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Summary

The ARPA Environmental Impact Program is directed toward
identifying those scientific and technical areas necessary to achieve satis-
factory evaiuation and abatement of the environmental impacts of DoD
activities. The effort is directed toward high technology problems for
which there are current voids not being adequately addressed by cthers
and for which the environmental evaluations require considerable inter-
service and inter-agency participation.

The topic areas identified are:

1, An Environmental Impact Prediction Facility to assist
DoD in evaluating impact on the environment and to
provide a data base for an accurate assessment of an
activity's impact.

Four areas essential to this Facility are discussed:
Standards, Sensors/Instrumentation, Numerical
Modeling, and Data Management. The interaction
of these areas is illustrated using the high flying
aircraft as an environmental impact prediction
samp:e.

2, Implementation of a model base facility in which
all the environmental factors and natural resources
could be well controlled. The emphasis was con-
centrated on techniques which could be implemented
within the next ten years. Energy rescurces, in
particular, are detailed,

3. Development of sensor and instrumentation techniques
for environmental monitoring., Sensors and instru-
mentation techniques are considered in great detail
with emphasis on sophisticated chemical analysis
techniques such as ion-selective electrodes, polaro-
graphy, chromatography, etc, The basic principles

-vii-



and theory of operation of each of the instruments
have been investigated to gain insight into the existing
and future limitations.

4, Study of critical materials to assure a DoD supply.
This study considers the environmental aspects of the
metallurgical processes involved from the mining to
the finished products.

51 Environmental management so that DoD's pollution
efforts in detection, control, and abatement will be
recognized by the civilian community,

6. Pilot project to achieve insight and know-how prior
to the start of the actual Environmental Impact Predic-
tion Facility. The project proposed is the study of an
estuary closely tied to a DoD facility. Details are
enumerated so that one can gain insight into the
environ.iaental problem, the tasks necessary to

resolve the situation, and the final product result
from the pilot study.

The effort was also directed toward identifying research needed
to support future environmental impact statements. Assessment and
evaluation of current impact statements were used to determine potential
difficulties. For each Environmental Impact Statement, an abstract was
prepared together with a summary of the environmental factors involved

and future study areas.
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1.0 Introduction

The ARPA Environmental Impact Program is directed toward
identifying those scientific and technical areas necessary to achieve
satisfactory evaluation and abatement of the environmental impacts
of DoD activities. The effort is directed toward high technology prob-
lems for which there are current voids not being adequately addressed
by others and for which the environmental evaluations require consider-
able inter-service and inter-agency participation,

The need for these efforts is evident if one considers the legal
constraints which are imposed by the current legislation and Executive
Directives. For example, all Federal agencies, including DoD, whose
activities may have 5. significant impact on the environment, must
prepare a detailed report of the action and the probable environmental
effects prior to the start of‘ the activity. This is required by Section
102(2)(c) of the National Environmental Policy Act of 1969 [Public Law

91-190].

1.1 Study Objectives

The objectives of this study contract are to conduct a study which

will include, but not be limited to:
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1. Conducting a review of existing DoD Environmental
Impact Statements furnished by ARPA to determine
the weaknesses of current theory and technology.

2. Attending selected conferences and symposia on
pollution detection, control, and abatement.

3. Within the limits of time and funding imposed by
this contract, conducting a review of the environ-
mental effects programs of other DoD, and other
Federal agencies.

4. Using the information derived from (1) through
(3) above and information obtainable from other
sources, identifying the principal environmental
considerations of importance to the DoD.

5. Formulating a recommended research plan for

an advanced research program to be conducted
by ARPA.

1.2 Recommended Research

As a result of this contract study, several topics/areas were
identified and appear to be germaine for additional study and work
efforts by DoD and ARPA.

These include:

1. The establishing of an Environmental Impact

Prediction Facility to assist DoD in evaluating
impact on the environment and to provide a data

base for an accurate assessment of an activity's
impact.

2, The implementation of a model base facility in

which all the environmental factors and natural
(energy) resources could be well controlled.
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3. The further development of sensor and instru-
mentation techniques so that the environment
can be readily monitored and quantified.

4, The study of critical materials so that DoD's
source will always be available,

5. The organization of environmental management
so that DoD's pollution efforts in detection, con-
trol, and abatement will be recognized by the
civilian community and the techniques adapted
to non-DoD needs if warranted.

6. A pilot study and project to achieve insight and

know-how prior to the start of the actual
Environmental Impact Prediction Facility.

1.2.1 Environmental Impact Predictionr Facility

To obtain predictions of the environmental impact of DoD
activities and to properly complete future Environmental Impact
Statements, a dafa network, a centralized high-speed digital com-
puter, and an Environmental Impact Prediction Facility are essen-
tial. The ARPA Net and the ILLIAC IV computer appear to be
ideally suited for the first two job tasks. To function properly,
this Environmental Impact Prediction Facility must have a data base,
"in-situ" sensors and instrumentation expertise, legal knowlédge
pertaining to legislation and standards and modeling capability.

Efforts must be directed toward the mechanics of establishing

this facility., This entails identifying:
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1. The customer.

2. The format of the end product/service to be
provided,
3. The data collection and analysis facilities of

other agencies, both Federal and non-Federal,
4. Ti : applicable standards and regulations,

5. The program participators and the extent of
participation,

1.2.2 Model Base Facility
Resource Depletion - New Base Facilities

The ever decreasing supply of mnatural resources and energy
emphasized the need to conduct studies into the development of a
model new base military facility, The objective of a total facility
is to minimize total energy consumption, A system approach is
being utilized for this objective. The approach is to consider the
facility in the same context as a submarine or space vehicle. A
model community optimizes functional requirements, costs, and
energy considerations, To accomplish this objective, new components
of power generation, heat exchangers, and insulating materials are
being examined, Once again the multi-agency and tri-service nature

of this task is readily apparent.
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1.2.3 Sensors/Instrumentation

The study has emphasized the need for state-of-the-art, reliable
and sensitive instrumentation techniques and sensors that can effectively

monitor the environment,

1.2,3.1 Air Pollution - Solids

A major need is for reliable solid state sensors for detection
and measurement of particulates. The technology is available and is
starting to be employed. An example of a newly developed solid-state
method is the application of energy dispersive X-ray fluorescence
spectroscopy to direct analysis of particulates collected on filter paper
by Hi-Vol samplers. Extension of this technique to most of the metal
particulates should be possible. The method is rapid and sensitive.

Linkage with a mass spectrometer/computer is a logical exten-
sion that would multiply the power of the method. Less accurate but
still acceptable analyses for organic air particulates could be achieved
by solvent extraction of the paper and subsequent GC/MS or TLC/scan.
TLC/scan methods can involve IR reflectance, UV absorption, or spectro-
fluorometric techniques, The last technique has seen rapid improvement.

However, HPLC methods may be preferable to the above in some instances.

1-5



1.2.3.2 Air Pollution - Hydrocarbons u1d Volatile Organics

Methods for determining very low levels of hydrocarbons (inclu--
ing olefins) are desirable. By preconcentrating on chromatographic
column materials, such as porapak Q, at very low temperatures

(liquid N, and subsequently isothermally distilling into a GC gas sampling

2
inlet or by other methods, such as carrier gas sweeping at elevated
temperature, input into a gas chromatograph or GC/MS or GC/IR com-
bination can be achieved. This method could be adapted to automated
sampling and analysis.

In general, the applications of GC/MS/computer systems should
be explored exhaustively, particularly since many inorganics can be
handled by GC by conversion to volatile stable complexes. The develop-
ment of completely automatic GC/MS/computer systems, including

automatic sampling, should be feasible, particularly with simple, rugged

instruments such as the rf/quadrupole types.

1.2,3.3 Water

The application of pyrolysis GC tc aqueous pollutants, such as
surfactants and other non-volatile organics, is a method with great
potential. Automatic sampling and extraction-concentration techniques

should be improved.

1-6



Continuous monitoring of water pollutants of many types is
possible with the newly developed multiple internal reflection probe
which dips into the sample to be analyzed. Some type of masking
or correlation technique may be possible to enhance the method. Ion
selective electrodes are very useful for monitoring waters but are
susceptible to iaterferences. It may be possible to develop a con-
tainer into which the sample flows, is masked by e;utomatic addition
of an appropriate reagent to remove ‘nterferences, and measurement
is made. Upon achieving a stable reading the container opens, is
flushed by the aqueous environment, and is ready to read agair at
a preset interval,

The continuous improvement in detectors for GC and HPLC
suggests that these methods will be among the most generally useful
for handling all types of organic pollutants, Specific detectors, such
as electron capture and phosphorus and microionlemetric detectors,
are extremely sensitive for specific types of pollutants, while the con-
tinuing development of phase transformation detectors greatly enhances

the utility of HPLC methods for organics.

1.2.4 Critical Materials/Sole Source Supplie:s

DoD needs to identify the critical materials and sole-source

manufacturers which are essential for their operation and programs.
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At the present time, if any supplier or manufacturer is labelled a
polluter by the U.S, Environmental Protection Agency or any other
cognizant government agency, the imposition of legal action based

upon current legislation or Presidential directives could have a serious
impact on DoD's efforts.

However, if single source manufacturers and critical materials
are known, DoD will be able to avoid difficulties by providing technological
help and expertise before judicial restrictions are imposed.

This initial contract study has identified the need of DoD to be
assured of materials which are critical for their activities. Not only must
the total supply and location of the natural resource be known, but the
material must be handled/processed in a manner which will comply' with all
Federal, State, and local ordinances and standards.

Thus, a study should be initiated to positively identify the cri-
tical materials, to determine the total environmental impact of their
refinement, to identify the necessary instrumentation to be assured of
non-polluting processes and compliance with all applicable standards,
and to ascertain the void in the instrumentation/monitoring or the
metallurgical process itself so that improved state-of-the-art techno-

logy can be applied to correct any deficiency.
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1.2.5 Recommendations for Environmental Pilot Study

A, Introduction

One of the conclusions of the contract study has led to the
suggestion to create an Environmental Impact Prediction Facility.
The greatest cost-effectiveness can be achieved if the program to
formulate the structure of the Facility were simultaneously conducted
with a pilot project which will typify the tasks that will be the man-
date of the Facility. By combining the planning of the Facility and
a pilot study in one program, the interaction between the two efforts
will result in significantly higher productivity.

The pilot project will be a complete investigation of all the

phases of the impact of one DoD installation on an estuary. It will

include:

1. An inventory of pollutants introduced into the estuary
by the DoD installation and by the bordering community;

2. A field study of the estuary's fluid dynamics, and
thermal and salinity structures;

3. The collection of topographical, geological, and
sedimentation data;

4, A survey of instruments available for the hydrological
study and sensors of water-borne pollutants;

5. An extensive field program of biological and chemical

measurements;
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6. A review of local, state, and federal laws, and
of extra-legal quality standards, which relate to
the introduction of pollutants into the estuary;

7. The implementation and use of a numerical
model of the estuary's dynamic, thermal, and
salinity properties and of the dispersion of
pollutants in the estuary;

8. Recommendations for increasing the environmental

sensitivity of the installation's operations, for
future environmental studies of the estuary, and
for the elimination of gaps in the technological
capabilities in estuarine pollution studies; and

9. The formulation of an Environmental Impact State -
ment for the installation as related to this estuary,

The obvious objectives of the combined program will be the
planning of the Environimental Impact Prediction Facility, and the
successful completion of the pilot project as outlined above, The
successful achievement of these objectives, alone, is sufficient justifica-
tion for the program's efforts, However, by combining these two tasks
in one program, additional and equally important objectives will be
achieved at no extra cost. One is the pre-testing of the managerial
and technological structure of the Environmental Impact Prediction
Facility by applying its planned structure tc the pilot project; this will
enable the Environmental Impact Prediction Facility to be planned with
foresight which will result in tremendous savings in time and direct

cost. A second additional objective to be achieved will be a critical

evaluation of the existent technology applicable to environmental
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problems--including sensor technology; data acquisition, storage, and

retrieval, numerical modeling; ecological field methods; etc.

B. Technical Tasks

An inventory will be made of all material introduced
by the installation into the estuary. Such material
may include inorganic chemicals, organic chemicals,
nutrients, microorganisms, or thermally treated
water. Similar inventories will be made for other
pollution sources which affect the same region of the
estuary. During the field measurement period, con-
tinuous records will be kept of the disposal rates for
each separate pollutant.

A hydrological survey of the type which is common
for oceanography will be carried out. Measure-
ments will be made of the water current and direc-
tion, temperature, and salinity at various positions
and depths, during different phases of the tidal
cycle, Another useful measurement is the diffusion
rate, which can be obtained from a dye diffusion
experiment,

Topographical and geologic data will be obtained
from U, S. government sources, if available. In
addition, sediment thickness must be measured
and sediment samples from different depths ana-
lyzed. Depositional and erosional processes will
be observed, as well,

A survey and evaluation of sensors and instruments
will begin early in the project, leading to a selection
of sensors and instruments to be used in the actual
meitsurement phases of the project. These will
inciude oceanographic instruments (current meters,
saiinometers, thermometers, dye diffusion apparatus,
turbidity meters, etc.); sensors and quantitative
analysis apparatus for both organic and inorganic
chemicals (including dissolved 02, dissolved COZ’
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mercury, heavy metals, BOD, COD, pesticides,
etc.); sensors and quantitative analysis equipment
for nutrients such as organic-N and soluble-P;
microbiological measurement equipment (for coli-
form and salmonella, for example); and equipment
for the observation of flora and fauna in the
estuary.

5. The sensors, instruments, and equipment selected
after the survey will be deployed at various stations
and depths in the estuary, as continuously as possible
for a one-year period., The measurements will be
sufficiently dense in space and time to show spatial
patterns caused by the estuary's dynamics and the
distribution of sources, and temporal variations
associated with the estuary's cynamics and varia-
tions in disposal rates, The mmeasurements will
include physical, chemical, and biological indices
of pollution and will be taken concurrently with the
hydrological survey.

6. A review will be made of relevant local, state, and
federal laws, for comparison with the source and
field data. In addition, extra-legal environmental
quality standards advocated by DoD, EPA, or other
agencies and organizations will be reviewed and
compared with source and field data.

7. A numerical model capable of simulating the estuary's
dynamics, its thermal and salinity regimes, and the
spatial and temporal variations of pollutant concentra -
tions, will be developed or adapted and implemented
on a digital computer. The simulated estuary will be
required to agree closely with all the field measure-
ments when the source data is used as the input.

Cnce operating, the numerical model will be used to predict the
effects of hypothetical changes in the estuary itself and in the pollution

sources. For example, it will predict the effect of restricting pollutant

disposal to certain tidal phases, to certain depths, or to certain
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combinations of positions. It will predict the effect on the dispersion
of pollutants by changes in the estuary's dynamics caused by piers,
bridges, or other structures,

Estuarine modeling by numerical methods has received consider-
able attention in recent years. It is expected, therefore, that the pilot
project will not be required to develop 2 numerical modeling scheme,
but will be able to adapt existing models to its problem in one
man year,

This last technical task, the numerical modeling, is the culmina-
tion of all the preceding tasks, It will be the basis of the pilot project's
conclusions and recommendations, Without the numerical model, the
entire project's efforts would be without substantive results; but with-
out the other tasks, a dependable numerical model would be impossible

to develop.

C. Conclusions and Recommendations

Th» pilot project will produce a detailed analysis of the environ-
mental impact of the DoD installation on an estuary. This will comprise
the direct objective of the pilot project,

In addition, as a result of the interaction between the pilot
projects's efforts and the Environmental Impact Prediction Facility's

planning efforts, the program will produce an extensive critique of the
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environmental prediction capability of existing technology, including
sensors, data handling and analysis, and numerical modeling. A further
significant product of the interaction of the two efforts will be an evalua-
tion of the planned managerial and technological structure of the
Environmental Impact Prediction Facility, based on its application to

the pilot project. This evaluation will result in time- and cost-saving
foresight in the eventual implementation of the Environmental Impact
Prediction Facility,

The recognition of the important accomplishments which can be
achieved by combining a pilot project with the Environmental Impact
Prediction Facility's planning effort, as outlined above, motivates the
recommendation that the program should include both these efforts.

