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4.0 Approachesto Impact Prediction

The scientific and technical credibility of an environmental impact assessment (EIA) relies on the ability
of the EIA practitionersto estimate the nature, extent, and magnitude of change in environmental components that
may result from project activities. Information about predicted changes is needed for assigning impact
significance, prescribing mitigation measures, and designing and devel oping environmental management plansand
monitoring programs. The more accurate the predictions, the more confident the EIA practitioner will be in
prescribing specific measures to eliminate or minimize the adverse impacts of development projects.

Most of the EIA methods described in Chapter 3 focus on clearly identifying impact pathways. They rely
on underlying conceptual modelslinking project activitiesto changesin environmental components. In using these
methods, predictions of the degree of change may be qualitative or quantitative. Qualitative approaches depend
heavily on expert judgement; quantitative approaches rely on mathematical models developed by experts. This
chapter discusses some of the technical and scientific methods available to predict environmental changes. It
focuses on quantitative models for prediction.

4.1 Predictive Methods

In their review of EIA methods, Canter and Sadler (1997) provide a listing of prediction techniques
applicable to different aspects of EIA (Table 41). Canter (1996) provides an excellent overview, based on
American experience, of many of these prediction techniques. In many EIA applications, these basic prediction
techniques are actually combined. This is particularly true when using computerized modeling software for
specific applications, as the application of a computer model usually requires collection of environmental
information to set basaline values for the model’ s variables and to determine the values for model’ s parameters.

Table 4-1: Prediction techniques applicable in EIA (source: adapted from Canter and Sadler, 1997).

Air emission inventory

urban area statistical models

receptor monitoring

box models

single to multiple source dispersion models
monitoring from analogs

air quality indices

N o O WD

Surface Water point and nonpoint waste loads

QUAL-IIE and many other quantitative models
segment box models

waste load allocations

water quality indices

statistical models for selected parameters

water usage studies

Ground Water pollution source surveys

soil and/or ground water vulnerability indices
pollution source indices

leachate testing

flow and solute transport models

relative subsurface transport models

=

Noise individual source propagation models plus additive model
statistical model of noise based on population

3. noise impact indices

N
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Biological chronic toxicity testing
habitat-based methods
species population models
diversity indices

indicators

hiological assessments

ecologically based risk assessment

N o oA WD

=

Historical/Archaeological inventory of resources and effects
2. predictive modeling

prioritization of resources

w

Visual baseline inventory

questionnaire checklist

photographic or photomontage approach
computer simulation modeling

visual impact index methods

Socioeconomic demographic models

econometric models

descriptive checklists

multiplier factors based on population or economic changes
quality -of-life (QOL) indices

health-based risk assessment

A large selection of computer software is available for use in EIA. Most programs are for specific
applications; many are available free of charge from government agencies and may be downloaded from the
Internet. This chapter lists many of the modelsthat are available, and provides addresses for accessing the models
on the World Wide Web.

4.2 Models and Modeling

Modeling is a step by step process by which models are developed and/or applied. The three most
common types of models used in EIA are physical models, experimental models, and mathematical models.

4.2.1 Physical Models

Physical models are small-scale models of the environmental system under investigation on which
experiments can be carried out to predict future changes. Two types of physical models are discussed here:
illustrative or visual models, and working physical models (ERL, 1984).

[ustrativelvisual models depict changes to an environmental system caused by a proposed devel opment
activity using pictorial images devel oped from sketches, photographs, films, “ photo montages,” three-dimensond
scale models, and by digital terrain models or digital image processing systems. Figure 4-1, sketch of adam site,
exemplifies an illustrativelvisual model.

Working physical models, on the other hand, simulate the processes occurring in the environment using
reduced scale models so that resulting changes can be observed and measured in the model. Such models,
however, cannot satisfactorily model all real-life situations; faults may occasionally arise asaresult of the scaling
process. Figure 4-2 shows a three-dimensional physical model of an industrial plant site.
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Figure 4-1: Sketch of adam (source: ERL, 1984).

Figure 4-2: Three-dimensional physicd model of an industrid plant (sourcee ERL, 1984).
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Stepsin Physical Modeling
The basic steps in developing physical models are:

1. Define the environmental system to be modeled, the system’s salient features, and the effect
requiring prediction.

2. Seect a suitable existing model facility or construct a specia facility. Activities may include
photographing the proposed site, and then sketching a new storage terminal on the photographs to
determine the visual effect of the development, or using an existing wave chamber to predict water
and sediment movements in an estuary after the construction of a new dock.

3. If no appropriate model or facility exists, one may be constructed — for example, one could
construct a model of the mentioned estuary, simulating hydrological conditions in the estuary (for
example, flows, density, currents, waves, etc.), using an existing chamber facility. In such a case,
data on morphology, hydrological conditions, and sediment movements in the estuary should be
collected in order to construct a model with similar conditions.

4. Test the validity of the model by comparing its behavior with observations in the field. Adjust the
model as necessary after observations.

5.  Simulate the source and the conditions in the surrounding environment using appropriate methods
and observe or measure the relevant changes in the model. Extrapolate the observations or
measurements to predict the effects in the real environment.

6. Interpret the results, taking into account simplification of the real world made by the model.

Resour ce Requirements

In some cases, physical modeling exercises may be carried out in existing facilities of public and private
organizations. If such facilities do not exist and funding permits, facilities may be constructed for prediction
purposes. Thisis, however, rarely possible. Many illustrative models require less effort and expense than working
physical models, athough the more sophisticated computerized visua simulation models available are substantially
more costly. Technical expertise and large quantities of data are required to construct working physical models
that adequately simulate the behavior of the real environment. Vaidation and interpretation of the results of
modeling may also require time and technical expertise.

4.2.2 Experimental Models

Scientific data from laboratory or field experiments provide basic information on the relationships
between environmental components and human activities. Research results are used to construct empirical models
that can infer the likely effects of an activity on an environmental component. Examples of experimentsin which
the environmental system is modeled and tested in the laboratory include toxicological tests on living organisms
using polluted air, water, food, etc.; micro-ecosystem experiments; and pilot-scale plant tests.

Examples of experiments in which tests are carried out in the actua environment include in situ tracer
experiments to monitor the movement of releases into the environment; controlled experiments in small parts of
potentially affected ecosystems; noise teststo determine levels of disturbance; and pumping tests on groundwater.
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Steps in Experimental Modeling
The basic steps in experimental modeling are:

1. Define the environmental system to be modeled, the system’s salient features, and the effect
requiring prediction.

2. Sdect asuitable experimental approach and define the specific method to be employed. Experimental
activitiesmay range from asimple laboratory determination of the level of a specific contaminantina
river and its consequent effects on fish behavior, to anin situ tracer experiment approach to predict
the dispersion of a pollutant from a proposed sea outfall.

3. Collect the data needed to set up the experiment. To predict the effect of apollutant on fish behavior,
it might be necessary to gather data on river flow and present water quality to simulate the river.
Samplefish may be caught and used in the |aboratory experiment. Moreover, to predict dispersion of
a pollutant in sea water using tracer elements, data should be collected on water movements and
location of sensitive receptors to determine appropriate monitoring points.

4. Carry out the experiment, and observe and measure the relevant change in the system. For example,
effects of different pollutant concentrations on the fish should be observed and measured. The
concentration of tracer elements in the sea outfall should likewise be measured to determine their
dispersion.

5. Extrapolate, whenever necessary, from the observations and measurementsto predict the effects of
the activity in the real environment. In the above two examples, this may necessitate estimating the
approximate dose-effect relationships between the fish species and the pollutant, and determining
dilution factors to predict the dispersion of the pollutant in sea water.

