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_ . Lecture 1 e

(- by G. W. Reid

{ . P S
Overview, Impacts, Assessment 7" 77 - -

1 - Concepts of the Environment and Concerns

(a) Individual Preception - Lawyer, Ecologist, Engr. Econ,
(b) Firms Precepfio.n - Engr., QOil, ‘Energy

(c) quure§ Preception - Snow, Aquatic, etc.

(d) Public Needs, today - tomorrow

2- Environmental System -~ Ecological System

(a) Interactions, Equilibriums »

(b) Basic Law~ Energy Balances, Returned Resources
(c) Time - sec, hrs, years, eons, etc. -

(d) Space -spots, rivers, basins, é|oba|, etc,

(e) Inbedment - in fime>, in space

3 - Basic Concerns

(a) Understanding the system - models

(b) Establishing goals - alternatives - for whom?
(c) Understanding cosfs. and berrl.e‘ﬁf-s - processes contrasted to profits and losses-economics
(d) Human venture drga;mizution - rule making, etc. - laws
4 - System Approach - the engmeer s fool
(@) Model- I

(b) Metrics -~ measures of effectiveness -~ Economics, Life style, Envuronmenfol Enhcncement

(c) Agcnn for Whom, Where, When, etc., Goalsalternatives, ‘

(d) Calibration, Validations, etc. - Expenmentahsm, mpacts, sens;hvufy
5. Pollution

(@) A resource out of place, for some one.

(b) Residuals of energy



TN

X 6.0

Areas of Conflict

7.0

Production and Conversion of resources to useful products, creates
residuals, use nature, consumes natural resources

-verses-
Disruption of the intricate web of relationships between living
organisms

-such as-

Aswan - Power-reduces fish in Mediterranean - reduce fertility
of Nile - Increase snails

St. Laurence - Transport sea lamprey predatory on trout, kill lamprey
add Salmon, Salmon, Salmon contains DDT.

Santa Barbara Channel - 0il blow out erupted.

Growth, energy 18%/year, population, 1%%/year, residuals 27%/year
agriculture - 3-4 fold, economics - scale, energetics, 8%, etc.

Industry and Government

Misplaced economic incentives - price fails to account for environment
damage.

Social Damages
Failing to or underpricing spawns pollution

Property tax leads to rapid amortization - through quality

. degradation.

Poor land use, facor industry, high density housing costs, more in
public service, produce less taxes.

High premimum on consumer goods
Federal subsidies, catchup,

Private enterprise verses
Collective Return

Neighborhood Effect

Public works, defense, roads, etc,. but uncoordinated decisions of
individual destruction.
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6.0 Legal Basis

CAA

National Environmental Policy Act (NEPA)
Clear Air Act (CAA)
Federal Water Pollution Act (FWPCA)

EPA Statutes

Section 309 - 110 Clean Air
Section 112 - 307 Impacts

FWPCA Hazardous
Section 301, 302, 304, 306
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A,

B.

C.

F.

T TG,
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INTRODUCTION

1. Project description
a. Purpose of action
b. Description of action
(1) Location and setting of the activity
(2) Summary of activities
2, Environmental setting
a, Environment prior to proposed action
b. Other related Federal activities

LAND-USE RELATIONSHIPS

a. Conformity or conflict with other land-use plans,
policies and controls
(1) Federal, state, and local
(2) Clean Air Act and Federal Water Pollution Control

Act Amendents of 1972

b. Conflicts and/or inconsistent land-use plans -
(1) Extent of rcconciliation
(2) Reasons for proceeding with action

PROBABLY IMPACT OF THE PROPOSED'ACTION ON THE ENVIRONMENT
a. ‘Positive and negative effects

(1) Regional environmental and national/international

environment where applicable
(2) Environmental factors to be considered
“(3) 1Impact of proposed action .

b. Direct and indirect consequences

(1) Primary effects

(2) Secondary effects

ALTERNATIVES TO THE PROPOSED ACTION
a. Reasonable alternative actions

(1) Those that might enhance environmental quality

(2) Those that might avoid some or all adverse effects
‘b, Analysis of alternatives

(1) Benefits

(2) Riskhks

PROBABLY ADVERSE ENVIRONMENTAL EFFECTS WHICH CANNOT BE AVOIDED
a. Adverse and unavoidable impacts .
b. - How avoidable adverse impacts will be mitigated

RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENT
AND THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY
a. Tradec-off between short-term environmental gains at
expense of long-term losses
b. Trade-off between long-term environmental gains at exj} 2nse
of short-term losses

c, Extent to _which proposed action forecloses future options .

— LKREVERSIBLE AND IRRETRIEVABLE COMMITNENTS OF RESOURCES
a. Unavoidable impacts 1rrever51b1y curtailing the range
- of potential uses of the environment .

(1) Materials
(2) Natural

(3) Cultural

NATIONAL DEFENSE CONSIDERATIONS THAT MUST BE BALANCED

AGAINST THE ADVERSE ENVIRONMENTAL EFFECTS OF THE PROPOSED
ACTION

a. Benefits of proposed action
b. Benefits of alternatives

SO,
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12 Current Status !

At present we are planning projects on the basin of economic efficiency
and then testing them for environmental impact. Thg process of running
the impact study is exhorbitant and delaying.* I don't think that this

should be done this way, but I think we should internalize this rather

than using consultants the impact assessment along with the economic

efficiency planning and work toward the multiple objective (economic

efficiency and environmental enhancement) rather than the single objective

to be tested. By integrating these two efforts together it makes a much
more sensible approach to planning. So in the development of the plan-
ning objectives for water projects, I think we should use multiple objec-—
tives rather than single objectiwes and the two objectives certainly at
the present could be environmental enhancement and economic efficiency.
I would add a third objective and this would deal with the emergine
problem of consumer acceptance or preception. For many reasons of which
I don't have time to go into, it appears that the consumer isn't alto-
gether happy with what the professionals and the federal and state es-
tablishments do for him and this is a very difficult thing to come to
grips with when you talk about water resources. At the same time we
have the problem of doing somethin effective for the tax payer effected
not only those that realize immediate utility. So I would suggest a
third category which might be called the consumer preceived quality of
life. This should accommodate the problems that we:have at the present
time with consumer acceptance.

In conclusion, I would stress that I would hope that the establishment
could have a better integrated and planned research program directed
toward the needs of emerging problems associated with resource allo-

cation development.

* From Testimony before WRC, September 1, Dallas.
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This does require careful planning and the planning that I would envision
should be multiple objective rather than single eliminating the need for
very expensive environmental impact statement by integrating envirommental
enhancement as a goal along with the economic justification\and perhaps
the gradual inclusion of third goal, which one would call the quality of

life.
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METODOLOGIA PARA DECLARACIONES DE IMPACTO AMBIENTAL

TEMA: INFORMES SOBRE IMPACTOS AMBIENTALES.

Prf. Larry W. Canter.

Marzo 6-10,1978.






Lecture 2

ENVIRONMENTAL IMPACT STATEMENTS
by
L. W. Canter®*

The past several years have been characterized by considerable
Federal-legislation dealing with the environment. Perhaps the most
significant sing1e°piece of legislation is the National Environmental
Policy Act (PL 91-190), which had an effective date of January 1, 1970.
The thrust of this Act, as well as subsequent Executive Orders, Council

on Environmental Quality Guidelines, and numerous specific Federal agency

procedures, is to insure that "balanced decision making occurs in the

total public interest." Project planning and decision making is to
include the integrated consideration of technical, economic, environmental,
social and other factors. Prior to NEPA, technical and economic factors

dominated the decision making process.

I. Terminology
A. Environmental Inventory
1. Inventory of environmental descriptors.

2. Checklist of items to describe the physical, biological and
cultural environment.

3. Used as basis for considering impact.
B. Environmental Assessment

1. Methodology whereby the environmental impacts of a proposed
action are evaluated.

2. This involves a detailed compilation of the projected impacts;
prediction of changes; determination of magnitude or scale;

consideration of significance or importance.

3. Should be interdisciplinary, systematic and reproducible.

* Director and Professoor, School of Civil Engineering and Environmental
Science, University of Oklahoma, Norman, Oklahoma.
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II. NEPA (1)

‘A,

Environmental Imﬁact Statement

1.

2.

3.

4.

Statement written in format as specified by NEPA, CEQ Guide-
lines and specific agency guidelines.

Represents summary of environmental inventory and environmental
assessment.

Draft statement is prepared for review and comment,” final
statement is filed with CEQ.

Concept of negative declaration.

Two Parts
1. Title I - Declaration of National Environmental Policy
2. Title II -- Creation of Council on Environmental Quality

Section 102

1.

2.

Part A —- utilize systematic, interdisiplinary approach.
Part B.-- identify and deGelop methods and procedures which
will insure that presently unquantified environmental
amenities and values may be given consideration in decision
making.
Part C -—- include for legislative proposals and major actions
significantly affecting the quality of the human environment
(MASAQHE), a detailed statement on:
a) . the environmental impact of the proposed action.
(1) beneficial and detrimental
(2) primary and secondary (direct and indirect)
'(3) site and regional
b) any adverse environmental effects which cannot be
avoided should the proposal be implemented —- abstracted
from the environmental impact section.
¢) alternatives to the proposed action.

(1) retroactivity

(2) no action

-51-



Ve

(3) alternatives outside realm of responsibility
(4) compare based on environmental impact.

d) the relationship between local short-term uses of man's
environment and the maintenance and enhancement of long-
term productivity.

e) any irreversible and irretreivable commitments of
resources which would be involved in the proposed action
should it be implemented.

(1) 1land resources

(2) nmineral resources

(3) historical/archeological/cultural/ecological resources
(4) materials of construction; costs; labor.

(5) threatened and endangered species (plant or animal)

(6) energy

(7)  aesthetics

IIT. CEQ Guidelines (2)

1.

2.

3.

A, TFirst Issuance (April 23, 1971)

Added "description of proposed action."

7
A

Added "discussion of problems and objections raised by
reviewers."

a) public hearings
b) comment/response
¢) unreconciled conflicts

List of agencies to be consulted

‘B.” Second Issuance (August 1, 1973)

1.

Content of EIS D 19‘
a) Description of Proposed Action and Existing Environment.
b) Relation to land Use Plans, Policies and Controls.

c) Probable Impact of Proposed Action.
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(1) Positive and negative
(2) Direct and indirect
d) Alternatives
e) Probable Adverse Effects Which Cannot Be Avoided
f) Short-Term vs. Long-Term
g) Irreversible, and Ifretrievable

h) Other Decision Factors Which Offset Adverse Environmental
Effects

2. Environmental considerations should be included early in the
planning process.

3. Economic, technical and other factors to be included along
with environmental factors.

4., Program statements are encouraged.

5. Public participation is encouraged.

Comments From 7th CEQ Report (3)

1. Overall, EIS process has strengthened agency planning and
decision-making. However, greater incorporation is still

needed.

2. EIS's are causing lesser delays in project planning than in
early 1970's.

3. Court cases related to NEPA ——— 654 (1/1/70 to 6/30/76).
a) 332 completed
DOT (26%)
HUD (14%)

Agriculture (107%)
Corps (10%)

b) 322.pending
DOD (21%)
Interior (19%)
HUD (15%)
Agriculture (9%)
Corps (9%)

4, -~ 30,000 assessments. in FY 1975. . . . ..
~ 1,200 EIS's in FY 1975

-53~






o

5. Program statements are increasing.

a) Example
Emergency Watershed Protection Program (SCS)

b) 17 agencies have used.
¢) Need more guidelines.

6. Environmental assessments of U.S. actions in other countries
are just starting. AID is doing this. -

IV. State and City Environmental Policy Acts (4)

A. States With Comprehensive Statutory Requirements

1. Califormia ) 9. New York

2. Connecticut 10. North Carolina
3. Hawaii o - 11. South Dakota
4. Indiana 12. Virginia

5. Maryland 13. Washington

6. Massachusetts 14. Wisconsin

7. Minnesota 15. Puerto Rico

8. Montana

B. States With Comprehensive Executive or Administrative Orders
1. Michigan
2. New Jersey
3. Texas

C. States With Special or Limited EIS Requirements

1. Arizona 4, Nebraska

2. Delaware 5. Nevada

3. Georgia 6. New Jersey (coastal)
D. Cities

1. Bowie, Maryland
2. VNew York City

V. The Future
A. More court cases.
B. More Guidelines (CEQ and Agency).
C. More public involvement.
D. EIS from private sector.

E. EIA in planning.

54—






Selected References

( : 1. '"National Environmental Policy Act," PL 91-190, 91st. Congress, S. 1075,
) January 1, 1970. -

2. Council on Environmental Quality, "Preparation of Environmental Impact
Statements: Guidelines," Federal Register, Vol. 38, No. 147, pp. 20550-
20562, August 1, 1973. .

3. Council on Environmental Quality, "Environmental Quality, the Seventh
Annual Report of  the Council on Environmental Quality," U.S.G.P.O.,
Washington, D.C., December, 1976, pp. .122-143.

4, '"102 Monitor," U.S. Government Printing Office, Washington, D.C., Vol. 7,
No. 4, May, 1977.
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METODOLOGIA PARA DECLARACIONES DE IMPACTO AMBIENTAL

TEMA: RECLAMENTOS EN RELACION CON INFORMES AMBIENTALES.

Prof. Dr. Robert Jerry Murphy.

Marzo 6-10,1978.
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Table 5

Time Required for Draft EIS Preparation, Fiscal Year 1975
(in months)

: Minimum Maximum - | Average
Agriculture T .
Forest Service 1 1 24 - 13
Soil Conservation Service 36 60 48
. Commerce 1l S 3
Defense ’ 2 24 3
Air Force 3 12 4
Army . 5 15 3
Navy 2 24 4
corps of Engineers 2 24 9
. Health, Education, and Welfare 1 6 4
Housing and Urban Development 3 6 . 3
Interior 1 18 10
Bureau of Indian Affairs 4 6 5
Bureau of Land Management 2 38 . 20 .
Bureau of Outdoor Recreation 4 12 7 -
Bureau of Reclamation 8 28 - . 19
, Fish and Wildlife Service 3 12 - . 8
i National Park Service 12 24 14
) s
’ Geological Survey 12 24 15
Justice
\ Law Enforcement Assistance Administration 3 -9 7
Labor 5 12 5-6 '
§
State ) NA - - .
Transportation i
Federal Aviation Administration 1 9 7
Federal Highway Administration 5 ’ 16 ° 10
Treasury
Energy Research and Development Administration 9 13 . 11 -
Environmental Protection Agency 1l - a3 - — 9
Federal Energy Administration 2 5 3
Federal Power Commission - 9 30 15
General Services Administration 4 11 5
Nuclear Regulatory Commission 3 2677 T 7T 10
NA = Not available
1 Includes project planning, not just EIS preparation. A
1
i
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Table 6

Average Time Between Filing of Draft and Final EISs, Calendar Year

{in months)

Agriculture
Forest Service
Soil Conservation Service

Commerce
De fense
Air Force
Army
Ccorps of Engineers
Navy
Health, Education, and Welfare
Housing and Urban Development
Interior
Bureau of Indian Affairs
Bureau of Land Management
Bureau of Outdoor Recreation
Bureau of Reclamation
Fish and Wildlife Service
National Park Service

Geological Survey

Justice
Law Enforcement Assistance Administration

Labor
State
Transportation
Federal Aviation Administration
Federal Highway Administration
Treasury
Energy Research and Development Administration
Environmental Protection Agency
Fedefal Energy Administration
Federal Power Commission

General Services Administration

Nuclear Regulatory Commission

NA = Not available
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Estimated EIS

Table 11

e ST 0

v

Prevaration and Review and Comment Costs

- - Total
Formal pro- Raview as percen=-
cess for Prepar- and tage of oper- Prepara-
determining ation comment Total ating budget tion
Agengy NEPA costs FY 1974 EY 1974 FY 1974 FY 1974 EY 1975
coe? Yes $21.933.832 < 76,000 $22,009,832 1.2% $27,057,447
USDA4
FS No, esti- 27,000,000 225,000 27,225,000 2.7% 27,000,000
mate
SCS5 No-use 3,500,000 360,200 3,860,200 1.0% 3,500,000
-estimates
apHIs4 No-use 125,000 NA 125,000 NA 85,000
5 estimates
REA No-use {17,190 11, 295 128,485 .73% 161,630
estimates
DOC4 No-use 430,000 3,174,000 3,604,000 .24% 526,680
estimates -
pop&’ No-use 5,200,000 NA NA N2 4,200,000
/ estimates
poxr’*® No-use 15,200,000 5,500, 000 20,700,000 .1% 23,400,000
9 estimates
BLM Yes 3,544,243 305,000 3,849,243 1.3% NA
BOR5 4 Yes 575,000 985,400 1,570,400 1.4% 600,000
BuRec No-use 3,796,000 390,000 4,186,000 .63% 4,050,000
s estimates
FWS No-use NA 1,849,000 NA NA NA
estimates
NPS5 No-use 1,900,900 545,000 2,445,900 .54% 2,013,600
10 estimates
UsSGSs No-use 2,400,000 800,000 3,200,000 1.85% 5,000,000
estimates
potd No~use 31,746,000 -250,000 31,996,000 .18% 36,500,000
estimates
eroadr8:11  yo_use NA NA NA NA 3,400,000
. estimates p
EPA4 Yes 1,280,000 1,600,000 2,880,000 .048% 6,300,000
FEAl2 No-use NA NA NA NA 330,000
estimates
FPC4 Yes 1,481,419 70,000 1,551,419 5. 4% 1,333,000
GSA4 No-use 1,600,000 10,000 1,610,000 .18% 2,235,000
estimates
HEW5 No-use 40,000 100,000 140,000 .0001% 80,000
estimates -
HUD5 No-use 6,000,000 275,000 6,275,000 .07% NAk _
estimates
4,11 ’
NRC Yes NA NA NA NA 14,900,000
- -
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NA = Not available

1

10

11

12

S S

From responses to a NEPA questionnaire distraibuted by CEQ to all federal agencies

in November 1974.
From federal budget figures for fiscal year 1976.

Costs include inhouse and contractor staff, inventories, impact assecssments, EISs
- L[4

supplements, and public meetings. o i
Costs inélude inhouse and contractor staff only.

Costs include inhouse staff only. .

Costs include inhouse and contractor staff, travel, research, administration, and

public hearings but do not include environmental assessments.

Total for department.

Costs include preparation of all environmental assessments as well as EISs.
Costs include inhouse staff, program services, leave, and other indirect costs for

all environmental assessments and EISs.

Fiscal year 1974 costs include inhouse staff and obtaining other agencies’ expertise
“s
fiscal year 1975 also includes contractor staff.

Not established until 1975.

Costs include consultant fees, NEPA training, and preparation of a NEPA manual
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Table 7 1
NEPA-Related Cases Completed, as of June 30, 1975'/

Dismissed Dismissed Dismissed Injunctions Injunc-
by where where inade- where no tions where Total
Total No EIS trial no EIS quate EIS EIS inadequate permanent
Agency. cases alleged ¢ourt alleged alleged alleged EIS alleged injunctions
uUsba 31 23 (74) 10 (33) 8 (26) 1 ( 3) 4 1 0
DOC 4 3 (75).. 2 (50) 1(0) 0o (0) 0 0 0
CPSC 1 1(100) 0 (0) . 0o (0) 0o (0) 0 1] [4]
{USAF 1 0 (0 o (0 0 (0) o (0 (4] o 0
COE 34 15 (44) 1 ( 3) 1 (3) 0 (0 3 S 2
USN 11 9 (82) 10 (91) 8 (73) 2 (18) 0 (1] (V]
EPA 12 6 (50) 2 (17) 1 (9 1 (9 1 2 [
FCC 1 0o (0 0 (0) 0 (0) 0 (0) [ 0 0
FEA 2 2(100) 0o (0) 0 ( 0) 0 (0) 0 o (/]
FPC 10 7 (70) 0 (0) 0(0) 0 (0) o] (] [
Gsa 6 4 (71 1 (14) 1aa 0 (0) 0 o 0
HEW 5 3 (60) 2 (40) 1 (20) 1 (20) 1 0 0
‘HUD 46 32 (70) 22 (48) 17 (37) 5 (11) 6 1 (1]
h (olo] 7 - 3 (43) 0 (0) 0 { 0) 0 (0) o] 1 0
DOI 22 10 (45) 3 (14) d (5) 2 (9 o 3 [
DJUsS 6 5 (84) 4 (67) 3 (50) 1 Q7 1 1] 1]
NASA 1 1(100) 0 ( 0) 0 (0) 0 (0) (V] 0 ()]
NCPC 8 7 (88) 1 (13) 1 (13) 0 ( 0) 2 0 [
NRC 17 .4 (23) 5 (29) 1 (¢ 6) 2 (12) 1 0 0
SEC 4 0 (0 3 (79) 0 (0) 0 (0) 0 o 0
DoT 88 T 49 (56) 38 {43) 20 (23) - 16 (18) 8 9 1
Treas 7 6 (86) 3 (43) 3 (43) 0o (0 4] 0 b
'TVA 5 2 (20) 0 (0) 0 (0) o{o0) (o] 1 (4]
WRC 3 1 (33) 2 (67) 1 (33) 1 (33) 0 o [+]
X 7 2/ 7
68 (20) 32 ( 9) 27 23 4

Total 332 - 193 (58) -109 (33)

1 A number in parentheses is the percentage of the total number of cases.
2 Other NEPA-related "injunctions”™: 10; other non-NEPA-related injunctions: 1.
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Lecture #4 Reid

Environmental Systems, System Approach

SYSTEMS APPROACH

The systems approach has develcped from operations research and systems
engineering with initial development stemming from military applications and
expanding to industrial applications, and final}y applications to the public
sector. It has evolved into a comprehensive lcok at all the interactants’at
one time using inductive followed by deductive reasoning cor feedback. 1t
provides a look at the whole system as an entity rather than one part at a
time as has been done in the past. This approach has been made possible by
the development of new concepts and tools enabliag the man:.gement of large
amounts of data and many variables.

Basic to the systems approach is a model. The model is used to under-
stand, désign and predict cr evaluate, snd forecast. The model is, of course,
a symbolic representation of a real life situation. Single purpose open loop .
woaels have been used by engineers for years, but the sysiems approach inputs
simultaneous investigation of numerous controlled and uncontrolled varia-
bles and time f;ames. Thus, one must progress to multistaged, multivariant

models. Watexr and sewervage problamn ean now be appraised in eterms of al-

ternate decisions and ranked in relation to other public sector programs.
Consequences of various publié actions over time can be compared in advance
of actual program development. Thus, a team will participate in the plan-

ning process from start to finish. The model, or leader concept, will de-

signate the dominant role.
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Present day public expenditures such as those on water iﬂ a river
basin are too large, fér too far in the future to be gambled with and too
expensive to experiment with, especially in the developing countries.
Modelling is essential. The Systems Approach to Qater problems can be looked
at from several leveis, levels that can be characterized as strategical,
loéistical, or tactical, or macro, micro and micro-micro. The comparison is

shown as follows on Figure l.o

£igure 1.0: System Level Assignment

' Coarso-

RS-
_p,

System Military Planning
@ . >
Lol &
. Sl & ©
o ' . o
€ - Macro Strategic Comprehensive @ @ | = o
o Developmental | o) ala o
Q [ 2] Q ol Ral Q.
1= L g’s ) Qe %]
~ =] N . ] 8]
Micro Tactical Comprehensive A B B
A Functional ] @ v | @
o < -4 « o
1 (o] 3 | 3
@ v
E Micro- Logistic Pregram . o 5
) ‘ Micro Development —
D T T '——~-—_-. N e T B . Gn t4 @ e M % aere—e v = — - m—— -

¢« et

In the systems formulation, there is a reciprocity between detail and -
variables, or fineness and scope. The macro level is of course detailed,
but of a wide variety of variables. As details of fineness are increased,
variables must be reduced, thus the micro system deals with water as opposed
to general committments to all qulic,expenditures. Another view might well
be one of going from a skéleton to several Modulpc or Components. Finally,
relative location of the parts in detail is structured in the micro-micro

model. Basically, the fincness can be increased or decreased as the model

1s arranged over time, closer to t=0 the finer the detail, the further in




the future the coarser or more general, actually working from pbysical
elements to globe.
it is in these areas that the analyst will study water problems. So,
basic to the analytical capability:
Complexities = (detail) X (variables)
or
Capability = (fineness) X (time)
So the concepts of scale, time, and detail are involved.
As has been previously stated herein,,historically, operations research
(OR) means many'things_to many people, say, system analyses or management
science. Operations research nroceeds by analyzing qualirative aspects of
human activity and not merely associated with tools and techniques, but is
a basic philosophical approach. It 1is not, for example, the application of
statistics and common sense, not specific industrial engineering tools, nor
computerization of data. But, it is research on operations, a process that
provides_combinations of all elements, gear, morale, output, and is an eco-
nomic process. Operations research varies from simple problems that require
math and science to complex cnes requiring the addition of economics, psy-
chology, écology, etc., ot the team;IOR is based un the scientific method
with faith in the rationale of nature and that observed phenomena has cause,
or pattern or a system that can be explained.
Thus professionally, we find ourselves responsive tc the interdepen-
dency of disciplines; after all, disciplines energed from problem identity,

énd mixes of disciplines are nceded to solve new problems,
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Regional analysis may be viewed as consisting of two distinct, yet
interrelated approaches. First, a vast amount of effort has been devoted
to microanalysis, that is, the study of particul;r segments or problem areas
of a region. Second, there i3 a more recent interest in macroanalysis of
regions. This category of.study typically 1involves lookiné at the intra-
and inter-reglonal interdependencies, as contras%ed to the more or less
isolated question areas involved in the microanalytic approach.

It is clear that a given regional research project might utilize both
the micro and macro approach. In facf. underlying the macroanalytic method
are various microanalytic tools, techniques, and methodologies. A summary

of various tools of regional 2nalysis ¥s contained in Table 1.

TABLE 1.

Tools of Regional Analysis

Microanalytic Macroanalytic
Economic Base Studies Simulation
Coefficient Analysis - Input/output analysis
Factor Analysis Linear programming
Regression Analysis Regional Multiplies analysis
Commodity Flow Studies Industrial Complex analysis
Méney Flow Studies Gravity Models
Comparative Cost Analysis Operational Simulation

Regional Income Accounting

Balance of Payments Studies



Typical microanalytic research includes the use of such tools as coef~
ticient analysis, flow studies, economic base studies, factor analysis, and
regression analysis. In the realm of macroanalytic research, illustrative
tools include input-output analysis, regional multinlier analysis, linear
programming and simulation. These tools, representative of methodoulegies
used in regional studies and in regional modeling are discussed bezlow in
more detail.

Coefficient Analysis essentially amounts to a practical shoricut method
of depicting salient features or characteristics of a region. The cceffi-
cient of localization, for example, measures the concentration of an indus-
try in a region in relation to the same industry's concentr:tion in the
nation as a whole, with a zerc tc one range.

The models outlined below are:

California Development Model*
Hawaii Planning Model*
Lehigh Basin Modelx

New York Metropolitan Region Study*
Ohio River Basin Study*
Oﬁlahoma Water Plan*

Susquehana Modelx

Upper Midwest Economic Study#
West Virginia Model*

O O~ W s W N
. » -

—
o

A Multistructural Demand Model
For Water Requirement Forecasting®

et
[

Aggregate Modeling of Water Demands

For Developing Countries Utilizing Socio-Economic
Growth Pattevns.

*Reid, G.W., A Multistructural Demand Model for Water Requirement Forecasting
(Final Report), Office of Water Resources Research, Department of Interior,
Washington, D.C., Janvary, 1970.
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Formally the approach is:

Data

Model
Alternatives
Validation

Models
dynamic, static
multi structured, multi staged, multivariable
taylor made, off the shelf
etc.
stochastid, deterministic, probabilistic
simple, complex
numerical or analytical
demensional
analog
iconic

Solutions
calcalus
L.P. D.P.
Lagrangen
Simulation

Appropriate Technology Model, Process Selection

=hN_
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Sample format for Process Selection, Example

Zoumunity Proftle

Lrgcens

Preliminary Process Galection

Cone Zsilante of

Fénrl Process

(1) $ T.7.-Soctal
Tethnc logtcel

Tectore

Level nf Tducatfion
Biotribucion of Labor
Potce
Inccoe ThsrocZerloilep
1 acn-lndegenicud vorTie
are Gov’'t ond Induetry
School fyecatoto
Hia“eut Lisde Offarcd
by local Schosl
Resrest High School
Crorulenry Pricary Edue.
Aveilability of I[n-aet~
vite Trotntng Progromn
tocal College oy Univ,
Chzetstcy ta Local Col.
Coee=mity Fiscol Level
Larzployeent Level
Avatladility of Eaten=
slon Jerviced
Schanle of local Collego
Students
lavei of Tarbnology
Avoilable
Covetnoent’s 93 o Ladog
Veer
Aveilabiilky of Pudlie
Lxplayrent Serviced

Level Caleulzstion

Toeaidl ity

{77 3.Y.l.-Sociel
e Technuloglicsol

(2 1.R -Inifgenaue

Paeourcen

131 reletien

Soclal-Leoncnle
Hoighting
Tacteso

Ban Todle }

Level
I, 11, 11, IV
(Theac lovela ave

2ieo vard to eet
threo penpuves

ahill :Augndu);l

{Feaaible Combinstions)

Selected Cowdiastioay af Procacens

Selrction

b cemceoSl §alected oa the

(11) Avciladle

Procensen

besie of:

1) sST.
1) rC

in voletton to
the procsso coc
otrointa.

€6) R.C. - Recourca
Capobiliey

Operatice Lguipoenl
Proceas Fotorfsle
Ratatensnce Supplieo
Chealcal Supplies
Crourd Water Avalle
adiltey

(%) Rawv Vater
ality

¢ of C:liforus

{13) Swicodle coudiaa-
tione basud on the con=
sunity profile = caw
wator qualisy

(12) Zchedulo of
eceoptodle coodinaticnn
to bring weter go tha
deolired quslfcy.

8ee Tablo 3

Suspanded Solide

Laceiving wetar
dilution

(37 D.9.-Deuographle

Ralg

o Endficated by &
coclivastion of
3 eotegories.
{6) Relative
indigenoue {10) Procesa
Remourca Constrainto
Hoighting
Pactoro Se0
ll" Tadlo 2
(7) ».0.P-Pogulstion
Forecasting

Preceat Populatios

Avetoge Srovrtlk Roge

It 10 also vaed to
cotodlich ons of the
4 populatisn scale
lavela.

By (13) Cost
1) Censtructton
oo by STL. by ncale. 2

1) Operation and

Figuro 1.

Tho Cotplote Information Plow for the Water & Yasto Vetar
Trestmeng Proc~<q Salactioa Modol

Laaad wsintonance by BTL,
by scala.

18>

1y
n

3

Rogt Comoacidle
bened cn

Total Case

Operstica end
Rsfntesance
coet

Fanpowver goequice~
z2nt by ) cote~
goriaen:

8) Professional
b) Scal-eailled
¢) Voakillod

€24) Schedula of
Lost by:

1) Procecs,
1) Conatriceton

coot

3) Operstion and
Dalatensace
(21

4) Maapower requirecd
Bonts
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Manpower

Resources Required

Process Operation
Requirements
n -]
— 4]
a Lol
~4i -
9 o o
- 3 o Sl wi
g g2 ]¢ @iy
Treatment 9 S - q - -
Methods a = 9 o - @ i S i
i g :J‘ : 2 3 : o [ o - Ll c e~
o 0 K ~ ~ b o c o a =]
sa 2l 3| 2125 £ |55 2¢&s
= o (7 Ay ow Y b7 (3] o<
No Treatment PW1. © ® ®
Pre-Treatment PwW2 ® @
w .
ta] Slow Sand Filtration PW3 () G
0
«» | Rapid Sand Filter-Conv.| PW4 e © ° ® ©
m i
o | Rapid Sand Filter-adv. PWS ® o o ° ° e
o
e« | Softening PW6 ® © © e © ®
Y
Disinfection PU7 ° ® © o e
L]
w | Taste-Odor - Fe, Mn Pw8 © ° ® ¢ e
£~
< | Desalting-salcr PWY e | o © ® ° ®
=
Desalting-Brackish PW10 © | © o © ° i
Containment Filter PW11 L] ©
Primsry-Conventional PS1 4
Primary-Stat. Pond pPs2 ©
e N
Sludge~-Conventional Ps3 ® ¢ ° ®
0
Sludge-Advanced PS4 @ ° @ 6 e
[ 7]
o | Sludge-Combined (Imhoff)|] PS5 o e e
v | Secondary - Standard © P Ps) @
L] Filter PS6
& { Secondary =~ High Rarte PS7 o o e ® o o e
o Filtex
© | Sccondary - Activated
(v o <]
e Sludee P58 ° ,@ °
#« | Sccondary - Extended PS9 o o o
Acration
1
. Disinfection PS10 o ° ©
: Aqua Culture PS11 4
z
Dilution ps12 | ©
Individual PS13 o ©
Individual (adv) PS14 @ © @ o
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WATER TREATMENT

TREATMENT

SEWAGE

Table 3, epteble Comblnation of Trectment
Processes for Potoble Woter,
CRITERIA LEVEL
Combinaticn PROCESS Row Water Concentrotion Recelving Woter
CODE COMBINATIONS Coli Solids mg/} Receiving Wcte'r Volume (7'-dcy
MPN/100 m! Turb Ofsher Low Flow Leve!}/Woste Voiu~e
wi PWI 1 -2 10
V2 PW1 + PW7 1C0 10
A PW3 100 100
V/4 PW2 + PW3 300 800
WS pwWil 300 8C0
wé PW4 + PW7 2,000 100
w7 PW2 + PW4 + + PW7 3,000 1,000
V/8 PVW/S + PW7 . 2,000 100
\144 PW2Z + P\W5 + PW7 3,000 1,000 )
wlie {cny one of W1 to W8) + PW6 300 Hardness
wil (cny one of W1 to W8) + PW8 1=3 Fe & Mn
wi2 PW7 + PW9 » 3000 TDS
Wi3 PW7 + PWI0 > 2000 TDS
Si PS1 + PS5 20 (or 3-4 CFS/1000 PE®)
S2 PS1 + PS3 20 { ® )
S3 PS2 10 (or 1,5-2 " §
S4 S1 + PSé 6 {or0,9-1.2 * ¥
S5 PS1 + PS9 3 (or 0, 45~0,6 * )
$6 $2 + PS6 &(cr0.9-1,2 ¢ }
s7 S2 + PS7 5{or 0.75-1 * )
S8 S2 + PS8 4 (or 0.6-0.8 * )
9 (ony one of S1 to $7) + PS10 250 2(or0.3-0,4 ° )
S10 PS2 (Without weter carriage) - NA
st PS11 10 (or1.5-2  © )
512 PS12 49 (or -3 ° )
S13 P52 + P512 8(or1.2-1.6 © }

LS

*The unit fs Jefired as cubic feet per second of receiving woter flow rate/1000 population equivalent, A pepulation equivalent Is @ woits equivalert to ony
persen per day, rermally token os 0.17 Ib, BOD/day,



Table 4. Water and Wastewater Treatment Process Subcharacterization,

. WATER
Processcs . Constraints
PW1 No-Trcatiment
a. Groundwater (not construction, etc.) Usually limited by size
b. Catchment Control to less than Level IV,
PW2 Pre-Trcatment
a. Turbidity/Sand - Plain Sedimentation Level |
b. Algal Control = Themocline Control** Level IV
c. Copper Sulfate (CuSO4)** ' Level 1l
d. Microscreen** Level IV
PW3 Slow Sand Filtration
a. Conventional, manually cleaned Usually limited by size
b. Upflow** to less than Level 1V,
c. Crossflow (dynamic)** . o
d. Dual media**
PW4  Ropid Sand Filter-Conventional*
a. Conventional Level HI1 -
b. Surface Aggitation (air, water, mechanical) Level 11
¢. Dual mediu (sond ond artificial) Level 11}
d. Upflow , Level 1V
“PWs Ropid Sand Filter - Advanced
a. Multi-media (scnd, garnet, coal) Level IV
b. Plate or tube settling s Level 1]
c. Polelectrolytes (ionic and anionic) © Level IV
d. Biflow**
¢, Dynamic **
f. Valve-less**
{
PWé6 Softening
a. Lime soda . " Level I
b, Zeolite Level IV
PW7 Disinfection
a. Disinfection-chlorine Level 111
b. lodine ' \ Lovel IV

“*Includes Fe, CaO, and/or Al for coagulation, m-ixing, ond settling,

**Requires more ficld evaluation at present,
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Tabls 4 {Coniinued)

Procosses

PS4

PS5

- PS6

~
&N
\‘f

£38

PSY

P510

Fsil

P512

P13

Sludie ~ Advanced’
a. Zimpro=Pyrolysis
b, Incincration

¢, Ferttlizor

Sludge Combincd = Imhoff

Secondary - Standard Filter

Secondary - High Rate Filter
<. Bio=filter

b. Accelo-filter
c. Acro-~filter

d. Biosorption-fiirer

Secondarv - Activated Siudge
a. Min,. solids
b. Conventional

Secondary Extended Aeration (Oxidation Pond)

o. bDutch ditch

b. INKA
¢. Acrated lagoon

Disinfection = Chlorine

Aqua - Culture

a. Fisin, culture-milkfish, tilapia, bass
b. Voscular plants = Hyacinth, Kang Kung
c. Leclogical

d. lrrigation

Dilution

a, Coarse screens

b. Finc screens.

c. Chemical Precipitation, Guggenheim

Individual

3 Sonfic tank

b, Clivus multrum
€. Sanitary pit privy
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" Consitaints

L I R

Level 1Y

Level
Level !

Level 1

Level 1V
Level !l

Level 11}

Level

Lovel |

teval il

Leve! |



Table 4 {Continucd)

Processes

PWE

PW?

¢c. Orone
d. Ultra violite
e. Lime, CuSOy

f. Encrgy** (Pastcurization)

Taste Odor - Fe, Mn
o. Acration

b. Zcolite

¢. Chlorine ]
d. Adsorbent - Char,

Desalting - Salt

a. Multiple effect
b. Freezing out
c. Pressure

PW10 Desalting-8rackish

a. Electrodialysis (ED)
b. Reverse Osmosis (RO)

c. Chemicol

PW11 Contcinment Filters

PS1

PS2

PS3

a. Dunbar **
b. Coconut fiber/charred rice**

c. Asbestos/charred pine needle**

WASTEWATER

Primary - Conventional
a. Separate

b. Combined

Primary Stabilization Pond
a. Single Cell
b. Multiple Cell

Sludge ~ Conventional

a. Conventional

b. Hcated

¢. Thickened

d. Stoged, including mixing

46—

e

Level IV
Level IV

Level !}
Level 11

‘Leve! 11

Level 1V
Level |11
Level (11

Level IV

Level iV

Level |

Level |

Level {11
Level 11
Level 1V
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TABLE D-3 .

Per Capita Cost Parametetrs in U.S. Dollars &
Operation & Maintenance Manpower Requirements

Process: Slow Sand Filter (PW3)

P°§Zii;l°n Socio-Techrological Levels¥* (# g?Nzgfiirs)
Level |Type of Cost 1 11 T1X 1V Unskilled | Skilled [Professional
1 Construc- :
tion ]2.65 1 ]6050 ]6.00 ' 20‘00‘;_...@. e i =
(500- | Operation \
2,499)| & Main- !
“ﬁtenance ] 133 | 2,00 2.33 3.00 | S S S
9 Censtruc=
often 103 | W72 | 11.85 114.28 _ e
(2,500 ] Operation
-14999% & Main-
] _tenange 0.60 0.90 I,Oq"_ ;Z;2§,,” B e
3 Construc-—-
tion 6,33 7.18 7.68 _[10.01 i
(15000 | Operatlion
- & Main-
#9999) | tenance 0.33 0.58 0.73 |1 i
4 Construc-
tion 3.95 6.98 5.21 ¢.25
i
(50000 ¢ Operation
- & Main-
1000G0)  renance 0.20 0.35 0.44 6.75 !

% For 2 complete description of these levels see Appendix A.
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Lecture #5, Reid

Forecasting, etc,

(1) The analysis require alternative strategies at some future time.
(2) The Environmental Systems driving force 1s people, people needs,

energy, water, food, air all are interrelated.

(= Generally forecasting involves, pop, thru multithesis.
RS
X,
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P
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(4) More foimally:



MULTISTRUCTURED MUNICIPAL WATER DEMAND MODEL*,

Geurge W, Reid?

ABSTRACT. Any system, such as an urban cluster, 15 always embedded in a larger sysiem cither in
space of time, and cach subsystem is affccled by both its subscriptions and the large system of which
it is a part. Central to this systcm model s the development of the interaclions of these systems with
pasticulas regard to resources. This modcl provides forccasts of the urban cluster as a resull of its
interactions with other systems and the reahization of allcrnative goals.

The Deraand Modcl is composed of an cconomic, population, reconciliation and life style sub-
modcl. The population is forccast for the large system (nation) and disaggregated to the subsystcms
{rcgrons, staic, countics, urban, ctc.) based on resource concepts both probable and possible. Trans-
ducers arc used to describe the hfe style of urban arcas. Again the transducess arc goal oricnted.
Techmical cocfficicnts which are also alternative goal oricnted are then used to produce individual or
tolai water nccds.

As n result o demand modcl which is goal oricnted and also applicable to a wide range of supply-
demznd studics has been developed.

{(KEY WORDS: demand model; people needs; multistructural; population; life style; demand alterns-
tives; stochastic)

INTRODUCTION

The population explosion and the expected rapid development of urban areas require new
insites into, among other things, the requirement for municipal water. A system, such as urban
cluster, is always embedded in a larger system; in space such as the county, region, or state;
and in time, year 1980, 2000, etc. Also, a subsystem, or technical system, such as the munici-
pal water system {s embedded in time, layered water systems, and in other urban systems. The
municipal water system in turn has an array of subsystems—distribution, pumping, treatment,
etc. So urban water systems relate to and are influenced by a great rpany other systems or
‘variables. ) :

A sccond, and equally important consideration is that the population concentration and
growth rates are causing urban replication in less than twenty yecars, providing very short lag
time, and no longer permitting the adoption of a leisure reactive mode, but make an acting
mode esscntial. The finally constructed works associated with projected water demands,
literally fixed In concrete ase too dear to experiment with. So, 2 multivariant, multistaged
system involving a “short fuse™ and a high degree of uncertainty call for innovative
approaches.

\

’Papcr No. 71169 of the Water Resources Bulletin (Journal of the American Water Resousces Associa-
tion). Discussions are open until June §, 1972
Durcctor, School of Civil Erzineering and Environmental Sciance, Unlvenity of Oklahoma, Nerman,
Oklehoma 73069., .



MULTISTRUCTURED MUNICIPAL WATER DEMAND MODLEL
THE SYSTEMS APPROACH

‘The systems approach provides an ideal techmque to have looks into the future, looks that
are esseabial to the management for beneficial usc of cntical resources. The systems approach
must consider long-range objectives. It shifts cmphasis from inputs to goals. These goals must
be developed as “people needs™ and in terms understandable to the model builders (Engincer-
Andlyst) and the consumer (the affected recipient and/or his political representative). The
resultant model must pravide alternative palicies to these goals, a reasonable sct of metrics,
and venfier. Conceptually, this model will be responsive to alterabie “people needs™ (goals)
over time as incremental violations enroute are cxposcd. The author feels strongly that the
consumer should have presented to him the altcrnatives, benefits, and cost in terms he can
understand, so that hetcan participate in the decision process. That is the basic charge to the
model builder. The model provides guides and it is essential that in addition to the analytical
mode provided by the model, a judgmental mode must be exerciscd by experienced engincers.
So, to siudy long-range probicms of the demand for water requires macro level, multistruc-
tural, multistages, multivaried models, articulated over time toward consumer understandable
“goals.”

The point is that one can no longer look at water but must now look at its interaction with
other clements. Now one must consider the whole system. It is not enough to simply design
pipes and pumps to convey a projected flow requirement for water. The systems approach will
allow one to look at the future and to bring ail of the interactants over time into play. The
tools and conceplts have ariscn from new computer capabilities and econometric and opera-
tional record techniques. To this must be added an environmental (ecological) appraisal. These
concepts and tools have made it possible to build models, reasonable replicas of the real world
and play the game to sce the conscquences of one’s actions.

Historically, the engineer based his estimates on e¢ye projection; then he formalized these
projections mathematically by relating to arithmatic progressions for small towns and farming
areas and geometric progressions for vigorous cities and old dying ones, and so it went. All
were based on the past projected into the future. Then the economist entered the act using
macro-economic forecast procedures and then relating to people and water. At this point the
engincer “sublet” this responsibility. In the late 1960's, the engineer is broadening his base
and again concerning himself with inputs (projections) and using the systems approach.

This is shown briefly in Figures 1 and 2, and studies of particular significance include Reid
[1970], Hittman [1968], West Virginia [1969], and AVCO/ESC [1969] . Reid’s study is the
subject of this paper, the Hittman models disaggregate to very great detail, gallons per barber
chair for example, etc., demands arising by counting detail sector projections and multiplying
by technical coefficients. The West Virginia and AVCO/ESC studies are regression analysis, the
former national models, the latter state or regional models.