Such a program will be a highly productive, cost-effective means for
DoD to comply with and exceed local, state, and federal requirements

and standards for the protection of the environment.



2.0 Environmental Impact Prediction Program

2.1 General Description

Environmental Impact Statements already written for several
DoD activities contain several instances of conclusions drawn from
inadequate technical information. This is not due to intentional obfus-
cation. On the contrary, it is necessitated not only by the scientific
community's insufficient data and incomplete basic understanding of the
environment, but also by the lack of a central source of scientific ex-
pertise and data available to the DoD. It is the purpose of the Environ-
mental Impact Prediction Program to fill this information gap, with
the objectives of enabling the DoD to predict the environmental impact
of its own activities, and to predict the effects on DoD programs of

environmental interactions and limited natural resources.

2.1.1 Intermediate Objective

The intermediate objectives of the Environmental Impact Pre-
diction Program are the development and coordination of capabilities

in the following four areas.

A. Standards

The program must develop a competence in the evaluation
and documentation of the various standards which are applicable to the

DoD facilities. This section must:



Categorize the standard vs the pollutant vs
locality.

Identify the work being done to evaluate the
standards.

Identify significant enforcement or legislative
proceedings which might have a significant
impact on DoD's activities.

Identify where research is required to validate
the standard and to determine that the specified
limit is safe to the populace, not only for short
term but for long term effects.

Sensors/Instrumentation

Instrumentation is required for the measurement, under

various climatic and environmental conditions in situ, of pollutant con-

centrations and of environmental parameters which affect the dispersion

of pollutants. As an example, parameters which are useful in the evalua-

tion of water quality are:

Hydrological and meteorological
Physical

Chemical, Inorganic

Chemical, Organic

Nutrients

Microbiological

Biological

Some of the specific items within each of these categories are presented

in Table 2.1, Thus, the quantity of instrumentation and analysis which

2-2



Table 2.1°%

PARAMETERS USED IN EVALUATION OF WATER QUALITY

Rydrelogical &

Mcteorological Physleal Chemical, Inerpanic Chentical, Organic Nutrients Microblological.
volumelric Flow Rate | Temperatura vissoived Dxyyen Trace Elements: BOD (Immegiale, 5 Organic-N Coliform, Tofal &
Velocity Seecific Conductance | Dissolved Carbon Aluminum Day Long-Term) NH3-N Fecal
Time of Flow Turbidity Dioxide Arsenic coD NO:-N Fecal Streptococcl
Depth Light Penetration Hydrogen Sulfide Barium Chilorine Demand NOs-N Total Plate Count
Tide Variation Color Minerals: Beryllium Total Organic Carbon | Total-P Saimonella
Wind Speed & Directlon] Odor Acidity Boron MBDAS Soluble-P Shigella
Solar Radiation pH Alkalinity Cadmium CCE Qrganic-P Viruses:
Intensity Total Solids (Volatile Calcium Chromium CAE Qrthophosphate| Coxsackle A&B
Air Temperature & & Fixed) Magnesium Copper Cyanide Polyphosphates] Pollo
Humidity Suspended Solids Bicaibonate Fluoride Pesticides Adenovirus
(Volatile & Fixed) Carbonate ron Qil & Grease Echo
Floating Solids Hydruxide Lead Fhenolics
Sediment Hardness Manganese
Concentration Chlorides Potassium
Particle Size Sutfates Serenium
Bed Load Dissolved Solids Stivar
Radiockemical Scdium
Zine

Biological

Tankton
Periphyton
Benthos
Fish
Waterfowl
wildlife
Vascular Plant

are required to monitor and evaluate water quality is correspondingly

long. (Mercury compounds and pesticides are missing from the list.)

Air, noise, radiation, and solid waste matter have not been considered

and these environmental pollution factors require additional instrumenta-

tion in many instances.

To effectively monitor and derive meaningful results, instru-

mentation, sampling methods, and analysis procedures must be stand-

ardized. Once established, data fzem various sectors of the country

can then be compared and meaningful conclusions can be reached.

* 'Water Pollution Analyzers: A Changing Market",
H.W. Porterfield, Oceanology International, October 1970,
po 22-24.
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C. Environmental Monitoring and Data Bank

A network of continuous, long-term measurements
of pollutant concentrations and meteorologic and oceanographic para-
meters will be required for environmental warning, for environmental
prediction, and for the development of parametric and dynamic environ-
mental prediction methods. The data collected by the network and any
other data required by the other efforts in the prosram will be stored

in a digital form rapidly accessible by computer.

D. Environmental Prediction

Computer-based numerical methods for environmental
prediction will be developed and, where available, adapted for DoD use.
They will include both parametric and dynamic (Eulerian or Lagrangian)
models of oceanic, atmospheric, coastal, water, urban atmospheric,
estuarine, or river phenomena. The term ""environmental prediction",
as used here, refers to the prediction of pollution concentrations and
of induced changes in the normal environment (climate, ocean circulation,

sea ice, river flow, etc.).

2.1.2 Final Objective

Capabilities in various aspe=ts of environmental prediction
have been developed by many government, industrial, and university
research groups. In order to apply the capabilities of these research
groups to the needs of DoD effectively and efficiently, a center of en-

vironmental expertise responsible to the DoD -- the Environmental
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Impact Prediction Facility -- will be established.

Relying heavily on the ARPA computer network, the Facility

will work towards the four intermediate objectives. Wherever possible,

this will be accomplished by adapting the accomplishments of existing

research groups. Where information gaps exist, funds must be applied

to further research in government, industrial, and university research

groups. The need for further research will be determined by DoD re-

quirements,

Thus, when established and operating normally, the Environ-

mental Impact Prediction Facility will be able to:

Predict the environmental effects of the addition to
the environment of contaminants by DoD activities.

1.

Waste disposal of land-based personnel support
systems.

Waste disposal of ocean-going personnel support
systems,

Aircraft emissions.
Munitions testing and disposal.

Industrial processes related to military
procurement,

Predict limitations imposed by DoD activities by
the environment and resource availability:

1.

2.

Fossil fuel availability.

Climatological effects of fossil fuel
combustion,
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Nuclear fuel availability.
Solar energy use.

Critical material availability (e.g., beryllium),
etc.
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2.2 Standards Section

An integral and highly necessary section of the Environmental

Impact Prediction Facility is the Standards Section. It will be the duty

of this section to:

1.

Be cognizant of the existing standards for the
various pollutants.,

Be cognizant of the pending legislation before
the Federal, state, and local authorities which
could alter the cxisting standards.

Inform the Sensors/Instrumentation Section
and Data Management Section of the prediction
facility of any change in an existing standard
so that the instrumentation and data analysis
capabilities can be updated accordingly.

Provide technical and quasi-legal advice to any
customer concerning the level of pollutant
allowed and the applicable standard.

Provide tabulation of all applicable standards
to any customer. This tabulation will vary de-
pending upon the action or activity involved,
the scope, type, and extent of equipment in-
volved, and the geographical location of the
activity or action, (Needless to say, for com-
plete and accurate tabulation, the Standards
and Sensors/Instrumentation Sections must
work in harmonious accord with each other. )

Thus, the Standards Section, when established within the Environ-

mental Impact Prediction Facility, will provide a quasi-legal service to

members of the Prediction Facility and to DoD and any other customer.
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2.2,1 History of Standards

Standards define the tolerance of man or the environment to a
detrimental influence, a pollutant. Primary standards are to protect
man, the public health. Secondary standards are to protec! the environ-
ment, the soil, sea, and scenery. At present, standards are set ac-
cording to the best knowledge, both technical and medical, available
and may change as the ability to monitor and control the pollutant and
evaluate the effects of the pollutant advances.

The need for legislative standards was recognized as early as
the 19th century when the Refuse Act (Rivers and Harbors Act of 1899)
was enacted. Later, in 1969, this act was used for the Grea:t Lakes
and in 1970, President Nixon's Executive Order 11574 directed stri'ct
enforcement of the permit program of the Refuse Act,

The harmful effects of pollution probably first came to notice
in the efforts of the Public Health Service under the Public Health Service
Act of 1912 (P. L. 62-265). Research was conducted into the health ef-
fects of water pollution and a data base was established which led to the

virtual elimination of waterborne disease in the United States.

2,2.1.1 Standards for Water

The Water Pollution Control Act of 1948 (P. L. 80-845) specifically
recognized the primacy of the States in the abatement of water pollution.

The Federal Water Pollution Control Act of 1956 (P.L. 84-660)
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as amended in 1961 (P. L. 87-88), 1965 (P.L. 89-234), 1966 (P. L. 89-753)
and 1970 (P. L. 91-224), is the legal basis for all U.S. water pollution
abatement. The legislation generally refers to research programs, con-
struction grants and enforcement procedures.

The 1965 amendment (Water Quality Act of 1965) set up the
Federal Water Pollution Control Administration, renamed the Federal
Water Quality Administration by the amendment of 1970 (Water Quality
Improvement Act of 1970). The FWQA has participated with all the States
and territories in formulatiag water quality standards for interstate wators.

P.L. 89-234 (1965) specified that the State's criteria which are
Federally acceptable and have a means for implementation and enforce-
ment, for the quality of waters which become interstate in character are
the Federal water quality standards for that state.

The Department of the Interior published '""Guidelines for Estab-
lishing Water Quality Standards in Interstate Water' in 1966. It clarified
and emphasized the objective of the Water Quality Act, to improve water
quality. This objective became highly controversial later when the Depart-
ment of the Interior insisted on secondary treatment of all sewage, even
if the degraded water had still exceeded established water quality standards.

The FWQA was transferred intact to the Environmental Protection
Agency (EPA) as a result of President Nixon's '"Reorganization Plan No. 3"
of July 9, 1970. The EPA has the responsibility of enforcing State water
quality standards if the State, who has the first responsibility, does not do

so. The EPA now approves State water quality standards, and also the
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type of standards that apply to the waterway.

There is no uniformity in the state water quality laws because of
the diversity of water types in the natural scene and the diversity of the
use to which the waterways are put. A continuing development of the
standards is being accomplished in a joint effort between the states and

the ten regional offices of the EPA (see Table 2, 2).

UNITED STATES
ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

Regional Offices Phone States coverad

Boston, Massachusetts 02203 617-223-7210 Connecticut, Maine, Massachusetts,
New Hampshire, Rhode Island, Vermont

New York, New York 10007 212-2:34-2525 New Jersey, New York, Puerto Rico,
Virgin Islands

Philadelphia, Pa. 19106 215-597-9151 Delaware, Maryland, Pennsylvania,
Virginia, West Virginia, D.C.

Atlanta, Georgia 30309 404-526-5727 Alabama, Florida, Georgia, Kentucky,
Mississippi, North Carolina,
South Carolina, Tennessee

Chicago, lllinois 60606 312-353-5250 lllinois, Indiana, Michigan,
Minnesota, Ohio, Wisconsin

Dallas, Texas 75202 214-749-2827 Arkansas, Louisiana, New Mexico,
Oklahoma, Texas

Kansas City, Missouri 64106 816-374-5493 lowa, Kansac, Missouri, Nebraska

Denver, Colorado 80203 303-837-3895 Colorado, Montana, North Dakota,
South Dakota, Utah, Wyoning

San Francisco, Calif. 94102 415-556-4303 Arizona, California, Hawaii, Nevada,

Amencan Samoa, Guam, Trust Territories
of Pacific Islands, Wake Island

Seattle, Washington 98101 206-442-1200 Alaska, Idaho, Oregon, Washington

Table 2.2 Regional Offices of the EPA
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Some time and effort will be spent by the Standards Section to
verify and validate the standards which are being developed by the EPA
and other agencies, to ascertain their relevance to DoD facilities and
activities. In addition, the Standards Section will categorize pollutant
vs standard vs locality. An example of the range of values for effluent
quality which is used in the development of waste water treatment pro-

cesses is presented in Table 2, 3.

* H.W. Porterfield, '""Water Pollution Analyzers: A Changing Market"
Oceanology International, 3, no. 10, p. 22-24 (1970)
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RANGES OF VALUES FOR EFFLUENT QUALITY TO BE USEO tN THE DEVELOPMENT

