconventional pollutants that are used in water
quality and effluent characterization. Only a few of the more important
are identified here.

Chemical oxygen demand (COD) is a measure of the total amount of
organic matter in a water sample — it measures organic compounds that
are not biodegradable under the conditions of the BOD test as well as the
biodegradable organics. It does not measure nitrogenous substances and
ammonia. It is performed by oxidizing the organic compounds in a
sample with a strong dichromate acid solution at high temperature. The
COD test will not oxidize all carbon-containing compounds and will also
measure some chemicals that are not carbonaceous.

COD is used as a measure of treatment system performance. The test
can be performed in several hours, and thus provides results that can be
used for plant operation (the BOD test, which requires waiting 5 days
for a result, is not a useful operational method). COD is not used to
characterize water quality, since it has no direct correlation with any
observed water quality effects.

Ammonia nitrogen is a toxic pollutant and can exert a biological oxygen
demand. It is classified as a nonconventional pollutant, however.
Ammonia can be released by the biological degradation of nitrogenous
compounds such as proteins. Ammonia is rapidly depleted in natural
waters by biclogical processes. It is oxidized by bacteria to nitrates and
nitrites and is taken up by green plants as an essential nutrient.
Ammonia is highly toxic to certain species of fish. Its toxicity is related
to the pH and temperature of the water.

Temperature can be a pollutant. Aquatic life in a particular water body
will be adapted to survive in the typical temperature range resulting from
ambient air temperatures. Higher or lower temperatures due to man-
made conditions can prevent growth and propagation and may even
cause lethality.

Total organic carbon (TOC) is another measure of the amount of organic
(carbonaceous) material in water. TOC, like COD, will measure both
biodegradable and nonbiodegradable organic matter. The TOC test is



inorganic chemicals

Toxic pollutants

even more rapidly performed than COD and is a useful operational tool
for wastewater treatment. It is a more specific method than COD
because it measures all of the carbon in a sample (by direct combustion)
and does not measure the presence of any non-carbon substances.

TOC is used as a measure of the carbon concentration in natural waters.
However, it does not have any direct correlation with positive or
negative water quality effects.

There are a number of inorganic chemicals that can be pollutants under
the right circumstances. These may be measured and reported as the
chemical itself (e.g., sodium chloride), or as the individual cations and
anions (sodium, chloride) that make up the chemical.

Other measures of the inorganic constituents in water are total dissolved
solids (TDS), salinity, and hardness. These are measures of the total
amount of dissolved certain inorganic salts that are present in a water
sample. TDS measurements actually include the dissolved organic
constituents, but these are generally a negligible fraction of the total in
natural waters. Hardness is the concentration of calcium and
magnesium.

The term toxic pollutants is also somewhat of a misnomer. Essentially
any chemical can be toxic if taken in a large enough dose. Again, a good
example of this is sodium chloride; common table salt. At high dosages
sodium chloride is toxic to humans, and high concentrations of salt are
toxic to fresh water aquatic life. Ammonia is a good example of a
pollutant that is actually quite toxic to aquatic life, but is typically not
listed as a toxic pollutant. The toxicity of a chemical is a function of
dose and exposure time; therefore a substance can be nontoxic at low
concentrations even if exposure is continuous and highly toxic in even a
very short time period when the maximum acceptable dose is exceeded.

The Congressional definition of a toxic pollutant, as the term is used in
the Clean Water Act, is a specific chemical substance that has been
identified as exhibiting toxicity at relatively low concentrations. This
definition must be viewed with some scepticism, however, since highly
toxic chemicals such as mercury and and low toxicity chemicals such as
phenol are all considered toxic pollutants under this definition.



organic chemicals

inorganic chemicals

There are a number of specific organic chemicals that are considered
toxic pollutants. A few examples are benzene, 2,3,7,8-
tetrachlorodibenzo-p-dioxin (dioxin), polychlorinated biphenyls (PCB),
phenol, and vinyl chloride.

Some of the toxic organic chemicals are synthetic and cannot occur in
nature. Examples of synthetic organic chemicals are certain chlorinated
chemicals such as trichloroethene, trichloroethane, vinyl chloride, and
PCBs.

Other toxic organic chemicals can occur naturally as the result of
chemical and biological processes. For example, polynuclear aromatic
hydrocarbons (PAHs), a class of complex hydrocarbons that are
considered to be toxic, are synthesized by some plants and bacteria and
are formed by forest and brush fires. Benzene, toluene, and the PAHs
are naturally-occurring components of crude petroleum.

The heavy metals and heavy metal salts are considered toxic pollutants.
The principal metals of concern are usually: arsenic, cadmium, copper,
chromium, lead, mercury, selenium, silver, and zinc. These metals are
toxic to aquatic life and to humans.

It is important to remember that all of the metals are naturally occurring
and many will be found in measurable concentrations in soils, rocks,
and surface water sediments. The amount of dissolved metals, which
are the toxic form of metals in water, is generally very small because the
metals tend to be tightly bound to inorganic anions and complex organic
molecules. If a metal is in the dissolved form because it was discharged
in that form or because the chemistry of the water favors dissolution,
then the metal may be toxic to the resident aquatic life.

Arsenic, cadmium, and mercury are the most toxic metals to humans in
the context of water quality. This is because these metals can accumulate
to high concentrations in the tissues of edible aquatic life, which when
consumed by humans can cause illness and even death. The other heavy
metals do not bioaccumulate in aquatic life to levels that will affect
human health.

Certain metals, like copper, silver, and zinc, represent minimal danger
to humans through aqueous exposure, but are highly toxic to certain
aquatic life forms.



persistent toxics

bioaccumulative toxics

A persistent toxic is one that is not readily converted to a nontoxic form
in a natural water body. Many chlorinated organic chemicals (e.g.,
dioxin, PCBs) are considered persistent toxics because natural
biodegradation and chemical reactions that break down these substances
are very slow. It is important to understand that the definition of a
persistent organic toxic is subjective — the degradation rate of a
chemical in a natural water body is a function of the biology and
chemistry of that body as well as the chemical composition of the
substance. Virtually every known organic substance is chemically and
biologically degradable. Some chemicals, such as benzene, are so
rapidly biodegraded that they are virtually never found in natural water
bodies. Other organics, such as the PCBs, will biodegrade, but do so
very slowly and may persist for decades. :

Metals are persistent since there are no natural processes that will
transmute one element to another (the radionuclides excepted).
However, as mentioned earlier metals react with other inorganic and
organic chemicals which typically render them stable and nontoxic. In
this context, many metals can be considered to not be persistent toxics
(they are persistent elements, they are just rendered nontoxic).

Certain metals, with mercury being the prime example, can be
biologically transformed from a stable, nontoxic form to a toxic form. In
surface water sediments, elemental mercury and mercury compounds
can be transformed biologically into methyl (organic) mercury. This
organic mercury can then be taken up by aquatic organisms into the food
chain, and can accumulate in edible fish and shellfish to levels that
endanger human health. Thus, in such a case the metal is a persistent
toxicant since it can revert from a nontoxic to a toxic form.

There are certain organic chemicals and metals that tend to accumulate in
the tissues of aquatic life. These chemicals are termed bioaccumulative
pollutants. There are several important concepts involved:

bioconcentration — the uptake by aquatic life of a toxic pollutant that
is dissolved in the water column. This uptake is primarily
through the skin and gills.

bioaccumulation — this includes not only uptake of a toxicant by



bioconcentration, but also uptake from ingestion of contaminated
food.

biomagnification — this is the tendency for the tissue concentration
of a chemical to increase as the chemical moves higher in the
food chain (i.e., the concentration of the toxicant in the tissue of
a carnivore is greater than the concentration in its food).

Chemicals that tend to bioaccumulate are those that are very insoluble in
water and tend to be soluble in organic solvents. They usually
accumulate in fatty tissues. Organic chemicals that have a tendency to
bioaccumulate include dioxin, PCBs, DDT, and hexachlorobenzene.
Metals that bioaccumulate include arsenic, cadmium, mercury, and
selenium.

Assessment of water quality

sampling programs

As mentioned at the beginning of this section, water quality must be
assessed in the context of water use. For most surface waters, the key
water uses that will define acceptable water quality will be aquatic life
protection and protection of human health. With respect to human health
protection, the key exposure routes are drinking water and ingestion of
edible fish and shellfish.

The local governments, the states, the U.S. Environmental Protection
Agency (EPA), and other federal agencies collect samples of surface
water and analyze them to define water quality and trends. These
analyses can be part of a systematic, ongoing monitoring program or
they can be special studies designed specifically to address a particular
problem and study area. All states, and the U.S. Geological Survey
(USGS), operate water quality monitoring networks that are designed to
provide long-term records of water quality trends. These data are used
to determine the compliance of surface waters with water quality
standards and to provide the basic data needed to administer water
pollution control programs.

Water quality data collection is expensive. Because of this, the number
of routinely monitored sampling stations is usually small compared to
the size of the surface water systems being monitored. Traditionally,
monitoring was primarily for the conventional and nonconventional
pollutants, dissolved oxygen, and some of the heavy metals. Monitoring
for toxic organic chemicals, which is expensive compared to the
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water quality models

monitoring of conventional and nonconventional pollutants, has only
recently become widespread. In addition, metals data collected in the
past several years suggests that metals analyses performed in earlier
years probably are inaccurate and overestimate the amount of metals that
are present in surface waters. It has been found that contamination of
samples with metals during sample preservation and analysis occurs
very frequently and that extraordinary care must be taken during sample
collection and analysis to avoid this problem.

Water quality models are used to predict the response of water quality
characteristics to changes in physical, chemical, and biological
conditions. A water quality model is a mathematical (or sometimes
physical) representation of a natural system that is designed to simulate
the important physical, chemical, and biological reactions and
interrelationships in that system in order to predict the water quality that
will result when one or more of the input conditions is changed.

The most common use of models is to predict improvements in or
degradation of water quality due to wastewater discharges. Historically,
water quality models have been used most often for simulating the
dissolved oxygen balance in the stream. The amount of BOD and
ammonia, both of which biodegrade in natural waters and use up
dissolved oxygen, that can be tolerated without the dissolved oxygen
concentration dropping below acceptable levels can be estimated with
the water quality model. The maximum amount of BOD and ammonia
that can be discharged to a surface water without dropping the dissolved
oxygen concentration below the acceptable level can then be allocated to
the various effluent dischargers. This process is known as waste load
allocation. The same type of waste load allocation can be performed for
any type of pollutant that affects a water quality constituent that is
important to satisfying the designated water uses.

To use a water quality model it is necessary to have site-specific data to
calibrate it. Calibration is the development of site-specific physical,
chemical, and biological variables in the model that must be derived
from data sets collected from the receiving water to be modeled. For
example, data on the travel time of pollutants in a river is needed — this
has to be a known function of stream flow. In an estuary, tidal
amplitudes and phases and dispersion coefficients are needed. For
substances such as BOD, site-specific biodegradation rates must be
estimated from available data. After a water quality model is considered
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to be calibrated, which is usually done with two or more separate data
sets, the model should then be verified by testing its predictive accuracy
on one or more water quality data sets that were not used in the
calibration of the model. Calibration and verification is often an iterative
process until the best overall predictions of observed water quality are
obtained. Once the model is verified, it is ready to be used in a
predictive mode. A water quality model that is not calibrated and verified
with site-specific data cannot be used to make quantitative projections of
water quality.

Water quality models are available for a number of different water
quality characteristics and constituents including temperature, dissolved
inorganic salts, heavy metals, and specific organic compounds. There
are models that can simulate storm water runoff, including flow rates
and pollutant quantities, from urban and rural watersheds. Models for
toxics such as heavy metals and specific organic chemicals are still
infrequently used. This is because a considerable amount of site-specific
physical, chemical, and biological data on the fate of these substances in
the water body of interest is required to calibrate the models so that they
can provide reliable predictions without too much uncertainty in the
results.

There are also mixing zone models whose purpose it to estimate how
rapidly effluent is diluted in the receiving water. Mixing zone models are
used to design effluent diffusers which are used to enhance rapid
mixing of an effluent in the receiving water.