THE DEMAND MODELS

The demana models consist of population (or demographic model), an economic (or
zmployment forecast model), a reconciliation, and life style model with definition of public
service and private sector commitments, as shown in Figure 3. Depending on the approach
one can go from decomposed sector elements to water use and then aggregate, or more simply
from population via technical coeflicients to water requirements. The water demand is devel-
oped as a function of population and unit use by quality characterization. The population is
d_aggregated from naticnal cohort analyses first 1o statistical regions, and then to basins. This
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TYPE YFAR APPLICATION
tye 1930's Engineero & ¥ .v . phern
Mrth ovar death ° )
Log!atic
Arithemetic 1940°c Enginears

Geonetric
Incremental
opulatfon Thecry
Curvilincar

Population synthesls 1950°s Economists
Regional analysis
Matrket demand model

Supply model 1980's Economatricians
Factor and cowponent analyseio
Cohort arnaliysis

Input/oucput analystis

GCosl orientation 1670%a Reid Study
Feecnomatric techaiques

Fig. 1. Use of estimating techniques.

Elements
1 Past Gonls Goals Constraints F
' Projection [Demo~raphic [Economic |Demographic Economic Physical
Type one more

Fro x
Noreh/Dea x
Arithmetic
Geoenelrie
Incrooecutal
Pepulation Theory
Curv, linear X X
Fopulatyon

Svinthesis x x
Regional Analysis x - X
Market Demand

Model %
Supply Model
Factor Analysis
Cohort Analyslis
Japue /Ourput
Goals (Reid) X Tx X x x

Rix|=x{xX

X Ix|xIX

Fig. 2. sietnodology checks.

process prevents double counting, and is responsive to fixed or variable cross-sections. That is,
the composition of pcopie and their demographic and economic activities can be held fixed or
altered over time. Things can stay the same, get better, or worsen. This is a decision element.
So we are always working over time to esiablished goals. The same is true of the unii use. The
unit usc is predicted, by forccast modification, as a function of scttlement criteria and/or
population, urbanization, income, value-added, etc. The demands are responsive to various
settlement patterns and people goals. For example, 1n Figure 4 the population is forecast from
Pito to P} for the nation. Then it is successively disaggregated to the region {(Pf) and basin

PB). The cross section is altered depending on public {decision policy), ¢.g., concentration in
-4 trernendous urban areas versus distribution througnout land, ete. For more comprehensive
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POPULATION MODEL
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madels,  p" represent cohort 1 through 1 ~ -
; P P
desciiptors. The unit use can be established St
) ) T
by synthesis to provide goals, c.g., so much ]
per bath, so many baths, so much per car ! :
wash, so many cars, ctc., for unit goal usc. ) i
'—
|
i
I
|
|

Pr o © o emaw = oo

The demand can be expressed as the sum- | [T1=0
mary of munmicipal, industrial, and agneultur-
al, i.e., the major uses. The projected munici-
nal use can be related, at (t=0), to the other
zategories and  the relationship or cross Pao v
section Fi altered by relative F1’s to other FIXED DYNAMIC
requirements or purely to scale factors. )

Goals can be dealt with deterministically for " Fig. 4. Population modei wid logic diagram.
all three categorics. Goals, values themselves,
:an be developed by decomposing the cate-
gory and looking for alternates in the
domestic group, as in Figure 5. The final
demands, of course, are the product of the

b
Pg

two, Pop, and uu,, or (PtK) demand for

category (i) at time (t) under decision level an

(k). i |
The case process study grows the nation IS

towards a scrics of goals both probable and w . | I §§

possible. 1t docs this by cohorts of life style. / | l7

The national values are then disaggregated to ! N

a resource region, permitting possible worlds, : '

and regressed on regional resource patterns, Te0 Timg

both fwman and non-human. Then the re- T

gional values are distributed in the region to Fig. 5. Demand vs. time plot.

the urban cluster by econometric step-down

procedures.

The model 15 thus determinative and probabilistic and in that it is articulated over time is
stochastic. Both 1mitial conditions and output goals are reset after At, and the process can bs
fepeated.

A model for projecung municipal sector requirements is uniqu. -~ that it will:

1. provide public, private, and scrvice sector needs—

2. under various “life style” goals for

3. either possible or probable worlds

4. articulated over time and adjustable enroute to revised goals.

5. The model uses a national base, disaggregating and preventing double counting with

6. the disaggregating reflecting resource concepts, thus providing again possible postures.

7. The basic model uses both demographic and economic inputs and

8. provides, through shift analyses, adjudicated sector outputs,

The model is adoptable to a variety of linkage technical models or procedures to produce
municipal and industrial water requirements. .

1. The decomposed sector outputs can be fed inte Main I to provide detailed future
wa\ it requirements. T :
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2. Techanical coetnicients can also be used directly witli the population estimates, of
gioss sector estimaltes, te produce individual or total water needs.

3. Techmeal cocfficients and their projections suitable for both needs have been devel-
oped and

4. the methodology for the 1aunicipal technical cocfficients nses alternative goals, and
regional regression concepis.

5. The industnal technical coefficicat methodology provides for technological break-
through.

6. The cconomic model outputs can also be used as inputs to cconometric water
requirements models, such as those developed by factor or principal component
analyses.

Several techniques have been suggested for deployment. The Tulsa [1970) inodel used
generalized technicad cocfficients ticd to land uses. Few cities have as detailed land use data as
that of Tulsa or the basic economic and demographic data.

i. The suggested procedure ior municipal demand studies of cities in general would be used
to use population and income projections developed for the city by regressive tech-
niques only and to follow this with a demand model, with the unit use (ug, ), precipita-
tion {ppct), income and population. These data are generally available so:

ppet, | * |Inc,| Y 1 Popy| 2
WD, = (Popy) (up,) [p_—pct,] [m: Pop,

This provides a scale, a geographic, and an economic index.

IL If the candidate city does have an extensive history of pumpage, including the relative
amounts to the various components, particularly the water used domestically, the pro-
cedure of choice would be to develop the uu, graphically as shown in Figures 6 and 7.

I
—~——— o v mp—— e s e ———— -

1V—fr o

i | |-
. I

) |

[}
i
!
!
] T ! ]
g o |
- L
i == - !
| [oomest ) | . |
: o ! i :
[ '
[ J 1 !
) v . Y: RS ’ POP‘!
H
Fig. 6. Total-domestic iequirement v, time plot. Fig. 7. Total-domestic ratio vs, population plot. {

Thus, depending on the availability of local data, a part or all of the economic and tech-
nology models may be reliably used to develop projected needs for municipal water, which
were the prime objectives i this study,

~1ly-
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DUMAND ALTERNATIVLES:

The future applications are of considerable nterest. Water Resources Management prob-
lems are concerned with basically Supply-Demand Studies. Supphies are casily studied and
theie has been developed a considerable body of knowledge such as paramebric hydrology,
dam theary, cte., for tlus purpose. Supplics are also becomung linuted. On the other hand,
censand studies are only receutly being developed and most mcthods are crude, and done
zssentially wasolation. It is very common for consulting engincers to wed dcetailed studies of a
reservoir with “cye ball” demands. With supplies becoming limited, and with scrious consid-
:rations of reuse, or use of brackish or salinc water being evident, one should look at the
avinand alternatives—as additional supplics.

In present studics, it has been suggested that one should strive to provide all the municipal
viaicr desizes—this has been the probable world. In part, this “‘rut” was a resuit of studies that
mdicated an inelasticity with price or cost of water. Consider the decomposition of the
muricipal use as follows:

Present Use Maximum Required With Altcrnates

Categury (gpcd) gped) (gpcd) Suggestions
Lomastic 20 80 s Reuse at Home
ladustnial 40 190 10 Reuss
Commercial 20 40 0 Air to air refngeration
Public 10 14 0 Solid Waste Contsol
~mcation 10 40 0 Astro-turf

Total 110 365 15

From thus tabloid, 365-15 = 350 gpcd new water by considenng alternatives is possible. This
iilustrates an important use of the demand model-namely, the discovery of alternates and
their impact on supply systems. Once alternatives are sought, costs do become a comparative
factor. Ouce cost becomes elastic, then trade-offs of water cost (alternatives) must be made
against other public sector needs: transportation, drainage, recreation, £tc. The model would
be very useful alang this hne of inquiry.

Another area results from considering water supplies from various sources with various
quality levels. To sensibly (imputed use of a systems approach on a basiri, or interbasin bases)
study the problem, demands to support various life styles should be postulated by quality as
well as quantity. Thus, demand is considered at time (t) under decision levels (k) and quality
(g) or gD k. This as point requirements must be evaluated against supplies at (t), at quality (q)
or S and Costs (c). )

Tqbj =St and CS{ must be minimized

7o work out this network piogram requires detaled estimates of thk. The model will pro-
vide this. '
Even further, minimum cost critenia may be wanning—and benefits should be considered,
50 BqD‘k - CS! must now be maximized. Again the model becomes a useful tool.
On a rcgional or basin basis—irrigation, municipal, power, etc.—uses of water can be
balanced throvsh the :iode! One cannot really optimize. One might ask—optimize what?
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)
Economic benefit? Health, Wellare, cte.? The model provides the possibility of a balanced
ccolopy ot life style. This would be a very interesting study. Water demand studics also incluc.
in the urban arca demand for physical facilitics— pipes, pumps, valves, ete. These are subjectca
to alternatives. Onc can fight fire differenty~without water, thus the pipes could be small,
¢te.. agun “trade-off” againct other public facilitics must be looked at.

SUMMARY

A very flexible demand model capable of impacting has been developed and can be used a8
a tool on a wide varicty of Supply-Demand Studies.
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Water Resources Management

1. Management implies control for useful purpose. This implies also,
an understanding of supply and demand. Regulation increase supply. The
intermittant or variable stream flow can be regulated thru use of dams,
and can potentially approach the median flow. ﬁatér can also be developed
rom the ground, the sea, brackish water, and reuse.

Supply = Surface + Ground + DeSalted & Reuse.

As water resource system and corresponding sectoral activities become
more aggregate the availability 6E»appropriate data decreases. As has been
noted by most all the experts, as, river basin concepts and strgtegy evolve
there are changes in the interrelationship of physical and social structures
of water management. Progressively, from largely unregulated river management
that is supply oriented, structural in nature and usually handled project
by project. Next, as pressure is experienced from water-related socio-
economic development, orientation shifts to efficient use of resources and
the basin concept to finally a demand orientation wherein allocations are
preceived in the broadest dimensions, social, economic, involving nonstructured
‘alternatives, interbasin transfers, even impact and con;ervation concepts.

2. Hydraulic management is only one facet. Quality management is also
essential. They are, of course, interrelated:

Pollution Load = Concentration x Flow

and the rate change of pollution:
2

d®/dt = ps C +
D3,C + EJC + KC
X X

Pollutants are conserved or not.

3. The demand analyses involves several beneficial uses, resulting in off-
site withdfawals, and consumptive uses; omn site uses, and flow or aquifer
level maintainance. These relationships are shown in Figure 1. These
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TABLE 1: ESTIMATED PER CAPITA RIVERFLOW AND WATER DEMAND IN SELECTED RIVER BASINS OF AFRICA,
ASIA, EUROPE AND THE AMERICAS
River by Drainage Populstion Per Capita Per Copits Aversge Denand®
Cottineate Arca Millions Riverflow Rivarflow gelloos/capica/day
1,000 sq. kam. — cu.a/year gallons/copita/day
1970 2000 1970 2006 1970 2000 1976 2000
Conga 4,015 18.0 41.2 69,000 30,000 48,300 | 21,000 129 462
< Zazbezt 1,295 5.6 12.6 38,260 18,000 27,090} 12,600 129 674
E Niger 1,124 16.7 40.9 11,200 4,600 7,840 3,220 129 474
] Senegal 338 2.4 5.0 9,100 4,500 6,370 3,150 229 474
Orange 640 4.7 10.9 2,300 920 1,610 693 t32 498
Nile 2,980 50.0 106.0 1,220 630 1,204 581 129 662
Africe 30,300 350.0 770.0 12,000 3,500 8.400 3,850 - -
1rravaddy 430 20.0 39.6 21,000 10,300 164,700 7,210 117 39)
Brahnaputra 935 51.8 110.4 11,200 5,600 7,840 3,920 122 405
Ob-Irtysh 2,430 32.4 42.0 11,100 8,800 7,700 6,160 129 26
Makong 803 45.6 102.2 7,500 3,300 5,250 2,310 120 202
< Yangtze 1,943 202.0 300.0 3,400 2,360 2,380 1,610 3126 426
- Indus 927 70.6 171.7 2,450 1,050 1,718 735 120 399
< Ganges 1,060 300.0 585.0 1,920 960 1,344 685 120 399
Tigris-Euphrates 541 26.) 68.7 1,760 680 1,232 476 129 42%
Huang-Ho (Yellow) 673 110.0 163.6 930 620 651 @36 123 4 408
Asia 45,000 2,047.0 13,800.0 6,550 3,550 4,588 2,485 - -
Rhone 96 1.1 8.7 7,400 6,030 5,180 4,221 386 ¢t00
Y Fo 70 13.4 15.2 3,220 2,830 2,254 1,981 365 591
e Danube Bl6 15.0 84.6 2,540 1,260 1,778 1,582 357 583
2 Rhine 143 39.2 42.8 1,710 1.580 1,197 1,106 163 394
Vistula 197 19.5 23.9 1,700 1,410 £,1%0 987 35 582
Europe 9,800 645.0 780.0 §,800 3,950 3,360 2,765 - -~
Yukon 932 C.1 0.2 1,580,000[1,050,000 1,106,000 | 735,000 815 1254
o Mississippt/Migso. 1,222 56.0 72.2 9,600 7-,500 6,720 5,250 0621 1269
i Coloradoe 629 2.7 3.5 6,600 5,100 462 3,570 88 1203
6 & Rio Crande 352 5.0 6.5 750 590 $25 413 $76 11723
% <iNorth America 20,700 315.0 406.0 19,000 15,000 13,300 | 16,500 - -
Azazon 5,578 4.0 8.9 1,620,000] 740,000 1,124,000 | $18,000 240 786
Tocactias $07 2.2 4.9 165,000 65,000 101,5C0 | 45,000 246 183
Orinoco [:1:3 8 4.5 10.0 118,000 53,000 81,200 37,100 258 816
g Hagdalena 24} 18.0 41.9 12,800 5,500 8,960 3,852 243 763
£¢ San Francisco 673 12.5 27.% 7,000 3,100 4,900 2,170 246 83
Zg Parans 2,305 61.0 1i¢.0 6,800 4,200 4,760 2,940 252 798
v 2 |South Arerics 17,800 - 190.0 400.C 54,500 25,000 38,150 1 18 300 -




general otrategies illustrate only those causing poliution. Other bene-
ficial uses include, power, navigation, drainage, etc.

In' the global basins in both LDC's and DC's, the demand orientation
stage is being approached but from the three basic water need sectors
studies of municipal, industrial, and agricultural water, in the DC the
demand orientation stage has not been reached. These relationships can be
seen in Figure 2. In Stage II, resources orientation, it can be seen from Table
I, tﬁét even in developed countries the available water per capita is
more than the per capita use, but that available level would require structural
management or river regulation. Under Stages I & II, water demand projections
are thought to be relatively simple undertakings, local or project sources
bteing abundant, with margina; costs low, with no reason to expect major
changes in technology and management policy.

So past characterization should hold, and reasconable forecast can be
devised from a relatively small amount of data and a simple extrapolation
(of demographic, physical and economic projections. Large basin demands are
developed Table 1 without direct reference to nonstructured considerations or
high degree of basin regulation, interchanges, ecological consideration etc.
Though, prudent economic efficiency and a basin approach is imputed.

The specific model used herein forecasts only industrial, municipal,
and agricultural demands. Due to sparcity of industrial and agricultural
water demand information, only the municipal demand is forecast directly
by a regression analysis of scale, location and socio-economic indicators and
their normative futures. The industrial and agricultural projections have
been developed as multipliers or ratios, see i/m, and a/m ratios in Figure 2.

They can be determined by regression analyses at éountry level.
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GENERAL DATA AT REGIONAL LEVEL

Municipal

1. Water demand per capita

2. Population growth

.3. Income per capita

4. Population served by water supply
5. Cost of treated water

6. Education level

Industrial

7. Distribution of work-force in skilled, unskilled and unemployed
8. Income per capita

9. 1Industrial gross national product
10. Annual industrial growth
1l. Water demand/product produced

Apricultural

12, Calorie intake per capita

3. Percentage of land investigated

4. Water demand/product produced

léo Agricultural gross national produét

i6. Annual agricultural growth
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II.

IIX.

GENERAL DATA NEEDED TO DEVELOP MODEL AT COUNTRY LEVEL

Domestic Demand

Water demand per capita per day {gpcd)

Income per capita per year in United States dollars
Annual precipitation in inches

Population served by water supply in 1000

Average annual local or national temperature

Price of treated water per 1000 gallons

National average of persons in each household
Percent of national liceracy

Percent of national Public Stand Post

Industrial Demand

o
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Water demand per unit product produced

Gross National Product - GNP

Annual industrial growth (percent)

Annual precipitation in inches

Annual temperature in °p .

Annual rate of growth in housing industry (percent)
Percent of employment by industry

Percent of machinery imported

Percent of in-country mineral resources

Percent of improted petrochemicals/crude oil
Rubber consumption per capita (lb/capita)
Cotton consumption per capita (lb/capita)

Sugar consumption per capita (1lb/capita)

Coffee consumption per capita (1b/capita)
Metals consumption per capita (lb/capita)

Paper consumpcion per capita
Industrial/Manufacturing Gross National Proauct

Agricultural Water Demand

WWWwLWwWwLWwiwiyww
L]
bt 0= O 0O SOV SN e

Water demand per acre foot (AF)
Calorie intake per capita
Percentage of land irrigated
Total area

Percentage of land not irrigated
Gross National Product (GNP)
Annual precipitation

Annual temperature
Evapotranspiration

Humidity

Percent of land irrigated manually
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III. Agricultural Water Demand (Continued)

3.12
3.13
3.14
3.15
3.16
3.17
3.18

Percent of land irrigated mechanically
Power (kilewatt/capita)

Income per person .
Land available per person (acre/capita)
Agricultural Gross National Product
Area culrivated

Area irrigated
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The community profiles are developed from socio-economic parameters
(see Figure 2)
Where more information, say national levels, agriculture and

industrial demands can be regressed. These data requirements are

illustrated in Table 2 & 3. A typical demand model would look 1like:

i=n i=n
y =Exi or Txi
i=1 i=1

A typical interlock -

Demands
1
Ind Irr Agri
A
Sweet 1j
Supply Desalt or Cij
Reuse
Aij units, development, treatment, transport

Cij costs

At the local level, unit requirements, are also related to waste discharges.

Generally, the approach is to use the concept of Population Equivalent. The 8.3

shower response models are cast in terms of PE's, and a P.E.=streggﬁh(m§lgi6x vol. (mgd)x

and factor 0.016 is the strength/capita. Because of inclusion of more
industry in larger cities the P,E. value varies from 1.0 - 1.7 as size increases.
If individual wastes loads, .primarily, Municipal, Petrochemical, Light industry
and manufacturing, Food and kindred industry, Pulp and Paper, Textile, etc. are
known, loads can be aggregated from wet strength and volumes.

n

Load = — bod x volume/unit x production
i-e

J
It is, of course, necessary to estimate the future volumes, and strengths,
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due tu "in house reuse," save-alls, and treatment. EPA has established
acceptable technology - for municipal waste, discharge concentrations,

30/30/200 for example, BOD/SS/COLI. For industry #BOD for unit of production.
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Supply .Life Style-Stages

I Supply

River unregulated 0% Q M3/CAP/yr = 5,000 dry
200,000 wet

Relative abundancy,

Project by project,

Low marginal cost,

Strucrural management measures
Pollution by dilution, primary treatment

Individual plants, city plants

IT Resource
Partial regulation, 30-60% 20,000 wet
Efficiency
Project by basin
Structural or nonstructural management measures
Secondary treatment - biological system

Basin system

ITI Demand
River completely regulated 60-100% 500 dry
Planned conjunctive use, groundwater, surface 2,000 wet
Reuse and desalt, efficiency requirement
Interbasin transfers
Project by region, institution of conservation
Tertiary treatment - chemical & aquatic systems

Regional plants, industrial plants, etc.
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Demand Lifestyle

VI (DC)

Advanced industrial economy, scientific capability, education,

social advances, ecological awareness, less dependence on religicn,
the family, low birth rate, increasing 60-70 year olds. Stress,
pollution problems, democracies - US, CANADA, UK, JAPAN, SOUTH AFRICA
Primary school - up "over the hump in humén resource development"
except scientist & engineers, though quality is less. Secondary
education complete - transport, communication good. Bottleneck

in electronics, surplus of university types. Democracies, usually

strong social, national standards - MEXICO VENEZUELA, IRAN

Relatively advanced,

have nontechnical manpower

unable to develop‘high level experts

% population subsistent level agricultural
mining, petroleum, textiles,

transportation, - JAMAICA, COLUMBIA, PHILIPINES, IRAG, TAIPEI

V11 (LDC)

Require external aid

Agricultural, rural, nomades

Subsistive agriculture

~econdary education 1%

High birth rate, over crowded, unemployment, ECUADOR, PARAGUAY, INDIA,

GHANA, NIG:ZRIA, CAMBODIA, YEMEX
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Ratios of I/M and A/M versus

Figure 3:

Level of Socio-Economic Development

of River Basins

A/M = AGRICULTURAL DEMAND/MUNICIPAL DEMAND

1/M = INDUSTRIAL DEMAND/MUNICIPAL DEMAND

111 v

11

Levels of Development of River Basins

DC's

LIC's

H

10 4

7 4

6 -

¥

R/¥ SCIIVY

IBC - Industrially Developed Countries

DC - Developing Countries
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SUMMARY SHEET

Status: Draft Environmental Statement

Subjecti Chatham West I Apartments
Brockton, Massachusetts

lName of Responding Agency- Department of Housing and Urban Developrent
Boston Area Office
15 New Chardon Street
Boston, Massachusetts

. Nature of Action: Adminastrative

2. 8rief Description of Proposed Action:

Construction of 350 units of multi-family housing in the
City of Brockton, Massachusetts.

3. Summary of Envircnmental Impact and Adverse Environmental Effects:

The proposed project will adversely effect the aecsthetic
environment of the adjacent park to the degree that a
portion of the project will be visible from the park.

The impact on the physical environment due to drainage
from the development has been treated to our satisfaction.

4. lternatives considered:

(a) Maintaining the entire site as undeveloped open space.
(b) Residential use in configurations ocher than the
propocsead action.

¢ List of Federal, State and Local Agencies from which comments
have bee- -tqursted.

Council on Environmental Quality
Environmental Protection Agency

Department of Transportation

Department of Health, Education and Welfare
Department of Commerce

Department of lnterior

Department of Agriculture

Nepartment of the Army, Corps of Engineers
. ffice of Economic Opportunity

f.eneral Servicesz Administration



Federal Power Commission

Massachusetts Department of Natural Resources

Massachusetts Executive Office for Administration
and Finance - Office of State Planning and
Management

0ld Colony Planning Counciil

Anne Vohl, Attorney

Brockton Conservation Commission

Brockton Citizens Conservation Group

"are Statement made available to CEQ and Public
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: . VIRONMENTEL IMPACT STATEMENT FOR CHATHAM WEST I

BROCKTON,, MASSACHUSETTS

Y

Description of the Project

The project, known as Chatham West I, consists of the construction
and associated site development of 350 units of housing at Oak
Street, Brockton, Massachusetts. The site consists of a single
parcel of land of 20.4 acres.

The purpose of the projeét is to provide modern living facilities
and environment for fami#ies of moderate and low income. The
development comprises 174 units with two bedroom and 176 units
with one bedroom. The one bedroom units will rent for $156 to
$185, the two bedroom for $172 to $215. Forty-four one bedroom
and forty-four two bedroom units will have their rents reduced
through rent supplement payments. The two bedroom units are
located in 87 two family, two story duplex dwellings arranged

in clusters of four to six buildings. The one bedroom units are
located in nine two story garden apartment buildings, each with
16 to 24 units. The site contains 462 or more off-street parking
spaces. A community building contains meeting rooms, administrazive
offices, and a laundromat; there are also two separate laundries.

The total cost of the development, including land, is $7,896,800.

The project is being financed by a mortgage loan in the amount

of $7,106,000 from the Massachusetts Housing Finance Agency (MHFA).
Upon completion of the project, 237 of the 350 units will have

the benefit of interest reduction payments from the Federal Housing
Administration, under Section 236 of the National Housing Act of
1934, as amended. Eighty-eight of the 237 units receiving interest
reduction payments under Section 236 will also receive rent supple-
ment payments under Section 101 of the National Housing Act; these
units for low-income families will be scattered throughout the
site. he balance of 359 units, 113 units, will rent to moderate-

income families for $1835 per wmonth for a one bedroom unit, and



$215 for a two bedroom. The incomes of the moderate-income
tenants at admission may not, -under MHFA regulations, exceed

six times the annual rental.

The owner of the project is Beacon Chatham West Associates,
P.O. Box 2051, Montello Station, Brockton, Massachusetts.
The contractor is Beacon Constructicn Company, of the same

address.

An adjacent 20-acre parcel oi land is owned by Beacon Construction
Construction. A building permit has been issued to construct an
additional 350 units on the adjoining site. No financing of any

kind has been requested for housing on this parcel.

Presently, the project has received the approval of MHFA for
funding. HUD-FHA funding is approved tentatively until the

Environmental Impact Statement is finalized.

The project is situated in the City of Brockton (1970 populati:n,
189,820). The site is 1) miles from an interchange on Route 24,
a highway giving access to Route 128 and the Boston area to the

north, and Fall River and Providence to the south.

The surrounding land uses comprise several types: a regional
public recreation area (D.W. Field Park); institutionél facilities
(the Brockton Aft Center and the site of a Greek Orthodox Church);
housing Sgarden apartments); a shopping center (Westgate Mall);

industrial uses and vacant land.

Maps are attached showing the surrounding neighborhood of the
project.
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Environmental Impact of the Prooosed Action

A,

Physical Environment
1. Air Quality

There are no sources of air pollution or noxious odors
from industrial emissions. The existing traffic flow is
established by CLM/Systems, Environmental Systems Consultants
for Beacon Construction Company to be approximately 850 vehicles
passed the project between 7-8 a.m. and about 1320 vehicles
between 4-5 p.m.

The housing will bhe heated electrically and thus will not
create any smoke emissions. The project's contribution to
the traffic flow is anticipated by CLM/Systems to be an
increase of 260 cars in the morning. This is using an
assumption of one wogker per unit, except for the units

set aside for rent supplements. During the evening peak

hour assuming the re£urn of 90 shopping trips and 260 workers,
350 cars would enter the development during the evening

peak hours.

This traffic will obviously contribute air and noise
pollution to the area detrimental to the neighborhood and
the project itself. The actual effect has not been established.

2. Water Quality

There are no dangers presented to the project from any
polluted water or potential flooding problems in the surrounding
area. |
Obviously, development of the proposed site for the project
will increase the surface runoff with possible contribution
of flooding and water pollution. Attached is a Drainage Study
for Runoff Control Design prepared for Beacon Construction
Company by Athanasios A. Vulgaropulos, a consulting engincer.
The plan essentially proposes a Detention Basin %1 for the
front portion of the site and a Detention Basin 42 to control
runoff for the rear portion. Mr. Vulgaropulos estimates that

a 2>-year storm has a natural peak of 12.8 cfs. at the 0Oak



Street 30-inch culvert and with the operation of

Detbhtion Basin #1 the peak would be 11.3 cfs.

From the culvert inlet at Oak Street, the storm runoff
from Detention' Basin #1 flows through the existing 30-inch
culvert a distance of about 430 feet, where it discharges
in an open ditch along the westerly side of the Chateau
Westgage property. From there it flows southerly in
undefined stream channels through an undeveloped wooded
area, then under the D.W. Field Parkway in a 48-inch
culvert, and into Thirtyacre Pond. Thus the project site
falls directly within the uncontrolled watershed area of

Thiriyacre Pond.

Thirtyacre Pond is part of the Salisbury Brook watershed,
which has 1ts origin in Beaver Brook, in Stoughton and Avon.
Beaver Brook flows through the Brockton Réservoir, which

has a drainage area of about 1900 acres. Discharges from
the Brockton Reservoir flow into Waldo Lake, (accumulative
drainage area 2275 acres). Upper and Lower Porter Ponds,
Thirtyacre Pond (accumulative drainage area 2430 acres),
Ellis Brett Pond (accumulative drainage area 3770 acres),
Jross Pond, Salisbury Brook (accumulative drainage area

4930 acres) and Salisbury Plain River. (accumulative drainage

area 10,500 acres at leadow Lane).

At thirtyacre Fond, for a 100-year flood, fhe inflow peak
is estimated at 270 cfs, and the ouéflow at 2590 cfs, with

a maximum flood level rise of 2.6 feet. Development of

the site would tend to a faster and earlier runoff contri-
bution to Thirtyacre Pond than at present. Most runoff
from the site would arrive at Thirtyacre Pond in its rising
stage and sufficiently prior to its peak rise so that the

effect of the site runoff would bhe confined to increasing



rhe early rate of rise and outflow of Thirtyacre Pond,
but not the ultimate peaks. The flood conditions of
Salisbury Pond and the Salisbury Plain River in Brockton
are presently under study by the New England Division of
the U.S. Army Corps of Engineers. The initial reconnaissance
report has been completed and submitted to the Office of
the Chief of Engineers in Washington, D.C. It is under-
stood that this report is limited in scope to a very
preliminary evaluation of flooding conditions and an
evaluation of the potential case for further and more
detailed studies.

The rear porfion of the site presently drains to a water
hole, off the site near the park road, which does not have
a pipe outflow. The detention basin for this portion is
designed to be more than 25% better than the natural area.

Thus the incofporation of the two detention basins into
the design of the project creates greater storm water
retention on the site than is now naturally available.
Flooding problems are therefore not increased.

Regarding off-site pollution from silts, catch basin

sumps should collect silts from paved area, depending on
maintenance of the basins. Otherwise silts will be naturally
deposited in detention basins before storm water flows from
the site.

5. Noise Levels

The only noise pollution that could have an effect on
t.eproject would come from the traffic on Oak Street. The
peak-hour traffic counts were mentioned above in the
di+ russion of Air Quality. ©Noise level meters were

im.:ementcd by -"e sponsor to measure the noise generated



r.tside the site in accordance with guidelines set
zo;th in HUD's Circular 13902. The results of the
test showed the noise did not exceed 61 dB A more
than eight hours per twenty-four hours. This means
that the noise exposure of this site is "Normally

Acceptable"” by HUD's standards.

4. Land ‘
The site is divided by a riuge line with two sections.
The southern section presently drains naturally towards

Oak Street where it flows into a 30~inch City storm drain.

The northern section has no natural surface outlet since

it is cut off from Waldo Lake by the parkway road embank-
ment. The total area of lowland in this section is 1.8
acres as determined by CLM/Systems, Inc. Three areas

trap surface runoff. The standing water evaporates or
seeps into the ground. Two of these areas are on the

site and cover nearly half an acre with maximum depths of
six inches. The third area is off the site and is approx-
imately one-twentieth of an acre. This area holds stagnant
water of depths up to one foot all year round. The other
areas are seasonably wet.

Attached is a Soils Analysis Report by the United States
Department of Agriculture - Soil Conservation Service on
the site of the proposed project and the adjacent site.
The northern portion of the subject site was reported to
contain very poorly drained soils or wetlands. A recom-
mendation of USDA is to retain this portion of the parcel
for undeveloped open space. The wetlands portion,
classified MU in the attached report, is the area

designed for a Detention Basin.
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ine developer is not planning extensive grading or filling
in the development of the project. Rather he is concerned
with his construction conforming with the existing contours

of the site.

5. Surrounding land uses and puysical character of area

It is evident from the attached land use plan showing
the area surrounding the subject site that there are no
hazards or conditions which might breed unsanitary or
vermin infestation. The only industry in the area is light
industry across Oak Street which will not produce any bad

effect on the project.

inhe only incompatible land use is the heavily trave.ed
artery, Oak Street, bordering the front of the site. The
existing traffic flowmentioned before is estimated during
the peak hours at 850 vehicles between 7-8 a.m. and 1320
vehicles between 4-5 p.m. The traffic during the other
hours of the day has not been estimated. Sixteen one
bedroom and twenty-four two bedroom units are planned

to be built within 100 feet of Oak Street. The traffic
condition on Oak Street may be dangerous to the occupants,

especially children in these units.

The proposed project's effect on the existing land use

is changing an open space to a developed area. The density
will be approximately 17 units per acre as opposed to the
zoning of the area allowing 60 units per acre. The layout
of the project incorporates good use of open space and
existing contours on the site. The entire Oak Street area
near Route 24 is becoming increasingly developed with five
new apartment complexes under construction or recently

cunpleted for occupancy. Relative to these projects,



Chatham West I will have a low profile of two story garden,
apaitments and duplexes. The other complexes, aside from
Beacon's Pine Grove Apartments which are 3-story buildings,
consist of 3, 4 and 7 story apartment buildings. The
density is low in relation to these other apartments in

the neighborhood.

This proﬁosed land use is incompatible with the park
cavironment abutting the Northeast Section of the site
from a scenic and recreational standpoint. The developer
.a1as designed the buildings on the site to be unobtrusive
from the Park and to blend with natural setting of both
park and site. The buildings are simple in shape with
exterior siding of cedar claphoards, stained in earth tones
to blend with park vegetation and asphalt shingles on the
roof here possible existing trees on the site will be re-
tained. 1In spite of these efforts the cluster of housing
in the extreme northeast corner will be clearly visible
"rom the West Parkway in winter when the trees are thin,

and somewhat screened by foliage during the summer months.

The 100f-1line of the project's buildings will not appear

on the horizon when viewed across Waldo Lake. The buildings
are not more than 25 feet high from the ground and the trees
are 50 to 60 feet high.

A Master Plan Study never adopted by the City was undertaker
by the Brockton Park Commission. The study recommended
acquisition of 18 parcels to extend the boundaries of

D.W. Field Park. The parcels were given priority numbers
from 1 to 18, the subject site's northern portion was rankec
17th with plans for a softball field and parking lot to be
constructed in the area. The General Plan for the City shovs
the project parcel located in an industrial zone. The area

has since been re-zoned R-3 for multi-family residential use.

ey



6. Infrastructure
a. Water Supply
The project will utilize the municipal water supply
system. Based on 700 persons (1.5 per one bedroom apartment,
2.5 per two bedroom apartment), and 80 gallons of water
per capita per day, an upper estimate of the average daily
water use will be 56,000 gallons per day. The peak demand
rate could be six times the average. The project will.
draw its water, as does the rest of the City of Brockton.
from the municipal water distribution system, which is
supplied by the municipal water filtration plant. The
primary source of water supply is Silver Lake, supplemente!
by overflow diversions from nearby Monponsett and Furnace
Ponds. The diversion from these ponds has been about 5.1
million gallons per day (mgd). 1In times of emergency, the
City of Brockton can draw on the Brockton Reservoir, locatec
———in-D.W. Field- Park. - The-water -is—treated at the Brockton
Municipal Water Filtration Plant located in Halifax. The
plant reportedly has a capacity to serve a population of
147,000 with an average demand of 13.5 mgd and 24-hour

maximum of 24 million gallons.

":esently it serves the following cities and towns of the

Central Plymouth County Water District.

1970 Population

Brockton 89,040
Hanson 7,149
Whitman 13,059
Pembroke (part) 300 (est.)

109,547
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b. Sanitary Sewage 5
Sanitary wastes from the housing will be collected
by sewers on the site and conducted by gravity flow to Oak
Street. There is no sewer in Oak Street in front of the
property. There are two possible ways of connecting into
tﬁe City's separate sewerage system. Chateau Westgate,
a housing development on the south side of Oak Street has
an 8-inch sewer in its main driveway which connects to the
municipal 12" sewer in Westgate Drive. It may be possible
to cross Oak Street and connect into this sewer by gravity
flow, if the owners are agreeable. There appears to be
sufficient capacity in the 8-inch sewer to accommodate

the additional flow from Chatham West.

Alternatively, there is a City-owned 10-inch sewer in
Campanelli Drive which extends from Oak Street and connects
to the same 12" sewer in Westgate Drive. The invert of the
sewer in Campanelli Drive at Oak Street is higher than the
invert of the sewer from Chatham West. In order to make

a connection to this sewer, a sewer force main will have

to be installed in or along Oak Street, and the sewage
pumped by means of a 1lift station located on the site of
Chatham West. The developers of Chatham West will bear

the cost of installation of the necessary sewerage to serve
the project. 1In either case, the sewage from the project
site will be conducted through the West Intercepting Sewer

to the municipal sewage treatment plant.

The project will contribute an average daily flow of 56,000
gallons per day (.06 million gallons per day), with a peak
flow at the site six times the average, .34 mgd.

The municipal sewage treatment plant is designed to give
secondary treatment to an average of 12 million gallons

per day. This average design flow is occasionally exceeded



11

on particular days. For exampie, the peak day in the last
year was in March 1972, when 22.5 million gallons passed
through the plant, almost twice the capacity of the plant.
On days such as these, the excess flow is subject only to
minimal treatment and passes.  into the Salisbury Plain River.
Since the amount of flow differs so much in wet and dry
months, it is assumed that the sewerage system is subject
to significant infiltration by ground water. Twoc studies
are presently underway; one, to increase the plant's
capacity to 20 mgd and include tertiary treatment, and
the other to trace major sources of infiltratioﬁ in the
older portion of the sewerage system. It is estimated
that an increase of the plant's capacity would not be
available for at least three years.

Since the proposed hcocusing development will be one of

a8 large number of urban land uses discharging sewage into
the West Side Interceptor and Municipal Treatment Plant,
it can be alleged that it is contributing towards a need

for expanding the capacity of the Plant.

c. Storm Sewers and Drainage

This aspect was discussed in the Water Quality Section
and the adequacy of the proposed system is detailed in the
attached report of A.A. Vulgaropulos.

d. Roads
The present flow of traffic ana the increase in flow

expected from theproposed project is discussed in the 2ir
Quality Section of this report.

The Highway Capacity Manual used by most engineers in
"esigning roadways sets a capacity of 2,000 vehicles per

Yw,ur in both directions for a two-lane road like Oalk Strecc.
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e —raffic estimated by CLM/Systems to be generated by
the proposed development will not cause Oak Street to
exceed this level over the morning and evening peak hour.
when the site is occupied the number of vehicles in the

morning will be 1014 and in the afternoon 1403.

Engineers use the concept of level of service of é roadway
as a gualitative measure of speed, travel time, traffic
‘interruptions, freedom to maneuver, safety, driving comfort
and convenience and operating costs. Levels of service
are designated A to F. Level of service A describes a
condition of free-flow with low volumes and high speeds;

at the other end of the range, level of service F describes

low speeds, volumes below capacity, and occasional stoppages
because of congestion.

Oak Street at present has a level of service C, which

is described in the 1965 Highway Capacity ™anual as being

. . . in the zone of stable flow, but speeds and maneuver-
ability are more closely controlled by the higher volumes.
Most of the drivers are restricted in their freedom to
select their own speed, change lanes, and pass. A relatively
satisfactory operating speed is still obtained, with service

volumes perhaps suitable for urban design practice."

An analysis of the traffic movements at the proposed
development entrance by CLM/Systems for Beacon Construction

during the peak hours indicates that the roadway can functicn
at the existing level of service C.
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Social Environment

1. Community Facilities and Services

The subject site is in close proximity to most
community facilities offered by the City of Brockton.
Cardinal Cushing Hospital, one of three public hospital.
in Brockton is within a mile of the site, D.W. Field Park,
containing 750 of the City's 800 acres of parks abuts the
site, a fire station is 1% miles from the site, four ele-
mentary schools are within 1% miles of the site, a Junior
High School is one mile from the site on Oak Street, City
Hall and the Police Station are downtown and 2 miles from
the site. Tenants in the project will have pedestrian
access to the Westgate Mall Shopping Center offering a

variety of department and specialty stores.

The developer estimates that the project will bring an
additional 19 children to the Brockton School System.

This estimate is based on actual figures taken from
applications for occupancy on their numerous other FHA 236
projects. Their figures show that for two bedroom units,
11.4 school-age children per one hundred units are present
in the project and there are 73 preschool-age children

per one hundred units. The fact behind these figures is
that upwardly mobile young couples with infants move

into FHA 236 projects and before the children reach school

age the family finds more permanent residence.

Despite this low estimate of school-age children the Brockton
Public Schools are experiencing a strain on its system
because of recent growth, according to the 014 Colony
Plannina Council. ’

There is no overload expected on any of the other commuhity

facilities from the develcpment of this project.
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2. Character of the Community

The community where Chatham West is planned to be built
is being established as a"bedroom community" for families
with heads of households working outside of Brockton.

The area's proximity to Routes 24 and 128 is giving rise

to this type of development. The developer in their ‘
market study for this project estimated 60% of the residents
in similar projects in the area come from outside the
Metropolitan Brockton Area and 56% of these tenants

continued to work outside of Brockton.

It is evident that this socioeconomic and racial character
will not be altered by Chatham West. There is already
a good mix of low, moderate and high income families in
the thousands of units comprising the many developments

on Oak Street and the surrounding area.

Chatham West has been the subject of controversy in the
entire Brockton area since early spring of 1972, With
considerable press coverage the Brockton Conservation
Coﬁmission, created by a city statute, came out against

the project. In March, the City Council passed unanimously
a proposal for a 1,000 foot protective buffer zone around
D.W. Field Park. The Mayor vetoed this proposal and in
late April at a public hearing the City Council was pre-

vented from over-riding the Mayor's veto by one vote.

The reasons cited by the Conservation Commission for
rejection of the project are: the draining of surface
runoff from the entire site into Thirtyacre Pond, pollution
of the ponds in the park due to oil and gas drippings

from the site and a compounding of flood conditions of

the Salisbury River since the ponds are tributaries of

the Salisbury River.



Another group was organized as a result of the planning
of this project. In early June a public meeting was held
and the Brockton Citizens Conservation Group was formad.
This Group wrote a petition signed by 8,000 Brockton:iang
supporting the Park Buffer Zone that was suggested with
the specific intent of stopping Chatham West.

The Greater Boston Group of the Sierra Club camzout against
the proposal of Beacon Construction to build on the wetlands
on the subject site. '

These groups are primarily concerned ahout flooding that
could result from the development of the now undeveloped
site and the infringement upon the scenery of the park.

The flooding problem we feel has been remedied by revisions
in the plans made subsequent to the Conservation Commission
Report and in the course of our review and analysis for ‘
this Statement. The scenery will definitely be impaired

by the housing in the Northeast portion of the site.

The City Department of Building Inspection issued a building
permit for the construction of these 350 units on September
27, 1971.

"« Aesthetic Environment

The Aesthetics of the area involved as discussed abkove will he

affected by this project in that part of it will be visible from

the park.
D. Impact Among Project Components
As evidenced by the attached plans of the site, sufficient

open and recreational spaces have heen designed into the site.

The project is composed of two bedroom units in clusters of 4. and

6 duplex units with a common ccurtyard in front and each unit has

a4 backyard to itself. The one bedroom units are in tw» story

garden

agcrtments consisting of 16 and 24 units.
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;The parking is arranged so that a resident's car will not

be more than 100 feet from his home.

E community building containing meeting rooms and a laundromat

ig centrally located and there are also two separate laundries.

Project roads are for the most part peripheral and play areas
oxre well protected from the roads. As mentioned above the building
wmeteriais will be stained with soft earth colors to be compatible

wi-h the trees and vegetation in the area.

Alterrnatives

-

A. HNeo develiopment of site
The only way to assure that the site is left in its natural
state would be for the City of Brockton or some other public
body to acquire the property and use it as conservation land.
The Attorney for the Citizens Conservation Group asserts that

funds are available for such an acquisition.

B. Dezecrease in Scope of Project
The most valuable portion of the site as far as conservation
is concerned is the northern third of the site with the wet-
lands. This would be preserved if the prbject size were
reduced so that only the units on the front of the site were
buzlt. Increasing the density of the front portion to too gre:zt

a degree is undesirable.

Eliminating the development of the extreme northeast corner
at the least would decrease the effect on the scenic beauty

of the park environment.

Both of these alternatives have been suggested to this

Department strongly by the opposing groups listed above.
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Adverse Environmental Impacts which Cannot be Avoided

Preserving the land as undeveloped chviously would eliminate all

the adverse environmental impacts discussed above.
With any development of the site, increased surface runoff is
unavoidahle as well as the increase in all of the city's services

and facilities.

Short—-term Effects on the Environment

During construction, the noises of construction such as earth-
moving equipment, saws and hammering will be heard in the Park
and will disrupt its peaceful environment to a great degree,

The construction will take 1€ to 18 months but will not be done

on weekends.

Dust from exposed land which will be blown about and exhaust
from the engines of the heavy equipment will pollute the air of
the Park.

Runoff, if uncontrolled, will wash silt into the drainage system

and in turn will pollute Thirtyacre Pond.

Discussion of Problems and Objections Raised

Some have heen touched on above but these and any others received
as a result of the circulation of this Draft will be part of the

Final Environmental Impact Statement.

