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--- Lecture 1 )· 

by G. W. Reid 

'1 ' 

Overview, Impacts, Assessment -- .. .,- ----

1 - Concepts of the Environment and Concerns 

(a) Individual Preception- Lawyer, Ecologist, Engr. Econ. 

(b) Firms Preception - Engr ., Oil, Energy 

(e) Na~ures Preception- Snow, Aquatic, etc. 

(d) Publ i e Needs, toda y - tomorrow 

2- Environmental System - Ecological System 

(a) lnteractions, Equilibriums 

(b) Basic Law- Energy Balances, Returned Resources 

(e) Time - sec, hrs, years, eons, etc. 

(d) Space -spots, rivers, basi~s, global, etcD 

(e) lnbedment - in time, in space 

3 - Basic Concerns 

(a) Understanding the system - models 

(b) Establishing -goals - alternatives - for whom? 

(e) Understanding costs and benefits - processes contrasted to profits and losses-economics 

(d) Human venture organizat.ion -rule making, etc o - laws 

4 - System Approach - the engineer's tool o 

(a) Model-
J . 

(b) Metrics - measures of effectiveness - Economics, Life style, Environmental Enhancement 

(e) Again for Whom, Vv1lere, When, etc., -Goalsplternatives. 

( d) Cal ibration, Validations, etc. - Experimentalism,· inpacts, sensitivity 

5o Pollution 

(a) A resource out of place, for sorne oneo 

(b) Residuals of energy 
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X 6.0 Areas of Conflict 

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 - Oil blow out erupted. 

-so-

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

7.0 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, 
Prívate enterprise verses 
Collective Return 

Neighborhood Effect 

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

-2-



·' 



( 

. . 

(. 

( 

· . 

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 Impacta 

FWPCA Hazardous 
Section 301, 302, 304, 306 

~4-
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17.0 lllJTLlNE FOR r:IS CONTT::\T 

A. INTRODUCTION 

l. Project description 
a. Purpose of action 
b. Description of action 

(1) ~ocation and setting of the activity 
(2) Summary of activities 

2. Environmental setting 
a. Environment prior to proposed action 
b. Other related Federal activities 

B. LAND-USE RELATIONSHIPS 
a. Conformity or conflict with other land-use plans, 

policies and controls 
(1} _ Federal, state, anJ local 
(2} Clean Air Act and Federal Water Pollution Control 

Act Amendents of 1972 
b. Conflicts and/or inconsistent land-use plans -• 

(1) Extcnt of rcconciliation 
(2) Reasons for proceeding with action 

1 

C. PROBABLY IMPACT OF THE PROPOSED·ACTIO~ ON THE ENVIRONMENT 
a. ·Positive and negative effects 

(1) Regional environmental and national/international 
environment where applicable 

(2} Environmental factors to be considercd 
· (3) Impact of proposed action 

b. Direct and indirect consequenccs 
(1) Primary effects 
(2) Secondary effects 

D. ALTERNATIVES TO THE PROPOSED ACTION 
a. Reasonable altcrnative actions 

(1) Those that might enhance environmental quality 
(2) Those that might avoid sorne or all adverse effects 

'b. Analysis of alternatives 
(1) Benefits 
(2) Rioshs 

.·~ 

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

F. RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENt 
AND THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 
a. Tradc-off between short-term environmental gains at 

expense of long-term losses 
b. Trade-off between long-term environmental gains at ex~~nse 

of short-term losses 
e~ _ Extent to which proposed action forec!oses future_~p_!:_!~--""'------

-~-~---.._......._________ -- - - -- -- - -

· -ü~ -- l.KREVERS IBLE ANO IRRETRIEVABLE COMI'-11 TIIENTS OF RESOURCES 
a. Unavoidable impacts irreversibly curtailing the range 

J' of potential uses of the envirorunent 
(1) Materials 
(2) Natural 
(3) Cultural 

H. NATIONAL DEFENSE CONSIDERATIONS THAT MUST BE BALANCEO 
AGAINST THE ADVERSE ENVIRONMENTAL EFFECTS OF THE PROPOSED 
ACTION 

a. Benefits of proposed actiori 
b. Benefits of alternatives 
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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. The 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 object~es 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 ~ffiC, 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 environmental 

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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Lecture 2 

ENVIRONMENTAL IMPACT STATEMENTS 
by 

L. W. Canter* 

i' 

The past severa! years have been characterized by considerable 

Federal legislation dealing with the environment. Perhaps the most 

significant single•piece of legislation is the National Environmental 

Policy Act (PL 91-190), which hadan 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 '~alanced decision making occurs in the 

total public interest." Proj ect planning and decís ion making is to 

include the integrated consideration of technical, econornic, environmental, 

social and other factors. Prior to NEPA, technical and economic factors 

domin'ated the decision making process. 

I. Terminology 

A. Environmental Inventory 

l. Inventory of environmental descriptórs. 

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

3. Used as basis for considering impact. 

B. Environmental Assessment 

l. 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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C. Environmental Impact Statement 

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

2. Represents summary of environmental inventory and environmental 
assessment. 

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

4. Concept of negative declaration. 

II. NEPA (1) 

-A. Two Parts 

l. Title I Declaration of National Environmental Policy 

2. Title II -- Creation of Council on Environmental Quality 

B. Section 102 

l. Part A utilize systematic, interdisiplinary approach. 

1 

2. Part B,~- identify and develop methods and procedures which 
will insure that presently unquantified environmental 
amenities and values may be given consideration in decision 
making. 

3. 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 propósed action. 

(1) beneficia! 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. 

e) alternatives to the proposed action. 

(1) retroactivity 

(2) no action 

--sl-
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(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) land resources 

(2) mineral resources 

(3) historical/archeological/cultural/ecological resources 

(4) materials of construction; costs; labor. 

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

(6) energy 

(7) aesthet ics 

III. CEQ Guidelines (2) 

A. First Issuance (April 23, 1971) 

l. Added "description of proposed action." 
/ 

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

a) public hearings 

b) comment/response 

e) unreconciled conflicts 

3. List of agencies to be consulted 

-B.- Second Issuance (August 1, 1973) 

l. Content of EIS o 1 A-

a) Description of Proposed Action and Existing Environment. 

b) Relation to Land Use Plans, Policies and Controls. 

e) Probable Impact of Proposed Action. 

-52-
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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 Irretrievable 

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. 

C. Comments From 7th CEQ Report (3) 

l. 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%) 
Agricu1ture (10%) 
Corps (10%) 

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

4. :- 30,000 assessments. in FY 19.75-

- 1,200 EIS's in FY 1975 
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S. Program statements are increasing. 

a) Example 
Emergency Watershed Protection Program (SCS) 

b) 17 agencies have used. 

e) 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) 

V. 

A. States With Comprehensive Statutory Requirements 
l. California 9. New York 
2. Connecticut 10. North Carolina 
3. Hawaii 11. South Dakota 
4. Indiana 12. Virginia 
S. Maryland 13. Washington 
6. Massachusetts 14. Wisconsin 
7. Minnesota 15. Puerto Rico 
8. Montana 

B. States With Comprehensive Executive or Administrative Orders 
l. Michigan 

c. 

D. 

The 

A. 

B. 

c. 

D. 

E. 

2. New Jersey 
3. Texas 

States With Special or 
l. Arizona 

Limited EIS Requirements 
4. Nebraska 

2. Delaware S. Nevada 
3. Georgia 6. New Jersey (coastal) 

Cities 
l. Bowie, Maryland 
2. New York City 

Future 

More court cases. 

More Guidelines (CEQ and Agency). 

More public involvement. 

EIS from prívate sector. 

EIA in planning. 
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Table 5 

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

Agriculture 
Forest Service 
Soil Conservation Service

1 

Commerce 

Defense 
Air Force 
Army 
Navy 
Corps of Engineers 

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 Admínistration 

Labor 

S tate 

Transportation 
Federal Aviation Administration 
Federal Highway Administration 

Treasury 

Energy Research and Development Administration 

Environmental Protection Agency 

Federal Energy Administration 

Federal Power Commission 

General Services Administration 

Nuclear Regulatory Commission 

NA = Not available 

Minimum 

1 
36 

1 

2 
3 
5 
2 
2 

1 

3 

1 
4 
2 
4 
8 
3 

12 
12 

3 

5 

NA 

1 
5 

9 

1 

2 

9 

4 

3 

1 Includes project planning, not just EIS preparation. 

29 

Maximum 

24 
60 

5 

24 
12 
15 
24 
24 

6 

6 

18 
6 

38 
12 
28 
12 
24 
24 

9 

12 

9 
16 

13 

. --13 

5 

30 

11 

i6 ____ 

Average 

13 
48 

3 

5 
4 
6 
4 
9 

4 

3 

10 
5 

20 
7 

19 
8 

14 
15 

7 

5-6 

7 
10 

11 

9 

3 

15 

5 

10 

1 ¡ 





Table 6 

;\. 
{, 

Average Time Between Filing of Draft and Final EISs, Calendar Year 1974 
(in months) 

Agricultura 
Forest Service 
Soil Conservation Service 

Commerce 

Defense 
Air Force 
Army 
Corps 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 

S tate 

Transportation 
Federal Aviation Administration 
Federal Highway Administration 

Treasury 

Energy Research and Development Administration 

Environmental Protection Agency 

Federal Energy Administration 

Federal Power Commission 

General Services Administration 

Nuclear Regulatory Commission 

NA Not available 

30 

9.1 
12.7 

4.4 

NA 

10.5 

NA 

5.2 

NA 
3.6 
5.7 
6.1 

11.7 
19.8 
13 
6.7 

4.0 

2.5 

14.4 

8.9 
11.9 

NA 

6.1 

7.4 

NA 

5.3 

6.5 

NA 
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Aqengy 

USDA 
FS 4 

scs 5 

ooo6-

ERDA4,8,11 

FPC 4 

GSA 4 

Table 11 ]/ 
Estimated EIS Preparation and Review and Comment Costs 

Formal pro
cess for 
determininq 
NEPA costs 

Y es 

No, esti
matE; 
No-use 

-estimates 
No-use 
estimates 
No-use 
estimates 

No-use 
estimates 

No-use 
/ estimates 

No-use 
estima tes 
Y es 
Y es 
No-use 
estima tes 
No-use 
estimates 
No-use 
estimates 
No-use 
estima tes 

No-use 
estima tes 

No-use 
estima tes 

Y es 

No-use 
estJ.mates 

Y es 

No-use 
estima tes 

No-use 
estJ.mates _ 

No-use 
estima tes 

Y es 

Prepar
ation 
FY 1974 

S21. 933.832 

27,000,000 

3,500,000 

125,000 

117,190 

430,000 

5,200,000 

15,200,000 

3,544,243 
575,000 

3,796,000 

NA 

1,900,900 

2,400,000 

31,746,000 

NA 

1,280,000 

NA 

1,481,419 

1,600,000 

40,000 

6,000,000 

NA 

R~view 

and 
comment 
k'Y 1974 

76,000 

225,000 

360,200 

NA 

11,295 

3,174,000 

NA 

5,500,000 

305,000 
995,400 
390,000 

1,849,000 

545,000 

800,000 

250,000 

NA 

1,600,000 

NA 

70,000 

10,000 

100,000 

275,000 

NA 

46 

Total 
FY 1974 

$22,009,832 

27,225,000 

3,860,200 

125,000 

128,485 

3,604,000 

NA 

20,700,000 

3,849,243 
1,570,400 
4,186,000 

NA 

2,445,900 

3,200,000 

31,996,000 

NA 

2,880,000 

NA 

1,551,419 

1,610,000 

140,000 

6,275,000 

NA 

Total 
as percen
tage of oper
ating budget 
FY 1974_y 

2." 
l. 0\ 

NA 

.73\ 

.24\ 

NI\ 

.1\ 

l. 3\ 
l. 4\ 

• 63\ 

NA 

.54\ 

1.85\ 

.18\ 

NA 

.048\ 

NA 

5-.4\ 

.18\ 

.0001\ 

.07\ 

NA 

Prepara.
tion 
FY 1975 

$27,057,447 

27,000,000 

3,500,000 

85,000 

161,630 

526,680 

4,200,000 

23,400,000 

NA 
600,000 

4,050,000 

NA 

2,013,600 

5,000,000 

36,500,000 

3,400,000 

1 

6,300,000 

330,000 

1,333,000 

2,235,000 

80,000 

NA 

14,900,000 

' 1 

J 





: 
l 

o -
NA = Not available 

1 From responses to a NEPA questionnaire distr1buted by CEQ to all fcderill agencies 

in November 1974. 