OF WASTE WATEN' TREATMENT PROCESSES

Permissible
Constituent Desirable Level Alternativa Uses
o Oetectabla Level (Surface Water | Body Contact Fisherles Farmstead trrigation Industrial Oischarge te
Measurement Limit {for Public for Pubhc (Recreation) Use Supply Uses Uses Groundwater
Water Supply) | Water Supglys
Turbidity 0.1 Jtu] 0.1 JT0T 300 JTUT 25.0 JTul 25.0 U] 25.0 JTY
Color 2 Units 3 Units 15 Units 20 Units 1,200 Units
Odor (At 25°C.) 0 Threshold 0 Threshotd
0.1 7.08.5 6085 6.5-8.3 6.5-9.0 6.0-8.5 3.59.1 85485
TotaLResldue 1.0 mg/1| 500.0 mg:1{1,000.0 mg/l
Flitrable Resldue 1.0 mg/1f 2C0.0 mgsif 5000 mgl
BOO 0.5 mg/1 2.0 mg t 4.0 mgl 100.0 mg/I
T0C 1.0 meg/l 5.0 mg-l 100 mg-l
CCE 0.001 mg/I 0.0 mg/l 0.1 mgl 100 mg/l 0.4 mg,/
MBAS 0.05 mg/l} <0.25 mg:l 0.5 mgl 1.3 myg/l 1.5 mg/l
Alkalinity 1.0 mg/i| 250.0 mgsl} 400.0 mg | 500.0 mg/l
Aluminum 0.0l mg/l 005 mg’l; .01 mgl 1.0 mg/l 3.0 mg/l
Ammonia as N 0.005 mg/i 001 mg-l 0.05 mgl| 1.0 mg/l 1.0 mg/ 1.0 mg/l
Arsenlc 0.01 mg/l 001 mg It 005 mg | <0.05 mg/1 0.1 mg/|
Barium 04 mg-l 0.5 mg || 1.0 mg/l 1.0 mg/l 2.9 mg/l
Boron 002 mgA 0025 mg i 1.0 mg-l 0.75 mg/l
Cadmium 0.001 mg | 0005 mg t 001 mgi 0.01 mg/1 0.005 mg/I 0.02 mg/I
Chloride 1.0 mg|. 250  mgl| 250 mg | 500 mgsl 500.0 mg/1} 500.0 mg/l
Chromium (hex.valent) 001 mgdl 002 mgt 0.05 mgli 1.0 mga| 1.0 mg/ 0.05 mg/l 5.0 mg/l 0.1  mg/l
Copper 0.004 mg/i| <0.01 mg/l 0.2 mgt 0.2 mg/l 0.2 mg/l 1.0 mg/ 0.2 my/l 05 mg/l 0.4 mg/|
Oissolved Oxygen 01 mgsi 80 mgi| «50 mg/d| S50 mg/| 7.0 mg/ TRACE
Fluoride 0.1 mg/1 10 mgd 12 mgl 1.2 mgyl 1.2 mg/l 3.0 mg/i
HYardness as CaCos 1.0 mg/il 800 mg-4| 2500 mgt 850.0 mg/l
Calcium 0.1 mg/l| 15.0 mg.-| 4306 mgl 1620 mg/I
Magneslum 0.1 mg/t| 10.0 mg/l 29.0 mg/l 108.0 mg/I
Iron 0005 mg/l| 005 mgi 0.3 mgl 03 mg/ 806.0 mg/l 06 mg/l
Lead 001 mg/I 0.01 meg-l 0.05 mg | 0.05 mg/I 0.1 mg/t
Manganese 0.001 mg-l 0.01 mg/l 0.05 mg | 0.05 mg/l 20 mg/l 10,0 mg/ 06 mg/
Nitrates & Nitrates as N 0.1 mg/1 01 mgA|204.0 mg! 450 mg/l 300 mgsl] 200 mg/t
. Phosphorus 0.01 mgl 0.01 mg/l 01 mg 40 mg/l
Selenium 0004 mg/I| <0.01 mg.l 0.01 mg/l 0.01 mg/I 0.2 mg/|
Silver 0.001 mg/I 0.001 mg/1 0.05 mg:l 0.1 mg/l
« Suifate 1.0 mg/lI| 500 mg-l] 250.0 mg/l 680.0 mg/tl 5000 mg/l
: Total Dissolved Sollds 10 mg/1]200.0 mg/l [<500.0 mg/1|500.0 mg/1{240.0 mg/l 1,0000 mg/i11,000.0 mg/l
Uranyl lon 0.005 mg/l| <05 mg/l 5.0 mg/l
. Zine 0.001 mg/! 0.05 mg/l 5.0 mg/l 5.0 mg/l 5.0 mg/l 06 mg/l
; Cyanide 0.005 mg/! 0.0 mg/l 0.1 mg/i| 0.02 mg/ 002 mgA 0.02 04 mg/l
- Oil & Grease <0.05 mg/l} <0.05 mg/l 0.05 mg/l
INSECTICIOES
i Aldrin <0.05 ug/l| <17 ug/1| <005 4ug/l|<0.05 ug/] <17 wgA| <L7 g/ <L7 ug/l] <0.05 ug/l
Chlordane <0.02 ug/l| <03 g/l |<002 g/l <0.02 ug/i| <03 ug/l| <03 ug/l| <03 g/l <0.02  ug/)
00T <0008 ug/l| <«4.2 ug/1)<0.006 pg/l|<0.006 ug/1l <42 g/l <42 /il <42 ug/l| <0.008 ug/l
Dieldrin <0.003 ug/l| <1.7 pg/1|<0.003 pug/l|<0.003 ugi| <1.7 ug’l} <L7  pg/l| <L7 pug/l| <0.003 wug/l
Endrin <0.002 ug/1] <0.1 ug/|<0.002 up/l]|<0.002 ug/| <01 g0} <01 ug/l]l <01 pg/1| <0.002 pg/l
Heptachlor <0.002 ug/I| <1.8 ug/t|<0.002 ug/l|<0.002 ug/1| <18 g/ <1.B g/l <18 pug/l| <0.002 ug/l
Heptachlor epoxide <0.0002 ug/1| <18 pug/l|<0.0002 ug/l | <0.0002 ug/1| <18 ug/| <18 pg’l| <18 pug/l| <0.0002 ug/l
Lindane <0.002 ug/l| <5.6 ug/d|<0.002 ug/l]|<0.002 ug/I] <56 ug/l| <56 ug/l|] <56 aug/l| <0.002 ug/l
Methoxychlor <0.008 g/l <35 ug/l)<0.008 ug/i|<0.008 upg/l| <35 wg/l| <35 g/l <35 pg/l| <0.008 ug/l
Crganic Phosphates
plus Carbamates <0.0003 ug/!§<10.0 ug/l | <0.0003 ug/l | <0.0003 13/1| <100 pug/l| <100 pug/l| <100 ug/l| <0.0003 ug/l
Toxaphene <0.03 ug/l| <05 ug/l}<0.03 ug/l|<0.03 ug/l| <05 ug/l| <05 ug/l] <05 pug/l} <0.03 wug/i
HERBICIDES
2,4-DPlus 2, 4,57 .
plus 2, 4, 5-TP 10.0 ug/1 | <10.0 ug/l| 0.001 mg/l| 10.0 ugNl 100  ag/l 20 ug/l 10.0 w/t
Phenols 0.0005 mg/I1 0.001 mg/I 0.005 mg/1 | 10.0 ug/l 0.01 mg/l 0.02- mg/l
RAOIOACTIVITY
Gross Beta 1.0 pe/l | 100.0 pc/l 11,0000 pc/11,000.0 pe/i 11,000 pe/l 12,0000 pc/111,0000 pcsi]1,0000 pe/11,000.0 pe/l
Rad:um-226 005 pc/lf <10 pe/l 3.0  pe/l 3.0 pe/l 3.0 pe/l 3.0 opeyl 3.0 pe/l 3.0 pe/l 3.0 pe/l
Strontium-90 0.05 pc/l| <2.0 pe/i 10.0 pc/l | 100 pc/l | 10.0 pe/l] 10.0 pesl 100 pc/l] 100 pest| 100 pe/l
MICROBIOLOGICAL
Colifarm 100/100 ml {10,000/100 ml | 1,000/1C0 ml § 5,000/100 ml { 5,000/100 mi | 5.000/100 mI{ 5,000/100 mi 100/100 mi
Fecal Coliform 20/100 ml | 2,000,100 mi 200/100 ml | 1,000/100 ml | 1,000/100 mI | 1,000/100 mI| 2,000/100 mi 20/100 ml

(These values are for planning of waste treatment prejects only and do not represant optimum, desirable, mandatery,
or permissidle limits of the parameters whose values are given. From Federal Water Quality Administration.)
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2.2.1.2

Standards for Air

In contrast to the water quality standards, the basic standards

for air quality are fixed at the Federal level.

EPA Administrator,

W.D. Ruckelshaus, stated that the standards are strict, can be met,

and must be met.

No alternatives exist in that the standards are a

direct result of the provisions under the Clean Air Act Amendments

of 1970 (P.L. 91-604).

Ambient Air Standards.

Pollutant

Primary Standard

As an example, Table 2.4 presents the National

Secondary Standard

Carbon monoxide
Photochemical
oxidants
Hydrocarbons
Nitrogen oxides

Sulphur oxides

Particulate matter

9 ppm max 8 hrs, (a)

35 ppm max 1 hr. (a)

0. 08 ppm max 1 hr, (a)
0.24 ppm max 3 hrs, (a)
0. 05 ppm annual mean
0. 03 ppm annual mean

0. 14 ppm max 24 hrs. (a)

75ug/cm annual mean
260ug/cm max 24 hrs. (a)

(a) not to be exceeded more than once a year

ppm: parts per million

ug/cm: micrograms per cubic meter

same

same

same

same
0, 02 ppm annual mean
0.1 ppm max 24 hrs. (a)
0.5 ppm max 3 hrs. (a)

60ug/cm annual mean max
150 ug/cm max 24 hrs. (a)

Table 2,4 National Ambient Air Standards
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Understandably, the air quality standards become more strict
as the technology and the concern for cleaner air increases. This is
clearly evident in the following example:

The motor vehicle exhaust emissions study and the air quality
criteria study are the sources of Federal legislation which brought about
the national air quality standards. The Motor Vehicle Pollution Control
Act (Clean Air Act Amendments of 1965, P. L. 89-272) authorized the
promulgation of standards applicable to motor vehicle exhaust emissions.
These were adopted in March 19606 to apply to the 1968 vehicles, With
the advances in technology of recent years and with the added strength
of the Federal government in establishing standards and enforcing them
(Clean Air Act, Amendments of 1967, P.L. 90-148 and Amendments of
1970, P.L. 91-604) the standards for motor vehicle exhaust emissions
have become successively more stringent. Table 2.5 illustrates the

change with automobile model years.

Table 2.5

Motor Vehicle Exhaust Emission Standards (Grams/Vehicle Mil: )
Pre-1968 (Equivalent) Proposed Actual

Pollutant Vehicles 1968 1970 1970 1975 1976
Carbon

Monoxide 71.0 33.0 23.0 34.0 3.4 3.4
Hydrocarbons 9.7 3.2 2.2 4.1 0,41 0.41
Nitrogen oxide 4.0 - - - 3.0 0.4
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To establish uniformity of measurement and monitoring tech-
niques, the National Air Pollution Control Administration, which was
replaced by the EPA, published several volumes on the criteria necessary
to achieve and meet the standards. These are:

1. "Air Quality Criteria for Carbon Monoxide'",

March 1970,
2. "Air Quality Criteria for Hydrocarbons', March 1970,

3. "Air Quality Criteria for Nitrogen Oxides",
January 1971.

4. "Air Quality Criteria for Particulate Matter',
January 1969.

5. "Air Quality Criteria for Photochemical Oxidants'",
March 1970.

6. "Air Quality Criteria for Sulphur Oxides', Ja.mary 1969.

Some agency must establish the necessary criteria for the common
ambient air pollutants. The Standards Section will be intimately concerned
with the establishment and enforcement of standards for militarily unique
pollutants.

The Air Quality Act of 1967 (P.L. 90-148) further required the
designation of an atmospheric area which is set out on the basis of those
conditions which affect the interchange and diffusion of pollutants in the
atmosphere. The conditions are the frequency, persisience and height
variation of stable (inversion) layers of air, and speed and direction of the
winds. Collectively, these paramcters assess the pollutant dilution of an

area. The 14 Atmospheric Areas designated are listed in Table 2. 6.
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Table 2, 6 Atmospheric Areas

1. California - Oregon Coastal Area
2. Washington Coastal Area

3. .Rocky Mountain Area

4, Great Plains Area

5. Great Lakes - Northeast Area

6 "“Appalachian Area

7. Mid-Atlantic Coastal Area

8. South Florida Area

9, Hawaiian - Pacific Area
10. Alaskan Pacific Maritime Area
11. Alaskan Bering Maritime Area
12, Alaskan Arctic Maritime Area
13. Alaskan Continental Area

14. Southern Florida - Caritbean Area

In order to establish realistic air quality standards, these Atmospheric
Areas are subdivided by the States into Air Quality Control Regions. If
inter state or major intrastate regions are logical, then the Administrator

of EPA can designate them.
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2.2.2 Sources for Standards

It is very importani that the Standards Section of the Environ-
mental Impact Prediction Facility be cognizant of all Federal, State,
and Local agencies that are concerned with pollution. The list of
agencies identified to date for the Federal and State level are given in
Tables 2.7 and 2.8, respectively. It should be noted that these tables
are quite lengthy even though the local agencies are not included.

In addition, the Standards Section will update and maintain
files for the various geographical areas of CONUS and format the ap-
propriate data for input to the computer. Thus the latest information
will always be in the computer and DoD's facilities will be evaluated
for the level of pollution which is the most current and applicable to
the particular action. " This will not only insure compliance with the
law but also compel the Sensors/Instrumentation Section of the Environ-
mental Impact Prediction Facility to maintain their monitoring instru-
mentation in proper working order and to effectively train the men on
each facility who will be taking the samples and readings.

An example of the wide range of standards to which a pollutant
can be specified is given in Table 2.9. [The pollutant considered is
noise and the table is for the maximum A-weighted noise levels at resi-
dential boundaries.] The range of maximum acceptable level is spread
over almost 20dB (a 10:1 ratio) from a low at Beverly Hills of 43dBA

to a high of 62dBA at Chicago.
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Thus, the Standards Section l'2s quite a formidable task ahead

as it must:

1. Categorize standard vs pollutant vs locality.

2. Identify the work being done to validate the
standard.

3. Identify where research is required to sub-
stantiate the standard.

2.2.3 Standards Research

Identifying where research is required to validate the standard
is, in itself, a monumental task. In order to specify a standard for the
Sensors/Instrumentation Section and the Data Management Section, the
Standards Section must be certain that:

1. A standard is based on criteria which establish

the adverse efiects of a particular pollutant on
the environment or its deleterious effect on the

public health,

2. A standard is instituted immediately if a hazard
to public health exists.

3. A standard is enforceable (i.e., the instrumentation/
sensor technology must exist to monitor the pollutant),

4. A standard is economically feasible (if there are
no clear-cut indications that a public health hazard

exists).

5. There are no feasible alternatives which may
avoid the pollution problem.

2-21



In order to adequately prepare and evaluate standards for DoD
facilities and activities, the Standards Section must have a research
laboratory. With the laboratory, the Standards Section will be able to

state that:

a., the standard is realistic
b. the standard is safe
c. the standard is the best that could
be measured and controlled at this
time,
Without the Standards Section, the efforts of the other three parts of
the Environmental Impact Prediction Facility (Sensors/Instrumentation
Section, Data Management Section, and the Numerical Modeling Section)
would not have an established in-house capability for evaluation of the
common ambient pollutant standard and will not be able to determine

the safe and measurable level for a militarily unique pollutant.
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2.3 Sensors/Instrumentation Section

2.3.1 Introduction

Oceanographic and meteorological instrumentation is a vital part
of environmental prediction in two ways. First, the physical state of
the atmosphere, ocean, or smaller part of the environment must be
known at the time of a pollution episode in order to prognosticate accur-
ately. For example, in order to predict the concentration of S0, in an
urban region, one must know not only the data relating to the source of
the SOZ’ but also the wind speed, atmospheric stability, diffusion co-
efficients, humidity, precipitation, and other meteorological parameters.
Indeed, the meteorological variables have no less profound an effect on
the ultimate SO2 concentrations than does the SO2 emission rate itself.

The second way in which oceanographic and meteorological data
are absolutely essential in predicting environmental changes is in veri-
fication of the numerical models which actually calculate the predictions.
It can usually be assumed that the explicit physics and mathematics used
to construct a numerical nodel are correct. However, there are generally
several other aspects of a model which are ad hoc and must be verified
by field data before calculations based on the model can be considered
reliable. Included among such verifiable aspects of numerical models
are the parameterization of implicit physical or chemical processes (for

example, diffusion), the neglect of other physical or chemical processes
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(for example, convergence and upwelling in many urban air pollution
models), and approximations for other physical processes (for example,

Newtonian cooling).

2.3.2 Objectives

The primary objectives of the Sensors/Instrumentation Section
of the Environmental Impact Prediction Facility will be to provide ex-
pertise for the pollutant monitoring staffs of the various DoD facilities
and to be responsible for obtaining accurate and meaningful data meas-
urements, as required by the other sections of the prediction facility.

Basically, this section's task will be to:

1. Test and use, in situ, various instruments
and provide an instrumentation and technique
evaluation based upon reliability, ease of
operation, sensitivity, selectivity, etc.

2. Investigate DoD facilities to determine:

a. the overall pollution problem and the
pollutants to be monitored

b. the number, type, and deployment of
of the instruments to effectively moni-
tor the activity

c. the sampling procedures to be assured
of obtaining meaningful data.

3, Train or provide technical advice to the
facility's environmental pollution staff so
that data throughout CONUS will be con-
sistent and the monitoring instrumentation
will be properly calibrated and maintained.
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4. Provide technical backup for any facility/
activity that requests assistance.

5. Provide follow-up at regular intervals after
the initial "'setup" visit to determine the
effectiveness of the endeavor, to re-evaluate
the deployment of the instrumentation, and
to update the facility's environmental pro-
tection staff with the latest techniques in
instrumentation and analytical procedures.

6. Maintain effective communication links with
other non-DoD agencies to be assured that

DoD's instrumentation and analytical pro-
cedures are state-of-the art,

The Sensors/Instrumentation Section must not only be able to
specify the necessary pollution monitoring sensors/instrumentation,
but also the instruments that will adequately describe the hydrological
and meteorological factors about the facility. Some of these instru-
ments are briefly described in the following sections. The sophisticated
chemical pollutant detection instrumentation, e.g., Gas Chromatograph,

Ion Selective Electrodes, etc., are detailed in Section 4. 0, Sensors,

2.3.3 Hydrological and Meteorological Sensors

A few of the more common instruments and sensors which are
used to determine and parameterize the hydrological and meteorological

features of an environment are described in the following sections.
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2.3,3.1 Salinity

Salinity may be determined at sea by collecting water samples
in Nansen bottles at predetermined depths and measuring the samples'
salinities in the shipboard chemistry laboratory. The measurement
may be by the Knudsen method, by the electrical conductivity method,
or by the induction salinometer method. Salinity may also be determined

"in situ" by either of the latter two methods.