6. Interpret the results, taking into account the possible differences between experimental and actual
circumstances. For instance, in the fish experiment, the absence of uptake by other organisms and
the conseguent reduction of dissolved oxygen in the experiment and itsimplication asto the accuracy
of the predictions should be discussed. In the same manner, the real life contribution of such factors
as decay in sunlight, different densities, and absence of biodegradation (which are controlled in the
tracer experiment to predict the dispersion of a pollutant in sea water) should be accounted for and
discussed in the assessment.

Resour ce Requirements

Experimental modeling requires substantial amounts of money, effort, time, and expertise in specialized
fields.

4.2.3 From Conceptual Modeling to Computer Modeling

Thefirst step in developing a predictive model is to construct a conceptual model. Most of the methods
discussed in Chapter 3 (for example, networks and impact hypotheses) are based on conceptual models. To
develop a quantitative predictive model, one must first represent conceptual models as mathematical equations.
Once the conceptual models are represented in mathematical language, they are amenable to computation and
computerization. For example, dispersion modeling is one of most commonly used techniques for predicting
changesin air quality associated with emissions of pollutants. Relatively well established models (for example, the
US Environmental Protection Agency’s (EPA) computerized air quality models) are used throughout the world.
These models are based on mathematical equations that represent a simplification of basic physical processes
occurring in the atmosphere. They take, asinput, 1) emission of pollutants (or loadings); 2) basic meteorological
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data; and 3) background concentrations of pollutants. They produce, as output, estimates of pollutant
concentrations. These estimates are usually provided graphically as isopleths (contours lines of equa
concentration) plotted around the source point.

4.2.4 Mathematical Models

Mathematical models use mathematical ejuations to represent the functiona relationships between
variables. In general, sets of equations are combined to simulate the behavior of environmental systems. The
number of variablesin amodel and the nature of the relationshi ps between them are determined by the complexity
of the environmental system being modeled. Mathematical modeling aims to limit, as much as possible, the
number of variables and thus keep the relationshi ps between variables as simple as possible without compromising
the accuracy of representation of the environmental system.

QoCo* QcCe

c,= C
Q,* Q.

An example of a mathematical model is a smple water quality mixing model which is based on the
simplest of mass balance equations. The water quality model below assumes continuous discharge of a
conservative contaminant into a stream.
where:

C, is the downstream concentration;
C, is the upstream concentration;
C. is the effluent concentration;

Q, is theupstream flow; and

Qe is the effluent flow.

This model may be used to predict changes in downstream effluent concentrations in response to pollutants
loading by changing the values of effluent concentration (C) and the effluent flow (Q).

Types of Mathematical Models
Mathematical models can be described according to the following features:

1. Empirical or internally descriptive:
- empirical because they can be derived solely on the basis of statistical analysis of observations
from the environment to find the "best fit" equation (empirical models are sometimes called
“black box” models); or
internally descriptive because equations are based on a priori understanding of the relationship
between variables. The equations therefore represent some theory or assumption of how the
environment works.

2. Generalized or site-specific:
generalized, asthey can be applicable to arange of different environment allocations which meet
certain specific characteristics; or
site-specific, as they can be developed or applied only to a specific environmental location.

3. Sationary or dynamic:
stationary, if conditions in the model are fixed over the period of the prediction; or
dynamic, if the predictions are made over a period of time in which conditions in the
environment change.
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4. Homogeneous or non-homogeneous:
- homogeneous, asthey can assume that conditions at the source prevail throughout the area over
which predictions are made; or
non-homogeneous, as environmental conditions affecting the predicted outcome vary with
distance from the source.

5. Deterministic or stochastic:
- deterministic, asinput variables and relationships are fixed quantities and the predicted outcome
from a given starting point is a single, unique value; or
stochastic, as simple variables and parameters may be described probabilistically. These models
reflect the natural variations occurring in the environment and results are presented as a
frequency distribution of probable outcomes rather than as a single value.

Steps in Mathematical M odeling

There are seven stepsin mathematical modeling, although not all seven must be applied in every modeling
case.

1. Define the environmental system to be modeled, the system’s salient features, and the effect
requiring prediction (for example, the prediction of maximum concentration of awater contaminant
in an area downstream from its point of discharge).

2. Select an appropriate pre-defined model or develop a new model (for the above example, a pre
defined model may be used to predict the downstream concentration, or in the absence of a pre-
defined model, it may be necessary to formulate a suitable new model).

3. Collect the necessary data from existing sources or by monitoring and surveying (for the above
example, data on the input variables (upstream concentration, discharge concentration, upstream
flow and discharge flow) can be collected through actual monitoring and surveying).

4. If necessary, define the model parameters for the particular application, using either standard values
or experimental data (calibration). For example, to predict the average annual and maximum
concentration of apollutant emitted from asingletall stack in an open rural area, aset of atmospheric
dispersion parameters should be defined for the different classes of meteorological conditions using
standard empirical formulae applicable to tall stacksin open rural areas.

5. Test thevalidity of the model for the intended use by comparing its behavior with observations from
the field.

Apply the model to predict the future condition of the environment.

7. Communicate the model results and assumptionsto the nonspeciaist. All relevant variables, relations,
assumptions, and factors omitted from the analysis should be identified and their implicationsfor the
results discussed.

Resour ce Requirements

Mathematical models require varying amounts of resource inputs. A simple model, such as the river
dilution model used in the above example, may require minimal input data and simple manual calculation, while a
complex Gaussian plume model may require sophisticated computer techniques and demand considerable
resources of input data, time, and expertise.
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Assuming that an existing software program may be used, the costs of using the model may be limited to
preparing the input data and to labor costs for technical staff or outside expertsto run the model and interpret the
results.

4.3 Predicting Quantitative Environmental Changes

Predictive methods for estimating quantitative changesin the environment have been commonly applied to
physical systems (air, water, noise), have had some application to ecological systems, and have had limited
application to socia systems. Predictive models are used in EIA in two distinct ways: 1) comparison of model
results with environmental standards; and 2) the evaluation of project aternatives (de Broissia, 1986). This section
presentsthe basic scientific and technical concepts underlying quantitative models and their application inthe EIA
context. Where possible, experience in using the models in a developing country context is highlighted in an
attempt to assess the appropriateness of applying the models in developing Asia.

4.3.1 Air Quality
Conceptual Model

Atmospheric changes are generally caused by the release of reactive substancesinto air by stationary or
mobile sources, and by changes in surface morphology (for example, the construction of large buildings,
clearance of vegetation, forestation, and creation of water impoundments). Possible environmental changesrange
from first order (immediate impact) effects of changes in concentration of substances in the air to higher order
(longer-range and secondary impacts) effects of physical and chemical changes on climate (for example,
turbulence effects, haze, microclimates over water, heat emission effects, greenhouse effect); to the deposition of
substances on soils, water, materials and vegetation; to effects of deposited substances on materials (for example,
soiling, corrosion); to effects of changes in climate and air quality on visibility in the atmosphere). Figure 4-3
summarizes the cause-effect network for atmospheric effects.
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Figure 4-3: Summary cause-effect network for atmospheric effects (source: ERL, 1984).

Basic Concepts

There are basically three aspects of air quality problems that are amenable to quantitative prediction. In
order of increasing complexity, they are:

1. estimating rates of release of pollutants;
2. predicting atmospheric concentrations of pollutants; and
3. predicting deposition rates on pollutants on soil, water, and vegetation.
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Predictions of concentrations and deposition rates are often needed as inputs into other predictive models to
determine the potential for secondary and higher order impacts.