Recommended HUD Action on Proposal

Approval of the project as revised to include detention bhasins to
decrease the effect of runoff on the pollution and flooding of the

Salisbury River and its tributary system is recommended by HUD.
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It is felt that there is an over-riding need for the housing
which this project will make available to low and moderate income
families from the Greater Boston-Greater Brockton area and that
such low and moderate income housing will balance the growth in
upper-moderate and upper income housing in the Brockton area.
Further, it is felt that the modifications in the plan since
work on this Impact Statement was initiated and undertaken as
part of the review and analysis process of this statement, will
" minimize the ill effects of this project. Thus, the housing should

b anproved.
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OFFICC OF THE
ADMINISTRATOR

Project ilanager for Munition Production
Base Modernization and Expansion
Attn: AMCPBM-T-EV D-USA-Al1l1056-C0
Picatinnv Arsenal
Dover, HNcw Jersey 07301

Deayr Sir:

‘e U.S. Environmental Protection Agency (EPA) has reviewed
the 2rmy's braft Environmental Impact Statement (EIS) on the
RuX/i:.'X gxpansion Facility. We have found that, although
the scope and depth of your treatment of the potential
environmental impacts at the three alternative sites is very
good, several significant questions and issues still need to
be resolived in the final ZIS. Our detailed comments are
enclosed in four sections: first, general comments and then
comments specific to each of the three proposed sites.

rcr purposes of classifying our comments for publication,
your draft 1©IS has been rated "ER-2"; that is, "environmental
recervations-additional information required.” The classifi-
cation and the date of EPA's comments will be published in
the Federal Register in accordance with our responsibility

to iniorm the public of our views on proposed Federal actions
under Section 309 of the Clean Air Act.

If you have any questions, please contact either Mr. Jay
Stevens of this office at (202) 245-3006 or the appropriate
Regional Office contact indicated in the enclosure.

Sincerely yours,
¢
R"/M w-\ l‘é"vnw

Rebecca W. Hanmer
Director
Oifice of Federal Activities (A-104)

knclosure
Detailed Comments, RDX-HMX Expansion Facility
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pits, ponds .and lagoons. Regarding the waste lagoon (volume
I, Figure 12, pagé 31) and the surge pond for contaminated
runoff (vVolume I, Figure'6, Page 17), we would like to know
if these facilities are lined and whether sludge build-up is
axpected in them.

Population influx and increased commercial/industrial
activities due to and associated with the project will
increase the amount of solid waste generated and thus increase
.he load on existing solid waste collection and disposal
facilicies. Project personnel should seek out the appropriate
ftate and local solid waste management officials and discuss
cuwobairle impacts so that they may be incorporated in a
zirely manner in the State and local solid waste management
l3nning. We would encourage the plant to participate in or
use local government solid waste management facilities
wuenever reasonably possible. Dealings with the Tennessee
Department of Public Health on these matters should be with
the following gentleman: Mr., Tom Tiesler, Director, Division
of S5o0lid Waste Management, Bureau of Environmental Health .
Earvices, Tennessee Department of Public Health, Capitol
Hiil Building, Suite 320, Nashville, Tennessee 37219, phone
(615) 741-3424.

3. Newport Army Ammunition Plant, Indiana
EPA Contact: Mr. Gary A. Williams
‘ EIS Review Coordinator, Region V
(312) 353-5756

(a) Water Quality

~ According to the EIS (page 8), the total water
requirement for the RDX/HMX expansion facility is 38 million
gallons per day. This is a considerable quantity of water,
yet no information is provided regarding the source of this
water for the Newport site. The discussion of water supply
should also address any environmental effects associated
with water withdrawals including the effects upon available
supplies and aquatic impacts. For economic and envirornmental
reasons, water recycling should be encouraged. The EIS
should discuss any steps taken to require that water conservation
and water recycling be incorporated into the project. . ’

B SN

A.‘_\i

B-9

v e



The discussion on page 18 of the draft EIS indicates
that heavy metals are of concern and that the wastewater
treatment system might be adeguate for removing excessive
amounts of heavy metals. The discussion of heavy metals
should be expanded. Specific heavy metals should be indicated
as well as concentrations. Based on this discussion, it
appears that an evaluation of this potential problem on
water guality and aquatic life should be provided in the
final EIS.

Although the project will provide a high degree of
wastewater treatment, we are concerned about the conclusion
made in the EIS (page 175) which says that no adverse impact
will occur in the discharge plume at the Newport site because
no parameter in the proposed effluent exceeds the natural
range of the Wabash River in the input reach. We have
reservations about this statement because the existing
ranges of the various parameters in the Wabash River have
been affected by man-induced pollution and in some cases
aguatic life in the Wabash River is critically stressed by
man-induced pollution. Expensive pollution abatement programs
are being planned and constructed along the Wabash River.

In fact, the existing TNT plant at Newport, if operated,
would not be in compliance with permit parameters. If
tlewport is selected, we would expect that provisions would
be made for adequate waste treatment for the entire facility.
(See pages 262 and 270)

Temperature of the discharge was also not addressed.
Further information should be provided regarding the temperature
of the discharge and any associated environmental impacts.

{b) Solid Waste

Solid waste disposal appears to be a problem,
particularly at the Newport site. (See page 133.) According
to the EIS, each day the RDX/HMX plant would generate 7,000
pounds of contaminated sludge, 54 tons of coal ash, 1,000
pounds of incinerator ash, 6,000 pounds of inert wastes and
100 Lounds of sewage sludge. If SO, scrubbers are installed,
additional quantities of solid waste will be generated. The
EIS indicates that there would be difficulty in disposing of
this material at the Newport site. Further information
should be provided regarding the feasibility of providing
adequate and environmentally acceptable sclid waste disposal
facilities at the Newport site.

¥ed
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10.

(¢y Air Guality

The proposed facility will use a considerable’
amount of energy, yet no discussion of energy conservation
s provided.

According to the discussion of vehicle emissions
{oage 22), 700 to 800 automobiles will enter and leave the
preposed facility on an average working day. With this
velume of traffic, it appears that car pooling may be
feazible as well as desirable to reduce energy consumption
and vehicle emissions.

The EIS indicates that slash burning may be required
curing construction if landfilling is not feasible. If
slash burning is regquired, we recommend that the accumulation
of smoke be minimized by following these recommendations:

° Utilize the merchantable timber to reduce
the volume of fuel and establish brush piles
for wildlife.

° Burn only cured material where possible.
Cured material burns hotter and produces less
smoke.

° Burn rapidly. The objective is to develop
maximum heat energy per unit to vent the smoke
to the highest elevation possible.

° Confine burning to pericds when smoke will
not drift toward densely populated areas.

° Burn when atmospheric conditions are unstable.
This results in bestter smoke dispersion.

° Burn material over a period of time.

° Avoid burning petroleum products.

°© Utilize forced air pit burning.

Since low sulfur fuel is planned for the faciiity,
the £IS should discuss the availability of this fuel at each

site as well as the conditions that would necessitate using
a high sulfur coal and incorporating SO, removal equipment.

B-11
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EPA

Sludges originating from pits, ponds, and
lagoons will be relatively inert, non-volatile
sludges collecting over long pericds of time.

Depending upon soil conditicns, and local
regulatory requirements, ponds may or may not

be lined. Centaminated storm water will

probably be contained in an unlined pond since
pollutants in the runoff are primarily suspended
soils and free oil. The flow equalization pond
will be lined if soils are previous and lacal
conditions dictate since all process waste waters
flow through this basin. Sludge build-up is

not expected.

Item 8 (Coordinate solid waste disposal plans with
local and regional officials, and use local solid
waste management facilities whenever reasonably
possible).

No response required.
Region V (Chicago, IL) Comments.
Water Quality.

Item 1 (Provide data on source of water at NAAP
and on water conservation measures).

Three Ranney wells within the NAAP property

will be used tc pump the required water from
gravel beds along the Wabach River. If requirec
detailed performance and other data on each of
the wells can be obtained from Mr. James F. Clarke,
Newport Army Ammunition Plant, Newport, IN,
telephone (317) 245-2251. Information on water
conservation (and other resource recovery
strategies) was provided to the EPA Washington
office via a comprehensive report from the
architectural engineer.

Item 2 (Expand the discussion on heavy metals).

Although mentioned in the EIS as an area of
concern, toxic concentrations of heavy metals

are not anticipated as a result of the production
processes proposed. Experiments with biologic
treatment, beth fixed film and suspended growth
type, conducted at Holston AAP using wastes
similar to those expected at this plant indicated
heavy metals were not present in the waste stream.

B-33



If heavy metals contamination should occur,
treatment for removal should te provided at the
source location. Instrumentation is available

to detect certain heavy metals, such as copper,
over broad ranges. A device to monitor the gross
content of carbon constituent. in the waste
stream could be of use in aleiting operating
personnel to changing conditions and the need for
more frequent laboratory or field tests of waste
water influent. Continuous analyzers, except

for pH control, do not appear justified, however
their addition at a later time could be readily
made. Any analyzers would be subject to safety
appruoval as explosives will likely be present

in the wastes.

Item 3 (Will an adverse impact occur in the discharge
piume in the Wabash River at NAAP?).

Given the degree of waste treatment that will

be utiliized in the RDX/HMX facility, this plant
will have no adverse effects on the Wabash River.
Projected levels of nutrients and carbonaceous
materials are consistent with the overall effort
to clean up the habash River.

Regarding TNT plant operation, a copy of a
message from HQ, ARRCOM, Rock Island, IL
which commits the Army to pollution abatement
before start-up of the TNT facility has been
provided to L[PA for review.

.tem 4 (Temperature of the discharge was not
addressed).

beat 1s not eapected to be a significant com- ]
ponent of the process waste stream. Some cooliﬁg
w1ll take place through the treatment process and
it is anticipated that the plant effluent will
‘be within 5°F of ambient water temperature

(this fact was stated for each of the proposed
sites on pages 216, 218, and 220 of the Draft
EIS). No environmental impacts are anticipated
due to thermal pollution.

<



Solid Waste (Provide information on the feasibility
of prcviding adequate and acceptable solid waste
disposal facilities at NAAP).

Solid waste disposal of inert materials was
acknowledge in the Draft EIS to be a special

problem at NAAP, but mainly from the standpoints

of soil trafficability and workabiiity. Landfilling
is certainly environmentally feasible. 1In the

Efbliography of the Draft EIS, the listed references

103 and 104 are particularly germane; these are
detailed reports on solid waste disposal at NAAP,

and can be supplied to EPA if desired. The state

of Indiana is cognizant of and routinely inspects

all solid waste disposal operations at NAAF.

Finally, a contract has been let recently for
off-plant disposal of inert wastes in a state-approved
commercial landfill. Other facets of disposal of
explosives and explosive-contaminated wastes have

been commented on above.

Air Quality.

Item 1 (No discussion of energy conservation was
provided).

An energy-conservation report has been sent to
EPA for review.

Item 2 (Car pooling should be encouraged).

As suggested on page 268 of the Draft EIS, car
pooling will be encouraged.

‘tem 3 (Various techniques to abate smoke from
siash burning were suggested).

The US Army Corps of Engineers will include the
EPA recommendations in the construction contract.
However, slash burning will be minimized (if
used at all) because marketable timber will be
sold and acceptable slash will be chipped and
used as ground cover for erosion control.

B-35



4.

EPA

ivem 4 (Is low sulfur ceoal available?)

See responsc to similar question above. The
conditions necessitating use of a high sulfur

coal (thus S0, removal equipment) would be

the unavailability of low sulfur coal for a wide
variety of reasons; however, in this event,
defense-oriented operations might receive a
higher national priority for uninterrupted supply.

Land Use (What are land-use alternatives?).

Although the amount of land required for the
proposed action is about 6,000 acres, only about
1,000 to 1,200 acres will have to be cleared,
grubbed, and graded. Natural topographic contours
and surface features will be left intact on the
remaining acres (for noise attenuation, safety
reasons, etc.). The proposed construction site at
NAAP is already rather highly developed, thus
~mpacts on flora and fauna should be negligible
fsee Appendix C, Volume 2 of the Final EIS). Loss
f timber production, cancelling of agricultural
outleases, and impacts on soil, water, and wildlife
were discussed in the Draft EIS, as well as the
no construction'' option.

Region VI (Dallas, TX) Comments.
Water Quality.

Item 1 (Is MNAD's domestic wastewater treatment
system adequate to handle additional inflow?).

The most cogent response to this comment is

that the proposed RDX/HMX facility will con-
struct its own sewage treatment facilities to
handle whatever waste load can not be accommodated
by existing facilities (page 16, Draft EIS), thus
existing sewage treatment capabilities on MNAD
are not part of the proposed action. However,

we recognize that generally increased activity

on the installation as a result of RDX/HMX
operations could cause an increment of increase
to existing facilities. Officials at MNAD have
recently advertised for bids on a contract which
would correct the deficiencies noted in the
Region VI report; completion date is scheduled
for October 1977. VWhen completed, MNAD officials
expect that the renovated facility should be able
to handle all domestic wastes incident to RDX/HMX
construction and operation. Detailed data have
been sent directly to EPA from MNAD for review.

B‘SU
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U.S. Environmental Protection Agency
Detailed Comments
U.S. Army Draft Environmental Impact Statement
RDX/HMX Expansion Facility

l. General

The proposed project represents the interaction of a
complex manufacturing facility with an even more complex set
of natural and socio-economic environmental factors. It
would be helpful to the reader of this statement if a summary
chart or matrix of the projected impacts at the alternative
sites could be presented either in the Summary section (pgs.
S-1 to S§-7) or in Section 3 cf the Statement. Even though
there are distinct limitations in the use of a matrix, a
ccmparable and succinct summary of the impacts at each site
would be valuable.

(a) Endangered Species

Page S-2 indicates that "no impact is anticipated on
current or proposed endangered/threatened species." However,
there appear to be two conflicts in the body of the EIS with
that statement.

On page 73, "There are many unique species of
fish and molluscs in the Wabash River that are
elther legally protected now or probably will
be in the future." 1Is this an indication of
listing as endangered species? (Also see the
Region V comment on wastewater treatment and
your comments on page 175.)

On pages 172-173, there is an indication that

bald eagles winter on the western edge of Milan

and that while the effect on them is unknown,

“"they presently co-exist with depot activities."

The impact on the eagles may be severe. Co-

existing with present activities is no criterion

on which to judge the effects of the new construction.

B-2



(b} Noise

In assessing the noise impact at the three sites, it
would be quite helpful to show site maps with projected
neise contours superimposed and noise sensitive areas
specifically designated. (Also see Region IV comments.)

{c) Solid waste

Page 11, Volume II, Appendix B: The words "various
sludges” should be identified more clearly since the optimal
type of incineration varies with the chemicals in the
sludges. More distinct chemical characterization should be
provided for all sludges and process residues in order to
vclect the optimal disposal plan.

Page 229: No emission controls are possible with an
air curtair. incinerator and it is therefcre not usually
acceptable to EPA unless assuredly inoffensive combustion
products are discharged to the air. For burning a hazardous
waste it is not acceptable. A dual chamber or multiple
chamber incinerator may be acceptable but its inability to
handle sludges, liquids, slurries, tars or powders precludes
its use for processing most hazardous wastes. The average
combustion temperature of 540°C (1000°F) is not high enough
to ensure destruction of many hazardous materials. Higher
temperatures could be achieved by additional auxiliary
burners and proper construction materials. Rotary kiln and
fluidized-bed incinerators have been tested on more than the
vilot scale. !See ADL/TRW report on incineration of hazardous
wastes, John Schaum, EPA, HWMD Project Officer, 755-9202.
See also Alternatives for Hazardous Waste Management in the
Organic Chemical, Pesticides and Explosives Industries by
Process Research, Inc. Eugene P. Crumpler, Project Officer,
EPA, HWMD 755-9206.)

The Army should be aware of provisions of the Resource
Conservation and Recovery Act, P.L. 94-580 of October 21,
1976. DOD will have to comply with all Federal, State,
interstate and local requirements both substantive and
procedural. (Section 6001 Subtitle F.)

B-3
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(d) Air Quality

The statement should provide information as to how
the proposed facility will be accounted for in State Implementation
Plans for attaining and maintaining air quality standards in
the specific site regional areas.

The description of air quality for the environmental
setting of the proposed facility should document specific
air quality monitoring sites that were used to supply data
for the regional air guality analysis.

The on-site air guality monitoring program should
provide information as to the time period (mcnth) for which
air quality analyses were made as well as document what type
of instruments and analytical procedures were employed in
this program. Additionally, how many valid hours of air
quality data resulted for each analysis from the on-site
monitoring program? We would also suggest that due to
differing seasonal patterns observed in most air pollutants,
= one-month monitoring program cannot describe the ambient
21r guality in a site area.

The discussion on local meteorclogy for each site
refers to the term "elevated inversions." The statement
should document what height is associated with this terminology.
In order to substantially support meteorological conditions
at the proposed sites, a wind rose should be provided where
wind frequency distribution and wind speed are given for
stability conditions. This kind of information would help
clarify the selection of "worst case" meteorological conditions
for power plant and nitric acid plant sites. The selection
of stability class "C" for the nitric acid plant 1is apparently
in conflict with the discussion in paragraph 3 on page 81 of
the draft EIS. We do not believe that the one hour of field
data which was employed in the SF_. tracer study verifies the
model for all atmospheric wind stability conditions.

Tne draft EIS does not provide enough information
concerning the specific type of cooling tower to be used at
each site. We believe that the actual parameters for selection
of cooling towers should be provided for each site.

Your attention is invited to 40 CFR 60, Standards of
Performance for New Stationary Sources.

B-4



i {&) Water Quality

The statement indicates, on pages 8 and 18, that
the final stage of the industrial wastewater treatment
process would be a polishing step using an adsorbent, but
that an alternative option of dilution is being considered.
EFA issued a policy statement on November 8, 1976 stating

that "...low flow augmentation cannot be considered a substitute
foir the use of adequate treatment to meet water quality
standards...” This policy statement did not categorically

forbid the use of flow augmentation or dilution to meet

water quality standards. It is EPA policy that Best Available
‘technology (BAT) defines the minimum level of treatment

which is adequate and which serves as the threshold for
:nnsideration of dilution as a supplement to meet water
yuality standards. In some cases, however, BAT may represent
more than the maximum use of technology within the economic
capability of the owner of the facility. 1In these cases,

lrss stringent limitations than those required by BAT may be
considered "adeguate treatment." The full burden of demonstrating
tihwat BAT should not be required for a facility must be borne
Ly the ouner of the facility. All exemptions from the BAT
tnreshold are considered temporary and should be reviewed

when each effluent discharge permit expires. Therefore, the
Arny must clearly demonstrate that dilution to meet water
guality standards is required for this facility before a
discharge permit can be issued where dilution is used in

liecu of treatment to meet water gquality standards.

On page 215, it is stated that appropriate steps
will be taken to insure protection of aquatic life at the
water intake structures. No details of these structures
were provided, kut the design and location should conform tc
the recommendations contained in "Development Document for
Best Technology Available for the Location, Design, Construction
and Capacity of Cooling Water Intake Structures for Minimizing
Adverse Environmental Impact," EPA 440/1-76/015-a, dated
April 1976. Although the site for the proposed facility had
not been selected in the draft, the final should indicate
the selected site and provide more specific information
regardiny water intake and discharge structures, cooling
towers, stack locations and other similar environmental
: raktures.
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LETTER FROM: United States Environmental Protection Agency,

Washington, DC

DATED: 16 February 1977.

RESPONSE: Cover letter - No response required.

Comments from Washington Office:

1. General (Provide a summary chart of projected impacts).

A summary chart has been included as part of the
Executive Summary in the FINAL EIS.

a.

Endangered Species.

Item 1 (Are 'unique' species of fish and
molluscs in the Wabash the same as 'endangered"
species?).

As detailed in Appendix E, Volume 2 of the
Draft EIS, there are many aquatic species in
the Newport area that have been or could be
listed by US Department of Interior as
"endangered' or "threatened', or could other-

" wise be protected legally if Indiana enacts

endangered/threatened species legislation in

the future. Our desire to identify all "unique"
species that might be protected in the future
was occasioned by recent litigation regarding
construction of the Tellico Dam (i.e., after
plans for the dam were approved and money
appropriated, and after construction began,

an endangered fish was discovered making a
subsequent court injunction retroactive in

"effect). The statement on page 73 of the

Draft EIS is supported by detailed data in
Appendix E, Volume 2.

Item 2 (Impact on bald eagles at MNAD could be
severe even though, "... they presently co-exist
with depot activities.').

Additional data are also provided in Appendix E
on MNAD's wintering bald eagles that were

alluded to on pages 172 and 173 of the Draft

EJS. Although the eagles winter on the western
edge of the depot several miles away from the
site proposed for RDX/HMX construction, increased
human activity on the installation could con-
stitute an adverse impact. 1f MNAD is selected
as the RDX/IMX site, a strategy to avoid adverse
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tmpacts on the eagles will be evolved with
US Department of Interior and Oklahoma
officials.

h. Noise.

Item 1 (Show noise contour maps for each of the
candidate sites).

Noise impacts were predicted by measuring
ambient noise at each of the three candidate
sites, then superimposing noise levels from
operations at Holston Army Ammunition Plant
(the only producer of RDX/HMX in the US).
Because undesirable noise impacts were antici-
pated beyond the boundiaries of MNAD and MAAP,
the architectural engineering firm designing
the proposed facility was tasked to perform
another noise impact assessment based on the
actual equipment to be used in the RDX/HMX
plant (not on the Holston overlay). Their
conclusion was that all three candidate sites
could be made acoustically acceptable (i.e.,
noise would be abated to an Ly, of 55 or below
at the installation boundary), although the
MNAD site would require acoustic treatment and/or
relocation of certain facilities unlcss a waiver
of the limiting criteria would be allowved. A
copy uvf a report on the results of the acoustic
study with extra noise contour maps has been
sent to EPA for review, and the text of the
Final EIS has been amended to reflect the above
facts.

c. Solid Waste.

Item 1 (ldeatify the term "various sludges"
more clearly).

Various sludges produced in liquid wasie treat-
ment are difficult to define in detail at this
stage of design. The constituents of various
sludges can be identified in a broad sense by
matching process inputs in Appendix B with what
is removed in the treatment (e.g., see Table 2,
Appendix B on estimated removal efficiencies).
Our best estimates at this time of the .chemical
characteristics of sludges are as follows:
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e Sludges will originate from the gravity
separator, chemical coagulation, clarifica-
ticn, and biological treatment processes.
From primary sedimentation or the gravity
separator the sludges will consist of inert
solids, trace amounts of RDX, HMX, and a
small amount of organic matter., These
sludges are expected to be of low BTU content
with a moisture content ranging from 95 to 99
percent before dewatering. ‘

® Sludge produced by coagulation will be
primarily metal hydroxides of aluminum
and iron. These sludges will be of low
BTU content with a moisture content of
from 90 to 97 percent.

® Biological sludges will be produced from
the activated sludge process, nitrification,
and aerated nitrogen stripping. These
sludges will have a BTU content ranging from
5000 to 10,000 BTU per pound with a moisture
content from 95 tc 98 percent.

Based on the proposed system processes, all
sludges will be thickened and dewatered by

belt pressure filtration before incineration.
Moisture content before incineration will range
from 60 to 75 percent.

Item 2 (Air curtain incinerators are not usually
acceptable to EPA, especially for hazardous wastes).

Regarding the air curtain incinerator, perhaps
there was a misinterpretation of the term
"contaminated wastes'". Our definition includes
only explosives-contaminated wastes, not wastes
contaminated with pesticides, herbicides, PCB's,
heavy metals, or other hazardous compounds.

For handling explosives-contaminated wastes, an
air curtain incinerator is effective (explosives
burn at 200°F), and use of the device has
received tentative acceptance from several EPA
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regronal offices (one such incincrator 1s now

in operation at Radford Army Amnunition Plant,
Virginia). The text of the Final L1S (Sections
3b(7) (b)2c and d) has been modificd to reflect
recent decisions regarding disposal of materials
contaminated with explosives, and waste explosives
themselves. In addition, copies of correspondences
from EPA regional offices and other regulatory
agencies regarding use of air curtaln incinerators
at Army ammunition plants have been sent to the
EPA Washington office for perusal.

fvem 3 (The Army should be aware of Public Law
94-580 and several reports on hazardous waste
‘ncineration). .

We are thankful for the references on incineration
of hazardous wastes and on alternatives for
hazardous waste management, and are aware of the
provisions of Public Law 94-580.

Alr Quality.

Item 1 (Discuss the status of the proposed
project in terms of State Implementation Plans).

Final accounting of the RDX/HMX facility would
normally be handled in each of the three regions
as part of the state's permitting process, thus
an explicit point-by-point accounting is pre-
mature at this time. One state air pollution
agency did comment on their State Implementation
Plan in relation to the RDX/HMX plant. The
Indiana State Board of Health said (their com-
plete comments are printed in this volume of

the Final EIS), '"The NO, concentrations in the
[Newport TNT] site area, as predicted by com-
puter models, are in excess of the National
Ambient Air Quality Standard, and therefore are
not consistent with the Indiana Plan of Implemen-
tation; however, if the facility meets the
Federal New Source Performance Standards the
NAAQS could be met."” In response to this comment,
a telegram was received from Headquarters, US
Army Armament Materiel and Readiness Command,
Rock Island, Illinois; a copy of the message

was sent to the Air Pollution Control Division,

. Indiana State Board of Health. It states, in
part, "Prior to shutdown of TNT operations at
Newport, violations of air and water pollution
standards did occur. Although the TNT lines
are the new design, they were first generation
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and not constructed with air pollution
controls. Since that time, nitrogen oxide
controls have been developed for TNT lines

and were installed on the new TNT lines at
Volunteer AAP and Joliet AAP. The HQ, ARRCOM
policy is that prior to TNT line reactivation,
except in an extreme national emergency, the
lines would be retrofitted with the proper
controls."

At McAlester, the predicted non-compliance with
the 24-hour particulate standard as a result

of concurrent operations of existing facilities
and the proposed RDX/HMX plant will be mitigated.
The major contributor here is Plant B at MNAD,
and a project is now underway to design and
install particulate removal equipment utilizing
cyclone collectors and wet scrubbers with a
combined removal efficiency of 99 percent.

In gathering regional background air quality

data for ‘thc Draft E1S, we noted that several
pollutants exceeded standards in nearby metro-
politan areas. However, we stated that these
excesses did not accurately reflect prevailing
conditions at the three candidate sites which

are esscntially in rural areas. Representatives

of state air pollution agencies in each of the
states (John W. Gallion, Chief, Air Quality
Service, Oklahoma State Department of Health;

James W. Huyes, Chief, Engineering Program,
Division of Air Pollution Control, Tennessee
Department of Public Health; and Edgar F. Stresino,
Air Pollution Control Division, Indiana State

Board of Health) were contacted by telephone on

@ March 1977, and each endorsed the above philosophy.

Finally, the most difficult problem of non-
compliance with which to deal is that of
non-methane hydrocarbcns (NMHC). Our onsite

air monitoring program noted violations of the
3-hour NMHC standard at each of the three sites
(in fact, according to the Chief of Air Quality
Service for the Oklahoma State Department of
Health, this was the first record of MHC viola-
tions in that region of Oklahoma). Our difficulty
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in interpreving the severity of this violation
and especially in assessing the constraints it
might impose has been occasioned by a lack of
explicit guidance. We understand, and communica-
tions with each of the state air pollution
agencies (op. cit.) confirmed that the NMHC
standard is to be used as a guideline in interpret-
ing ambient levels of photochemical oxidant. In
our admittedly short one-month onsite monitoring
prograins, we did not detect a violation of ozone
standards at any of the three candidate sites.
Some regional ozone standards were exceeded in
urban areas but, as stated above, we did not
believe these were relevant to the rural sites.

The Larsen model also predicted ozone non-compliance,

but in the absence of corroborating data from the
field, we de-emphasized the mathematical predic-
tions. We also realize that in many, perhaps
even a large majority of the areas in the US,
standaxds for beth hydrocarbons and oxidants are
being e¢xceeded in very rural areas such as the
candidate sites for the RDX/HMX plant. Probably
many of these violations reflect transport of
photochemical oxidant and its precursors from
distant urban centers. In addressing this
potentially constraining circumstance, we
reviewed "Air Quality Standards; Interpretative
Ruling: Requirements for Preparation, Adaption,
Submittal of Implementation Plans' (Federal
Register 41(246):55524-55531, 21 December 1976).
Each of the state air quality officials contacted
(op. cit.) indicated their completc willingness
to achieve an squitable solution to siting the
proposad facility in their area considering the
rationale for NMHC standards, the recent interpre-
tative ruling, and the degree of control on new-
source emissions offered via permitting systems.

Item 2 (All air quality monitoring sites should
be documented).

As indicated in Section lc(l) (g) of the Draft
EIS, ambient air quality at each of the
candidate sites was defined on the basis of a
combination of an onsite monitoring program

and the results of long-term regional monitoring
conducted by local regulatory agencies. As
referenced in the text, annual state air quality
reperts were used to document the regional air
quality. In each instance the latest available
annual period was utilized. Background air
quality levels for each site location were dis-
cussed in terms of data available from these
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SITE
Newport, IN
McAlester, OK
Milan, TN

sources within roughly a 50-mile radius of

each candidate site. Many of the regionail

data within the study radii came from urban
monitoring programs (appropriate care was
exercised in utilizing these data to represent
conditions at the rural prcject sites, and
emphasis was placed on county-wide emissions
rather than point-source emission levels).

Data examined were of the five most commonly
referenced pollutants, i.e., sulfur dioxide,
nitrogen dioxide, carbon monoxidc, particulates,
and hydrocarbons. Background dispersion
meteorological conditions were also described
for each of the three areas. STAR (STability
ARray) data (which constitute a joint frequency
distribution of atmospheric stability class,
wind speed, and wind direction) were the best
source of data, and were used as the basic input
to the modeling analysis. The closest sources
of STAR data were Tulsa, 0K, Jackson, TN, and
Indianapolis, IN.

Item 3 (Provide a timce during which onsite air
quality monitoring was conducted, and provide
data on instrumentation and analytical procedures).

PERIOD OF MONITORING

23 NOV to 28 DEC 1975
30 NOV to 25 DEC 1975
16 JUN to 25 JUL 1975

The reason the Milan site was surveyed at

a different time is because it was added to

the list of RDX/HMX candidate sites much later
than the other two. Regarding instrumentation
and analytical procedures, comprehensive back-up
reports have been sent to EPA for their review.
We agree that due to differing seasonal patterns
observed with most air pollutants, a one-month
monitoring program cannot completely describe
the ambient air quality in a site area. However,
several circumstances are extenuating, one of
which is the severe cost limitation that would
be imposed by having to conduct field surveys

at each of the three sites for a year or more

to characterize not only ambient air quality,

but also ambient water quality and ambient noise.
However, some valid options and alternatives
were used to provide adequate information for
EIS purposes. First, existing data werc used

to the maximum extent possible. Second, by
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ern v, ng statistical confidence limits,
results of relatively short surveys can be

used to make long-term inferences within
reasonable bounds. For example, in the

Draft EIS on page 125 it was stated, ''Ideally,

a blast noise assessment should be based on

dats taken over a complete range of meteorological
conditions. Practically, such extensive measure-
ments are too costly and time consuming to be
feasible. In licu of such extensive measurements,
blast noise levels must be simulated by the use

of staristical models." Similarly, the US Army
Environmental Hygiene Agency at Aberdeen Proving
Ground, MD has recommended the following: "In
ordev tc adequately describe the variation in

air quality at any location, measurements of
specific parameters should be taken over a minimum
period of several months and preferably for at
least a year (Arthur C. Stern, Air Pollution,

2nd Edition, Academic Press, 1968). In order

to obviate this requirement, a statistical method
of predicting the geometric mean concentrations
will bc employed (R.I. Larsen, A New Mathematical
Model of Air Pollution Concentration, Averaging
Time, and Frequency, J Air Poll Control Assoc

18, 1969). A fundamental requirement of this
technique is the accumulation of sufficient data
to form a representative cumulative frequency
distsibution. The determination of the amount

of data required to form this frequency distri-
bution is made by following the procedure
described by Dixon and Massey (W. J. Dixon and

F. J. Massey, Introduction to Statistical Analysis,
McGraw Hill, 1957). The frequency distribution

is satisfactory if it falls within + 5 percent

of the true distribution at the 95 percent con-
fidence level. Using this confidence interval,
the required minimum number of valid samples is
740 per parameter sampled.”

Realizing that there are practical limits to
such a program {(e.g., a sampling period of

such short duration can be heavily influenced

by such phenomena as dust storms, heat waves,
and tornadoes), its use is nevertheless dictated
by the pragmatic considerations of time and
money. If the mathematical ground rules are
known, we believe such an approach has merit.
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In addition, fall and winter tend to produce

the highest frequency of occurrence of limited
dispersion conditions; these result usually in
the highest observed pollutant ground level
conditions for most contaminants with the possicle
exception of photochemical oxidant and suspended
particulates. Onsite monitoring was conducted
during this typically restrictive period at -
Newport and McAlester. The only reason Milan
surveys were done at the odd time was that this
potential site was added late to the list of
candidate installations. The data gathered at
all sites were in general agreement with most
local air quality data collected over longer
periods by regulatory agencies in nearby rural
areas.

Item 4 (Provide more data on "elevated inversions')

Comprehensive tables were used to ascertain the
height of elevated inversions in the vicinity of
each of the candidate RDX/HMX sites. The tables
provided listings of morning and afternoon inversion
base heights on a seasonal and annual basis. The
data in the tables are based on soundings taken

at the closest upper air station to each of the
three site locations (Oklahoma City, OK, Nashville,
TN, and Peoria, IL). These data are in excellent
agreement with the discussions on mixing height

for each of the three sites reported in the Draft )
EIS. The tables will be supplied to EPA if required.

Item 5 (Provide wind roses).

Wind roses in the form of joint frequency dis-
tributions of atmospheric stability class, wind
direction, and wind speed have been forwarded to
EPA for review.

Item 6 (The discussion on page 81 of the DEIS seems
to conflict with the choice of worst-case meteorology
for the nitric acid plant, i.e., stability C and a
light wind speed).

The discussion in the referenced paragraph is
quite general and was provided to give the
uninitiated reviewer an idea of the type of con-
ditions which could yield high ground-level
pollutant concentrations for various sources.
However, the actual definiticen of the worst-case
meteorological condition for each of the proposed
RDX/HMX sources, as well as the existing sources,
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was determincd by using the uair quality model
PIMAX.  This model (available to users from

EPA) provides the actual worst-casc meteorological
conditions for a given source's specific exit
charuacteristics. In this instance, pollutant
concentrations in slightly unstable conditions

and a light wind speed were predicted to be higher
than those which would be experienced under
ne:tral, very windy conditions. For another set
of source exit characteristics, this might not be
the case. In summary, we do not believe that the
referenced discussion conflicts with the selection
of stability class C for the nitric acid plant.

ftem 7 (1s one hour of field data in an SF6 tracer
study sufficient to verify the model for all
atmospheric wind stability conditions?).

If EPA inferrcd that only one SF6 test was done,
this is incorrect. As stated on page 191 of

the Draft EIS, a representative SF6 test and its
results were presented (te acquaint an uninitiated
reviewer with the procedure).

If the implication is that one hour's worth of
data cannot validate a model under all sorts of
atmospheric wind stability conditions, the
following discussion is offered. The Gaussian
modeling approach used by our contractor in the
ailr quality analyses represents a well tested
technique presently used widely in the industry
for such applications. The purpose of the SFg
tracer program was not to validate or calibrate
selected models. Rather the modest tracer programs
were designed to insure the reasonableness of the
Caussian approach at each site (i.e., to insure
that the limited relief at each site was not
creating an undue influence on the dispersion of
effluents). The example sited in the text of the
DEIS is indicative of the results of this analysis
and was portrayed to demonstrate the compatibility
of the Gaussian approach. We acknowledge that
much more field testing under a variety of
meteorological conditions would be required to
calibrate the chosen models. However, we did not
believe the UNAMAP models utilized in this analysis
required this level of validation.

B-23



Item 8 {Not enough speciflic information was provided
on cooling tower design}.

At the time the Draft EIS was prepared, only

the most rudimentary of data concerning cocoling
towers was available. For this reason, the
assumptions provided for an analysis of cooling
tower impacts were quite conservative. For
example: an assumed salt concentration in the
drift of 3,000 ppm is higher than expected under
normal operating circumstances; assuming a mean
annual plume height of 1106 meters was most con-
servative because drift droplets (especially

those of larger sizes) do not reach this height;
downwash effects were ignored; an assumed cooling
tower flow rate of 72,000 gpm was too high because
probably several smaller towers will be constructed
with a central tower having a flow rate of 40,000
gpm and nitric acid and acetic anhydride towers
totalling 17,000 gpm. As indicated by comments
from the Huntsville (Alabama) Division, US Army
Corps of Engineers later in this volume of the
Final EIS, cooling tower sizc, desigr, and place-
ment is still tentative. If, when final decisions
are madc, the probable impacts from cooling towers
are significantly different from those presented
in this Final EIS, then an appropriate amendment
to the EIS will be filed with CEQ and made 'available
for review and comment.

Item 9 (Our attention is invited to 40 CFR 60).
No response required.
Water Quality.

Item 1 (Will dilution be necessary to meet water
quality standards in the proposed RDX/HMX facility?).

The current guideline (BPCTCA) for nitrobodies
in effluents from munitions plants is 0.5 mg/l.
This level could be achieved in the RDX/HMX
wastewater treatment system without the final
polishing step of carbon adsorption. A com-
plicating factor, however, is that current
toxicological work being performed by US Army
Medical Bioengineering Research and Development
Laboratory might result in a new nitrobody limit



of 0.05 mg/i. Technologically, this rnaximun

value is achievable using a carbon adsorption
system or a particular ion exchange resin.
However, these processes have never been proven

on a large scale. Also, the technology is not

yet at hand to reactivate the carbon economically,
thus imposing a great cost on the process. Use
of fluw augmentation has been suggested as a
contingency to achieve nitrobody concentrations

of 0.05 mg/l, and the quantity of water that

would be required for this procedure has been

used throughout the planning stages. It is agreed
that dilution is the least desirable alternative;
it will only be used if technology is not
2concemically aschievable to reduce nitrobody levels
as dictated by results of the Army's current work
in promulgating data to establish standards for
allowable discharge concentrations.

stem 2 {i:ow will aquatic life be protected at water
i.cake structures?).

The design and loczition of water intake structures
will confurm to the recommendations contained in
EPA's April 1976 publication entitled, '"Development
Document for Best Technology Available for the
Location, Design, Construction, and Capacity of
Cooling Water Intake Structures for Minimizing
Adverse Envirconmental Impact'". These techniques
would be applicable only at the McAlester (Lake
Eufaula) site because the source of water at

the other two candidate sites is wells.

Item 3 (The Final EIS should indicate the selected
site and provide more specific information on various
features of the propnsed facility).

A "preferred alternative' has been selected and
published in the Final EIS. Master plans have

been developed for each of the three candidate
sites; these indicate locations of facilities

with potential impact on the environment. Detailed
plans and site drawings have been sent to EPA

for review.

EPA Region IV (Atlanta, GA) Comments.

a.

Water Quality.
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SUMMARY

RDX/HMX EXPANSION FACILITY

Draft (X) Final Environmental Statement

kesponsible Office:

HQDA, DAMA-CSM-P, ATTN: LTC Robert P. Gall/Telephone (202)694-4131
WASH DC 20314

l.

Name of Action: (X) Administrative ( ) Legislative
RDX/HMX Expansion Facility Environmental Impact Statement.

Description of the Action: The proposed action consists of
constructing and operating a large chemical/industrial complex
to manufacture the explosives RDX (Research Department Explosive
and IIMX (High Melting Explosive), and various blended products.
The Department of the Army is the proponent of the action.

This proposed action is required to expand the RDX/HMX pro-
duction capacity. The new facility will initially comprise two
RDX/HMX lines based on the current projection of mobilization
requirements; however, in order to satisfy requirements for
future expansion, the final site selected will be capable of
accommodating a total of four lines. Three sites have been
considered in detail for the facility: McAlester Naval Ammuniti
Depot 1in southeastern Oklahoma; Milan Army Ammunition Plant in
west-central Tennessee; and Newport Army Ammunition Plant in

west-central Indiana. .

Construction of the proposed plant, estimated to cost betwee
$372 2nd $386 million (1975 constant dollars), would encompass
about 5,000 to 6,000 acres but only about 20 percent of this
area would be cleared, grubbed, and graded.

Annual operat@ng costs are estimated roughly at $44 million
(two-line production) or $83 million (four-line production) with
payrolls estimated at approximately $9 million (two lines) or
$14 million (four lines) at mobilization levels. ’

Summary of Impacts:

a. Beneficial Impacts. .

The primary favorable impacts will be the provision of sub-
stantial short-term economic benefits to the area. During the
five-year construction period and during times of partial or
total mobilization, thousands of direct and indirect jobs would
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be created. These temporary influxes of money would lower un-
cuployment and would provide a considerable but transitory
stimulus to the regional economy (increase in local business
voiume, higher personal income, higher tax revenues, increases
in value of local real property).

b vdverse Impacts. (A summary sheet of adverse impacts and
mitigation measures 1is shown on pages 5-9 and S-100f this

Fxecutive Summary.)

{1) Impacts on Vegetation, Fish, and Wildlife.

Clearing, grubbing, and grading the 1,000 to 1,200
avres needed to construct the proposed facility would extirpate
ihe ecceological communities currently inhabiting the area. This
impact wouid be most severe at Milan and least severe at Newport
{hcre old buildings occupy most of the site).

At McAlester, intermittent oxygen stre~_ caused by
RDX/HMX effluent in the upper reaches of the discharge course
wonld reduce the diversity of invertebrates by temporarily elim-
1mating sensitive species; however, recolonization would occur
rapidly.

No impact is anticipated on current or proposed
cudangered/threatened species on federal or stute lists.

(2) Impacts on Air Quality.

The three-hour guideline for non-methanc hydrocarbons
-~ presentiy being exceeded 2t all three candidate sites.
lowcver, these excesses are inconscquential because the hydro-
carbon guideline is evaluated in conjunction with ozone levels;
these will be in compliance at all three sites, and project
hy '~ocarbon emission strengths will be insignificant.

Opceration of the TNT facility concurrently with an
Rbx/'MX Plant at Newport could result in a wviolation of the
annual NOp standard in a small area located mosily within the
installation's boundary. Abatement tecniques for NO, will be
tsvd to bring this emission into compliance if Newport is selected
as the site for the proposed facility.

Similarly, a projected particulate violation at McAlester
wuc to concurrent operation of Plant B with the proposed RDX/
HMX plant will be eliminated by installing cyclone collectors
und wet scrubbers on the Plan B exhaust stack (project .due for
completion tn 1978 ypraor to construction of RDA/. 'Y facility)



(3) Impacts on Water Quality.

Under certain conditions at McAlester, up to seven
miles of receiving streams could fall below the state standard
for dissolved oxygen due to discharge of treated RDX/HMX effluent.
These streams normally stop flowing during dry periods. Ths
reduction of dissclved oxygen due to the facility effluent
would have a relatively small aquatic impact due to the inter-
mittency of the stream flow. Also, under certain flow conditions,
violation of the Oklahoma sulfate standard would occur, but no
direct toxic impact is expected due to the sulfate violation.

(4) Noise Impacts.

The US Environmental Protection Agency has established
a maximum of S55dB(A) at the plant boundary as a long term goal.
Noise contours between 55 and 60 were projected to extend beyond
McAlester's and Milan's boundaries with the RDX/HMX plant and
existing facilities operating concurrently. As a result, arch-
itectural engineers have redesigned the proposed facility to
attain Ly, of 55dB at the boundaries of each of the propesed
sites. W

(5) Solid Wastes.

No serious solid waste disposal problems are antici-
pated at any of the three sites, although physical characteristics
of NAAP's soils would pose the most difficult problems in
efficient disposal. Clearing of vegetation during construction
will create the largest quantities of solid wastes at Milan,
and the least at Newport. Construction wastes and inert wastes
from operation of the RDX/HMX plant will be land-filled. Dis-
posal options are still being evaluated for explosives and
contaminated wastes but the technology is at hand to dispose
of these wastes in an environmentally acceptable manner.

(6) Impacts on Utilities.

Considerable amounts of power (about 5 to 6 million
KW-hours per month for two production lines) will be needed to
run the proposed plant, but local utilities companies in all
three areas affirmed that current generating capacity is adequate
to meet the demand.

(7) Seismic Risk.

Milan is in a seismically active region, and the
nossibility exists of failure, during an earthquake, of a
critical component in automated systems which govern parts of



the manufacturing process. Under worst case, this could

transit into an explosion. Critical syvstem comporents that
arce specially designed and constructed to resist seismic -
inzidents will be used if this site is chosen.

(8) Archaeonlogical Sites:

Two prehistoric sites exist at Milan, and one is
adjacent to the proposed construction site at NAAP. Adequate
Zrecautions will be taken to avoid these sites during new
~onstruction.

v9) Aesthetic Impacts.

The 3%00- to 500-foot steam plant exhaust stack wil!
ve vesible from afar, and will probably be displeasing to
~ome. The water intake structure at McAlester's Lake Eufaula
« uuld constitute an aesthetic impact to those using the area
fur recreation.

(10) GCooling Tower Impacts.

Impacts from visible plume, fogging and icing, salt
Jeposition, and augmentation of rain and snow are expected to
Be local and not severe.

(11) Socioeconomic Impacts.

Oscillations in employment levels as a result of
fluctuating demands for RDX/HMX products, constitute a poten-
tial adverse impact. It has been demonstrated that the exis-
tence of a major metropolitan area considerably softens the
blow of a base closure or cut-back on the surrounding commun-
ity. The Newport arca has a population roughly twice as
dense as Milan's, and three times as dense as McAlester's.
The comclusion is that McAlester's economy would be the most
adversely affected (higher proportions of unemployed and
welfare recipients, depressed housing market) during slack
periods in production.

The cash infusions into the local economies from
a mobilized four line RDX/HMX plant would account for 17.4
percent of the total annual business volume in the McAlester
region, for 4.9 percent in the Milan region, and for 3.8
percent in the Newport region. The higher the proportion,
the more dependent the region is on military dollars, i.e.,
t'we less diversified is its economic base.