2,3.3.2 Temperature and Depth

One common technique of measuring temperature as a function
of pressure (approximately interchangeable with depth) at sea is by means
of the bathythermograph, or BT. The BT is an instrument which senses
both pressure and temperature and plots them as the ordinate and abcissa
on a coated glass plate as the BT is lowered and raised by cable by the
shipboard winch.

Another method which is gaining popularity lately, as it usually
does not reauire the oceanographic vessel to slow down during the cast,
is the use of the expendable bathythermograph or XBT., The expendable
probe of the XBT uses a thermistor to measure temperature variations.
The temperature signal is brought by a thin expendable wire to a ship-
board recorder and the depth is determined by assuming that the probe

descends at a constant rate.
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The same pair of parameters is frequently measured in con-
nection with a Nansen bottle cast by a pair of reversing thermometers,
One of the two thermometers is sensitive only to temperature; the other
islbensitive to pressure as well. They are, therefore, used together
to measure both the 'in situ" temperature and pressure at the time

that they are reversed (inverted) by their tripping mechanism.

2.3.3.3 Current Measurements

Ocean currents may be measured by a variety of devices.
Several measure the motion of the water relative to the instrument by
a physical interaction, such as a windmill-type action or a drag force;
these instruments include the Richardson current meter and the thrust
current meter. Other techniques, such as the electromagnetic probe
method, determine water current speed relative to the probe by meas-
uring the electric current induced when the (conducting) water flows
through the magnetic field produced by the probe.

Lagrangian current measurements may be obtained by tracking
a submerged buoy (neutrally buoyant float) with Precise navigation tech-
niques. Other measurements of this type have been made by precise
navigation in a freely drifting deep-sea submersible research vehicle,

The geomagnetic electrokinetograph (GEK) measures the Fara-
day induction due to the drifting motion of a ship underway, together

with the surface water, in the earth's fixed magnetic field, The reliability
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of the inference of ocean currents from measurements of the electro-
magnetic induction, even if the latter are accurate, is dubious, parti-

cularly in shallow water.

2.3,3.4 Wind Velocity and Direction

Wind velocity is conventionally measured by a vane anemometer
which detects the wind speed by the turning rate the wind imposes on a
propeller and determines the wind direction by the orientation of the
freely pivoting vane, which also serves to orient the propeller's axis
parallel to the wind.

The thrust anemometer is capable of considerably more reso-
lution on time, space and wind velocity itself, over a wide range of wind
speeds. Another recently developed device for measuring wind speed
is the acoustic doppler anemometer.

Arrays of crossed-beam lasers can produce data from which
wind velocities can be determined by correlation techniques. This
method is very promising and offers the important advantage of meas-
uring the winds aloft continuously with ground-based instruments. If
perfected for high altitude measurements, it will represent an extremely

important breakthrough in meteorological instrumentation.
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2.3.3.5 Satellite Data

Satellite measurements of the infrared radiation flux simul-
taneously in several bands can be used to infer the atmospheric temper-
ature profile. These data have already been incorporated into several

meteorological programs.

Satellite-based radar backscatter measurements from the sea
surface can be used to calculate the capillary wave amplitude. From
this information, the windfield over the ocean can be inferred. If per-
fected, this technique will lead directly to major improvements in

atmospheric forecasting ability.

2.3.4 Physical Parameter Instrumentation

As an example of current instrumentation, two of the physical
parameters, pH and turbidity, have been selected from the group of ten
features which are required to accurately describe water quality. The
other features are:

Specific conductance

Light penetration

Color

Odor

Total solids (volatile and fixed)
Suspended solids (volatile and fixed)
Floating solids

Sediment
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2.3.4.1 pH

The pH of most American natural waters varies from 4 to 9;
the former is characteristic of certain acidic swamps and runoff from
some mines while the latter is characteristic of some western U. S,
alkali marshes. Pure water is slightly basic (pH about 7. 3) owing to
the presence of carbonates and bicarbonates. Sea water has a pH
varying from 7.8 to 8. 3, the small range is characteristic of the
buffering action of the carbonates. Contamination of sea water in the
coastal zone or in estuaries may affect the carbon dioxide-carbonate
system, directly or by means of alteration of the biological o: vgen
demand (BOD). At present, two methods exist for pH determination,
colorimetric and electrometric.

The colorimetric method of pH determination, which uses the
color change of certain solutions, when added to the sample, as an
indicator, is generally not suitable for pollution studies. Severe inter-
ference with the color change is produced by the presence of free chlorine,
various oxidants and reductants, unknown salinity, turbidity and colloidal
matter. These influences are most likely to be present when coastal
waters are contaminated.

The electrometric method of pH determination uses a glass
electrode containing silver chloride and a potassium chloride saturated
calomel electrode immersed in the water sample. It measures pH on

the scale of a 59. 1 millivolt per pH unit variation at 25°C and is

2-30



standardized against a solution of known pH. A temperature correction
can be inserted in most instruments or calculated from the manufacturer's
data to correct for the cemperature variation of the calomel cell in the
test sample. The hydrogen ion activity, which is the pH, is itself
temperature dependent. Hence the water temperature must be measured
at the sample depth; the pH can then be calculated frc;m the measured pH.
Accuracy in the field is generally to 0.1 pH units. Laboratory measure-
ments can be made to an accuracy of 0. 005 pH units. However, the
sample cannot be more than two hours old or biological action will change
the pH, Typical instruments are the Beckman Model G and the Fisher

Scientific Accumet 220.

2.3.4.2 Turbidity

Turbidity is an optical property of the suspended material in a
water mass and is not related, quantitatively, to any biological measure-
ment. It is important in pollution studies as turbidity affects photosyn-
thesis (highly turbid waters are low in photosynthetic productivity).
Turbidity can originate in natural erosion processes (clay and silt),
wastewaters (organic and inorganic particles), and in local biological
production (plankton).

The standardized method for measuring turbidity is rarely used
as it is very difficult to perform and assess a sample. This tech-

nique is called the Jackson candle turbidimeter. Measurements are
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based on the lergth of a light path through a water sample containing
suspended material which just causes the image of a standard candle

to become indistinguishable from the scattered background illumination.
A table converts the light path length to Jackson turbidity units, which
vary from 25 (clear water) to 1000 (turbid water). The table has been
extrapolated to 0 (for distilled water) so that measurements can be
taken of the unusually clear waters (e.g., streams, wells and treated
water - range from 0-5),

Turbidity is almost universally measured by a nephelor etric
means. Light is transmitted into a clear glass tube which contains the
sample and the scattered light is measured on a photoelectric detect;)r
which is located on an axis perpendicular to the incident light. The
measurement is standardized to a solution of Formazin polymer which
has been calibrated on the Jackson turbidimeter at 40 units. This is
reasonably reproducible and permits scaling of the data.

There are two major difficulties with this technique. One,
there is no physical relationship between the Jackson candle measure-
ment and the nephelometric measurement; and two, the differences in
optical systems between different commercial instruments produce
results that do not correlate with one another, nor do the results agree
with the Jackson measurements over a complete range of samples.

Thus, a universally acceptable standard optical format is required.
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Examples of commercially available nephelometric turbidimeters
are the Central Scientific Helige model, Coleman model 9, and several
models by Hach, such as 2100A and 1860A. A portable device for "in
situ'' measurements is the Beckman EV 4, [The latter device utilizes a
different optical format from the other instrumentation and appears to be
a transmission measurement combined with a scattering measurement.
The output is not readable in Jackson units. ]

2.3.5 Organic/Inorganic Chemical and Biological
Instrumentation

Of the parameters mentioned in the table entitled "Parameters
Used in the Evaluation of Water Quality' in Section 2.1.1B, several of
the chemical, organic and inorganic, and biological factors are briefly

described. These are:

Photosynthetic rate measurements
Periphyton/Chlorophyll

Biological Oxygen Demand (POD)
Chemical Oxygen Demand (COD)
Total Organic Carbon

Heavy Metals
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2.3.5.1 Photosynthetic Rate Measurements

The rate of oxygen production by photosynthesis in the phyto-
plankton is an important measure of the net effect of pollution in coastal
waters and estuaries. A series of measurementa‘ will indicate the ex-
tent and effects of pollution, including adverse effects on aquatic life,
and the progress of the self-purification of the water.

Two methods of photosynthetic rate measurements aie in use.
The more common one is the measurement of DO content before and
after incubation; the second method uses a radioactive carbon tracer.

The samples are acquired in the same -vay for both methods.
Large (3 - 5 liter) free-flushing and non-metallic water sample bottles,
such as the Niskin or Van Dorn bottles, are lowered to predetermined
depths to obtain water samples. Surface samples are usually taken one
or two feet below the surface and the deepest sample should be near
the bottom in shallow water or at the bottom of the euphotic zone in
deep water. [This is the depth that receives 1% of the light at the sur-
face waters and it can be measured with a photoelectric probe or photo-
meter.] Following measurement, the data are plotted as a funztion of
depth to produce a vertical photosynthetic rate profile. The integral of
the curve is the total productivity per unit area of water column,

In the first determination technique, the water sample is placed
in three clean BOD bottles (300 ml capacity), one of which is totally

opaque. One of the clear BOD bottles and the opaque one are securely
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stoppered and lowered to their original sample depths to incubate for

several hours, The third bottle is used for an immediate DO measure-
ment. Upon retrieving the "in situ'' samples, the DO is measured im-
mediately. The opaque bottle will have a DO loss owing to respiration,

and the clear bottle will have a DO gain owing to photosynthesis. Then,

Net photosynthesis = clear bottle DO - initial bottle DO
Respiration = initial bottle DO - opaque bottle DO

Gross photosynthesis -'clear bottle DO - opaque bottle DO

In the second method, two BOD bottles, one clear and one
opaque, arc used as before, but a solution of radioactive carbonate
(carbon 14) is added to the samples before incubating. Following incu-
bation "in situ'', the plankton are removed from the retrieved samples
by collection on a membrane filter, and then dried. The fraction of the
radioactive carbonate taken up by the plankton is measured with a Geiger
counter and is assumed to be a direct measure of the photosynthesis,
Although more complex than the first method, the second method has

the advantage of being available in a test kit,

2.3.5.2 Periphyton/Chlorophyll

The periphyton include the communities of microorganisms
growing on stones and other submerged surfaces (e.g., filamentous

bacteria, attached protozoa, and algae) and certain free-swimming
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microorganisms. The periphyton respond sooner and with greater sen-
sitivity to changes in the water quality than do other life forms (e.g.,
plankton, fish). An example is the variability in type and density of the
slimes that are found in estuaries and coastal zones in the vicinity of a
sewage outfall; the slimes change an'' disappear as the water quality
improves with distance from the outfall, thus delineating ''pollution zones'',
Periphyton samples are obtained by suspending substrates,
usually standard 1 x 3 inch microscope slides, in the water mass at the
desired sample point for a period of at least two weeks. The periphyton
growth is then removed from the slides, preserved in a formalin solu-
tion, and counted using standard microscope counting techniques. The
two accepted counting techniques are arduous and costly, One requires
visual counting of the periphyton in a fixed volume of solution (using a
Sedgwick-Rafter cell, a microscope slide with an indented volume of
1 milliliter), The difficulty with this technique is that the microscope
magnification is limited and the microscope depth of field is too small
to permit counting of the floating and the bottom periphyton simultaneously.
The second method, which is rapid and accurate, uses a television camera
on the microscope barrel. A count is made by a computer analysis of the
microscopic field using pattern recognition techniques so as not to lose
count of periphyton that overlap each other. One commercial instrument

is made by Millipone, Inc,
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For most pollution studies, the biomass of the periphyton
(such as algae) is the parameter of interest since it is an indication
of both the organic contamination of the water and the ability of the
water to purify itself. The chlorophyll content of the periphyton is
an accepted measure of that biomass. All the methods of chlorophyll
determination for the types a, b, and c are spectrophotometric. These
methods, and the aforementioned counting methods, have the inherent
disadvantage of not being adaptable to field techniques.

For determination of chlorophyll content, the substrate growth
is dissolved in an acetone solution and a sample is placed in a cuvette
in a narrow band spectrophotometer. Optical densities are measured
at 7500 Angstroms (turbidity correction), 6650, 6450, and 6300 Ang-
stroms (chlorophyll a, b, and c, respectively) ard the original concen-
trations are calculated. Accuracy, at typical sample levels is T o.26
micrograms of chlorophyll a at the 5 microgram level, i 0.21 micro-
grams of chlorophyll b at the 0. 5 microgram level, and ! 1.5 micro-
grams of chlorophyll c at the 5 microgram level. Chlorophyll ¢ deter-
minations are particularly susceptible to positive error due to the pre-
sence of non-active pigments. This difficulty can be avoided by reading
the optical density of the sample at 4500 Angstroms, before and after

the addition of acid to the sample.

For details on spectrophotometers, refer to Section 4. 4.
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2.3.5.3 Biological Oxygen Demand (BOD)

Biological Oxygen Demand (BOD) measurements are based on
empirical tests using standardized laboratory procedures. The uniform
interpretation of the data by different workers in the field depends upon
the uniformity of the laboratory procedure. This is a major disadvantage.

BOD tests are useful in determining the waste loading and ef-
ficiency of sewage treatment plants and are acceptable tests for following
the pattern of pollutant circulation and purification in natural waters.
However, they are not very accurate and no standard exists. BOD re-
actions are delayed by the presence of free chlorine, abnormal pH, or
certain toxic chemicals - all of these are characteristic of most industrial
wastes. Inthe BOD laboratory procedure, a pre-treatment of the sample
corrects for these conditions and also provides seed organisms for the
oxidation of the organic matter if the natural biological population is
deficient.

The laboratory procedure consists of making several dilutions
of the water sample with distilled water saturated in DO, and filling
standard 300ml BOD bottles with the test samples, in pairs. One of
each pair is used for an immediate DO measurement, the other incubated
for five days (most often) or thirty days (rare) in a dark room at ZOOC.
Following incubation, the DO is measured again. Corrections for
dilution are made and the data are discarded where BOD is in excess
of available DO. The five-day BODis the generally accepted form of the

data.

2-38



2.3.5.4 Chemical Oxygen Demand (COD)

Chemical Oxygen Demand (COD) is a measure of that portion
of the organic matter in the natural water which is oxidizable by a strong
chemical oxidant. It is a parameter that can be measured in the field,
although it does require removal of a sample and addition of chemicals.
Sewer effluents and organic pollutants can be traced through an estuarine
or coastal flow pattern. However, the data are highly susceptible to
variation caused by contaminants such as cellulose, which are not im-
mediately a demand on the DO.

The accepted procedure is to add known amounts of potassium
dichromate and suli)huri.c acid to the sample. The amount of oxidizable
organic matter measured 2s oxygen equivalent is proportional to the
potassium dichromate consumed. This is determined by a titration with
a ferrous ammonium sulphate standardized solution. The COD, which
should indicate the total of oxidizable materials present in the water, is
affected by temperature, concentration of the reagents, deviations of the
test, and composition of the water sample. Consequently, measurement
conditions must be precisely controlled to develop data useful for com-

parison.
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2.3.5.5 Total Organic Carbon

The relationship between BOD, COD and total organic carbon
(TOC) has been rationalized such that the two oxygen demands are a fair
measure of TOC, TOC can be measured directly by several laboratory
procedures; however, no field procedure exists.