Estimating Releases

In all cases, it is necessary to estimate the rates of release of pollutants. Rates of release of substances
may be available from design data or from data of similar activitiesin operation. If thisinformationis not available,
rates of release can be calculated using emission factor models. These models assume that the rate of release is
directly proportional to the level of implementation of the activity, an assumption represented by the following
genera equation:

R=EA
where:

R is therate of release (quantity/unit time);
E is theemission factor (quantity/unit activity); and
A is therate of activity (unit activity/unit time).

The basic information needed about the release of substances from an activity will include the nature of
the substances rel eased, the timing and location of releases, and the quantity of substances released per unit time
and/or per unit area. For certain types of pollutants, emissions may be drectly assessed against legal standards
and guidelines without resorting to predicting their effect on air quality. The criteria against which emissions can
be evaluated include:

standards for emission quality (concentration of substance);

standards for rate of emission (per unit time or unit activity);

policy objectives requiring no deterioration from conventiona practice; and
policy objectives requiring achievement of the best practicable control.

The rapid assessment procedure (discussed in ®ction 3.8) illustrates how this approach may be used in
developing countries to estimate emissions.

Canter (1996) describesthe U.S. EPA approach to compiling an emission inventory for useinan EIA. In
summary, this approach has the following basic steps:

1. classify al pollutants and pollutant sources that will derive from the proposed project, considering all
stages of the project;

identify and compile information on emission factors for each source of each of the pollutants;
determine appropriate unit production information for each source;

calculate the release rate for each source (unit production multiplied by emission factor); and
sum each of the specific pollutant emissions from all sources.

ok~ 0w

The predicted increases in pollutant emissions due to the project are compared against the existing
inventory of pollutants to estimate the percentage increase in the overall emissions inventory. The percentage
change is then assessed to make a determination of the significance of the increase of emissions. These
interpretations can be based on: 1) the existing air quality; 2) the quantity of emissions and size of the percentage
change; 3) the period of the percentage change; 4) the potential for visibility reduction; and 5) any local receptor
sensitive to damage from the pollutants (Canter, 1996).

-10
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Predicting Changes in Concentrations

The assessment of air quality impacts usually focuses on determining concentrations of air pollutants.
Predicted concentrations are often compared against national or local air quality standards or objectives. Much of
the pre-project air quality data collection is directed at determining pollutant concentrations at different times, at
different locations, and the variationsin concentration in time and in space. Thisinformation not only determinesa
baseline for comparison against changes, but also provides background information for predictive models.

In cases where there is concern for higher order effects, predictions of pollutant concentrations are
necessary inputs into predictions of deposition rates; exposure to flora, fauna, and man; and changes to local
climate and vigihility.

Dispersion Models

Air quality dispersion models are among the most widely used predictive tools used in EIA in both
developed and devel oping countries. Dispersion models have evolved to the state where their predictionstake into
the following atmospheric processes:

plume rise;

advection transport by wind;

vertical, lateral, and horizontal diffusion caused by turbulence;
reflection from the ground and from the top of the mixing layer;

physical-chemical transformation of pollutants in air, including radioactive decay, photochemical
reactions, and aerosol formation;

gravitational settling of particulate pollutants;

dry deposition, that is, uptake of substances onto soil or other surface material by chemical,
biological, or physical processes occurring at the interface;

wet deposition, that is, rain-out and wash-out of substances onto the surface;

behavior of plumes in response to variations in the land surface;

entrainment of plumesin the lee of buildings;

variations in atmospheric diffusion conditions with height above the surface;

variations in emission rate and/or in meteorological conditions over the period of prediction;
variations in meteorological and/or topographical conditions with distance from the source; and
random variation in environmental conditions and emissions.

The data required for dispersion models include source data, meteorological data, topographical data,
dispersion parameters, deposition rate parameters, and reaction rate parameters. These data may be obtained from
secondary sources, however field studies may need to be conducted to obtain meteorological and topographical
data and to calibrate and/or validate the model. VVarious models can be derived to represent specific atmospheric
processes of interest to a certain study. The most commonly used models are the Gaussian plume dispersion
models which enable one to predict ground level concentrations of pollutants severa kilometers from the source.

-11
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Predicting Deposition on Plants, Soils, Water, and Materials
Different types of models may be employed for the three deposition processes, namely:

gravitational settling affecting dust and aerosols;

wet deposition affecting water soluble pollutants such asNO,, SO, NHz, Cl, F, etc. and particul ates
which may form condensation nuclei and which may combine with rainfall; and

dry deposition affecting chemically, biologically and physicaly reactive pollutants absorbed by or into
soil, vegetation, materials, and water. (Air pollutants affected by dry deposition include gases such as
SO,, F, ClI, CO, CO,, NO,, NHs, aerosols, ozone, PAN [peroxyacetyl nitrate -- a product of
photochemical pollution], and fine particul ates.)

Simplified semi-empirical equations are available for calculating gravitational settling and wet and dry
deposition. Gravitational settling can be calculated using an empirical settling velocity dependent on the spectrum
size and density; it is proportional to the ground level of concentration. It can be represented in dispersion models
by tilting the plume downwards.

A simplified model for long-term deposition of particulates, assuming that the total emissions are
deposited evenly over a specified area near the source, is given by the equation:

Install Equation Editor and double-
click hereto view equation.

where;

F is flux or deposition (kg/m?/yr);
E is emission rate (kg/yr); and
A is surface area (m?).

Dry deposition rates may be calculated by assuming that the vertical flux is proportional to the ground level
concentration and by using an empirical dry deposition parameter:

F=v4C
where:

F is vertical flux (ug/m?s);
Vy is deposition velocity (m/s); and
C is ground level concentration (ug/m®.

Wet deposition rates may be calculated by assuming that vertical flux is proportional to the mathematical integral
of the concentration over the plume height. Expert advice is needed to identify appropriate areas in gravitationa
settling models to determine and identify appropriate values for deposition parameters in modeling wet and dry
deposition. When wet and dry deposition models are incorporated within dispersion models, the reduction in
concentrations in the plume (caused by deposition) may be accounted for by reducing the source strength (that
is, the emission rate) accordingly.
Predicting Effects of Deposition - MAGIC Model

The Modd of Acidification of Groundwater In Catchments (MAGIC) is alumped parameter model of
intermediate complexity that was originally developed to predict the long-term effects (decades or centuries) of
acidic deposition on responses in annual surface water chemistry (Thornton et al, 1990). MAGIC requires input

-12
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dataon annual precipitation volume, time averaged annual concentrations for chemical constituentsin deposition,
watershed attributes (for example, catchment area, stream length), soil physical and chemical variables, lake and
stream physical attributes and discharge rates and initial lake and stream water chemistry conditions.

MAGIC may be used with a dispersion model that provides a spatial pattern of deposition over time.
MAGIC was used to help design and implement an investigation of acid deposition in Northern Thailand. This
investigation was conducted as a follow-up on the EIA of Mae Moh mine, Mae Moh power plants units 1-11,
Lampang power plant units 1-8 and a water supply system (Schultz International Limited, 1993).

Predicting Soiling and Materials Damage Caused by Exposure to Air Pollution

Empirical models may be used whenever available. Where applicable, experiments may also be set up to
determine the extent of damage. Generally, however, damage to materials by soot, smoke, and dust as well as
metal corrosion by air pollutants may be predicted from historical evidence and by expert advice.

Predicting Effects on Visibility in the Atmosphere

Empirical models have been developed to predict the effects of air pollution on visibility. These models
relate concentration of specified substances (notably smoke, NO,, NH,SO,, and NH;NO; aerosols) to the distance
of maximum visibility. Historical evidence and expert advice may also provide inputs for predicting effects of air
pollutants on visibility.