2 From federal budget figures for fiscal year 1976. 

3 costs include inhouse and contractor staff, inventaries, impact asscssmcnts, EISs, 

supplements, and public meetings. 

4 Costs include inhouse and contractor staff only. 

5 Costs include inhouse staff only. 

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

public hearings but do not include environmental assessments. 

7 Total for department. 

a costs include preparation of all environmental assessrnents as well as EISs. 

9 Costs include inhouse staff, program services, leave, and other indirect costs for 

all environmental assessments and EISs. 

10 Fiscal year 1974 costs include inhouse staff and obtaining other agencies' expertise, 

fiscal year 1975 also includes contractor staff. 

11 Not established until 1975. 

12 Costs include consultant fees, NEPA training, and preparation of a NEPA manual. 

47. 
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Table 7 
30, 197.}1 NEPA-Related Cases Completed, as of June 

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 
Agenc:~t cases alleged court alleged alleged alleged EIS alleged injunctions 

USDA 31 23 (74) 10 (33) 8 (26) 1 ( 3) 4 1 o 
DOC 4 3 (75) -- 2 (50) 1 ( O) o ( O) o o o 
CPSC 1 1(100) o ( O) o ( O) o ( O) o o o 
·USAF 1 o ( O) o ( 0) o ( O) o ( O) o o o 
COE 34 15 (44) 1 ( 3) 1 ( 3) o ( O) 3 S 2 
USN 11 9 (82) 10 (91) 8 (73) 2 (lB) o o o / 

EPA 12 6 (SO) 2 (17) 1 ( 9) 1 ( 9) 1 2 o 
FCC 1 O ( O) o ( O) o ( O) o ( O) o o o 
FEA 2 2(100) o ( O) o ( O) o ( O) o o o 
FPC 10 7 (70) o ( O) o ( O) o ( O) o o o 
GSA 6 4 (71) 1 (14) 1 (14) o ( O) o o o 
HEW 5 3 (60) 2 (40) 1 (20) 1 (20) 1 o o 
•HUD 46 32 (70) 22 (48) 17 (37) S (11) 6 1 o 
ICC i 3 - (43) o ( O) o ( O) o ( O) o 1 o 
OOI 22 10 (45) 3 (14) ,1 ( 5) 2 ( 9) o 3 o 
DJUS 6 S (84) 4 (67) 3 (50) 1 (17) 1 o o 
NASA 1 1(100) o ( O) o ( O) o ( O) o o o 
NCPC 8 7 (88) 1 (13) 1 (13) o ( O) 2 o o 
NRC 17 4 (23) S (29) 1 ( 6) 2 (12) 1 o o 
SEC 4 o ( O) 3 (75) o ( O) o ( O) o o o 
OOT 88 49 (56) 38 {43) 20 (23) 16 (18) 8 9 1 

Treas 7 6 {86) 3 (43) 3 (43) o { O) o o 1 

•'!VA S 2 (20) o ( O) o ( O) o ( O) o 1 o 
WRC 3 1 (33) 2 (67) 1 (33) 1 (33) o o o 

y y y 
Total 332 193 {58) -109 (33) 68 (20) 32 ( 9) 27 23 4 

1 A number in parentheses is the percentage of the total number of cases. 
2 Other NEPA-related "injunctions": 10; other non-NEPA-re1ated injunctions: 1. 
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Lecture 1!4 Reid 

Environmental,Systems, System Approach 

SYSTE...T>ffi APPR~ 

The ~ystcms ap?roach has develcpcd from op~rations research and systcms 

engineering with initial developmant stemming from military applications and 

expanding t9 industrial applications~ and finally a?olications to the public . 
sector. It has evolved into 'a comprehensive look at all the interactants'at 

one time using inductive followed by deductive reasoning or feedback. lt 

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 ap~roach has been made possibl~ by 

:h.;; devt lopment of new concepts and tools enabli.1g the man:.gement of large 

amounts of datf! and many variabler:. 

Basic to the systems approach is a model. The model is used to under-

stand, design and predict cr evaluate, and forecast. The model is, of course, 

a symbolic represent~tion of a real life situation. Single purpose open loop 

~odels have been used by engincers for years, but the sys~ems approach inputs 

simultaneous investigation of numerous controlled and uncontrolled varia-

bles and time frames. Thus, one must progre!Js to multistageJ, multivariant 

models. Water and eQweraaQ p~oblamo CAn now br appraiMed in torms ot al-

ternate decisions and ranked in relation to other public sector programs. 

Consequences of various public actions ovcr tilne can be compared in adva~1ce 

~f actual program development. Thus. a team will participate in the plan-

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

signatc the dom!nant role. 
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Present day public expenditures such as those on water in a river 

basin are too large, far too far in the future to be gambled with and too 

expensive to experiment with, especially in the developing countries._ 

Modclling is essential. The Systems Approach to water problema can be looked 

at from severa! levels, levels that can be characterized as strategical, 

logistical, or tactical, or macro, micro and micro-micro. The comparison is 

shown as follows on Figure Lo 

..¿igur.e l. 0: System Level Assignment 

System Military Planning 
J ~~ 1" Gl e > ~ ..... 4J .... -., 

Comprehensive u o. ca 
C:· Macro Strategic 4J cg ..... ..... 
cg 

Developmental ... "' u u ., ca e.o IJ) <"l ::J 
Gl IJ) ,.. Gl ...... ,.. c. e: .o O!j .... o ... t/) 

"'"' :1 C'omprehensivc Gl ~ :; 

¡ ¡ Micro Tactical .... eo " ::J Gl ' 00 ca .¡¡ c.. (/) 

'"e:~ Functional c.o ~7 IJ):J) co 
< ~ ca ~ .... o :J ,.. 

4/ Micro- Prcgram .... u e: Logis tic u ¡:: 
4/ Micro Developmeht ; ¡:: ..... e ...... 

• ' - ... ·-- ............ -- . -- .... - - --·-- ------ -- --· .... - --·-- --------- ·-·· -------· -- ' -- ----- __ .......... 
In the systems formulation, there is a rec_iprocity between detail anc.l -

variables, or finencss 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 committmcnts to all public .expenditures. Another view might well 

he one of going from a skeleton to severa! Modulcc ur Components. Finally, 

relative location of the parts in detail is structured in the micro-micro 

Model. Basically, the fincness can he increascd or decreased as the model 

is arrangcd over time, clof:cr to t=O the finer the detail, th~ furt~e!" in 

.. 



the future the coarser or more general, actually workins frcm physical 

elPrnents to globe. 

It is in these areas that the analyst will study water problems. So, 

basic to the analytical capability: 

Complexities e (detail) X (variables) 

or 

Capability m (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 . . 
~cience. Operations research proceeds by analyzing quali~~~ive asp~cts of 

human activit~ and not merely associated w1th tools and techniques, but is-

a basic philosophical approach. It is 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 

provide~combinations of all elements, gear, morale, output, and is an eco-

nomic process. O~erations research varies from simple problems that requir~ 

math and science to complex ones requiring the addition of economics, psy-

chology, ecology, etc., ot the team; OR is based un the scientific method 

with faith in the rationdle of nature and that observed phenomena has cause, 

or pattern or a systern that can be explained. 

Thus professionally, we find ourselves rcsponsive to the intérdepcn-

den e y oí disciplines; a fter ~u. disciplines energcd frorn problern :ident ity, 

End mixcs of disciplines are nceded to solvc new problems. 
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Regional analysis may be viewed as consisting of two distinct,- yet 

interrelated approaches. First, a vast aruount of effort has been devoted 

to microanalysis, that is, the study of particular segments or problem areas 

of a region. Second, there is a more recent interest in macroanalysis of 

regions. This category of study typically i~volves looking at the intra

and inter-regional interdependencies, as contrasted 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 fact, underlying the macroanalytic method 

are various microanaly tic tools, techniques, .and methodologies. A summary 

of various tools of regional ~~alysis ;s contained in Table l. 

TABLE l. 

Tools of Regional Analysis 

Microanalytic 

Economic Base Studies 

Coefficient Analysis 

Factor Ana~ysis 

Regrcssion Analysis 

Commodity Flow Studies 

Money Flow Studies 

Comparative Cost Analysis 

Regional Incom~ Accounting 

Balance of Paymcnts Studies 

Macroanalytic 

Simulation 

Input/output analysis 

Linear programming 

Regional Multiplies analysis 

Industrial Complex analysis 

Gravity Models 

Operational Simulation 



Typical microanalytic rescarch includes the use of such tools as coef-

tlcient analysis, flow studies, economic base studies, factor analysis, and 

regrcssion analysis. In the realn1 of macroanalytic research, illustrat!ve 

tools include input-output ~nalysis, regional multirlier analysis, linear 

prograrruning and simulation. These tools, representative of methodologíes 

used in regional studies and in regional modeling are discussed below in . 
more detail. 

Coefficient Analysis essentially amounts to a practica! shorccut method 

of depicting salient features or characteristics of a region. The coeifi-

cient of localizationp for example, measures the concentration of an indus-

~~y in a region in relation to the same industry's concentr¿ tion in the 

nation as a whole, with a zero to one range. 

The models outlined below are: 

l. California Development Model* 

2. Hawaii Planning Model* 

3. Lehigh Basin Model* 

4. New York Hetropolitan Region Study* 

·s. Ohio River Basin Study* 

6. Oklahoma Water Plan* 

1. Susquehana Model* 

8. Upper Midwest Economic Study* 

9. West Virginia Model* 

10. A Multistructural Dc:>mand Hodel 
For l-later Requircment Forecasting~ 

11. Aggregate Modcling of WDter De~ands 
For Developing Countries Utllizing Socio-Economic 
Grouth Pnttcrns. 

*Rcid, G.W., A Multistructurnl Dcmand Model for Water Requircment 'Forecnsting 
(fJnal Rcport), Officc o[ Water Rcsources Resenrch, Dcpartmcnt of Interior, 
Washington, D.C., .lam~:~ry, 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 
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Pre-Treatment PW2 e • 
Cll 

t&l Slow Sand Filtration PW3 o e~· 

Cll 

Cll Rapid Sand Filter-Conv. PW4 o e o o • • 
t&l 

u Rapid Sand Filter-Adv. PW5 o ' o o o o o 
o 
P: Softening PW6 o o o o f) 0 

~l. 