Schools are the most crowded in the Milan region,
ard significant immigration could :ave an adverse impact;



this would be offset somewhat by receipt of federai impact
funds for children of federal employees (including construction
contractors), and federal school construction money (badly
backlogged, however). Also current school construction proj-
acts in the Milan region will alleviate local crowding and

will increase the enrollment capacity.

Alternatives:

a. No Construction.

This option would circumvent all adverse environmental
impacts; however, beneficial impacts would not be realized.
This alternative is not reconcilable with national defense
objectives.

b. Procure RDX/HMX Products from Private Industry or from Allies.

There is no commercial producer of HMX in North America;
RDX is manufactured in Canada but only in quantities sufficient
for that country's own use. -

¢. Stockpile RDX/HMX Products in Lieu of Building a New
Production Facility.

Stockpiling is quite costly because of needs for surveillance
and storage facilities, and costs of retrieval methods, inventory,
and deterioration of the products.

d. Construct RDX/HMX Lines at Holston Army Ammunition Plant,
Tennessee Where the Same Products are Currently Being
Produced.

Holston has insufficient space for construction of the
proposed plant because of existing and planned facilities.
Also, pollution problems at Holston would be exacerbated and
the stratcgic advantage of having two separate RDX/HMX plants
would be lost.

e. Construct a Series of Small RDX/HMX Plants as Opposed to
One Large One.

Most adverse environmental impacts would be 'diluted' among
several installations instead of being concentrated at one.
However, requirements for greater capital costs, redundant
support facilities, additional real estate, and multiple op-
erating crews make this alternative uneconomical.



f. Construct New RDX/HMX Production Facilities at Sites
Other Than MiTitary Installations.

No additional real property can be acquired by the
Lepartment of Defense unless property under the control
ocf other federal agencies is not suitable and available
for use. Public Law 94-212 precludes designing, procuring
caquipment, or constructing new ammunition plants except at
lucations where existing ammunition plants are being closed,
piaced in layaway, or where production has been curtailed.

g. Alterrative Sites Considered.

Thirty Army and Navy installations were considered for
the proposed RDX/HMX facility in an exhaustive site-selection
nrocess. From this process, the final candidates of McAlester,
Milan, and Newport were selected.

The detailed consideration of each of the three sites
-in this EIS represents the best possible analysis of feas-
ible alternative sites from an environmental viewpoint.

h. Reschedule (Delay) the Proposed Action.

This alternative would delay adverse environmental impacts,
perhaps long enough for development of new pollution abatement
measures. llowever, construction and operation costs would be
greutly inflated and delaying the project is not reconcilable
with the national defense objectives of expanding and diversi-
fying the RDX/HMX production base as soon as possible.

List of Coordinating Agencies:

Distribution List for Draft EIS for RDX/HMX Expansion Facility:

Assistant Secretary of Defense (Health § Environment)Washington DC

Officce of the Assistant Secretary of Defense(Installation §
Logistics)

Assistant Secretary of the Army (Civil Works)

Office of the Chief Engineer (DAEN-ZCE)

Assistant Secretary of the Navy (Research § Development)
Washington, DC

Chairman, Council on Environmental Quality

Environmental Protection Agency, Director of Office of
Federal Activities

Administrator, Region IV, Environmental Protection Agency,
Atlanta, Georgai

Administrator, Region V, Environmental Protection Agency,
Chicago, Illinois .

Administrator, Region VI, Environmental Protection Agency,
Dallas-Ft. Worth, Texas
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Candidate
Site__

McAlester

6-S

P iilan

RDX/HMX EXPANSION FACILITY
SUMMARY OF ADVERSE IMPACTS AND MITIGATION MEASURES

Environmental
Environmental Acceptable Unavoidable Acceptability Contingent
for RDX/HMX Facility? Adverse Impacts on These Mitigating Measure:
Yes 1. Clearing about 1,200 acres. 1. Successful wastewater
contingency plan.,
2. Disposal of large quan- 2, Abate particulates at
tities of solid wastes. Plant B,
3. Aesthetic impact of 300-500' 3. Possibly dredge upper
stcam plant exhaust stack. receiving channels o1
pipe aqueous wastes to
bigger drainages to
avoid flooding.
4, Highly unstable economic 4. Keep BODg below 4 mg/1
base will be created. in the effluent.
5. Stress on local public 5. Abate noise to 55dB(A)
services due to immigration. or below at the in-
stallation's boundary.
6. Water-intake structure will 6. Acquire right-of-way
impact on Lake Eufaula re- for 18-mile pipeline.
creational site,
Yes 1. Clearing about 1,200 acres. 1. Successful wastewater
contingency plan.
2. Disposal of large quan- 2. Avoid archaeological
titics of solid wastes. impacts due to reloca-

tion of test areca.



Candiaatc
Site

iewport

Environmental Acceptable
for RDX/HMX Facility?

“Yes

Unavoidable
Adverse Impacts

Environmental

Acceptability Contingent
on These Mitigating Measures

Aesthetic impact of 300-500' 3.
steam plant exhaust stack.

Moderately unstable 4.
economic base will be

created.

Moderate stress on local 5.

public services due to
immigration.

High loss of revenue due
to termination of agri-
cutural leases and loss
of timber production.

Clearing of about 1,200 1.
acres.
Disposal of large quan- 2.

tities of solid wastes
(especially difficult here
because of soil workability
and trafficability procltlems.

Agsthetic impact of 300-500' 3.
steam plant cxhaust stack.

\loderate loss of revenue due 4
te termination of agri- '
cultural leases and loss of
timcer production.

Possibly dredge upper
receiving channels or
pipe aqueous wastes to
bigger drainages to
avoid possible flooding

Abate noise to 55dB(A)
or below at the in-
stallation's boundary.

Use of equipment, es-
pecially critical
system components, re-
sistant to seismic
events.

Successful wastewater
contingency plan.

Use a multi-point
diffuser to mix aqueou-
wastes in the Wabash
River.

Bring TNT aqueous
effluents into NPDES
cempliance.

Abate INT-related NOj
air emissions to comply
with the annual standard



1. PROJECT DESCRIPTION.

a. Purpose of the Action.

This proposed action consists of constructing and oper-
ating a large chemical/industrial complex to manufacture the
explosives RDX (Research Department Explosive) and HMX (High
Melting Explosive). The plant will be a government-owned, con-
tractor-operated facility.

b. Description of the Action.

(1) Name of the Action,

The proposed action considered in this Environmental
Impact Statement is the "RDX/HMX Expansion Facility."

(2) Rationale.

Explosives for all of the Armed Services are produced
by the US Army, and products of RDX/HMY are used in various
munitions, Currently, the only ammunition plant in the United
States capable of procducing RDX/HMX is the Holston Army Ammunition
Plant (HAAP) in Kingsport, Tennessee, There are no major
producers of RDX/HMX-based explosives in private industry, and
planners do not anticipate that such a capability will be
developed in the future.

The Holston plant was built on an emergency basis
during World War II, and has been operated beyond its life
expectancy and design capabilities. It has had difficulties
recently in complying with increasingly stringent regulations for
pollution abatement. In the event of a war, the current
production facilities at HAAP could not meet mobilization
requirements for RDX/HMX products. Also, in the event of a milita.
attack, sabotage, or serious accident at }HAAP, the total US
production capability for RDX/HMX products would be immobilized.

(3) Products.l

The major product will be an explosive called
Composition B or "Comp B" which comprises 60 percent RDX
(cyclonyte), 39 percent TNT (trinitrotoluene), and 1 percent
wax; of these components, only RDX will be manufactured at
the proposed facility. The chemical formulas of RDX and TNT
along with a detailed description of production processes are
contained in Appendix A.



Composition B is used extensively as an explosive

in shells and bombs, and has improved qualities with respect
0 its original components. For example, it is more easily
exploded than TNT, but is less sensitive than RDX (the wax has
a desensitizing effect). Comp B has a high chemical and

;h{gical stability, e.qg., the cast explosive can be drilled

+irthout undue hazard. Also, it is relatively resistant to
lupact and is not exploded easily by heat or shock (it is
dectonated in the field by the shock of a primary explosive such
as tetryl or Comp A5. Other RDX blends that could be produced at
rua proposed facility include PBX N-6 (95 percent RDX, and 5
poxcent elastomer), and Composition C-4 (91 percent RDX, 5 percent
siasticizer, 2 percent polyisobutylene, and 2 percent process
©il); s=e Appendix A for details.,

The second major explosive compound to be manu-
L. tared at the proposed facility will be 75/25 Octol (75
percant HMX, 25 percent TNT), a special product which takes
advantage of the slightly higher stability and lower sensitivity
of MX (see Appendix A for details).

{4) Chemical Processes, Material and Other Requirements,
and Associated Pollutants.

The six major components of the proposed complex
will be: explosives manufacturing lines (two lines to be con-
structed initially with the capacity to expand to four if
necessary); feedstock production/preparation; steam production;
process support; non-process support; and materials receipt,
storaqe, and shipment. The interaction of these components is
shown in Figure 1, and a conceptual site layout is depicted in
Figure 2 (actual configuration of the facility will, of course,
depend on the site selected).

Proposed product mix per line per month will be as
follows:

Line No, 1 - 4,500,000 pounds of RDX used to produce
7,500,000 pounds of Composition B,

Line No. 2 - Any of three options:

o 4,500,000 pounds of RDX used to produce
7,500,000 pounds of Composition B, :- ot

o 682,50C pounds of RDX used to produce
750,000 pounds of Composition C-4, plus
475,000 pounds of RDX used to produce



MATERIALS RECEIPT, STORAGE AND SHIPMENT
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Figure 1. SCHEMATIC REPRESENTATION OF MAJOR COMPONENTS
RDX/HMX PRODUCTION FACILITY
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500,000 pounds of PR N-6, with th.
balance.of RDX used to nroduce Composition
B.

o 509,030 pounds of HMX used to preoduce
667,009 pounds of 75/25 Octol.

Therefore, the maximum output will occur when both
lines are producing RDX.

(a) Unit Operations,

Each exvlosive manufacturing line will consist
of a series of sequential operations from the synthesis of RDX
or HMX to packaging of the product. A system overview of the
production process is shown in Figure 3. A detailed description
of the chemical reactions occurring and the unit operations
involved is provided in Appendix A. The manufacturing sequence
will occur through the following processes, with each process
housed in a separate building (production figures are for two
lines):

1l Nitrolysis.
This is the synthesis of RDX and HMX by re-

action of hexamine (dissolved i? acetic acid) with ammonium
nitrate (dissolved in nitric acid) and acetic anhydride.

2 Filtration and Washing.

The products which formed in the solid state
will be separated from the reaction medium and washed with water.

3 Recrystallization.
, Products will be purified by dissolving in
the solvent cyclohexanone or acetone, then reprecipitated out of
solution.

4 Dewatering and Drying.

Water present will be removed by filtration,
and the products will be dried with hot air.

5 Incorporation and Packaging.
RDX and HMX will then be blended with other

components, and the final explosives will be casted, packaged,
and palletized,
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6 Recovery c¢f Acetic Acid and Cinemical By-
Products.

Acetic acid is used both as a solvent and as
a raw material (see the paragraph below on the synthesis of acetic
anhydride). Spent acetic acid will be recovered through a series
of chemical and physical processes and then recycled. Simulta-
neously, two marketable by-products, sodium nitrate (1,125,000
pounds per monthj and ammonia (125,250 pounds per month), will
also be recovered.

7 Manufacture of Acetic Anhydride.

Acetic anhvdride, one of the reagents requirc
for -he synthesis of RDX and HMX, will be manufactured on the site
at u rate of 340 tons per day. At this time, the manufacturing
process has not been selected. A candidate process (described in,
Appendix A) will use acetic acid as a starting material and will
require heating to high temperatures in a furnace. The furnace
will be heated partly with No. 2 fuel oil which would supply 68
percent of the energy (5,669 gallons per day required); a com-
bustible gas obtained as a by-product of the reaction itself woulc
supply the remainder of the energy requlred

8 Manufacture of Nitric Acid,

Strong nitric acid, one of the reagents
required for the synthesis of RDX and HMX, will be manufactured
on site at a rate of 179.5 tons per day oF 100 percent acid. One
of the basic reagents, ammonium nitrate, will also be prepared on
site by mixing ammonia with the nitric acid. A final process for
manufacturing nitric acid has not been selected at this time. A
candidate process (explained in Appendix A) would produce strong
nitric acid directly from the stepwise oxidation of ammonia. Thi:
process would require 30,6 tons per day of oxygen, which would be
procured.

(b) Utilities.

The requirements for utilities at the proposed
facility include water supply, electricity, steam generation,
and compressed air.

1l Water Supply.

When two manufacturing lines are operating,
an estimated 4,264,100 gallons of water per day would be needed.
A 100 percent contingency factor was established for the esti-
mated process water requirements for site selection criteria
purposes to insure sufficient water would be available. The

7



proposed action is to build two explosive lines exnandable ‘o
four. Thus, the total process water recuirement used as a site
selection parameter for the explosive complex was 18 MGD., Treat-
mant of incoming water and its utilization in the proposed
faollity are depicted in the water balance diagram in Figure 4.
Aft=ar removal of suspended solids in a clarifier, about half of
tne water input will be used as cooling-water makeup to compensate
for water losses in the cooling tower because of evaporation and
drsftr (airborne spray). The remainder of the water will be
£iltered through sand; part will then be directed without further
zreatment to the various process units, part will e demineralized
via Lon exchange and used as feedwater for the boilers in the
stear generatinag plant, and part will be chlorinated and used as
potable water,

Extensive study has been_give: to determining
watry reouirements for the proposed facility.l' 1 Since the
sUx/MX plant is not scheduled to operate until the end of
182% cr possibly 19%4, it is necessary to consider both FRest
Practicable Control Technology Currently Available (BPCTC2} and
cect Available Technology FEconomically Achievable (BATF2Z). The
cwrrent guideline for BPCTCA is 0.5 nmo/l for nitrobodics; this
level will be achieved in the proposed facility by the wastewater
treatment system, Current toxicity studies indicate that a new
guicdeline of 0.05 mg/l maximum of TNT will probably be established.
Technologically, this maximum value of 0.05 mg/l is achievable by
aa adsorption system using activated carbon or a particular ion
exchange resin. IHowever, dilution may be allowable as an option
1f the 0.05 mg/)l threshhold exceeds BATEA, especially with regard
to cost effectiveness. Thus, site criteria have been established
to provide up to 20 mgd of water (for four lines) to reduce 'I'NT
and other nitrobody concentrations in the event the more strinaent
nitrobody requirements are legally applicable when the plant
beromes operational. The total water requirement for the RDX/IIMX
expansion facility is thus 38 MGD.

2 Electricity.

Based on 720 hours of operation per month and
a 0.7 load factor, the maximum energy consumptions per month (kwh)
in operating two or four RDX/HMX production lines (excluding
existing loads) are estimated at (see paragraph 1lb(5) for a
description of the three candidate sites):

McAlester yilan Newport

Two-1line Consumption 5,836,000 5,967,000 4,910,000
Four-line Consumption 11,632,000 11,411,000 10,352,300
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These estimates, taken fror. <1+~ data

brochures dated 1 December 1976 prepared by tlce rpme Corps
‘0# 'ngineers (Huntsville, Alabama), include onsit: raw-water
pumpina reqguirements at each site plus offsite punj..ng require-

ments at McAlester,

Estimates of peak load demands (in MW,
excluding existing onsite loads) are as follows:

McAlester Milan Newport
pio=-line Peak Load Demand 11,58 11,84 9,74 .

#our--line Peak Load Demand 23.08 22.44 20.%4

Detailed itemizations of estima’ 25 of
ma cimuie enerqgy consumption and peak load demand at cuch site arve
centained in Volume 3 of this Final EIS in comments by the US
ame=r Fngineer Division, Huntsville, Alabama.

Power will be stepped down fror an incoming
high~voltage transmission line to 13,800 V at the central sub-
station of the proposed facility. Electrical current will be
2arcied by overhead distribution lines from this central sub-
station to transformers located in various substations that will
supply individual buildings or facilities. Service to any buildir
or facility classified as hazardous will be routed underaground.

Some components (such as the nitrolysis
building) will house processes where continuous operation would
be essential for safetv reasons., Therefore, these huildings will
be supplied with sources of emergency power {(provided by 30 lw
generators driven by 50 to 75 hp diesel engines located in each
building)} to maintain agitators, instruments, and other critical
equipment in the event of a power outacge.

_Ei Steam,

The estimated total steam requirements of
the proposed facility with two manufacturing lines operating at
full capacity is 475,000 pounds per hour. These requirements
should decrease by 10 to 12 percent during summer months when no
space heating would be needed. Three steam boilers (two on-line
and one standby) will be provided, each capable of generating
250,000 pounds of steam per hour at 475 psig and 750OF,

Low-sulfur coal (12,500 btu/lb, 10 percent
or less ash, and 542 tons per day required) will be used to’
fire the boilers. If low-sulfur coal is not available, a sulfur
dicoxide scrubber will be used., The boilers will be capable-of
con:ersion to firing with low=-sulfur No. 6 fuel oil.

o
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Coal handling and storage facilities include
a long-term dead storage facility with a 120-day capacity at
maximum denand, a live storage silo for service to the boilers
with a 16~-Aday capacity at maximum demand, and individual coal
hoppers for each boiler.

The steam plant will be provided with an
electrostatic precipitator to control particulates (fly ash}, anc
a stack for dispersion of effluent gases. Although no decision
has been made on the effluent stack, tpe following varameters are
typical of a steam generating plant ¢f this size (and have heen
used later in thls document to evaluate potential impacts on air
quallrv)

Stack Height 300 to 500 feet
Stack Diameter 10 feet
Flue Gas Velocity 100 feet per second

Flue Gas Temperature 500°F

' Major subsystems which are planned for the
steam plant are shown in Figure 5,

4 Compressed Air.

Compressed air. will be produced in a centra:
plant by COmpressors driven by electric motors. The quantity of
compressed air needed has not yet been determined., MNoise levels
1n01dent to the operation of this plant will comply with OSHA
—are—expected to be attenuated to acceptab

levels.

(c) Transportatlon, Storage, and Requirements"for
Raw Materials. |

Many materials, both solid and liguid, will bhe
transported to the proposed RDX/HMX' expansion facility. Alsc,
end-products and by-products will be stored and Shlpped from the
site. Thirty-day storage requirements hdve been specified for tl
raw materials and the utility materlals at the plant, and for th.
products manufactured. The sole exceptlons are coal (120 days)
and sodium nitrate (180 davs).

The amounts required to satisfy storage reqguir:
ments, the form purchased, the delivery mode, the delivery
quantity, the means of transportatlon, the ddys supply for
delivery, and the type of storage required are licted in Table 1
for raw materials (used in the .manufacturing proc¢ess) and in
Table 2 for utility materials (used for process suwnport).

11
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Maximam end-product storacre coincides with the
rwoihly production outputs detailed above. FRall c¢irs used o
ship finished products will be lcaded with 81,600 pounds per rail
car. The number of rail cars required per month, assuming full
production from two lines and no shipments by truck, would be 184,
Truck trailers used to ship finished products would be loaded with
43,200 pounds each. If no shipments were made by rail, the total
numbrr of trucks required per month for full production would be
347.

i special class of materials includes the raw
materials and products required for the construction of the RDX/
X facility. A preliminaxy ecstimate of these materials is
presented in Table 3. The estimate does not include materials
for construction activities accomplished outside the facility
such as may be required for electric power or water supply
lines,

(d) Disposal of Waste Products and Potential
Pollutants Generated.

i Wastewaters,

" Operation of the proposed RDX/IMY facility
will generate a large quantity of wastewater. A detailed de-~
scription of the composition of wastewater streams, the process
treatment units, and the treatment alternativc., i¢ contaired in
Appendix B.

Different types of wastewaters will be generatecd
by various production and process support units. tajor streams
and sources can be summarized as follows:

0 Processgs wastewater from the erxplosive manu-
facturing lines, the acetic acid concentratic
plant, and the acetic anhydride plant.

© Process washdown water from tho2 same units
mentioned above and from the nitric acid
plant.

o0 Heat-exchange wastewater which will consist
of condensates from heat-e::clange systems.

0 Blowdown water, i.e., part of the water
circulating in the cooling tower and the
boiler systems which is removed to avoid an
over-concentration of chemicals in the
systen,

13
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Table 1.

TWGC RDX/HMX PRODUCTION LINIS

REQUIREMENTS FOR DELIVERY AND STORAGE OF PROCESS-RELATED MATERIALS FOR

. { Sumber of Shids ! i Ret!l cars Musber Yotal Skid
3 Number of l or Pallecs Deliveny or Trucks of Skids or Pellet | Type of
)0-doy Storege Unita/ Required Quantiry Required/ !Cﬁ\’t suppis Fallets/ Storage Storage
Row Materiel Requirement Form of Purchase Pallet ' for Storage Delivery Mode per Vehicle Month 1per Deliver | Delivery ‘ Requirec Required '
" §
! ! ! |
Acetic ncid 25,800 1b Bulk i Refl or tonk cor ! 178 000 1b $.2 [Y l Tank tero
Acetone 36 838 1d Bulk : Ruad or tank truck 5 40,000 1b 0.9 3N i ! Tenk (arm .
Armonie 4,363,520 1b Buik ] Ratl or tenk car | 52,000 1b 3 9 0.4 E Tank form
Ceustic sods ! 2,613,520 1b Bulk | Rail or tank car S 128,000 t» 20.4 1 : Tank farm !
'
Copolymet 25,545 1b 50- to 55-1b ceftons 123 16 Rosd or truck t 36,000 1b 0.9 33 1 ' 21 Warehoute
i Cyclohexsnone 96,231 1b Bulk ! * Rail or tank car " 160,020 1b» 0.6 50 | ! ! Tank faram
1 ! !
Dloctyl edipate 41,952 1b Bulk ' 1 Koad or tenk truck 40,000 1b ' 1.0 30 i ' Tonk f{arm
Gelatine . 145 1b 240- to 320-1b drums | 4 1 Road or trurck 1,500 1% 0.1 300 1 H ! Warehouoe
:
Hexsmine 3,403,920 1b 50-1b bege .' 66 y 1,032 Rall or boxcar a%,600 1b 39.7 0.7 6 : 1,050 [ Nex, Fac
leabutyl ecetate 25,680 1b 390-th druma i “ ! 3] Road or truee 23,600 th .1 27 15 ' 32 " Warehouse |
: !
Magnesium oxide 8,800 1b 100-1b begs l n { H ‘ Rafl or bow-c 65,00 b ! 0.1 on 59 | 67 ' Warehouse |
Motor otl 11,581 1% 400-1b druns } 4 i 8 , Road or truck 4,000 16 0.3 60 15 2 ; Vgrehouse *
[ n-Propyl acetote 75,000 1b Bulk | Road or tenk truck | 40,000 lb | 1.9 15 ) Tenk ferm |
Platinum gaure 37.2 troy ot Rolle 1 I Afr and truck As ordered ! 0.2 120 i Vault - !
l Polyisobutylene 17,506 1b 75-1b bales ! 30 1 8 Road or truck * 37,000 1b ’ 0.5 60 146 A 21 Warehouse E
i Polvvinyl alcchol 670 b 50-1b bage |' 20 I 1 | Roed or trucy 1,000 ib [ : 42 1 f 2 Warehouse l
; Sulfurie ocid 95,702 1% Bulk 1 1 ; Refl or tank cor 180,000 1b I [\ | H1Y ! | Tonk tarm |
. ¢ '
P Toluene B,732 1b Bulk ) | Road or tank truck 40,700 1> | 0.2 | 137 l Tank tarm
I t
l Trietnv] phosphate | &L 620 1L Builk g I Rof]l or tenk cor 140,000 ‘o l c.) 93y ! Tank {arwm
TNT i 6,789,670 1b $5-1% cartons 3] i 2,340 Rall or boxcar 118 000 1n w9 1 0.6 H %8 ! 2,388 Magatine
. i ' | )
| ! $5-1> csrtens ' 3] T a6 00D tv ;170 1 [ 1 , Magerine
! : '
Uex, dessnsititing b 133,680 1b ' Au.s § Muse Av tams truew  s0.00C tn 3 9 . . Tonk farm
H 3 M0 Lr pallets , 1 67 II Ke't or noxcer L0000 1a 13 25 R1Y .23 | watehouse
1-1n p-ersoure 29! 6066 ft roenC e argor , (1N Rre. OF trute (LI I U ! o8 kD ] . ? warenause
sennitive Lope | v \ N
t .
. 1 in Permarel 15,626 ft b,480 fricerton , AN . H Head or truck 19 ,een 11 0.8 ! 3? i 1 i < l Wat ¢hous »
' Rope i i ) . , . H i
! i .
, No. & fiber carvon 250,000 es Lbd/pallet (Y 1] 521 ' Ratl or boxcer S & 3 T T nes : : I A 6% ! warehous:
%o « plain liners 230,000 eo 3.000/pol et 3,060 ' 84 H Roaa or borear :9n.ouo e l 1.6 n 60 N las Warehouse
Ne & pe.yrooted 10,000 ro 3,000 paltet l 1 000 | & Reou or truck S0 000 es o1 100 30 [' Y l Warehouse
liners .__1 1 !
- am - - - - e e e ra — e ——— - . o o - A J— -

——— . ———



Table 2.

REQUIREMENTS

FOR DELIVERY AND STORAGE OF UTILITY RAW MATERIALS FOR

TWO RDX/HMX PRODUCTION

LINES

Number of Skide —II Patl Cars ’ i Total Skid ! i
Number of or Pallets ! er Trucks Numbar of Skids | or Pellet ’ Type of !
30-dsy Storage Forw of Units/ Required | Delivery Required/ | Days Supply or Pallets/ Storege , Siorape {
Ueti4ty Materisl Requirement Purchaoe Pallet For Storage Deliverv “Mode H Quontity Month per Delivery Delivery Required | Rag.ired
( Alum, liqutd 237,500 1d Bulk Retl or temk car TIX0.000 113 . 2,2 1 16 1’7 -tTn\k farn )
i Aluointiun gulfoete 12,500 1» 100-1b bags 23 b Road or truck ; 25,000 1b i 0.5 ' 60 , 10 13 Warehouos i
| Celgon 5 000 1b 25-1b bage w0 5 Roed or truck , L T l 1 : 3 [ ilvuehoun H
' Chlorine, bulk 20,000 b Bulk Rafl or tenk car 1 110,000 ib : 0.2 i 165 ! | Tenk farm !
i Chlorine, cviinder 650 1b 150-1b cylinder B | Road or truck t 9 &yl i 0.% E 62 i Chlorine ohed E
Coal 13,006 tons® ! Bulk I Rai! or coel hopper ! 100 ton2 | 130.0 0.2 Conl vard [
Diecdium phosphate 1,000 1b 50-1ib bage 48 ; 1 Head or truck ’ 2,400 1b i 0.4 , 15 1 ? Warchoueoe ;
Fuel, dicoel 900 a1 Bulk i Road or tenl t-uck ' 2,500 gal i 0.6 : L} Tand
Tuel, gagoline 1,000 gal futk Rosd or tenk truck i 2.500 gal ! 0.4 l 73 i IT-nk ,
Fael ofl, No. 1 500 gl Bulk Rosd or tank truck } 2,500 gel i 0,2 150 . ' Tonk !
Fuel otl, No. 2 254,000 ge! Dulk i Rat!l or tenk car ‘ 20,000 gal ; 12.7 l 2 s { Tenk
Lime, hvdreted 4,500 1ib 50-1b begs kY ! 3 Rosd or truck ; 5,600 b E 0.8 ' 3; 3 9 ;\l-rehoun
! Lise quich 27,500 tb ! Julk Road or truck ; 45,000 1b ; 0.6 ﬁ 49 l isno
| Rock aalt, bag 4,500 1b ! 100-1b dags 30 2 Road or truck i 3,000 > ! 1.3 ! 20 | 1 3 { varehouse
:: Rock golt bulk 82,50% 1b . Bulk ll ] Rosd or truew | 45,000 1v 1.8 i 16 ' Brine tenk
; Sodtum sultote 1,07¢ 1b l 100-1b bage ‘ plo , L Road or truch ' B RN 3 0.3 | to0 ' 1 2 i Yarchouse
. turte acte soc 1n® ¢ : , i
sultu ac 93.90C 1» l i L i o ___L__ o i__________l_ S )

| s
[

e e e =

Fottamated for the olesm plant using 12,500 Brv cnol,
Thee quantity of sulfuric £cid o tncivded among the rou wmaterisls tn Table )

end ‘y-ther {nformotion will not be repestes in this teble




TABLE 3

rstimates of Requirements for Construction Materials
tc Build a Two-Line RDX/HMX Production Facility

ivem Units

Coagensa Cubic Yards
teinfos o ing Steel Tons
Srrucinral Steed Tons
Steel Sheet Tons
Sitgel Rail Tons
Mascary Mateiials Tons
Piping:

Ferrous l.ineal Ft/Ton

Non-lerrous Lineal Feet
Asphalt Paving Tons
Apgregate Materials Tons
Electrical Lineal Feet

Conductor

Production
Line Other Total
42,700 11,300 54,000
5,800 1,000 6,800
450 2,650 3,100
20 1,600 1,620
0 250 250
20 3,200 3,220

142,250/409  140,600/770 282,250/1,179

42,000 40,000 82,000
1,250 1,250 2,500
2,400 9,200 11,600

10,000 10,000 20,000
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o JIon exchange rinse water.
c Water treatment plant wastewater,

o Contaminated runoff, i.e., rainwater rlowing
over contaminated areas.

o Domestic sewage.

These sources and their estimated fleows were
shown in Figure 4 in diagram form.

Industrial wastewaters will contain a variet
of contaminants originating from different chemicals used in manu
facturing exnlosives., Illowever, blowdown water and ion exchange
rinse water will be the least contaminated, the former by anti-
corrosicn compounds and the latter by mineral salts., Domestic
sewace lines will not be combined with industrial effluents, and
will be treated in a senarate sewage treatment nlant,

Decontaminating the industrial effluents (tc
remove or convert the contarinants to less harmful compounds in
order to achieve environmental compatibility) will occur through
a series of treatment units shown in Figure 6 (their function an¢
operation arce describkel in Appendix B). This system is continger
upon firal design and is presented as a feasible approach to
achieve the required effluent quality.

The reduction in contaminants anticipated
using this pollution abatement scheme is shown in Table 4
(rOTE: The 0.02 level for nitrobodies is predicated on the use
of a "polishing" step after the sand filter using an adsorbent
(activated carbon or an ion exchange resin). lowever, as more
fully described in 1lb(4) (b)1l, above, an alternative option of
dilution is also being consldered.

In addition to the contaminants shown in
Table 4, heavy metals are also of concern; these can oriainate
1n the process from metal catalysts and from corrosion. HMetal
catalysts might be employed in the manufacturing processes for
acetic anhydride and nitric acid; however, exact compositions
cannot be stated because final processes have not been selected.
But metals are adsorhed by organic sludges, and the wastewater
treatment system suggested might be adequate for removinc excess:
amounts of heavy metals. Other modifications such as the additic
of lime to precipitate heavy wmetal hydroxides would improve the
effectiveness of the treatment if reguired.

17
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2 Air pollutants.
Major sources of air pollutants at the prvo- '

posed RDX/HMX facility would be the steam generatinag plant, tne
acetic anhydride furnace, the nitric acid plant, and waste
incinerators., Vehicular emissions would represent a minor bhuc
quantifiable source. The potential impact of these and other
sources are discussed in detaill in the section entitled "Impacts
on Air Quality."

a Steam Generating Plant.

The coal-firecd steam generating plant would
be the major contributor of air poliutants. 1Its heat input of 565
million (iMM) btu per hour classifies it as a "major source,"
subjact to both federal and statc standards. Before discharqe,
emissions would be improved by use of an eliectrostatic precipitator
for particulate control, tangential burners and possibly other
combustion-modification techniques for nitrogen oxides, and low-
sul fur coal for controlling sulfur oxides. Estimates of anticipated
emissions are shown in Table 5. :

The amount .0f sulfur dioxide shown on Table 5
was calculated from the combustion of a 12,500 btu/lb coal contain-
iny 0,78 percent sulfur assuming that 5 percent of the sulfur
dio:ide generated is absorbed by the ash, 2 Any cocal of signif-
icantly higher (greater than 1%) sulfur content or of lower heat =
input at the same sulfur levels would require control svstems for
sulfur dioxide,

b Acetic Anhydride Furnace.

This is the second major combustion source of
air pollutants. Sixty-eight percent of its heat requirements (36
M1 btu/hour) will be satisfied by use of No. 2 fuel oil, and 32
percent (17 MM btu/hour) by use of the combustible off-gas generated
as a by=-product of the synthetic reaction (see Appendix A).

The fuel oil mentioned is rated at 152,000
btu/gallon, and typical specifications mention a density of 33°
APL (7.16 1lb/gal), a sulfur content of 0.2 percent, and a maximum
ash content of 0.01 percent. Quantities of pollutants anticipated
are shown on Table 5; nitrogen oxide emissions were calculated
according to Danielson.

¢ Nitric Acid Plant.
The candidate process mentioned for nitric

aC{& manufacture produces strong nitric acid directlv, and federal
an-. state air quality standards might not apply. For example,



TABLLC 4

Components of the Influent and Effluent of the

RDX/HMX Wwastewater Treatment Plant (Two Production Lines)

Influent
water Quality Parameter* Lbs./Day  mg/1
CCD \ 4,851 253
BODg 3,329 173
Tytal Suspended Solids 2,113 110
i’ znd C.ease 72 4
Toecal Nitrogen 651 34
smmonnia {as nitrogen) 38 2
Nlitrates-Witrites 247 13
{as nitrogen)

Phosphates 66 3
Nitrohodies (RDY + a3 5

HMX <+ TNT)

*5lso pH of 6.0 to 9.0 (satisfied).

**Worst case with volume of contaminated storm runoff of

943,009 gallons as shown on Figqure 4.
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Effluent**

Tbs,/Day  mg/1
18.2 0.95
3.9 0.20
2.0 0.11
nil nil
20.0 1.05
nil nil
19.0 0.99
10.7 0.77
0.5 n.02



TABLE 5
Sources and Emissions of Air Pcollutants (Pounds per nay)
from the Proposed RDX/HMX Facility with Two Lines
Operating, Both Producing RDX*

Nitrogen Oxides

Source Particulates (as NO2) Sulfur Cioxide
Steam Generating Plant 1,355 9,485 16,064
Acetic Anhydride Furnace 4 240 162
ilitric Acid Plant - 538 --
Multiple~Chamber
Contaminated Waste 7 - -
Incinerator

Fluidized-Bed Explosive
Waste Incinerator** - — -

*Additional detailed data on emissions are contained ip the section
of this EIS entitled "Impacts on Air Quality," an approximation

of four-line emissions can be obtained by doubling the fiqures

in the table,.

**Data not available; see text.
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federal and Tennessee standards mention "weak ac. <" unly,
and the definition in the Oklahoma standard includes nitric acid
plants where a strong acid is obtained indirectly. Indiana has no
state nitric acid standard; thus, Indiana relies upon the federal
nitric standards. These circumstances are discussed in more
detail in the section entitled "Impacts on Air Nuality."

Perential NO, ermissions from the plant are shown in Tabhle 5.

g VWlaste Incincrators,

A multiple~chamber incinerator has heen
svoaested for disposing of non-explosive contaminated waste and
ontaminated sludge. Particulate control systems are available
0 reduce particulate emissions, and use of excess air should
«duce carbon monoxide emissions to neqgligible levels. Also,
~ivy small amounts of nitrogen oxides are expected -t the mod-
crate combustion temperature anticipated.

ot G

G oy

Use of a fluidized-bed incinerator has also
heen proposed for the thermal oxidation of explosive wastes,
This is a new technique for which no previous experimental data
«r® available, thus emission levels cannot be estimated. See
the secticn on solid waste impacts later in this document for more
discussion,

e Vehicle Emissions and Other Sources.

A reasonable estimate is that approximately
fourteen tractor-trailers, one train, and 700 to 800 automobiles
will enter and leave the proposed facility on an average working
day to transport supplies, products, and workers (sec Tables 1 and
2, and the section on transportation impacts). Met':ods of quan-
tifving emissions as provided by FPA4 could be used to quantify
cotential air pollutants, but factors in these computations are
exnressed in grams per mile and a definition of the area affected
1 required, The size of this hypothetical area varies with site-
s»ecific meteorological factors and distance traveled by the
vehicles; a detailed discussion of assumpticons used in predicting
erissions due to these sources is presented later i1n "Impacts on
Air Ouality."”

Additional potential sources «f air pollutants
are ecxplosive manufacturing lines, storage tanks for volatile
compounds, and fugitive dust. Controls on those hard-to-quantify
eriissions will be: scrubbing for the explosive manufacturing
lines; vapor-recovery systems for storage tanks containing
volatiles; and wetting and strict housekeeping for fugitive dust.

3 Solid Wastes.

Theaproposed RDX/HMX facility will require
a maximum of 5,000 to 6,000 acr?s of land, but onlv about 20

"
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percent of this area will be cleared, grubnbed, and a:aded (the
remainder of the tract will be utilized in buffer or safety zones).
Solid wastes during construction will be generated i~ the form

of cleared vegetation plus rubble such as bricks, concrete, metals,
nlastics, wood, and scrap. Other debris will be generated as 2
rosult of asphalt or concrete production and placement, build!nao
temporary roads, and constructing the components of the facility.
The quantity of these wastes is difficult to estimate. Tor
e:anpie, the amount of cleared vegetation will depend orn the :.%2
selectred for constructicon. Decisions on varicus design opticus
Leine considered now would also influence guantities of solid
rasles.  Amounts could vary because of weathexr factors, explicit
construction contract specifications, safety constraints {e.q.,
Lailding in a seismically active zone), and other considerations,
I'n:evey, a general estimate of the total quantity of solid wastes
te be generated during construction is as follows:

Concrete waste products 3,000 cubic yards
Waste masonry material 160 cubic yards
Asphalt paving 1190 cubic vards
Aggreqate material 70 cubi~ vards

All of the above quantities wou’ ! se anticipated
at aav ! the sites, Waste materials from clearino and grubbing will
be site-specific depending on the quantity of vegetation to he re-
noveld; ¢stimates are as follows:

McAlester NAD 160,000 cubic yards
Milan AAP 390,000 cubic yards
Newport AAP 60,000 cubic vards

The maximum amount of municinal-type solid
vastes anticipated during construction is about 5,600 pounds
per day assuming 4.5 pounds per capita per day® multiplied by a
raximum labor force of 1,250 workers in the third corstruction
vear {see Table 7).

Types and quantities of solid wastes asso-
cracted with normal operation and maintenance of the proposed
UE/1Y facility were provided by personnel from the architectural
enqg:inecring firm designing the plant based on what they believed
‘vre reasonable gquantities to be expected from *the nev facility.
Thiese are summarized in Table 6.

Small amounts of waste explcsives will
i'Tovbably accumulate during processing operations; these will be
co]lectgd and placed in containers for daily disposal. Larger
quantities will also be generated during cleancut operations, and

Wou © be removed immediately from the site for dispn-al.,
X Contaminated wastes includ: tnc.. ma*erials
that 1ave come into contact with explosives or oth-r c.ermicals,
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e.g., soiled explosives boxes or box liners, dun- ac -, packing
materials, clothing, chemical bags, and demolition waste. Non=
combustible contaminated wastes include pieces of machinery and
nrocess equipment that would have to be “"burned out" for de-
contanination prior to disposal or recovery.

Inert (non-explosive) wastes would include
office and cafeteria refuse, uncontaminated wood and paper packing
na.2v_als. glass, shop wastes, and others generallw from non-
nrGeesEs areas,

{5) Candidate Sites.

The proposed RDX/HMX production facility will be
conl’ ructed at one of three candidate sites: McAlester MNaval
smmuaition Depot (MNAD) located in Pittsburg County in
ssutheastern Oklahoma; Milan Army Ammunition Plant (¥AAP) located
in Givson and Carroll Counties in west-central Tennessec; or
Newrort Arny Ammunition Plant (NAAP) located in Vermillion ZCounty
in vwst=central Indiana. The rationale for selecting these three
prospective sites is summarized in section 4a ("Alternative Sites
Cont idered™) of this document.

fa) MNAD,

Pittshura County, Oklahoma comprises about
869,000 acres in southeastern Oklahoma. The counity is bounded by
the South Canadian River to the north and the counties of Haskell,
Latimer, Pushmataha, Atoka, Coal, and Hughes in a clockiise
fashion fror the northeast. The city of McAlester (the county
seat) 1s in the center of Pittsburo County, and is located only a
few niles northeast of the main entrance gate to MNAD. The
NcAl2rster Naval Ammunition Denpot occupies 44,960 acres and is
situated generally between State Route (SR) 31 to the north, SR 69
to the east, and the county line to the south and wvest, Fiqure
7 srows a general man of the area.

Construction plans for each of the three sites
are tentative - thev will be finalized when a site is selected,
A vropocsed construction lavout at 'PIAD is shown in Fiqure 8; the
site is locatad on the east-central boundary of the installation.
In orcder to supply industrial water to the pronose? facility, a
mipeline would be constructed from Lake Tufaula (about 12 miles
northeast of MMNAD). The proposed route of this waterline and
relevant endgineering dimensions are shown in Fiqures 9 and 10,
re.pectively.

(b) IAAP.
This ammunition plant lies p2rrly in Tibson

County and partly in Carroll CouUnty in west-central Tennessee,
Gihison County, encompassing an areca of 388,480 ac-es, is hounded
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TADLE 6
Solid Wastes Anticipated from the Proposed RD¥X/HMX

Facility with Two Manufacturing Lines in
Operation, Both Producing RDX

Amount Per Day

"vpe of Soulid Waste (Dry Weight)
Exploéive Waste 1,500 1b.
Contaminated Waste 8,000 1lb.
Contaminated Sludge 2,000 1lb.
Coal Ash 54 tons
Incinerator Ash ) 1,000 1lb.
Other Non-Ash Inert Jastes 6,000 1b,
Sewaa.e Sludge 190 1b.
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Staie Planning Services @
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o1 State of Indiana

. donovernor A ot f

RUBLRT U ORR T

Director

143 Wes! Market Street
indianapolis. Indiana 46204

(317) 6334348 COMMENTS ON RDX/HMX EXPANSION
FACILITY DRAFT ENVIRONMENTAL IMPACT STAT: 37
AND
STATEMENT OF SUPPORT OF THE NEWPOR! .
INDIANA SITE LOCATION

The State of Il.diana through its State Planning Services hgency 1s submitting

the following comprehensive review comments and statement.

Revicy lrocess
The following major State Agencies reviewed the Dra*®: fnvironmental Impact

Statement and their comments are included in Appendix.

Indiana Department of Commerce
Indiana Department of Natural Resources

- Indiana State Board of Health

- Indiana Department of Civil Defense

- Indiana State Highway Commission

- Indiana State Planning Services Agency

In addition, comments from two Regional Planning and De.~ -nent Commissions
covering the proposed site location are submitting comments included in Appendix.
Region IV Development Commission

Pegion VIT - West Central Economic Cevelopment District
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The comments can be summarized by the following statement:

“The proposed construction and development of the RDX/HMX facility in Newport,

Indiana will not have any adverse‘environmental impact for the environment

and the socio-economic structure of the area. It will have a positive

impact on the economic structure of the area which will provide for the

improvement of the quality of li1fe, and creation of a lasting economic benefit

for the local economy "
Aralys .-

ln general, ail comments on the Draft Environmental Impact Sts:i: 'ent coming
from the State and sub-state agencies are positive with respect to the location of
the proposed project at the Newport, Indiana site., Some suggestions are presented
reldatiry to the development of the final Environmental Impact Statement which, it is
hoped, will be useful to the Department of the Army. Also a few concerns were raised
which mey not have been addressed in the Draft Environmental Impact Statement to the
extent vhich would satisfy final site location considerations but which do not
prossat serious problems. In any event, however, no objections are offered by any
party included 1n this review to the location of the “NX/HMX Exparsion Facility at

the hewport Army Ammunition Plant. In fact, there is aeneral szce~d that the location'

wou' . be desirable for such a facility.

"he Department of Natural Resources and the State Board 2f ileath

Speak to Environmental Considerations

+ enartment of Matural Resources indicates that there wou.d Lo L v ,rificant

damages to fish, wildlife, and botanical resources at the Indiana s1te 1 f the proposed
plan 15 implemented as expected and much less than at either the Cklabcma or

Ternessee sites. The Department of Natural Resources expressed some concern with

the emission of salt from the cooling tower And indicates the need for munitoring
poss*! 'e damage. It is also noted that there is several local wood using 1ndustries

availe. 'e to utilize whatever wood fibe resource may be taken out during construction.