Areas of Application

The U.S. EPA has developed standardized dispersion models that have been adopted by many countries
and many EIA practitioners (Tables 42 and 4 3). These models are available from the U.S. EPA and may be
downloaded from their home page (Www.epa.gov) on the Internet.

The choice of model for a given application will be based on:

need for accuracy in prediction;
type of emission — point, area, line, module, hot or cold intermittent, or continuous;

meteorological conditions in the receiving area (wind turbulence, stability, inversions, mixing layer
height, rainfal);

topographical conditions in the receiving area;
location of receptors;

nature of effects on receptors; and

nature of substance emitted.

Table 4-2: Air quality modeling software available from the Support Center for Regulatory Air Models - U.S.
EPS Office of Air Quality Planning and Standards (source: Internet - www.epa.gov/scram001).

Model Description

BLP BLP is a Gaussian plume dispersion model associated with aluminum reduction plants.
Buoyant Line and Point Source Dispersion
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Model Description
Model
CALINE3 CALINES is a line-source dispersion model that can be used to predict carbon monoxide

California Line Source Model

concentrations near highways and arterial streets given traffic emissions, site geometry, and
meteorology.

CDM2
Climatological Dispersion Model

CDM2 is a climatological dispersion model that determines long-term quasi-stable pollutant
concentrations.

COMPLEX | COMPLEX | is a multiple point-source code with terrain adjustment representing a sequential modeling
bridge between VALLEY and COMPLEX II.

CRSTER CRSTER estimates ground-level concentrations resulting from up to 19 colocated elevated stack
emissions.

EKMA EKMA was developed for relating concentrations of photochemically formed ozone to levels of organic
compounds and oxides of nitrogen.

ISC2 ISC2 is a steady -state Gaussian plume model which can be used to access pollutant concentrations

Industrial Source Complex Short-Term2
and Industrial Source Complex
Long-Term2

from an industrial source complex.

LONGZ-SHORTZ

LONGZ-SHORTZ is designed to calculate the long and short-term pollutant concentrations produced at
a large number of receptors by emissions from multiple stack, building, and area sources.

MPRM 1.2
Meteorological Processor for Regulatory
Models

MPRM 1.2 provides a general purpose computer processor for organizing available meteorological data
into a format suitable for use by air quality dispersion models. Specifically, the processor is designed to
accommodate those dispersion models that have gained EPA approval for use in regulatory decision
making.

MPTER MPTER is a multiple point-source Gaussian model with optional terrain adjustments.

PTPLU PTPLU is a point-source dispersion Gaussian screening model for estimating maximum surface
concentrations for one-hour concentrations.

RAM RAM is a short-term Gaussian steady -state algorithm that estimates concentrations of stable pollutants.

RTDM RTDM s a sequential Gaussian plume model designed to estimate ground-level concentrations in

Rough Terrain Diffusion Model

rough (or flat) terrain in the vicinity of one or more co-ocated point sources.

TOXST/TOXLT
Toxic Modeling System Short Term and
Long Term

TOXST/TOXLT are designed o assist in the evaluation of acute health hazards that may result from
short- and long-term exposure to air pollutants.

UAM
Urban Airshed Model

UAM is a three-dimensional grid based photochemical simulation model for urban scale domains.

VALLEY VALLEY is a steady -state, univariate Gaussian plume dispersion algorithm designed for estimating
either 24-hour or annual concentrations resulting from emissions from up to 50 (total) point and area
sources.

WRPLOT WRPLOT is an interactive program that generates wind rose statistics and plots for selected

meteorological stations for user-specified date and time ranges. The wind rose depicts the frequency of
occurrence of winds in each of 16 direction sectors (north, north-northeast, northeast, etc.) and six wind
speed classes for a given location and time period.
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Table 4-3: Models available from the U.S. EPA Office of Research and Development (source: Internet -

www.epa.gov/scram00l).
Model Description
APRAC-3 APRAC-3 contains the emission factor computation methodology and treats traffic links in the primary
network with low vehicle miles traveled as area sources.
CTDMPLUS CTDMPLUS is a refined air quality model for use in all stability conditions for complex terrain
applications.
CTSCREEN CTSCREEN is the screening mode of CTDMPLUS. Refer to CTDMPLUS above for all document

information for this model.

HIWAY-ROADWAY

HIWAY-ROADWAY are two models which compute the hourly concentrations of non-reactive
pollutants downwind of roadways and predict pollutant concentrations within two hundred meters of a
highway respectively.

INPUFF INPUFF is a Gaussian integrated puff model which is capable of addressing the accidental release of a
substance over several minutes or of modeling the more typical continuous plume from a stack.

MESOPUFF MESOPUFF is a Lagrangian model suitable for modeling the transport, diffusion and removal of air
pollutants from multiple point and area sources at transport distances beyond 10-50 KM.

MPTDS MPTDS is a modification of MPTER that explicitly accounts for gravitational settling and/or deposition
loss of a pollutant.

PAL PAL is a short-term Gaussian steady state algorithm that estimates concentrations of stable pollutants

Paint, Area and Line Source Algorithm
Model

from point, area and line sources.

PBM
Photochemical Box Model

PBM is a simple stationary single-cell model with a variable height lid designed to provide
volume-integrated hour averages of 0; and other photochemical smog pollutants for an urban area for a
single day of simulation.

PEM Pollution Episodic Model

PEM is an urban scale air pollution model capable of predicting short-term average surface
concentrations and deposition fluxes of two gaseous or particulate pollutants

PLUVUE PLUVUE is a model that predicts the transport, atmospheric diffusion, chemical conversion, optical
effects and surface deposition of point-source emissions.
SDM SDM is a multipoint Gaussian dispersion model that can be used to determine ground-level

Shoreline Dispersion Model

concentrations from tall stationary point source emissions near a shoreline environment. SDM is used
in conjunction with MPTER algorithms to calculate concentrations when fumigation conditions do not
exist.

TUPOS

TUPOS is a Gaussian model that estimates dispersion directly from fluctuation statistics at plume level.

Guidance Documentation

Guidance on the Application of Refined Dispersion Models for Air Toxics

Guidance Documentation

Evaluation of Dense Gas Simulation Models.

Summary of Air Quality Models Used in Developing Country EIAs

Examples of the use of air quality modelsin developing country EIAs arerelatively easy to find. The most
common applications are for thermal power plants and linear developments such as highways.

Industrial Source Complex Short-Term Model (ISCSTM): The ISCSTM model was used in the Mangalore
Thermal Power Plant project air quality analysis for receptors up to distances of 20 to 25 km. It is capable of
predicting for both simple terrain (below the top of the stack) and complex terrain. It calculates hourly
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concentrations based on hourly meteorological parameters. These are processed into non-overlapping, short-term
and annual averaging periods. It contains both rural and urban model options.

PTPLU (from the UNAMAP series of US EPA) and 1SC2 (Industrial Source Complex): The Nong Chok Gas
Turbine Power Plant Block 1-4 used PTPLU to do their air quality screening. They also used 1SC2 (Industria
Source Complex), an EPA steady state Gaussian plume model, designed for regulatory use in urban areas. This
model was also used to measure ground level concentrations of pollutants from the South Bangkok Combined
Cycle Block-2. This latter EIA developed its own model for thermal plume modeling.

Complex-I (EPA): Complex-I was developed specifically to treat dispersion from point sources involving
complex terrain, where sections of land areas surrounding the source may have elevations as high or even higher
than the emitting stack. This model was used in the Suralaya Steam Power Station Expansion, Indonesia

CAL3QHC (EPA): CALC3QHC isusedto predict pollutant concentration near roadway intersections. It was used
to predict CO concentrations for the Thonburi Road Extension Project, Thailand.