Models are very useful tools for analyzing water quality impacts
resulting from different hydrologic conditions and waste loads. It must
be remembered when using water quality modeling results that these
predictions are only as good as the data that were used to calibrate the
models. It is always appropriate to perform sensitivity analyses with any
model to determine how much uncertainty there is in the model
predictions due to the basic data inputs and assumptions used in the
simulation.
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Treatment technologies

A number of methods are available to remove pollutants from
wastewaters. These methods can be classified into three broad
categories: (1) physical treatment; (2) chemical treatment; and (3)
biological treatment. It also appropriate to discuss the technologies that
have spawned the latest buzz words — pollution prevention. Before
launching into a discussion of these treatment technologies, it’s
appropriate to define the wastewaters that are treated by them.

Wastewater is called many different names — sewage, aquas negras,
abwasser — but it’s all the same stuff. Basically, it’s water that has
been used to satisfy some beneficial need, and as a result it has either
had pollutants added to it or the pollutants in it have been concentrated.
The addition of pollutants could be as simple as adding heat to cooling
water, or it can be as complex as the pollutants from a pulp and paper
mill, which contain the tannins and lignins that are dissolved from the
wood fiber during the manufacture of paper. Types of wastewater
include:

* sanitary wastewater, sanitary sewage — these are wastes
generated by humans fulfilling their basic needs: water from
toilets, baths, washing of clothing, food preparation, etc. Also
called domestic or sanitary sewage. Most commercial
establishments generate primarily sanitary wastewaters. Sanitary
sewers, not to be confused with sanitary sewage, also carry
industrial wastewaters.

* industrial wastewater — water used for a variety of -
manufacturing purposes; subcategories include:

A cooling waters — once-through and recycled;

A process wastewater — water that has come into contact with
manufacturing raw materials, intermediates, byproducts and
products. This includes contaminated storm water from
process areas and contact cooling water;

A water treatment wastewaters — wastes generated by the
treatment of the water supply for use in the production
process. This includes regeneration of demineralizers and
blowdown from surface water treatment; and
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Physical treatment

A steam condensates, boiler blowdown, and other
miscellaneous noncontact wastewaters.

e Storm water — storm water from urban areas is now to be
regulated if it is discharged through point sources. Such storm
water has often been termed as nonpoint source wastewater but
this is a misnomer, since stormwaters from urban areas typically
are discharged through ditches and pipes, making them clearly
point sources. Storm water from industrial activity that is not
process water is also regulated.

+ Combined sewer overflows (CSOs) — in many older cities,
particularly in the northeast U.S., the sanitary sewer systems
also carry storm water. When large runoff events occur, these
combined sewers discharge a mixture of storm water and
sanitary sewage without treatment.

These examples are not all-inclusive, but they provide an idea of the
wide range of potential sources of wastewaters.

Physical treatment processes remove pollutants from wastewater by
means of physical processes such as gravity, filtration, and evaporation.
Typical physical process include the following:

¢ clarifiers, sedimentation basins, settling tanks — these are
common terms for treatment processes that remove suspended
solids from wastewater by gravity. They function by slowing
the velocity of wastewater to nearly quiescent conditions, which
allows particles that are denser than water to settle to the bottom
of the tank or clarifier. The captured solids form a deposit on the
bottom of the tank or basin and are often referred to as sludge.
Most clarifiers and sedimentation tanks have mechanical
mechanisms that continuously remove the sludge as it
accumulates. Sedimentation basins and some tanks may not have
integral sludge removal mechanisms — in such systems the
sludge is removed intermittently by draining the tank. In
conventional terminology, a primary clarifier is used to remove
suspended solids from untreated wastewater. A secondary
clarifier is used to remove the solids generated by biological
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treatment. A lamella separator is a type of clarifier with inclined
plates installed in it to enhance sedimentation.

screening — coarse and fine screens that remove large, bulky
solids from wastewater. Typically used as the first step in
domestic sewage treatment; rarely used for industrial waste
treatment.

grit chambers — a type of small clarifier used to remove dense,
sand-type particles.

oil/water separator — a gravity separator (tank/basin) that
removes oils and grease by slowing the flow of water
sufficiently to allow these substances to separate and float to the
surface, where they are skimmed off mechanically. Can be
thought of as a reverse clarifier (oils are usually less dense than
water). Usually also includes the ability to capture suspended
solids that sink. Types of oil/water separators include: API
separators, parallel plate interceptors (PPI), and corrugated plate
interceptors (CPI).

air flotation — serves the same function as a clarifier or oil/water
separator, except that removal of suspended solids and oils is
enhanced by attaching very fine air bubbles to the suspended
solids and/or oil globules to make them much less dense than
water and rise to the surface faster. Air is introduced by
dissolving it in the wastewater under pressure or by agitation.

filtration — used to remove fine suspended solids by -
agglomeration and entrapment in the pore spaces of filter media.
Filters may be tanks filled with granular media (sand, coal,
garnet) or may have a filter media such as cloth, very fine
screens, or diatomaceous earth filter media. Filters are often
used for tertiary treatment following other treatment processes.

stripping — volatile substances (certain organics, ammonia,
hydrogen sulfide) are removed by stripping (volatilizing) these
compounds from wastewater using air, nitrogen,and steam. This
is usually done in a column (tower), which is a tall, small
diameter tank in which the water to be stripped is added at the
top and removed at the bottom, and the stripping gas is brought
in at the bottom and removed at the top. The stripping steam or
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gas, which contains concentrated pollutant that has been
stripped, must usually be treated or the material removed from
the wastewater must be recovered.

 activated carbon — this process removes organic substances by
physical-chemical sorption to the carbon media in a bed, tower,
or is can be added to the wastewater as a powder. The carbon
can be regenerated (the pollutants removed) by heating it (with
steam or in a furnace) or by using a solvent. The removed
organics must be treated or recovered. The regenerated carbon is
then reused in the treatment process. Typically carbon is used to
remove organics that cannot be treated effectively by biological
treatment, chemical treatment, or stripping. Activated carbon has
been successfully used to remove trace amounts of some metals
from wastewaters, although the mechanism is not well-
understood.

¢ ion exchange — a physical-chemical process in which inorganic
cations and anions are reversibly sorbed to a natural or synthetic
resin. Used to remove calcium and magnesium cations
(hardness) and sulfate and carbonate anions from industrial
process waters. Demineralization removes essentially all
inorganic ions (sodium, chloride, etc.) when very pure water is
needed (such as for high pressure steam generation). Specialty
resins preferentially remove heavy metals such as chromium and
mercury. Eventually, the resin becomes exhausted and must be
regenerated. The pollutants that have been removed by the ion
exchange resin are then transferred to a small volume of
regenerant wastewater, which must be further treated and
disposed of. The regenerated resin is then placed back in
wastewater treatment service.

Chemical treatment

Chemicals can be added to wastewater to precipitate other inorganics as
solids, to improve the performance of clarifiers and air flotation units by
agglomerating small particles into larger, more dense particles that settle
better, and to oxidize organic and inorganic chemicals. Common
chemical treatment processes include:

* metals precipitation — lime, sodium hydroxide, and other alkali
chemicals are used to immobilize heavy metals (e.g., cadmium,
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copper, lead, zinc) as insoluble precipitates, which are removed
in clarifiers.

 coagulation — the use of chemicals to agglomerate (flocculate)
small suspended solids or oil globules into larger suspended
particles that have greater density differences compared to water
than the original solids and thus settle (or float) more efficiently.
This process enhances sedimentation or flotation.

 oxidation — the use of oxidizing chemicals (chlorine, chlorine
dioxide, ozone, hydrogen peroxide, potassium permanganate) to
oxidize organic substances and some metals (iron, for example).
The oxidation products of organic substances may have lower
BODs and/or may be less toxic than the original chemicals. The
common treatment process for cyanides is chemical oxidation
which forms nitrogen gas and carbon dioxide. Oxidants are also
used for odor control. Oxidized iron (ferric iron) is less soluble
than reduced (ferrous) iron and thus can be removed more
effectively by precipitation.

* reduction — a chemical process in which a chemical reducing
agent is used to reduce the valance of a metal. Used to reduce
hexavalent chromium to the trivalent form, which will precipitate
more effectively and is less toxic.

Biological treatment

Microorganisms, principally bacteria, can degrade virtually every
organic chemical known — either naturally-occurring or synthetic. As a
practical matter, however, some chemicals are so slowly degradable that
they are considered not amenable to biological treatment — these are
often referred to as refractory organics.

The key to successful biological treatment is adaptation (acclimation) of
the microorganisms in the treatment process to the organic chemicals in
the wastewater. Acclimation is a process of natural selection and if the
proper conditions for biological growth are maintained, then acclimation
is usually just a matter of time.

Biological treatment processes can be aerobic (in the presence of free

oxygen) or anaerobic (in the absence of oxygen). Certain
microorganisms are facultative — they can grow and degrade organics
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in either aerobic or anaerobic conditions. In general, aerobic
biodegradation is a much faster process than anaerobic biodegradation,
and the end products of aerobic degradation tend to be more completely
degraded (often to carbon dioxide and water). Anaerobic processes are
slower, and produce lower-energy organic substances and methane.
Anaerobic processes are often used to pretreat wastewaters with very
high BOD since they don’t require the mechanical addition of oxygen
(which is expensive) and generate methane which can be used to heat
the process, which speeds up the anaerobic biodegradation. The
anaerobic effluent is then aerobically treated to remove the remaining
BOD.

Biological treatment systems can be divided into two basic classes: (1)
suspended growth systems, and (2) fixed growth systems. In
suspended growth systems the active microorganisms are suspended in
the wastewater by the mixing action of either or both the air/oxygen
introduced into the wastewater and mechanical mixing provided by
mixing equipment or pumps. The bacteria in suspended growth systems
agglomerate (flocculate) into particles that will settle from the
wastewater when the mixing is terminated (as in a secondary clarifier).

In a fixed growth system, the microorganisms are attached to a solid
media, which is contacted by the wastewater. When the microorganisms
on the solid media accumulate to a critical thickness, they slough off the
media in large particles which can then be removed from the wastewater
in a secondary clarifier.

Suspended growth systems are most effective when the microorganisms
adapted to the organic substances in a specific wastewater have a high
growth rate. Such organisms flocculate well and are easily removed in
the secondary clarifier and recycled back to the aeration tank. Thus, high
microorganism concentrations can be maintained in the aeration tank and
high rates of BOD removal are possible.

Fixed growth systems work well when the microorganisms are slow-
growing, either because of the characteristics of the pollutants being
treated or because the concentration of organics in the wastewater is
low. Such wastes are not conducive to treatment in suspended growth
systems since the microorganisms do not flocculate and settle well and
will wash out of the system with the effluent. If the microorganisms can
attach themselves to a solid media, they will not wash out of the
treatment unit and can provide effective removal of the pollutants in the
wastewater.
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Examples of common biological treatment processes include:

Suspended growth systems

°-

activated sludge — a high-rate, aerobic system in which the
microorganisms are suspended in the wastewater in a treatment
tank or basin by the same mechanical process that adds the
oxygen to maintain aerobic conditions. High concentrations of
microorganisms are maintained in the aeration tank by removing
them from the treated wastewater in a secondary clarifier and
recycling the high concentration solids from the clarifier (the
activated sludge) to the influent end of the aeration tank. There
are many process variations of activated sludge (contact
stabilization, complete-mix, plug flow, step aeration, pure
oxygen), but all operate on the same principle. The activated
sludge system generates excess biological growth which must be
removed from the system and disposed of. This sludge wasting
is done on a continuous or semi-continuous basis. The excess
sludge can be biologically digested to decrease its volume,
dewatered, and landfilled, landfarmed, or incinerated.

aerated lagoon — an aerobic treatment system which operates at
a lower mixing/aeration rate than activated sludge and which has
no microorganism recycle. The biological solids in the effluent
from the lagoon are removed by settling in a quiescent
impoundment or in a clarifier. These systems have low
microorganism concentrations in the aeration
basin/impoundment and thus require longer wastewater
residence times in the treatment system to accomplish the same
level of treatment as activated sludge systems. Their advantage is
that their usage of electrical power is much less than that
required by activated sludge systems.