The most common procedure is to dilute or concentrate the
water sample to a suitable working range, chemically eliminate non-
organic carbon, inject a sample into an infrared combustion analyzer in
which the organic carbon is oxidized to carbon dioxide, and then measure
the height of the peak associated with the infrared absorption of the carbon
dioxide. Comparison with similar tests on standardized solutions of
sodium oxalate determines the original TOC content.

Typical commercial instruments for TOC measurement are the
Beckman 915, Union Carbide 1212, and Coleman 33. Measurement ac-
curacy is one part per million (ppm) of the injected sample, which is
limited to the range of 1 to 100 ppm. Analyses using advanced laboratory
spect?ophotometers instead of the commercial TOC analyzer can attain

much better accuracy.

2.3.5.6 Heavy Metals

The presence of heavy metals in waterways is important as they
present a long term toxicity to biological life. No suitable field procedure

exists for a general determinaiion of the concentration of heavy metals.
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Atomic absorption analysis and polarography are accurate and reliable
laboratory procedures for determining the concentration of heavy metals.
However, the instrumentation is costly. Colorimetry is a less expensive,
but complex laboratory procedure which requires a pre-treatment of the
sample to destroy the organic carbon content (which holds heavy metals
in complex bonds), and to eliminate interferences when more than one
heavy metal is present. Standard procedures exist for the individual de-
termination of the presence and quantity of cadmium, total chromium,
hexavalent chromium, total copper, cuprous ion, total iron, ferrous ion,
lead manganese, nickel, and zinc by colorimetric techniques. A standard
polarographic technique is used to simultaneously identify and quantize

cadmium, copper, lead, nickel and zinc.

2.3.5.7 Organic contaminants

Insecticides, herbicides, agricultural chemicals, phenols, poly-
chlorinated biphenyls, and the reaction products of phenols and chlorine
are all persistent chemicals in the TOC content of a waterway, and are
particularly objectionable because of their adverse effects on the living
environment of the waterway. No simple procedures exist for determining
the extent of their presence in natural waterways. [Chlorinated phenols
have a recognizable taste even in very small concentrations. However,
this is not a test.] Laboratory procedures utilize carbon adsorption to
concentrate the organic contaminants and gas chromatography for identi-

fication. Quantitative data rely on comparison with standard solutions,
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which is a time-consuming process. No ficid instrumentation exists

for identifying or quantizing these organic contaminants.

2.3.6 Instrument Evaluation (Example)

As previously mentioned, one of the objectives of the Sensors/
Instrumentation Section of the Environmental Impact Prediction Facility
will be to provide an evaluation of commercially available, on the shelf,
and state-of-the-art instrumentation which is required to parameterize
the environmental features of the DoD facility or activity or to measure
the extent of the pollutant concentration in the various media.

Instrumeurtation for one of the inorganic chemical parameters,
Dissolved Oxygen (DO), is evaluated. Although all of the instruments
currently commercially available for the measurement of DO are not
presented, this evaluation is provided as an example of what would be

expected from the Sensors/Instrumentation Section.

2.3.6.1 Dissolved Oxygen

Dissolved oxygen (DO) levels in the coastal waters and estuaries
are a measure of the combined effect of photosynthesis, respiration,
chemical and biological oxygen demands (COD and BOD) of sewage and
other wastewaters entering the natural waters. Analysis of DO is a
Primary guide to pollution abatement. Two methods of DO measurement
in common use arc ‘he Winkler (iodometric) method and the electrometric

method.
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2.3.6.2 Measurement Techniques

The expected range of DO measurements is from 0. 005 to 8
milligram-atmospheres per liter (mg-at/l). The lower limit is essen-
tially anoxic water while the upper limit is not fixed. At normal surface
conditions, DO becornes supersaturated in the 8-9mg-at/1 region.
Supersaturated DO is seasonally found in streams and estuaries. [If
supersaturated DO cannot be measured directly, a water sample can be
diluted with low DO water, and the measurement corrected. ]

Any instrument measuring DO should compare with the standard
chemical analysis for DO, called the Winkler method. This method
exhibits the highest precision of any method adaptable to routine measure-
ments. The expected error of a single determination is ! 0.003 mg-at/1
at the 0.7 mg-at/1 level for a well-controlled laboratory experiment.
Routine analysis in pollution studies accept a ! 0. 050 mg-at/1l error for
visual determination of the titration endpoint, and f 0.005 mg-at/l error
for an electrometric endpoint determination.

The water sample from the selected depth is taken with a non-
metallic sampler such as the Kemmerer, VanDorn, or Niskin bottle and
transferred to a standard 300 milliliter BOD bottle, without entraining
external air. [Sample temperature should be measured as soon as the
sample reaches the surface.] Immediately, 2ml of manganous sulphate
reagent soulution should be added to the BOD bottle, followed by 2ml of

alkaline iodide solution. The sample is then shaken. A precipitate
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forms, which is redissolved by the addition of 1 ml of concentrated
sulphuric acid.

Initially, the DO had been captured by oxidizing the manganous
ion to a higher valence manganese ion. The latter now reverts to the
divalent state in the presence of the iodide ions and the sulphuric acid,
liberating an iodine equivalent to the original DO,

When convenient, the sample is titrated with a 0. 5N sodium
thiosulphate solution using either starch as the endpoint indicator, or
an electrometric endpoint determination. The DO in the original sample
is then calculated from the quantity of titrant used. A correction must
be made for the temperature change, and if a deep sample, the pres-
sure change from the original state.

Since the water samples contain a variety of natural, sewage,
and industrial contaminants, several modifications to the Winkler method
exist to correct for their presence, as they would interfere with the
iodometric determination. For example, oxidizing materials in the
sample would change iodide to iodine thereby producing an apparent in-
crease in DO, while the opposite is true for reducing materials. The
following list summarizes the common modifications to the Winkler

method.
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Modification Purgose

l. sodium azide addition Removes interference caused
by nitrite, which is common
in sewage effluents and incu-
bated BOD samples,

2. alum flocculation addition Settle suspended solids
which may consume appre-
ciable quantities of iodine in
acid solution,

3. copper sulphate-sulphamic acid Used in addition to the azide
flocculation modification to settle bio-

logical material which has a

high oxygen utilization rate.

4. potassium permanganate Eliminate ferrous iron
addition interference.

5. potassium fluoride and azide Eliminate ferric iron inter-
addition ference,

5a. use phosphoric acid instead

of sulphuric acid for

acidification step

Although the chemical techniques are not convenient for field
use, they remain the standard methods to which instrument performance
is compared.

Two different principles are used in measuring DO in situ with
the presently available instruments, polarographic, and galvanic.
Both techniques have been demonstrated feasible for in situ measurements
in lakes, rivers, oceans, industrial effluents, sewage effluents, and in
activated sludge. They have an accuracy of tO. 05 to tO. 1 mg-at/1
DO when calibrated with a fresh water or a salt water standard of known

DO, (depending upon whether the measurement is to be made in fresh

or salt water),
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The DO can be measured using a conventional polarographic
cell with a dropping mercury electrode, however the impurities in
industrial waste and sewage cause unreliable electrode operation., DO
meters which are commercially available use a special adaptation of the
polarographic cell., It comprises a gold cathode, a silver anode, and
a potassium chloride electrolyte. A polarizing potential of about 2 volts
is used. The cell is isolated from the test sample by a plastic membrane,
usually teflon or polyethylene. The membrane is permeable to oxygen
and the flow through the membrane is linearly proportional to the DO
and logarithmically proportional to the temperature. The current through
the polarographic cell is directly proportional to the molecular oxygen
activity in the electrolyte. Thus, a current measurement is a measure
of the DO.

Some instruments use thermistors in the probe to sense the sample
temperature and correct the DO for membrane permeability. However,
this systein loses accuracy when there is a wide difference between the
test sample temperature and the standardized sample temperature,

Conse uently, some instruments are provided with graphs to make the
correction from external temperature measurements,

The measurement of DO using a galvanic cell does not require
an oxygen permeable membrane in that other constituents of the test
sample, as commonly encountered, will not affect the DO determination.
The sensor comprises a thallium anode and a saturated calomel glass

reference electrode or a cathode. Oxygen is reduced at the cathode
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causing an electric current to flow which is proportional to the DO
content. The galvanic ccll is temperature sensitive, hence requires
correction either electronically, or by graphical means,

Both the polarographic and the galvanic type sensors are capable
of operation in fresh and salt waters, in sewage effluents and in incubated

BOD samples. They are also capable of operation to any water depth.

2.3,6.3. Instrument Comparison

A comparison of instruments used for DO measurement should

consider all of the following parameters:

1. Measurement range: some units do not measure very
small levels of DO (0.1 to 1 mg-at/1), and some units
have limitations in the super-saturated region (above
9 mg-at/1). (Note that | part per million = 1 milligram
atmospheric/liter for samples measured at the surface
of the sea,)

2, Temperature range: The range of operation is usually
much larger than the range of automatic temperature
correction,

3. Depth capability: In addition to a physical limitation,
both the polarographic and the galvanic sensors exhibit
a pressure effect in DO determination, which, if no
calibration is available, becomes a loss in accuracy,

4, Accuracy of DO measurement at constant temperature,

5. Accuracy of temperature measurement and correction,

6. Response time of DO determination: This parameter is
temperature sensitive, hence should be considered at

the extremes of operation of the instrument.

7. Response time of temperature measurement.
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14,

15,

16,

17.

18.

19.

Stability (drift) of DO measurement from a fixed calibration.

Stability (drift) of temperature measurement from a fixed
calibration,

Fesolution of DO measnrement,

Resolution of temperature measurement,

Effects of variation in power supply voltage.

Effects of contaminants in the sample: Hydrogen sulphide,
for example permecates a teflon membrane and contaminates
the polarographic sensor, Magnesium ions in salt water
contaminate the thallium anode of the galvanic sensor.
Repeatability of measurements.

Sensitivity of sensor to water flow direction and velocity.

Physical characteristics (size, weight, ruggedness)

Cost of instrument, cost of replacement sensors, sensor
lifetime.

Toxicity of sensor materials: For example, thallium is
poisonous,

Range of operating temperature for surface instrument
(ambient air)

Application to BOD bottle samples: The sensor size and
the provision of an agitator are meaningful considerations.

Mounting brackets: Some sensors are integral to the cable
and do not allow for external mechanical suspension in
waterways,

Table 2.10 compares some commercially available instruments

on the basis of a few of the parameters which are considered most

important.
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2.4 Numerical Modeling Section

2.4.1 Introduction

In order to predict the effects of DoD activities on the environ-
ment and to assess the impact on DoD activities on environmental changes
caused intentionally or unintentionally, it is not sufficient merely to col-
lect data on the normal state of the environment and on the activities
themselves. It is essential to have access to predictive models of the
environment. One vital part of a successful Environmental Impact Pre-
diction Facility must therefore be a Numerical Modeling Section whose
function it is to develop, maintain, and apply a collection of dependable,
efficient models of the environment.

There is, at present, no single agency or facility from which
DoD can procure a rapid analysis of an environmental problem, including
all phases of the problem from input data through analyses of physical,
chemical, and biological processes to a quantitative environmental pre-
diction, for problems in all parts of the environment from deep-sea
pollution, to urban pollution, to stratospheric modification. While it is
the mandate of the Environmental Impact Prediction Facility to provide
DoD with this essential capability, it is the purpose of the Numerical
Modeling Section to provide within the Facility the expertise necessary
for its central objective -- the environmental prediction itself,

The capability necessary to achieve the Facility's goals requires
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an efficiency possible only within a program which combines expertise
on all phases of environmental prediction, from the design of instru-
ments to measure trace chemicals in the oceans and atmospheres, to
data display technology. For this reason, the Facility cannot rely on
interfacing with the existing institutions which have developed numerical
models in one or two of the many types of numerical models which will
be needed. On the other hand, it would be extremely wasteful of time,
money, and expertisc to attempt to duplicate all the relevant modeling
developments which have already been achieved. The Numerical
Modeling Section will satisfy these requirements by:
a. accomplishing the tasks of reviewing the
state-of-the-art in numerical modeling,
b. implementing on the ARPA computer pro-
grams for all existing models relevant
to DoD environmental prediction needs.
c. using this computing capability to provide
rapid, dependable answers to questions
posed by DoD personnel,
d. updating the models continuously.
e. advising other sections of the Environ-
mental Impact Prediction Facility of their

need for research or data for the verifi-
cation or improvement of the models.
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2.4.2 Technological Support Required

The Numerical Modeling Section will require access to several
types of technological information and capabilities, These include the
numerical models themselves, computing facilities with various types
of input/output peripheral equipment, data for verification of the nu-
merical models, data for updating the numerical models, and data
describing the activitics whose environmental impact is to be predicted.

These are discussed separately in the subsections which follow.

2.4.2.1 Numerical Models

In concept, the Numerical Modeling Section might be able to
work only with a single model encompassing the entire global environ-
ment from the earth's sedimentary covering to the upper atmosphere,
and modeling the environment in sufficiently fine detail to include local
phenomena such as urban or estuarine pollution, Practical considera-
tions -- mainly available computer size and speed -- make this concept
impossible to implement at least for a decade. Furthermore, it is
unnecessary for one interested in the pollution of a stream to explicitly
consider the dynamics of all the world's oceans and the atmosphere;
and it is unnecessary to include such fine detail as the dynamics of each
and every stream in a study of the effects of increasing water vapor in
the stratosphere on the world climate. It is therefore necessary for

the Numerical Modeling Section to work with a number of models, each
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representing different scale phenomena. These are described briefly

below:

a. Combined Ocean/Atmosphere Model

This will be the largest scale, coarsest grid model
used. Its purpose will be to predict global-scale
effects, such as the dispersion of radioactive stron-
tium climatological changes, and sea-level fluctua-
tions, which might result from activities such as
the injection into the stratosphere of waste products
by high-flying aircraft or the construction of an
intcr-ocean canal. The grid size will probably be
on the order of 100km., The model will therefore
be unable to consider explicitly a single city or
river. It will, however, encompass all the world's
occans, and the entire atmosphere.

b. Single-Ocean Models

The Numerical Modeling Section will have a
separate modcl for each of the world's oceans and
seas. This will require topographical data, tempera-
ture and salinity data, and runoff data (i.e., river
discharge and chemical content). The grid size
will be no greater than 100 km. These models will
ignore ocean-atmosphere interactions explicitly
modeled by the combined ocean/atmosphere model;
the atmosphere will be assumed to behave independ-
ently of any changes which the model might predict
in the oceans. These models will be useful in the
distribution of a pollutant injected into the ocean,

It would be advantageous to have separate models
(or a two-option model) for studies of passive pol-
lutants, such as mercury, and active pollutants,
such as heat. (The distinction between passive and
active is made, here, with respect to the ocean cir-
culation,
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Global Atmiospheric Model

This model will include the dynamics of the entire
globe's atmosphere, up to and including the strato-
sphere. Conversely with the single-ocean models,
the oceans will be assumed by this model to be-
have independently of any variations which might
occur in the atmosphere. This model will rely

on temperature and wind data, continental topo-
graphy, albedo, ocean surface temperatures, and
atmospheric chemical composition data. As in the
case of the single-ocean models, separate algorithms
will be available for studying the dispersion of pas-
sive and active pollutants, such as strontium and
COy, respectively., The model will also be able

to predict effects of climate, winds, the distribu-
tion of c¢louds and rainiall, etc., which might re-
sult from chemical pollution by CO, or water vapor,
for example, or from man-made changes in the
earth's albedo.

Estuarine Model

A generalized cestuarine model will be implemented
for the purpose of predicting the dispersion of pol-
lutants (thermal or chemicel) in an estuary, and
circulation changes caused by modification of the
shoreline by piers, bridges, or other structures.
The model will rely upon topographic data collected
by another section of the Facility. The dynamics
will include tidal effects, river discharge, wind
stress, temperature and salinity stratification, and
boundary layer friction.