AIRDISP (Developed by ELSAMPROJEKT A/S in Denmark) and SCREEN (EPA): Both of these Gaussian
dispersion models of the point source type used for determining maximum concentrations and its distance from
the source were used in the Masinloc Coal Fired Thermal Power Plant project, Philippines. The most important
difference between the models is the number of parameters included in the modeling technique applied. The
AIRDISP model is the most advanced, taking local meteorological data as well asterrain levels within the area
covered by the calculation into account; thisis not possible with the SCREEN model. Calculations of one-hour
maximum concentrations for SO2, NO2 and particles were made with both models, and where comparisons can
be made directly, the results are almost identical. SCREEN isarelatively simple model which isnormally used for
aninitia judgement of pollution sources and which generally calculates very conservatively. It isonly capable of
handling one emission source per calculation. In a case of more than one source, the worst case source is
selected as representative. The AIRDISP model was used for stack height dimensioning until the mid-1980s and
was required in connection with regulatory use. It uses basically the same techniques as SCREEN, but is more
advanced in several fields. It makes it possible to use frequency distribution of local meteorological data divided
according to wind direction, wind speed, and stability class. Terrain levelsareincluded in the model and stated as
receptor heightsin the entire area covered by the calculation. Finally, it is possible to include more than one source
(up to 5) which are assumed to be located in the same geographic point.

VALLEY (EPA) and IMPACT: These modelswere used intheair quality assessment at Mae Moh. The VALLEY
algorithm is a steady-state, univariate Gaussian plume dispersion algorithm designed for estimating either 24 hour
or annual concentrations resulting from emissions from up to 50 (total) point and area sources. Calculations of
ground level pollutant concentrations are made for each frequency designed in an array defined by six stahilities,
16 wind directions, and six wind speeds for 112 program-designed receptor siteson aradia grid of variable scale.

HIWAY (EPA), California Line Source Model, and CALINE2: These are vehicular pollution models used in
Malaysia. HIWAY computes the hourly concentrations of nonreactive pollutants downwind of roadways. It is
gpplicable for uniform wind conditions and level terrain. Although best suited for at-grade highways, it can also be
applied to depressed highways (cut sections).

CALINE4 (EPA): CALINEA4, aline source Gaussian dispersion model in wide use throughout the world, was
used for the Bangkok Elevated Road and Train System. It employs the mixing zone concept to characterize
pollution dispersion over the roadway, including both thermal and mechanical turbulence.

MOBILE4 (EPA): MOBILE4 was used to determine road vehicle emission rates for the Bangkok Elevated Road
and Train project. It calculates emission factorsfor hydrocarbons, CO, and nitrogen oxides from gasoline-fueled
and diesal-fueled highway motor vehicles, based on eight individual vehicle typesin two classes of regions (high
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and low altitude). Estimates depend on various conditions, including ambient temperature, speed, and mileage
accrual rates.

4.3.2 Surface Waters
Conceptual Model

Surface watersincluderivers, streams, canals, ditches, lakes, reservoirs, lagoons, estuaries, and coastal
waters. Impacts on surface waters are usually caused by physical disturbances (for example, the construction of
banks, dams, dikes, and other natural or man-made drainage systems), by changesin climatic conditions, and by
the addition or removal of substances, heat, or microorganisms (for example, the discharge of effluents and
deposition of air pollutantsinto water). These activities and processes lead to first order effects as manifested by
changesin surface water hydrology, changes in surface water quality, and consequently to higher order effects
reflected by changes in sediment behavior, changes in salinity, and changes in aquatic ecology. The summary
cause-effect network for surface waters is presented in Figure 4-4.
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Figure 4-4: Summary of cause-effect network for surface waters (source: ERL, 1984).
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Basic Concepts
Discharges of Effluents

The calculation of dischargesfollows the same principles used in calculating releases of emissionsto the
air discussed under atmospheric impacts (section 4.2.1). Estimates of discharges of pollutants may be available
from design data, standard predefined values, monitoring similar operations elsewhere or pilot testing. If this
information is not available, it can be calculated using discharge factor models. These models assume the rate of
dischargeisdirectly proportional to the level of implementation of the activity. Predictions of effluent discharges
into surface waters are based on information on the rate of flow of the discharge, the concentrations of
substances present in the discharge, the temperature of the discharge, and the timing and location of discharges.

Data on discharges of effluents may be directly used for comparison of alternatives by comparing the
data with existing discharge standards for different types of effluents and receiving water. Estimates of effluent
discharge may also be used as inputs into models for predicting effects on hydrology and water quality.

The rapid assessment procedure (discussed in section 3.8) illustrates how this approach may be used in
developing countries to estimate effluent discharges.

Run-off Over Land

Run-off into surface water can be predicted by standard mathematical models, experts, and field tests
using tracers to determine movement of the run-off and its appearance in surface water bodies. The interest for
predicting run-off over land in EIA studies is based mainly on its effects to the hydrology and water quality in
receiving water bodies. Special interest may be focused on the run-off of pesticides, fertilizers, and other materials
toxic to water bodies used for domestic, agricultural, and recreational purposes.

Mathematical models are available for predicting run-off for:

permeable or impermeable surfaces,
sewered or unsewered areas,
short-term or long-term predictions; and

guantity or quality, for example, pesticides, sediments, biological oxygen demand, nutrients,
dissolved minerals, bacteria, etc.

Run-off models use the same principles to describe the balance between hydrological inputs and outputs
to surface run-off (precipitation minus evapotranspiration, infiltration, and storage equals run-off). The basic
model may be manipulated to include variables describing relevant processes (for example, erosion, sedimentation,
wash-off of chemicals, adsorption, biodegradation, etc.), in which case they can also be integrated to water
quality models for the receiving surface waters.

These modelsrequire ahigh level of expert assistance as they need extensive calibration and verification
for use in specific areas. Input requirements also include substantial information on rainfall, air temperature,
drainage network configuration, soil types, ground cover, land use, and management measures.
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Some simple applications of run-off models and their underlying assumptions include:

prediction of traffic pollutant loads washed off road surfaces through sewers after prolonged dry
periods (the accumulated load is assumed to be washed off in the first heavy rainfal and enters
surface waters); and

prediction of the run-off of a conservative pollutant applied within acatchment area (the total amount
applied is assumed to be uniformly diluted in the total run-off from the catchment).

Flow Models

Knowledge of water flow is a prerequisite to any water quality modeling. In freshwater s/stems,
hydrological and hydrodynamic models have been developed for use in environmental assessment. In marine
systems models have been used to predict currents and water level in coastal and estuarine environments. Many
hydrological models are available to calculate time varying flow rates (m*/sec) in rivers, lakes, and manmade
reservoirs. These models are often constructed based on historical data collected at hydrometric monitoring
stations.

Hydrodynamic models are based on specia cases of the generd three-dimensiona Navier-Stokes water
movement equations. Depending on the nature of the water body, the equations may be reduced to one or two
dimensions by depth averaging or cross-section averaging. Large water bodies may be divided into segmentsand
modeled in terms of flows across the boundaries between the segments. Standard computer models are available
for relatively simple models, although because of its inherent complexity, mathematical hydraulic modeling
requires specialist inputs. The models may also be linked to models for predicting sediment behavior, salinity,
temperature, water quality, and surface water movements. Data needed for calibration, validation, and application
of mathematical hydraulic models include the system geometry, data oninflows and outflows (time series), initia
hydrological conditions, bottom conditions, water levels, and wind conditions.