PACT® — a combination of activated sludge treatment and
activated carbon. Powdered activated carbon is added directly to
the aeration basin and becomes intimately mixed with the
microorganisms. It is recycled with the activated sludge. The
carbon serves two purposes: (1) it provides a solid media for
fixed growth of microorganisms and (2) it removes slowly
degradable and toxic organic substances that are not effeciiveiy
degraded by the activated sludge. Although it has never been
proven, it has been hypothesized that the powdered activated
carbon is biologically regenerated to some extent. If small
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Fixed growth systems

quantities of carbon are added to the activated sludge, then the
excess carbon and sludge from the treatment system are
disposed of in the same method as excess activated sludge. In
systems that use high dosages of powdered carbon, the carbon
is regenerated and returned to the system.

waste stabilization ponds — low rate biological systems that use
natural reaeration processes and long hydraulic residence times
to remove organic pollutants and nitrogen from the wastewater.
Symbiotic growth of algae (microscopic aquatic plants that
generate oxygen) and natural reaeration provide oxygen for the
bacteria that degrade the organics. These treatment systems are
very inexpensive to operate and are used by many small
municipalities.

anaerobic suspended growth systems — anaerobic systems are
often used to biologically pretreat wastewaters with high BOD
concentrations, especially if the organic substances are highly
biodegradable. In the suspended growth systems, a mixer is
provided to keep the biological solids in suspension. These
systems generally produce significant amounts of methane gas,
which is used to heat the anaerobic reactor. Anaerobic bacteria
degrade organic substances most efficiently at high
temperatures. Excess methane is often used to replace natural
gas for heating at the treatment plant and is sometimes used to
generate electricity or steam.

trickling filter — a tower or tank that is packed with natural
(rock) or synthetic media (plastic) over which thin films of
wastewater are passed. Aerobic microorganisms growing on the
surface of the media remove the pollutants from the wastewater
as it flows over the media surfaces. A secondary clarifier
removes suspended particles of biomass that slough off the
media.

rotating biological contactor (RBC) — a fixed media system in
which the aerobic microorganisms are attached to large rotating
plastic discs that are partially immersed in the wastewater being
treated. Wastewater adheres to the biomass on the disc when the
disc is submerged, and a thin film of wastewater clings to the
disc as it comes out of the wastewater and is exposed to the air.
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Pollution prevention

Oxygen is supplied to the microorganisms as the discs are
exposed to the air and they degrade the organics and ammonia in
the wastewater. Multiple discs are arranged on a rotating shaft
and there is usually one shaft per RBC tank (referred to as a
stage). Multiple RBC tanks are operated in series to achieve high
levels of wastewater treatment.

anaerobic filter — a closed tank system packed with a synthetic
media to allow fixed growth of anaerobic bacteria. Since
anaerobic bacteria grow slowly, fixed growth systems allow the
accumulation of high concentrations of anaerobic bacteria in the
treatment unit. These systems generate methane, as described
earlier in the discussion of suspended growth anaerobic
systems.

Pollution prevention is the new buzz word among the regulators and
environmentalists. However, the concept and its application is nothing
new to those involved in environmental management; the advantages of
the waste management approaches broadly referred to as pollution
prevention have been described in environmental engineering textbooks
and publications for decades.

The pollution prevention concept is that if pollutants and wastes can be
controlled or eliminated at or near their sources, then treatment and
discharge of pollutants can be reduced or even eliminated. The principle
approaches to pollution prevention include:

process change — change the manufacturing process to reduce
or eliminate pollutants and waste generation. Materials
substitution is one type of process change — a toxic chemical is
replaced by a less toxic or nontoxic chemical.

product substitution — discontinue manufacture of products
whose production generates large amounts of wastes or highly
toxic wastes and replace them with products that have more
desirable waste generation characteristics.

recycle/reuse — recycle and reuse the wastes generated by a
process, either in the process that generated them or in another
manufacturing process. In the simplest form, this consists of
recycling treated wastewater for cooling water, for example.
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* source treatment — remove pollutants by applying treatment
processes at the point of generation (the manufacturing process),
where treatment is often more effective.

e waste minimization — this is a catch-all category that includes
such activities as better housekeeping in manufacturing areas,
returning product samples collected for quality control testing to
the product rather than discarding them to the sewer, and similar
steps that reduce the amount of pollutants discharged to the
sewer.

As stated earlier, all of these pollution prevention steps are well
understood and have been applied for many years to reduce waste
loadings. However, many of these steps fall into the easier said than
done category, and economics is typically the major factor determining
when they are used. For example, there are few manufacturing firms
that are so altruistic that they will abandon manufacture of a product if it
is their major source of revenue and profit. If it is less expensive to treat
wastewaters to remove pollutants at the end of the pipe than it is to
change the manufacturing process, then end-of-pipe treatment will be
selected. As environmental regulations become increasingly strict, and
end-of-pipe treatment becomes more expensive, pollution prevention
practices will be increasingly applied.

Residuals management

No description of wastewater treatment is complete without a discussion
of the residuals generated by the treatment processes. Physical,
chemical, and biological treatment processes remove pollutants from the
wastewater, but in most cases generate some form of residual that will
require treatment and disposal. The form of the residuals is a function of
the type of treatment process that generates them. A few examples are:

* sludges — these are mixtures of high concentrations of solids in
water. They may flow like a liquid or may be as thick as a paste.
They are generated by physical, chemical, and biological
processes and their physical and chemical characteristics are a
function of the process that generates them and the wastewater
that is being treated. For example, the sludge generated by the
removal of metals from wastewaters contains the metals in a
concentrated, but immobilized, form. Biological sludges (waste

22



activated sludge, for example) consist principally of the bacteria
and microorganisms that degrade the organic substances in the
wastewater that was treated — the organic chemicals in the
wastewater will generally not be present in the sludge since they
are biodegraded by the bacteria. Many different forms of
treatment and disposal are available for sludges, depending upon
the characteristics of the particular sludge that must be managed.
Ultimately, some solid residues must be disposed of by
landfilling or some method of reuse.

° wastewaters — treatment processes such as ion exchange and
steam stripping remove the target pollutants from a large volume
wastewater stream and concentrate them in a low volume
wastewater stream, which presumably should be easier to treat
and dispose of.

« oils/greases — these materials, which are skimmed from the
surface of physical treatment units, are usually recycled into the
production process. Petroleum refineries, for example, recover
oils from oil/water separators and separator sludges and add
them back to the refinery crude oil charge.

¢ air emissions — some processes, such as air stripping, transfer
volatile pollutants into an air stream. These air emissions must
be controlled by treatment when they are significant. When
activated carbon is regenerated by thermal processes, the organic
substances sorbed on the carbon are released and combusted,
which creates air emissions.

This is only a brief overview of the residuals generated by wastewater
treatment systems. Residuals management is an environmental field in
and of itself, and is governed by other environmental statutes and
regulations including the Clean Air Act (CAA) and Resources
Conservation and Recovery Act (RCRA). The increasing emphasis on
multimedia waste management assures that selection of treatment
methods for wastewater will include thorough consideration of the
effects of such selection on other media.

Laws and regulations

In 1972, the basic statutory structure of all existing water quality
management programs was enacted by Congress over the president’s
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Permits

veto. The Federal Water Pollution Control Act Amendments of 1972
(FWPCA) established federal primacy over water quality management in
the United States. Prior to 1972, each state had its own water quality
management program (if any), and there was little consistency between
states.

The FWPCA set up a regulatory framework in which the U.S.
Environmental Protection Agency (EPA) is required to establish the
minimum acceptable national requirements for water quality and
wastewater management. States, to which EPA may delegate the
responsibility to administer and manage many of the statutory
requirements of the FWPCA, can set more restrictive requirements than
the national standards established by EPA, but can not set less restrictive
requirements.

The FWPCA has been reauthorized and amended a number of times
since 1972. The key changes came in 1977 (when it was renamed the
Clean Water Act — CWA) and in 1987 (Water Quality Act of 1987 —
WQA). Both of these amendments emphasized increased controls on
toxic pollutants. The 1987 amendments required the states and EPA to
identify toxic hot spots [the so called §304(1) listings] and to establish
control strategies to remedy these problems by 1993. The CWA is
currently being reviewed by Congress for reauthorization and
amendment, which will probably occur in 1992.

The following discussion summarizes key aspects of the CWA and their
implementation by EPA and the states. The summary is focused on
those aspects of the CWA that are most closely related to the permitting
of dischargers — other portions of the CWA dealing with subjects such
as research, grants for the construction of treatment works, and
education are not discussed.

The National Pollutant Discharge Elimination System (NPDES) permit
is the key instrument for implementing the regulatory programs of the
CWA. NPDES permits are required for point source discharges to
surface waters (CWA §§301, 402). A point source discharge is:

¢ adischarge of pollutants;

 from a discrete conveyance (a pipe, ditch, etc.); and
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 includes landfill leachate collection systems (WQA, §507).

In the WQA Congress specifically required that NPDES permits be
issued for storm water runoff that is discharged from point sources.
There are few exemptions from the NPDES permit requirements — the
most significant is probably return flows from agricultural operations.

NPDES permits contain the following provisions:

» effluent limitations — these specify the pollutants, and the
amount of such pollutants, that may be discharged by the
permittee. Typically, there are two sets of numerical permit
limits for each pollutant (a short-term maximum and a longer-
term average allowable discharge rate). Pollutants are supposed
to be limited on the basis of allowable mass discharges (pounds
per day) whenever this is possible.

* monitoring provisions — these specify the frequency at which
the permittee must sample and analyze the effluent for each
pollutant controlled by the NPDES permit. Self-monitoring is
the primary enforcement vehicle of the NPDES permit system.
Permittees must routinely analyze their effluents, using analytical
methods that have been approved by EPA (at 40 CFR 136), and
report the results to EPA and the states on discharge monitoring
reports (DMR). DMRs are usually submitted monthly.

» compliance schedules — many permits will establish a schedule
for compliance with specific permit limits and conditions. Since
new conditions and permit limits are often added to a permit at
renewal to reflect changes in standards and regulations, a
permittee may not be able to comply with the new permit limits
immediately when the permit becomes effective. A compliance
schedule gives the permittee time to make the necessary changes
in its discharge to comply with the new permit limits.

¢ standard provisions — also known as boilerplate provisions.
These are the same in all of the NPDES permits issued by a
particular permitting authority (state or EPA) and specify
standard procedures such as sampling and analysis methods,
notification requirements, penalties, and bypassing provisions.

¢ special provisions — this is an optional section in most permits.
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It will include requirements that are specific to the permittee and
can include special sampling requirements (such as for fish
tissue in receiving waters) and permit-specific interpretations of
numerical permit limits and other permit conditions.

- Permits must be renewed every 5 years, or sooner if the discharge is
expected to change substantially. A substantial change includes the
addition of new pollutants to the wastewater or the increase in the
discharge of a permitted pollutant.

EPA can issue general NPDES permits to cover an entire class of
dischargers. This is done when the characteristics of the wastewater are
sufficiently similar between dischargers so that it is practical to establish
a generic set of permit limits and conditions. An example of a general
NPDES permits are the permits issued to off shore oil production
facilities. EPA plans to use general NPDES permits for many types of
storm water discharges.

The EPA regulations on NPDES permits and applications are published
at 40 CFR 122.

NPDES permit limits for specific pollutants are to be calculated using
technology-based standards and water quality standards, and the more
restrictive of the two are to be applied (CWA, §§301, 302). EPA
regulations at 40 CFR 125 provide detail on the criteria for setting
NPDES permit limits.

Technology-based limits

The CWA specifies that EPA establish nationally applicable technology-
based standards for municipal and industrial wastewaters. These
standards represent the minimum acceptable level of treatment that is
allowed, based on a technical and economic analysis of pollutant control
technologies that are available for a specific type of wastewater (CWA
§304).