Urban Air Pollution Models

Several urban air pollution models will be included
in the inventory. Each will utilize a different combi-
nation of data, and will be applied to a problem de-
pending on the data available from the site. The
types of data will include surface wind speed and
direction, wind speed and direction at varicus alti-
tudes, the Kolmogoroff structure function, eddy
diffusivity tensor, topography, thermal structure

2-53



(with particular regard to the vertical stability
and inversions), humidity, radiative fluxes,
meteorological prognoses, cloud types and alti-
tudes, cloud types and altitudes, and source
data. These modecls will be capable of predicting
the dispersion of passive and active pollutants,
and of predicting the dynamical effects of active
pollutants. Ior example, estimates may be pro-
vided of the heat island effect, orographic pre-
cipitation effects, etc.

River and Stream Models

Generalized one-, two-, and three-dimensional
river models will be available to predict the
dispersion of waterborne pollution of chemical,
biological, or thermal type. Of these pollution
types, only the latter may be considered to be
active with respect to flow and stratification.
The models will include not only the usual ad-
vective and diffusive processes, but also bio-
chemical processes significant on the same time
scale as the river flow. The models will depend
on another scction of the Environmental Impact
Prediction Facility for topographic data. A
further application of the model will be to prob-
lems of sediment deposition, erosion, and river
course variations induced by shoreline structures
or changes in the discharge rate.

Ground Water Model

A model will be required to predict the disper-
sion of pollutants in which ground water has a
significant role. The model will include under-
ground rivers, soil seepage, and percolation
through porous rock strata. Ground water phe-
nomena affect the dispersion of pollutants such

as agricultural fertilizers and pesticides, and
radioactivity from underground nuclear tests.

The support of the section of the Environmental
Impact Prediction Facility responsible for col-
lecting geologic subsurface data and rock porosity
data will be essential to the successful application
of this model to DoD problems.
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2.4.2.2 Computing and Input/Output Facilities

It is anticipated that the physical location of the Numerical
Modeling Section personnel responsible for assimilating existing numeri-
cal models of the environment and implementing them will be together
with the entire Environmental Impact Prediction Facility at the site of a
computer with access to the ILLIAC IV, part of the ARPA computing
network. The large nicmory and high speed required for global atmos-
pheric and oceanographie prediction czlculations are not available even
on relatively large conventional computers. The ILLIAC IV will be one
of the few machines in the world capable of the computations necessitated
by the Numerical Modeling Section's responsibility,

Access to the models, however, will not be limited to pro-
grammers at the ILLLIAC IV site. The ARPA network makes it possible
for a programmer or scientist at any of the network computers to transmit
pollution source data to the Numerical Modeling Section, specify the rele-
vant model and options, and receive output data. The program will
actually run on the ILLIAC IV, and utilize oceanographic, meteorologic,
topographic, and geologic data stored by the storage facility., The user
will have the options of using annual average, seasona. average, or
current oceanographic and meteorologic data, and of requesting dynamic
predictions or passive dispersion predictions,

In a typical application, one computer will transmit pollution

source data and computing instructions to the ILLIAC IV, which will
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request and receive current meteorological data from a magnetic tape
stored at another computer site. The ILLIAC IV will execute the
necessary computations, and transmit the output data to an X-Y plotter

(or intermediate magnetic tape) at the initial computer.

2.4,2.3 Verification Data

Numerical mode's are the only available means of predicting
the short-term and long-term, small-scale and global-scale, effects
of man's activities on the ¢nvironment. However, it is the subject of
considerable discussion among scientists as to whether the models and
data available today provide sufficient accuracy and dependability.
While we have arrived at some understanding of the efficacy and limita-
tions of numerical calculations possible today, a more nearly satis-
factory understanding will be reached only by the acquisition of more
global-scale oceanographic, meteorologic, and pollution data with
which the models can be verified. These same verification data can
then be used to improve the models, where necessary.

The exact nature of the verification data and the experiments
necessary to acquire them is being determined and will continue to be
determined by scientists familiar with the numerical models. As such
determinations are made by the Numerical Modeling Section, the data-
collecting section of the Environmental Impact Prediction Facility

will be informed.
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One example of the need for verification data arises from the
uncertainty concerning vertical transport processes in the lower thermo-
cline. Various combinations of vertical velocity (upwelling) and vertical
diffusion account equally well for salinity and temperature data. Only
one such combination, of course, is accurate. To distinguish among
the accurate and inaccurate combinations, further data are required.

It has been determined by numerical models that the data concerning
chemical trace clements in the deep ocean, which the GEOSECS experi-
ment intends to coliect, will remove enough degrees of freedom {rom
the numerical models to verify the validity of their representation of
vertical transport processes in the lower thermocline,

It is anticipated that chemical trace elements will be a most
important source of verification data for oceanographic and meteoro-
logic models. The instrument/sensor section, the data section, and
the Numerical Modeling Section of the Environmental Impact Prediction
Facility, will have as their focal point of interaction and interdependence

the vital problem of numerical model verification.

2.4.2.4 Update Data

In addition to the verification data, the ILLIAC IV will require
for its numerical model computations, rapid access to current oceano-
graphic and atmospheric data. Data of this type are used routinely for
weather prediction, and are collected by the National Oceanographic

and Atmospheric Administration. The Numerical Modeling Section
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will therefore require a data link with NOAA., There will, of course,
be access to the pollution data collected by the Facility's global pollution

monitoring network.

2.4.2.5 Source Data

Source data -- data concerning the type anc quantity of pollution
emission, or the type, extent, and concentration of a locally-dispersed
pollutant -- will be acquired routinely by the global monitoring network,
or will be supplied to the ILLIAC IV by the computing center requesting
the computations. The actual instrumentation used for pollution meas-
urements, and the collection of pollution data, is the concern of another
section of the Environmental Impact Prediction Facility, with which the

Numerical Modeling Section must interface efficiently.

2.4.3 Current Numerical Modeling Efforts

While numerical modeling is currently being attempted or in
progress at many research centers today, there is no one organization
which has numerical computation capabilities for models representing
all scales of environmental phenomena, from urban to global, which is
concerned mainly with predicting the environmental impact of human
activities, and which has the mandate to supply DoD with the expertise
needed to develop Environmental Irnpact Statements. However, there

are many research centers which do have capabilities in part of the area.
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As explained above, the Numerical Modeling Section of the Environ-
mental Impact Prediction Facility will assimilate these capabilities and
apply them to DoD needs. An outline of some of the more important
research centers active in numerical modeling follows. (This outline

does not purport to be an exhaustive listing. )

2.4.3.1 Ocean Modeling

The outstanding institution in large-scale ocean modeling is
the Geophysical Fluid Dynamics Laboratory, of the National Oceano-
graphic and Atmospheric Administration, Princeton, New Jersey,
The director of this laboratory is Dr., J. Smagorinsky. ''In charge"
of ocean modeling is Dr. K. Bryan. (Part of the laboratory is devoted
to atmospheric modeling, discussed below.) Dr. Bryan has been one
of the world's leading figures in the development of numcrical modeling
of the oceans. The model which has been developed by his group uses
the ''rigid 1id" approximation, and an ad-hoc parameterization of the
thermocline. It is felt that verification of the model is essential, and
may be forthcoming from GEOSECS data, as well as from conventional
oceanographic measurements such as MODE will make. Regions re-
quiring verification most may be the deep sea near-bottom currents,
and thermocline vertical-transport phenomena.

Dr. W. Holland, at the Geophysical Fluid Dynamics Laboratory,
has been involved in the application of numerical models to ocean tracer
distributions. This work will be most useful to the Numerical Modeling

Section.
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Other institutions doing important work in numerical modeling
of the oceans include the University of California at Los Angeles, the
National Center for Atmospheric Research in Boulder, Colorado, and

Yale University, in New Haven, Connecticut.

2.4.3.2 Atmospheric Modeling

The Geophysical Fluid Dynamics Laboratory is also a leading
institution in numerical modeling of the atm?sphere. Dr. Manabe is
"in charge'" of the atmospheric modeling. He and Dr. Bryan work
closely together, and are presently developi;g a coupled ocean-atmos-
phere model. |

The National Center for Atmospheric Research has done

)

pioneering work in numerical modeling of the atmosphere, and is also

concerned with coupled uvcean-atmosphere models.

2.4,3.3 Smaller-Scale Water €irculation Models

*

Studies of numerical modeling of coastal upwelling have been
made at Florida State Unive rsit;, the University of Connecticut, and
New York University. Estuarine and river studies have been made by
tiie Environmental Protection Administration, Oregon State University,

the Federal Water Quality Agency, and Johns Hopkins University.

t .
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2.4.3.4 Smaller-Scale Atmospheric Circulation Models

Studies of urban and local dispersion of air pollution have been

made by the Environmenta! Protection Agency, Pennsylvania State

University, New York University, and many others.
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2.5 Data Management Section

2.5.1 Introduction

The development of an Environmental Impact Prediction Program
includes the development of a facility which can collect, process and
evaluate environmental data which are obtained from DoD facilities and
activities. This information is used to evaluate the environmental impact
of existing facilities and to establish numerical models to predict the im-
pact of future facilities and activities. This facility, termed the Data
Management Section, will work in close coordination with the Numerical
Modeling Section and the Sensor/Instrumentation Section to obtain the
most reliable and up-to-date data on environmental pollution factors.

As a functioning entity, the main goals of the Data Management
Section will be:

Data Collection, Collection of pollution data
from sensors at DoD facilities; assimilation of
pollution data from non-DoD sources such as
EPA and NOAA wher these sources contain in-
formation which relate to DoD activities: and
assimilation of data comprising state and

federal standards and regulations which relate
to the pollutants under observation.

Data Evaluation. Evaluation of the environ-
mental impact of existing and future DoD facili-
ties; notification to DoD facilities of available
methods to improve or correct their pollution
endeavors; and evaluation of pollution abate-
ment procedures, both short-term and long-term.
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Data Processing. Standardization of collected
data; storage of data required for evaluation and
updating of environmental models; and dissemi-
nation of data to interested partiez.

As discussed in Section 2, 4, the goals of the Numerical Modeling
Section are met by use of the ILLIAC IV computer as accessed through
the ARPA Net. Extending this idea, the ARPA Net will handle data com-
munications between the sensors deployed by the Sensor/Instrumentation
Section and the data collection group. This technique will take advantage
of the long distance reliable data linl;s that are already in existence in
that net. Furthermore, storage of data in the data bank facility, which
is required for model evaluation by the Numerical Modeling Section, can

also take place over the ARPA Net.

2.5.2 The ARPA Net

The ARPA Net is a nationwide network of computers connected
so that any program available to a user at one location is also available
at any other remote location which is connected into the net, Thus, a
user may access any computer in the net and execute a program on that
computer as if it were at the user's own location.

This concept is not restricted to program usage. Data files
may be transferred between locations over the net. Thus, a user at
Location A can access the computer at Location B to execute a program

using data stored in a computer at Location C. The results/output of
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the program are then transmitted back to the user at Location A,

2.5.2.1 Network Facilities

At present, there are 29 operational facilities connected to the
net. Seven of these facilities intend to offer computing services to the
other users. These are:

1. Massachusetts Institute of Technology -

Honeywell 645
2. Stanford Research Institute - PDP-10

3. University of California at Los Angeles -
IBM 360/91

4. University of California at Santa Barbara -
IBM 360/75

5. Bolt Beranek and Newman - PDP-.10
6. Lincoln Laboratories - IBM 360/67

7. Ames Air Force Base - ILLIAC v

Figure 2.1 indicates the present configuration of the ARPA Network.

Of all these facilities, the ILLIAC IV promises to be the most
useful for the purposes of the Environmenta! Impact Prediction Facility.
First, the II.LLIAC IV has been specially designed for processing large
matrices/arrays of data such as those found in meteorology, oceano-
graphy, etc. Secondly, the ILLIAC IV will eventually contain a one
trillion bit mass storage capability using laser techniques. Eventually,

this storage capability will serve as both storage for program: being
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executed on the ILLIAC IV as well as an archive storage for the users
oi the ARPA Net. This tremendous storage capability now brings into
the realm of possibility the execution of complex models for wide area

oceanographic, atmospheric, or other natural phenomena hsretofore

rendered impossible by existing limitations on computer size and speed.

2.5.2.2 Network Interconnection

To provide the reliable data link needed for computer-to-
computer communication, a store-and-forward concept was implemented,
The data communication process is handled by a number of devices called
Interface Message Processors (IMP). Each of the network computers,
termed a HOST, is connected directly to an IMP located at the HOST's
site. Lach IMF is connected to two or more IMPsg through 50 kilo bit/
second dedicated leased lines. To transmit a message from one HOST to
another, the HOST sends its message to its IMP. The IMP then breaks
the inessage into smaller pieces termed packets.

Each packet is transmitted through the network from IMP to
IMP along the path that is the least busy., Then, the packets are re-
assembled at the destination IMP and presented to the destination HOST
as a complete message. In this manner, operation of the communica-
tions net is basically invisible to the HOST computers. Conversely,
any IMP can function independently of its HOST, thereby rendering the

communications net immune to a HOST computer's inoperability.
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Furthermore, by requiring each IMP to be connected to two or more
IMPs, the failing of one IMP does not seriously impair the functioning
of the NET as the redundancy provides at least two separate paths be-
tween every pair cf IMPs.

In addition to the IMP, there exists a device called 2 Terminal
Interface Processor (TIP). Up to 64 terminals and various I/0 equip-
ment can be connected to the TIP, A TIP is used in those locations

that do not have a HOST computer,

2.5.2,3 Network Utilization

Of prime importance in any computer system is the ability of
the software to facilitate the utilization of that system. In the case of
the ARPA Net, such utilization implies software development which
can facilitate the sharing of computer systems and the transfer of data
and commands throughout the network. The ultimate goal is to make

the net seem invisible to the user.

The software developed to Jate for the ARD Net is reflected
in the generation of a number of protocols; i.e., a set of specified
rules or commands which computers and/or programmers must utilize
when conversing with each other. The highest level protocol under
development is the TELNET which allows users to directly access any
of the HOST serving computers in the net. Such connection is first

preceded by use of an ICP (Initial Connection Protocol) which establishes
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a connection with the desired HOST computers. In addition, two other
high level protocols exist. These are the Data Transfer Protocol and
File Transfer Protocol, and they allow the transfer of structured data

and/or programs between HCST computers.

2.5.3 Data Management Section Configuration

The Data Management Section comprises three basic areas:
a centralized data collection and evaluation group; a data bank; and the
data transmission facilities required for remote monitoring. By uti-
lizing the ARPA Net for data tran:mission and interactive processing,
these three areas may be conveniently tied tbgether into a cohesive

system.

2.5.3.1 Data Collection Group

Centrally located with the other sections of the Environmental
Impact Prediction Facility, the Data Collection Group will coordinate

efforts of procurement of pollution data from all sources including:

1. Data from DoD facilities and activities.
2. Data from non-DoD facilities (NOAA, EPA)
which reflect DoD's impact.
The collection of data from non-DoD agencies will be linked to
these facilities by a high speed reliable data transmission network.

Indeed, NOAA is already linked to the ARPA Net. The collection of
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data from DoD facilities will also use the ARPA Net as the reliable high
speed data link for long distance transmission to the Data Collection
Group. Since a large number of DoD facilities will be monitored, each
facility will not be an additional mode in the ARPA Net. A number of
such facilities will be concentrated, possibly by geographic location,
and controlled by a single HOST in the ARPA Net. Discussion of this

configuration is presented in Section 2. 5. 4.

2.5.3.2 Data Evaluation Group

For this facility to be of any use to DoD, an accurate evaluation
of the monitored data must be made to determine if:

1. Pollutant levels are within the existing standards

for the locality of the DoD site being monitored.