Oxygen Sag Curve - Sreeter Phelps Equation

Modelsfor predicting changesin organic materials usually consider changesin dissolved oxygen resulting
from increased demands for oxygen from bacteria during decomposition and supply of oxygen from natura re-
aeration. The classical example is the Streeter-Phel ps equation that represents the oxygen sag curve The oxygen
sag curve (Figure 4-5) illustrates how the oxygen concentration © changes with time and distance downstream of
a discharge point. The Streeter-Phelps equation actually represents the dissolved oxygen deficit, (G- C) asa
function of demand for oxygen and natural aeration, where C; is the oxygen saturation concentration.

The basic equation is:
D= ———¢g X Kd+ p g Kt

where;

D; is thedissolved oxygen (DO) deficit at t;

L, is the BOD concentration at the discharge point immediately after mixing (t=0);
D, is theinitia DO deficit at the point of waste discharge;

t is thetime or distance downstream;

K; is the parameter of deoxygenation; and

K, is the reaeration parameter.
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Other processesthat affect BOD and resulting dissolved oxygen concentrations, and that can be integrated
in thismodel include algal and plant respiration, benthal oxygen demand, photosynthesis, and nitrogenous oxygen
demand.

Point of
waste discharge

§ < Dmax

Dissolved-oxygen concenlralion, C

4+ —p/«

Distance downstream, t

Figure 4-5: Oxygen sag curve obtained from the Streeter-Phelps Equation (source: Canter, 1996).

Water Quality - The Mass Balance

The basic concept that underlies most water quality modelsisthat of mass or material balance (Figure 4-
6):

|+ D+F+J=X+R+T
where

is theinflow into the compartment (mass/time);

is the discharge into the compartment (mass/time);

is the formation due to biochemical activity in the compartment (mass/time);
is the transfer from other compartments (mass/time);

is the outflow from the compartment (mass/time);

is the degrading reaction (mass/time); and

is the transfer to other compartments (mass/time).

=0 X<~TOo ~—
7
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Figure 4-6. Mass balance equation for a compartment (source: Mckay and Peterson, 1993).

A volume of spaceisidentified and one or more compartments (for example, air, water, biota) defined. A
simple mass or material balance equation is then written for this volume. The mass balance equation states the
change in inventory (amount present in the compartment) of achemical is equal to inputs minus the outputs. The
mixing model discussed earlier (section 4.1.4) is perhaps the ssmplest mass balance model. Canter (1996)
describes the mass balance formulation of dissolved oxygen including transport exchanges with air (atmospheric
exchange), and biota (production of oxygen due to photosynthesis and respiration (in water column ad
sediments)).

In cases where there is only one compartment (for example, water) the model may be easily defined. In
more complex models, a number of compartments may be present. McKay and Peterson (1993) describe a six
compartment model of air, water, fish, soil, bottom sediments, and suspended sediment for estimating the fate of
trichloroethylene (Figure 4-7). To describe the fate of trichloroethylene requires estimation of the transfer rates of
some fifteen physical, chemical, and biological processes, including rates of sedimentation, run-off from soil,
evaporation, reaction, and advective flows.
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Figure 4-7. Example mass balance diagram for the fate of trichloroethylene (source: Mackay and Peterson, 1993).

The definition of the model and estimation of the various rates for the model’ s processesis only thefirst
step. The next step isto define the various discharges to the system which may come from various industrial and
municipal sources, spills, and applications of chemicals (for example, pesticides).

The fina step is to define and estimate the transport rates between various media. This is important
because a chemical discharged into one media (for example, soil) may be relatively stable, but when conveyed to
another media (for example, air), it may be subject to alarge reaction rate. For example, achemica’ slifetimein the
environment may then be controlled, not by how fast it will react in soil, but by how fast it can evaporate from the
soil to the atmosphere (McKay and Peterson, 1993).

In EIA, in the simplest cases, the concern is often limited to the chemical discharges associated with a
specific project (for example, the effluent discharge from a pulp and paper mill). A mass balance model can be
used to estimate the changes in chemical concentrations within environmental components of concern.
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Erosion and Sedimentation

Processes like soil erosion are highly correlated with underlying features of the landscape. These processes
have been used as the basis for the universal loss soil equation (USLE). Westman (1985) summarizes the work of
many researchers in his presentation of the soil loss equation.

The simplest representation of the universal soil loss equation is:
A = 8827 xRxKxXxLSxCxP

where

A is the average annua soil loss (tonnes’km? per year);

R is ameasureof rainfal intensity; and index value related to the maximum 30 minuterainfall intensity
per storm (cm/hr) average over all storms,

K is thesoil erodibility factor; anindex from 0.001 (nonerodible) to 1 (erodible) based on soil texture,
structure, organic matter content, permeability (available for US soils from Soil Conversation);

LS is the dope length factor - where Sis the sope angle (% of 45 degrees) and L isthe length of the
dope (M). The factor LSis expressed as aratio of the erosion from that experienced on aslope
of 9% and the length of 22m. The ratios are available from standard slope charts;

C is thevegetative cover and management factor - ranges from .001 for awell managed woodland to
1.0 for no cover;

P is theerosion control or management practice factor - ranges from .001 for effective contouring,
terracing, and other erosion control for tilled land to 1.0 for the absence of erosion control.

88.27 isaconversion factor to convert units of A (tons/acrefyear) origina formulation to metric units
tonnes’km? per year.

The USLE is often used to calculate the sediment yield or sediment input into a given water body (for
example, a lake or reach of river).

Models for movement of sediment within awater body concentrate on two processes. bed transport or
sediment transport. The processes are the primary influence sediment behavior and can be expressed
mathematically as a function of stream velocity. Bed transport is normally modeled as a function of stream bed
condition and stream vel ocity. Sediment transport is normally modeled as a function of a sediment concentration
(integrated over the full water depth) and stream velocity. Models may treat the two processes separately or
simultaneously. Depending on the nature of the water body, sediment behavior may be modeled in one, two, or
three dimensions. The models may aso be integrated with hydraulic models to predict hydrological effects.

Areas of Application

Surface water models are applied to make predictions of dissolved oxygen, temperature, instream flows,
suspended sediment, salinity and nutrients. Most models useful for impact assessment contain a number of basic
processes. For example, the U.S. Department of Agriculture's (USDA) Simulator for Water Resources in Rural
Basins-Water Quality was developed to simulate hydrological, sedimentation, and nutrient and pesticide transport
processes in alarge, complex rural watershed.

Box 4-1: The USDA’s Simulator for Water Resources in Rura Basins-Water Quality (SWRRBWQ)
(source: General Sciences Corporation, 1993).
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The SWRRBWQ model operates on a continuous time-scale and allows for subdivision of basins to account for differences in soils, land use,
rainfall, etc. It can predict the effect of management decisions on water, sediment, and pesticide yield with reasonable accuracy for ungauged
rural basins throughout the United States.

SWRRBWQ includes five major components: weather, hydrology, sedimentation, nutrients, and pesticides. Processes considered include
surface run-off, return flow, percolation, evapotranspiration, transmission losses, pond and reservoir storage, sedimentation, and crop
growth. A weather generator allows precipitation, temperature, and solar radiation to be simulated when measured data is unavailable. The
precipitation model is a first-order Markov chain model, while air temperature and solar radiation are generated from the normal distribution.
Sediment yield is based on the Modified Universal Soil Loss Equation (MUSLE). Nutrient yields were taken from the EPIC model (Williams et
al., 1984). The pesticide component is a modification of the CREAMS (Smith and Williams, 1980) pesticide model. SWRRBWQ allows for
simultaneous computations on each subbasin and routes the water, sediment, nutrients, and pesticides from the subbasin outlets to the basin
outlet.

Canter (1996) provides anumber of examples of computer based water quality that arein usein the United States
(Table 4-4). Most of these models were developed and are maintained in the US Army Corps of Engineers
Waterways Experimental Station Environmental Laboratory. Information can be obtained from the World Wide
Web (www.wes.army.mil/el/elmodel s/index.htm).