Secondary treatment is identified as the minimum acceptable level of
treatment for municipal wastewaters (domestic sewage). Secondary
treatment for municipal treatment plants (referred to in the CWA as
publicly owned treatment works — POTW) consists of biological
treatment, usually but not always preceded by primary treatment. The
secondary treatment standards are published at 40 CFR 133.
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Technology-based treatment standards for industrial dischargers are
more complicated. The standards are established by industrial categories
(petroleum refineries, pulp and paper mills, chemical plants) which are
further disaggregated into subcategories. This is done so that the
wastewater generation and treatability characteristics are properly
accounted for in the technology analysis. The technology standards for
direct dischargers are referred to as effluent limitations guidelines and
are as follows:

°

best practicable control technology currently available (BPT ) —
this is equivalent to secondary treatment for POTWs and
addresses the conventional pollutants (BOD, TSS, oil and
grease, pH, coliforms).

best conventional pollutant control technology (BCT) — this
standard addresses additional removal of conventional pollutants
from industrial treatment — over and above BPT-level
treatment. For BCT to be applicable to an industrial category,
EPA must perform a cost-effectiveness test to demonstrate that
the incremental cost increase for additional conventional
pollutant control does not exceed the corresponding incremental
cost for a typical POTW to remove additional conventional
pollutants beyond secondary treatment.

best available technology economically achievable (BAT) — this
is the level of treatment required for toxic and nonconventional
pollutants. In spite of the use of the term economics in the title,
economic cost-effectiveness carries little weight in the-decision
as to which technology is specified as BAT.

best available demonstrated technology (BADT) — also known
as new source performance standards (NSPS). These are
standards for conventional, nonconventional, and toxic
pollutants that apply to plants that are constructed after adoption
of the effluent limitations guidelines for the industrial category to
which the plant belongs. These standards are more restrictive
than BPT, BCT, and BAT wherever possible, since it is
presumed that if a plant is designed from scratch to meet a
specific set of environmental standards, pollution prevention and
advanced treatment techniques can be constructed into the new
plant. An incentive to do this is built into the BADT standards —
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the permit limits for conventional and nonconventional pollutants
will not be made more restrictive for 10 years after initial permit
issuance.

EPA must consider a number of factors when it develops technology-
based limits for industrial categories. These requirements are specified at
CWA §304. The Agency is supposed to review and update its effluent
limitations guidelines every 5 years. Because of the enormous effort
involved for each such set of guidelines, EPA has virtually never met
this schedule.

In addition to standards for direct industrial dischargers, there are
technology standards for indirect industrial dischargers (dischargers to
POTWs). These are referred to as pretreatment standards and are
designed to prevent industrial pollutants from interfering with or
passing-through POTWs without sufficient treatment. The general
pretreatment regulations are published at 40 CFR 403.

In addition to the general pretreatment standards, their are categorical
pretreatment standards that are equivalent to the effluent limitations
guidelines for direct dischargers. These include pretreatment standards
for existing sources (PSES) and pretreatment standards for new sources
(PSNS). They are published for each subcategory, but only regulate the
discharge of those pollutants that are incompatible with treatment at a
POTW. Thus, for example, pretreatment standards do not regulate BOD
and TSS.

The industrial effluent guidelines and categorical pretreatment standards
are published at 40 CFR §§401-464. These technology-based standards
are binding on permit writers, i.e., they cannot set permit limits that are
less stringent than the effluent limitations guidelines. Variances from the
technology-based standards are available in very limited circumstances.
The best known variance is the fundamentally different factors variance
[CWA §301(n)]. Basically, the applicant must prove that its plant is
fundamentally different from the plants in the same industrial category
that were used to set the effluent limitations guideline for that category,
and that this fundamental difference prevents compliance with the
national standard. EPA has issued only a handful of such variances
since the effluent guidelines program was started in 1974.

For some industrial categories, EPA has not adopted any effluent
limitations guidelines. In such cases, the permit writer develops the
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technology-based permit limits based upon best professional judgement
(BPJ). These are case-by-case permit limits which take into account the
characteristics of the permit applicant’s wastewater, the performance of
existing treatment equipment, and the availability of other treatment
technologies that could treat the waste. Often, the permit writer will use
data from another industrial facility which he/she believes treats
wastewater with similar characteristics and treatability — this is termed
technology transfer. In most cases, if the permittee has a well-designed
and well-operated treatment system, the BPJ permit limits will be based
on a statistical analysis of the past treatment system performance.

Water quality-based limits

Water quality-based permit limits are calculated to assure that the water
quality standards applicable to the surface water to which the effluent is
discharged will be achieved. States must establish water quality
standards pursuant to CWA §303 to assure that all designated water
uses can be achieved at all times in the surface waters of the state. EPA
must approve these standards. These water quality standards include
conventional, nonconventional, and toxic pollutants. The WQA requires
that all waters of the U.S. be designated as fishable and swimmable,
unless a detailed analysis of a water body determines that these uses
cannot be achieved (a use attainability analysis).

Water quality standards are established by each state and should reflect
the differences in water quality and ambient environmental conditions in
each state. Even within a state, there will often be significant differences
in water quality standards for different water bodies. For example,
water quality standards to protect fresh water aquatic life are much
different than the standards to protect marine aquatic life. Also, warm
water aquatic life has different sensitivity to toxic chemicals and
dissolved oxygen than does cold water aquatic life. Thus, water quality
standards are inherently site-specific and a site-specific analysis of water
quality must be made for each surface water body to assure that the
applicable water quality standard is met.

Most states provide for mixing zones, which are small areas
immediately adjacent to an effluent discharge where the water quality
standards do not have to be achieved. These areas allow for rapid
mixing and dilution of the effluent and the receiving water, which takes
place quickly enough so that aquatic life is not exposed to harmful
conditions. Two mixing zone definitions are typically used:
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o zone of initial dilution (ZID) — a small area of a receiving water
adjacent to the discharge where the standards to protect aquatic
life from acute toxicity do not have to be met; and

 regulatory mixing zone, mixing zone — a slightly larger area
than the ZID, in which the chronic aquatic life standard does not
have to be achieved.

In both cases, the size of the mixing zone is established to assure that no
acute or chronic aquatic life toxicity is possible due to the effluent
discharge.

Toxic pollutants that are controlled to protect human health are also
usually allowed a mixing zone. In this case, the mixing zone is provided
for to account for the fact that the exposure assumptions used to derive
the human health-based water quality criteria cannot be satisfied in the
mixing zone, and that some dilution of the toxicant will occur before
human exposure is possible.

When a permit is to be issued, the permitting authority must make an
analysis of whether or not the permitted discharge could jeopardize the
achievement of a water quality standard in the receiving waters. If there
are multiple discharges of the same pollutants into a receiving water, all
of these sources must be considered in the analysis of water quality
impacts. These analyses of water quality impacts may be done by simple
dilution calculations or with sophisticated water quality models. The
type of analysis performed depends upon the complexity of the water
quality problem and the sophistication and resources of the regulatory
agency that is responsible for performing the analysis.

If the analysis shows that the water quality standards in a specific
surface water segment will not be jeopardized by discharges that meet all
specified technology-based standards, it is referred to as an effluent
limited segment. If the water quality impact analysis shows that the
water quality standards will not be achieved when all dischargers are
meeting the applicable technology-based standards, the segment is
water quality limited.

Dischargers to a water quality limited segment must have permit limits
that are established to assure that the water quality standards will be met
under critical hydrologic conditions. These water quality-based permit
limits are established through a waste load allocation process, in which
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the amount of pollutant that can be discharged without exceeding the
water quality standards is allocated to each discharger of that pollutant.
The waste load allocation analysis was described earlier, under the topic
of water quality modeling.

As stated earlier, the water quality-based permit limits are compared to

the technology-based limits for the same pollutant, and the more
restrictive of the two is used in the NPDES permit.
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INTRODUCTION.

My objective is to briefly touch upon the major technical, hydrogeologic terms and procedures
that lawyers will encounter in the normal practice of environmental law. The ultimate purpose
of a hydrogeologic investigation is to define the rate and extent of groundwater contamination
and then, if necessary, design and implement remedial action. The three basic steps to conduct
such an investigation are data collection, data reduction, and data interpretation. At any point
in any one of these three phases, the person conducting the study can make mistakes. While
entire papers can be and are presented on each individual step, I will briefly discuss the
procedures and concepts involved and point out some of the technical problems that can effect
the final analysis of the extent of contamination.

Perhaps the most frustrating part of this process to people who are not technically oriented is that
the technical experts cannot accurately predict what we will find once we start digging. For
example, in many areas from Houston to Beaumont we find a saturated sand at about thirty feet
below the surface of the ground, give or take ten feet. However, I have planned several
investigations around this "fact" only to have the drilling crew report that they drilled to fifty feet
and did not find any sand. The variability and unpredictability of subsurface investigations
become even more pronounced in the Austin area where wells completed at the same depth thirty
feet apart may not intercept the same fracture system in the limestone and may contain water with
radically different chemical constituents.

GROUND WATER.

The fundamental starting point in this discussion is to define groundwater. The most commonly
accepted, classical definition is subsurface water that occurs beneath the water table in soils and
geologic formations that are fully saturated. Groundwater commonly occurs in an aquifer, which
is a saturated, permeable geologic unit that can transmit significant quantities of water under
ordinary hydraulic gradients. However, the question arises when ground water is ground water,
but not in an aquifer, what does it mean regulatorily.

Those of us who are trained to argue can see that the regulatory and technical loopholes begin
immediately. Recognizing what is saturation, where is the water table, and what are significant
quantities of water, can alter decisions that can affect thousands of dollars and the direction of
complicated remedial or corrective actions. An administrative judicial officer at the United States
Environmental Protection Agency (EPA) ruled last winter that detection monitoring was required
under the Resource Conservation and Recovery Act (RCRA) only in the uppermost aquifer at
a regulated unit. In the case in question, a landfill had installed monitor wells in a very shallow
glacial till that was not the uppermost aquifer. When contamination was detected in the shallow
zone, EPA had insisted that the company begin corrective action. The company argued
successfully that since the zone was not the uppermost aquifer, they had not violated any RCRA
regulations. Indeed, the source of contamination in such shallow zones may not be from a
regulated unit at all.



DATA COLLECTION.

The collection of subsurface data is probably the phase of hydrogeologic work most familiar to
the practitioners here today. The collection of data involves the physical act of drilling and
sampling, as well as the measurement and observation of the materials that are encountered.
This phase begins with the drilling of boreholes in order to take soil and/or groundwater samples.
The three drilling methods commonly used are solid stem or hollow stem augers, mud rotary,
and air rotary.

The hollow stem augers commonly used are continuous flight, spiral, open blade types. The
auger stem is turned by a rotary drive head mounted on a hydraulic system that moves the augers
up and down. Soil samples are obtained by using the hydraulic system to push a tube ahead of
the advancing augers into the sediments. This method of drilling is preferred for the installation
of monitor wells because no other fluids are introduced into the borehole that could alter the
chemistry of the water to be sampled. However, augers are limited to drilling through
formations that consist of soft sediments such as sand and clay and to depths of less than 150
feet. If large gravel deposits or hard rocks are encountered, another method must be used.
Also, if a highly saturated, well-sorted sand is encountered, the auger flight may not carry the
material upward to the surface, and drilling may stop. In this case, when the bottom plug is
pulled to install the well inside the augers prior to pulling them up, the drill stem may act like
a large syringe and draw the loose, flowing sands up inside the hollow augers and prevent
installation of the well.

Mud rotary is the more traditional alternative drilling method. In this method, a borehole is
advanced by means of a rotating drill bit and by removing the cuttings by continuously
circulating a drilling fluid as the bit penetrates the formation. The bit is attached to the lower
end of a string of drill pipe. The drilling mud is pumped down through the drill pipe and out
through nozzles in the bit. The mud fluid flows upward in the space between the drill stem and
the sides of the borehole to the surface. The drilling mud serves an additional purpose by
keeping the borehole from collapsing by counteracting the pressure from the groundwater in
cohesionless sands. This method is the traditional drilling seen at the movies with John Wayne
standing under a gushing oil well. The downside of this drilling method for the investigation of
contamination is that all the mud and any water that was introduced with it must be removed
before representative groundwater can be sampled. In addition, the mud can seal off small zones
that produce water slowly, but may be of interest in characterizing where the contamination is.

Air rotary uses compressed air at about 100 pounds per square inch as the drilling fluid, rather
than drilling mud. Air is circulated through the drill pipe, out through the ports in the drill bit,
and upward in the annular space around the drill pipe. The high velocity of the air carries the
cuttings to the surface and blows them out into the surrounding formation. This type of drilling
can only be done in consolidated materials, such as limestones and sandstones. In the right type
of conditions, air rotary can be much faster than any other type of method. Also, the driller can
observe how much water is being blown out of the well with the cuttings and estimate where the
water-bearing zone is located. The disadvantage to this method is that volatile organic
compounds of interest can be blown out of the well also. In addition, the lubricating oil in the



air compressor can be blown into the well to give false positive at low detection levels for the
constituents of oil and gas.

No matter which drilling method is used, the prime consideration for the investigation is to
minimize the potential for cross contamination. All drilling equipment and tools must be
decontaminated between each hole. Sampling equipment must be decontaminated between each
sample. The geologist handling the samples to log them for lithology and other characteristics
and to put the samples into the jars to send to the laboratory should change his plastic gloves
between each sample. All these precautions are to ensure that contaminants are not carried over
from one location to another, or one sample to another.