2. Predicted pollutant levels for planned facilities

or activities will fall within existing standards
for the locality.

In Item 1, the direct monitoring of pollutants, whenever possible,
yields straightforward comparison with allowable levels for the locality.
However, when direct monitoring is not possible (air pollution near jet-
ports) or when more than one source may be contributing (airplanes and
automobiles) to the overall pollution level, a more complex approach is
required to determine the amount of the pollutant which is contributed by

the DoD facility.
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For a given pollutant being emitted into a medium (e. g., the
atmosphere), a model representing the dynamics of the medium for the
region of interest can be devised. Based on actual monitored values
of the medium, the dispersion of the pollutant can be determined and its
value at any given point, space or time, calculated.

As an example, consider gaseous emissions due to aircraft at
a jetport. A model of the atmospheric dynamics in the surrounding
region can be evaluated by using monitored parameters of the locality,
e.g., local terrain configuration, wind velocity and direction, tempera-
ture, humidity, local dispersion/diffusion characteristics, etc. Based
on the characteristic properties of the pollutants, the quantity which is
emitted per aircraft, the number of planes taking off and landing in a
given time period, and the atmospheric parameters which are pertinent
to the jetport, the resultant pollution levels at the jetport can be deter-
mined for any point on the ground and a pollution contour map calculated
and plotted.

The same procedure can also be used to predict pollution levels
for planned or future facilities or DoD activities. The expected environ-
mental impact would then be based on evaluation of a model which uses
data from a similar activity or facility. Thus, with a constant update
of data from following operations, the numerical model for the facility/
activity can be improved so that, with each succedding action, the
numerical model's prediction is more accurate and thus can more readily

predict the total environmental impact.
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2.5.3.3 The Data Bank

Of utmost importance in evaluating the environmental impact
of various activities is the accurate modeling of the processes involved
and the resultant predictive capability which is obtained from the numeri-
cal model. The accuracy of these models is due, in small part, to the
goodness of the data used in verifying the model's behavior.

Thus, all sections in the Environmental Impact Prediction
Facility will evaluate the data for accuracy, will assist in formating
and analyzing the data for use in programming, and will submit the data
to the data bank for use in the modeling effort.

The size, speed and location of the data bank are dependent on
the modeling processes to be undertaken. For modeling of entire ocean
basins or global atmospheric models, a large computing complex is re-
quired. The ILLIAC IV has been designed just for such applications.
Eventuaally, the ILLIAC IV is to have a one trillion bit mass storage
capability. A small portion of this capacity could probably serve as the
data bank required for the Environmental Impact Prediction Facility.
In the interim period, a mass storage device using discs and associated
high speed magnetic core or solid state buffers could serve. This storage
device, see Fig, 2.2, is tied directly through high data rate leased lines
to the ILLIAC IV processor. In addition, a conventional computer system,
acting as a HOST, is connected to the ARPA Net, This serves as the

intermediary between the mass storage facility and the ARFA Net.
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Control of the linked operation between the mass storage facility and
the ILLIAC IV can also be handled by this HOST.
Clearly, three modes of operation are possible,

l. The ILLIAC IV utilizes the mass storage for
large scale modeling efforts.

2. New data for the mass storage are sent alony
the ARPA Net to the HOST in the data bank
and then to the mass storage.

3. Data in the mass storage facility can be
accessed anywhere in the ARPA Net through
the HOST. Thus environmental problems
which can be handled by other computers in
the ARPA Net can use data stored in the mass
storage facility.

The software for implementing Items 2 and 3 for the ARPA Net

already exists in the form of the Data Transfer Protocol.

2.5.3.4 Remote Monitored Facilities

Assuming that a large number of DoD facilities will be monitored,
these facilities must be serviced by the ARPA Net without substantially
increasing the number of nodes. The low sampling rate required for
most pollution sensors implies that a large number of sensors can be
concentrated into one high speed data link. Therefore, a typical concen-

tration scheme is shown in Fig. 2. 3.
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Referring to Fig. 2.3, for a given regional area (e.g., Northeast,
Middle Atlantic), a special purpose computer is connected to the ARPA
Net as a HOST through an existing IMP, if possible*, or by adding an
additional node to the net. This computer, termed a Regional Monitoring
HOST, serves as a temporary data storage area and data concentrator.
The data inputs to the Regional Monitoring Host are leased tje lines ema-
nating from subregions within the region being serviced. At a central
location within this subregion, the tie line branches out at a multiplexing
station to a number of short leased tie lines. These are connected to all
the DoD facilities being monitored within the subregion.

The actual configuration is dependent on a number of parameters
including the number and type of sensors being deployed, sampling rates
required, area distribution and total number of Dol facilities being moni-
tored within a given geographical configuration, etc., Clearly, a study
would be required to determine the optimum configuration in terms of
reliability and cost,

A standard mode of operation of the Remote Monitoring Network
would be to periodically sample the sensors at all facilities at predeter-
mined sampling rates consistent with the process being monitored. The

Regional Monitoring HOST can act as the main control in this mode by

Existing IMP designs can handle up to four HOST computers.

)
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selecting the appropriate facility and sensor, when required, and
transferring the data to their own storage area. The schedule listing
all facilities and sensors along with associated sampling rates or

times would be stored in this HOST. The HOST notifies the Data Col-

%

lection Group when a block of data has been compiled and is ready for
transfer. The data are then transferred over the ARPA Net using the
standard Data Transfer Protocol.

Another mode of operation would be a more intensive monitoring
of selected facilities or sensors. Thus, the Data Collection Group
specifies the desired facility or facilities, the sensors to be monitored,
the sampling time, rate and total sampling interval required. These
parameters are sent as commands via the ARPA Net to the Regional
Monitoring HOST in command of the facility or facilities in question,
This HOST then assembles the data as requested. The data can be re-
transmitted either as they become available or at the end of the specified
sampling interval,

The Remote Monitoring Network can also be extended to include
temporary monitoring of facilities or regions. By configuring the
multiplexing system to include additional channels, the facility to be
monitored can be connected to an unused channel of the nearest multi-
plexing system. The facility would then be monitored through commands

from the Data Collection Group.



2.6 Environmental Impact Prediction Example - High Flying Aircraft

The possibility of environmental modification resulting from
the long-term operation of fleets of high-flying aircraft has been a sub-

12) .
However, we are not yet able to assess in

ject of wide interest.
detail what consequences, if any, to the environment might accompany
such operations. While Mmany programs are now underway to study this
question, considerable additional effort will eventually be required to
settle the issues definitively. This effort must include instrumentation,

data collection and numerical models of atmospheric photochemistry,

radiation and dynamics.

2.6.1 Introduction

The regions of the atmosphere in which most high-flying jet
aircraft, both conventional and supersonic, cruise are the upper tropo-
sphere and the stratosphere. The troposphere, % which is the region of
the atmosphere that reaches to an altitude of about 11 km in the polar
regions and about 15km in the tropics, is char:cterized by a relatively
high concentration of water vapor. This region exhibits a rapidly de-
creasing temperature profile with altitude. This temperature profile
is primarily the result of the solar heating of the earth's surface com-
bined with the infrared radiation cooling of the upper and middle layers
of the troposphere. The heating of the troposphere from below often

creates a buoyant instability which enhances vertical mixing processes,
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This is the region of the atmosphere in which rnost of our weather
occurs. The stratosphere, which is the region of the atmosphere
directly above the troposphere (the transition zone from troposphere
to stratosphere being called the tropopause), is characterized by a
relatively low water vapor concentration but exhibits a high ozone
concentration, > Ozone which absorbs radiation in the ultra-violet
part of the solar spectrum is primarily responsible for producing a
vertical temperature profile that increases with altitude. Thus, the
stratosphere is a region of stable density stratification and therefore,
mixing processes are much slower than in the troposphere. This,
combined with the absence of any precipitation processes to cleanse
the air, means that any trace substances introduced into the strato-
sphere will remain there for a much longe. time than in the tropo-
sphere. The residence time of a trace gas or aerosol introduced just
above the tropopause varies from about six months at high latitudes to
a year at low latitudes; and at 20 to 30 km the residence time is two to
three years, increasing to about five years at 50 km. o Thus, a
contamination of the stratosphere will be more long lasting than a cor-
responding contamsination of the troposphere where effective removal
processes are constantly at work. There are two important cases to
consider: contamination by large volcanic eruptions, and contamination
by high-flying jet aircraft. The first is a well-recognired natural phe-

nomenon that has occurred many times, while the la:ter is now only a

source of possible concern.
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Another important consequence of the presence of ozone in the
atmosphere is its ability to absorb a significant portion of the ultraviolet
part of the incoming solar spectrum, since radiation at these frequencies
has a significant effect on biological processes. ¢ The concentration of
ozone depends in a complex way on photochemical reactions among
varicus atmospheric constituents such as O,, H,0, NO,, etc. 9 Since
exhaust emissions from high-flying aircraft include some of these gases,
it is essential that the photochemical and transport processes that deter-
mine the distribution of ozone be better understood,

Another widely Jebated consequence of atmospheric contamination
by high-flying aircraft is the possibility of inadvertent modification to the
climate. The climate of the earth is ultimately determined by the radia-
tion balance of the earth-atmosphere system (by which we mean the
atmosphere and underlying surface taken together). 10 This balance is
between the incoming solar radiation and the outgoing terrestrial infrared
radiation fluxes. These fluxes depend upon the optical properties of the
atmosphere - which are rclated to the distribution of optically active
gases (e.g., carbon dioxide, water vapor and ozone), suspended atmos-
pheric dust particles, and clouds.

Clouds are extremely important factors in the earth's radiation
balance, because they both reflect a large percentage of the incoming
solar flux and also because they are efficient absorbers of terrestrial
infrared radiation. Thus, a change in the long-term amount of cloud

1 .
cover could have a significant effect on climate. ! Observations of
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cirrus cloud cover over certain American cities indicate that there may
be a connection between the amount of cirrus clouds and the density of
Jjet aircraft traffic. 12 However, the effect of changes in cirrus cloudi-
ness on the surface temperature has not been predicted unambiguously
with existing radiation models,

Atmospheric dust particles (or aerosols) can also affect the
transfer of both solar and infrared radiation, and increases in atmos-
pheric aerosols may have consequences on the surface temperature.

The effect of increases in stratospheric ot;st loadings on the
stratospheric heating rates and temperatures are suggested from our
experience on the effect of volcanic dust injected into the stratosphere.
However, modeling studies are still uncertain as to the magnitude and
even in some cases, the sign of possible effects of increases in particle

14
loading on radiative heating rates.

Since exhaust emission from jet aircraft could involve changes
in the levels of atmospheric water vapor, particle loading and cloudiness
(particularly high cirrus clouds), it is again essential that the effects of

changes in these constituents on the climate be well understood.

2.6.2 Procedure of Impact Assessment

In order to ascertain the possible impact of high-flying jet
aircraft on the environment, as outlined in the Introduction, we must
first evaluate the projected exhaust emissions from various types of

aircraft, based on estimates of fleet size, flight frequency and domain,
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and emission levels for each class of aircraft, Then, the magnitude
of projected injections of exhaust products (or changes in other con-
stituents that interact with these products) must be compared with
natural background levels of the relevant atmospheric constituents, on
detailed spatial and temporal scales. The residence times and trans-
port and removal processes for various contaminants must then be
evaluated, so that numerical modelirg studies of the possible effects
of these contaminants can be made. These studies should include
photochemical, radiative, and dynamical simulations.

2,6.3 Effects (known and unknown) of Some
Individual Contaminants

In this section, we will summarize briefly what the effects of
some of the individual contaminants might be on the composition, dis-
tribution, and optical properties of the atmosphere. More details on
these effects can be found in references 1, 2, and 3,

The presence of water vapor has a direct effect on the radiation
balance and also on the formation of clouds. Additional effects through
stratospheric photochemistry involving the distribution and concentration
of ozone are possible,

Oxides of nitrogen apparently have a negligible direct radiation
effect, but their effect on ozone photochemistry is currently a subject
of much controversy. An important indirect effect would be the conver-

sion of these gases to particles in the form of nitrate salts which could
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alter the optical properties of the atmosphere.

The addition of sulphur dioxide gas appears to have no significant
direct radiation effect. However, the particle effect could be significant
from photochemical conversion to sulphate particles.

Particle injection in the form of photochemically converted
particles from unburned hydrocarbons and direct soot particle injections
may affect the radiation field, and can also indirectly affect it through
changes in cloudiness. This is because particles act as condensation
nuclei or ice nuclei upon which cloud droplets or ice crystals are formed.

Additional carbon dioxide injected into the atmosphere from jet
aircraft would have a direct radiative effect, but this is probably not
significant since the concentrations appear to be small in comparison

to the natural flux of CO2 into the stratosphere through the tropopause.

2.6.4 Research Programs

In order to implement the procedure outlined in Section 2. 6.2,
a large research effort is required. First, a detailed description of the

exhaust emissions of each type of aircraft must be compiled, so that

future projections of contaminant injections can be made.

Then, an in situ monitoring program should be implemented,

to determine the natural background concentrations of constituents listed
in the preceding section, with adequate spatial and time resolution. At
the same time, monitoring of radiation fluxes, the optical properties of

certain constituents, and atmospheric motions cshould be conducted to:
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a. improve our understanding of the relationships
between the radiation energy input and atmos-
pheric motions

b. improve our knowledge of stratospheric trans-
port processes

c. determine if any long-term trends in atmospheric
radiation or dynamics will accompany any observed
long-term trends in the concentration of atmos-
pheric constituents related to high-flying aircraft,

A program of laboratory measurements concomitant with the

in situ atmospheric monitoring effort should also be pursued. The re-
action rate coefficients for various chemical constituents involved in
the processes of photochemical production or destruction of ozone are
often poorly defined, or even unknown. In addition, the radiation ab-
sorption cross sections for ozone and related stratospheric constituents
may need additional laboratory measurements to improve the reliability
of the presently assumed values. Also, laboratory determination of the
optical properties (i.e., complex index of refraction and size distribu-
tion) of botls dust particles and ice crystals in cirrus clouds would be
useful to modeling studies.

The fourth area of basic research needed to assess the impact
of high-flying aircraft on the environment is the computation of these

possible effects by numerical models. First, a coupled set of chemical

equations must be solved to simulate the photochemical processes in
the stratospheric production of ozone. This photochemical model must

then be coupled to a dynamical model of the atmosphere, to include the
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important effects of atmospheric diffusion and transport processes on
the distribution of ozone. The dynamical model will need realistic
values of eddy diffusion coefficients in order to simulate the transport
processes correctly. Such a combined model should first be able to
predict the currently observed distribution of ozone. If this is possible,
the combined model can subsequently be used to study the effects of the
injection of various contaminants on the amount of ozone. Then a radia-
tion model that determines the detailed effect of ozone on the transmission
of ultraviolet radiation can be uscd to determine the effect of various
contaminants on the ultraviolet radiation reaching thc¢ biosphere.