It 1s pointed out that recreation facilities and opportunities in the area of the
Newport site is not as abundant as the Draft Environmental Impact Statement
indicates and that any population migration into the area could Y.nd to stress o
the part and outdoor recreation system in the area but would not significantly
impact on State recreation properties. As will be noted later n this report, .

hrw oo, o~ o Vusis of the Indiana candidate area reveals litt'e or no in-migration
would occur l

The State Board of Health comments are from that agencies' divisions of Air

poitution Control, Yater Polluticn Control, and the Solid Waste Management Section,
and ilater Supply Section. The Air Pollution Control Division noted that NO?
concentrations in the plant site area, as predicted by computer wodels, are in

psiess 0f the National Ambient Air Quality Standard, and therefore are not consistent
with the Indiana Plan of Irplementation, however, if the facility meets the Federal
flew Suurce Performance Stardards the National Ambient Air Quality Standard could be
met. The Water Pollution Control Division states that by July, 1977, under a revised
waste Joad allocation, there should be sufficient capacity in that section of ti:
Wabash River that would receive effluent from the existing and proposed plant to
comply with the 1933 réquirements of Best Availahle Technology. Local commercial
landf11] operations ma. be inadequate to accomodate wastes that could be generated
but snil types in the “ewport site area and existing engineering technology are such
proper solid waste disposal arrangements could be made. Ground water is adequate to

satisfy the future exp.ision requirements. The State Board of Health concludes that

1t - no objection to the preposal under review,
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The State Highway Comrission, the lepartment of Comnerc.,

the Department of Civil Defense, and the State Planning Services Agency

generally commented on matters of economic and social concern

ihe State Highway Commission states that the improvement of State Road 63

which swrves the immediate Newport site area will provide a four lane divided
nighway which would connect the Mewport Army Ammunition Plant with two of Indiana's
interstate routes, (I-74 on the North and I-70 on the South), thus providing an
¢d2quite transportation cooridor to serve the proposed facility. Uith this
improvesent the Comnission finds that the establishment of the new RDY/HMX
€zpansion Facility would have no adverse effect on the existing «: ' p,upo<ed

transportetion facilities in the area.

T Department of Commerce comments reveals that the Newport o.:a appears to

be abir to meet labor requirements called for by the proposed proje~t and fill all
anticipared jobs without significant in-migration occurring. The economic benefits
which viuuld dacrue tend to counter possible economic costs - of which the negative
busine.. and investment impact probably would be minimized due to the proximity to
large uiban areas. Housing should provide no problem with more than enough standérd
vacant units to meet the need. Potential effects on other externalities in the
‘ewport renion including education, transportation, law enforceﬁent, fire protection
nd hecith care pose no fore-seen problems. Please refer to the attached paper
developed by the Indiana Department of Commerce entitled "Economic Impact Estimates"®
for further information aboutthe above summarized remarks.

Ine Department of Civil Defense, while pointing out some things which the Final

Envirormental Impact Statement should address, does indicate that the proposed Indiana
site location is not now located in a High Risk Area as per Defense Preparedness
Agency Technical Report (TR)-82. The area could become a Category II High Risk Area
aloug with the Indiana Army Ammunition P]gnt at Charleston and the Crane Nava!

Weapons Support Center in Martin County at such time as the propose.d facilrty becomes

operational and possibly before that date.
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ine State Planning Services Agency nas statutory reSponsibi]ify to coordinate

state planning efforts. This agency is also responsible for State p]aﬁning in
certain areas to include land use, housing, and related concerns. This agencies'
comments confirm that made by the Department of Commerce»that housing is adequate to
fulfill projected demands. In the area of land use concerns, there are no serious
negative impacts resulting from the project location at the Mewport, Indiana. Land
is available and suitable for construction of the proposed facility. The area has
the ability to support any increased demands due to additional employment and resultant
demands on public services, From available data, it appears that the Indiana cite
is better suited for the proposed development than either of the alternate sites.
Aesthetically, the HNewport site affords natural buffer zones to shield existing
residertial areas. Existing and proposed transportation is adequate to meet needs
and existing rail access to the Newport Army Ammunition Plant is excellent. The
reader is referred to State Planning Services Agency Comments in Appendix.

The above ndarrative serves to surmarize state agency A-95 Review corments. The
comments made by the Regional Planning and Development Commissions are to be
submitted separately through the State Clearinghouse but are in accord with State
Agency responses and concerns raised by these Cormissions are generally addressed by
the various State Agency comments. The Reciona! Planning and Development ‘Comnission

responses are included in Appendix A, however, for ease of reference.
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SUPPORTING STATEMENT ON BEHALF OF THE STATE OF INDIANA

Indiana is in the heart of the midwest industrial area. This area has lony
provided industry with a strong labor force, food for the table and adequate
shelier. lowever recent trends in the national economy have provided a surplus in
two of these elements, labor and housing in west central Indiana. Like the rest of
the nat'on, the area around Newport Indiana can supply a variety of labor skills for
any new industry that may establish itself in the area. Construction and maintenance
persunnel, blue collar factory labor, clerical and transportation wnrkers to name a
few. There 1s a great variety that would be available for the KDX/HMX facility. This
fabor torce has always been commuting labor force, to industrial centers such as
Terre itaute, Lefayette and the other smaller communities in the area. Surveys have
1! cated that there is in this same area, an inordinate supply of a variety of home
sty’es avaiiable, both for sale and rental, resulting from families who have left or
are waiting to sell their homes so that they may move closer to sources uf rew
e ., ent,

"ne economy of this area will be enhanced, not only through the salaries recaived
‘roi the new industry, but alsc through the expansion of local businesses brought
about by the new money in the area.

In addition there are many educational and social amenities associated with
the arca. There are three major universities within commuting distance of Mewrort
at which new or long term residents may take advantage.

The draft EIS evaluates the proposed sites for the RDX/HMX Expansion facility
in Vight of eleven Impact factors: Impacts on the fish, wildlife and vegetation;
Impacts on air quality; Impacts on water quality; loise Impacts; Solid waste Impact;
e .5 on unilities; Seismic Ricks; Archaeological sites; Aesthetic Impacts; Cooling

+wer lmpacts; and Socialeconomic Impacts.
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'n order to more accurately assess the benefits of locating the Expansion

facrlaty

at the Newport site fhe statement will address the Impact factors as they

affect each of the proposed sites. Following that discussion a summary will be

provided

ovarenma,

that addresses the shortcomings of the HNewport site and how they can be

the Drart EIS.

Tlearing, grubbiny, and grading the 1,00 to 1,200 acres necaed to

construct the proposed facility would extirpate the ecological communities
currently inhabiting the area. This impact would be most severe at Milan

and least severe at Newport (here old buildings occupy most of the site).
Further in the text of the Draft EIS it is acknowledned that the construction
and operation activities at NALD would not affect any legally protected
terrestia (plants or animals). '/hile at the MNAD site there was a
possibility that the scarlet snake would have to be cleared from the Srea.

At MAAP the Coppers hawk or the sharp-skinned hawk might be Impacted.

Inpacts on Air Quality

In terms of Air Quality, Itilan Tennessee appears to be the most favor "le
site. tiowever, at the Mewport site there is only a possible violation of the
annual LOZ standard and that could be corrected with the use of abatement

techniques,.
Impacts on “ater Quality

At the McAlester site, under certain conditions, up to seven

miles of receiving streams could fall below the state standard

for dissolved oxygen. Also violation of the Oklahoma sulfate
standard would occur.

The big problem at Milan appears to be the present water supply
with the existing wells providing 7 130 and The Expansicn fucility

reguiring 38 MCD,
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Iv.

fhere acpears to be no significant Impact on w.- = ..aty at
the Hlewport site.

Noise Impacts

The summary statement states, "The US Environmental Protection
Agency has established a maximum of 55dB8{A) at the plant boundary

as a long term goal. Noise contours between 55 and 60 are projecteu
to extend beyond McAlester's and Milan's boundaries if the RDX/HMX
plant and existing facilities operate concurrently. Since noise
levels up to 65dB(A) are acceptable for military housing, this im-

pact is considered minimal."

Solid uastes

"No >e-10us soiia waste disposal problems are anticipated at any of
the three sites. Clearing of vegetation during construction will
create the largest quanities of solid wastes at Milan, and the least
at Newport. Construction wastes and inert wastes from operation of
the RDX/HMX plant will be land-filled. Disposal options are still

being evaluated for explosives and contaminated wastes but the tech-

nology is in hand to dispose of these solid wastes in an environmentally

acceptahle manner,"

2 pacts on_Utilities

Considerable amounts of power (5,600,000 K4-hours per month for
twb production 1ines) will be needed to run the proposed plant.
but local utilities companies in all three areas affirmed that

current generating capacity is adequate to meet the demand.
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Seismic Risk

Guth the McAlester and Newpo-t sitos “dy wi o N AN
mner damage area. However, the Hilan site is within a Zone 3

or major damage area, MMVIII and larger. The Milan site is in a
seismically active region, and the possibility exists of failure
during an carthquake, of a critical component in the eutomated
systems.

n suonary, a careful evaluation of the seismological settings of
the three candidate sites and of data presented in Appendix D
indicate that MNAD and NAAP have very similar, and iow, seismic
ricks; i.e., the probabilities of seismic events of various in-
tensities occurring in the future at these two sites is almost

the «ro As for the Milan site, the seismicity ard hence the

* i3k 1< nuch higher than the other %..0.

arcnc ngical Sites

o orpacts are anticipated on historical sites’or cemetaries at
any 0° the sites. The cemetary within the safety zone of the pro-
posed facility at MAAP will not be ccmpromised.

At NAAP, there is evidence via field surveys of a prehistoric vil-
lage just northwest of the propcsed groduction area. At MAAP, re-
location of the burning Qround and demolition ground would impact
adversely on known archaeoclogical sites. However, Milan has a FY78

construction project to erect a contaminated waste incinerator and
~r2losive waste incinerator.

"hese incinerators will make relocation of the burning and
demolition grounds unnecessary. These incinerators will be located
in such a manner that no nistorical or archaelogical rescorces

AR impacted."
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XI.

sthetie Impacts

-stﬁe:'ca!iy speaking, the Newport site ajpu24ars t, ©nest
hape since it is completely developed. At McAlester the water-intake
structure at Lake Eufaula could constitute an aesthetic impact to
those using the area for recreational purposes. And at Milan, the
wood lots would have to be removed.

Coding Tcwer Impacts

Impacts from visible plume, fogging and icing, salt deposition, and

:grentation of rain and snow are expected to be local and not severe.
lowever, at McAlester visible plumes of lenath over 1-2km will occur
with a fraquency of less than 1o hours per year. In other words.
visible fog plume will be contained within the boundéries all but 10
hours per year. At Milan, the same situation is expected to occur.
There is no expected visible plume beyond the boundaries at the
Newport site.

Social lconomnic Impacts

The summory statement for the draft EIS impertantly takes note of the

fact tr.L from a socioeconomic standpoint leuport appears to be the

pest site,

"Perturictions in employment levels constitute a potentia! adverse impact.
It has been demonstrated that the existence of.major metropolitan area
considerably softens the blow of a base closure or cut-back on the sur-
rounding community. The Newport area has a popuiation roughly twice

as dense as Milan's, and three times as dense as McAlester's. The

conci - un is that McAlester's economy would be the most adversely af-
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‘ected ‘Ngher proportions 6f unemplioyed and welfare recipients.

jepre  « housing market) during slack periods {n - . uction,

The cese infusions into the Jocal economies from a mobilized four

Yine RDX/HMX plant would account for 17.4 pe}cent of the total annual
busiress volume 1n.the McAlester region, for 4.5 percent in the Milan
regicn, and for 3.8 percent in the Newport region, The higher the
prupoir:ion, the more dependent the region {is on militar: dollars, f.e..
the less diversified its economic base.

Stho0ls are the most crowded s the Milan regfon, and significant
Wimigre®ion could have an adQerse impact; this would be offset somewha:
by re.cipt of federal impact funds for children of federal employees
(ir-1cding constructfoﬁ contractors), and federal school construction
mor 2y {badly backlogged, however).™

Being that the socioeconumic aspect is so important, the next ceveral
parzgrzphs devote attention to.the benefits of the Newport site,

' ‘or requirements for operation of the RDX/HMX fdci1it; with two
pridcciions lines is 768 workers and 1,132 workers with four ﬁréduction
lirzs. The Newport area appears to be able to fill 211 anticipated jobs
witlout significanf imigratioﬁ occurring. The Newport area h%s 9.4% of
the fz:31lies below the poverty level: on an absolute basis tﬁere are
6,512 Tamilies below the poverty 5eve1.

Hoisirg should provide no problem. Assuming that the cuomplete +ork
furze curing the highest year of employment (1,250 workers in 1981} had
to st2in new housing or of the four line mobilization work force {1,132
englcs=es) had to obtain new hous%ng, there would be more than enough
st:1czrd vacant units (4,700 in NAAP) to méet the need. This does not
inciLz> the projected secondary jobs, but since in-migration would be
mi-*721 this should present no problem.

lv2:7 schools in Indiana would receive a bonus because new ru'ings on
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impact funds can be distributed only in school districts located in

the same state as the federal property: I1linois schools would not

benefit. Again the limited in-migration will dampen the possible effect

on local schools. The close proximity of excellent four year colleges

and rechnical schools provides a positive impact in maintaining a skilled

werk force.

rate Highway 63 provides the main access to the Newport site for

yahicular traffic and the current Volume/Capacity ratio indicates use

at 2% of capacity: In the peak construction year it is estimated that

thare would be 833 additional vehicles that could be expected and 755

additional vehicles during production with four-line mobilization. No

problem is foreseen with respect to vehicular traffic except potential
traffic congestion ét the site due to lack of park facitities. Car

pools and busing workers would however alleviate this problem. Locational

factors are also important with respect to transportation. The Newport

facility is strategically located with respect to other important supporting
“facilities. Close qeographic proximity to the Naval Ammunition Depot at

Crane Indiana, the Army Ammunition Plant at Charlestown, Indiana, the Indiana

Ordinance facility at Connersville, Indiana and Jefferson Proving Ground at

Madison, Indiana‘should provide significant transportation cost savings as

well as important time savings.

No law enforcement, fire protection or health care problems are foreseen.
Additional staffing will be necessary and increased commuter traffic may increase
pressure on local police agencies; again this problem is minimized by the anticipated
1w immigration into the Newport area. In the NAAP area there are 9.6 hospital beds

1,000 people and one physician for each 1,122 persons. These ratios are not

expected to change significantly at the Newport site.
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“e Mo, region has many ouldud. 20recfion poss. w5 nlus tne
‘ ALy Lo targe urban area§ provides possibilities for many culturat pursuits.
in summary of the eleven Impact factors used in the evaluation of the
proposed three sites the Newport area has a clear advantage in seven 0* the
Impact factors Of the remaining four factors:
A. A1l sites are capable of providing the needed utilities,
B. Newport and McAlester are both within a favorable area as far as
seismic is concerned;
C  HNoewport weuld need to use abatement techniques to control the NO?
standard, the cost of such projects will be minimal;
P There 1s evidence of a prehistoric village just nortnwast of the
Mewr~ -+ <ite. However, that village is not within the proposed
G v, and;
~nadaditional consideration is i1ntroduced in the corments of Regioh :Y
Planning and Development Commission which reveals the fact that
"Comnuynity attitudes toward the expansion of the Newport In&1éné"
facility are favorable". We feel that this is of major importance
for such a project in support of the Newport facility.
Stuterant

beha'f of the State of Indiana based on analysis of e-«vironmental and

snc . economic factors, we strongly recommend that the Newport site be celected
as - site fnr expansion ¢i the proposed FDX/HMX 1acility because the Howport,
e 1 iocatr n is Jeading all other proposed locations besed on a comprehensive

2¢ o' _onsidera‘ions.
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Lecture #6

STATEMENT METHODOLOGIES

by
L. W. Canter®

Parts A and B of Section 102 in the National Environmental Policy Act
require agencies to utilize systematic and interdisciplinary approaches, and
to develop methods and procedures which will insure that presently unquantified
environmental amenities and values may be given appropriate consideration in
decision-making along with economic and technical considerations. In response
to these requirements, numerous environmental impact assessment methodologies
have been developed since 1970.
I. Purposes of Environmental Assessment Methods

There are several purposes which are served by impact azpalysis methods.
One 1s to insure that all environmental factors which need to be considered
are included in the analysis. This purpose is relevant since the environ-
ment 1s a complex system of physical-chemical, biological, cultural, and
socio—-economic resources; and various types of actions can create complex
impacts and interrelationships on these resources. Methods which provlde
an approach for systematically considering envircnmental factors are
desirable.

Impact analysis methods should provide a means for evaluation of alter-
natives on a common basis. Many impact statements adequately describe the
environmental impacts of proposed actions; however, they only consider the
relative economic evaluation of altermatives to the proposed action. Methods
of impact analysis provide the approach for evaluating absolute or rela-
tive impacts of alternatives. In conjunction with impact evaluation, it
may be determined that there are data deficiencies either in terms of the
description of the environmental setting, factors associated with che pro-
posed action, or technology available for impact prediction and assessment.
Methods for impact analysis can aid in identifying data needs and planning
special studies or field studies.

Another important purpose of methods of impact analysis is associated
with evaluation of mitigation measures. Direction of attention toward mea-
sures which will minimize the environmental impact of alternatives and the
proposed action should be accomplished. Methods for impact analysis aid
in evaluation of the effectiveness of proposed mitigation measures.

* Director and Professor, School of Civil Engineering and Environmental Science,
University of Oklahoma, Norman, Oklahoma,



II.

III.

Another purpose for assessment methodologies is to provide information
in summary form for public participation. Utilization of a systematic,
inter-disciplinary, and organized approach gives credence to the validity
of the impact analysis. Care must be exercised in any public distribution
of information resulting from the application of an impact methodology that
the information does not appear to represent an attempt on the part of the
preparers to mislead the public or misrepresent or confuse the results.
Information which is presented to the public should be provided in summary
form only.

Finally, methods of impact analysis are required to insure compliance
with the spirit and intent of the National Environmental Policy Act.

Definitions

A. Matrices: These methodologies incoporate a list of project activities
in addition to a checklist of potentially impacted environmental char-
acteristics. These two lists are related in a matrix which identifies
and impacts. Matrix methodologies may specify which actions impact
which environmental characteristics or may simply list the range of
possible actions and characteristics in an open matrix to be completed
hy the analyst.

B. Checklists: Checklist methodologies present a specific list of environ-
mental parameters to be investigated for possible impacts but do not
require the establishment of direct cause-effect links to project
activities. They may or may not include guidelines on how parameter
data are to be measured and interpreted. They may have developed
parameter weighting systems.

Categories of Checklists

1. Simple checklists: a list of parameters is indicated, however, no
guidelines are provided on how parameter data are to me measured
and interpreted.

2. Descriptive checklists: a list of parameters is indicated, and
guidelines are provided on how parameter data are to be measured.

3. Scaling checklists: same as descriptive checklists with informa-
tion provided as to subjective scaling of parameter values.

4, Scaling-weighting checklists: same as scaling checklists with inform-
ation provided as to subjective weighting or parameter with respect
to each other.

Leopold Interaction Matrix

A. Principle of the Method
Basic principle is the use of a matrix with 100 different specified
actions and 88 environmental items. An impact is identified at the

interaction between an action and an environmental item. See Figure 1.
List of actions and items in Table 1.
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Items

Environmental

Actions Causing Impact

FIGURE 1:

Leopold Interaction Matrix




TABLE 1: Actions and Items in Leopold Interaction Matrix
Actions Environmental Items
Category - No. Description Category No. Description
A, A.
Modification a. Exotic Fauna Physical
of Regime Introduction and
b. Biological Chemical
Character-
Controls .
istics
c. Modification of
Habitat 1. Earth a. Mineral Resources
d. Alteration of b. Const?uctlon
Material
Ground Cover
e. Alteration of c. Soils
Ground Water d. Land Form
Hydrology e. Force Fields and
f. Alteration of Background
Drainage Radiation
g. River Control f. Unique Physical
and Flow Features
Modification
h. Canalization 2., Water a. Surface
. Irrigation b. Ocean
4. Weather c¢. Underground
Modification d. Quality
k. Burning e. Temperature
. 1. Surface or f. Recharge
Paving g. Snow, ice, and
m. Noilse and perma frost
Vibration 3. Atmos- a. Quality (gases,
B. phere , particulates)
Land Trans- a. Urbanization ' .
£ b. Climate (micro,
ormation
and . Industrial Sites macro)
Construction and Buildings c. Temperature
- Alrports 4. Processes a. Floods
. Highways and
Bridges b. Erosion
¢. Deposition
e. Roads and Trails (Sedimentation,
f. Railroads precipitation)



Actions Environmental Itcms
Category No. Description Category No. Description
g. Cables and Lifts d. Solution
h. Transmission e. Sorption (ion
Lines, Pipelines exchange, complex-
and Corridors ing)
i. Barriers in- f. Compaction and
cluding Fencing Settling
j. Channel Dredg- g. Stability (Slides,
ing and Slumps)
Straightening h. Stress Strain
k. Channel Revert- (Earthquakes)
ments i. Air Movements
. Canals
B.
m. Dams and Im- Biological
poundments Conditions
n. Piers, Drawalls, 1. Flora a. Trees
Marinas, and
Sea Terminals b. Shrubs
o. Offshore Crass
Structures d. Crops
p. Recreational e. Microflora
\Structures f. Aquatic Plants
q. Blasting and .
Drilling g. Endangered Species
r. Cut and Fill h. Barriers
s. Tunnels and 1. Corridors
Underground 2. Fauna a. Birds
Structures b. Land Animals Including
C. Reptiles
Resource a. Blasting and N
Extraction Drilling c. Fish and Shellfish
b. Surface Excava- d. Benthic Organisms
tion e. Insects
c. Subsurface f. Microfauna
Excavation and
Retorting g. Endangered Species
d. Well Dredging h. Barriers
and Fluid i. Corridors
Removal



Actions Environmental Items
Catcegory No. Description Category No. Description
F. 4., Cultural a. Cultural Patterns
Resource a. Reforestation Status (Life Style)
Renewal .
. Wildlife Stocking b. Health and Safety
and Management . Employment
¢. GCround Water . Population Density
Recharge
d. TFertilization 5. ?an;?igi a. Structures
Application ai; es b. Transportation Network
e. Waste Recycling Activities (Movement, Access) '
c c. Utility Networks
Changes 1n a. Rallway d. Waste Disposal
Traftic b. Automobile e. Barriers
¢. Trucking £f. Corridors
d. Shipping D.
e. Adrcraft Ecological a, Salinization of
’ Relationships Water Resources
. Such As:
f. River and Canal b. Eutrophication
Traffic c. Disease-Insect Vectors
g. Pleasure Boating d. Food Chains
‘h. Trails e. Salinization of
i. Cables and Lifts Surficial Material
j. Communication f. Brush Encroachment
k. Pipeline g. Other
. otl
Waste Re-~ a. Ocean Dumping thers
placement Landfill
and
Treatment ¢. Emplacement of
Tailings, Spoils,
and Overburden
d. Underground
Storage
e. Junk Disposal
f. 01l Well Flooding
g. Deep well
emplacement




Actions

Environmental Items

Category

No.

Description

Category

" No. Description

I.
Chemical
Treatuent

J.
Accidents

Others

Cooling Water
Discharge

Municipal Waste
Discharge In-
cluding Spray
Irrigation
Liquid Effluent
Discharge

Stabilization
and Oxidation
ponds

Septic Tanks,
Commercial and
Domestic

Stack and
Exhaust Emission

Spent Lubricants

Fertilization

Chemical De-
icing of
Highways, etc.

Chemical
Stabilization
of Soill

Weed Control

Insect Control
(pesticides)

Explosions

Spills and
Leaks

Operational
Fallure




»
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B. Interactions

1.

2.

Described in terms of magnitude and importance.
Magnitude

a) related to extensiveness or scale

b) objective evaluation based on facts

c) scale from 1 to 10; 10 represents greatest magnitude; 1 repre-
sents lowest

Importance
a) related to significance

b) subjective evaluation based on the judgment of interdisciplinary
team

|

c) scale form 1 to 10; 10 represents most important, 1 the least
important

C. Evaluation of the Leopold Interaction Matrix

1.

2.

Can be expanded in either direction

Can be used as:

a) gross screen for identification purpose
b) technique for visual display of impacts

Can be used for various temporal phases of the project under con-
sideration:

a) construction

b) operation

c) post-operation

Can be used for various spatial boundaries
a) site

b) region

Used to define three levels of impact

a) major (important)

b) dintermediate

c) minor



6. Can show plus or minus impacts

7. Summation of rows or columns might offer some insights, as well as
product of magnitude and importance values

8. Very minimal focus on socio-economic considerations
IV. Scaling Checklist (Adkins and Burke)
A. Principles
1. This method was developed for transportation projects. It basically
consists of a checklist and scaling of impacts of alternatives on a
relative basis from -5 to +5 (+5 is the highest score).
2. An example of the use of the system for the environmental portion
of the checklist is in Table 2, and a summary of the results from
each portion is in Table 3.
B. Evaluation
1. Good for summarizing impacts and showing trade-offs.
2. TFlexible
3. Application to alternatives of different type is questionable.
V. Scaling-Weighting Checklist (Battelle Environmental Evaluation System)
A. Principles
1. Oriented to water resources development procjects
2. System Characteristics (See Figure 2)
a) Hierarchial -- accouncs for levels of information
general -~ Environmental Categories (4)
intermediate -- Environmental components (17)
specific ~-- Environmental parameters (78)
b) Medsures impact in commensurate units
c) Alert system (red flags --- major and minor)
sensitive areas
data need

3. Commensurate Units

a) Needed due to variety of units of expressica for 78 eunvirommental
parameters

b) Steps



Table 2:

Example of Adkins-Burke

Method 1in Environmental Category

Rating
Lteynative
Factor Definition or Explanation 1 2 3 Comments
11. ENVIRONMENTAL NEPA and PPM 20-8 ¢
A. Community (Local jx(
Area)
1. Noige Pollution Relation to present
levels PPM 20-8
{a) Adjacent to Relief of street traffic
freevay =2 1=1 helps offset,
(b) General asreca +3 |41 Ieproves due to relicf of
street traffic.
2. Afr Pollutton PPM 20-8
(a) Adjacent to +2 [+1 Relief of street traffic.
frocuay
(b) Ganeral ares +5 142 Relief of street traffic.
3. Drainage Effects on chances of
flooding, etc.
(a) Adjecant to
froowsy +110 Rte. 1 villihelp slightly.
(b) Cenaral ares olo
4. Water Supply
(a) Water pollution [PPM 20-8 Permanent or
erious temporary 0fo0 Little, {f any, effect,
(b) Hacer Quantity f{Interference with movement
or level of ground watar ¢jo Little, Lf any, effecr.
5. Waste dioposal PPH 20-8 Acceas to,
interference, etc. 0]0 Little, 1f any, cffect.
6. Plora effacts INEPA and PPM 20-8 and
Irreplaceable losees, 0f 0 Little, Lf any, effect.
atc, .
7. Fauna effecta S{EPA and PPM 20-8 0;0 Litcle, 4f any, effect.
Eroeding or neating, etc,
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Rating
Alcernative

Pactor Definttion or Explanation 1 2 3 Cerusents

8. Parke [PPH 20-8 °° luiprove-

i vea accege to
Liant or damega to +5 142 mpro .

9. Playgrounds PPM 20-8 Ioprove-

ment or damags to +57 0 Rte. 1 improvea acceuvg 0.
10. Archaologtcal INZPA and PP 20--8
eitae lLoss of or accaso to, 0} 0 None aftected.
atc.
11, Ristorical PPH 2G-8 Loss cf i
gites or access to, etc. +2 | +1 lnproves accees to.

12. Open apace Opena area by removing

+1 ]+l structures, sccze undeairable.
13, Vieusl aspects PP4 20-8 Coumunity
viecw of freeway
Thru proper trestment
(a) Adjacent to
freswsy +3[|+1 aress will be twproved,
+¥21 0 Rte. 1 would halp.

(b) Ceneral srea Rte. 2 not likely to help.

14, Safety PP 20-8 Any chenge
in hararde
(s) Traffic 3] 41 Rte, 1 gives more reltef
to atreete & removes rr.
"
(b) Pedestrian +3 1 +1 Rte. | wore pevsons involved.
(c) Other | -
13. Other PRy 20-8 @i fey
other resourcas
B. Preeway Motorist
Experience PPH 20-8
1, View of freevay Appearance and escutity Ree. 1 clearsr and nicer
+3[ +1 view.
2. Viev of sdjacent Rte. 2 could give
erea s Agothatice or spacial alghtd 01+l specliol viewse on curves.
3. Panoramic views |Vistao +1] +3 Ree, & good.
Rta, 1 downtowa area
i
Rte. 1 would displace
4, h 1 P
Area hacarda n:;usiziz?e:retvay users +3 | -1 hazards. Rte. 2 would
. fvpon potoriats t
: ! 'L;BE_ILﬂi.nmn&;.xiﬂ;..._
PART [I. Summary Rstiag:
Alternative Alternative
1 2 3 1 2 3
No. af plus ratings 15 12 Algabraic eum of ratinge 44 1%
No. of minus rattings 12 Average of ratfnge 2,75 1,00

Retio of plus ratings .94 8¢ .
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Table 3: Adkins-Burke Method:
Overall Comparison of Ratings

“Mo. of | No. of‘J‘.—‘!‘Um" “Rlgéhraic| Ratlo
Part Plup _ | Minua | No, of_] Sum_of__lot Plus{ Average—
Ratings | Ratingn | Ratings Ratings |Ratinge| PRating
IA. Tranap., Local Area
Alel 1 S ey el o B Ao s gl T TSG 1as
Ale. 2 4 2 & 1 67 .17
Alt, 3 t——t— T — 1 T
1B. Transp., Metropolitan e
Ares |~ — - A - :
Ale, 1 8 ] 8 34 1.00 4.25
Alt. 2 6 1 ! 7 .86 "] 1.00
Alt, 3 - —
II. Environmental
A, 1 15 1 16 44 94 | 2.75
Ale. 2 12 2 14 14 .86 1.00
Alt, 3 ST
IIIA. Socio, Community
Ale. 1 9 2 11 27 .82 2.46
Alt, 2 6 3 9 -1 .67 ~.11
Alg, 3
I1IB. Socio., Metropolitan
Area
Alt, 1 9 Q0 9 11 1.10 3.44
Ale. 2 . & 1 7 1 "L.a86 1.00
Ale. 3
IV, Economic lImpact
Ale. 1 13 14 29 21 Y .53
Ale, 2 4 14 28 -1 . 50 -39
Alt, 3
All Retinge
Alt. 1 63 23 86 181 "3 | 2.10
Ale, 2 48 23 71 17. 68 24
Ale, )
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Envircnmenta! Pollution 402

Sgecies and Populations

Terresirizl
{1£) Browsers and grares
{14) Crons
(14) Natyral vegewrtion
(14) Pcst species
(14) Up'and game birds

Aguatic
{14) Cruarrmetc.at fizheries
{14] Natural vegetation
{12) Post specues
{1¢) Sport fizh
{14) VYiaterfow!

[

tVater Poilution

{2C)
as)
{31)
(1e)
(22)
(25}
28)
(i6)
(18)
28)
{28)
(25)
{14)
{20)

Besn hydrologe lots
BOD

Dissotved oxygen
Fecal coliforms
incrganic carbon
Inorganic muogen
Incrganic phosphate
Pesticides

pH

Sueam flow variation
Temperawre

Tota! dissolved solds
Toxic subistances
Turbdity

A
I Esthitics l 153

Land

character
{10) wdth and afignment o

(61 Geologic surfaze material
(16} Relie! and topographic

-i’:‘[..

|

2

Habitats and Communities

Terrestriat
(12} Food veeb index
(12) Land uie

{12} Reare e endongered

species
(14} Species diveruty

Aquetic
{12) Food web index
{12) Rare a3+ endangered
$Dec;
{12} Ruver charaztenistics
{14} Species diversity

{ico]

Air Pollution

{s)
(5}
(10)
(12}
(5}
{10
{5)

Carbon monoxide
Hydrocarbons
Niirogen oxides
Parttevlate matter

Pnotochemical oxidants

Suifur oxiles

ot . .
her m

Air
(3) Odor and viua1
(2) Sounds
Water

{10} Appearance of watcer

(6) Odor 2nd floating
matenals

(10) Water surface arca

(10) Woodc ! and g2alngic
shotelne N

{15) Land and wrater interface

T e M STmn  Wmee wuey

—

i

Ecogxnems

Descriptive only

Land Pollution

{14}
(14)

tand use
Sosl erasion

[2e]

Biota

(5) Animals — domestic
{(5) Animels — wiid

types

{9) Drwersity of veg.tation types
(8) Variety within vegetation

Lonend

{} Poamoter lmporsanse Units

a Tot!

~n -

Noitse Peliution

(%)

Nouss

Figure 2

Man 'nad?i)b;rcts

£10) MNaa nade objects

Ceonosition

{15) Compusee oftoet
{1%) Umaue cam, s.ton

—_

T T s e

——d
[—Humpn Interest 205

Educanonh'/Sc.m-{:c Pact 20es

{13) Archri'sjal
{12} Eunicgcat
{11) Geologicat
{11) Hydroiogical

(a5

Historical Packases

{11} Archiecture and styles
{11} Eveats

11} Perwons

{11) Rehsons and cultures
{11} ‘“Western Frontier™

Cultures

{14) Indians
(7)  Other ethnic groups

{7) FRelig-ous groups
I 28

Mood/Atmosphere

{11} Awse inspiration
{11} Isolauca/sclinuce
(4} Mystery
{11} “Oneness™ with nature

G

s

Life Pctterus

113} Employment ccpor - ities
{i3) Housing
€11} Sociai interactior:




B.

c)

EQ
a)
b)
c)
d)
e)
£)

PIU

a)

b)

c)

Usage

1.

1) transform parameter estimates into environmental quality (EQ)
2) assign importance weights to parameters (PIU)
multiply EQ x PIU to obtain environmental impact unit (EIU)

EIU = EQ x PIU

values from O to 1

0 extremely bad quality

1

vary good quality
range of values
provides common bases

value function based data and/or judgment

1000 PIU divided among categories, components, parameters
"ranked pairwise comparisons"

example of ranked pairwise comparison: Distribution of 100
PIU among 3 water pollution parameters: Turbidity (2), D.O.

1) Chlorides (3)

Assign to DO value of 1.5
Turbidity = 1/2 of D.0. = 0.5
Chlorides = 1/5 of
Turbidity = 0.1
1.6
- 1.0 -
DO = 1.6 (100) = 63
X 0.5
Turbidity = ifg-(IOO) = 31
Chlorides = 9—%-(100) = 6

Obtain parameter data without the project for each of the 78 environ-
mental factors. Convert this parameter data into environmental
quality scale values for each of the 78 parameters. Multiply these
scale values by the parameter importance units for each of the indi-
vidual parameters to develop a composite score for the environment
without the project.

~14=
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2. For each alternative, predict the change in the environmental para-
meters. Utilizing predicted changes in the parameter values, determine
the environmental quality scale for each parameter and each alternative.
Multiply the environmental quality values for each alternative by
each parameter important unit, and aggregate the information for a
total composite score,

Evaluation

The numerical evaluation system provides a tool that serves teo guide
environmental impact analysis. The Battelle Environmental Evaluation
System is a very highly-organized methodology, and as such, it helps to
insure systematic (all-inclusive) approaches and identify critical changes.
As 1s the case with many other methodologies, very little emphasis is
given to socio-economic factors in this method.

One of the key points to note is that there is no passing or failing
score in the Battelle System, since the resultant numerical evsluations
must be subjected to professional interpretation. The methodology is
valuable for an analysis of trade-offs within a component, within a
category, or between categories.

One of the key points of criticism with regard to the Battelle
System 1s that it is an inflexible methodology in terms of application
to projects of different types. The concept of the methodology has
been converted and applied to a rapid transit system project in Atalanta.
It has also been applied to various water resources projects within the
Bureau of Reclamation as well as a multi-purpose reservoir project of the
U.S. Army Corps of Engineers.

~15~



10.

11.

12,
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ENVIRCONMEMTAL ASPLCTS OF DEVELOPMENT ASSISTANCF
It is AID policy:

-- to assist in strengthening the indigenous capabilities
- of developing countries to appreciate and evaluate the
potential environmental effects of proposed develop-
ment strategies and projects, and to select, implement,
and manage effective environmental protection measures,
and

-- to ensure that the environmental consequences of pro-
posed AID-financed activities are identified and con-
sidered by AID in collaboration with the host country
prior to a final decision to proceed, and that appro-
priate envirommental safeguards are adopted.

This policy reflects AID's recognition of the responsibility
incumbent on all agencies of the U.S. Government to conduct
their operations in a mannevr that mitigates or avoids any
potential short- or long-term deleterious environmental
effects of local, regional or global proportions. It also
derives from the opportunity to make a special contribution
in an area of increasing concern to developing countries,

and the world in general, by virtue of the unique scientific
and managerial expertise the United States has developed to
deal with environmental problems.

1 Virtually all AID activities concerned w1Lh raising
basic living standards can be considered "environmental"
in a positive sense. However, this and subsequent
references to AID's "environmental policy'" refer specif-
ically to those precepts, procedures, programs and
actions which, by deliberate design, seek to improve
or protect the quality of air, water and land resources
by: (1) eliminating or mitigating undesirable effects
of development projects or commodities financed under
the Foreign Assistance Act through better program
planning and review; and (2) building and strengthening
the indigenous capabilities of developing countries to
identify, assess and prevent environmental degradation
through programs of education, training, research, and
technical advisory services.

!

g Wp@éw\q&—f?w N R R AT DA

Filing instructions: //////J/Z/JJU/AN/ Z‘ilgabsbggﬁlﬁbhed
' n




ATD's environmental policy conforms witn concepts embodied

in the National Environmental Policy Act of 1969. That

Act ecstablishes, as national policy, that the United States
will "promote efforts which will prevent damage to the
cnvirenment and biosphere, and stimulate the health and wel-
tare oo, s ealts wp o o1 ncics LT rhie Tederal
fovarnument to review prograns aad proccdure  with "particular
taference to their effect on the environment and on the con-
servation, development and utilization of natural resources.'
Tt farther directs all government agencies to:

“1ecognize the worldwide and long-range character of
avironmental problems, and where consistent with the
foreign policy of the United States, lend appropriate
cudporT to initiatives, resolutions and programs
sorigned to maximize cooperation in anticipating and
sireventing a decline in the gquality of mankind's world

environmenc...."

pf;ateral development assistance program -- recognizing
that the sovereignty of developing countries as well as
their differing priorities, stages of development, cultural
anc social values, environmental concerns, and sensitivity
to external efforts to influence their mational development
plans make this a difficult and delicate task.

Despite these potential constraints, provision of U.S. bi-
lateral assistance involves decisions by AID which must be
taken with full cognizance of all associated costs and bene-
fits (including environmental). AID asserts that quality-
of-life improvements in the developing world can be realized
and sustained only by the acceptance of the principle that
environmental planning must be an integral component of
national development plans and programs. Conservation of
renewable resources and prevention of harmful environmental
effects can often be achieved if incorporated early in the
design of overall development strategies and projects. In
other cases, negative effects may be unavoidable and, there-
. fore, require difficult choices which should be made on the
basis of a clear recognition and analysis of alternative
pathways toward the desired development objective.

It is AID policy to seek close collaboraticn with recipient
developing countries in carrying out its environmental
responsibilities. In the larger sense, worldwide environ-
mental goals will be achieved only with the willingness and
ability of the developing countries to assume the responsi-
bility for anticipating potential effects, carrying out
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sound planning and project degigi, and managing and moni-
toring the aclivities.

ENVIRONMENTAL ASSESSMENT POLICY

It is ATID policy to assess systemacically every proposed new
development activity at the earliest possible state for
significant potential envircnmental effects, and to prepare
a detailed environmental assessment in each case where sig-
nificant effects are probable. '"Activities'" to be assessed
include capital development projects (e.g., construction of
roads, irrigation systems, ports), technical advisory ser-
vices, training and education programs, research, and
commodity procurement.

In the case of AID activities which are either carriec out
within or focused on specific LDCs, environmental assess -
ments will be conducted by qualified experts in and with the
direct participation of host government institutions when-
ever possible. Consultations will be held between AID

staff and the host government on the results and significance
of the completed assessments, and agreement reached on any
necessary modifications prior to final approval of the pro-
rosed activities. In addition, AID will encourage and
assist, if possible, the host government to involve broad
elements of the country's citizens in the decision-making
process, particularly those potentially most affected by
any environmental effects. Subject to authorization by the
host government, AID will make the assessments available to
interested parties within the United States ia advance of
final actions on the proposal.

Where the proposed AID activity is not ”countrz—specificm
(e.g., research at 2 U.S. institution), or where it consti-
tutes one of a class of activities (e.g., pesticides procure-
ment), a single envirommental assessment will be made in
AID/Washington, circulated to AID's overseas Missions and
host governments for information, guidance and ccmment, and
made available within the U.S. to interested parties.

AID will assess and react to situations where the environ-
mental assessment indicates that potential effects may
extend beyond the naticnal boundaries of the recipient
country. When adjacent foreign nations may be affected, it
is ATD policy to urge the counlry rcquesting assistance Lo
consult with its neighbers in advance of project development
and to pnegotiate mutually acceptable accommodations which
will then be reflected in the bilateral agreement reacied
with AID.
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wWher: an assessment indicates that a proposed activity would
significantly affect the environment of areas outside any
nation's territorial jurisdiction (e.g., the oceans), or
would significantly affect the environment of the United
States, AID will, subject to foreign policy considerations,
comply with the procedural requirements of Section 102(2) (C)
of National Environmental Policy Act, (as amplified by the
Guidelines for Federal Agencies under the National Environ-
mental Policy Act, issued by the Council on Environmental
Quality, revised May 2, 1973). This requires preparation
of ar "environmental impact statement'" and its circulation
fer comment within the U.S. prior to any final project
dacision by the Agency. The impact statement will also be
croviled to Missions and LDCs for information and comment.

ia scnz ceses, AID is only one of several donors for a par-
ieular accivity. Nevertheless, it is AID policy to factor
envircnmental considerations into its own decision on whether
to contribute to a proposed multi-donor activity. When AID
is the (or a) major contributor toward an activity which,
upon initial examination, may cause significant environmental
effects, it will take the lead in ensuring that an environ-
mertal assessment is prepared, ideally through the collab-
orative efforts of the prlnolpal donors When AID's poten-
tial involvement is that of a minor contributor, it will
look to and encourage the major controlling donor(s) to
pPrepare a comprehensive assessment that meets the needs of
both AID and all other participating donor institutions. If
potential effects from such multi-donor activities may signif-
icantly affect the United States or areas outside national
jurisdictions environmental impact statements will be sub-
ted to AID as prescribed by Section 102(2)(C) of the
National Environmental Policy Act. In every instance, the
aszessments and impact statements will be made available to
all donors and the developing countries involved.

With respect to contributions to international institutions
and programs, environmental assessments are required in
those cases where the financial commitment can be directly
related to a specific activity or program for which AID has
the unilateral right to control expenditures. However,
assessments are not prepared for core support to an inter-
national or regional body, or to an LDC intermediate credit
institution, when it is not possible to project and predict
the specific end uses of the funding. 1In the latter situa-
tion, AID will work with other donor agencies to develop
common and comprehensive policies, strategies, and procedures
for addressing the environmental aspects of development, and
with LDC governments to help build an environmental con-
sciousness and capability which they themselves can then

apply.

F-4



IForeign policy considerations, political sensitivities on

the part of recipient LDCs, restrictions on United States
access to LDC data, and emergency situations may, on occa-
sion, preclude or constrain AID's ability to carry cut a
definitive environmental analysis. Situations may also arise
where a foreign government may request AID assistance for a
specific project, the design of which is already committed.
This obviously limits AID's ability or reason to evaluate
project alternatives. In such cases, AID's final decision
must be based on a less-than-optimal analysis, and possibly
limited to consideration of the environmental benefits and
costs - of. the only approach desired a_ priori by the host coun-
try.

Regardless of difficulties, AID's policy is to conduct the
best environmental assessment possible -- consistent with
the type and overall scale of the activity being considercu.
The assessments are to be comprehensive and include the
following components:

~- ° overview description and analysis of the proposed
activity.

-- probable significant environmental effects, both bene-
ficial and negative, along with their estimated magni-
tudes.

-- relationship of the activity to land-use policies, plans
and controls for the affected area(s).

-~ an exposition and evaluation of the environmental
effects of reasonable alternatives, particularly those
that might enhance environmental quality or avoid some
or all of the adverse effects.

-- significant adverse effects which cannot be. avoided.

-- anticipated trade-off potential for improving or de-
grading man's environment (considering the local
short-term uses versus the maintenance and enhancement
of long-term productivity), and the extent to which
the activity forecloses possible future options.

- other interests and considerations of the United States
and the host country thought to offset any adverse
environmental effects.

When AID unilaterally considers that there is a reasonable
risk of significant adverse c¢ffects on the environment from
an activity proposed to it for esupport, and where efforts to

']
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encovrage the incorporation of appropriate safeguards are
unsuccessful, AID reserves the prerogative of declining to
participate in the activity

ENVIRONMENTAL ASSISTANCE TO DEVELOPING COUNTRIES

While the international development assistance effort
collectively carried out by all multilateral and bilateral
donors is significant, it nevertheless supports only a

small fraction of the economic development activities con-
ductezd 'in the developing world. Consequently, protecting
the. environment of developing countries -- and, in turn,
safeguarding the U.S. and the world environment from the
porential threat of increasing global pollution -- requires
mece than the application of new environmental policies

a2ad procedures by official aid donors. Over the long-term,
enviranmental goals will be achieved only through the commit-
ment, action and abilities of the developing countries them-
selves. Tt is, therefore, AID policy to stimulate and assist
cooperating countries to develop the knowledge and institu-
tional capabilities necessary to address successfully the
environmental aspects of their national development programs.

iD sponsorship of environmental activities responds to a
teadily growing demand by developing countries for U.S.
assistance in this area, and recognizes the fact that the
U.S. is in an excellent position to make a significant and
unique contribution to the international effort by virtue

of its past experience and existing capabilities. Also, AID
is the only U.S. agency authorized to provide concessional
technical assistance to developing countries on environmental
matters.