Well installation. Once the desired depth has been reached, the next step is to install the well.
Usually, shallow wells of less than 50 feet for investigatory purposes will be two-inch diameter.
With increasing depth, the well diameter will increase to four, six, or eight inches. Well
materials can be polyvinyl chloride (PVC), stainless steel, fiberglass, or teflon, depending on the
nature and concentration of the contaminant of concern. For example, some solvents will cause
PVC to deteriorate over time and begin to contribute its own constituents to the mix of
compounds being sampled and analyzed. The well will consist of solid casing and screen that
allows the groundwater to enter the well. The well screen should be set to slightly above the top
of the zone of saturation. This setting will allow for fluctuations in the water level with seasonal
changes in the amount of rainfall and streamflow that enter the subsurface aquifer. Also, if any
free-phase hydrocarbons are floating on the top of the water table, these lighter than water
components can enter the well from above the water table.

A sand pack is added around the outside of the well screen between the screen and the side of
the borehole. This sand pack should be graded so that the grains of sand are of uniform size and
should be cleaned to remove any impurities. The sand pack acts to increase the effective radius
of the well by creating a zone of more highly permeable material in which groundwater can
accumulate. The sand also serves to protect the well by filtering out silt and clay that could plug
up the screen or actually fill up the inside of the well.

Bentonite pellets are added on top of the sand pack. Bentonite is a particularly pure form of clay
with a distinctively high capacity to swell when hydrated. The pelletized form sinks quickly and
uniformly through the water column on the outside of the well casing and swells to form a
relatively impermeable seal on top of the sand. A cement-bentonite slurry is then pumped down
to the top of the pellets and rises to the surface to completely seal the well off from any
contaminants that might enter the well from above.

Finally, a surface pad of concrete is poured around a steel housing for the length of well casing
that sticks up above the ground. This steel well cover and cement pad serve to prevent any
potentially contaminated rainfall runoff or surface spills from entering the well, and to partially
protect the well from destruction caused by vehicles or heavy machinery.

Mistakes and/or material failures can occur at any one of these steps in well installation and can
compromise the integrity of the well and thus the reliability of the data generated from the well.
An entire industry exists to correct such mistakes in oil and gas production wells and municipal



and domestic water supply wells, all of which are generally deeper and more expensive than
monitor wells. The degree of scrutiny given to the groundwater data and the relative
inexpensiveness of the wells usually result in a decision to pull, plug, and replace defective
monitor wells. However, the nature of the well concealed beneath the ground can make
diagnosing well construction and completion problems difficult. Leakage of cement into the well
screen may result in a pH of the water in the very basic range. Improperly sized sand pack may
allow silt and clay into the well so that a clear water sample can never be obtained. A material
defect in the well casing or a poor cement job can allow water from the surface or other zones
above the screen to enter the well. The resulting mixture may have a chemical composition
unlike either of the originating water-bearing zones and drive the project team crazy until the
problem is ascertained. I have inspected regulated units where the entire monitor well system
is not capable of detecting a release as required in the Permit because of improper installation.

The next step is well development where the well is bailed by hand, pumped out, surged, or
jetted with air to remove any mud or silt that may have been entrained in the sand pack or within
the well screen and to orient the sand grains in the sand pack to allow for the maximum water
flow into the well. The well should be developed until the water is relatively free of sediment,
and simple indicators of water quality such as temperature, conductivity, and pH have stabilized
over time to indicate that true formation waters are entering the well. This process can range
from three to ten or even fifteen well volumes of water. The result of improper development
will be more apt to result in false positive detection of contaminats in groundwater sample
analyses, with the obvious legal ramifications.

DATA COLLECTION.

The first critical field parameters to be measured are the location and elevation of the top of the
well casing and of the ground next to the well. Accurate surveys are essential in order to later
calculate the rate and direction of the flow of the groundwater. In many areas along the Gulf
Coast, the change in elevation of the water table from well to well across the entire site may be
less than one foot. Therefore, surveyed elevations are routinely reported to the nearest one
hundredth of a foot.

Then, the depth of the water or fluid level below the top of the well casing is also measured to
0.01 foot. This measurement can be done with an electric line that registers a current when the
probe at the end of the line encounters water, or with a steel tape coated with a water sensitive
paste that changes color when wet. The thickness of a floating free-phase hydrocarbon layer can
be measured with an interphase probe that reacts differentially to the hydrocarbon and to water.
The depth to water in each well is then subtracted from the surveyed elevation to calculate the
elevation of the water level, from which the direction of flow is derived. The importance of the
degree of water level measurement accuracy increases with the decrease in water level variability
at a given site. Inaccurate water level readings can lead to errors in the direction of aquifer flow,
the rate of groundwater movement and miscalculations of aquifer characteristics.

Knowing the depth of the well and the height of the water column in the well, we can calculate
the volume of water contained in the well. Before the well can be sampled for chemical



analyses, at least three well volumes of water must be removed or purged from the well in order
to ensure that a representative sample of the water in the aquifer is obtained. A great deal of
research has shown that the water that remains stagnant in the well above the top of the screen
can undergo a variety of chemical changes that can mislead an investigator if the well is not
purged properly. In one instance, the chemical quality of a municipal supply well in the
Panhandle that was only used to supplement the water supply in the summer took up to 45
minutes of pumping to stabilize. Therefore, the pH, conductivity, and temperature of the water
must be monitored frequently. If these indicator parameters have not stabilized over the three
well volumes purged from the well, then purging must continue through however many well
volumes are necessary for the indicators to remain constant. The field personnel responsible for
this activity should maintain a log of the measurements of the indicator parameters to document
that this crucial step was performed correctly. Otherwise, the reliability of the chemical analyses
of the water samples can be questioned.

Once we are reasonably sure that water in the well is representative of the water in the aquifer,
the water can be sampled. Both purging and sampling can be accomplished with hand bailers,
electric submersible pumps lowered to the water, or with bladder pumps or jet ejector systems
powered by a compressed air source at the surface. The choice of equipment will depend on the
diameter and location of the well, the depth to water, and the chemical constituents of interest.
While two-inch diameter submersible pumps have become more efficient in the last few years,
their pumping capacities are still only one to two gallons per minute. This rate may be sufficient
for the silty, clayey, shallow sands on the Gulf Coast, but may not be enough in gravel or
limestone aquifers farther inland. Systems that use air to lift the water to the surface are not
recommended in situations where volatile organic compounds are of interest because these
constituents may vaporize before being sampled, leading to false negative readings.

The final measurements commonly taken in the field are those taken for pump tests or slug tests.
In a pump test, water is pumped out of the well for an extended period of time, usually from 12
hours to as much as 3 or 4 days. In a slug test, a known volume or slug of water is either
withdrawn or introduced into the well "instantaneously", or as fast as possible. In both kinds
of tests a stress is placed on the aquifer, and the resulting change in the elevation of the water
level in the well and adjacent wells is measured over time. The depth versus time relationship
is used to calculate the aquifer characteristics discussed later. While the pump test will provide
the most complete and accurate set of data, the length of the test means that personnel must be
in the field continuously for an extended period of time and that a relatively large quantity of
water must be disposed of. Both of these considerations can be costly, particularly if the water
quality prevents the direct discharge of the produced water. Since slug tests can be run on
several wells in a single day and only a few gallons of water are involved, these tests are usually
run where the aquifer is shallow and not highly permeable, and where two inch diameter wells
have been installed.

At any step in any of these field operations, things can go wrong, and mistakes can be made.
When we are called upon to serve as expert witnesses in cases, the first order of business is to
review all of the reports and field log books that have been made available. We are searching
for those small errors or lack of documentation or inconsistencies in reporting or in the data
collection, reduction and interpretation that will call into question the larger conclusions that were



drawn on the data. We question whether the wells were properly installed so that perched water
cannot enter the well screen, whether the wells were properly purged to ensure the representative
quality of the water, whether enough water level measurements were taken to correctly draw the
graphs, or whether the pump test was run long enough to reach the steady state conditions
assumed in the subsequent calculations.

The single biggest concern in any field work is cross contamination, that contaminants found in
one area or well will be introduced into another by the actions of the investigators. Rigorous
decontamination procedures must be followed at all times to ensure that all the drilling and
sampling equipment have been thoroughly cleaned between each borehole or each sample. The
success of these decontamination procedures should be documented with standard quality
assurance/ quality control samples. These samples are: equipment blanks where distilled water
is run over and/or through the cleaned drilling and sampling equipment and into a sample bottle
to be analyzed for the same chemicals as the water and soil samples; trip blanks which are
sample bottles filled with distilled water that accompany the field samples to and from the
laboratory to ensure that no chemicals enter the samples in transit; and duplicate samples which
ensure that the taking, handling, shipping, and analyzing of the samples will produce relatively
the same resulting concentration of chemicals. If any of these QA/QC samples indicate a
problem, the field effort may have to be redone since the reliability of the data becomes
questionable. I know of one investigation where a $750,000 field effort was completely redone
because the laboratory missed the holding times for the majority of the samples by a few days
and the data were not legally defensible.

DATA REDUCTION

Data reduction involves the calculation of chemical and physical characteristics of the aquifer.
The chemical characteristics are usually compiled into tables to demonstrate what constituents
were detected and onto maps of the site to show the lateral extent of concentrations of the
constituents of concern. Additionally, chemical concentrations may be superimposed onto logs
of the soil borings or cross sections drawn from a series of logs to depict the vertical penetration
of the chemicals. If enough chemical data have been generated, a statistical evaluation may be
conducted on the data to compare the concentrations of chemicals downgradient of the site to
background concentrations in unaffected areas. The statistical methodology is dependent on the
quality and quantity of the data that have been generated and cannot always be specified in
advance. For many years, facilities were locked into inappropriate statistical methods by the
terms of their operating permits, but the regulatory agencies are beginning to show more
flexibility in this area after reviewing statistics from which no conclusions can be drawn.

The physical reduction of the field data in its most basic form begins with the generation of the
boring and monitor well installation log by the field geologist. In this log, the geologist compiles
all of the observations and descriptions of the geologic materials encountered at each drilling
location. The geologist may generate cross sections drawn from lining up a series of these logs
in a semblance of a straight line to depict how the subsurface geology changes across the site.
Normally two cross sections are drawn at right angles to each other to provide a three
dimensional view of the geology.



The geologist will also draw a map of the elevation of the water levels in the aquifer. This map
resembles the topographic map of the surface of the ground. As with surface water, the
groundwater will flow downhill, from areas of higher elevation to lower areas. Therefore, this
map will depict in what direction(s) the groundwater will flow. The gradient is calculated as the
difference in elevation from the highest water level elevation measured to the lowest known point
along the direction of flow.

The geologist uses the data of water level elevations over time generated during the pump or slug
test to generated a variety of graphs and/or charts depending on the type of aquifer, the field test
conducted, and the amount and quality of the data. These data and graphs are used to calculate
the physical characteristics of the aquifer. In each type of calculation, it is important to
understand the assumptions that underlie the methodology. For instance, most of the methods
assume that the aquifer is homogeneous and isotropic, that is, it consists of the same materials
and has the same characteristics in all directions including vertically. While few aquifers actually
are found like this, these basic assumptions usually are accurate enough for the amount of data
generated. However, some calculation methods are only valid if the aquifer is confined. Some
of these methods have been adapted for use in unconfined or water table aquifers. If a particular
data reduction technique is applied in a situation that violates the basic assumptions, then the
conclusions drawn about how water moves through the aquifer may be invalid.