Table 4-4: Examples of computer-based water quality models (source: Canter, 1996).

Model name  Description Major features Data requirements Output
CE-THERM-1  1-D vertical reservoir Temperature, total dissolved Inflow rates and constituent values Vertical profiles and outflow
model for solids (TDS), suspended solids  oyiow rates, operations values for constituents over
temperature SS) coupled to densi — ' time (printed and/or plotted
P (S) coup Yy Structural configuration and hydraulic (b ploted)
Specify outflow ports or ports  onetraints of outlets Statistics of predicted and
based on temperature objective . . observed values
Initial constituent profiles
Reregulation pool, pumped- . Flux information
9 P p. P Morphometric data
storage, and/or peakmg Meteorolonical data Operations schedules for
hydropower options J multievel outlet configurations
Process and rate coefficients
Release flow and temperature targets if
using outflow-port decision routine
CE-QUAL-R1  1-D vertical reservoir All CE-THERM-R1 features Same as CE-THERM-R1 plus Same forms as CE-THERM-
model for water Allows simulation of most major additional water quality data and R1
quality physical, chemical, and coefficients
biological processes and
associated water quality
constituents
Simulates anaerobic processes
Monte Carlo simulations
CE-QUAL-W2  2-D longitudinal, Solves 2-D hydrodynamics Basically same as CE-QUAL Velocities and water quality

vertical hydro-
dynamic and water
quality model for
reservoir, estuarine,
and other 2D

watarhndieg

Head of flow boundary
conditions

Allows multiple branches.

Simulates temperature, salinity ,
and up to 19 other water quality

(THERM)-R1

Tidal boundary conditions for estuarine
applications

Morphometric data, including widths for
each cell

constituents at all points on 2
D grid (printed)

2-D vector plots and 2D
constituent concentration
contour or shading plots
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Model name  Description Major features Data requirements Output
waterbodies variables Time-series data and plots
Statistical output
Restart files for subsequent
hot restart simulations
SELECT 1-D vertical steady-  Computation of withdrawal zone  Reservoir profiles for temperature Vertical profile of withdrawal
state model of distribution from a density - (density) and conservative constituents  zone
selective withdrawal ~ stratified reservoir Outflow rate, operation Release qualities
from areservoir ; - i . .
Release temperature, density,  syryctural configuration and hydraulic — Appropriate port operations to
conservative constituents constraints or outlet(s) meet quality targets
computed ) . .
Quality targets if deciding port operation
Multiple outflow types (spillway,
water quality gate, flood-control
outlet, etc.) handled internally
User specifies ports operating or
selects ports internally based on
quality objective (e.g.,
temperature)
Reaeration of hydropower and
flood-control releases
STEADY 1-D longitudinal 1-D steady state Flows, depths, and velocities Printed output for predicted
steady -stafe stream - gteady flow Average equiibrium temperature and  temperature and DO at each
temperature and DO - node
modpel Allows branches, loops, and heat-exchange coefficient
lateral inflows and withdrawals  Inflow temperature and DO
Flow can be piecewise Rate coefficients
nonuniform
CE-QUAL- 1-D dynamic flow,  Simulates dynamic (highly Physical data, cross-section geometry, Hydraulic information and
RIV1 time-varying stream  unsteady) flows elevations, and locations of nodes; water quality constituent
hydraulic (RIVIH),  simulates up to 10 ime-varying lateral inflows and tributaries; control values printed for all nodes at
and water quality  water quality constituents structures specific print intervals
(RIV1Q) models Allows branching systems Initial conditions Time-series plots of selected
Allows multple control structuresBoundary conditions for flow and water  Variables at selected nodes
. ual
Stream, structural, and wind qualty
reaerafion options Rate coefficients and other parameters
Direct energy balance or equi- ~ Meteorological data or equilibrium
liorium temperature approach for  emperatures and exchange coefficients
temperatures
HEC-5Q Reservoir system Balanced reservoir system Inflow quantity and quality Reservoir and river water

simulation/optimiza:
tion model for
multiple water-
resource purposes
including water
quality, water supply
hydropower and
fiood control

regulation determination
Optimum gate regulation for
multiple water quality
constituents

Initial water quality conditions

System configuration and physical
description

Reservoir regulation manual operation
criteria

System diversions

Water quantity and quality targets at
system control points

quality profiles

Reservoir and river discharge
rates, elevations and travel
time
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Summary of Usein Developing Countries

AIT2: AIT2 provides two-dimensional modeling of currents and water levelsin estuaries and coastal waters. It
has been widely used, including for the Ao Pha project in Thailand, the Keppel Channel in Singapore, and the
Upper Gulf of Thailand.

Cornell Mixing Zone Expert System (CORMIX) (EPA): The CORMIX model was used for the assessment of
potential thermal and chemical impacts resulting from wastewater discharges from the proposed Mangal ore power
facility. CORMIX isaseries of software subsystemsfor the analysis, prediction and design of aqueous discharges
into water bodies and streams. It was developed for the EPA and is a recommended analysis tool in guidance
documents on the permitting of industrial discharges to receiving waters.

4.2.3 Soilsand Groundwater
Conceptual Model

The integrity of soils and groundwater can be altered by avariety of physical disturbances, including the
addition/removal of soil and/or water, compaction of soil, changes in use of land or ground cover, changes in
water hydrology, changes in climate (temperature, rainfall, wind), and the addition or removal of substances or
heat (for example, discharge of effluentsinto groundwater, discharge of effluents or disposal of waste onto land,
leaching of contaminantsinto groundwater, changesin quality of surface water, and deposition of air pollutantson
land). The effects of these vary from first order effects of leaching into soil and groundwater to changes in
groundwater regime, soil structure (including erosion and subsidence), soil quality or temperature, and
groundwater quality or temperature. A summary of these effects are presented in Figure 4-8.
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Summary of cause-effect network for soils and groundwater (source; ERL, 1984).

Figure 4-8:

-27



December 1997
EIA for Developing Countries Chapter 4: Approachesto Impact Prediction

Basic Concepts
Leaching Into Soils and Groundwater

The volume of |eachate percolating through a site can be predicted using mathematical models such asthe
water balance method in sites above the water table. The water balance method calculates leachate flow by
balancing flows into and out of a site as follows:

where

I is theinflow volume;

O is theoutflow volume;

S is the storage volume; and

?S is the change in the storage volume.

In the unsaturated zone;

where

P is the precipitation volume;

Vd is thevolume of liquid disposed;

L is theleachate volume;

Evtis thevolume lost to evapotranspiration;

Evdis thevolume of the liquid disposed lost to evaporation; and
R is the runoff volume.

For predicting long-term effects, the changein storage can be assumed to be zero, evapotranspiration can be based
on existing data or experiments, while run-off can be calculated using an empirical model based on surface
conditions and slopes.

Darcy's Law
Darcy's Law isthe basisfor most models of groundwater flow in sites below the water table. The method

describes the flow of groundwater through a saturated porous medium. Flow is dependent on the change in head
with distance (that is, the hydraulic gradient) and the permeability of the medium. It is expressed mathematically as:

dH
Q= KA( m )
where:
Q is the flow (m®/day);
K is the permeability (m/day);
A is the cross-sectional area (m?); and
dH/dL is the hydraulic gradient (that is, the change in the water table elevation per unit changein

the horizontal direction).
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Changesin Groundwater Flow

The effects of physical disturbances and discharge of liquid effluents on groundwater include changesin
the availability of soil moisture for soil microorganisms and plants, reducing the available yield for abstraction
which can lead to saltwater intrusion to underground water sources or a change in the hydrology of surface
waters. Mathematical models are primarily based on analytical or numerical solution of equations for conservation
of massusing Darcy'slaw. The groundwater system can be divided into one, two, or three segments depending on
the directions of flows within the system. The flowsinto and out of each segment are then balanced using Darcy's
equation.