A
Lt
e

AID assistance in the environmental field both includes and
transcends the traditional focus of Agency programs, i.e.,
coping with the ''pollution of poverty'" by accelerating econ-
omic and social development. It includes support for activ-
ities which are principally designed to aid developing
countries to identify, assess and mitigate the undesirable
secondary impacts of traditional development projects on
human populations, land, air, water and other nattural
resources. Priority is assigned to strengthening national
capabilities for identifying potential problems, establishing
new environmental policies, laws and institutions, and cal-
culating the costs and benefits of alternative approaches

to protecting or rehabilitating the environment, Implemen-
tation involves financing of U.S. technical advisors; pro-
vision of training for developing country policy makers and
managers; dissemination of information, and sponsorship of

F-6



research and demonstration projects designed to advance the
state-of-the-art for pollution control and environmentatl
management in the developing world.

AID recognizes a special responsibility for addressing the .
undesirable secondary impacts associated with the develop-
ment activities it finances. Consequently, it is Agency
policy to apply routinely the technical expertise needed to
help evaluate potential problems associated with proposed
AID=-financed projects, and to incorporate appropriate safe-
guards into project design. Further, high priority is
accorded to LDC requests for assistance to strengthen their
capabilities for monitoring and managing the environmental
aspects of those projects which are subsequently implemented.
AID is also receptive to LDC requests for U.S. assistance to
cope with important environmental problems unrelated to
specific AID projects.

COOPERATION WITH TINTERNATIONAL BODIES

AID is committed to working with other international develop-
ment agencies to seek harmonization of policies, procedures
and guidelines for building environmental safeguards into
development activities.

Since the United States is the largest financial contributor
to the multilateral donors with mandates to conduct environ-
mental programs, AID will continue to join with the Depart-
ment of State and other U.S. agencies in helping design and
influence those programs. Special priority will be given

~ to cooperation with the UN Environment Programme (UNEP)

- which has lead responsibility to develop a coordinated inter-
national environmental program. AID is prepared to consider
specific LDC requests for bilateral assistance channeled
through the UNEP, UNDP and UN Specialized Agencies.

COLLABORATION WITH THE U.S. ENVIRONMENTAL COMMUNITY

It is AID policy to encourage participation of broad segments
of the U.S. public and privaté sectors in the design and
implementation of Agency environmental policies and programs.
In the conduct of its environmental-related analyses and
projects in developing countries, AID will seek to employ

the best U.S. talent available.



AID will also take steps to improve public awareness of the

" Agency's environmental policies, procedures and projects and
to increase opportunities for public input into environmental
policy formulation and strategy.

/s/ Dan.el Parker
Daniel Parker
Administrator

1 August 1975
Date

DISTRIRUTION:
AID List H, Position 3
All Mission Directors
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Lecture #8

Evaluation of Solid Waste Impacts
by

L. W. Canter#*

Solid waste management has become a focal point of public interest

within the last decade. Attention has ranged from municipal sclid waste’

collection and disposal, to resource recovering and materials recycling,

to hazardous waste management. Some reasons for the increasing attention

include increasing quantities due to per capita gemeraticn increases and

population increases, detrimental environmental impacts resulting from

improper collection and disposal, and loss of materials and revenues

resulting from lack of materials and energy recovering.

iI.

Federal Laws
A. Solid Waste Disposal Act of 1965
B. .Resource Recovering Act of 1970
C. Resource Conservation and Recovering Act of 1976
Information Needs and Terminology
A. Quantities and Composition
1. Total weight (1b. or tons) and volume (yd3).

2. Composition --~ see Tables 1 and 2.

*Director and Professor, School of Civil Engineering and Environmental

Science, University of Oklahoma, Norman, Oklahoma.



~

TABLE1l : Definitions of Mixed Municipal Refuse Components

Newsprint -

Cardbnard --—-

Miscellaneous mixed paper —---

Metallics

Food (garbage) waste

Yard waste

Wood waste -

Glass

Plastic

Miscellaneous --

Newspapers. Does not include magazines,
handbills, etc,

Corrugated boxboard and the heavier
paperboard used in cartons. Light

cardboard in food packages and the

backing of paper pads are included

with "miscellaneous mixed paper".

All other paper not included above.

Tinned and aluminum cans, hardware,
bottle caps, utensils, wire, and other
ferrous and nonferrous metal articles.

Wastes, from the handling, preparation,
cooking, and sarving of foecds. Does
not include packaging materials or
paper discarded with garbage.

Lawn, garden, and shrubbery clippings,
sod and small yard debris other than
branches.

Branches, scrap lumber, and other
wooden articles.

Glass and ceramic materials.

Film plastics and molded plastic articles.

Stones, metal oxides, articles made of
natural and synthetic fibers, rubber
products, and leather goods.




TABLE2 : Expected Ranges in Mixed Municipal Refuse Composicicn

Percent composition as received

Component (dEZ_E25§EF basis)
Anticipated Nominal
range
Paper 37-60 55
Newsprint- 7-15 12
Cardboard 4-18 11
Other --- 26~37 32
Metallics - 7-10 9
Ferrous —_— 6-8 7.5
Nonferrous — 1-2 1.5
Food - - 12-18 14
Yard ——————————————— 4-10 5
Wood - — 1-4 4
Glass ——mmm e 6-12 9
Plastic - - 1-3 1
Miscellaneoug————-———ecmm e e < 5 3
100

Moisture content:

Range (percent) 20-40

Nominal (percent) 30

— éa-.
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B.

Information Uses

1. Collection system design (trucks, routes, crews, transfer
stations)

2. Disposal method selection and design.
3. Evaluation of resource recovery potential.
4. Determination of general personnel requirements.

5. Development of financing methods for solid waste management
systems .

riazardous Wastes

Definitions of hazardous wastes:

...any wvaste or combination of wastes which pose a substantial
prescnt or potential hazard to human health or living organisms
because such wastes are lethal. nondcgradabie, or persistent in
nature; may be bi olgglcal]y mdgan]cJ or may otherwise cause or
tend to cause doirimental cumulative. effects.

...those materials of combinations of materials which require
special management techniques bccause of their acute and/or

chronic effects on the health or welfare of the public (or those

individuals who handle them) wvhen they are disposed of by waste
M&DUPCHeNt processes. ..

The term "hazardous waste'" means a waste or combination of
wastes of a solid, liquid, or gemisolid form which in the judgment
of the TEPA Administrator may cause, or contribute to, an increase in
mortality or an increase in scrious irreversible or incapacitating
reversible, illness, taking into account the toxicity of such waste,
its persistence, and degruadability in nature, and its potential for
accumulation or concentration in tissue, and other factors that
may otherwise cause or contribute to adverse acute or chronic
effects on persons or other living organisms.
lucludes toxic and carcinogenic chemicals, pesticides, acids, caustics,
flammables, explosives, hiological and radiological residuals.
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Technical Review of Resource Recovery Processes (Reference: Midwest
Research Institute, '"Rescurce Recovery,' report prepared for Council
on Environmental Quality, February, 1973, pp. 1-2 aud £-16),

General Classifications

The various resource recovery processes covered in this study* may
be classified into the following general categories:

1. Energy Recovery Processes: Processes that recover the energy
content of mixed municipal wastes, in the form of either steam, electricity,
or fuel,

2. Materials Recovery Processes: Processcc which separate and
recover the basic materials from mixed municipal wastes, such as paper,
metals and glass,

3. Pyrolysis Processes: DProcesses that thermally decompose the
mixed municipal waste in controlled amounts of oxygen and produce products
such as oil, gas, tar, acetone -and char.

.

4, Compost Processes: Processes which produce a humus material
from the organic porticn of the mixed waste.

5. Chemical Conversion Processes: Processes which chemically
.onvert the waste into protein and other organic products,

Energy Recovery Processes

1 Heat recoverv incineratcrs, European countries have pio-
reeced in heat recovery from the incineration of municipal refuse. Heat re-
covery incinerators have been in operacion for a number of years in France,
Gerumany, and Switzerland. Steam is prveduced and used for heating and/or for
the generation of electrical power. European engineers have led in the de-
velopment of the refuse-fired boiler plant utilizing waterwall furnaces.
Waterwalls are favored over refractory walls primarily because they permit
operatio. at temperatures consiuerably higher thap with refractory walls,
thereby substantially increasing the efficiency and reducing the excess air
requirement.

—_——

* The resource recovery processes included in this study reprc-wnt a broad
spectrum of the prescent technology; however, not all individual pro-
cesses were included,



Feat recovery incinerators have been introduced into U.S., waste
disnosal operations in recent years (e.g., Norfolk Naval Base, 1967, Braintree,
Massachusetts, and Chicago, Illinois, 1971), The introduction of this
European technology to the U.S. provides the incinerator-boiler plant de-
signer a wider cselection of well established technology from which .to choose.
Three widely used European stokers are receiving serious consideration by
Horth American designers. The reverse reciprocating German Martin grate is
being used £ the first time in North America in the New Chicago Northwest
incinerator, and the Swiss Von Roll stokers were installed in Montreal's
Deccarriers plant. The drum grate developed in Germany and used in several
European plants, has received considerable attention but has not yet been in-
steliled in an American plant.

The Chicago Northwest Incinerator is designed to burn 1600 tons of
wasLe pear day and produce steam for sale, Most of the major components were
wfis by an expevienced commercial organization in Germany and shipped to
Chicago. The basic design is similar to several other large incinerator plants
L Burone.

T~ v,pite of the advanced state of development of this systems, a
cunsiderabie anount of time has been required to build and get the Chicago
piant to operate smootitly. Construction was started in 1969. As of the
spriag of 1972, the plant reliability has not yet reached the point where
stcam could be generated for sale. Difficulty has been experienced in burn-
ing excessively wet refuse and boiler corrosion problems have been eiperienced.
Some of the difficulties being experienced in getting this plant into opera-
tion is due to inexperience with this type of incinerator. There is no doubt
that this and the other start-up problems will be answered and the plant put
into full operation.

From a technical standpoint this type of resource recovery plant
should present a minimum amount of technical prcblems because of its advanced
stage of development. Furthermore, this type of plant is usually designed
for large capacities and therefore particularly applicable to large cities.
However, care must be taken in locating the plant close to steam consumers,
since steam cannot be transported over long distances. Large cities which
have an immediate solid waste disposal problem can give immediate considera-
tion to building heat recovery incincrators because these incinerators are
one ©I only two resource recovery systems (composting is the other system)
which is fully developed at this time. )

In addition to steam or power generation from heat recovery incin-
exation, other uses are possible, The City of Ansonia, Connecticut, employs
heat recovered from incineration to dry sludge from the city's water pollu-
tion controi plant. Sludge containing less than 10 percent solids is pumpec



directly to a spray dryer and the dry product, containing less than 13 per-
cent moisture, is pneumatically conveyed to the furnace for burning in cuspen=-
sion. The Occanside plant at Hempstead, New York, uses recovered heat for
desalination of sea water for in-plant use. A new plant at Hamilton, Cntario,
will use recovered heat to produce steam which will .drive equipment such as
shredders and fans.

Although heat recovery from waste incinerators is an estabiished
practice, there are still some technical preobiems, even in the most advanced
plants. The principal problems are slagging, erosion and corrosion of boile:
components, and difficulties in burning excessively wet waste.

. _.2 Fuel recovery. The feasibility of using mixed urban refuse
as a substitute for conventional fuels in power plants and industrial fur-
naces has been under study in the U.S. in recent years. Combination fuel
fired systems have been found to be feasible and several systems have been
~ropecsed to further demonstrate the concept..

The City of St. Louis, Union Electric Campany, and the consulting
firm of Horner and Shifrin, with partial funding from EPA, have constructed
a 300 TPD (8-hour shift) processing plant for using refuse as a supplementary
fuel for electrical power plants. The refuse is milled and magnetic material
is removed. The milled material is pneumatically fed to a power plant fur-
‘nace where it is burned along with pulverized coal (separate nozzles are used
to inject the milled refuse into the furnace). The refuse coantributes 10 Lo
20 percent of the total fuel.

The demonstration plant was started up April 4, 1972, The only
major changes that have been made in the original system design to date are
the substitution of a belt conveyor for a vibratory conveyor at the refuse
truck receiving pit and the substitution of a drag conveyor for a belt con-
veyor at the output from the Atlas storage bin at the power plant. The addi-
tion of an air classifier after shredding to remove heavy ﬁieces is planned
to improve pneumatic flow and reduce pipeline wear in the bhoiler furnace
feed system. All of the major components in both plants are commercially
available equipment, although not necessarily shelf items.

A, M. Kinney, Inc. {(consulting engineexrs) has also proposed a pro-
cess which recovers the thermal energy from municipal refuse by burning it
in combination with fossil fuels in conventional steam boiler furnaces., The
Kinney system utilizes a hydrapulper to convert all pulpable materials to an
aqueous slurry. Nonpulpable materials are ejected continuously from the
hydrapulper, conveyed to a drum -washer amd thance to a magnetic separarcor
where ferrous metal is recovered. Following removal of nonfibrous materials
in a liquid cyclone, the pulped slurry is dewatered and compressed infto a



cake with 50 percent solid content, The solid cake can be used as a pcwer
boiler fuel with or without additional processing depending upon the type
of boiler used. A. M. Kinney estimates that from 5 to 20 percent of the
heat input for a gziven furnace might come from this fuel source.

The Kinney system is only in the design stage and no pilot plant
exists at this time. However, the technical feasibility of wet grinding
municipal seolid waste to produce a homogeneous slurry has been proved dur-
ing 2 years of pilot plant operation by the Black-Clawson Company and by
the operation of the Black-Clawson Solid Waste Disposal Plant in Franklin,
Cinie, A, M. Kinney has ccnducted engineering studies to assess the feasi-
bility of using wet grinding in the process to recover the thermal energy
from refuse in conventional boiler systems. Because the pulped and de-
wsicred refuse (50 percent moisture) is similar to bark and bagasse, which
coutain 40 to 60 percent water and have been used successfully as boiler
fuel in pulp ard sugar mills, it appears that pulped refuse, with its
gveacer homogeneity, more uaiform water content, and smaller particle size,
would alsoc burn successfully in power boilers.

3’ Generation of electricity. A new system for recovering
energy rom mixed municipal waste is being developed by the Combustion
Power Company, Menlo Park, California. In this system, called the CPU-400,
the refuse is shredded, burned in a high pressure fluid bed combuster, and
the hot gases drive a gas turbine/gencrator to produce electricity.

The CPU-400 is now in the early pilot plant stage; system studies
and subscale experiments have been completed and development and testing of
pertions of the pilot plant are under way. Pilot plant testing to date has
been centered on three areas: (1) the shredding and classifying of the
sclid waste, (2) the combustor feed system, and (3) the £fluid bed comwbustor.
The solid waste handling subsystem has been developed and extensively tested.
Preumatic transport of the fuel and injection at the base of the fluidized
bed has also been demonstrated satisfactorily.

Tests conducted on the fluid bed carbustor have disclosed several
problems that have required changes or additions to the original system de-
sign., Foremost among the problems encountered to date are: (1) agglomera-
tion of bed material particles--a phenomenon that places an upper limit on
operational bed temperaturcs; (2) combustor and exhaust system deposits
formed by the impingement of aluminum oxide particles on surfaces; and (3)
elutriation of bed material.

Items (2) and (3) have led tu extensive design changes in the sys-
tem, To solve the elutriation problem the original horizontal fluid bed com-
bustor with its attendant low freeboard height has been abandoned and a new



vert.cal combustor unit designed and installed. An alumina removal chamber
has been added between the combustor and the gas cleaning train to solve the
deposit problem. The performarce of the new ccmbustor unit and alumiina re-
moval system will be. evaluated in z series of pilot plant tests, At this
point, the configuration of this key subsystem has not been finalizesd and
the performance of the total system must be viewed as an unknown at

this time.

4 High temperature incineration. Another new thermal cecovery
method is high temperature incineration. The first (,S. high-temperature
incineration pilot plant was built in 1966 by American Thermogen, Inc., in
Whitman, Massachusetts., Steam and frit are the principal products of the
system, The incinerator is a shaft furnace in which refuse is charged at
the top and molten materials are withdrawn out the bottom. As_the refuse
descends through the bed, it undergoes partial pyrolysis and eventual com-
bustion in the lower portion c¢f the furnace. The melt-down at the tottom
of the furnace is acccmplished at temperatures of abcut 3000°F by burning
auxiliavy fuel, either oil or gas. A similar system is being developed by
Torra: Systems, Inc., at North Tonawanda, New York.

C. Materials Recovery Processes

1 Fiber recovery. Cellulose comprises from 40 to 50 percent
(vet basis) of typical mixed municipal waste, and wost ol the cellulose is
paper. Both wet and dry process fiber reclaiming systems have recently
Leen developed. The Black Clawson Company, Middleton, Ohio, has developed
a wet process system for recovering paper pulp from mixed municipal solid
waste. In addition to the recovery of paper pulvu, steel, glass, aluminum
and ash are alsc recoverable. The heart of the Black Clawson system is a
Hydrapulper which receives all incoming waste, excent for large, bulky
items. Friable materials such as food waste, paper, plastic, rubber, rags,
glass, and wood are mixed with water and pulped into a slurry. Heavier
objects are ejected from the bottom of the pulper and passed through a mag-
netic separator which recovers the ferrous metal portions. The glass and
aluminum separations will be accomplished with an air classifier. An
ovtical sorter will be used to separate clear glass from colered glass,
developed by the Sortex Company of North America.

v

The Black-Clawson Hydraposal/Fibreclaim demonstration plant at
Franklin, Ohio, has been in operation since June 1971. The design capacity
of the plant is 150 tons of raw waste per 24-hour day. However, the plant
has averaged only about 50 tons per day because of a lack of delivery cof
refuse. There is a charge made =c dump raw rcfuse at the plart and landfill



sites huve bcen competing for the aicc refuse, Nevertheless, an hourly
throughput of about 8 tons per hour has shown that the plant is capable ¢cf
mecting the design capacicy. The plant burns about 32 percent of the cotal
incoming waste.

At the present Black-Clawson is recovering only paper puip and
magnetic metals. Equipment to recover the glass and aluminum will be added
in lace 1972, To date, they have been landfilling the mixture of glass and
normagnetic metals. They have experienced lipids and fines in the pulp
wvhich is undesirable from both the end pulp product (asphalt roofing felt)
and vhen it tends te clog the processing equipment (which adds to the
maintenance costs). They are in the process of adding equipment to reduce
the contaminants. This involves treating the pulp with steam and caustics,
and subsequent washirg.

The Franklin Institute, Philadelphia, Pennsylvania, is in the pro-
cess of develeping a dry process primarily for extracting paper from mixed
municipal refuse. Shredded refuse is screened and sent through a ballistic
separator. The ballistic separator consists of a rotating wheel which hurls
the material in a horizontal direction. A downward blast of air causes the
lightest materials (paper and plastics) to drop out first and the heaviest
materials (metals, glass, etc.) last. A plastics collector separates the
plastics frem the paper. Laboratory tests indicate an effective separation
of paper (50 to 95 percent purity). A pilot plant of the system has been
constructed and full scale tests were initiated July 1972.

2 Incinerator residue recovery. The Bureau of Mines, College

Park, Maryland, has developed a method for processing incinerator residues
on a continuous basis tc reclaim the metal and mineral values. The process
utilizes conventional and proven mineral engineering equipment consisting
of s series of shredding, screening, grinding, and magnetic separation
procedures. Metallic iron concentrates, nonferrous metal composites, glass
fractions, and fine carbonaceous ash tailings are products of the system.
-A demonstracion nlant is to be built at Lowell, Massachusetts.

D. - Pyrolysis Processes

Considerable potential exists for reforming, by pyrolysis, the
organic portion of municipal solid wastes into lower molecular weight com-
-pounds having significant economic value.. Because pyrolysis reactions
often termed 'destructive distillation,’ can be conducted in the absence of
oxygen or in controlled oxygen environments, product composition can be
regulated. Unlike combustion in an excess of air, which is highly exo-
thermic and produces primarily heat and carbon dioxide, pyrolysis of or-
ganic material is analogous to a distillation process and is endothermic.



The high temperatures (1000 to 2000°F) and lack of oxygen resuit in a chemi-
cal breakdown of the waste organic materials into three component screams:
(1) a gas consisting primarily of hydrogen, methane, carbeon monoxide, and
carbon dioxide, (2) a *'tar" or "oil" that is liquid at rocm temperature and
includes organic chemicals such as acetic acid, acetone, methanol, and (3)

a "char" consisting of almost pure carbon plus any inerts (glass, mectals,
rock) that enter the preocess unit. Residence time, temperature, and pressure

can be controlled in the pyrolysis reactor to produce various product combina-
tions, /

Laboratory and pilot plant pvrolysis units have been successfully
constoucted and operated, and these units have demonstrated the technical
feasibility of the pyrolysis of municipal refuse. Laboratory investigations
of the pyrolysis of various organic wastes have been conducted at the
University of California (Berkeley), Bureau of Mines, Rensselaer Polytechnic
Institute, New York University, and the Utilities Department of the City of
San Diego, California. Batch retorts, fluidized beds, and rotary kilns have
been successfully used as reactors in these laboratory studies. Pilot plant
studies of pyrolysis systems for wmunicipal wastes have been conducted by
Garrett Resecarch and Development Company, Monsanto's Enviro-Chem Systems,
Battelle Northwest, the University of West Virginia, and.Union Carbide.

Garrett Research and ﬁevelopment Company has a Tesourca recovery
system designed to recover salable synthetic heating fuels, plass, and
magnetic metals from mixed municipal refuse. The system is an outgrowth
of nearly 4 years of intensive research into methods of production of syn=
thetic fuels., The system contains all ocperations necessary for receiving,
handling, shredding. and classifying solid waste; for separation of mag-
netic metals and glass from the classified waste; for pyrolyzing the organic
fractions of the waste; and for the reccvery cf oil and char generated
during the pyrolysis step.

The heart of the Garrett system is the flash pyrolysis process.
Tue pyrolvsis processhas been studied in considerable detail in a labora-
tory reactor system for over a year., A wide variety of organic materials
were used as feed materials in these tests. The laboratory pyrolysis tests
defined the operating conditions needed £o maximize the yields of heating
fuels. The iaboratory test program demonstrated that the pyrolysis reactor
can be operated in either a liquefaction or gasification mode. Garrett
claims that over one barrel of oil per ton of input refuse can be produced
in the licuefaction mode, while 6,000 scf of gas with a heating wvalue of
800 Btu/ft3 can be produced in the gasification node without relying on
aiuitional fuel sources.



In order to obtain the high yields of oil and gas, the feed to
the reactor must consist of essentially a pure, dry organic material of
small particle size. To meet this requirement, the first stages in the
Garzett process involve extensive shredding, air classification, screening,
and drying steps. The materials handling and preparation section is one
cf the most comprehensive proposed for any current recovery system. A
150 ton per day demonstration plant is to be built at San Diego, Califormia.

The Meonsanto "Landgard" System is based on pyrolysis with the
primary cbjective being the disposal of all types of municipal solid waste
while offering practical opportunities for resource recovery. The Landgard
tystems encompass all operations for receiving, handling, shredding, and
pyrolyzing solid waste; for quenching and separating the residue from
pvrolysis; for generating steam from waste heat, and for purifying the off-
gEsES,

A rotary kiln is utilized as the pyrolysis reactor in the
Monsanto system. A prototype or pilot plant of 35 TPD capacity was oper-
sted by Monsanto for nearly 3 years at St., Louis, Missouri. All components
for the system were tested to some degree at the pilot plant. Although
loug-term, steady-state operation was not performed during pilot plant
operation, sufficient experience was gained from the pilot plant operation
to demenstrate system feasibility. A 500 ton per day demonstration plant
is to be built at Baltimecre, Maryland.

he city of Charleston, West Virginia, has 1.:cently proposcd a
Regional Resource Recovery System that incorporates a pyrolysis system as
the key unit process. The pyroiysis system is an outgrowth of research
work conducted by Professor Richard Bailie at the University of West
Virginia at Morgantown, West Virginia., The Charleston system utilizes twin
fluid beds, the first bed acts as a pyrolyzer, and the second bed as a
combustor. Shredded and air classified refuse is fed to the pyrolyzer which
is operated at about 1400°F. Gas, char and some tar are produced in the
pyrolyzer. The gas produced in the pyrolyzer has a heating value of about
400 Btu!ft3. The char and tar are subsequently burned in the fluid bed
combustor to provide the heat to operate the pyrolyzer unit. Energy re-
leased by the combustion of the char and tar is reported to be sufficient
to maintain the pyrolyzer at operatirg temperature without the need of

supplemental energy input. Professor Bailie has operated both the pyrolyzer
and combustion units independently, but both units have never been tied together
intoc an integrated system.
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Hercules, Inc., has designed a 500 TPD reclamation plant for the
State of Delaware which incorporates composting, pyrelysis, and maverials
separation operaticns. Residential refuse, after removal of ferrous metals,
wiil bemixedwith sewage sludge and composted in a Fairfield digestion unit,
Noncompostable organic components will be pyrolyzed. Inorganic residues will
be sorted and reclaimed., Industrial and cowmmercial wastes will b- handle
in a similar fashion, following a preliminary reclamatvion stage. e pyroly-
sis unit is a Herreshoff furnaceof the type used to make wood charvoal. This
equivment is a multiple chamber. continuous feed and discharge unit with me-
chanical movement of material from chamber to chamber in the furnace. A
demonstration plant is to be built for the State of Delawvare.

Battelle Northwest has been conducting pyrolysis-incineration re-
search for EPA and the City of Kennewiclk, Washington. An ocutgroewth of this
research has been the construction and operation of pilot plant equipmént
capable of processing about 2 tons per day of refuse on a batch basis. The
heart cf the process i5 & closa2d vertical reactor where the refuse is pro-
gressively dried, charred,; and finally oxidized at relatively low temperatures
under caretully contrclled conditions. The refuse undergoes thiree trans-
formations in & packed bed setrling under the force of gravity while reactant
and combustion product gases rise counter-current to the divection of solids
movement,

ic produce a h:.ating gas with the Battelle process the solid char,
thie product of pyrolysis in the upper portion of the reactor, is cxidized in
the bottom part of the reactor by a mixture of oxygen (from either air of
comnercial oxygen) and steam. The hot reacticn product gases continue up-
ward and release their heat to cause charring of the entering refuse. Fi-
nally, the residual heat in the gases evaporates molsture from the enctering
refuse at the top of the reactor. The gases which leave the reactor contain
hydregen, oxides of carbon, water vapor, and a mixture of hydrocarbons.
These gases may be cleanly burned in a secondary burner since they contain
no ashy materials, Alternately, they may te processed for recovery cf or-
ganic compounds, further treated to produce a heating gas, or procecssed
still further to yield a 75 percent hydrogen and carbon moncxide mixture
which may be used to synthesize methane.

Linde Division of Union Carbide Corporation rezently
the development of a high temperature incinerator system that utilizes cxy-
gen in place of air to develop the requisite high temperatures in the melt
zone., The Carbide system utilizes a vertical furnace into which all munici-
pal waste can be fed, including garbage, paper, wood, rubber, all metals,
plastics, glass, and pulky items. As with other high-temperature incinerators,
the Oxygen Refuse Cenverter is primarily a vefuse disposal system and not a
resource recovery system, although thc off gases can be cleaned for usa as
an industrial fuel gas. A 5 ton per day pilot plant has been in operation

anracunced
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st Tarrytown, New York, for about 9 months. The objective of the tests con-
ducited during this period were to determine furnace operating characteristics,
owygen consumption rates, and the influence of refuse composition on furnace
per formance.

E. Composting

Composting of municipal refuse has been practiced in Europe "and
ek Y. S, for many years. European activity in composting has included re-
seiraiy Lt such diverse fields as engineering technology, public health and
cafhogen survival, vse in strip mine reclamation, use in vineyards and use
ir ganergl agriculvure, The technelogy of composting is well advanced and
“rapn wEG w0 r2al technological barriers to making compost.

In the United States, composting plants have been established in
v inue comnunities over the last 20 years. 1In general, these plants have
wel with little success and most have closed. The major problem for these
niancs is the lack of a viable market for the compost. Currently, only two
niauts, Altoona FAM, Inc., Altoona, Pennsylvania, and Ecology, Inc., Brooklyn
leer W¥ork, are known to be operating on a regular basis.,

In the Fairfield-Hardy ¥.~_ ..5 used at Altoona, refuse is ground
in a w2t pulper, folloved by devazc..ng presses before it is fed into the
digestaer for a 5-day processing cvcle. Stirring is provided in the digester
by augers suspended from a rotating bridge in the circular tank. Air is
provided by means of a blower and air pipes embedded in the floor of the
tank, The digestion system of Fairfield Engineering Company appears to of-
fer a superior engineering design, a more automated opsration than other
coapost techniques, and an ability to produce a superior humus product.

The Varro composting prccess used by Ecology, Inc., is distinguished
{rom other composting processes by several factors. First, the digester can
caapoast refuse wich a paper content of up to 20 percent {most composting
>lants send paper to landfilis since they cannot readily process it). Second,
“meompestable materials do not have to be separated from compostables before
“"gloning the composting process; only ferrous metals (removed after shred-
<{ag) do not go through the digester. Third, the digester permits control of
“irizbles in the decomposition process and consequently enables prcduction
°f a tompost with uniform composition, Also, nutrients are added to the
‘@mpost to encourage its use as fertilizer,



F. " Chemical Systems

Chemical metheds that have been suggested for converting municipal
1efuse into usable products include hydrolysis, hydrogenation, wet oxidation,
photo degradation and anaerobic digestion.

These methods use only the cellulosic portion of municipal refuse,
so that separation and pretreatment of the raw refuse is required.

Hydrolvsis of cellulosic waste to prcduce protein and glucose is
“"the only process that has been tested at the pilot plant level, Hydrogena-
tion and wet oxidation have been studied in laboratory equipment, while
photodegradation and anaerobic digestion are in the conceptual state,

A pilot plant for the production of single-cell protein from waste
suga. ;ane bagasse has been designed, constructed, and operated at Louisiana
State University, The pilot plant's equipment can be grouped into five dis-
tinct process sections: cellulose-handling, treatment, sterilization, fer-
mentation, and cell harvesting, The plant was designed so that it could
operate in both batch and continuous-flow modes. The initial operation of
the pilot unit has been limited to a single waste celluosic substrate, sugar-
cane bagasse. Purified ground wood pulp has also been used as a control sub-
strate in several runs. Single-cell protein with a crude protein content of
50 to 55 percent has been produced,
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V. EIS's for Sanitary Landfills

Reference: Stearns, R. P, and Ross, D. E., "Environmental Impact
Statements for Sanitary Landfills," Public Works, Nov., 1973,
pp. 63-66.

Five Basic Components

i. Description of the proposed sanitary landfill and its locale.
2. Discussion of all foreseeable positive and negative impacts on
the physical and social environments.

Discussion of measures planned to mitigate the adverse effects.
Coverage of alternatives to the proposed landfill site.
Conclusions: A subjective assessment of whether the potential
good of the project will outweigh the potential harm to the
environment.

LI VS

o

Mitigation Measures---see Table 3

Projeci Alternatives

. Yo project at all.

. Alternative locations for the sanitary .andfill.
. Alternative means to dispose of the solid waste.

[P N

V. Method for Coumparative Evaluation of Inpacts

A,

Reference: Caffrey, P., et al, "Evaluation of Envirommental Impact of
Landfills," American Society o¢f Civil Engineers, Environmental Engi-
neecving Division, Journal, 101(EEl): pp. 55-69, Feb., 1975.

Overall Study---The comparative wmethod involved visually evaluating
ratings for 20 field factors to determine the effect on air quality,
warer quality, land use, esthetics, noise, and vectors. The procedure
wvzs used to evaluate 69 sites in Wisconsin. Land use and esthetics
were affected most by landfills followed by air and water quality with
lesser effects on noise and vectors. Additional statistical analycis
revealed that sites operated by city or couniy government had less
environmental impact/ton of refuse than town and village sites.

/

Landfill Racing Factors-~-sce Table &,

Results of Study---Tables 5-8 and Figure 1.
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fable 3—=Summary of Adverse

Anticipaled Adverse Impact

Public Hcalth and Esthetics
Litter

Dust
QOdors

Leachates

Air Quality Impairment

Heavy Equipment and Collection
Vehicle Movement

Methane Gas Generation

Local and Regional Biota
Vegetation

Animal Life

tand and Land Use
Visual Urattractiveness

Restricted Land Use

Social and Economic Environments
Public Opposition

Cost Increase

Impacts and Counteractive Mcasures

Actions Plarned to
Mitigate Adverse impact

Provide proper fencing.
Control working face area,

Peoriodic watening,

Assure prompt and consistent coygrage of
exposed wastes.

Diversion of runoff and drainage of pre-
cipitation incipient on the surface. |f nec:
essary, install underdrains and a collection/
treatment system.

Control dusts.

Provide proper traffic directors and spot-
ters. Assure adequate access roads.

Install appropriate gas control venting sys-
tem. Minumize wsater anfiltration to waste by
drainage control.

Remove only the vegetation necessary for
operations, Install gas vents to preciude
recot-zone damage to adjacent vegetation.

Landscape fimished !anafill to reattiact dis-
placed native species. Control leachates
fromy entering water courses,

Plan cut and imi areas to m'aimize '‘dese-
cration’” appearances.

Plan for parks, golf courses,
space.

and open

Develop a comprehensive public relations/
education program to promote and explain
need for sanitary landfill and its cperation.
Arrange for oubiic meetings to air gnev-
ances—dispel aura of public powerlessness
and promote participation 1n planning proc-
ess.

Incorporate discussions for landfill econom-
ics into pubhc relations program.
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1. Refuse Placement: Confined, 0; partially confined, 2; and unconfined.
4

In the process of dumping and spreading, the refuse should be confired to
the smmallest possible afea. An “‘unconfined’ working space results in more
blowing paper, an “opep dump'’ appearance. and requires more time, energy.
and soil to cover the r¢fuse. “‘Confined’ means the refuse is dumped and
spread in as small an area as 1s feasible to handle truck and equipment traffic
and obtain satisfactory compaction. “‘Partially confined’™ means that there is
some control over refuse dumping, but a larger area than necessary is used.

2. Compaction: Sausfactory, 0, limited, 1 and none, 3.

Proper compaction reduces refuse volume and thus increases landfill capaczity
and site hfe. Seitiement is reduced and stability of the completed site improved
by compacuuen. As with refuse placement, compaction does not have a large
effect on the cnvironment (relative to some other factors to be covered later)
a2nd the tota! 1ating values are thercfore low.

“Satisfactary’ compacuion indicates the refuse 1s compacted by a tractor
or stedd whiceled compacior in compacted layers not over 2 [t (0 6 m) thick.
“Limited’” compactionindicates that the refuse undergoes only partial compaction
irs the rocess of spreading, or else is not compacted unu! the depth is too
great ‘o allow proper conipaciion of lower layers [compncted layer thickness
exceeding 2 1t {0.6 m)|.

3. Periodic Soil Cover: 6 in. (152 mm) daily-complete layer or milled, 0:
daily, thin, and spotty, 3; monthly (excepl winter), 6; semi-unnual, 10: and
rno cover, 15 (Use one-half value if no garbage or paper is dumped.)

Periodic sorl cover is very ampoirtant in numnuzing environmental damage
from land dicposal of -sohd wastes. Infrequent or nsufficient imnal (penadic)
soil cover increases problems with vectors, odors, fire, leachate, blowing paper,
runaff, and csthetcs, and thus the rating values are set high, These problems
afe less severe if mo paper or garbage is present, and thus in this case the
rating values are haived. The previous raung criteria are self-explanatory. Often
the actual rating given a site was based un records from the Wisconsin Department
of Natural Resources as it is extremelv difficult 1o determine in the field whether
@ site is covered monthly or semi-annually. Note that the DNR requires sites
to D covercd dmly, monthly, or semi-annually, depending mainly on the
populaticn served by the site and the types of waste disposed. The rating scale
used conforms closely to the classification established by the DNR.

4. Fmal Cover (over periodic cover): 2 ft (0.6 m) or more, 0; less than
2 {1 (0.6 m), 6; and none, 12. ‘

Final cover s important in keeping refuse permanently buried. eliminating
wectors, and providing a surface for future uses, mainly support of vegetation.
At many sites no areds had been compieted and therefore did not yet requiye
any final cover or sutface Nmishing In these cases the sites were given the
beaefit of the doubt and rate! zero

S. Surface Finish: Graded-seeded, 0; rough-weeds, 4; and barren-eroding.
9

The sucface fimsh on any completed portion of a landNill should [ulfili several
purposes Shope and vepetation are cnucyl factors i determining infiltratian
and resulting leachate production, and thus the surface finsh can be impuortant

-



in conlrolling ground-water pallution. The surface topography and vegelation
shouid also be planned to suit the intended use of the site after land[illing
is completed. The surface {inish should also create an esthetic appearance and
preventeresion winch could uncover the decomposing refuse ‘Those sites having .
no completed portions were given a zero rating.

6. Blowing Litter: None, O; conuroiled, !: partially controlled, 3; and uncon-
trolled, 6.

Blowing litter accounts for a lurge number of the public ccmplaints concerning
landfills. Blowing paper and plastic can obvioucly create a very unestheic
appcarance. ““iNone' ndicates that no ioose paper or plastic is disposed.
**Controlled™ is a site where sufficien: screens and fences are provided to catch
blowing litter, and ali Joose litter is picked up fiequently “'Partially controlled™
refers to a site where some precautions are taken 1o prevent blowing littey,
but some problem stit exists. “Uncontrolied™ indicates a biowing litier problem
evists and no efforts have been made to control 1it. Duning site evaluation special
consideration should be given if unusually high winds occur. (This problem
did not occur during evaiuation of sites 1n the three-county study.)

7. Bulky htems—Demolition- Covered or none, 0, small amount not covered,
3: and large amount not covered, 6.

Rulky tems (white goods, bed springs, stumps. etc ) and demolition debris
often create special probiems at landfili sites because they are difficult to handle,
Large piles of these iiems tend to collect, cicaung an eyesore and mass housing
forrodents “Small amount not covered™ indicates that bulky iiems are covered,
althcugh pesubly not as often as other refuse, and some piles may be picked
up penodically by salvage dealers. ““Large amount not covered™’ indicates there
is no appareat progiam to cover bulky 1tems.

8. Burnmg None, 0, controlled ACD, 2; open burning——monthly or less,
4: and open burning—more than monthly, 6. '

Open burping creates significant problems in terms of air pollution, esthetics,
and resulting ne:ghbor complaints **Controlied™ burning imphes the use of an
air curtain destructor {ACD) or other aur pollution control device, Open burning
1s any burning without such control devices.

9. Vectors, No signs, 0, some fhes, binds, 3: and fiies, birds, rodenis, 6.

Vectars, most commony rats, shunks, mice, birds, and {lies, are undesirable
at a refuse disposal <ite because they may tiansmat disease or become nuisances.
Flics can he seen casily if present, except on windy days and in cold weather
Birds or thair droppings, or both, and tracks can be noliced easily. Rodent
prescace is indicated by tracks, droppings, and burrows. {t was felt that vectors,
burning, bulky 1tems, and blowing litter all creite envitonmental problems of
similar magmtude, and thus all were given the same maxvimum rating value,

10. Hazardous Toxic Materials: None, 0; covered impermeable soil, 3; covered
permeable soil. 6; and not covered, 9

Explosive, highly flammable, or toaic materials can create severe problieins
il not properly disposed of. Toxic materials pose a threat to wildhfe and
ground-water quahity that may be both more severe and of longer duration
thun the problems created by ordinay refuse. A cover of impermeuble soil
protects wildhife and 1educes< ndiliration which may catry tonic wastes into
the ground water Note that impermeahle cover miy require provisions to vent
volatide gases Speenl consideration may huave to be used to evaluate specud

methods (neutralization, evaporation, etc.) that may be used with toxic wastes
and a rating between 0 and 9 selected.

i1. Ground Water: Refuse remete from ground water, 0; refuse near (5 f1)
(1.5 m) ground waler, §; and refuse contacting pround water, 9

Many factors affect the quanuty and quality uf leachate entening the ground
waler from i solid waste landfill. The location of refuse with respect 1o the
ground-watcrtable is one of the mostimportant The elevation of the ground-wates
table usually can be estimated by nearby surface water or excavations on ot
near the site, If the refuse 1s placed in the ground water, highly potent leachate
is produced by infiltration and horrzonta! giound-water {low. If the leachate
must pass through a layer of unsatur, ted soil between the refuse and the ground
water the quality of the teachate i improved. As with hazardous-toxsc materials
a higher than average maximum rating of 9 15 assigned, mainly because the
possibility of relatively long-term effects exist
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}12. Surface Waler (Lahes and Streams): None near, 0, seepage or eroced
matenals, or both, entenng surface water, 3; and refuse contacting surface
waler, 6.

The disect pollution of surface water by a landfill is u<ually visually evident
and thus the raling scale can be applied easily. Because of the visuul evidence
of su;face water pollution by landlills, and because the effects will generally
ba eheort tersn tathar than long tarm, the masimum satng applied is less than
for ground-water pollution.

13. Drimage: Well drained, 0; some ponding likely, 5; and drainage into site,
9,

Surfuce drainage patteins are very important tn determiming the amount of
infitnation, and therefore leachate, at a landfill site. A ""well-drained”” site will
have the surface sloped 50 that precipitation drains away from areas contuning
refuse. M depressions are allowed in the landfill area so that “*some ponding
is hikely' mfiirution will be increased in these areas. Additional problems are
created by poading, most notably odor and mosquites *'Drainage into site”
is especiatly undesirable, as surface runoff from adjacent areas drams into the
fandfl! creating addihional ponding and leachate problems. Drainage is thercfore
important both in an active site and m a completed site Drainage patterns
cian generally be evaluated easily by observation of surface topography

id4. Dust® No dust—controlled, 0, some dust-——not severe— partially contrelled,
Z; and scvere dust, 4.

Pust is cicated by equipment and vehicle traffic on the site and the access
road. The dust can obviously have an adverse effect on plant, animal, and
funnan life in the vicinity, and on esthetics. Nust can be controlled by paving,
ciling. or watenng. Soil type, dust collected 1n protected areas, and evidence
of dust control can be used to estimate dust problems n wet weather. In rating
dust problems, “*severe dust’ is any dust sufficient to cause visible effects
over 100 [t (31 m) from the source

i§ Viallity of Site Not visible—screened., 0, visible to less than five homes,
no miin hichway, 3; and visible to more than five homes or a main highway,
6.

FFor obhvious esthetic reasons it is desiable to have a fandlill «te protected
fromi pubhic view. This can be accomplished by site remotencss, natural topozry:
phy and vegetation, or artificiad screenming. This rating does not reflect the

appearance of the actual disposal area, but merely whether this aiea is visible.

I6. Routes to Site: No highway haul (on site disposal by industry), 0: sparsely
populated, farm, or industnal, 2; low to medium density residential, 4; and
urban resdential, 6

Truck traffic to landfill sites can cause many complainls concerning noise,
blowing litter, and traffic safety. Therefore traffic through residential arcas
should be minirmzed. **Urban residential’ is any arca where houses are located
relatwvely continuously along a strect and spaced less than 200 ft (61 m) apart.
The other categories are then self-defining.

17. Site Noise: Remote—no undue noise, 0; noise annoying at less than five
residences, 3: and noise annoying at more than five residences, 6.

Site noise is due manly to heavy equipment operation and truch traflic.
Annoying noise is considered as ary noise that would alfect someone iistening
to music outside therr home. It was feht that site visibility, routes to site, and
site noise “had approximately equal potentiai {or environmental damage, and
thus all were given a maximum rating of 6. Dust was considered shightly jess
of a problem and was rated at 4.



12, Land Type Utlized: Barrea-stripped, 0; agriculiural, 4; cleared grassland,
R and woodland-marsh, 12.

This is not intended 10 evaluate the [inancial value of the land used for
a landfill, but rather is intended to provide a sumewhat indirect indication of
the effect of the fandfill sie on flora and [auna. For example, it is considered
that there would be a greater adverse effect on flora and fauna by a fandfill
located m a wetlund than one located in a hayfield. In the three-county study
aica, “‘barren-stripped’” land consisted entirzly of abandoned sand and gravei
pits, which arc commonly used for andful sites. In some ins:ances a landfill
overlapped land of two different classifications, and in this case a proporironed
vahie between the two individuai ratings was used. This caiegory was considered
an impartant measure of the landfill's impact on flora and fauna, and therefore
the maximum rating of 12 is rather hugh. The four rating categories require
no additsonal clanfication.

19. Organizahon, Administration, Site Plan: Well planned, site work orgamzed,
0: some pianning and organization, 6; and no planning-—operator untiained,
12.

Osganization and a well-thought out sife plan can reduce the environmental
damage from most of the factors previously examined. A site plan is also very
important in incieasing site capacity, reducing sorl cover requirements, and
reducing the men ard equipment hours necassary (o opcrate the site. A good
plan also allows desigming the site to best suil the intended final use. All of
these factors have direct or indirect environmental effects. Unplanned sites
often rewult in refuce being dumped such that compacting and covering is very
difficult, or dumping near the front of the site may prevent access to the back
of the site before the Lack portion is filled. This factor generally can be evaiuvated
by observing site layout, dumping or working face progression and traffic routing
Il an operator 1s present a briel conversation may rcveal some problems not
readily appurent This factor is considered 1o have the poiential for substantial
environmeatal effect, and thercfore is given a maxsmuin ratung of 12, Ficld
evpuricnce shows that sites generally fali rather easily into onc of the three
given cateporics.