The following aquifer characteristics are of most interest:

e Hydraulic conductivity (K) is the capacity of the aquifer to transmit water of a
prevailing viscosity and density through a unit cross-sectional area (i.e., one square foot).
The hydraulic conductivity is equal to the transmissivity divided by the aquifer thickness.
Hydraulic conductivity values are expressed in gallons per day per square foot (gpd/ft?).
This term is different than permeability in that permeability is totally dependent on the
characteristics of the water-bearing formation, the size and arrangement of the particles
in an unconsolidated formation and the size and character of the surfaces of the crevices,
fractures, or solution openings in a consolidated formation.

e Transmissivity (T) is the rate at which water of a prevailing density and viscosity is
transmitted through a vertical section of the fully saturated thickness of an aquifer which
has a unit width (i.e., one foot wide) and a unit hydraulic gradient (i.e., one foot per
foot). Therefore, transmissivity is a function of the properties of the liquid, the porous
media (the aquifer), and the thickness of the aquifer. Transmissivity values are expressed
in gallons per day per foot (gpd/ft).

e Flow velocity (V) is the rate at which the ground water moves through the aquifer. The
velocity is calculated as the product of the hydraulic conductivity times the flow gradient
divided by the porosity of the aquifer. Therefore, how fast water flows through the
aquifer depends on the slope of the water level, the characteristics of the water, and the
characteristics of the aquifer.

e Coefficient of storage (S) of an aquifer is the volume of water released form storage, or
taken into storage, per unit surface area of the aquifer per unit change in the elevation of



the water level. In water table aquifers, S is the specific yield, the quantity of water that
a unit volume of the aquifer will give up when drained by gravity. In confined aquifers,
S is the result of the compression of the aquifer and the expansion of the contained water
when the pressure is reduced during pumping. It is a dimensionless term.

These terms define the hydraulic characteristics of a water-bearing formation. Transmissivity
indicates how much water will move through a formation, and the coefficient of storage indicates
how much water can be removed by pumping or draining the aquifer. Using these calculated
values, we can make some important predictions at a given site, including:

e Specific capacity, or the amount of water a well will yield per unit of drawdown, and

e Drawdown in the aquifer, or how much lower the water level will be at various distances
from a pumping well, or at any time after pumping commences.

Once again, the legal practitioner should be aware of what these terms mean and some of the
assumptions behind them to look for clues when the terms are misapplied or used incorrectly.
As mentioned earlier, these are basic concepts in data reduction. Once these characteristics have
been determined about the aquifer, other processes may be used such as simple data manipulation
and presentation to highly complex three dimensional transport modeling. With this in mind, a
simple error made back in the field can now snowball into weeks of faulty data reduction.

DATA INTERPRETATION

The last step in any hydrogeologic investigation is the interpretation of the data. The goals
remain the same: to state how much contamination is there, how far has it gone, how much
farther is it likely to go, how likely is it that another well or surface water will be impacted, and
how do we clean it up.

We begin with the maps of the elevation of the water level and of the concentrations of the
contaminants of concern. Both these maps can be thought of as descriptions of the subsurface
topography. Water and contaminants will flow "downhill" from areas of higher elevation of
concentration to "lower" areas. We can determine the area of contamination by direct inspection
of the map. If the monitor wells and soil borings have gone as planned, we know the depth to
which the contaminants reach. By making assumptions about the porosity of the geologic
material that forms the matrix of the aquifer, we can multiple the area by the depth, factor in the
concentration and the porosity, and provide an estimate of the amount of material that must be
removed from the aquifer. Of course this does not account for the chemicals that are adsorbed
directly onto the sand, silt, or clay particles that make up the formation, nor does it account for
the amount of contaminants that may be in the soils above the water level. Estimates can be
made of these volumes based on the concentrations found in the soils themselves and the
adsorptive capacity of the soils and the degree to which certain contaminants tend to be adsorbed.
All these estimates of degrees of uncertainty associated with them that can only be resolved once
the clean up begins.



Using the map of the water level, the gradient, the aquifer characteristics, and the velocity
calculated previously, we can estimate how far and how fast the contaminants are likely to travel.
If we know the number of years the likely source of the contaminants has been present, we can
estimate how fast they have moved in the past based on the known extent of the contamination
established during the investigation.

However, the two ways of calculating travel time are not likely to agree because the underlying
assumptions in the two methods are different. When we use the gradient and the aquifer
characteristics, we generally assume that the gradient measured today has remained constant over
time. This can be a misleading assumption where a leaking pond has been closed out and the
gradient has become less steep over time. In this instance, we might underestimate travel times.
When we use the extent of contamination, we assume that the ground water and the
contamination have been moving uniformly at an average velocity over the years. This
assumption can either over or underestimate travel times.

We also generally assume that the contaminants have the same physical properties as the
groundwater. Actually, the contaminants can differ in viscosity, or can tend to be adsorbed, or
can tend to disperse rather than move as a single front, or can undergo physical, chemical, or
biological changes while moving with the groundwater. Some extremely sophisticated computer
models do exist that can account for some or all of these variations from the assumption that the
contaminants move as the water does. However, only a very few Superfund sites have the
quantity or quality of data on the characteristics of both the aquifer and the chemicals to conduct
this kind of modeling.

These uncertainties inherent in the calculation of how much, how far, and how fast also affect
the estimate of how long an aquifer clean up will take. The main purpose in all that has been
done so far has been to discover if an aquifer restoration program is necessary and then design
and implement the remedial action. Usually this has involved pumping the groundwater to the
surface, treating it with the method appropriate for the chemical constituents and their
concentration and the flow rate of the system, and reinjecting the treated water back into the
ground to enhance the gradient and speed up the process. Some relatively simple and
inexpensive computer models exist to design the system, to predict how long the system will need
to operate to reach a desired clean up standard, and to estimate the cost of installing and
operating the system.

In October of 1989, the Superfund Technology Support Centers for Ground Water, a research
group of the Environmental Protection Agency, evaluated the performance of pump-and-treat
systems. The paper stated that in most remedial actions, the level of contamination measured
in the monitor wells may be dramatically reduced in a moderate period of time, but that low
levels of contamination usually persist. After the initial period of maximum decrease in
concentrations, large volumes of water are treated to remove small amounts of contaminants.
Remediation can then continue indefinitely, or be prematurely terminated. The contaminant
levels can then increase as adsorbed, residual contaminants begin to show up in the monitor
wells. The report concluded that larger amounts of money should be spent to characterize sites
more completely and to use more sophisticated modeling before remediation so that the cost and
time estimates will be more reliable.



The hottest topic in groundwater remediation at present is bioremediation. In this approach, the
groundwater is treated above ground or in situ with bacteria that are adapted to eating the
contaminants of concern and produce less harmful byproducts. Nutrients such as oxygen are
added to the aquifer with the reinjected water to enhance the natural biological activity that is
occurring. However, the limiting factors for the success of bioremediation projects are still
geological in nature. The permeability of the formation and the amount of clay still influence
how far and how fast this treatment system will work.

The uncertainties associated with these factors mean that the answers sought by inquiring minds
are still "maybe" and "it depends". The process of hydrogeological investigation and remediation
will remain a time consuming and relatively costly endeavor with some residual reliance on the

tried and true method of trial and error.
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MATRIX MADNESS AND THE DILUTION OF SURETY:
COPING WITH LABORATORY UNCERTAINTIES

INTRODUCTION

In the ground-water business, we start with two strikes
against us. First, we can’t see what we are doing. The ground-
water flow and associated contamination are below the surface,
and a limited number of wells and borings is the major source of
information. Second, even if satisfied with the subsurface
characterization, we cannot see the chemicals that are being
measured. Sophisticated electronic analysis instrumentation
serves as our submicroscopic eyes.

Billions of dollars have been spent on environmental chemi-
cal data during the 1980s. How much of these data are worthy and
reliable? Often, we may never know, especially in closed cases
and in active cases where ignorance or quality assurance lapses
make fallacious data difficult to detect. Nonetheless, the
effort to ferret out incorrect laboratory data must be pressed
tirelessly because so much is at stake: the average remedial
program in the United States Superfund program costs $25 million.
Other cleanups outside the Superfund program are comparably
expensive.

This paper discusses the current state of laboratory prac-
tice as applied to the analysis of environmental samples (soil
and water), and includes recommendations to increase the relia-
bility and therefore the value of the data.

LABORATORY UNCERTAINTY IN THE CONTEXT OF THE WHOLE PROJECT

Although the focus of this paper is on laboratory practice
and uncertainty, other causes of variability are substantial,
and, according to some studies (Doctor, et al. 1985) may predomi-
nate. Variability in environmental data can be divided into five
areas:

1. Actual Variability in the Environment: Most geologic
systems are layered or otherwise inhomogeneous. The mineral

content of the layers can be very different, and as rock compo-
nents slowly dissolve, the quality of the water also varies
depending on depth and location.

In addition, hydraulic properties can vary from foot to foot
in an aquifer. Variations in these properties substantially
alter the rate of ground-water flow and hence, the length of time
the water is in contact with minerals that can alter its chemis-
try. Furthermore, different rocks and minerals have varying
surface areas and reactivities toward contaminants that are
artificially introduced into an aquifer. Some rocks or soils
allow the contaminants to move with little attenuation; others
adsorb contaminants strongly.



Finally, the hydraulic condition of an aquifer can change
through time. For example, rainfall and ground water may be
chemically quite different. 1In the eastern U.S. during the
spring snowmelt and before the heart of the growing season,
substantial recharge reaches the water table; water chemistry
reflects rain chemistry more than at any other time of the year.
In the late summer during the active growing season, the water
table drops and the base ground-water flow predominates. There-
fore, it is not surprising that the water quality changes through
the year.

2. Variability Introduced by the Monitoring System: Water,

drilling muds, oxygen, and other foreign materials may enter the
subsurface during installation and development of monitoring
wells. As a result, water chemistry may be changed from what
existed before drilling. Although Werner Heisenberg was not a
ground-water scientist, his Uncertainty Principle for physics is
derived, in part, from the fact that "the process of measuring
the system alters the system."

Even with careful well-installation procedures, some impact
on ground-water chemistry is expected, and samples taken immedi-
ately after well installation may not reflect native conditions.
A waiting period after well installation and before sampling
appears to be the most practical solution to the trauma of
monitoring-system installation. For example, in its field
procedures manual, the state of New Jersey specifies a 2-week
waiting period after well installation before the first samples
are taken (New Jersey Department of Environmental Protection
1990) .

3. Variability Introduced During Sampling: Although

sampling methods are prescribed in numerous guidance documents
(for example, New Jersey Department of Environmental Protection
1990; USEPA 1986a) and in field sampling plans associated with
Superfund and comparable projects, two generic problems arise
during sampling. First, no matter how carefully sampling is
performed, ground water is subject to trauma resulting from the
change of pressure, the presence of oxygen, and other factors.

Second, the required protocols may not be followed.
Depending on the nature of the malfeasance, the data user may be
presented with the following quandary: when comparing data
through time, is it better for a procedure to be wrong, but
consistently so, or for the required procedure to be followed
with varying degrees of faithfulness during a sequence of sam-
pling events? The answer is not simple. However, generally, it
depends on the nature of the protocol deviation and on the
chemicals of interest.

Several studies have shown that a major sector of data
variability can be traced to who did the sampling. In an ideal



world (for the data user), all samples for a multi-year program
would be obtained by the same trained persons and analyzed by one
competent laboratory. 1In reality, changes in both the sampling
staff and the laboratory are unavoidable.

4. Variability Introduced During Analysis: Most of the
remainder of this paper focuses on this cause of variability.

During analysis, uncertainty is present in two types: the first
is the inherent limitation of the analysis system with respect to
precision and accuracy. The second is variation resulting from
the improper operation of instruments or lapses in the analyst’s
performance or judgement.

5. Variability Introduced After Analysis (Data Management):

Even the most careful field and laboratory program can be totally
undermined by incompetent data management, both within and out-
side the laboratory. Examples cited below illustrate how damag-
ing this sector of variability can be.

LABORATORY PERFORMANCE

Most laboratories doing RCRA and Superfund work are com-
mercial operations that must balance scientific and business de-
mands. Although your samples are the most important ones from
your perspective, they are no different from hundreds of other
samples from the laboratory’s point of view. Therefore, a
laboratory’s average or usual performance is the proper basis for
judging proficiency. Any organization can "shine its shoes" on
the day of an audit or during the period when official perfor-
mance evaluation samples are being analyzed. Unfortunately, most
samples are not analyzed on such days.

Laboratory performance is measured by its ability to:
1. Detect the presence of chemicals (identification), and

2. Measure the concentrations of the identified chemicals
(quantitation).

While these may appear to be basic tasks, they are far from
trivial. Myriad chemicals exist and can be tested by many
different methods. As discussed below, the theory behind analy-
sis is often thwarted by the complicated mixture of materials in
real-world environmental samples and the constraints of a commer-
cial operation.

Chemical Identification

Most regulations such as those associated with the Safe
Drinking Water Act have numerical standards for one or more
chemicals. We are so focused on whether the samples have concen-
trations above or below the standards that we sometimes forget to



assess the data from a more basic point of view: have the
correct chemicals been identified, regardless of concentration?