Disinfection PW7 o o o o e 
... 
"-1 Taste-Odor - Fe, Hn PW8 o e e (.o o ,_ -.-.... 
< Desalting-Salt PW9 o o o 9 o o 
:l: 

Desalting-Brackish PWIO e o o o o o 

Containment Filter PWll 6 o 

Pri~~ry-Conve~tiona~ PSI o 

Primary-Stab. Pond PS2 o 

Sludge-Convenlional PS3 o e e e G ' 

Slud~e-Advanced PS4 @ o e¡ G o o 

Cll 

"-1 Sludge-Combined (Imhoff) PS5 o o o 
Cll Secondary - Standard 
l.fl Fi 1 ter PS6 & o o • 
"-1 Seconda'ry - Hi¡;h Rate 
u FiltPr PSJ o o • G 0 o o 
o Secondary - Acti·Jated 
P: Slud<>e PS8 G o () o e e 
~l. Secondary - Extended 

A!'rat!on PS9 o o o o 
"-1 o .... Disinfection PSlO - Cl) o 
Cll 
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< PSll 

:l: o Dilution PS12 
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Individual (adv) PS14 o o e o -· 
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Comhinoticn 
COD E 

Wl 
V/2 
V/3 
V/4 
ws 
'N6 
W7 
\'18 
'V/9 
WlO 
wn 
W12 
W13 

SI 
S2 
53 
54 
S5 
56 
57 
SS 
59 
S lO 

< 511 "' L S12 w SIJ 
oh 

Table 3. 

PRO'CESS 
COMBINATIONS 

PWl 
PWl + PW7 
PWJ 
PW2 + PWJ 
PWi 1 
PW4 + PVf1 
PW2 + PW4 + + f'W? 
P\'15 + PW7 . 
PW2 + FW5 + f1IN7 
(ony one or Wl to WS) + PW6 
(cny one or Wl to W8} + PWS 
P\o./7 + PW9 
PW7 + PWIO 

PSI + PSS 
PS1 + PSJ 
PS2 
51 + PS6 
PSl + PS9 
52+ PS6 
52+ PS7 
52+ PSS 
(ony one or St to S7) + PS10 
P$3 (\'lithovt water eorrfoge) 
PSll 
PS12 
PS2 + PS12 

cptabre CornblnoHon uf Trectrnent 
Procosses for Potable Woter. 

CRrfERIA LEVEL 

Row Wotr:r Concentrotion 

Cofi 
MPN/100 ml 

1 - 2 
lCO 
100 
300 
300 

2,000 
3,000 
2,000 
3,000 

250 

Solids mg/1 
Turb Or~~r 

10 
10 

100 
800 
seo 
100 

l ,000 
lOO 

1;000 
300 Hardnesg 
1·3 Fe & Mn 
, 3000 TOS 
> 2000 TOS 

Re~eiving Water 

Receiving Water Volume fl-ecy 
low Flow levei)/Woste Voiu-,e 

20 (or 3-4 CFS/1000 PE 0
). 

20 ( • ) 
10(or1.5-2 • ) 
6(or0.9-1.2 11 

) 

3 (orO • .:5-0.6 • ) 
6(erC.9-1.2 11 

) 

5 {or 0.75-1 11 
) 

4 {or 0.6-0.8 11 
) 

2 (or 0.3-0.4 a ) 

-NA 
1 O (or l .S-2 " ) 
40 (or 6~3 "' ) 

8 (or l.2-L6 ., ) 

"1he ur.i~ h. 1!~fi::ed ca c~bie- feet per se.:ond of receivfng water flow rate/1000 popufatioo ec¡ufw!ent. A pepulatfon cqufwfent b a wosts equivale!"~ to oM 

pen:-n per doy, normolly token os 0.17 lb. BOD/day. 



.... . . . 

Toblc 4. Water ond Wostcwcllcr Trcot.-:"lcnt Pr~ccss Suu.:horoctcrization. 

WATER 

Proccsscs 

PWl No-Trcolmcnt 
o:--Groundwatcr (not construction, etc.) 
b. Catchmcnt Control 

PW2 Prc- T rcotrnent 
o.-rurbicli tYJSond - Ploin Scdimentotion 
b. Algol Control - Thermoclinc Control** 
e. Coppcr Su lfotc (CuSO 4)*·* 
d. Microscrccn** 

PW3 Slow SonJ Filtration 
o. Convcntionol, rnonually clconed 
b. Upflow*"' 
c. Crossfl JW (dynamic)** 
d. Dual medio**' 

PW4 Ropid Sond Fi 1 ter-Conventionol* 
o. Convcntior.al 
b. Surfacc Aggitation (air, water, mechanicol) 
c. Dual media (sand ond artificial) 
d. Upflow 

/PWS Ropicl Sand Filtcr- Advanccd 
a. Multi-media (scnJ, gornet, coa!) 
b. Piole or tube settling 
c. Polclectrolytes (ionic ond onionic) 
d. Uifl owtrtr 
c. Dynomic ** 
f. Volve-less** 

PW6 Softcning 
a. lirne soda 
b. Zcolilc 

PWl Disinfcction 
o. Disinfcction-chlorinc 
b. lodinc 

Constroints 

Usuolly limitcd by sizc 
to less thon Lcvcl IV. 

levcl 1 

Lcvcl IV 
level 111 
levcl IV 

Usually lirnitcd by size 
to le~s than Level IV. 

Levcl 111 
Leve! 111 · 
lcvcl 111 
Level IV 

Levcl IV 
Level 111 
Level IV 

· Lcvcl 111 
Level IV 

lcvcl 111 
l.Dvcl IV 

*includcs fe ,LoO, and/or 1\l for coc•gulotion, mixing, ond scttling. 

**Rcquircs moro ficld cvoluotion ot prescnt. 
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Toe!" 4 (Conlinucd) 

Proc:csscs 

PS ·i Sludqc - Advonccd · 
a-. -Zimpro-PyrOfysh 
b. lncincrotion 
c. Fertilizcr 

PS5 Sludge Combi ncd - lmhoff 

PS6 Sccondury - Stondard Filtcr 

PSI Sc-1:ondary - High Ratlt} Filter 
;;:-,·nTo:nrrc¡:-----
b~ /\cccio-ril ter 
e • Ae:ro-fi it N 

d. Oiosorption-nltcr 

PSS Secondcrv -A ctivr.~ed S~udae 
o. Min •. solids___ .. 

b. Convcntional 

PS9 Sccondary Extended Aerotion (Oxidation Pond) 
o-:l)utch di td) ~ 

b. INKA 
e. Acrated lagoo.l 

PS10 Disinfcction - Chlorine 

PS 11 Aqt:.J - Culture 
'0: Fis:,, culture-milkfish, tilapio, boss 
b. Vascular plants ~ Hyocinth, Kong Kung 
e. l:cdogical 
d. frdgot ion 

PS12 DilutiÓn 
o. Coorsa scrccn$ 
b. Fine screens . 
e. Chcmicol Prccipitation, Gugg~nheim 

PS13 lndivid~Jol 
~ScptfC tank 
b. Clivu~ muHrum 
Co Sanitmy pit privy 
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Levd !V 

l~vcl ! 

lcv~i i! 

levcl !V 
leve! 111 

leve! 11! 

Levcl 1! 

lcvel 1 

level lil 

leve! ! 



Toulo 4 {Continuccl) 

Proccs~cs 

c. Ü7onc 
d. Ultro violitc 
e. Lime, CuSO,.¡ 
f. Encrgy* * (Pastcurizotlon) 

PWO Tmtc Odor - Fe, Mn 
o:-"Acration 
b. Zcolilc 
c. Chlorine 
d. Adsorbent - Chor. 

PW9 Desoir i nq - Sal t 
a. Multiple cffcct 
b. Frcczing out 
e. Pressure 

PWJ O De sal ti•~g- i3rackish 
a. Elcctrodialysis {ED) 
b. Rcvcrse Osmosis (RO) 
c. Chcmical 

PW11 Conlcin:-ncnt Filters 
a. Dunbar ** 
b. Coconul fibcr/charred rice** 
e. Asbestos/charrcd pi ne needle ** 

WASTEWATER 

PS1 Primary - Conventional 
o. Separare 
b. Combincd 

PS2 Primary Stahilization Pond 
o. Single Ce! 
b. Multiplc Cell 

PS3 Sludgc - Conventional 
a. Co:wcnlional 
b. Hcotcd 
c. Thickcnccl 
d. Stogcd, including mixing 
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Com:ruinls ---------
Lev,!l IV 
Levcl IV 
leve 1 1 
lovcl 11 

-Lcvel 11 
lcv,!l IV 
levcl 111 
Leve! 111 

Leve! IV 

Le::vel iV 

Leve! 1 

leve! 1 

l.cvcl 111 
Lcvcl 111 
Leve! IV 
lcvcl IV 

..,. t ' A 



" ~ '1 ' .. 

Proc·.::~scs 

PS: 4 ladi v iduc1l (Advancccl) · 
a:-chcruiéOI 
b. Thcrmal 

-
Tob;o 4 (Continu(!Ü) 

Con•.wi nt~ 

lcvd 111 
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4 

TABLE D-3 • Per Capita Cost ·Paramete!'S in U.S. Dollars & 
Operation & t':aintcnnnce Manpo1.1er RequirPments 

Process: Slow Sand Filtcr (PW3) 

~ For a complete description of these levels see Appendix A~ 

\1 
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Lecture #5, Reid 

Forecasting, etc, 

(1) The analysis require alternative strategies at some future time. 

(2) The Environmental Systffius driving force is people, people needs, 

energy, water, food, air all are interrelated. 

(~· Generally forecasting involves, ~· thru multithesis. 

1 

(4) More fotmally: 
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MUlTISTRUCTURED MUNICIPAL WATER DEMAND MODEL1, 

Gcorgc W. Rcid2 

¡,JlSTRACT. Any sy~lem, ~ueh a~ an urhan clu~lcr, •~ alw.1y~ cmhcddcd in a lar¡;;er ~y\lcm c1thcr 10 

spJl"e or lime, :~nd cach ~ub~y~lem i~ affccled hy holh ih ~ub\criplion~ amlthe l:u¡;e syslem of wh1ch 
il Í\ 3 par t. Central lo lhi~ sy~tcm model1~ thc dcvclopmcnl of lhc mlcraclions of thC\C ~ystcm~ Wllh 
particular rci::ud lo resources. 1l1is modci prov1dcs forec:~sb of lhc urban cluster as a resull of its 
inlcracllons with oU1cr syslcms and lhe reah7.alion of allernalive ¡;o31$. 

1l1e Dcmand Modcl is compo~cd of an cconomic, population, reconcllialion and lifc slyle sub
modcl. ll1c populahon is forccasl for lhc lar¡;c syslem (nalion) and disag¡;rc¡;ated lo lhc subsyslcms 
(repon~. s!Jie, counties, urban, cte.) b:~~d on resourcc concepts both probable and possiblc. Trans
d:.Jco:rs are u~cd lo d:scribc thc hfc stylc of urban arcas. A¡;ain the transduccrs are goal oricnled. 
Techmcal cocfficicnu which ore also nltcmalive goal oricnted are then used lo produce individual or 
tol:~l w:~tcr nccds. 