20. Preparedness: Prepared for breakdown, fire, wind, etc., U; parualiy
prepared, 3. and unprepared, 6.

If a <ite is not prepared lo handle special situations that may arise, such
as equipment breakdown, f{ire, high winds, and e¢xpanding rodent populations,
significant problems can quickly arise with undesirab'e environmental 2ifects.
The site operator should know what steps to take in the event of any “‘likelv'’
emergency. A well-prepared site has plans for uncxpected fire, wet periods,
and extended cold weather and frozen soil. A parually prepared site considers
some of these problems, but not all,



TABLE 5 —Proportional Contnbution of Field Parameters®

Air Water fand .
Factor quality | quality use Esthetics | Noise | Health

i {1) (2) {3) {4) (5) (6) (7}
Refuse placement 0.7 0.3
Compaction 1.0
Ferodic cover 0.3 C.3 0.4
Final cover ; 0.8 0.2
Surface frmch 0.7 0.4 0.4
Biowing Liter 1.0
Bulkhies—demohtion

wasles 0.4 0.6
Burning 1.0
Veciors 1.0
Tosic—hazaidous wasles 0.1 0.5 04
Ground waley 10
Surface waier 0.8 0.2
Drunage 0.2 0.6 0.2
Dust g6 0.4
Stue visibility 1.0
Routes o site : 0.5 0.5
Site none 1.0
Laad type mtilized 0.6 0.4
Dipamzation® 1.0
Prepinedness 03 03 0.3 0.1

*To avoid "‘double counting’” on'y direct effects are assigned values. For example,
ground-water poliution can affect health, but only through the chunge in water gualty
which i< the direct ¢ffect Explanation of parameters s given i the appendix.,

TABLE, 6--Fleid Ratings

Average/maxi-
Maximum mum, as 2
Factor possible® Average percentage

{1} {2) {3) {4}
teluse placement 4 0.8 20
Compaction 2 0.9 30
Periodic <oil cover 15 4.8 32
Final cover 12 0.8 7
Surface finth 9 1.9 21
Blowing Istter 6 1.8 30
Bulky items—demolition 6 3.0 50
Burming 3 38 63
Vectors 6 i3 55
Texic-hazardous materials 9 0.3 3
Ground water 9 0.4 4
Swuiface water 6 0.2 3
Diainage 9 3.3 37
Pust 4 0.2 5
Viability of site 6 1.3 22
Routes 10 site 6 2.2 37
Site naise 6 00 0
Land type utihized 12 3.0 25
Orparuranon, site plan 12 18 32
Preparedness 5 2.2 37

Total = {52 Total = 1RO Average = 26

®}{igher values indicate greater potenbal epvironmenta damage

s



TABLE 7 -Evaluation Sumemary

Yotal,
Environmental Average as a Minimum Maximum
arameter value percentage vaiue value
(1} {2} {3} {+) ’ 5}
Air 5.2 13.6 VRV g.0
Water 5.2 13.6 0.0 16.5
Land use 10.4 273 0.9 3.0
Esthetics 1246 33.1 4.0 231
Noise I.i 2.9 10 20 _
Vectors 14 9.5 0.0 6.6
Total 33.1 100 Minimum ! Maximum
total = 110 | tofal = 730

Note Thuty sites bad total values exceeding the averige of 38 and 39 sites had tetal
values lecs than the average of 38

TABLE 8---Sample Comparison of Means

Mean Ratings
Grouping G/roup‘ Air | Water | Land E tsthetics {Noise Vectors] Total
(i {2) (3) {4) by (6 (7) {8) {9)
Type of op- | Citvoor 2.4 41 67 109 1.4 1.4 26.9
erator county
an
Village {14) 6.4 50 11.6 13.1 12 3.9 41.2
Town (15) 58 53 97 12.7 10 44 13.9
Privaie and 43 6.9 156 133 1.0 2.1 43.2
other (9)
95%% confs- Yes Nc Yes No Yes Yes Yes
dence of
sipnificant
difference
Department | Samitary (21) | 2.7 4.7 8.¢ 10.3 11 2.8 30.6
of Naturai | Modifica 6.4 5.5 10.8 13.3 1 4.5 4i.5
Recources 3} ;
classifica- | Cpen dump 7.0 5.7 10.9 14.6 1.3 2.9 42.3
tion (i
Other (4) 3.8 49 12.8 13.1 1.0 16 37.2
95%¢ confi- Yes Nou No Yes Ne Yes Yes
dence of .
sienific.ant
ditference

*The numbers 1n parertheses represent the number of sites in the group.
Noie All numbers are dimensionless tating values
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Example: MATRIX

Afr Qualicy: C.3{15) + 1.0(6) + 0.1(9) + 0.2{(%) + 0.6(4) + 0.3(8) = 17.4

It can be seen that, ueing this weighting, the porential fmpact of a
landfill {a greatest for lsnd use, estheties, and water quality.

FiIG. 1.—Matrix Indicating Total Site Eficct on Each of Six Basic Environmental Paramaeters
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Lecture #9
by G. W. Relid

Prediction and Assessment of Impacts on Water Environment.

1. Scope, Courses

a- Short term, construction etc.

b- Long term, permanent land use.

c~ Resevoirs, powerplants, industry, parxs.
d- Direct, indirect

2. Basic Steps

a~- ldentify types of pollution - attributes
b~ Existing water quality and quantity levels
¢- Forecast Pollutants levels

d- Identify treatment, alternatives, costs.
e~ Impact

Mesoscale - aggregate loads
Construction phase
Microscale - specific concentrations {requency, location

a- Pollution - Ecological Normal
b- Pollution - Ecological Abnormal
c- Water Quality Attributes

d- Sources

Induscry
Municipal
Non-Point
Agricultural
Erosion






Lecture #9

by C. W. Reid

WATER QUALTITY MODELS

One of the increasingly important elements in the design of water resource
projects is, of course, the management of quallty and a technology chat was
almost purely hydrological and hydraulic is now beinp expanded to 1iaclude
what might be classed as the environmental and ecological impact areas and
systems. So, it is no longer sufficient to understand the interrelationships,
flows and trancsports, but to this must be added the impacts on the living

and nenliving water, and peripherral environments; with a need to develop
ecological models or more specifically, vater quality mcdels. Unfortunately,
there is rarely adequate data to properly describe these interrelationships.
The methodology used for hydrological studies involving inadequate data such
as the transfer of observed points to points of interest; short term intensc
studies; or use of simulation techniques, can and are being used in quality
management nodeling, Perhaps more basic is an understanding of data re-
quircments, using the system approach, the sequence of events are (1) prohlem
foruulutioa, {I) symbolic wodeling, (3) data collectisn, (£) znalysis and

(5) design. (Sce Figure 1) Frequently, the order is changed, particularly
the entire process will start with available data.

The complexities, of course, arise due to the fact that the processes
associated with water quality management: hydraulic, hydrological, cucmicatl,
biolopical and ecological -~ are extremely and imperfectly understood. So,
that is a complex reality, with a great many variables on which there is
available very poor measures and which themselves interrelate in ways very
inadequately understood -—- must be measured and appropriately related to be
useful. Certainly, one recognizes the superiority of an explicit quanti-
fiable data and models over intuitive models and hunches. The alternatives

to vuch a model, based on partial knowledge, is a mental model, based on the
mixture of incomplete information and intuition similar to those controlling
most political decisions., A mathematical model deais with the same incompliete
information avallable to an intuitive wodel, but through organizatica of intour-
matiou from many diffcrent sources into a closcd loop at last analyscs in™-
permicted and data necds studicd,

Problem Formulation:  To arrive at a water resource project design, the number
of varjables 1s enormous, and they are mostly uwoalincar. The structure of

the system Is more hicerarciilcal than funetional, and many of the parameters

and varlables arve unquantified at present, certnainly those associated with
ecolopy. Nonctheless, to some degree, a merpging of disciplines and the
Increased use of the system approach has been takine place in the study of
water systems, and It iy not tust 2 matcver of collecting data and figuring

out what ounc has.
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1f one looks at the type of models being postulated for the des?::n of water
quality systems today, it will be seen (Figurc 2) that they fall within a
spectrum ranging from erudite mathematical models at one end of the spectrum
to scenarios at the other. In the first case, the mathematical models may

be rigcrously developed in a mathematicsl sense, but all too often are of
¥itrle use In describing a real complex system in inadequate data. On the
other hand, the scenario model ~- little data, numecrour ideas — may accurate-
ly depict the significant elements of the real system, but it is of little use
to the engineer-planner because he cannot manipulate it or quantify it.

The tarpct one should try to hit is a reasonable and useable balance between
the poles of Intuition and selecting hard data. One would like to be able

to use the mathematical rigor of the physical scientist and, at the same
time, give equal weight to the hueristic insight of the social scientist.

The result would be a useable model for a system design, So, perhaps, or
tevtainiy, for planning purposes, one is dealing with the lowest level of
quantification that allows good estimates and the lowest level of complexity
whicir gives a reasonable picture of the real world system with the hope of
gxpounding in both directions.

“he application of mathematical modeling techniques to water quality
wanagement can significantly aid the decision-makers to arrive at better
decisions. Thus, modeling provides relevant facts and alternatives, the
decision-maker chooses the strategy. Operational models are still primitive,
primarily because of the probilistic or random nature of the physical processes
involved in waste diffusion. One is sometimes inclined to be skeptical of the
value of increasing medel sorhistication whick often seems to have precgressed
ruch further than cur understanding cf the complex real world situation; =21l
models currently proposed in the literature have enormous data requirements
which far exceed the data usually available, and which, for the most part,
must be derived from actual measurement. Many parameters in the more sophis-
ticated models are simply not known in actual situations. ‘

The water quality management problem requires:

1. The cause and effect relationship between pollution from any sourcec
end the present dcteriorated quality of water in the estuary.

2. Forecasting variation of water quality due to the natural and mun-
made causcs,

3. tiethods of optimal wanagement, including treatmenc and flow regulation
to conrrol the quality in the estuary for municipal, industrial, agricultural,
fisheries, recreation and wild life propagation.

4. Chemical, biological, hydrological, hydraulic, at the same time,
same place, and same accuracy,

Y¥odels. 1In modeling there is olways a certain incompatibility betwecn coucepts
of substance ang generality; data representativeness of the real world. The
aim, of course, is to provide through an idealized abstraction an approximate
behavior of the system which always in a compromise between simplicity and
reality. Water quality models can be used to simulate, describe and predlet,
and propramming leading to optlmization of design. Programming which lead: to
policy requires an explicit sct of objectives, or an objective function to mix-
imize benellts or minimize costs. Simulation does not require explicit venulti.
S0, simulations are
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misunderstood, if one expects to use the numericai projections and values.

Using numbers is wrong if 1t leaves the impression that design projections
are in any way predictions of the future. 1t is helpful, not as a prediction
but to get one to realize how short-sighted -- licw present-oriented -— images
of the future ordinarily are, but extrapclation of present trends is a time-
honored way of looking into the future, Most people intuitively and
correctly reject extrapolations -— the point 1s that it provides indicatioms
of the system's behavioral tendencies and as an analysis of current trends,
of their influence on each other, and of theilr passible ocutcomes.

Models may be clussified usefully by areal extent into national, regional
and local . At the highest, or national level, data is necessary for broad
planning purposes, such as to determine an overall level of water pollution,
to determine the total investment necessary for pollution abatement, to
determine national policiec and to project the problems into the future.

At the second highest level, the regional level, all of the above information
is necessary, plus the particular information needs for the region. The
third, local level, consists usually of checking the operaticn of waste
treatment plants to insure compliance with regulations and statutes. Thus,
due to the different requirements and objectives, a data program which may
be optimal at one level, is usually far from optimal at some cther lcvel,
Unless a clear cbjective has been set, there is no guarantee that all
critical bits and bytes of information are collected, and that the gathering

of useless data is minimized. Similar calssification classification can be
made with relation te time.

Hypothetical actenpts to describe the intricate relationships between
nutrients, phvtoplankcon, zooplankton, fish, detritus, bacteria and man-
induced waste loads have resulted in a great variety of models. One of
the first developed, classical Streeter-Phelps equation, describes adequately

the deoxygenation and reoxygenation in the river., The familiar form of the
oxygen sag equation is:

kL k L
D = 2 (e-klt—e_kZt + D e~k2t)(——l-'——42) (1)
r-k o] k2 - kl
where: D = oxygen déficit at time t
o = ovvgen deficit at time zero

= BOD at time zero

t = time (distance) in days
kl = deoxygenation coefficlent

k2 = ycoxygenation ccefficient

This equation has been expanded to provide for evection and diffusion; alpac
growth, boenthal deposits, ete., into, inreality, impossible data requitciments.
The basic need is for modaels somewhere between two poles that are built using
existing data and as such can be responsive to the needs of the actlon apcncies.

It 45 in this realm in which the author has developed a series of water quality
models,  The projects belng modeled pewverally are of such a nature that the
ult luate veallzation will cccur leag after the departure of the desipners, and

as such direcct validation procedures are impossible, necesslitating some form



6f internal validation or Internal ir ogritv. The problem is one of using
what information is available for a 50-100 year future, and deing it in
such a fashilon that it is not su clegant that it becomes a classroom make-
bellevs world. The essential thread in the author's methodology is that of
recognizing the complexity of a problem and drawing on a combination of OR
techniques, determlnistic techniques, as well as imperical, phenomological,
and &nalytical methods. River system models respond to organized pollution
fn nodes,

Thure are suggested six categories of stream resuonses: bilodegradable,
nuirligional, bacterial, solids, percistant of slowly degradable chemicals
a0 . hermal.  The response of a given stream to these categories can be
formiistad; or the reverse, given an instream criteria (RQS), allowable
eviluent quality can be calculated. The specific criteria now can be
rraugad cader response headings; for nutritional, one might select N, P,
Ntx . @z #0P, ete, Lf primary treatment is established as a lower con-

< viat on the effluent; the solids criteria can be deleted; and further,
A7 ¢ public health constraint on toxic and bacterial levels can be exercised,
T3uv rather than six responses can now be used leaving a four-by-four matrix
£0 be examined.

TABLE I
Municipal , Industrial ;J hAgricultural | Recreational _
Biodegradable_| ~~ Controlled by D. O. levels  ___ -
Nutritjenal L Controlled by N and P levelq. o .
Tliermal - Contyo¢ied by Tenperature 1ncrcases i
Persisrent - T
Chemical { Controlled by Salt} CCE's or ABS, etc. L

1 l o o

$9, a rvesponse/use matrix, changing witn time will set goals; based on a

matrix such as the one in Table I and altcurnative socio-operated projections.

& linking technical basin model can be built and operatad to provide the optiwmal
uwge of water resources, and of neccessary treatments; or in planning for

future population increases and the concomitant increased use of water, it

is vossible to build mathematical models depicting the optimum treatments anc
stream [lcws necessary to meet the RQS. The one-to-one input-output relation-
ships for the four catagories of waste cischarges follows with the Low Flov
Avprentation FA), associated with each treatment level (TLi), will be QL’

QN‘ QF and QT' This 1s a termlnal {low in MCD. TLi is a fractlon where 1
refers to BOD, N and P.

BIOLTCRAVABLE MODEL (L)

PL or P A (P)

Y
§] 2 e o {
QL FA1-Y) RQSDO

(1) where:
Y = Traction of total population in SMA's
€ = Efficliency term, Pofnt Load/Uniform hLoad
PE « Yopulation Equivalent in millions
P = Percentage discharpge to river, esxpressed

L
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as a fractlon, Decisicn
Variable = (1-TL)
CB = D0 saturatioa level @ given temperature

= 942,900 relates to stream charsacter-
k, nL istics
27y

where n is essentially the number of reoxygenized volumes, k_, the reaeration

2
constant, L the reach, V the veleocity -- these values will change as the
stream itself is subject to management.

ACCELERATED EUTROPIICATION MODEL (N)

9 = Zé? (1-TL~1.44 (1-TL ) (L 3250) (3)
oQS
N Ry
Q = 2P (1-TL_) - .27 (L=TL,, (IL, 1080) (4)
F Fp-RQS g L L
where:

. QP or QN = Nutritional Dilution Required, MGD

Z

1t

Relative portion impounded and
effected by RQSAGP level

Population, millions

Phosphorus or Nitrogen removal level
expressed as a decimal

BOD/P Ratio divided by optimum
combining ratio
'l‘LN = BOD remcval level '‘expressed as

P
TLP or TLN

FN or F

P

a decimal
RQS, or RQS,, = Acceptable level, RQS determined
P N by RQS

Y ®R°pcp
THERMAL MODEL (T)
Qr - ATw ~-C . 80 (5)

AT + C
Q N

Qr = Thermal Dilution Required, MGD

A Tw = Allowable temperature difference between added flow and RQSt (t—RQSt)
A'FQ = Allowabic temperature change (RQS,r - To)

C = Ratio of K/Vx when K = Goometric mean for Nowmen's ratio and V =

~-159-



subsidance velocity
4Q = Waste Flow, MGD

v
f.ﬂGNSERVED OR TERSISTENT S:I[EMICAL MODEZL (C)

\\.w B
Ga = We x 4Q (6)
RQS,

These models, though cast in terms of dilution requirements, can be
2lceved, given a diluted level to provide permissible loadings. The
»odels (2) thru (6) are bascd on organized (sewered) pollution. Models
for rtorm drainings or dispersed pollution have also developed such as:

TISPERSED PGLLUTION MODEL (D)

f, = 5.8 ¥ 5.0827X, + 0.469x, 7
waere Y3 is 50D

5 10

where Ysis ON and Y6 is POx in
Y6 = 2,90 + .000032\'1 - ,0001X3 - .0137X8 - .741}(11 (9,
and X, = population

= population density

adu
2
X3 = number of households
8 &= comnercial establishments

§ e streets
)

Xll = environmental index

Models (2-9) can be used to relate waste inputs to stream responses under
varying municipal strcam characteristics and apgainst varying goals (RQS).
Many technical models are available to project flows (Q), and other strcam
characteristics k,, L, V, etc. but a final model is nceded for cvaluation of
the effects of the rural upstream watershed programs on downstrcam gunoff to
complete the set. Such a model was developed for the Congress in 1969. 1,2

1 For dctalls of model development see, THE OUTLOOK FOR WATER, Uollman and
Bonem, The Joun llopkins Press, Bultimore & London, 1971, Appendix C., D. 207,

This was a special consultative report to the Sceretary of the Interior,
October, 1967,
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UPSTRIAA USE MODEL  (U)

Y = -16 + X)X, - 137X, ‘(10)
Where:
Y = percentage of normal runoff

X, = percantage of normal precipitation
X
X

= percentage of watersheds controlled by hydraulic structures

W N =

= annual above one inch precipitation

In these equation, the simple Phelps equation (1) has been reduced to:

dL = X2 40 = £ do (11)

¥
That is to say, the load equals the capacity. Distribution factors are
added, load is put in terms of people, PE's, etc. This is useable. On the

other hand and by way of contrast, O'Connor uses a one dimensional, differ-
ential equation, first involving:

3D _1 23 (QC) - kdL - k_L" + ka (C_ -C) -
a2t A X n s
.. - - N a 0
Sp (K;£) + P(X t) = R(X t) + € (20 /a) (12)

d X

Expanding this to three dimension, (x, y, z,) would require:

3
o

= Ex320 + Eyaz 0 Ezaz 0
3 x2 9 y2 9 x

|

>
[ad

Uxa o _ an 0 _ Uza 0 _ kic , etc. A3)

9 x 3y 9 x

Also the cvaluation of E's, U, Ki’ etc. in terms of velocity, solar energy,

depth, turbidity, etc. 3

The ¢ffecctiveness of models is, of course, acceptance. Actually, very few
models have been used. Limitations ol applying them to "real" systemrs are
rooted in many factors, most related to data inadequacies; the acquisiticn
of proper data, adjustment of non-homogenity, or inconsistency, to nime d
few, :

3 SYSTEMS ANALYSIS AND WATLER QUALITY, Thoman, Eavironmental Scivnce “ervie o,
New Vork, 1972,

-161-



¥very model, or system, 1s always embedded in a larger system in space

or cime, so one is limlted to selection of a free body cut and exogenously
determiued parameters, Finally, serious factors, mostly associated with
social values cannot, at present, be quantified. ‘

An efficilent use of models thus, argues for different models to answer
different question. For example, one for sediments, one for social costs,
@te. The systems process is iterative and continues while the models are
refined and until satisfactory results are obtained.

The flow of information for all the mested models eventually leads to the
declslon process. Forward and feedback information flows take place between
acde’s until the alternative selection and information developed is accepted
for denicion-making., As illustrated, there is no attempt to "hang" all
mepdzls rogether. More important,; different levels of data, can be used in
zach mode, providiag homogenity in each model.

DATA

1he data 1mst support the models. Some of the questions for which answers
are needed are, goals, include,:

1. VUhat signif{icant parameters of water quality should be measured,
for an alert system, for treatment plant control, for a quality forecasting
system, for a river management systea?

2. What should be the periodicity or time interval in collecting
specific daca?

3. What are the cross correlations of these parameters?

4, Are therc any synergistic relationships between the parameters?

5. What is being accomplished to develop instrumentation that can
gage quantitatively those essential parameters, such as BOD, that are not
being measured automatically at the present time?

b0, there are all sorts of data, much of it redundant. One needs a model
to discever needs, costs, etc. The process is shown graphically in
Figure 3,

Data has a cost, collection and deferral of decisions.

The quantity of information collected should be increased so long as the
present value of the investument opportunity (or cost saviags if this 1s the
use to which the information is put) is increascd by more than the cost of
the information,

The oxpected value of a decision will be Jow with little data available, but
will rise with more data available. With little data available, the solutlon
often would be overstated (resulting in unused capacity) or understated
(rcsulting in lost opportunity), thus reducing the expected present value of
the opportunity. For small cnough quantities of data, the expected value
will be negative, ]

”

The conclusion that the decisien take place when the cost of getting one more ved
of Information is cqual to the resultliny; increase iu expected preseat valuc.
The cost of getting one more year of data is nade up of two elements, the
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outlay durlng the during the year to get the data, k, and interest on the
expected present value of the opportunity one would experience i1f a year of
waiting is not included. That is, 1f V(t) is the basic function, one should
not wait until its rate of increase, V*(t), 1s equal to [rV(t) + k], where
r is the rate of discount ( the rate of return on investment).

Several conclusions are evident, First, it never will pay to wait for
"complete" information. Second, an extremely important element of the
problem is the cost coming from postponement of the stream of net revenues
from the decision, This factor means it does not pay to accumulate data

until the increment in expected value i3 equal to the annual cost of the
data,

Experience in the United States has resulted in the common utilization of
only eight water quality parameters that are thought to satisfy the re-
quirements of reliability, accuracy, and low maintenance. These paraneters
are dissolved oxygen, pH, turbidity, conductivity, temperature, ORP, solar
radiation intensity and chlorides. Time sequence is important. Paranmecters
needed today may not te the correct ones tomorrow,

FIGURE 4

TIME SCHEDULE FOR WATER POtLUTION ABATEENT

Time Secondary BOD N&P TDS Thermal
—_— Treatment Lff Eff Eff Eff
1960 X
1970 x X
1980 X X X
1999 X X x X
2000 X X X x X
Criteria Fish Kills Eutrophi- Reuse Recycle
Water Treatwentc cation
Problems

Figure 4 suggest a water pollution abatement time scale; that is, the
standard will be upgraded with time, and the resource must be used
within thesc constrainte,

Cne is sti1ll concerned with the frequency with which data should be
collected, the optimum locations of collection, the provisions for data
storage and the resources for analysis of the data. The use of a short-
term survey approach or establishment of a winimal number of permanent
statelons. An analysis of lLiistorical data will yield insight into those
parameters which require continuous analysis because of significant fluc-
tuations and help to ldentifv those locatlons which best identify changing
conditions in Lhe receiving water.

In contrast to the monitoring of a simgle point over a long period, studies
can be concentrated over shorter times but more intensive. There 15 a
question of minual collectlion versus continuous, automatic recording., All
parameters of interest can be determined on a continuous basis and the results
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tvansmitred to a central storage facility, while water quality parameters
that can be economically and dependently measured in the field are st;llr
scuewhiat limited.

CONCLUSIONS

Briefly, models to illucidate design parameters should be built with
available data in mind. By a process of separating and nesting, sub-
models can overcome inconsistencies. If goals are precisely stated as

to funwitlon, various parameters can be xepresented by what is available.
The .author has developed a serles of models using very general data,
{saviag a latitude of alternative data items to define a parameter. Data
e & rosk, collection and opportunity or decision errors also cost. If
imic2quiiles continue, short-term intensive studies are justified, either
mow or hackward, for example, point reviews can be used. Manual systems
¢4n be replaced by automatic monitors; all eight suggested parameters
nandled by electrodes, Generally speaking, however, automatic monitors
¢end to provide more data than are needed, because noone dares to turn
these expensive machines off or set the sampling interval to such a time
interval thai meaningful deviations can be recorded.

Oae never has adequate data, aor can one afford to wait for it. So, models
must be made using every device available, recognizing that the final
resuit will still involve uncertainty and risks, and require judgement —-
the only defense against inadequate data.

~164-



S

Sediment
Source

TABLE ¢,

EROSION RATES REPORTED FOR
VARIOUS SEDIMENT SOURCES

Erosion Rate
ton/sq. m. /vear

Geopraphic Location

Comment

Natural

Agricultural

Urban

Highway
Construction

15-20
32-192

200
320
13-83
25-300
115
12,800
13,900

1,030
10,090-790, 000

200-500
320-3,840
50 50,600
1,000-100, 060
1,000
500
146
280
690
2,300
36,000

50,000-150,000

Potomrac River Basin

Pennsylvania and

Virginia

Missiasippl River
Basm !

Northern Missi1gsippi
Northwest New Jersey

Misgouri Valley
Northern Miasigsippl
Northern Mississippi

Eastern U.S, Piedmont

Kensingten, Meryland

Washington, D.C, Area
Philadelphia Area

Washington, D.C, Area
Watersheds

Fairfax Co,, VA

Georgia
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Native Cover
Natfve Cover
Natural Drainage
Basw o
Throughout
Geologic Justory
Forested Watershed
Forest and Under-
Developed Land
Soils Eroding at the
Rate They Form

Loess Region
Cuitivated Land
Pasture Land
Conttnuous Row Crup
Without Consecrva-
tion Practices
Farmland
Established as
Tolerable Erosion

Undergowng Extensive
Construction

Small Urban Can-
struction Area

750 Square Mile Arad
Average

As Urbanization
Increases

Construction on
179 Acres
Cut Slopes



Table 2: REPRESENTATIVE RATES OF EROSION FROM VARIOQUS LAND USES

Metric Tons/ Tons/ Relative to

sq km/year sq mi/year Forest = !
FoTest 8.5 24 1
Géassland 85 240 | ' 10
sbandorod Surface Hines 850 ] 2,400 100
“oupland 1,700 4,800 200
darvested Foresc 4,250 12,000 “ 500
Activo Surface Mines 17,000 48,000 .2,000
Construction 17,000 4R, 000 2,220

RELATIVE EROSION FROM VARIQUS LAND USES: NATIONWIDE

Coumercial Forests 1
Abandoned Surface Mines <1
Active Surface Mines ‘ 2
Construction 6
Barvested'Forests 11
Grassland 11
Cropland 168
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Figure 3

Relauonship of Dranage Arss, Sediment Yield
ond Construction Activity: Suburban Maryland
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Annusi Noa-Point Pollutional Impacts by Land Use

QUALITY PARAMETERS
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TABLE 4

SUMMARY OF REPORTED NUTRITIONAL LOADINGS

Source

Nitrogen
Pounds/Acre/Year

Phosphozous
Pounds/Acre/Year

Farmland runoff

Good management

Poor management

4 1b/A/yr applied
Irrigation return flow

Urban runoff

Rainfall at 30"/yr

Forest runoff
leaf litter

Domestic waste

Septic tanks

Waterfowl

-3.0(Total-N)

.0
.3 (NO3-N)
.7
+45-24.0{Total-N)

1
5
0
2

2.95-15.97(organig-N)

4.8-32 (NO3-N)

0.14~9.5 (inorganic-N)

10 (W)

1.30-2.96 (Total-N)
0.5 (Total-N)
6.5x10"7 (NO3-N)

1b/eap/yr
6.9-10.7 (Totai-ii}

8 (NO3-N,
ground water
seepage)

1b/duck/yt

1.2 (inorganic-N)

0.35 (Total-P)
0.10 (PO4~P)

0.25 (PO4-P)
0.06-0.2 (Total-P)
0.95-3.88(Total~Pr)

0.87 (Total-P)
3.32-20.20 (PO,-P)

0.18-0.54 (PCG,4~P)
(Total-P)

77
06 (Total-P)

0.32-0.
0.03-0.

1b/cap/yr
1.3-3.8 (Total-pP)

1b/duck/yr

" 0.3 (Total-P)
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TABLE 5

AGRICULTURAL POLLUTIONAL LOADS

TOTAL N TOTAL P
(Lbs/Acre/Year) (Lbs/Acre/Year)
Suriacea 2.45 - 28.3 0.68 - 3.99
Sunsurface 38 - 166 2.5 - 8.9

Souice:

Sylvester, Robert 0., Algae and Metropolitan Wastes, Transac-
tions of the 1960 Seminar, U.S. Robert A. Taft Sanitary En,i-
neering Center, Cincinnaci, Ohio, 1961. (Bartsch, Alfred I'.,

Ed.) (2

Witzel, Stanley A., Nitrogen Cvcle in Surface and Subsurface
Waters, Water Resources Center, The University of Wisconsin,
December 1968. (23)
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TABLE 6

SUMMARY OF REPORTED BOD LOADS

Source

Load

Urban runoff, 34" raiufall/yr

Rural cultivated land runcff
Silo dralnage

Stock floor washings
Rainfall

Domestic waste

30.5 1b/Acre/yaar

0.5~23 ng/l
4400 mg/1
2000 mg/1
9-16 mg/1l COD

73 1b/cap/year

Industrial waste 1b/unit produccd ng/l
Explcsives 326/100,0CC 15 TINT 1070
Synthetic fibers 77/1000 1b product 713
Paper and pulp 53/ton product 266
Poultry 26.1/1000 chickens 476
Sugar beet 13/ton produce 580
Meat packing 12/1000 1b live wt 1384
Tanning 4.55/100 1b hides 806
Brewery 2.6/barrel 964
Textile 2.45/100 1b each process 440
Milk 1.16/1000 1b intake 857
Cannery L __0.365/case 118§
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PABLYE 7:  TYPICAL COIWCHT
(A1l values in a/iiter)

Constituent

OF DOVESTIC-SEVAGE

Strone

Mediun

Weok

0l icn, total
Voletile

Flaca

Saalsiended, total
Vaialile

thixed

Wionoived,; loteld
Volotile
Fixed

0D (Y-cay, 20 dagrecs C)

Qv conswwed
Lins0Ived Liygen

Nilro_en, tolal -
C.y onile

Athalinity

Fats .

1000
300

500
400
100
500
300
200
300

150
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500
350
150

3060
250
50
200
100
1.00.

200

15

o

< L o\N
NOOOO

< O
o\

100

200
120
80
100
ffe]
30
1.00

50
50

100



TABLE 8

SUMMARY OF BACTERTAL LOADS

Soucce Coliforn/100 ml Coliform/cap-day

Raw sewage - 1,000,000 3.7x109

Treated sewage

Primary treatwent 500,000 1.8x109
Activated sludge 60,000 2.3x108
Biological plus
chlorination 15,000 i 5.7x107
Urban runoff 1,275,000 5.5x1010/A-day
34" rainfall/yr .
Irrigarion returns e insignificant
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Vacer Quality Rating Systems Short Comings

. 5ay tricibute/Points 1 2 3 4 5
".R“'s.vbidity 1 1 10 100 200
in 03 0.3 3.0 30 60
Cult 0 1 5 10 100
atl ’ 5 6 7 8 9

WQR Underlined

Case ! Points
Turbidity 10 d 3.0%
zn .05 1.0
Coli 1 2.0
pi 5 1.0
7.0
Case 11
Turbidicy 1 1.0
Zn 3.0 3.0
Coli 1 2.0
pH 6 2.0
8.0
or-
Zn @ pHS5 .03

Zn @ pH6 3.0



S’

TREATMENT/REUSE/USE/ETC. /LAND MANAGEMENT

There exists considerable concern as to the selection
of the proper alternative for waste handling, usually class-
ified as Treatment and Reuse, Land Application or Treatment
and Discharge. These general strategies are graphically
displayed in Figure 1. and Tables I ana ITI. All strategies
can be considered looked at as reuse, intentional or uninten -
tional. That is to say, water is a reuse commodity, there
is no ownership involved. It is just a matter of who does
what, or more specificually perhaps the level of aggregation.

Tae comparative feasibility of each of the general pro-
positions, discharge, land application, and intentional re-
use, are difficult to assess, because they will vary with
source of water (river, ground, brackish, or sea). They
will vary with, as has been noted, the regulatory levels of
discharge, e.g., 30/30 vs 10/10. They will vary with intended

~uses usually classified as; precess, cooling, groundwater re¢-

charge, and of course, with the econcmies of scale.

To structure these comparisons the authors have reserted
to a series of strategies -

1. Treatment and Discharge: Herein, the full flow requirved
is treated and returned to the river, ground, or sea, the
receiving system. The losses are estimdted at 20%, 'that is

. a deplection of .2Q results and a return flow of 0.8Q.
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Q
1i. Treatment and Reuse: The amount of treated waste that
can be used is reused. At the present, this is limited to
nonpotable demands. Two quality levels are suggested.

L } ‘-‘“b~§~N‘M\---

The new water required is essentially the domestic demand.
this is not rigorously true, because reuse is limited by
solids buildup, possibly to three cycles. The reuse demand
potential, of course, will vary with the size and character
of the city's industry. If it is less than 180% of the over-
all dcmand more new water will be required. So the flow
pattern could vary from the above to that in Strategy 1I.

IIT. Land application: This, of course, depends on avail-
ability of land, etc.
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recharge

Intentional (\\“ﬁ}
Unintentional

Irrigation will cause considerable fiow depletion, compari-
son of the three land application strategies are shown on Table
IITI.

IV. Brackish or Sea Water Source: The important consideration
here, is that reuse treatment cost, and desalting cocst are

cssentially the same.
./;Q
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V. Internal "In Plant'" Reuse: Internal "in plaat" reuse,
has problems of surge capacity, but is generally giver as a
cure for the "end of the line or pipe syndrone". Actually,
treatment cost are very responsive to economies of scale and
the ather strategies are cheaper because of scale and oppor-
tunities of natural balancing to make it possible to treat
an aggregate waste and recycle it. The piping costs would
%3ss5ibly increase.

Reuse is considered primarily because domestic use of
reuse water is not practical at present. This is because of
consumer attitudes and because there simply are not adequate
operational central tesis for viruses, organics, and toxic

.materiasls. Unfornately, cne must rely on processes. Ongerth

and Jepling (3} (Water Renovation and Reuse, Academic Press,
1977) have reported consumer opposition of 30% as psycholgi-
cally repugnant, 20% lack of purity, 10% can cause disease
19% bodily contact repugnant etc.

Virus¢s that have been isolated from wastewater are
tdenovirus, Coxsackievirus, Echovirus, Poliovirus and Reovirus.
Virus removal in water or wastewater treatment is dependent
upon the type of treatment process utilized. Certain processes
are more effective in virus removal than other processes. Very
precise measurements of treatment efficiency in virus remova.
are not possible now because we are not able to efficiently
concentrate small numbers of viruses from jarge volumes of
water, nor are we able to identify the possible viruses that
may exist. The development of efficient technology for detec-
ting virusecs and identifying those viruses has been, and
continues to be, a central need in water pollution research.
Coagulation, filtration, and application of free chlorine
appears to be the method of choice. At present the virus
conccitration test requires 2-3 weeks at a cost of approx-
imately §$100/test, with a sensitivity of a "spiked" samplc of
log 5, or 99,999%. Use of chiorine and activated carbon 1in
virus control have secondary problems; i.e., producing un-
desirable CC14, chloroform and phthelates (4).

Heavy metals and many synthetic chemical compounds are
being classified as toxic chemicals to the water users or re-
ceiving environment. Cenerally, the largest single sourcc of
heavy metals and synthetic compounds is industrial waste 1lowe.
There u4rec numercus treatment processes available to remove
individual elements within these general categories. However,
currently it appears that the single most etffective treatment
process for the removal of all wastewater pollutants, includ-
ing toxic chemicals, is reverse osmosis. It has been suggcsted
that reverse osmosis can effectively remove large organic
molecules and poly-di- and mono-valent ions. Activated
¢aruon adsorption, and ion exchange, chemical precipitation,
electro-chemical plating arc also considered to be effective
methods for removing heavy metals and toxic chemicals.
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However, all of these listed methods require pretreatment

to remove suspended solids and organic compounds that
interfere with the process efficiency. Although industrial
wastewaters can be excluded/segregated from the wastewater
reclamation and reuse system, small concentrations of these
compounds still find their way tco the collection system
through the domestic use of high-streagth cleaning products,
Yiquid drain-cleaners, pesticides, and petroleum products.
Unit processes capable of removing heavy metals and syntheiic
compounds are significant to the wastewater reclamation and
Teuse system, It is important also to provide for-identifi-
cation of trace organics and heavy metals. At present the
best methods are TOC and PIXE (Proton Activation Analyses)
analyses.

The main terrance of dominate flow where a river is the
water source is of considerable importance. The depleted
water can be made up by low flow augmentation by providing
off -stream or in-stream storage. The cost of storage has
been estimated from 10¢ to $1.00/1000 gallons based on Wallman,
Bonem, The Cutlook for Water, John Hopkins Press, 1971 (5)

.and Reid, Print 29 Selected Committee of US Senate 1969 on

Low rFlow Augumentation (LFA) 1969 (6). It is very sensitive

to scale. Bearing in mind the aforementioned limitations, the
authors wil'® attempt a comparison of sorts of the aforementioned
strategies. Cost and flow notations are on Table IV. In
Strategy I, Treatment and Discharge, the relative costs, using
the cost of treating raw water as 1.0 would be as follows:

C

Q + C, x .8Q + C2 X .2Q with adequate dilution available

1
Q + C3 x .8Q + C2 X .2Q with tertiary treatment required.

C

Both require a drainage charge for stream flow depletion,

estimated as a LFA cost. These are C1 as 1.0, the relative cost
would be:

C

1 + .8 x 4.5 + ,2 x 10 = 6.5

C 1+ .8 x 7 + .2 x 10 = 8.6

In Strategy II, Treatment and Reuse, Two levels of reuse quality
(cooling and processing) are assumed:

C=.2Q+ C, x .8Q + C

4 X .2Q

2

g X .8Q + C2 X .2Q

or the total cost compariscns would be the following. It
assumed also that there is sufficient industry to use .8Q.

C

.2Q + C
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.2+ 2 x .8 + .2 x 10 = 3.8

it

C

f

-C .2 + 13 x .8 + .2 x 10 = 12.6

The cost would rauge trom 2.8 -~ 12.6 depending on the blend
of uses. If there is less need for reuse water than .8Q,
the cost would also adjust towards 6.5 and 8.6, or Strategy I.

Strategy III, Land Application for Irrigation or Recharge would
be: .

c

Q + C, .8Q + .7QC,

Q + .8QC, *+ .4QC,

C
the comparisons are:

i1+ 4.5 x 18 + .7 x 10 11.5

[}
I

¢

C 1 + 4.5 x .8 + .4 x 10 8.5

S¢ in general terms, the lowest cost alternative would be
treatment and reuse for cooling or similar quality requivement.
Th2 next order would be treatment and discharge where there 1is
adequate dilution. This has assured thru out equal industrici
procductavity. If higher order treatment for reuse is used then
treatment and discherge is superior. Land application is luss
cesirable. In this anzlyses the need to maintain dominate
flow or replenish flow thru LFA courses the considerable diffev-
ences betwecn discharge and reuse on one hand and land applica-
ticn on the other.

In addition to the cost-effectiveness and conceptual
comparisons presented above, process selection also requirces
consideration of environmental impacts. The key concern is
to select wastewater treatment strategies which will minimize

detrimental changes and maximize beneficial ones. Selected
environmental factors for assessing water quality management
Plans are shown in Table V. Delineation of the changes 1in

each factor resulting from treatment and discharge stratcgies,
recycle and reuse strategies and land application strategles
would enable environmental impacts to be considered in process
selection.

A specific comparison of four selected environmental
impact factors for a 10 mgd plant is shown in Table VI.
Tertiary treatment requires the most energy usage and lcads
to the grecatest atmospheric emissions and traffic; while
lTand application rcquires the most land of the three strategles
shown. Decision models are available for aiding the compar:son
of alternative strategies and selecting the least process with
minimum detrimental environmental impacts.
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The cost model now becomes:

Cost = Water + Waste Treatment + Revised Treatment
+ Piping + LFA + Impacts -

A benefit and/or net benefit model could also be constructed.
The optimal solution of benefits would perhaps be different
than the minimum cost model, because the reuse application
value varies widely. The total cost equation would have close
to 250 possible out-comes, again depending on treatments and
levels. Considering the variables and combhinations, no
specific conclusions should be drawn but rather a methodoiogy
to approach a specific problem.

-
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MARGINAL COST OF TREATMENT
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Fig. 2. Effect of wastewater reuse on economically
optimal degree of pollutants removal.



CATEGORY

TABLE 1
DEFINITIONS (REUSE)

WT

Inimtrentional

Pl

:ntentional

A T S TR i ST > AT

Lannd Application

Internal

—_—— ]

downstream use, essential as
augumentation of river water
or LFA, Winhock, etc.

return of treated waste effluent
from a city to the same city's
industries, for power, for process

irrigation, surface discharge,
and ground water recharge

recycling around an individual user
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TABLE II
EXAMPLES OF WASTEWATER
MANAGEMENT STRATEGCIES AND TREATMENTS

Category Strategies
Treatment and (1) Biological treatment inciuding ponds,
discharge activated sludge, trickling filters,

nitrification, and denitrification.

(2) Physical-Chemical treatment including
chemical floecculation, filtration,
activated carbon, breakpoint chlori-
nation, ion exchange, and ammonia
stripping.

(3) Systems combining the above techniques.

(4) Storm and combined sewer control measures.

Mmoo s e m W W3 M T e Sh G S W e D N e omm e R M e e A e S e M O M e T M em tH Wy M MR WD G G M P A D G we % e e W = e e = = =

Wastewzter (1) Industrial processes.
rause
(2) Groundwater recharge for water supply
enhancement or preventing saltwater
intrusion.
(3) Surface water supply enhancement.
(4) Recreation lakes.

(5) Land reclamation.

L.and (1) Irrigation including spray, ridge and
application furrow and flood.

(2) Overland flow.

(3) Infiltration-percolation.

Source: "Environmental Factors Affecting Treatment Process
Selection", Canter, L.W. & Reid, G.W., April 1977,
Stillwater, Oklahomua(2).
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TABLE III
COMPARATIVF CHARACTIRISTICS OF
.. LANLD-APPLICATION APPROACHFS

Type of Approuach

Factor

Irriguation

Overland Flow

Infiltration-
percolation

Liquid-loading rate
Annual application
Land required for
1-MGD flow

Application techniques

Soils

Probabil.ty of intlu-
encirg groundwater
qQuality

Needed depth to
groundwater

Wastewater losses

0.5 to 4 1n/wk
2 to 8 ft/yr

62°to Séfl acres
plus buffer
zones

Spray or sur-
face

Moderately per-
mcable soils
with guad
productivity
when irrigat-
ed

Yoderate

About 5 ft

Predominantly

2 to 5.5 in/wk

8 to 24 fi/yr

46 to 140 acres
plus buffer
20n€es

Usually spray
Slowly perncable
so1ls such as

clay loams and
clay

Slight

Undertermined

Predominantliy

0.3 to 1.0 ft/wk
18 to SO0 ft/yr
2 to 6? acres
plus buftfer

zones

Usually .prav
Ripi {lv permeable
$)i's such as
»ands, laday

sands, ard siras
loams

Certain

About 15 ft

Percolation t»

evanoration surface discharge  groundwater
or deep but some evapora-
percolation tion and perco-
lation
Use as a treatment Generally 50 to 60% Up to 90%
provess with 4 re- impractical recovery recovery
covery of treated
water
Use for treatment
beyond Secondary
1. For BOD and
suspended
solids re-
moval 99-99% 90-99% 90-99%
2. For nitrogrn
removal 85-90% 70-90% 0-80%
3. For phosphorus
removal 80-99% 50-60% 70-95%
Use to grow crops for
sale _bxecellent kair bPoor
Use as direct recycle
to the lund Complete Part:ial Complete
Use to recharge
groundwater 0-30% 0-10% Up to 90%
Use inm cold climates Farr? ..k Excellent

uCoaniCtlng data-woods srrigation acceptable, cropland irrigation margtnal.

blnsufficicut data.