Different methods have varying degrees of reliability with
respect to chemical identification. Identification is generally
not a problem for metals and other inorganic materials. There-
fore, this discussion focuses on organic chemicals. For example,
gas chromatography (GC), which is used for the analysis of many
organic chemicals, can provide improper compound identification
if only one chromatographic column is used.

Laboratory Example No. 1 demonstrates this GC problem. 1In
this case, three pairs of identical sample vials (six bottles in
all) were collected in the field from one well at the same time.
Laboratory A received two pairs of vials, which were labeled as
if they came from two different wells. As such they were blind
replicates. Laboratory B received the final pair of vials. Only
one analysis was requested of Laboratory B so blind labeling was
not an issue.

LABORATORY EXAMPLE NO. 1%

Laboratory A

Replicate Replicate

Chemical 1 2 Laboratory B
1,1-dichloroethane 240 <15 260
trans-1,2-dichloroethene <15 <15 450
1,1,1-trichloroethane 140 <15 140
trichloroethene 300 300 300
cis-1,2-dichloroethene 450 440 NRY

Notes: ¥ Concentrations in micrograms per liter (u/L) or parts
per billion (ppb).
Y NR: not reported.

In the ideal case (as for trichloroethene in the example),
the same results would have been reported for all three samples.
However, the results for four out of the five compounds in this
example are far from ideal. For instance, the compound 1,1-
dichloroethane is present in one replicate analyzed by Laboratory
A and absent in the other replicate. Small differences in



analytical conditions or operator interpretation apparently
caused the qualitatively different results.

Gas chromatography is a powerful and important analytical
method that should not be dismissed because of results such as
those shown above. Although the tendency is to favor combined
gas chromatography/mass spectroscopy (GC/MS), GC alone has
several advantages. First, greater surety of chemical identifi-
cation arises when the sample is run through two different GC
columns. Although the analysis time for GC/MS and GC with two
runs is comparable, the equipment investment for GC is far lower.
The two-column analysis is standard procedure for some methods
and regulatory programs. Second, as discussed further below, GC
detection limits are generally lower than those for GC/MS. Some
regulatory programs related to drinking water and polychlorinated
biphenyls, for example, require very low detection limits.

Chemical identification can also be a problem when an
unusual chemical is involved. Most commercial laboratories are
geared to identify and quantify common lists of chemicals such as
the USEPA Priority Pollutants or the RCRA Appendix IX to 40 CFR
264. GC/MS is calibrated only for the listed chemicals. For any
others that may be present, the computer operating the GC/MS
instrument attempts to match the pattern of extra spectral peaks
with the patterns for any of 50,000 or more chemicals that are
stored in memory. The degree of the match between the spectrum
for the unknown chemical in a sample and the most similar spectra
in the GC/MS computer memory varies. The user should be aware
that an element of uncertainty exists in the identification of
these extra peaks, even when a good match is found. If identifi-
cation of the chemical is important, the analysis should be run
again after the GC/MS instrument has been standardized with a
pure known specimen of the suspected chemical.

Finally, the dilution of a sample may mask the presence of a
chemical. A sample with one or more chemicals at high concentra-
tion cannot be injected straight into most instruments without
damaging some part of the inner workings. A water sample may be
diluted 10, 100, or 1000 times or more, so the instrument sees
the trace concentrations it was designed to measure. However, a
problem arises when the chemical of interest is at a relatively
low concentration, and the chemical at high concentration that
necessitated dilution is of little interest.

Furthermore, there is no easy way to determine exactly the
correct degree of dilution. Laboratory Example No. 2 shows that
a sample and its replicate collected at one well at the same time
were diluted differently by the laboratory. The "replicate" was
diluted to a greater degree than the "sample." To the data user,
the "sample" contains seven chemicals, and the "replicate"
contains only four chemicals. The difference is one of identifi-
cation, not just of quantitation.



LABORATORY EXAMPLE NO. 2¢

Chemical Sample Replicate
1,1,1-trichloroethane 4,200 8,000
1,1-dichloroethene 410 <500
1,1-dichloroethane 190 <500
trans-1,2-dichloroethene 440 <500
trichloroethene 34,000 55,000
benzene 110 100
tetrachloroethene 450 670

Note: ¥ Concentrations in micrograms per liter (u/L) or parts
per billion (ppb).

Chemical Quantitation

The second of two determiners of laboratory performance is
the ability to report concentrations for those chemicals identi-
fied. All analytical methods are limited in their ability to
determine the correct concentration (the method’s accuracy), and
to report the same result upon repeated analysis (the method’s
precision). Data for method accuracy and precision are published
in standard references (for example, 40 CFR 136 and USEPA 1986b) .
Analytical uncertainties vary from between + 5 and 10 percent for
metals and other well-controlled analyses to above + 30 percent
for some organic analysis methods that require extraction before
analysis.

In its effort to determine drinking water standards for
volatile organic compounds, the USEPA conducted an interlabora-
tory performance test on compounds designated for regulation.
Laboratory example No. 3 shows data for four such compounds.
Vinyl chloride shows an order of magnitude range of results as
reported by the 24 participating laboratories. It is clear that
with this type of laboratory variability, it is difficult to
regulate vinyl chloride at 1 microgram per liter (u/L) as origi-
nally proposed or even at 2 u/L, as finally adopted.



LABORATORY EXAMPLE NO. 3¥

Labs w/

+ 20 %
Chemical "True" Range Variance
vinyl chloride 1.5 0.53- 5.66 19 of 24
trichloroethene 5.53 3.4 - 9.13 7 of 38
benzene 5.8 3.3 - 11.9 12 of 37
p-dichlorobenzene 776 420 -1160 14 of 32

Note: ¥ Concentrations in micrograms per liter (u/L) or parts
per billion (ppb).

Another example showing variation in concentration results
concerns the pesticide and fuel additive ethylene dibromide (1,2~
dibromoethane). Nine qualified laboratories were each sent
nominally equivalent water samples for analysis. The results
ranged from 0.050 p/L to 0.137 u/L. Although the concentrations
are well below a part per billion, the method is designed to
measure such low concentrations. The range of results (over two
and one half fold) is sobering.

DATA MANAGEMENT PROBLEMS

Errors in data management are the most insidious. Although
laboratory reporting systems are becoming increasingly computer-
ized, much hand work remains, especially for nonstandard analy-
ses. 1In cases where little laboratory documentation is required,
the transposition of numbers or the incorrect naming of a chemi-
cal on data sheets may not be detectable. The only hope is that
another analysis will be performed in the future without the same
mistake. Salvation comes if the data user is astute and ques-
tions the conflicting results.

RECOMMENDATIONS

Although the information presented above portrays a bleak
data picture, several steps can be taken to fight back. First
and foremost, collect enough data. The precise amount required
is not generally known, but the greater the inhomogeneity of the
system (spatially and temporally), the more data you must collect
to characterize it. The more complex the site geology, the
greater the number of wells that may be needed to perform proper
monitoring. You should conduct multiple rounds of sampling to
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characterize changes at the site through time and provide redun-
dancy in the data base for systems that are slowly changing.
Finally, you should collect a sufficient number of quality
control samples, especially blindly labeled field replicates.
The cost associated with these additional samples is a wise
investment.

Second, require the production of detailed QA/QC documenta-
tion for both field and laboratory activities. Then, have this
information critically reviewed by QA personnel specifically
trained in formal data validation. With such procedures, you
have a good chance of discovering errors reflected in the docu-
mentation.

Third, place the data into an historical data base for the
site and monitor the database as it grows. You can detect many
errors by recognizing the disparity between new and existing data
when they are placed side by side. Computing costs are diminish-
ing; the dollars committed to data base management are well
spent.



REFERENCES

O. Gilbert, and R. R. Kinnison. 1985.
Comparisons of Ground-Water Monitoring Data,
Ranges of Variation in Ground Water at Hazard-
Pacific Northwest Laboratories,

Doctor, P. G., R.
"Statistical

Milestone 2:
ous Waste Sites," Draft.

Richland, WA.

New Jersey Department of Environmental Protection. 1990.

Field Procedures Manual. Trenton.

USEPA (U.S. Environmental Protection Agency). 1986a. Technical
Enforcement Guidance Document. Washington, D.C.

. 1986b. Test Methods for Evaluating Solid Waste:
Physical/Chemical Methods SW-846, 3rd edition. U.S. Govern-

ment Printing Office, Washington, D.C.




Il. SOLID & HAZARDOUS WASTE

The Hazardous Waste Moratorium and Other Policy Issues -
"Burning Issues”

Jim Haley
Texas Water Commission
Austin, Texas

Waste Minimization and Recycling - “Waste Watchers"

Priscilla Seymour
Texas Water Commission
Austin, Texas

NORM - "Nuclear Families"

NORM: An Objective Industrial Review
W. G. (Jack) Hendrick

TN Technologies, Inc.

Round Rock, Texas

Risk Assessment Cleanup Levels - "Risky Business”

Development of Risk Assessment Policy
at the Texas Water Commission

Mark J. Stine

Texas Water Commission

Austin, Texas



Source Reduction and Waste Minimization Program
at the Texas Water Commission
by

Priscilla Lee Seymour, Ph.D., Texas Water Commission

I. Introduction

The State of Texas has a statutory policy for waste nanagement
with an established hierarchy of preferred waste management methods
to protect public health and the environment. It is public policy
that in the generating, treating, storing and disposing of
hazardous waste, the following methods are preferred to the extent
economically and technologically feasible, in the order listed:
(1) minimization of waste production; (2) reuse or recycling of
waste, or both; (3) treatment to destroy hazardous characteristics;
(4) treatment to reduce hazardous characteristics; (5) underground
injection; and (6) land disposal.l Under treatment to destroy
hazardous characteristics, on-site destruction is preferred, but it
is to be evaluated in the context of other relevant factors such as
transportation hazard, distribution of risk, quality of
destruction, operator capability, and site suitability.?

(NOTE: The opinions contained herein are solely those of the author
and do not necessarily reflect those of the Texas Water

Commission.)



In 1987 over 300 million tons of hazardous waste were
generated nationally by industry; Texas industries generated 65.8
million tons of that volume. The 200 largest generators, by
volume, in Texas generated over 99.89% of that total and represent
primarily five SIC code groups of industries: chemical
manufacturers, petroleum refiners, primary metals, electronic
equipment, and transportation equipment. Of the waste generated in
Texas, approximately 57 million tons is managed on-site. The most
common method of waste management in Texas is aqueous treatment
(58%) followed by injection (21%), discharge (10%), storage (8%),

recovery (1l%) and other(2%).

The figures above indicate that industry has more to accomplish
to move to the top of the preferred waste management hierarchy,
minimization of waste production (source reduction). The Texas
Water Commission (TWC) is charged with implementing this hierarchy
to the maximum extent that is technologically and economically

feasible.

II. Development of the Texas Water Commission Program

The Legislature, by statute, required the Texas Water Commission
to establish a waste minimization and reduction group to assist in

developing waste minimization and reduction programs. This group



is also required to provide incentives for the use of these
programs so as to make the programs economically and
technologically feasible.4 1In October, 1983 the TWC formed the
Waste Minimization Unit which is located in the Hazardous and Solid

Waste Division.

The Waste Reduction Advisory Committee (WRAC) was also
established by statute to advise the TWC on the development of
state programs to promote waste reduction and minimization and to
more effectively implement the preferred waste management
hierarchy. Other charges to the Committee include: advising on the
development of public awareness programs on hazardous wastes,
particularly on household hazardous wastes; and advising on
development of assistance programs to local governments for the
development of waste management strategies to assist small quantity
generators.® The Committee was appointed in December, 1989 and
made formal recommendation to the TWC in October, 1990. They
recommended that the State set as a primary goal the elimination of
the generation of hazardous waste. To attain the goal, they
suggested that the State: (1) encourage and provide incentives for
research leading to source reduction; (2) support continued
education of the regulated community and the public on the benefits
of source reduction and the available opportunities to achieve
them; (3) encourage appropriate changes in public consumption and

lifestyle to encourage use of products not resulting in unnecessary



waste generation; (4) provide incentives for industry to implement
source reduction and to remove disincentives; (5) revise the
hazardous waste fee structure to encourage source reduction; (6)
allocate sufficient resources to regulatory officials to allow
promotion of source reduction and successful implementation of
programs; and (7) adopt requirements for mandatory source
reduction planning for generators with annual reporting on progress
to demonstrate due diligence of implementation.® The staff of the
waste minimization unit were charged by the Commission to implement
these recommendations to the full extent feasible in the

development of the waste minimization unit programs.