As a rcsult 11 dcmand modcl whicb is goal oricnted and also applicable toa widc range of aupply· 
•.km;md srudics has bcen dcveloped. 
(KEY WORDS: demand model; people needs; multistructural; population; lite otyle; demand altem¡¡¡
tive¡; stochastic) 

INTRODUCTION 

Thc population explosion and the expcctcd rapid development of urban areas rcquire ncw 
imites into, among other things, the rcquircmcnt for municipal water. A systcm, such as urban 
cluster, is always embcddcd in a larger system; in space such as the county, rcgion, or state; 
and in time, year 1980, 2000, etc. Also, a subsystem, or technical system, such as the munici
pal water system is embedded in time, laycred 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 systcms relate lo and are influenced by a great J'(lany other syslems or 
·varbblcs. 

A second, and equally important consideration is that the population concentration and 
growlh ratcs are causing urban replication in lcss than twenty years, providing very short lag, 
time, and no longer permitting the adoption of a leisure reactive mo~e, but make an acting 
mode esscntial. The finally constructed works associated with projected water demands, 
litcrally f1Xed in concrete are too dear to experiment with. So, a multivariant. multistaged 
system involvi.ng a ••short fuse .. and a high degree of uncertainty c:aU for innovative 
11.pproaches. 

1 P~pcr No. 71109 of thc Water Rcsource1 Bulle fin (Joumal of tho American Water Resowcea Auoci.a
uonJ; D•sculo.Sions are open until Juno 1, 1972. 

Ducctor. School oC Ovil E!!¡;ineering and Environmontal Sdenc:Go Unlvernity of O!Whomlil, Nomum. 
Okhhoma 73069. -, 



MULTISTRUCfUHED Ml!NH'II'Al WATER !>EMANO MOD&L 

TI lE SYSTEMS API'ROACII 

Thc ¡¡yslcms :~pproach proviucs :111 auc.d lcduuc¡uc tu havc look~ into thc futurc, !ooks t!.ak 
are csscnhal lo thc managcmcnl for bcncfic¡;;lu~c of cnlical rcsourccs. Tl1c systcms approach 
mu~l ClliiSiJcr long·rangc ohjcctivc5. lt shifls cmphasis irom inpuls to goal;;. Tltc5c goals must 
ht• 'lcwi''Pl'd as "pcoplc nccds" and in lcrmr. undcrsi:Jnu.1blc to thc modcl huildcrs (En¡;inccr· 
An.tlyst) :111d thc C<lnsumcr (thc affcclcll rccip•cnl and/or his political rcprcscnlalivc). Thc 
rc5ultanl modcl must providc altcrnalivc p<,Jicics to thcse goals, a rcasonable sct of mctracs, 
and vcnfier. Conceptually, this modcl will be responsivc lo alterable 11 peoplc needs" (goals) 
ovcr time as incrcmcnlal violations cnroutc are cxposcd. Thc aulhor fcels strongly tha! thc 
consumcr should havc prcscntcd lo him thc al!crnativcs, bcncfits, and cost in terri1s he can 
undcrstand, so lhat he' can participa te in thc dccision proccss. That is thc basic chargc lo the 
modcl huilder. The model providcs guidcs and it is csscnti:.lthal in addition to the analylit:al 
m~de prov¡dcd by U1c modcl, ajiJdgmcntal modc must be cxerciscd by expcricnccd cngmccrs. 
So, lo study long-rangc problcms of thc dcmand for water rcquircs macro level, multistruc· 
tural, multistagcs, multivaried modcls, articulatcd ovcr time toward consumcr understandable 
.. goals." 

Tite point is that one can no longcr look at water but must now look at ils interaction with 
othcr clcmcnls. Now one must considcr thc wholc system. lt is not enough to simply dcsign 
p1pcs and pumps lo convey a projectcd now rcqUircmcnt for water. The systcms approach wJIJ 
allow one to look at lhe futurc and to bring all of thc intcractants over tinte in!o play. The 
tools and conccpts have arisen from new computer capabililics and econometric and opera· 
lional record techniqucs. To this musl be addcd an environmcntal (ecological) appraisal. These 
conccpls and lools have madc it possiblc to build models, reasonable replicas of the real world 
and play the gamc lo sce lhe conscquences of one's actions. 

llislorically, lhe engincer bascd his estima tes on cye projcction; then he formalized these 
proJcCllons mathemallcally by rclaling to arithmatJc progressions for small towns and farming 
arcas and geometnc progress1ons for vigorous cilics and old dying ones, and so it wcnt. All 
were based on the past projccted inlo the fulure. Then the economist cntered the act using 
macro·economic forecast procedures and then rclating to pcople and water. At this point the 
enginccr .. sublct'' lh1s responsib11ity. In thc late 1960's, the engineer is broadening his base 
and again concerning himself with inputs (projcctions) and using the systems approach. 

This is shown brieny in Figures 1 and 2, and studies of particular significance include Re id 
( 1970], Hlttman [ 1968], West Virginia [ 1969], and AVCO/ESC [1969], Reid's study is the 
sllb;ect of this paper, the Hittman models disaggrcgatc to very great detail, gallons per barber 
chair for example, etc., demands arising by counting detail sector projection~ and multiplying 
by technical coefficients. T'ne West Virgmia and AVCO/ESC studies are regreSsion analysis, the 
fonner national models, the latter state or regional models. 

THE DEMAND MODELS 

Thc dcrnanCI modcls cons1st of populal1on (or dcmosraphic modcl), an economic (or 
~mploymcnt forccast modcl), a reconciliation, and life slylc model with definition of public 
scrvicc and privatc sector commitments, as shown in Figure 3. Dcpcnding on thc approach 
onc can go from decomposed sector elements to water use and then aggregate, or more simply 
from population via technical coefficients to water requirements. The water demand is devel· 
opcd as a function of population and unit u54;: by quality characterization. The population is 
~:..aggregated from na~icnal oohort analyses fuat to statistical regions, and then to basina. Thia 
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lnc:rrmrnt.~l 

l'oj'nlntlon Theo.-y 
CnrvlllnNir 

Poj'nlat{on synthcols 1950's Economhto 
: 

Reslonal nnalyals 
•Lnkc t dc:n•~nd modal 
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Fac:ton· and c:ou<ponent enalyolo 
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Xnput/output analyoh 

1-
~al oricntetion l970'o Reid Study 
ccn~tric t~chnlquoe 

Fig. l. Use of estamatmg techniques. 