Changes in Groundwater Quality

The behavior of nonconservative pollutants can be simulated by superimposing models of chemical
conversion, biological breakdown, system process, etc. Tracer experiments may be used to predict dispersion of
pollutants in groundwater.

Changes in Soil Structure

Changesin soil structure are caused by agricultural practices, ground conditions, surface water conditions,
and by removal of subsurface soil or water. The effects of these changes can manifest on soil microorganisms,
plants and animals, crops and livestock, groundwater and surface water hydrology and quality, visual landscape
and amenity, and the integrity of buildings and other civil engineering works. Erosion resulting from changes in
ground cover, management practices, rainfall and run-off, and wind exposure can be predicted by the universal soil
loss equation.

Effects on Soil Quality

In order to determine the effects on soil quality of contaminants, it is necessary to establish the chemical
composition, quality, and amount of substrate in the various soil strata; absorption and adsorption onto soil
particles; uptake by plants; transport through the soil; and the chemical and biological conversion of substances.
Models have been developed to:

simulate individual processes occurring in soil;

describe behavior of substances in soil such as nitrogen, phosphorous, and pesticides (laboratory
experiments using column tests and lysimeters may also predict the behavior of substances in soil);

predict the behavior of liquids which are immiscible with water (for example, mathematical models
for oil spills on land which simulate the behavior of oil on the surface and in the unsaturated zone and
its dispersion above the groundwater table);

simulate the behavior of gasesin soil; or

predict dispersion of heat released by pipelines or cables, or discharged in effluents.
Areas of Application

Table 45 lists some of the software the International Groundwater Modeling Center (IGWMC) at the
Colorado School of Mines has to offer, as well as some free, public domain software. Detailed descriptions of
most programs (as well as model demos) can be found on the Center’s website under the IGWMC Software
ligting.
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that often lead to secondary or high order changes in plants and animals. For example, changes in downstream
flow as a result of an upstream dam on a river may change the productivity of fish population. Alternatively,
industrial pollution may be transported downstream and move through the food chain and ultimately contaminate

the fish and wildlife populations that depend on theriver. A simplified conceptua model of potentia effects on biota
is presented in Figure 4-9.
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Figure 4-9: Summary of causeeffect network for biota (source: ERL, 1984).

While our understanding of ecological systemsisincreasing, our ability to predict changesin biologica and
ecological resourcesisless developed than for physical resources. In this chapter, we present few simple cancepts
to help in predicting effects on biota. Unfortunately, however, there are few good examplesin Asian EIA practice
of using predictive tools for assessing impacts on biota. It should be noted that the assessment of biological
impacts is becoming increasingly more important as ElAs shift beyond their early focus on controlling pollution.

Basic Concepts
Physical Disturbance

Prediction of changesin physical disturbance of plants and animals usually requires that simple maps of
the spatial distribution and abundance of the biota be prepared. The ssimplest predictive techniques are based on
overlaying the project facilities location plan (buildings, roads, staging areas, etc.) over maps of the existing
environment. Today, this is often done using geographical information systems (c.f. chapter 3). For vegetation,
this technique provides asimple prediction of the arealost. For animals and animal communities, thistechniqueis
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extended using the “zone of influence” concept (see Figure 4-10). The zone of influence may extend far beyond
the site of the physical disturbance. For example, in the case of noise from aroad or facility the zone of influence
may extend hundreds of meters from the source.
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Figure4-10:  Simpleillustration of zone of influence.

Habitat Alienation

Intheterrestrial environment, the destruction of vegetation and loss of soil usually resultsin reduction of
habitat for animals. The relationship between the extent of the physical disturbance on the area and the amount of
habitat lost or degraded is non-linear. Small changes in critical areas can make large areas unsuitable as animal
habitat. Thisis because animal habitat is usually a combination of the basic necessities for an animal: food, water,
cover, and other resources. Some habitats are critical for survival, for example, wetlands that act as staging areas
for wildlife migration, or mangroves ecosystems that provide breeding areas for aquatic organisms.

Canter (1996) describes two habitat-based methods used for prediction of biological impacts. the Habitat
Evaluation System (HES) used by the US Army Corps of Engineersin the evaluation of water resource project in
the lower Mississippi; and the Habitat Evaluation Procedure (HEP) developed by the US Fish and Wildlife Service.
HEP, originally developed for use in evaluating water resource projects has been applied in many other contexts.
Most habitat based methods involve the use of expert judgement to construct simpleindices of habitat quality bassd
on key ecosystem variables. In most cases, the habitat quality indices must be redevel oped for each assessment.
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These methods are best used to compare the merits of alternatives. They provide neither an absolute measure of
impact, nor the degree of significance of the impact.

Box 4-2: Habitat Evaluation Procedures software (source: Internet -
www.mesc.usgs.gov/hep/hep.htiv)

The philosophy behind the Habitat Evaluation Procedures is that an area can have various habitats, and that these habitats have different
suitabilities for species that may occur in that area. Further, we assume that the suitabilities can be quantified (via Habitat Suitability Indexes)
and that the different habitats have measurable areal extents. The overall suitability of an area for a species we postulate can be represented
as a product of the areal extents of each habitat and the suitability of those habitats for the species. If this is true, we may further postulate that
as habitat changes through time, by natural or human-induced processes, we can quantify the overall suitability through time by integrating
the areal extent-suitability product function over time. Thus, we can quantitatively compare two or more alternative management practices of
an area with regard to those practices affecting species in that area. For example, we can judge the effects of logging, mining, cattle grazing,
versus no use. Furthermore, HEP allows us to quantify the effects of mitigation (not so great a negative impact) or compensation (improve
another like area to make up for lost habitat in the impacted area).

This is an important tool for land use managers, as they can quantify the effects of alternative management plans over time, and provide for
mitigation and compensation that can allow fair use of the land and maintain healthy habitats for affected species. The HEP accounting
program uses the area of available habitat and Habitat Suitability Index (HSI) to compute the values needed for Habitat Evaluation
Procedures (HEP) as described in the Ecological Services Manual (ESM 102) and the HEP training course NR561 [Habitat Evaluation
Procedures]. The compiled program requires two floppy disk drives or a hard disk, and 64 kilobytes of RAM.

Changes in Animal Populations

In many cases, the primary concern iswith impacts on fish and wildlife popul ations. Thisis because these
populations often have economic and social importance or are protected by national legidation or international
treaties. Population dynamics models are often devel oped to predict changesin animal populations. The basic model
equation (Walters, 1986) is:

N1 = SeNe + SR
where

N; is the population size at specific timet in the annua cycle;

R is the recruitment to the population during the time cycle between t and t+1;

Sy is thesurvivd rate of animas (N,) fromt to t+1; and

St is thesurvival rate of new recruits (R;) during the time cycle between t and t+1.

This simple equation alows for the projection of how the population will change over time. Each of the
basic components of the equation (that is, recruitment and survival rates) are usually modeled as functions of
other ecological parameters and outside interventions. For example, one model of recruitment in afish population
might have recruitment as a function of the population size, fecundity (eggs/female), avail able spawning habitat,
net migration, and water quality. Similarly the survival rates may be a function of population size, harvesting,
habitat, and water quality.

In conducting an EIA, onefirst predicts the changesin those factors upon which recruitment and survival
are dependent. Once estimates of recruitment and survival parameters are calculated, the model may be applied to
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