To study the possible climatic impact of high-flying aircraft,
the effect of contaminant injections on the radiation fluxes, both solar
and infrared must be computed. This effort should include calculations
of both the direct effect of changes in COZ' water vapor, cloudiness and
aerosols on the radiation field, as well as the possible indirect effects
of particle contaminants on the cloud-forming microphysical processes
per se. Modified radiative-convective models of the earth-atmosphere
system can be used initially for such a study, where data on the optical
properties of the radiation scatterers and absorbers should be taken
‘rom the latest available measurements. Finally, the effect of any pos-
sible changes to the radiation fields will have to be coupled to a large
scale dynamical model of the atmosphere to determine what the ultimate
effect, if any, on climate from the injection of exhaust emission products

might be.
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2.6.5 Proposed Effort for the High-Flying Aircraft
Impact Program

Various aspects o'f the research program outlined above are
under way by many groups througho;.lt the world. For example, since
the development time for large scale dynamical models of the general
circulation of the atmosphere is large, those groups already possessing
such modeling capability are the logical places to develop the coupled
photochemical-dynamical simulation of ozone production. However,
there are still many important unanswered questions about the possible
effects of increases in atmospheric dust or cirrus cloudiness on the
temperature of the stratosphere and the temperature near the earth's
surface that can be studied at smaller installations.' These questions
should be studied by using a radiative-convective model of the earth-
atmosphere system to detern ine how increases in aerosols ar cirrus
cloudiness might affect the atmospheric heating rates. While some work
has been done in the past in this regard, M these models were based
upon global averages and assumed values of optical properties of aero-
sols and cirrus clouds. Thus, their results might not be applicable
(1) for the mid-latitude regions where the bulk of high-flying jet aircraft
operate, and (2) because the observational and experimental data for the
optical properties of cirrus clouds and aerosols are being updated at
this time. An existing radiative-convective model could be modified to

study the effects on the atmospheric heating rates of increases in cirrus

cloudiness and atmospheric aerosols as a function of geographic position
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and season as well as for global averaging. This model should utilize
the latest available data for the optical properties of cirrus clouds and
stratospheric aerosols, and at the very least try to show what the

effect on the atmospheric radiation fluxes from increa ses in cirrus
clouds and stratospheric aerosols would be, for the range of uncertainty
inherent in current observations of the value of the optical propertics

of these constituents. This sort of calculation can then be easily in-
corporated in a general circulation model to eventually assess the

impact of possible changes in cirrus cloudiness or stratospheric acrosols

on the earth's climate.
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3.0 Model Base/Energx Resources

3.1 Introduction

A useful microcosm in which community energy supply and
pollution control may be studied is the military base. The advantage is
that, in addition to being a relatively isola.ted community, directives
issued by the base commander regarding use of power resources will be
obeyed. In such a situation it will be possible to specify optimim con-
ditions for power use and pollution control.

The following a‘ssumptions are made concerning the model
base:

1. The total personnel complement is approximately

1000 men.

2. The model base has its own power generating

plant, waste disposal plant, and sewage disposal

plant.

3. The fresh water for the model base is supplied
from the nearest municipal facility.

4. All food supplies are delivered to the base,
5. The model base is geographically located near a
river or other scurce of water for use in cooling

of the power generator.

6. The base consists of administration buildings
and private residences for the personnel,
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Considerations of power usage and pollution control have been

classified into four areas:

1. the power generator

2. the construction of buildings and the use
of appliances

3. waste disposal and sewage disposal

4. transportation.

Each of these four areas is discussed.

3.2 Electrical Generating Power Plant

The electrical power necessary to supply the model base will be
provided by a generating Plant located on the base. Two different types
of power plants will be considered: fossil fuel and nuclear reactors.

Fossil fuels are coal, oil, and natural gas. The cleanest fuel,
from the standpoint of pollution, is natural gas. The reserves of natural
gas, however, have been dwindling at an alarming rate in the U.S. Since
1968 (aside from the Alaskan discoveries), the U.S. has been using natural
gas twice as fast as it has been finding it. In many parts of the country
gas companies are forcing some industrial users to shift back to oil when
home heating demand is high.

Coal and oil deposits, like those of natural gas, are becoming
increasingly diffi'cult to locate. The demand for oil in the U.S. is such

that ten billion barrels of proved reserves at Prudhoe Bay in Alaska
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represent only two years consumjsion,. ; In addition, the combustion
of fossil fuels releases relatively large amounts of carbon dioxide into
the atmosphere. Carbon dioxide buildup could conceivably raise the
atmospheric temperature through the greenhouse effect - the trapping
of part of the sun's radiation that would otherwise be reflected to
outer space. |

Sulphur dioxide is also released in the combustion of coal,
Buildup of sulphur dioxide in a concentration as low as 0.11 parts per
million can cause damage to the health of the exposed population after
three or four days. . Sulphur" can be removed froin gas and oil prior
to burning, but methods of refining coal are still in the development
stage. The problem of the removal of sulphur dioxide from stack
emissions (after burning) has not, as yet, been solved. Thus, while
coal deposits are more plentiful in the U.S. tran are oil and natural
gas deposits, many utilities have switched from coal to low sulphur oil
in an effort to meet the requirements of the Federal Environmental
Protection Agency set for 1975, Such use of petroleum aggravates the
energy-resource problem.

A solution to the sulphur problem may be to convert coal to
clean-burning sulphur-free gas. Assuming that methods are found to
convert coal to ''clean' gas, electric utilities have calculated that it
would not pay to transport the gas over long distances. The coal could
be transported by train and corverted to gas at the generating plant it-

self. Emissions of fly ash and other particulate matter could be
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reduced by as much as 99% by the use of electrostatic precipitators,
However, these control devices are costly. In addition, the use of
these devices consumes more than 5% of the generating capacity3 and
the cost of the power generation is proportionally higher.

Present day fossil-fuel plants function in the range of 40 - 45%
efficiency. ¢ Most fossil-fuel utilities make use of simple gas-turbine
generators, which have relatively low thermal efficiencies. A combined
cycle gas and steam generator is in the process of development and
offers great promise for obtaining more electricity from fossil fuel.

In view of the expected shortages of natural gas and petroleum, the most
effective fossil-fuel generator may be one in which coal is converted to
low-sulphur gas, and the gas used in a combined cycle gas and steam

generator,

3.3 Nuclear Generators

Present-day nuclear reactors operate at a thermal efficiency
between 20 and 34%. g Conventional reactors operate at a lower thermal
efficiency than fossil-fuel generating plants and create about 50% more
waste heat for every kilowatt hour produced. Thus, thermal pollution is
a major problem in nuclear reactors. Large amounts of cooling water
are required for use in nuclear reactors. For example, the temperature
rigse from a 500-MW nuclear plant in a river whose flow rate is 1000 ft3
per second can be 8 to 10°C. * According to some marine biologists

and ecologists, because of the reduced oxygen content of the heated water,
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beneficial indigenous marine life can be killed or driven away from a
river habitat. In the U.S. today, 30 states have temperature standards
and the utility companies are attempting to meet the requirements by
using cooling ponds and cooling towers. From the standpoint of over-
all efficiency, it is possible that the very high water temperatures gener-
ated in the nuclear reactors could be used to heat houses or buildings in
close proximity to the power plant.

Of all the advanced sources of power, the fast hbreeder reactor
is closest to realization. The fast breeder converts the U-238 isotope,
which makes up 99. 3% of uranium, into fissionable plutonium. Whereas
the ordinary reactor produces less of this new fuel than it consumes,
the fast breeder produces more. Development of the fast breeder re-
actor is proceeding rapidly in the U.S. under the auspices of the Atomic
Energy Commission (AEC) and the electric utility industry. The type
of breeder chosen by the AEC uses liquid sodium as a coolant to transfer
heat from the reacior core to a steam-producing boiler. Since hot liquid
sodium reacts violently on contact with air or water, it needs to be com-
pletely shiclded with metal as an inert gas.

About 2% of the breeder reactor's waste, by weight, will con-
sist of plutonium, a radioactive material with a half-life of 24,000 years,
At present, the only safe method of containing the waste material is to

store it in concrete vaults,
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There has been great disagreement among the experts on the
dangers of radioactive wastes to the environment. A respectable por-
tion of scientific thought and opinion believes that radioactive waste is
so potentially hazardous that there should be a moratorium cn the
construction of all nuclear fission generating plants, unless they are

built underground with all the necessary operational precautions,

3.4 Proposed Future Energy Sources

At present, there are several energy sources still in the
development stage and these are discussed in the following sections.
All of these sources produce no environmental pollution and are there-
fore attractive alternatives to the power generators which are presently
operational. The proposed sources make use of the energy which is
potentially available in natural phenomena - e. g., the steady westerly

winds that sweep over the Atlantic Ocean, solar radiation, and tides.

3.4.1 Tidal Energx

In recent years there has been a resurgence of interest in tidal
energy. Tidal energy is the cleanest energy of all and its production
uses no land. There have been many ideas proposed for the harnessing
of tidal energy. {

Recent studies of possible tidal scheme: have led to‘the con-
clusion that the most economical energy will come from single-effect

schen.es. This is a scheme where the high tide waters fill up a basin
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through large sluice gates and the turbine water passages. The water

is retained at its highest level until the sea level beyond the barrier

dam has fallen to around mean sea lcvel. The water is then released

and the gencration of electrical power begins as the outrushing water
churns the giant watcr wheels that activate electricity-generating turbines.

A tidal power plant generates energy for periods of limited
duration and, naturally, at times related to the tides. This does not
occur at the same time cach day. The amount of energy per tide varies
with the cyclic variation of tidal range between springs and ncaps. In
order to meet the demand for power, it is generally necessary to retime
delivery of the major part of the tidal cnergy by some form of energy
storage. One retiming facility presently being considered is an under-
ground compressed air storage system for subsequent gas turbine
generation,

There are differences of opinion as to when t‘idal power plants
will be both operational and practical. Some scientists predict that tidal
power generators will not be practical before the next century. : A
pilot plant tidal power generator was built in Russia in 1968 in the
Kislayaguba Inlet in the White Sea. In LaRance in 1966, the French
constructed a pilot plant which is no longer operated as a power producer,
but as an energy producer.

Despite difficultics and expenses, the potential advantages of
tidal power generation warrant the large amount of research and develop-

ment which is currently being conducted.



3.4.2 Wind Power

Proposals to harness the winds envision huge windmills located
10 or more miles off the coast of New England and New York. The
windmills would be fixed atop 150-foot steel towers rising from stationary
floating platforms or anchored directly to the seabed of the continental
shelf. The windmills, propelled by steady westerly winds that sweep
over the Atlantic Ocean, would produce electricity that is used to con-
vert ocean water into hydrogen. The hydrogen would be shipped ashore
where it would bc in fuel with readily available oxygen in a manner that
produces electricity. Fresh water is a byproduct of the reaction.
Proposal estimates are that the wind power generaior would produce

enough electricity to supply all of New England and New York.

3.4.3 Solar Farms

Proposals have been made for generating =lectricity on vast
solar "farms'' that would be located in unpopulated desert regions. The
farms consist of thousands of acres of arid land covered with an array
of hollow tubes which is coated with a special chemical film and filled
with a heat exchange fluid. The tubes absorb the sun's radiatlion and
retain most of it; the heat exchange fluid converts the radiation to heat
which is used to produce electricity-generating steam.

Some work has been done on solar power plants; the National

Science Foundation has awarded nearly half a million dollars for work



On a process that could achieve a conversion efficiency of 20%.

One serious drawback is that solar power would require vast
amounts of land. Even at 207 efficiency, solar farms capable of sup-
plying the nation's current electrical needs would consume 6,000 square
miles,

It is believed that a solar power plant pilot facility could be

built before 1980, 4

3.5 House and Building Construction

One of the great drains on the electrical power supply in any
complex, even a base, is created by the use of air conditioners. The
modern thin-walled glass and steel construction, which is so prevelant,
has increased the demand for electrical power in order to pump out the
sun's heat during the summer months. Conversely, in the winter, the
amount of fuel consumption for heating has increased due to the fact
that the modern buildings exchange heat readily with their surroundings,

Buildings which have thicker walls, proper insulation, and a
reflecting top surface, use less power, both for heating and air con-
ditioning. In addition, a saving of fuel might be effected, as mentioned
in the section on power generation, by using the cooling water of power
plants to heat homes. It is also possible that conversion of solar energy
to electricity or conservation of solar heat might provide extra power
for heating and air conditioning, thereby lowering the demand on the
power generator.
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Electrical power used in home appliances, such as refrigerators,
might be reduced by more efficient design. In addition, a study of dif-
ferent types of air conditioning systems might indicate a more efficient
method than the present cold air system. Heat exhausted from air con-
ditioning might supply hot water instead of heating up the atmosphere,
Considering the expected limitations on the availability of power, the
study of methods to use power more efficiently is quite important in the

design of any future complex,

3.6 Waste Disposal

The problems caused by the generation of solid wastes are quite
formidable. The complexity and cost of collecting these materials con-
tributes io the difficulties. Two thirds of the cost of solid waste handling
and disposal is incurred in the first fifty feet, or in the period of time
from pickup to transfer in the collection vehicle,

The composition of home 1'efuse has changed in the last decade,
There are less ashes and garba ge, and more plastic and paper. Volume,
rather than weight is becoming critical. Solutions to the waste problems
must be considered either on the basis of volume reduction (elimination
of void space) and/or rapid turnover - i.e., reuse of these materials
from a salvage standpoint. Any system which is used to reclaim or re-
duce volume must be capable of handling an array of materials ranging .

from metals to garbage, to plastic and glass, etc.
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For personnel on the model base, it will be possible to demand
separation of types of waste material before the waste is collected. There
are systems currently being investigated which involve coarse dry grinding
of the total mass of solid wastes followed by air classification of the various
material components. This method separates plastics from paper and
metal from both paper and plastic. 11 Researchers at the 'niversity of
Chicago are considering a process which involves coarse grinding and the
ultimate incineration of the material in a fluid state. Incinerating at temp-
eratures of ZZOOOF, a molten slag is produced which, when quenched in
water, can be used to produce a glass-type material, The material can
be turned into marketable items (fiberglass, highway aggregate, etc.).
Another process, which has progressed to the pilot plant stage, is one in
which dry grinding is followed by a liquid classification process, in which
centrifugal force is used to segregate materials into various density classi-
fications.

Wet grinding, or pulping of the solid wastes, is currently being
investigated and has many attractive features. Metals can be recovered
in a relatively pure state as well as glass and paper fibers. It has been
estimated that the value of the metal recovered, and the glass and paper

11
pulp, should make the process self-sustaining.
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3.7 A Combined Waste Removal and Supplementary Power
Generation Process

A system for the recovery of thermal energy by burning shredded
residential solid waste as supplementary fuel in boiler furnaces was
initiated in 1970 under the auspices of the U, S, Environmental Protection
Agency, the Office of Ajr Programs, the city of St. Louis, and the Union
Electric Compvany. 12 The system was operational in April 1972,

Domestic solid waste, collected from residential areas of
St. Louis, is ground up in a large hammermill, Magnetic materials
are removed, and the remainder of the material is fired pneumatically
to one or both of two existing boilers in the Union Electric Company sys-
tem, The quantity of ground-up refuse used for fuel is only a small per-
centage (about 10%) of the fossil fuel normally fired to the boilers. At
the 10% burning rate, cach of the two moderate size boilers can consume
about 300 tons of waste materjal per day. This tonnage is equivalent to
the residential solid waste generated by 170,000 people, 12

Residential solid waste, in its raw state, is heterogeneous in
appearance. However, after milling, the refuse becomes more homo-
geneous, in both appearance and consistency. Within reasonable limits,
the analyses of refuse from different parts of the country have been
found to be consistent, Thus, the system will be applicable t_q areas
other than the St. Lauis region, such as a base facility in any part of the

Country,



The original investigations were confined to pulverized coal-
burning boilers. Hewever, the test boilers are fitted to burn natural
gas as well as coa) and are therefore capable of burning solid waste
with gas.

The capability of existing suspension-fired boilers to consume
municipal solid waste as supplementary fuel is great enough to permit
the process to serve as a principal means of solid waste dispesal for
many metropolitan areas. Assuming that the supplementary fuel is
fired as only 10% of the total fuel requirement, a 600-megawatt unit
could, at full load, consume about 1200 tons of solid waste per day,
By 1973, the suspension-fired boilers in the St. Louis area will have
the potentjal capability of consuming over twice the amount of municipal
solid waste which could be Produced by a rnetropolitan area with a popu-
lation of over 2,500,000. 13 Thus, the solid waste pro