EleMents 
' Past Gor.l:¡ Goals Constraints 

,----·¡ 

1 Projec:tion Demo.-~aphic: Ec:onomic: Demographic: Ec:onomic: Physic:al 

~~ onc more 
r\ '" ... X 

~~~7llo•Colh X 

A r 1. t ~~~~·,t l (' X 
~---
~~\C X ., 
lncrt ,.,~ut.ll X 

í\"' "\1l1t1 on l. hcorv X X 

t:urv ~ l inL~.ar X X 

Popul.~t lC•Il 

::Ovnlhegls X ,. 
¡;~hlonal Analysis X X 

'1.uk~t Drm,,nd 
Hm.!<' l X 

Sur>rly l1odcl X X X . 
F.1ctor 1\nul;!sis X 

Cohort 1\nalysls X 

I 1'\!"'U[ {f\ur "Ut X . 
!Goals ·~~~id) X X X X X X 

Ftg. 2. ~letnodology checks. 

proc\;SS prevt:nls double countmg, and 1s respons1ve to fixed or variable cross-sections. That is, 
thc composit1on of pcopie and thcir dcmograpluc and econom1c act1vities can be held fixed or 
altcrcd ovcr time. Titings can stay the samc, gct bcller, or worsen. This is a dccision clcmcnt. 
So wc are always worktng ovcr time lo cstabhshcd goals. Thc samc is lruc of thc unit use. Thc 
unit use is pr~d1ctcd, by forccast mod¡ficatton, as a function of sculcmcnt criteria and/or 
population, urbanization, íncome, value-addcd, etc .. TI1c dcmands are responsive to various 
settlemcnt patterns and people goals. For example, m Figure 4 the population is forecast from 
P~o to Pr for the nation. Then it is successJvely disaggregated to the region cPD and basin 

~P>- The cross secúon is altered dependin& on public (decision policy), e.g •• concentration in 
~'-4 tremendous ur~an arcas versus disuibution tluoughout land, etc. Por more comprehensivo 
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c:cor¡:o W, Roi!l 

modds, 1p11
1 represen! cohort 1 through 1 

Jes¡,;1 ipllns. Thc Ullll use can he cstahl1shcu 
by synthc~is to JHOVIÚe goals, e.g., so mucl1 
per h.ll h, SO lll.llly u al hs, SO IIIIICh per CóiT 

w.1sh, so many cars, etc., for unit go01l use. 
The dcmand can he expresscd as the sum· 

mary of llllllllClp.ll, industrial, and :~gncultur· 
al, i.e., the m.ljor uses. Th~ JHOJectellnlllllld· 
;)al use can be rclated, al (t=O), to the other 
·:ategones and the relatwnshíp or cross 
~ection Fi altered by relative r: l's to other 
¡equirements or purely lo scalc factors. 
Goals can be dealt with deterministically for 
all three categorics. Goals, valucs thcmselvcs, 
:an be dcvcloped by decomposing the cate-
gory and looking for altcrnatcs in the 
domcst1c group, as in F1gure 5. The final 
dcmands, of coursc, are the product of the 
two, Pop1 and J.lJ.l 1, or (1D tK) dcmand for 
catcgory (i) at time (t) under dccision leve! 
(k). 

The ca5e proccss study grows the nation 
towards a series of goals both probable and 
poSSlble. lt docs this by cohorts of !Jfe style. 
The national values are then disaggregatcd to 
a rcsourcc rcgion, pcrmilting poss1blc worlds, 
and rcgrcsscd on regwnal rcsourcc pattcrns, 
both human and non-human. Then tht> rc-
gaonal valucs are dastributed in the region to 
the urban cluster by econometric step-down 
procedures. 

- ----=:1.-D-r--
1 
1 
1 
1 

• F'IXEO OYNAMIC 

· Pi¡. 4. Population mode' w1d loglc diagram. 

! 
1 ¡ 
1 

w~ 
TrME 

Fag. S. Demand va. time ploL 

The model as lhus determmative and probabilasuc and in that it)s articulated over time is 
stochastic. 8oth mitial conditions and output !!Oals are reset after 6t, and the procesa can bo 
repcated. 

A modcl for proJecung munic1pal secwr requuemen~ 1s umqu_ .-; that it will: 
l. provide public, private, and scmce sector needs-
2. under vanous "hfe style" goals for 
3. eilher possable or probable worlds 
4. articulatcd over time and adjustablc cnroute to revised goals. 
5. 1l1e model uses a national base, disnggrcgating and preventing double counting with 
6. the disaggregating reflccting rcsource concepts, thus providing again possible postures. 
7. The basac model uses both dcmogrnphic and economic inputs and 
8. providcs, 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 dccomposed sector outpuu can be fed ir.to Maln 1 «> provide detailed future 
wa u r req uiremen ta. · • 
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2. Tl•chnkal cocllu:u.:nls can ~bo be u:;cJ uircctly wHli thc population cslimatcs, or 
~~uw• ~cdor csl imatcs, to produce individual or total water nccds. 

3. Tcdlllh.:al cocfficicnts and thcir projcct10m suitablc for both nccds have bccn dcvel· 
opcl.i ;111d 

4. lhc mctlh>dology for thc municipal tcchnical cocfficients uses allcrnativc goals, and 
rc~ional rcgrcssion com:cpls. 

S. Thc industual tcchnical cocfficicnt mcthodology providcs for tcchnologic:al break· 
through. 

6. Thc cconomic modcl outputs can also be uscd as inputs to cconomclric water 
rcquircmcnts modcls, such as those dcvelopcd by factor or principal c:omponcnt 
analyscs. 

Severa! tcchmqucs havc bccn suggcstcd for dcploymcnt. Thc Tulsa [ 1970) modcl uscd 
gcneríliitcd tcchnic:U cocfficicnls licd lo land uses. Few cities have as detailcd land use data as 
tbat of Tulsíl or the basic cconomic and dcmographic data. 

I. The suggcsted procedure for municipal dcmand studics of cities in general would be used 
to use populatiou and income projections dcvclopcd for the city by regrewve tech· 
niqucs orúy and to follow this with a dcmand modcl, with the unit use ~0), preclpl» 
tion (ppcl), im.:ome and population. These data are gene rally available so: 

This provides a sea/e, ageographic, andan economic index. - ---- ----- -------

II. lf thc candidate- cíty dóes-·have an extensive history of pumpagc~-incfüdiñg-the· rCfatTve 
amounts to the various components, parti::ularly the water used domestically, the p~ 
cedure of choice wouló be to develop the llP.t graphically as shown in Figures 6 and 7. 

.,.~-----------r.~--------~~~ 

Fag. 6. Total·domutiG aequlrement vs. time ploL 

.Yo 
1 

'..;...·---·--.··· ----· ---. . 

~----------~------~' POP1! 
1 

Fig. 7. Total-domestic ratio va. population ploL ¡ 

Thus, dcpcnding on the ayailability of local data, a part or all of the economic and tech· 
nology models may be reliably used to develop projected needs for municipal water0 which 
,wcro &he prime objectivea oí' th.is stucly. 
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DEM ANO AL TERNATIVES 

lh: futurc :tppltcallons are of cons•dcr.•ble mlcrcsl. Water Rcsources M an<~gcmcn l prob· 
kms ;-~re c0111:cmed w1lh b:~sh.:;~lly S"t'f'ly-Dmwnú Stuútcs. Suppllcs are ca~¡¡Jy stuu1ed and 
thc•c h.1s bccn developcd a consu.lerable hody of knowledge such as pararnehric hyur,ology,' 
d.un (j;,:,¡ry, etc., for llus purpose. Supplles ;~re al so beconung linuteu. On the othcr hand, 
..;.:1;1.111d ~-llllhcs are only reccutly hcmg devcloped and most methods are crudc, and done 
::~st:lliJ • .tly 111 1snlallor•. lt is very common for consultmg engineers to wed detailed stud1es of a 

rcscrv01r wilh "eye ball" dcmands. W11h supplícs bccommg limitcd, and wtth serious consid· 
.·ra\ions of reuse, ot use of brackish or salme water being cvidcnt, one should look atthe 
l/~·uwnú altcmatives-·as additional supplies. 

In prcscnt :>ludies, it has been suggestcd that one should strive to provide all the municipal 
:·>a ice dcsucs-this has been the probable world. In part, this "rut" was a resuit of studies that 
mJicatcd an inelasticity wiU1 price or cost of water. Consider the decomposition of the 
municipal use as follows; 

Presen t Uno M;:..'timum Rcquired Wilh Altcmate11 
ulc¡;ury (gpcd) ígpcd) •(gpcd) · Sug¡;cstiona ------

Domes !le :.o 80 5 Reuse al Homc 

lndustnal 40 190 10 Reuse 

Commcrcial 20 40 o Air to asr rcfn¡;cratlon 

l'ut.hc lO 14 o Sohd Waste Control 

·ncaiion 10 40 o Astro-turf 

Tot.1l 110 365 15 

From tllls tabloid, 365-15 = 350 gpcd new water by cons1denng alternatives 1s possible. This 
lilustrates an 1mportant use of the demand model-namely, the discovery of alternates and 
thcir 1mpact on supply systcms. Once alternahves are sought, costs do become a comparative 
factor. Once cosl becomes elastic, thcn tradc-offs of water cost {alternatives) must be m~de 
agawst othcr pubhc sector needs: transportation, drainage, recreation, .étc. The model wo.uld 
be vcry useful along this !me of inqu1ry. 

A:aothcr arca rcsults from considering water supphes from various sources with various 
quailty levels. To sensibly (irnputed use of a systems approach on a basin, or interbasin bases) 
study the problem, demands to support various life styles should be postulated by qualtty as 
well as quantlty. Thus, demand is considered at time (t) under decision levels (k) and quality 
(q) or qD 1k. This as point requirements must be evaluated against supplies at (t), at quality (q) 
or S~ and Costs (e). · 

l:0 ú~ <; S1 and 2":CS1 must be minim1zed 
- Q q 

To work out th1s nctwork ptúbram requ~res detaded estimates of qD
1k. The model will pro-

VIde Lhis. · 
Even further, mmimum cost critcna may be wanning-and benefits should be considered. 

so BqD 1k • CS~ must now be maximized. Again the model becomes a useful tool. 
On a rcgjonal or basin basis-irrigation, municipal, power, etc.-uses of water can be 

balanced tluo'Jzl- the ¡.¡odt>l One cannot really optirnize. Ono might uk--optimiu what'l 
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~\!onomic bcncfil? llcallh, Wclfarc, ele.? Thc modcl providcs rhc possibilily of a b.!l.mccd 
ccology or lifc stylc. This wouiJ be a vcry inlcrcsting study. Water dcmand studics also inclúc 
in thc urban arca dcmand for physical facililics- p1pcs, pumps, valvcs, etc. Thcsc are subjcctc:J 
to ~ltcrnativcs. Onc can fight firc d1ffcrcnlly-without water, thus lhc pipes could be smaiiD 
f:tc •. ug:un "t;adc·ofr' a¡;aim:~ othcr puhlic facilities must be looked at. 

SUMMARY 

A vcry flexible dcmand modcl Clpablc of 1mpacting has been developed and can be used as 
a tool on a wide varicty of Supply·Demand Studies. 
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W~ter 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. Water can also be de?eloped 

; ~om 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 df appropriate data decreases. As has been 

noted by most all the experts, as, river basin concepts and strategy evolve 

there are changes in the interrelationship of physical and social struetures 

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 conservation 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 
2 

dg/dt = na e 
"3"7 

+ 

of pollution: 

EélC + KC 
ax 

Pollutants are conserved or not. 

3. The demand analyses involves severa! beneficia! uses, resulting in off-

site withdrawals, and consumptive uses; on site uses, and flow or aquifer 

leve! maintainance. These relationships are shown in Figure 1. These 
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Figure 2: Socio-Economic Growth of a River Basir. 

-124-

Avoll•blll>¡ of Vacar 
Ylthln the Rlver 
D••JD vlth.leapecc 
to lG,IIl. 



1 ..... 
N 
V1 
1 

TABLE 1: ESTI~TED PER CAPITA RIVERFLOW ~~ WATER DEK~ IN SELECTED RIVER BASINS OF AFRICA. 

• ~ .. ... 
<C 

.. ... 
a: e 

Dral.aage 
Are a 

ASIA. EUROPE AND THE AMERICAS 

Popu1atloa 
tll.lllona 

PC!I' Caplta. Per C!J¡:;ltls 
atverflov Rlv~rflow 

Avcr&~;«' Daua&* 
sallaa•/caplta/day 

1,000 aq. km. ~--------~--------+-----~cu~-~m~/Lye~a~r~----~~~&a~l1~on~a~/c~a~pl~ta~/~d~a~•---+------------------~ 
1970 2000 1970 2000 1970 2000 

Coaga 4,015 18.0 41.2 69,000 10,000 48,300 2i,ooo 
Zambe&l 1,295 5.6 12.0 38,700 18,000 27,090 12,600 
Nlger 1,114 16.7 40.9 11,200 4,600 7,340 l,220 
Seoega1 338 2.4 5.0 9,100 4,500 6,370 J,l~O 
Oraoge 640 4.7 10.9 2,300 990 1,610 693 
H1le 2,980 SO.O 106.0 1,720 630 1,204 581 

Afr1ca lO lOO 350.0 770.0 12 000 5 500 8.400 l,IJ50 

1976 

U9 
129 
129 
129 
02 
U9 

2000 

462 
474 
474 
474 
498 
462 

lrravaddy 430 20.0 39.6 21,000 10,300 14,700 7,210 117 ]9) 
Brahaaputra 935 51.8 110.4 11,200 5,600 7,840 3,920 Ul 405 
Ob-Irtyoh 2,430 32.4 42.0 11,100 8,800 7,?00 6,160 129 4:16 
Mekong 603 45.6 102.2 7,500 3,300 5,250 2,310 120 .:.o2 
Ynngtze 1,943 202.0 300.0 3,400 :!,300 2,31!0 1,610 126 l 426 
Iodus 927 70.6 171.7 2,450 1,050 1,71~ 735 120 399 
Canges 1,060 300.0 585.0 1,920 9&0 1,344 686 l2~ 1 399 
tlgr1s-Euphratea 541 26.3 66.7 1,760 680 1,232 476 129 429 
Ho~ang-!lo (Yellw) 673 110.0 163.6 930 620 651 434 123 · 408 

------~A~s1~·~----------~~--~45~0~0;0------~--~2~04~7~·;0~3~80~0~-~0~~--;6~,5~5;0~~3~5~50~~---~4~,5~8~5rl-·~2~,;4;85~~~~~-~--~~~-~-----i 
Rhone 96 7.1 6.7 7,400 6,030 ),180 . ~.221 366 t.OO .. 

Cl. o .. 
Po 70 13.4 15.2 3,220 2,810 2,254 1,981 JG~ $91 
Danube 816 75.0 84.6 2,540 2,260 1,778 1,582 357 58~ 
Rhine 145 39.2 42.8 1,710 1,580 1,197 1,106 l~> 594 

" w V1stulc 
Euroc.e 

Yukoo 
~ •ussls~1pp1/H1eao. 

f .. Colorado 
~ ~ R1o Crande 

:;r: < North Arlertca 
Al:.azon 
Tocar;.tSaa 
Orino~o 

Hagddi!DII 
San Fraudsc:o 
Paren~: 

South 1\I:'ertc.s 

197 19.5 23.9 1,700 1,410 1,190 987 3)/ 582 
9 800 645.0 760.0 4 800 ] 9~0 3,)60~..,...!2!..&.!7~6.;!.j _ _¡. __ ;.---~.¡..,.,.;-.,.....---+ 

932 C.1 0.2 1,580,000 1,050,000 1,106,0G0 735,000 615 11254 
3,222 56.0 72.2 9,600 7·,50::1 6,720 5,250 úll 1269 

629 2.7 3.5 6,600 5,100 462 3,570 SS~ l203 
352 5.0 6.5 750 590 )25 413 576 1l73 

20 700 315.0 406.0 19 000 15,000 13 300 10.500 - l -