‘

Sourco: Land Treatment of Municipal Wastewater Lfflaents, FPA Jan 1916
Altcinate Waste hiapenent lechnelopy tor Best Procticable haste
Treatment, 1PA-430/9 75-01% Dctober 1975,
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TABLE IV
NOMENCLATURE

City Water Demand = Q, for purpose of this problem
estimated at the S-10 MGD leveli

Cost Estimate Levels,

Surface Water Treatment 5¢/1000 gal
Croundwater . Nil
Brackish Water 25¢/1000 gal
Seca Water 65¢/1000 gal
Reuse Water (cooling) 10¢/1000 gal
(process) 65¢/1000 gal
LFA ' 50¢/1000 gal
Discharge Water {(secondary) 23¢/1000 gal
(tertiary) 35¢/1000 gal

Cost Coefficient

C. ratio of secondary treatment to intake surface waste
water trecatment

23/5 = 4.5

C., ratio of tertiary treatment to intake water
35/ = 7.0

C. ratio of LFA to intake water
50/5 = 11.0 ]

C, ratio Reuse (cooling) to intake water treatment
10/5 = 2.0

C. ratio Reuse (process) to intake water

65/5 = 13.0
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Area

ENVIRONMLNTAL

TABLE V
FACTORS

FOR

ASSFESSING

WAITER QUALITY MANAGEMINT PLANS

Component Group

Environmental Factors

Water

Aquatic Specles and
Populations

Aquatic Habitats and
Communities

Water Quality

Hydrologic Environ~
mental Factors

Vegetation
Fish
Waterfowl
Pests

Rare and Endangered Species
Species Diversity
Specles Quality

Coliform Organisws

Dissolved Oxygen

Nutrient Materials

Toxic Materials

Total Dissolved Solids

Hydrogen Jon Concentration (pH)
Temperature

Suspended Solids

Basin Hydrologic Loss
Frequency ot kxtrewc Flows

Alr Quality

Particulate Matzer
Caseous Pollutants and Odors

Land .

3.

Terrestrial Species
and Populations

Terrestrial Habitats
and Cormunities

Land Uge

Topography

Vegatation

Browsers and Grasers

Small Game Animals & Birds
Pests

Rare and Endangered Species
Specles Diversity

Compatibility of Use with
Existing or Other Planned
Uses

Intensity of Use
Perwanency of Use

Surface Contour Alteration
Surface Characcexistlcs
Stream, Resecvoir and

Estuary Shoreline Alicrat.cn
Geologic Sustace daterir.

Aesthetic
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Environaental Iuterests

Man-Mude Structures

Noise Pollution

Recree™{isn accessabilis,
Recreation Acriv,it'ea
Educational /Scrent it L
Educaticnal/Cultural

Architectural Design
of Structuics
Location of Structures

Frequency and Duratlon of
Disturbing Nofse

Intensity of Disturbiog
Helge



TABLE VI
COMPARISON OF SELECTED ENVIRONMENTAL IMPACTS
FOR A 10 mgd PLANT

Energy Usage Land . Atmospheric Trafficb
Strategy (KWH/day) Requirement Emissions?® (trips/day)
(acres) (1b/day)
Secondary treatment* 5200 34 none 0.37
Tertiary treatment** 30,000 75 302(7) 1.95
(2.7x108BTVU) Hel (1)
. (90 therms) Metals (4) -
NOx (39)
Particulates(70)
Land application*** 5900 1305 none 0.21

*Activated sludge process; organic sludge treatment via flotation, anaerobic
digestion, sand drying and landfill; liquid effluent quality is 30 mg/l1 BOD,
30 mg/1 S.S., 25 mg/d N, and 10 mg/1 P. .

**Activated sludge process followed by coagulation-filtration, carbon sorption,
and ammonial removal by ion exchange; organic sludge treatment via flotation,
anacrobic digestion, sand drying and landfill; chemical sludge treatment
via gravity thickening, vacuum filtration, incineration and landfill; liquid
effluent quality is 1 mg/1 BOD, 0.3 mg/1 S.S., 1 mg/1 N, and 1 mg/1 P.

***Land application following primary treatment; organic sludge trecatment via
flotation, anaerobic digestion, sand drying and landfill; liquid effluent
quality is 3 mg/1 BOD, 5 mg/1 S.S., S mg/1 N, and 0.1 mg/1 P.

a: from sludge incineration, odors are neglected.

b: traffic reflects the number of trips per day necessitated by a truck-

capable of hauling 20 tons of sludge from the plant plus the traffic
involved in supplying plant chemical needs.
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TREATMENT TECHNGLOGY
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Estimated Total Operatine Costs of Several Treatment Cumbinations(l)

Treatment Cost (¢/1000 gal.)

Estimated Total Contaminant Removal (%)

Combination of COD* or

Treaiment Processes I mgd 10 mgd 100 mgd BOUDs**  Phosphorous Arzz’mgen T0S

1. Pumary r activated sludge 23.3 13.5 8.2 85¢* - - -
(inctuding sludge disposal)

2. Primary +activated studge + 55.6 243 15.4 o7= - - -
activated carbon

3 Purnary + activated sludge +  90.3 37.6 22.7 97+ 98 85 -
activated carbon + lime treat-
nmient + scparate nitnification +
chlorination ‘

4 Primary + activated sludge + 47.2 98* 99 76 (NH;-N)
activated carbon + ion {700 mg/1)
exchange + chlorination 60.2 86 (MOy-N) 86

{1000 mg/l) .
739
(1500 mgft)

5. Primary + activated sludge +  71.6 49 4 39.3 99+» 99.7+ 95 (NH;-N) 95
dual-media tiltration + 75 (NO3;-N)
reverse OSmosis .

6. Primary + activated sludge+  95.4 55.5 43.4 99+* 99.7+ 95 (NH4-N) 95
activated carbon + reverse 75 (NO;-N)
osmosis , .

7. Chemcally clarified raw 86.5 55.3 46.0 95+* 99.7+ 930 (NH;-N} 95
sewage + activated carbon + 75 (NO3-N)
reverse osmosis
(product aeration)

8. Chemucally clarified raw 64.2 49 6 43,1 JS+* 99.7+ 90 (NH;-N) 95§
sewage + dual-media filtra- 75 (NO; -N)

tion + roverse 0smosis
{product aeratiun)

(1) Source Reuse in Water Management, AGS.
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SUGGESTED TREATMENT PROCESSES TO MEET THE GiVEA HEALTH CRITERIA FOR WASTEWATER REUSE

Irrigation Recrealion Municipal reu's'a
Grom ot COBAN o caion o e

o e comest  Cond poleble  FoieHle
N oxbranation of symbots) A+F o BLF  D#F B 0+6  CorD c e
Primary treatment o ©ee 06 506 260 D0 Ge8 [ Xl
Secondary treatment 00 edpe e¢e 6o 0o 00 8906 .
Sang Thration araduvatent e e ©69 ® eoe e
Nrtrification (] 09
Denitrification Qe
Chemica! ciarification (] @0
Carbon adsorption e
fon exchanga or sther moans ° oe
Drsinfection (5] 00 () eeo o XX 008

Health criterla:

A Freedom from gross soiids ; significant removal of parasite eggs.

B As A, plus significant removal of bacteria.

C As A, plus more eflective remova! of bacteria, plus some removal of

viruses.,

D
E

F
G

Not more than 100 coliform organisms per 100 mi in 80% of samples
No faecal coliform organisms in 100 ml, plus no virus particles in
1000 m!, plus no toxic effects on man, and other dninking-water criteria.
No chemicals that lead to undesirable residues In crops or fish.

No chemicals that lead to irntation of mucous membranes and skin

In order to meet the given health criteria, processes marked @ @ @ will be essential. In addition, one or more
processes marked @ @ will aiso be essential, and further processes marked @ may sometimes be required.

a Free chlorine after 1 hour
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Lecture #10

PREDICTION AND ASSESSMENT OF NOISE IMPACTS

by

L. W. Canter®

Another one of the major impacts from many actions is on the noise
environment in and adjacent to the project area. Construction of power
plants, highways, airports and pipe lines generates noise intrusions.
Utilization of airports and highways, and the operation of compressor

stations lead to persistent noise intrusions in the environmental setting.

I. Baslc Steps for Prediction and Assessment

A. Identify noise levels for the alternatives under consideration
during both the construction and operational phases.

B. Determine existing noise levels for the project area. This may
involve field measurements or the determination of land usage
patterns. Identify unique noise sources in the area as well as
unique places where noise levels must be minimized.

C. Procure applicable noise standards and criteria for the area.

D. Determine the microscale impact by predicting anticipated noise
levels for each alternative during both construction and oper-
ational phases. Compare predicted noise levels with applicable
standards or criteria in order to assess i1mpact.

E. 1If standards or criteria are exceeded, consider noise abatement
methods to minimize impact on the noise environment.

II. Basic Information
A. Terminology

1. Noise can be defined as unwanted sound, or sound in the wronrg
place at the wrong time. Noise can also be defined as any
sound which is undesirable because it interferes with speech
and hearing, or is intense enough to damage hearing, or is
otherwise annoying.

2. Values of sound power or sound pressure do not provide a
practical unit for sound or noise measurement for two reasons:

* Director and Professor, School of Civil Engineering and Environmental
Science, University of Oklahoma, Norman, Oklahoma.



a) There is a tremendous range of suvund power and sound
pressures produced. Expressed in microbars. one-
millionth of 1 atmosphere of pressure, the rauve is
from 0.0002 microbar (ubar), the minimum sound pressure
of & healthy young human ear can detect, to 10,000
pbars for peak noises within 100 ft. from large jet
and rocket propulsion devices.

b) Our ears do not respond linearly to increases in sound
pressure. The nonlinear response is essentially loga-
rithmic. The human ear can discern without pain sounds
ranging from a threshold to sounds 1012 times as
intense. (2) '

The number of compressions and rarefactions of the air
m&lecuie density in a unit of time associated with a sound
wave is described as its frequency. The unit of time is
usually one second, and the term "Hertz" (after an early
investigator of the physics of sound) is used to designate
the number of cycles per second. Again, the human ear and
thiat of most animals has a wide range of response. Humans
can identify sounds with frequencies from zbout 16 Hz to
24,000 Rz, (2)

3

B. Sound and NMoise Measurement (3)

1. The measurement needs are met by a term, sound pressure
ievel (SPL), expressed as a logarithmic ratio to a reference
level and stated in a dimensionless unit of power, the
decibel (dB). The reference level is 0.0002 pbar, the
thresiiold of human hearing.

£y

SPL = 20 loglo (§E

where SPL sound pressure level expressed in dB

P sound pressure (ubar)

Po reference pressure (0.00062 pbar)

2. Table 1 contains a summary of various sound pressures and the
corresponding decibel levels, with examples of recognized
sources of noise being cited.

3. As the SPL-decibel scale is logarithmic, decibel values are
not additive. For example, and SPL of 74 dB from one sgurce
superimposed on one of 75 dB does not result in 149 dB. An
SPL of 77.6 dB results. To determine the total effect, it
is necessary to convert decibel readings to intensity ratios,
‘then reconvert the new sum back to a decibel value. To aid
in this process, Tableée 2 is provided for determining the
cumulative decibel values of two or more known observations




Table 1: THE DECIBEL SCALE OF SPL, WITH SOUND
PRESSURES IN MICROBARS, AND RECOGNIZED
SOURCES OF NOISE IN OUR DAILY EXPERIENCES

Sound Pressure

)ubar dB Example
0.0002 0 Threshold of Hearing
0.00063 10
0.002 20 Studio for sound pictures
0.0063 30 Studio for speech broadcgstipg
0.02 40 Very Quiet room
0.063 50 Residence
0.2 60 Conventional speech
0.63 70 Street traffic at 100 ft.
1.0 74 Passing automobile at 20 feet
2.0 80 Light trucks at 20 ft.
6.3 90 Subway at 20 ft.
20 100 Looms in textile mill
63 110 Loud motorcycle at 20 ft.
200 120 Peak level from r&gkuknd roll band
2,000 140 Jet plane on the ground at 20 ft.




Table 2: DETERMINING THE CUMULATIVE
DECIBEL SPL WHEN THE DIFFE®ENCES
BE ZWEEN TWO OR MORE LEVELS ARE

KNOWN
Difference No. of dB to be
between levels, dB added to higher level
0 3.0
1 2.6
2 2.1
3 1.8
4 1.5
5 1.2
6 1.0
7 0.8
g 0.6
10 0.4
12 0.3
14 0.2
i6 0.1
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C.

Some General Facts on Noise Abatement---The '""Moise Control Act of *

on individual sources. The value in the difference column in
Table 2 1is alwayc added to the highest of the two decibel
values being handled.

In most noise considerations, the A-weighted sound level {is
used. This level is explained as followe: The ear daes not
respond equally to sounds of all frequencies, but i3 less
efficient at low and high frequencies than it is at medium
or speech range irequencies. Thus, to obtain a single
number representing the sound level of a noise containing

a wilde range of frequencies in a manner representative

of the ear's response, it is necessary to reduce, or weight,
the effects of the low and high frequencies with respect

to the medium frequencies. The resultant sound level is
said to be A-weighted, and the units are dB. A popular
method of indicating the units, dBa, is frequently used.

The A-weighted sound level is also called the noise lavel,
Sound level meters have an A-weighting network for measuring

A-weighted sound level. o

1972" is the basic Federal legislation for noise emissions from
a broad range of sources. (4)

ITI. Anticipated Noise Levels (Step 1)

A.

Construction Equipment and Operations. (1)

1.

2.

Table 3 shows typical energy equivalent noise levels at con-

struction sites. Energy equivalent noise level (Leq) refers

to the equivalent steady noise level which in a stated period
of time would contain the same noise energy as the time- -

varying noise during the same time period. (6) - e
{

i

Noise levels observed 50 ft. from construction equipment are '

shown in Table 4. i
{

Examples cof Noise Levels frém Project Operation

1.

Examples to be considered include highway vehicles, aircrafy,
rail systems, recreation vehicles, internal combustion
engines, industrial machinery, building equipment, and home
appliances. )

- The noise lzvels produced by -highway vehicles can be attributed

to the following three major noise generating systems: (7)
a) rolling stock; tires and gearing
b) propulsion system: engine and related accessories

¢) aerodynamic and body




TABLE 3:

at Construction Sites

Typical Ranges of Energy Equivalent Noise Levels, Le

in dBA,

Industrial
foice Build- Parking Qarage, Public Works
. ing, Hotel, Religious .
Domestic Roads & High-
Housing Hospital, Amusement and ways, Sewers
School, Public Recreations, e 2’
; and Trenches
Works Store, Service
Station
I I1 I IT I II I 11
N
i Ground 83 83 84 84 84 83 84 84
Ulearing '
Exazvation 88 75 89 79 89 » 71 88 78
Youndations 81 81 78 78 77 : 77 88 88
Erection 81 65 87 75 84 72 79 78
Finishing 88 12 89 75 89 74 84 84

I - 411 pertinent equipment present at site.

Il - Minimum required equipment present at site.




TABLE 4: Construction Equipment Noise Ranges

NCISE LEVEL {dBA) AT SO FT
0 70 80 90 100 10
COMPACTERS (ROLLERS) an
" FRONT LOADERS RIS S ]
- iiw
Z12
cis BACKHOES
212
iz TARACTORS
-1z
EY SCRAPERS, GRADERS
]
s PAVERS a
-t
<
= TRUCKS U I
= =
=]
Z13 CONCRETE MIXERS e ——
>Ia
E g CONCRETE PUMPS -—
zl< CRANES (MOVABLE) R S
e
z|< CRANES (DERRICK} -
gLz
sl PUMPS -
Pl b=
1S
g GENERATORS ———
= COMPRESSORS ——
- PNEUMATIC WRENCHES —
5
< £ | JACK HAYMERS AND ROCK DRILLS e e ]
-9 IMPACT FILE DR/ VERS [PEAKS) | .
= VIBFATOR
=
£
) SAWRS PO

Note Besed on Limited Avai.able Data Sampies




IV.

" A\

3.

The noise levels produced by highway vehicles are generally
dependent upon vehicle speed, as illustrated for a number of
different vehicle types in Figure 1.

Existing Noise Levels (Step 2)

A. Typical Values

1.

The outdoor daytime residual noise level in a wildermess,
such as the Grand Canyon rim, is of the order of 16 dB(A),
on the farm it is of the order of 30 to 35 dB(A), and in
the city it is of the order of 60 to 75 dB(A). (8)

Noise levels for the urban population are shown in Table 5. (6)

Ldn = day-night noise level

B. Tie to Land Use

Noise Scandards and Criteria (Step 3)

4. Gencral Comments (3)

L.

Ef fects---Information on effects of noise is best for hearing
loss due to noise at work. Other effects of occupational
noise, except speech intelligibility interferences, are less
certain. These are changes in psychological and physiological
states, including annoyance and sleep interruptions. The last
two are principal complaints against community and aircraft

noise. Property damage by actual vibrational or boom des-

truction and by depreciation because noise paths and patterns
impinge on the property is known, and is, to some degree
measurabie and predictable. Effects on animals seem to have
been studied very little. These effects are of concern for
wildiife around airports and along highways, and for fish

and wildlife in the pathways of sonic boom. . In the first
instances habitats may be lost, but the creatures have a
chance to migrate and to reestablish beyond the reach of

the noise. If there are bad immediate effects on those in
the sonic boom paths, there is no escape time.

A statistical analysis of the noise level gives the percentage
or total time that the value of the noise level is found
between any two set limits. Such data can be presented
directly in the form of histograms, or be used to obtain a
cumulative distribution in terms of the 'level exceeded for

a stated percentage of time." TFor the sample statistical
distribution of Table 6, the noise level exceeds 60 dB(A) for
1 percent of the hour, 55 dB(A) for 10 percent of the hour,
50 dB(A) for 50 percent of the hour, and 45 dB(A) for 90 per-
cent of the hour. These noise levels are abbreviated sym-
bolically as Ll’ LlO’ LSO’ and L90’ respectively. (8)
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TABLE 5

Estimated Percentage of Urban Population (134 Million) Residing

In Areas With Various Day~Night Noise Levels Together With
Customary Qualitative Description Of The Area

Average Census

: Estimated Tract P .
al [ract Populition
Description T}{.ﬁfgf Average Percentage | Pensity, Vauber
T L;,indB of Urban “Peonie Po
Lgp indB dn R : of People Per
Population Square Myle
Quiet Suburban 48-52 50 12 630
Residential . .
kormail Suburbzn 53-57 55 21 2,000
Residental
Urban Residential 58-62 60 28 6,300
Noisy Urban 63-67 65 19 20,000
Residential
Very Noisy Urban 68-72 70 7 63,000

Residential

10




TABLE 6: Example of Statistical Distribution
in Intervals of 5 dB Widths

of Outdoor Noise Analyzed

Cumulative

Interval in Percent of Percent of

dB(A) Total Time Total Time
61 through 65 ] ]
56 through 60 9 10
" 51 through 55 40 50
456 through 50 40 90
41 through 45 10 100

i1



Criteria for Protection of Public Health and Welfare (6)

1.

20

The phrase "health and welfare" is defined as complete physical,
mental, and social well-being and not merely the absence of
disease and infirmity.

See Table 7 for criteria.

VI. Prediction of Noise Level (Step 4)

A,

BC

Ceneral Model (10)

Sound travels through the air in waves, with characteristics
of frequency (cycles per second or Hertz) and wave length.

If a sound were created at a point, a system of spherical
waves would propagate from that point outward through the
air at a speed of 1100 feet per second, with the first wave
making an ever-increasing sphere with time. As the wave
spreads, the height of the wave or the intensity of the
sound at any given point must diminish as the fixed amount
of energy is spread over an increasing surface area of the
sphere. This phenomenon is known as geometric attenuation
of the sound.

For point-source propagation
"

sound level, - sound level2 = 20 log

1 r

1
where the sound level at station one minus the sound level
at station two is equal to twenty times the log of the ratio
of the radii. This means that for every doubling of distance,
the sound level will decrease by 6 decibels.

Line-source propagation---When a number of vehicles are lined
up and constitute a continuous stream of noise sources, the
situation is no longer characterized by a spherical or hemis-
pherical spreading of the sound, but rather the reinforcement
by the line of point-sources makes the propagation field like
a cylinder or half a cylinder. 1In this case the equation is
as follows:

For Line-Source Propagation:
2
= 10 log P
1
Thus, the decrease in sound for each doubling of distance from
a line source is only 3 decibels.

sound level, - sound level

1 2

Ajlrcraft Noise Predictions (11)

1.

Adrcraft sound description system

12



TABLE 7: Yearly Average* Equivalent Sound Levels Identified as Requisite
to Protect the Public Health and Welfare with an Adequate Margin

B of Safety
Indoor . Outdoor .
P ' Hid st
Activity  Heaning Loss To r.ulu,l Activity  Heaning Loss To Pt
. Against , Apdinst
Mecasure Inter-  Conswdera- Inter- Considera-
ference tion Both LI- ference tion Both 1
erence tects (b) erence fects (b)
Residentiol with Out- § Ly, 45 45 55 5S
stide Space and Farm )
Residences Leq(24) 70 10
Residential wath No Lan 45 45
Outside Space
- Leqe4y - - 70 T
Commercial Leg(24) (a) 70 70(0) (a) 70 70(¢)
Inude Transportation Leq24) () 70 (4)
Industrial Loyl () 70 70(¢) (a) 70 70(¢)
Hospitals Lan 45 45 55 55
Leg(24) 70 70
I'ducational Leq(24) 45 45 55 §5
Leg2ayn 70 70
Recreational Areas Leg(24) (a) 70 70(¢) (a) 70 T0()
Farm Tand und Leg(24) (a) 70 T0(¢)
General Unpopulated
Land i
Cade
it Since ddierent types of activitics appear e be associated with datlerent levels, identid-

cation of o maxmiun level foracivity sntorterence may be ditticult except m those
uivunistatices where specc conimuntcation s a ctitacal activily,

b Hased on lowest level

Y Based visly on heatige loss

JdAnt eqts) o8 75 dB may bordenniied i these situaiions so long as the exposte over
the teaammg 1o hoars per day as low epough 1o result i a noghigible contnibation to
the 24d-how averapge, v e, no preates than an | o ot 6U dis,

Note L xplanation o wlentthied fevel tor hearne Toss Fhe exposure period which
tesults i hicaniog foss at the weattbied devel is a pened ol S0 years

HRedes o energy wather than arhe e avergos



2. DMNoise exposure forecast

3. Composite noise rating

%
dn

Highway Noise Prediction Models

1. 1he Federal Highway Administration PPM 90-2 (9) stated that
two highway noise prediction methods were acceptable:

a) The method in the National Cooperative Highway Research
Program Report 117. {12)

b) The uethod in the Department of Transportation, Transpor-
cation Sys.ems Center Report DOT-TSC-FHWA-72-1. (13)

2. A model developed at Argonne National Laboratory was published
i 1973, (Ll1) Basically, the model requires characteristics
el the highway segments as input. The characteristics include
& descripticn of the traffic using the highway (the speeds
and wvolumss of both automobiles and trucks), the physical
dimensions of the facility (the elevation, depression, grades
and surface types)}, and the aspects of the environment border-
ing the facility that have an effect on the noise levels (the
landscaping, structures, and barriers). Fundamentally, the
model calculates a noise level at a particular point along
the highway and a perpendicular distance away from the highway.
Onice this noice level is calculated, the model moves outward
ar incremental distance away from the facility and calculates
another nolse level. This process is repeated until the model
reaches a maximum prescribed distamce awgy from the highway.
At this peint, the model moves farther down the highway and
calculates ancther group of noise leveis. This is repeated
until the model has covered the entire length of the highway.
The model prints out a contour map of noise levels at given
distances from the facility.

VII. Noise Control Practices {(Step 5)

&.

e )

Principles

1. Reduction of vibrating sources

2. Enclosure of source

3. Attenuation by absorption

Industrial Noise (3)

The methods of noise control in the United States are well formu-
lated for controlling industrial noise. The principles embrace
plant planning; substitution of quieter equipment, processes, and

materials; reduction at the source and reduction by transmission by
air.

14



Subsonic Aircraft Noise Abatement (10)

The following lists some of the current noise abatement techmniques,
procedures, and other alternatives to counter subsonic aircraftc
noise .sources:

1.

Alrcraft Delsgn or Modifilcation

a)

b)
c)
d)
e)
£)

g)

New quiet engine designs with high bypass ratios and low
velocity nets.

Acoustically treated nacelles and ducts.

Exhaust silencers for reciprocating and turboshaft engines.
Noise suppression for on-board auxiliary power units.

Rotor and propeller aercdynamics for reduced noise.

Noise suppression for mechanical components such as heli-
copter gear boxes.

Vehicle aerodynamics to allow for steeper ascent and
descent, and/or reduction in time required for ascent/
descent.

Aircraft Operations

a)

b)

c)

d)

Restrict operations by type of aircraft, number of opera-
tions or time of day. '

Power cutback on takeoff or steep climb-out depending on
situation.

Steep or multi-segment approach depending on situation.

Preferential runway assignments

Aircraft Maintenance

a)

b)

Restrict engine "runups' during ground maintenance opera-
tions.

Maintenance of additional hardware for noise suppression
(i.e., treated nacelles or auxiliary-power-unit silencers.

Aircraft Route Location

a)
b)

c)

Avoid noise sensitive areas in new route assignments.
Modify existing routes to avoid noise sensitive areas.

Utilize noise~-insensitive areas for ascent and descent paths.

15
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Landscape Archirecturz

a) Shieid airport surroundings from noise resulting from air-
craft ground cperations and surface vehicle operations.

Acoustic insulation

a) insulation of dwellings against aircraft noise.

b) Insulation of commercial structures against aircraft noise.
Land Use

a) Contrel by zoring authorities for compatible land use.

Wighwav Noise Abatement (10)

1.

Three options for noise reduction are:

a) Man-constructed barriers to obstruct or dissipate sound
emissions.

) Elevated or depressed highway through grading.

¢) Absorption effects of landscaping (trees, bushes, shrubs,
etc.).

Constructing Barriers

4 rigid (fairly massive) barrier can be an effective means to
raduce noise from highways depending upon the relative heights
of the barrier, the noise source, and the affected area, as
well as the horizontal distance between the source and the
barrier and between the barrier and the noise-affected area.
Elevated or Depressed Highways

Often a highway in an urban area can be built above or below
the surrounding property. Such differences in grade provide
some shielding of traffic noise and can reduce the noise
levels at adjacent properties.

Effects of Planting

Planting adjacent to a highway produces little physical
reduction in noise level unless it is very dense and of sig-
nificant depth.

Some other noise control measures for highways:

2) Limitations on allowable grades.

b) Road surface repairs.

16



c)

d)

Route locations planned to insure maximum separation
between roadway and existing noise sensitive areas
and to make maximum use of shielding provided by

natural barriers.

Provide for compatible use of land adjacent to highways.

17
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AR POLLULTON ASPECLS OF HAZARDOUS MALLRIAL DISPUSAL

INSTODUCTION, Tae Arny is oontinually identifying conplex munition/

Cchamical materia) which have become obsolete or deteriorated. Inherent

. 4

to retention of such material are costly quality assurance measures and
repackage, but more impoctent, always the intimate threat of uncontrolied
yelease., Cuisequantly, in dealing with disposal of these materials there
i3 wousistently the atwosphere of ucgency and the temptation to employ
spedients in dispesal methods. Such an approach can anly lead to further
«nd possibly more complex problems. Timely and safe disposal of these
sizterials mandates *:homug.l; assessment of the hazardous material, czstruc-

tion alteynatives and surveillance requirenents.

idenitification and Nature of Material., The need to identify and

charocterize the diverpent qumtj.ties and location of excess mmitinng
and chanical naterial is a matter of constant ccncern. The never-ending
inventory for such materials continues. Pursuit of appropriate installa-
tion and commodity manager representatives who de2al with such material
for timely identification of stocks is most important. To illustrate
this point let's briefly congider expleosive waste, which one would assume
are the most completely categorized hazardous materials. A recent inven-
tory of air pollution sources at Army installations in the continental
U.S.A. indicates that over 27,000 tons of explosive materials are op=n
bumad per year, Howvever, no distinction has been made beﬁﬂeen the
materials truly explosive in naturc {small arms cartridges, bhall power,
TNT, ete) and material that can aily be safety disposed by detonation
(artillery rounds and bonbs) or contaminated dunnage, building materials

dnd wrapping.



I'inilly, no discussion of identification is complete withcut nentioning
the problem of distinguishing which materials are to be considered
haz.ardous, A good example here is CS grenades, a riot contrcl agent., In
their case, the &aldcal structure reveals the cyanide group, the cohcen-
traticn of which would not be of concern in limited quantity, but ominous
in large scale destruction programs.

IJA Cons.iderations. A rational methodology has been developcd to

derine problems of hazardous matcrial demilitarization, as well as eval-
uating the viability of disposal alternatives.” Namely, the envircnmental
impact assessmant (LIA). Appropriately applied the EIA provides an excep-
“tional tool to evaluate disposal alternatives and discermn inherent limita~
tions. In considering alternatives and data necessary to support EIA's

the following fundamentals should be dbserved:

Insure the extent of the problem is completely defined, quantitatively
and spatially.

Do not ignore the alternative “status quo".
Lvaluate marketing option.

Cansider availability of equipment to support collecting piloting
data, as opposcd to relying on empirical data.

Wnetler supporting data is pilot or empirical, be hunble and insurc
multidiscipline review of proposals.

Acknouledpe data gaps and define rationak used to establish residual
or emission standards.

Essential Llements of Alternatives. Regardless of the numer or

characteristics of alternatives there are elements that nust be conmon

to each destructive process considered. Normally such processes either



1 -
Pl

employ chemical reaction principles or thermal degradat:on properties.

Couaon to either is a need to cstablish guidelines of thie allowable quantity

\.",—
of the hazardoua material in the remaining residus, or any air emissions

- v

4.
or waste wcﬂ cr discharpes associated with the process. The mechanisim
LAF I .
wicd o establish emission criteria must be founded in a careful litersture
P \‘; b oo e .
Szairch on  the nc.tur\. of the I”'(Zd.{’dOUD material. Frequently, a proportional

Fl

[

relation l&p to c'hc. TLV for 4 nmterial is used as an expedient to derive

o
SR o ‘\

endgslon cr'ltf'r‘la, ’I'ms approach must be thorougly qualificd and the nzed

. -~ ~
,_:“_'< . et

Lo v
for standard. velopxm.n'c worK identified.
In addltion ‘co emission criteria, nethods of analytical detection,

and c;ur'ven.]laur‘g pmgr\ajm in general, must be carefully resedrched and

AR SUINIEY ‘
d:)r‘un,,nted Impact of pmce.ss interferences as well as analytical precision
et e o [A

and accur‘c.ny, and quality assurance in survelllana, program managenent

must be integrated.
! 1\

Task Torce Mandgenent. Synthesis of the previous information leads

e, R \

S to mt, c,onk_luu].o*l that disposal alternatives for hazardous matex* rals

$

esvolve, mLo mu.Ltlplt, environmental interfaces; air, wami_e water and Su ad
wastéu Eclz_h of which will certainly have an occupational, as well a5
put;liié hca_lth <ixme:n510n, Consequently, no ane '_DI"C'fG‘SSJ_ODdl d."‘,.SClIﬁ e o
hope to be truly expert in dealing with the implications of all medias)

ar tho physics and biolopy of ewissions. Rather, én iﬁtcgra"tecl team of
pmf*ssmndl :Ln the ex;gineerjng, medical, physic:al science fields, working
undpr a single manager is required to thoroughly evaluate the impact of

ch"po::al alternatives.



CASL STUDIES. Limitations imposed on ocean disposal, as well as the con-
straints on land disposal alternatives, has prompted significant effo:ts
.in developing process and controls for safe disposal of hazardous materials.
One of the more successful operations recently developed, and currently

in operation, is the disposal of obsolete mmnitions and unarmed stock-
piles of toxic war gases by the US Army at Rocky Mountain Arsenal, Denver,
Colorado. HNot anly are the materials for destruction and processes
designed for this project unique, but the rigidity of surveillance foz*‘
such a hazardous disposali .openation stands alane in sophistication and
thoroughness relative to existing technology. Further challenge to insure
safe destruction of such toxic materials is the close proximity of urban a
Denver', Colorado, to the disposal site. In dealing with the destruction
of war gases not anly is worker safety pavamount but protection of the
gencral populations' health assumes greater significance in terms of
insuring finite process control and approaching absolute quantification

in detection of the contaminant(s).

Significant research relative to analitical detection and toxicology
had alresdy been affected by DA prior to initiating demilitarization of
toxic war gases. The occupational and general population exposure standards
derived by DA and approved by The Surgeon Ceneral of the US Public Health
Service are summarized in Table 1. In essence the surveillance schanm
involved a concentric ring approach; datection for occupational exposure,
process emissions and asbient air surveillance on the perimeter of RMA,

Nurther, key parameters relative to process and enviraonmental control



vicze terlocked with set point alarms (i.e. pll of emission scrubbing
liquor, negative pressure in Jnown contxrolled hot areas, temperature
r;?mp,cs on contaminated wastce incinerators). The philosophy of system
d.?‘f:.itr_m and operalion was cane of total ocontainm:nt of any agent in the
Cevent of accidental upsel or release. A quality assurunce program to
Pasein laborarory efficiency in handling over 100 impingers samples daily
S cualysis of nerve gas was also implencnted,

TABLE 1

EXPOSURE ST/ANDARDG

Arent Application ' Standard (ag/cum)
Gid Nerve General Population 1 hr 0.65001
72 hv 0.000003
¥ Unmasked Worker 1 hr J,001
8 hre £0.0033
8 hr Average Over Ten Cons 0.0001
secutive Work Periods
Umission - Maximum 0.0003
HD Mustord Uninasked Worker 8 hr 0.001
Emission ~ Maxiinan 0.03

I
-

~

The dispocal of nerve gas entailed demilitarization of 21,3115 M-34 2B
neeve arent cluster bombs {each cluster oontalned 76 howblets filled

with 2.6 pounds of GB and 0.55 1b tetryl bursier); 378,000 pcounds of

bulk CB in hardened underground storage; and 3.63 million po‘mds of CR
stored in steel ton containers. A flow diagram illustrating the demili- A

tarmzation process for the M3% bomb is shown in Figure 1. Disposal

altematives for the residual salts frum the process are under study.



FIGURE 1
PROCESS 11.0W DIAGRAM M34 LEMILLTARIZATION

TRANSPORE F1IOM

STORACE
¥
Rerote Inert parts to Inert parts
bLeclistering -+ Decon furnace No. 1 -+ Disposal
Operation '
Defusing, + Contaminated parts & Inert Decon
punch end drain and tetryl burster Furnace No. 2
. to deactivation furnace
Agent + Spray Dry -+ Store
Hydrolysis Liquid Waste Residual Salts

Integral aiy pollution control devices an the system are depicted in
Figure 2. Discharpe from venturi scmbbir system was exhausted througlh
a 200 foot stack, while exhaust from the decon fumace No. 1 was dis-
charged throuph a 100 foot stack. Exhaust from the spray dryer was dis-
charged through a 60 foot stack. Figure 3 shows the spatial array of tihe
process stacks relative to location of a nine-station ambient air netwoirk,
The network, in addition to collecting background data prior to beginning
operations, wonitored air quality during the M34 system's operation frcm
Octcober 1973 through Septenber 1976. Parameters measured included parti-
culates, ozcne, nitrogen dioxide, arm'ticlwolinester;ase activity, wind
speed and wind direction.

Similar systems end approaches were applied to disposal of otier toxic
war pases. HD nustard war gas was disposed of by incineration during the
tinz frame of 1970-1974 at RMA, Demilitarization of nerve gas in the
armed configuration of Honest John Warheads has been affected as well ac
bulk stored GB nerve gas stored at RMA. Facilities for the trunsicr of

phosgene (carbonyl chloride) into hydrostatically tested shipping containers



fod- tjmg\n:e sale of this nﬁter'ial have been engincered and constructed.
Farh of lhese systems, as well as other facilities to demilitarize obsolete
cuaaical nuntions weie developed and designed following exhaustive bench/
piioy testing of processes. |

Sty £ Technology exists to handle most demilitarization problens
ciinezbisted with hazardous materials. The dmportance of early identifica-
rde f potential items, defining the density, scope and characteristics
vi the wateeialu is most deportant to pervit timely evaluation of dis-
pasal alternatives. T LTA epproach to evaluating alternatives, to
STl caref interpretation of emission and analytical constmiints

withih the alternatives 2y an integrated professional team, will lead to

GueeasL il problom resolstion.



FIGURE 2

34 AIR TLOA FATTERNS AND AIR POLLUTION OCNTROLS
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RELACION LE ALUMNOS DEL CURSO METODOLOCIA PARA DECLARACIONES
DE IMPACTO AMBIENTAL 1678.

SR. MIGUEL ANGEL AGUAYO Y CAMARGO
Comisién de Aguas del Valle de México
Subjefe del De?to. de Hidrologia Superficial
Bslderas 55-2

México 1, D.F.

Tel. 583.50.66 Ext.206

Cultivos 144

Col. Progreso del Sur
México 13, D.F.

Tel. 582.61.06

SR. JOSE FRANCISCO LEOPOLDC AGUILAR RIVERA

Laboratorio de Ingenieria Sanitaria
Escuela de Ingenieria Civil

Ciudad Universitaria

Puebla, Pue.

SR,JOSE AYALA MARTINEZ
S.A.R.H. :
P. de la Reforma 107-2°
México 4, D.F.

Tel. 566.95.70

ING. JOSE CARLOS BETANCOURT LINARES
S. A, R, H.

Lireccién Gral. de Proteccidén y Ordenacibn
Ecolddgca

ING. JOSE LUIS CELIS BELINA

Direccion General de Planeacion Territorial
S.A.H.O.P.

Insurgentes Sur 1443

México 20, D.F.

Tel.: 563.02.62

SR. JOSE LUIS ESCORIA MAYER
Direccién de Ecologia Urbana
L.iverpool 3-8°

México 6, D.F.

Tel. 546.04.81

SR. ARTURQ EDGARDO ESPADAS SOLIS
Centro de Ciencias de la Atmdsfera
-Circuito Exterior, CU.

Tel. 548.81.90

Priv. 16 Sur C 1708-403
Puebla, Pue.

Industria 64-8
Col. Florida
México 20, D.F.
Tel. 524.07.39

. Sn. Juan de Letran 503-1404

Edificio Atizapan
Cda. Tlaltelolco
México 3, D.F.
Tel. 583.53.56

QOdontologia 57 Depto. 201
Col. Copilco Universidad
México 20, D.F.

Tel. 550.37.77



SR. JOSE MA. FRANCO MICHEL
Comisibon de Aguas del Valle de México
Balderas 55-2°

Col. Centro

México 1, D.F.

Tel. 585.50.66 Ext. 618

LIC. JOSE ALBERTO FUENTES ESPI NOZA
Desarrollo Integral de la Familia

Gobierno de Mexico

Jefe de Control Programatico

Riseo Colon y Tollocan s/n

Toluca, Edo. de México

Tel. 5.47.88

LIC. APOLONIO GARCIA SANCHEZ
S.A.R.H.

Jete de Proyecto
‘Reforma 107-2°

México 4, D.F.

Tel. 566.95.59

SR. ENRIQUE GARDUNO NAVARRO
Rossini 71

Meéxico 2, D.F.

Tel. 583.04,85

ING. DAVID RAUL HEREDLIA LLARA
Despacho Dr. Melchor Rodriguez Caballero
Supervisor de Obra

Tuxpan 10-803

México 7, D.F.

Tel. 564.78.08 y 564.87.48

SR. GUSTAVO MANUEL HERNANDEZ LOZANO

S.A.R.H.
Direccién de Impacto Ambiental
Tel. 566.06.18

SRITA. ROSARIO ITURBILE ARGUELLES
Instituto de Ingenieria

Ayudante de Investigador C

UNAM

fel. 550.52.15 Ext. 3603

Cascada 822-11
Col. Prado Ermita
México 13, D.IF.
Tel. 532.27.35

Paseo de Coldn Esq. Paseco Tollecan
Toluca, Edo. de Mexico
Tel. 4.66.22

Sur 113 A No. 334

Col. Héroes de Churubusco
México 13, D.F.

Tel. 582.9338

A.Bustamante 134 -Bis
Col. Martin Carrera
Meéxico 14, L.F.

Sacrificios 12
Col. Tlalpan
México 22, L. F.
Tel. 5%3.28. 31

Corina 111-9A

Col. del Carmen
México 21, D.F,
Tel. 544.73.62 .



ING. RAFAEL LOERA FRANCO

Subsecretaria Mejoramiento del Ambiente

Asesor Tacnico del C. Subsecretario
Ave. Chapultepec 284

México 7, DF.

Tel. 511.16.02

FRANCISCO JAVIER LOPEZ RAMIREZ
S.A.H.O.P.

Dir. Gral. de Prevencidn y Atencidn de
Emergencias Urbanas

Col. Polanco

Tel.250.74.22 Ext.128 y 130

SK., HUMBERTO MARENGO MOGOLLON
Com. Plan Nal. Hidraulico

Manzanillo y Tlaxcala Tepic 40-2°
México 7, D.F.

Tel. 564.07.59 y 574.14.97

SR. ENRIQUE MELLADO MARROQUIN
ENEP ARAGON

Ayudante Tipo "B"

Aragdn, Edo. de México

SRITA. MONIQUE MITASTFEIN SZUSTER
Centro Panamericano de Ecologia Humana
y Salud

Lieja 8-3°

México 6, D.F.

Tel. 553.77.52°y 553.78.58

SR. RAFAEL MUJICA BUSTOS
Hidro Industrial, S.A.

Gerente General

Gutemberg 16-301

Col. Anzures @
México, D.F.

Tel. 545.24.19

FERNANDO POZO ROMAN
Facultad de Ingemerla
U.N.A. M.

Cienfuegos 632
Col. Lindavista
México 14, D.F.
Tel. 586.81.35

[.uz Savindn 1062-1
Col. del valle
México 12, D.F.
Tel. 543.18.61

Choapan 10-2
Col. Condesa
México ll, D.F.
Tel. 515.15.58

Alpes 1225-A
Col. Lomas de Chap.
Tel. 540.02.25

Amores 44-H
Col. del Valle
Tel. 543.29.35

Av. Coyoacédn 721
Col. del Valle
México 12, D.F.
Tel. 559.54.66

- Ures 87-5

Col. Roma Sur
México 7, D.F.
Tel. 564.07.61
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INC;-TOMAS MIGUEL RAMIREZ SANTILLAN

Com. de Aguas del Valie de México Rosas de Mayo 161
Proyectista Col. Benito Juarez
Balderas 55-3° Cda. Netzahualcoyorl

Méxicol, D.F.
Tel. 585.30.66 Ext. 315

ING. HONORIO RIVERA MOCTEZUMA

C. E. C. Emiliano Zapata No.53
Coordinador de Cursos Institucionales Col. Portaies
Tacuba 5-1° Mexico 13, D, F.

México l, D.F
Tel. 512.31.23

ING. OSCAR MANUEL ROBLES S.

U.A.N.L, Flora 3337
Catedrético y Coordinador Académico Col. Contry

Sn. Nicoldas de los Garza, N.L. Monterrey, N.L.
Col. San Nicolds Tel. 58.04.03
Tel. 52.48.50

SR. ALBERTO ROJAS CORONA :

S. A.R.H. Mazatlan 113-3

P. de la Reforma 107-8° Col. Condesa
México 4, D.F. México 11, L.F,

Tel. : 566.06. 88 Ext.120

SR. RODOLFO ROSAS E.
Nadadores 67

Col. Country Club
México 21, D.F.

Tel. 549.22.34

DR. JUAN ANTONIO SOTO ROMERO
S. A.R.H.

P. de la Reforma 107-2°

México 4, D.F,

Tel. 566.95.59 ®

SRITA. NORA ELIA THOMAS LOMELI

S.A.R.H. Hamburgo 288-4
Reforma 107-2° Col. Juarez
Meéxico, D.F. México 6, D, T+,

Tel. 566.06. 88 Ext.132 Tel. 514.25.55



ING. SIXTO TOLEDO GIRON
Tetraetilo de México, S.A.
Compiejo Industrial Pajaritos, Ver.
Pajaritos, Ver.

Tel. 2.02.40

SR. PABLO E. URIARTE Y DE LAMERENS
S.A.H.O.P

Liverpool 3

México, D.F.

TEL. 546.04. 81

SR. JOSE LUIS VALDES ANAYA
S.A.R.H.

3 Sur 1501-6°

Puebla, Pue.

Tel. 43. 80. 27

SR. JOSE LUIS VAZQUEZ SANTAMARINA
PEMEX

Marina Nal. 329-1° Edif. 1810 Edif. B
México 17, D.F.

Tel. 545.74.60 Ext.3527

SRITA. MARIA VILLARROEL
Instituto de Ingenieria
Ayudante de Investigador C
UNAM

Tel. 550.52.15 Ext. 3604

STA. CINTRA MA. V. VIVEROS SALDIERNA

PEMEX

Investigador Social
Marina Nal. 329

México 17, D.F.

Tel. 545.74.60 Ext. 3527

SR. ANTONIO YOKOYAMA KANO
Universidad Catélica Madre y Maestra
Autopista Duarte Saniago R.D.

'edcs 9,111, 78.

Guerrero y Malpica No. 5
Coatzacoalcos, Ver.
Tel. 2.25.20

Av. de los Andes 265

Coi:. LLomas de Chapultepec
Meéxico 10, D.F.

Tel. 520.07.04

Fco. Martin del Campo 105
Fracc. Colonial, Ixtapalapa
México 13, D. .

Retorno Fuente Petrdleos 3
Col. Tecamachalco
Meéxico 10, D.F

Tel. 531.30.20

Av. Universidad 2042-1206
Col. Copilco Universidad
México 20, D.F.

Tel. 548.33.35

Londres 224-203
Col. Judrez
Mexico 6, D.IF.
Tel. 511.90.20

Torquemada No.4Z
Col. Obrera
México 8, L. F.
Tel. 530.92.53
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