All program areas in the waste minimization unit are currently
designed to address the implementation of the preferred waste
management hierarchy and the WRAC recommendations. The programs
will be expanded to incorporate the new areas of source reduction
and waste minimization assistance outlined in S.B. 1099. In
addition, the program coordinates and assists existing agency
programs to incorporate waste reduction policies and pollution
prevention initiatives of the TWC and the U.S. Environmental

Protection Agency (EPA).



ITI. New legislation - S.B. 1099, Policy

The Waste Reduction Advisory Committee recommendations were
used as a blue print for developing new Subchapter N: Pollution
Prevention, Chapter 361, Texas Health and Safety Code in Article 2,

S.B. 1099 in the 72nd Legislature.

Under Article 2 of S.B. 1099, the 72nd Legislature established
that it is the policy of the state to reduce pollution at its
source and to minimize the impact of pollution to reduce risk to
public health and the environment and continue to enhance overall
environmental quality. This act focuses on source reduction as the
primary goal and secondarily on waste minimization for those
wastes, pollutants and contaminants that cannot be source reduced. ’
The targets for reductions are all TRI (Toxic Release Inventory)

chemical releases and hazardous waste generated.

The Texas Air Control Board and the Texas Water Commission are
required to develop state wide plans to achieve the policies of the
statute. The TWC shall develop its plan to reduce the releases of
pollutants and contaminants into water and establish reasonable
goals for the reduction of the volume of hazardous wastes generated
in the state and the amount of pollutants and contaminants. This
is to be accomplished through the use of source reduction and waste

minimization to the maximum extent that is technologically and



economically feasible.3 To avoid duplication of effort, the TACB
and the TWC will through joint rule develop a common list of
pollutants and contaminants and the level of releases of those

pollutants and contaminants subject to planning.9

IV. Facility Planning and Reporting under S.B. 1099

This act requires that all facilities reporting under Sec.
313, Title III, Superfund Amendments and Reauthorization Act of

1986 and all hazardous waste generators develop facility wide plans

for source reduction and waste minimization.l® These plans will

remain at the facility for use by the facility and for inspection
by TWC and TACB personnel. An Executive Summary of the plan will
be developed based upon rules developed by the TWC and the TACB and
will be made available to the public. Facilities will be required
annually to report on their implementation progress in achieving
their planning goals and to provide a current Executive Summary of
their plan.1l Any changes to the plan will be required to be

noted in this report. These reports will be open to the public.
Facilities will be required to prepare plans and annual
reports based upon a schedule to be determined by the TWC and the

TACB in joint rules.l12 The TWC will develop, through rule,

simplified planning and reporting requirements for small quantity



simplified planning and reporting requirements for small quantity

generators.l3

The basic content of the plans is established in the statute
and requires that the plans include at a minimum: a survey that
identifies all activities that generate hazardous waste and/or
result in the release of pollutants and contaminants; based on the
survey, a prioritized 1list of source reduction and waste
minimization projects; an explanation for each project to be
undertaken including a discussion of economic and technical
considerations, and environmental and human health risks
considered; an estimate of the type and amount of reductions
expected; a schedule for the implementation of each project; source
reduction and waste minimization goals for the facility including
incremental goals; an explanation of employee awareness and
training programs for source reduction and waste minimization:
certification by an officer of the company that has the authority
to commit the resources necessary to implement the plan, that the
plan is complete and correct; an executive summary of the plan; and
identification of cases where another pollutant or contaminant may
be released through the implementation of a reduction project or

where a project may shift a release to another medium.l4

There are additional items that may be included in the plan by

the facility. These items include discussion of events that affect



achievement of reduction goals, such as: previous efforts
undertaken to achieve reductions; the effect of regulatory change;
the effect of events the person could not control; description of
particular projects that have reduced waste generation or reduced
releases of pollutants or contaminants; and specific operational

decisions that have affected reduction efforts.ld

The requirements of the annual report on progress will be
determined through joint rule making by the TACB and the TWC and
will include at a minimum: an assessment of progress toward the
facility's goals for source reduction and waste minimization; the
amount of hazardous waste generated and/or the amount of releases
of pollutants and contaminants in the previous vyear and a
comparison to the amounts generated or released in the designated
base year (selected by the TACB and TWC); and any modification to
the plan.1® The annual report may include any of the additional
information that may be included as additional items in the

facility plan as listed above.

The TWC and the TACB may review the plan and annual report
for completeness under the terms of the statute and any rules
adopted. Failure to have a plan or to submit a report in
accordance with the statute and rules is a violation under Chapter
361 of the Texas Health and Safety Code and is subject to the

penalties under that chapter.



The TWC and the TACB are required to develop incentives to
promote implementation of source reduction and waste minimization.
These incentives include: recommendations to the governor for
awards to recognize efforts 1in source reduction and waste
minimization; an opportunity through joint rules for a facility to
be exempted from the planning requirements on meeting appropriate
criteria for completion of source reduction and waste minimization
planning; and expedited review of permit amendment applications
necessary to implement source reduction or waste minimization
projects for consideration of only those directly-affected parts of

the permit.l7

V. Rules Development Under Article 2, S.B. 1099 - Task Force 21

The TWC and the TACB are required to develop several
joint rules for the implementation of source reduction and waste
minimization planning. Two of these rules are to be adopted no
later than January 1, 1992. Specifically, by January 1lst, the
agencies must establish schedules for facility implementation of
plans and requirements for source reduction and waste minimization

plans.18

Other required rules are: establishing exemptions from
the planning criteria when completion of the plan is met; annual
report requirements; simplified planning requirements for small
quantity generators; and development of list of pollutant and

contaminants and the level of release subject to planning.



In order to meet the deadlines for adopting rules under both
Article 1 (new permitting requirements) and Article 2 of S.B. 1099,
the TWC appointed Task Force 21: Waste Management for the Future,
to assist staff with examining the complex policy issues. Task
Force 21 is composed of 16 members from a variety of backgrounds
including: environmental groups, industry, county government, local
government, environmental consultants, public groups, business
associations, attorneys, and state legislators. The TWC staff is
working closely with the Task Force to examine all the related
issues, and are in the process of developing draft rules. Proposed

draft rules on Article 2 should be available by September, 1991.

VI. Pollution Prevention Council = S.B. 1099

Article 2, S.B. 1099 creates a Pollution Prevention Council to
coordinate designated agencies' activities in source reduction and
waste minimization to ensure consistency of programs and to reduce
duplication or conflict. The agencies to be represented on the
Council are Texas Water Commission, Texas Air Control Board, Texas
Department of Health and the Railroad Commission of Texas. The
members appointed to this council will coordinate source reduction
and waste minimization efforts within their agency and will report

to their agency's executive director or deputy director.
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VII. Office of Pollution Prevention - S.B. 1099

The Office of Pollution Prevention is established under S.B.
1099 at the TWC to assist generators of hazardous waste and owners
of facilities that release pollutants and contaminants in reducing
the volume and toxicity of their waste and/or releases. Specific
activities that may be undertaken by this office are: distribute
information on source reduction technologies and procedures;
compile and distribute a 1list of consultants and university
researchers who can assist with source reduction and waste
minimization; sponsor and conduct workshops and conferences on
reduction and minimization; facilitate and promote the transfer of
technologies and procedures for reduction and minimization; develop
model plans and internal audit procedures for source reduction and
waste minimization for classes of industry; provide on-site
assistance and audits to facilities as resources allow; distribute
information on tax benefits available for implementing source
reduction and waste minimization projects; develop training
programs for state and local regulatory personnel and industry;
establish procedures for prioritizing assistance; develop data base
necessary for setting program priorities and evaluating progress;
produce a biennial report on progress; participate in state,
federal and industrial networks involved in source reduction: and

participate in and support waste exchange programs.
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The majority of these elements are already implemented in the
current waste minimization unit. The additional areas will be

implemented as resources become available.

VIII. The Waste Minimization Unit

The programs within the unit are grouped into one of three
categories: planning, training or technical assistance. The
programs were developed to meet the diversity of needs, both within
the regulated community and the Commission. The waste minimization
program also is developing methods to measure the success of the
various services offered and to identify areas where generators
need additional assistance to implement source reduction. For
example, on the 1988 Texas Water Commission Waste Minimization
Report, facilities were asked what were the primary factors that
have delayed or prevented implementation of source reduction
opportunities. In examining the responses of the 25 largest
generators (who account for approximately 94% of the hazardous
waste generated) the four most frequent responses were: (1) source
reduction is not economically feasible; (2) technical limits of the
production process; (3) concern that product quality may decline as
a result of source reduction; and (4) lack of technical information
on source reduction techniques applicable to their specific
production process. The smaller generators varied only in the

order of their selections: (1) technical limits on the production
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process; (2) lack of technical information in source reduction
techniques applicable to their specific production process; (3)
concern that product quality may decline as a result of source
reduction; and (4) source reduction is not economically feasible.
The results of these responses are being used to establish the

focus of the training and technical assistance program areas.

IX. Planning Program

The planning program was developed to examine the current
status of waste generation and implementation of the hierarchy and
to determine the future direction of the progran. Specific
projects undertaken within the unit over the past year have
included: (1) development of a waste reduction and minimization
program plan and ongoing strategic planning; (2) preparing the
state's capacity assurance plan; (3) preparing special studies on
waste minimization; (4) conducting a survey of the 200 largest
hazardous waste generators in Texas for developing projections on
source reduction trends; and (5) providing support and information

to the Waste Reduction Advisory Committee.

Current special studies and planning projects underway within
the waste minimization unit include: (1) examining economic issues
of source reduction and reuse/recycling; (2) determining the

current status of waste generation and waste minimization planning
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by generators; (3) developing standards for waste minimization
planning and reporting for use in the permitting and enforcement
processes at TWC; (4) developing reporting and measurement
criteria to determine program effectiveness and progress by
generators; and (5) developing rules for implementation of S.B.

1099.

X. Training Program

The training program is being developed to meet the needs of
both the regulated community and the TWC staff. This program is
supported in part by the Source Reduction and Recycling Technical
Assistance (SRRTA) grant, a federal grant administered by EPA. The
program emphasizes teaching the principles of waste reduction and
minimization, identification of waste streams, conducting on-site
audits, materials and waste accounting systems, waste minimization
plan preparation, options analysis, goal setting and
implementation. The training seminars will be delivered throughout
the state to generators; to TWC permit, enforcement and inspection

personnel; and to the River Authority personnel.

An additional aspect of the training program is an outreach
and information program on the requirements of the RCRA and state
hazardous and solid waste program. This program 1is being

implemented through: information bulletins on regulatory or
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commission changes of importance to the regulated community;
development of assistance manuals on regulatory requirements;
seminars held throughout the state; and sponsoring an annual
hazardous waste trade fair. To date the staff have: developed

an information bulletin, the '"waste note", and completed two
mailouts; in conjunction with the Texas Chemical Council sponsored
a hazardous waste workshop; sponsored the TWC Hazardous Waste Trade
Fair and Conference; and a conference on hazardous waste management
and international border issues - On the Border. Under planning is
a second conference with the Texas Chemical Council, the 1992 TWC
Hazardous Waste Trade Fair and Conference, a second regional

conference in 1991 and additional "waste notes".

XI. Technical Assistance Program

The technical assistance program is the third program area and
also is supported in part by the SRRTA grant. A manual is being
developed for waste reduction and minimization assessment and
planning for use by generators and should be available by fall,
1991. This manual will assist facilities in assessment,
evaluation, and implementation of a waste reduction program. It
incorporates the new requirements under S.B. 1099, including a plan
outline and audit procedure. The manual 1is offered as an

educational and informational "tool box". This approach will
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assist large generators, as well as medium and small generators
that do not have the staff or technical background for establishing

a waste minimization program.

The manual will offer a series of worksheets with step by step
explanations along with references, suggestions, and advice on
where to obtain technical assistance. The manual will also contain
an array of case studies to demonstrate that minimization and
reduction techniques are being implemented and are profitable. The
purpose of the manual is to provide generators with the tools to
develop a successful facility waste reduction plan and program that
will meet the requirements of S.B. 1099. The manual will be used
in outreach waste reduction training to generators as well as

during on-site audits by TWC.
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