s,s1a ~.o 8.9 1,62o,ooo 74o,ooo 1,1J4,ooo 51&,ooo 240 ¡ 786 

907 2.2 4.9 145,000 65,000 101,5GO 45,000 246 78] 
881 4.5 10.0 116,000 5],000 81,200 37,100 258 ' 816 
241 18.0 41.9 12,00Q 5,500 8,960 l,S5J 24J ' 765 
673 12.5 17.9 7,000 1,100 1 4,900 2,170 246 16] 

2,305 6LO uo.o 6,aoo ~.zoo 
1 

4,760 l 1,940 ! nz 1 79-ll 
·17 seo - 190.0 .~~c~o~·~o~~-·~S~4~,s~o~o~,--~2~~·~o~o~n--~ __ ;l~8~,J~;~o~~1~e~1~o~o~--·~------~----------~ 



g~neral ~trategies illustrate only those causing pollution. Other bene

ficia! 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 agricultura! 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 frorn Table 

I, that 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 dernand projections 

are thought to be relatively simple undertakings, local or project sources 

being abundant, with marginal costs low, with no reason to expect major 

changes in technology and management policy. 

So past characterization should hold, and reasonable forecast can be 

devised from a relatively small amount of data and a simple extrapolation 

(of dernographic, physical and economic projections. Large basin dernands are 

developed Table 1 without direct reference to nonstructured considerations or 

high degree of basin regulation, interchanges, ecological considerat'ion etc. 

Th~ugh, prudent economic efficiency and a basin approach is imputed. 

The specific model used herein forecasts only industrial, municipal, 

and agricultura! demands. Due to sparcity of industrial and agricultura! 

water demand information, only the municipal dernand is forecast directly 

by a regression analysis of scale, location and socio-economic indicators and 

their normative futures. The industrial and agricultura! 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 country leve!. 
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TABLE· ... 

GENERAL DATA AT REGIONAL LEVEL 

!!unicipal 

lo Water demand per capi~a 

2~ Population growth 

.l. lncome per capita 

4o Population served by water supply 

S. Cost of treated water 

6. Education level 

Industrial 

7. Distribution of work-force in skilled, unskilled and unemployed 

8o lncome per capita 

9~ Industrial gross national product 

10. Annual industrial growth 

11. Water demand/product produced 

Agricultura! 

12. Calorie intake per capita 

13. Percentage of land investigated 

14. Water demand/product produced 
. 

15. Agricultura! gross national product 

l6. Annual agricultura! growth 
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IAELE 3 

GENERAL DATA NEEDED TO DEVELOP MODEL AT COUNTRY LEVEL 

I. Domestic Demand 

1.1 Water demand per capita per day (gpcd) 
1.2 Income per capita per year in United Státes dollars 
1.3 Annual precipitation in inches 
1.4 Population served by water supply in 1000 
1.5 Average annual local or national temperature 
1.6 Price of treated water per 1000 gallons 
1.7 National average of persons in each household 
1.8 Percent of national liccracv 
!.9 Percent of national public Stand Post 
1.10 Percent of homes connected to water supply systems 

II. Industrial Demand 

2.1 Water demand per unit product produced 
2.2 Gross National Product - G~P 
2.3 Annual industrial gro~vth (percent) 
2.4 Annual precipitation in inches 
2.5 Annual temperature in °F 
2.6 Annual rate of growth in housing industry (percent) 
2.7 Percent of employment by industry 
2.8 Percent of machinery imported 
2.9 Percent of in-country ci~eral resources 
2.11 Percent of improted petrochemicals/crude oil 
2.12 Rubber consumption per capita (lb/capita) 
2.13 Cotton consumption per capita (lb/capita) 
2.14 Sugar consumption per capita (lb/capita) 
2.15 Coffee consumption per capita (lb/capita) 
2.16 Metals consumption per capita (lb/capita) 
2.17 Papcr consumption per capita 
2.18 Industrial/}~nufacturing Gross National Proauct 

lii. Agricultura! Water De~4nd 

3.1 Water demand per acre foot (AF) 
3.2 Calorie intake pcr capita 
3.3 Pcrcentage of land irrigated 
3.4 'rotal area 
3.5 Percentage of land not irrigated 
3.6 Gross National Product (GNP) · 
3.7 Annual precipitation 
3.8 Annual tcmperature 
3.9 Evapotranspiration 
3.10 llumidity 
3.11 Pcrcent of land irrigated ~anually 
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lii. Agricultura! Water Demand (Continued) 

3.12 Percent of land irrigated mechanically 
3.13 Power (kilcwatt/capita) 
3.14 Income per person 
3.15 Land available per person (acre/eapita) 
3.16 Agricultural Gross National Product 
3.17 Area cultivated 
3.18 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 like: 

i=n i=n 
y = EXi or "UXi 

i=l i=l 

A typical interlock -

Supply 

Demands 
t 

Ind Irr Agri 
A 

Sweet ij 

Desalt or cij 

Reuse 
~----- --- r----

Aij units, development, treatment, transport 

cij cos ts 

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, anda P.E. strength(mgle) x vol.(mgd)x 
0.016 

and factor 0.016 is the strength/capita. Because of inclusion of more 

industry in larger cities the P.E. value varíes 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 

"-nown, loads can be aggregated from wet strength and volumes. 

n 
Load = bod x volume/unit x production 

i-o 

It is, of course, necessary to estímate the future volumes, and strengths, 
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.. 

due tu "in house reuse," save-alls, and treatment. EPA has established 

acceptable technology - for muni'cipal 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 Supp!y 

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

Relative abundancy, 

Project by project, 

L0w marginal cost, 

Structurai management measures 

Pollution by dilution, primary treatment 

Individual plants, city plants 

II Resource 

Partial regulation, 30-60% 20,000 wet 

Efficiency 

Project by basin 

Structural or nonstructural management measures 

Secondary treatment - biological system 

Basin system 

III 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 Lifestyl~ 

VI (DC) 

Ad~anced industrial economy, scientific capability, education, 

social advances, ecological awareness, less dependence on religic:n, 

the family, low birth rate, increasing 60-70 year olds. Stress, 

pollution problems, democracies - US, CANADA, UK, JAPAN, SOUTH AFRICA 

V -----
Primary school - up "over the hump in human resource development" 

except scientis't & engineers, though quality is les&. Secondary 

education complete - transport, communication good. Bottleneck 

in electronics, surplus of university types. Democracies, usually 

strong social, national standards - MEXICO VENEZUELA, IRAN 

IV 

Relatively advanced, 

have nontechnical manpower 

unable to develop high level experts 

~ population subsistent leve! agricultural 

mining, petroleum, textiles, 

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

Vll (LDC) 

Require externa! aid 

Agricultura!, rural, nomades 

Subsistive agriculture 

~econdary education 1% 

High birth rate, over crowded, unemplo:J"iTlent, ECOADOR, PARAGUAY, INDIA, 

GHANA, NIGL::IHA, CAMBODIA, YEME:V 
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SUM!'-1ARY S!-:!EET 

Status: Draft Environmental Statement 

Subject. Chatham West I Apartments 
Brockton, Massachusetts 

JJame of Re!:>ponding Agency · Department of Housing and Urban Develop~ent 
Boston Area Office 

l. Nature of Action: 

15 New Chardon Street 
Boston, Massachusetts 

Admini.strat.ive 

2. Brief Description_of Proposed Action: 

Construction of 350 units of multi-fa~ily housing in the 
City of Brockt.on, ~assachusetts. 

3. ?u-nmary of Environmental Impact and Adverse Environmental E~~cts: 

The proposed project will adversely effect the aesthetic 
environment of the adjacent park to the degree that a 
portien of the project will be visible from the park. 
'l'he im,?act on the physical environment due to drainage 
frorn the development has been treated to our satisfaction. 

~· Alternatives considered: 

r 

(a) Maintaining the entire S1Le as undeveloped open spase. 
(b) Residential use in configurati.ons oi:her: than the 

proposed action. 

List of Federal, State and Lo~al Agencies from which co~ments 
iave~ ·--: '=C:_L_l'-. s ted . 

Council on Env1ronmental Quality 
Environmental Protectlon Agency 
Departrnent of Transportation 
Departrnent of Health, Education and Welfare 
Department of Commercc 
Department of lnterior 
Department of Agriculture 
~epartment of the Army, Corps of Engineers 
. ffice of Econornic Opportunity 
( .(;'•1eral Serv ices Ad:11ini s tra tion 



Federal Power Commission 
Massachusetts Department of Natural Resources 
~iassachusetts Executive Office for Administration 

and Finance - Office of State Planning and 
Management 

Old Colony Planning Council 
Anne Vohl, Attorney 
Brockton Conservation Commission 
Brockton Citizens Conservation Group 

6. r~:e Statement made available to CEQ and Public 
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! ·.\.IRON!'-lE!JTJ..~ IMPACT Sfl'ATE~EN'f FOR CHATIIA:'1 WEST I 

BROCKTON, :: MASSACHUSETTS 

I. Desc~iption of the Projc~t 

Tha project, known as Ch~tham West I, consists of the constructi~n 

and associated site development of 350 units of housing at Odk 

street, Brockton, Massachusetts. The site consists of a single 
,, 

parcel of land of 20.4 a~res. 

The purpose of the ?roje6t is to provide modern living faci+ities 

and envirorunent for farniiies of rnoderate and low income. The 
i 

development comprises 174 units with two bedroom and 176 units 

with ene bedroom. The orie bedroom units will rent for $156 to 

$185, the t.wo bellroom for
1 

$172 to $215. Forty-four one bedroom 

and forty-four two bedroom units wil1 have their rents reduced 

through rent supp1ement p~yments. The two bedroom units are 

located in 87 two family, two story duplex dwe11ings arranged 

in clusters of four to six buildings. The one b~droom units are 

located in nine two story garden apartillent buildings, each with 

16 to 24 units. The site contains 462 or more off-st~eet parking 

spaces. A co~unity building contains meeting rooms, administra~ive 

offices, and a 1aundromat; there are a1so two separate laundries. 

The total cost of the development, includinq 1and, is $7,896,800. 

The project is being financed by a mortgage loan in the an~unt 

of $7,106,000 from the Massachusetts Housing Finance Agency (~IHFA). 

Upon comp1etion 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 Nationa1 Housing Act of 

1934, as amended. Eighty-eight of the 237 units receiving interest 

reduction payments under Section 236 wi11 also receive rent supple

ment payments under Section 101 of the National Housing Act; these 

units for low-income families wi11 be scattered throughout the 

site. he balance of 350 units, 113 units, wi11 rent to moderate

income families for $185 per J: . .:mth for a one bedroom unit, and 
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$215 .for a two bcdroom. The incames af the maderate-income ~ 

tenants at admissian may nat, -under MHFA regulations, exceed 

six times the annual rental. 

The owner of the project is Beacon Chatham West Assaciate~, 

P.O. Box 2051, Mantello Station, Bracktan, Massachusetts. 

The contractor is Beacan Construction Campany, of the sarne 

address. 

An adjacent 20-acre paree~ ai ~and is awned by Beacan Canstruction 

Constructian. A building permit has been issued to construct an 

additianal 350 units on the adjaining site. No financing of any 

kind has been request~d for hausing an this parcel. 

Presently~ the praject has received the appraval of MHFA far 

funding. HUD-FHA funding is appraved tentatively until the 

Environmental Impact Statement is finalized. 

The praject is situated in the City af Brocktan (1970 'papulatl~n, 

189,820). The site is 1~ miles from an interchange on Route 24, 

a highway giving access ta Raute 12ü and the Bastan area to the 

llOrth, and Fall River and Pravidence to the sauth. 

The surrounding land uses comprise several types: a regional 

public recreatian area (D.W. Field Park); institutional facilities 

(the Brocktan Art Center and the site af a Greek Orthodox Church); 

housing (garden apartments);a shapping center (Westgate Mall) ¡ 

industrial uses and vacant land. 

Maps are attached shawing the surraunding neighbarhaod af the 

prOJL>Ct. 
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ri. Environmental Impact of the PropQsed Action 

A. Physical Environment 

1. Air Quality 

There are no source~ of air pollution or noxious odors 

from industrial emissions. The existing traffic flow is 

established by CLlvl/Sy~terns, Environmental Systems Consul tants 

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 be heated electrically and thus will not 

create any smoke emiss~ons. The project's contribution to 

the traffic flow is anticipated by CL~/Systems to be an 

increase of 260 cars ~n the rnorning. This is using an 
assumption of one worker per unit, except for the units 

1 -

set aside for rent s~pplements. During the evening p~ak 

hour assuming the return of 90 shopping trips and 260 workers, 

350 ~ars would enter the development during the evening 
1 

peak hours. 

This traffic will o~viously contribute air and noise 

pollution to the a~ea detrimental to the neighborhoqd and 

the pro~ect itself. The actual effect has not been est~blished. 

2. Water Quality 

Th~re are no dange~s presented to the project from .any 

polluted water or potential flooding problems in the surrounding 

area. 

Obviously, development of the proposed site for the projer.t 

will increase the surface runoff with possible c9ntribution 

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 engi~eer. 

The plan essentially propases a Detention Basin #1 for the 

front portion of the site and a Detention Basin #2 to control 

r·unoff for the rear portion. !-tr. Vulgaropulos estimat~s that 

a 25-year storm has a natural peak of 12.8 cfs. at the Oak 



Street 30-inch cu1vert and with the operation of 

DetJ~tion Sasin #1 the peak wou1d be 11.3 cfs. 

4 

From the cu1vert in1et at Oak Street, the storm runoff 

from Detention'Basin #1 f1ows through the existing 30-inch 

cu1vert a distance of about 430 feet, where it discharges 

in an open ditch a1ong the wester1y side of the Chateau 

Westgage property. Frorn there it f1ows souther1y in 

u~defined stream channels through an undeve1oped wooded 

arca, then under the D.W. Fie1d Parkway in a 48-inch 

cu1vert, and into Thirtyacre Pond. Thus the project site 

falls direct1y within the uncontro11ed watershed area of 

'T'hi~L.yacre Pond. 

Th1rtyacre Pond is part of the Sa1isbury Brook watershed, 

which has its origin in Beaver Brook, in Stoughton and Avon. 

Beaver Brook f1ows through t~e Brockton Reservoir, which 

has a drainage area of about 1900 acres. Discharges frorn 

the Brockton Reservoir f1ow into Wa1do Lake, (accumu1ative 

drainage area 2275 acres) . Upper and Lower Porter Ponds, 

Thir.tyacre Pond (accumu1ative drainage area 2430 acres), 

Ellis Brett Pond (accurnulative drainage area 3770 acres), 

~ross Pond, Sa1isbury Brook (accumulative drainage area 

4930 acres) and Salisbury P1ain River (accurnulative drainage 

area 10,500 acres at l1eadow Lane). 

At thirtyacre Pond, for a 100-year flood, the inf1ow peak 

is cstirnated at 270 cfs, and the outf1ow at 250 cfs, with 

a m~ximum flood 1eve1 rise of 2.6 feet. Deve1opment of . 

the site wou1d tend to a faster and earlier runoff contri

bution to Thirtyacre Pond than at P!esent. Most runoff 

from the site would arrive at Thirtyacre Pond in its rising 

stage anq sufficiently prior to its peak rise so that the 

effect of the site runoff wciu1d be confined to increasing 



~he early rate of rise and outflow of Thirtyacre Pond, 

but not the ultirnate peaks. The flood conditions of 

Salisbury Pond and the Salisbury Plain River in Brockton 

are presently under study by the New England Division of 

5 

the U.S. Arrny Corps of Engineers. The initial reconnaissance 

report has been cornpleted and subrnitted to the Office of 

the Chief of Engineers in Washington, D.C. It is under

stood that this report is lirnited in scope to a very 

preliminary evaluation of flooding conditions and an 

evaluation of thepotential case for further and more 

de~iled studies. 

The rear portien 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 portien is 

designed to be more than 25~ better than the natural area. 

Thus the incorporation of the two detention basins into 

~he design of the project creates greater storm water 

retention on the site than is now naturally available. 

Flooding problerns are therefore not increased. 

Regarding off-site pollution frorn silts, catch basin 

sumps should collect silts frorn paved area, depending on 

maintenance of the basins. Otherwise silts will be naturally 

deposited in detention basins befare storrn water flows from 

the sjte. 

). 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· ,•ussion of Air Quality. Noise level meters were 

im~lernent0d by ·~e sponsor to measure the noise generated 
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r~tside the site in accordance with guidelines set 

cor~h 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 "Norma11y 

Acceptable" by HUD's standards. 

4. Land 

l -

The site is divided by a riuge line with two sections. 

The southern section presently drains natura11y towards 

Oak Street where it f1ows into a 30-inch City storm drain. 

The northern section has no natural surface outlet since 

it is cut off from Wa1do Lake by the parkway road embank

ment. The total area of low1and 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 near1y ha1f an acre with ~aximum depths of 

six inches. The third area is off the site and is approx

imate1y one-twentieth of an acre. This area ho1ds stagnant 

water of depths up to one foot all year round. The other 

areas are seasonably wet. 

Attached is a Soils Ana~ysis Report by the United States 

Department of Agriculture - Soi1 Conservation Service on 

the site of the proposed project and the adjacent site. 

The northern portien of the subject site was reported to 

contain very poorly drained soi1s or wetlands. A recom

mendation of USDA is to retain this portien of the parc~l 

for undeveloped open space. The wetlands portian, 

classified HU in the attached report, is the area 

design~d for a Detention Basin. 
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lne developer is not planning ext~nsive grading or_.filling 

in the development of the project. Rather -he is concerned 

with his construction conforming with the existing contours 

of the site. 

S. Surrounding land uses and pj,ysical character of area 

It is evident frorn 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. 

~he only incompatible land use is the heavily traveled 

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 deve1oped area. The density 

will be approximate1y 17 units per acre as opposed to the 

zoning of the area dllowing 60 units per acre. The layout 

of the project íncorporates good use of open space and 

existing contours on the site. The entire Oak Street area 

n~ar Route 24 is becoming increasingly developed with five 

n~w apartment complexes under construction or recent1y 

Ct·~pleted for occupancy. ~elative to these projects, 
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Ch4tham West I will have a low profile of two story gard~n. 

apartments and duplexes. The other complexes, aside from 

Beacon' s Pine Grave Apartments 'Hhich 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. 

T~is proposed land use is incompatible with the park 

cnvironment abutting the Northeast Section of the site 

~rom a scenic and recreational standpoint. The developer 

.1as designed the buildings on the si te to be unobtrusive 

írom the Park and to blend with natural setting of both 

park and site. The buildings are simple in shape with 

exterior siding of cedar clapboards, 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. In spite of these efforts the cluster of housing 

in the extreme northeast cerner will be clearly visible 

rrom the West Parkway in winter when the trees are thin, 

and somewhat screened by foliage during the sumrner months. 

The LOOf-line 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 t~e City was undertaker. 

by the Brockton Park Commission. The study recommended 

acquisition of 18 parcels to extend the boundaries of 
' 

D.l'l. Field Park. The parcels were given priority numbers 

from 1 to 18, the subject site's northern portian was ranke¿ 

17th with plans for a softball field and parking lot to be 

constructed in the area. The General Plan for the City sho~s 

the project parcel located in an industrial zone. The area 

has s~nce been re-zoned R-3 for multi-family residential use. 
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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 p~oject 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, supplement~~ 

by overflow diversions from nearby Monponsett and Furnace 

Ponds. The diversion from these ponds has been about 5.1 

million gallons per day (mgd). In times of emergency, the 

City of Brockton can draw on the Brockton Reservoir, locate~ 

-- ~- ~-~i-n-D.-\~.- -F ield- Par k-.- -The ~wa~tel"' ~ is--t-l"'ea-t:-ed- a t the Brockton 

Municipal Water Filtration Plant located in Halifax. The 

plant reportedly has a capacity to serve a population of 

141,000 with an average demand of 13.5 mgd and 24-hour 

IIICtximum of 24 million gallons. 

:,~ C:L~ently i t serves the following ci t ies and tO\vns of the 

Central Plymouth Cbunty Water District. 

Brockton 

Hanson 

Whitman 

Pembroke (part) 

1970 Population 

89,040 

7,148 

13,059 

300 (est.) -----
109,547 
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b. Sanitary Sewage 

Sanitary wastes from the housing wi11 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 

the City's separate sewerage system. Chateau Westgate, 

a housing deve1opment on the south side of Oak Street has 

t3.n 8-inch sewer in its main driveway \.,rhich connects to the 

.nunicipal 12" sewer in Westgate Orive. It m ay be possible 

to cross Oak Street and connect into this se\ver by gravity 

f]ow, if the owners are agreeable. There appears to be 

sufficient capacity in the 8-inch sewer to accommodate 

Lhe additional f1ow from Chatham West. 

Alternative1y, there is a City-owned 10-inch sewer in 

Campanelli Orive which extends from Oak Street and connects 

to the same 12" sev1er in \·lestgate Orive. The invert of the 

sewer in Campanelli Orive at Oak Street is higher than the 

invert of the sewer from Chatham West. In arder to make 

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

to be insta1led in or along Oak Street, and the sewage 

pumped by means of a lift station located on the site of 

Chatham West. The deve1opers of Chatham West will bear 

the cost of insta11ation of the necessary sewerage to serve 

the project. In either case, the sewage from the project 

site will be conducted through the West Intercepting Sewer 

to the municipal sewage treatment p1ant. 

The project wi11 contribute an average daiJy flow of 56,000 

gal1ons per day (. 06 mil1ion gallons per day) , wi th· 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 f1ow is occas~onally exceeded 
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on particular Jays. For example, the peak day in Lhe last 

year was in March 1972, when 22.5 million gallons passed 

through theplant, 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. Two studies 

are presently underway; one, to increase the plant's 

capacity to 20 mgd and include tertiary treatment, and 

the other to trace majar sources of infiltration in the 

older portian 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 housing development will be one of 

q 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 anó the increase in flow 

expected from theproposed project is discussed in the Air 

Quality Section of this report. 

The Highway Capacity Manual used by most engineers in 

,•esigning roadways sets a capacity of 2,000 vehicles per 

',·,ur i::1 both dj rections for a two-lane road like Oak Stre~.- r.. 



12 

· ... 11 ...: :..~c.::::ic estimated by CLH/Systems to be generated by 

the p=oposed deve1opment will not cause Oak Street to 

exceed this level over the morning and evening peak hour. 

W'1e~ the si te is occupied the number of vehicles in the 

moz?ing wil1 be 1014 and in the afternoon 1403. 

Engineers use the concept oí level oí service of a 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 

dre 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 sprvice C, which 

is described in the 1965 Highway Capacity Yanual as being 
11 

• in the zone of stable flow, but speeds and maneuver-

ability are more closely controlled by the !1igher volumes. 

Most of the drivers are restricted in their freedom to 

select their own speed, change lanes, and nass. A relatively 

satisfactory operating speed is still obtained, with service 

volumes perhaps suitable for urbp.n design practice." 

An analysis of the traffic movements at the proposed 

development entrance by CL..'1/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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B. Social Environment 

l. Community Facilities and Services 

The subject site is in close proxirnity to most 

comrnunity facilities offered by the City of Brockton. 

Cardinal cushing Hospital, one of three public hospital_ 

in Brockton is \vithin 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 Stréet, City 

Hall and the Police Station are downtown and 2 miles frorn 

the site. Tenants in the project will have pedestrian 

access to the Westgate Mall Shopping Center offering a 

variety of departrnent and specialty stores. 

The developer estimates that the project will bring an 

additional 19 children to the Brockton School Systern. 

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 presch0ol-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. 

u~spite 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 Old Colony 

Plannina Council. 

There is no overload ex?ected on any of the other community 

facilities from the develcpment of this project. 



2. Character of the Community 

The community where Chatham West is planned to be built 

is being established a~ a"bedroom cornmunity" 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 

Mctropolitan 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 ''llest has been the subject of controversy in the 

entire BrocJ~ton area since early spring of 1972. With 

considerable press coverage the Brockton Conservation 

Commission, created by a city statute, carne out against 

the project. In March, the City Council passed unanimously 

a proposal for a 1,000 foot protective buffer zone around 

D. W. F ield Par k. The r1ayor 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 theentire 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. 
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Another group w~s organized as a result of the planning 

of this project. In early June a public meeting was held 

and the Brockton Ci ti zens Conserva tion Group v1as forrH;d. 

This Group wrote a petition signed by 3,000 Brocktonlans 

supporting the Park Buffer Zone that was suggested w1th 

the specific intent of stopping Chatham West. 

The Greater Boston Group of the Sierra Club caneout against 

the proposal of Beacon Construction to build on the wetlands 

9n tlle subject site, 

These groups are primarily concerned about 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 ~eel 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 portian 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 above will be 

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 been 

The project is composed of two bedroom 

6 duplex units with a common courtyard 

a backyard to itself. The one bedroom 

garden a;~rtments consisting of 16 and 

designed 

units in 

in front 

units are 

24 units. 

into the si te. 

clusters of 4. 

and ea eh unit 

in t ... ·.'') stury 

and 

ha:::; 



~~The parking is arranged so that a resident•s car will not 

be more than lOO feet from· his home. 

P. community building containing meeting rooms and a laundromat 

is centrally located and there are also two separate lauqdries. 

Project roads are for the most part peripheral and play areas 

~re w~ll protected frorn the roads. As mentioned above the building 

Mdt~riais will be stai11ed with soft earth colors to be compatible 

wi;h the trees and vegetation in the area. 

1JI AltcrDatives 

A. No development of site 

'l'he only vvay to assure that the si te is left in i ts natural 

state wo11ld be for the City of Brockton or sorne other public 

body to acquire the property and use it as conservation land. 

The Attorney for the Citizens Conservation Grou9 asserts that 

funds are available for such an acquisition. 

D. Dscrease in Scope of Project 

The most valuabl0 portien of the site as far as conservation 

is concerned is the northern third of the site with the wet-

lands. This would be preserved i! the project size were 

reduced so that only the units on the front of the site were 

built. Increasing the de11sity of the front portien to too great 

a degree is undesirable. 

Eliminating the development of the extreme northeast cerner 

at the least would decrease the effect on the scenic beauty 

of the park environment. 

Both of these alternativas have been suggested to this 

Department strongly by the opposing groups listed above. 

'1 



17 

IV. Adverse Environmental Imp~cts which Cannot be Avoided 

Preserving the land as undeveloped obviously would eliminate all 

the adverse environmental impacts dlscussed above. 

With any development of the site, increased surface runoff is 

unavoidable as well as the increase in all of the city 1 s services 

and facilities. 

V. 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 16 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. 

VI. Discussion of Problems and Objections Raised 

VII. 

Sorne have been 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 basjns to 

decrease the effect of runoff on the pollution and flooding of thc 

Salisbury River and its tributary system is recommended by MUD. 
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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 

íamilies from theGreater Boston-Greater.Brockton area and that 

su~h low ~nd moderate income housing will balance the growth in 

upp~r-moderate and upper income housjng in the Brockton area. 

Furlhec, 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 

:'Üflimize the ill effects of this project. Thus, the housing should 

. · lF~ ~pproved. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON. D.C 204GO 

FEB 16 1977 

P~ojoct ilanager for Munition Production 

OF'FICC OF THE 
ADMINISTRATOR 

Base ~odernization and Expansion 
Attn: AHCPBM-T-J:!V D-USA-All056-00 
Picatinny Arsenal 
Dover, Ncw Jersey 07301 

'J.'i1e 1J. S. Environmental Protection Agency (EPA) has reviewed 
thc Army•s Draft Envirorunental Impact Statement (EIS) on the 
Rw(/i~.:!X .t:;{pansion Fa e il i ty. We ha ve found tha t, al though 
the scope and depth of your treatment of the potential 
environmental impacts at the three alternative sites is very 
gooa, severa! significant questions and issues still need to 
be resolved in the final EIS. Our detailed comments are 
e;1closed in four sections: first', general com.rnents and then 
co~~ents specific to each pf the three proposed sites. 

For purposes of classifying our comments for publication, 
your draft í.:IS has been rated 11 ER-2 11

; that is, 11 environmcmi:'.al 
rc~ervations-additional information required. 11 The classifi
cation and the date of EPA' s comments \Üll be published in 
thc Fed~ral Register in accordance with our responsibility 
to inform the publ1c of our views on proposed Federal actions 
under Section 309 of the Clean Air Act. 

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

Sincerely yours, 

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

l:.nclosure 
Oetailed Comments, RDX-HMX Expansion Facility 
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pits 1 ponds .and lagoQns. Regarding the waste lagoon (volume 
.r, Figure 12,· page 31) azt,d the surge pond for contarninated 
runoff (Volume I 1 Figure ,-6 1 Page 17), we would like to know 
if these facilities are lined and whether sludge build-up is 
expected in them. 

Population influx and increased commercial/industrial 
activities due to and associated with the project will 
:i.ncrease the amount of salid waste generated and thus increase 
t.tle load on existing salid waste collection and disposal 
facilities. Project personnel should seek out the appropriate 
Etate and local salid waste management officials and discuss 
J:·,:obanle impacts so that they may be incorporated in a 
~ireely manner in the State and local salid waste rnanagement 
~'lT'1n.ing. We would encourage the plant to participate in or 
u~; .. :: local government solid waste management facilities 
~·Jw:?never reasonably possible. De al ings wi th the Tennessee 
De~artment of Public Health on these matters should be with 
the following gen~leman: M~. Tom Tiesler, Director, Division 
cf Salid Waste Management 1 Bureau of Environmental Health 
S~rvlces, Tennessee Department of Public Health, Capital 
Hill Building, Suite 320 1 Nashville 1 Tennessee 37219, phone 
(615) 741-3424. 

3 . Newport Army 
EPA Contact: 

Ammunition Plant, Indiana 
Mr. Gary A. W~ll1arns 

EIS Review Coordinator, Region V 
(312) 353-5756 

(a) Water Quality 

According to the EIS (page 8) 1 the total water 
require~ent 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 aquatir impacts. For economic and environmental 
reasons 1 water recycling should be encouraged. The EIS 

., r 
• 

should discuss any steps taken to require that water conservation 
and water recycling be incorporated into the project. 

B-9 
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The discussion on page 18 of the draft EIS indicates 
that heavy metals are of concern and that the wastewater 
treatment system might be adequate for removing excessive 
amounts of heavy metals. The discussion of heavy metals 
should be expanded. Specific heavy metals should be indicateá 
as well as concentrations. Based on this discussion, it 
appears that an evaluation of this potential problem on 
water quality and aquatic life should be provided in the 
Íinal EIS. 

Although the project will provide a high degree of 
wastewater treatment, \'le 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 sorne cases 
aquutic 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, 
\iOuld not be in cornpliance with permit parameters. If 
::ew2ort 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 sludqe, 54 tons of coal ash, 1,000 
po~~ds of incinerator ash, ~,000 pounds of inert wastes and 
lOO ~ounds of sewage sludge. If so2 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 solid waste disposal 
fac1lities at the Newport site. 

B--10 
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(el Air Quality 

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 
(2age 22), 700 to 800 automobiles will enter and leave the 
prcposed facility on an average working day. With this 
volume of traffic, it appears that car pooling may be 
feasible as well as ctesirable to reduce energy consumption 
~±n·:1 :¡chicle emissions. 

'I'he EIS indicates that slash burning rnay be required 
during construction if landfilling is not feasible. If 
!:->lash burning is required, we recommend that the accumulation 
of smoke be min.imized by following these recommendations: 

o 

o 

o 

o 

o 

o 

o 

o 

Utilize the merchantable timber to reduce 
the volurne 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 burninq to periods when smoke will 
not drift toward densely populated areas. 

Burn when atmospheric conditions are unstable. 
This results in b8tter 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 facility, 
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 so2 removal equipment. 

B-11 
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Sludges originating from pits, pond'>, and 
lagoons will be relatively inert, non-volatile 
sludges collecting over long pericds of time. 

Depending upon soil conditions, and local 
regulatory requirements, ponds may or may not 
be lined. Contaminated storm water will 
probably be contained in an unlined pond $ince 
pollutants in ~he runoff are primarily suspended 
soi ls and free oi l. The fl01v equalizat ion pond 
will be lined if soils are prevjous and local 
conditions dictate since all proce5s waste watcrs 
flow through this basin. Sludge build-up is 
not expected. 

Item 8 (Coordinate solid waste djsposal plans with 
local and regional officials, and use local salid 
\\'aste :;,anagement facilities whenever reasonably 
posslble). 

No response required. 

3. EPA Region V (Chicago, IL) Comments. 

a. 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 to pump the required water frorn 
gravel beds along the li'aba~h Ri ver. If require,· 
detailed performance and other data on each of 
the wells can be obtained from t.-Jr. James F. Clarke. 
Newport Army Ammunition Plant, Newport, IN, 
telephone (317) 245-2251. Information on water 
conservation (2-nd 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 1n the EIS as an area of 
concern, toxic concentration~ of heavy metals 
are not anticipated as a result of the production 
proccsses proposed. Experiments with biologic 
treatment, both 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. 
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If heavy metals contaminat1on should occur, 
treatment for removal should le provided at the 
source location. Instrumentation is available 
to detect certain heavy metal~. such as copper, 
over broad ranges. A device to monitor the gross 
content of carbon constltuent. in the waste 
stream could be of use in ale1ting 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 t1me could be readily 
made. Any analyzers would be subject to safety 
approval as explosives \oJill 1 ikely be present 
in the wastes. 

Item 3 (Will an adverse impact occur in t he discharge 
p:i ume in the IVabash Ri ver at NMP?). 

Given the degree of waste treatment that will 
be utilized 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 ovcrall effort 
to clean up the ~abash River. 

RegarJ1ng TNT plant operation, a copy of a 
message from HQ, ARRCOM, Rock lsland, lL 
which commi ts the Army to pollution abatement 
befare start-up of the TNT facility has been 
provided to EPA for review. 

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

~~Jt ~~ not eApe~ted to be a signif1cant com
ponent of the process wa~te stream. Sume cooli~i 
Wlll take place through the treatment process aud 
it is anticipated that the plant effluent will 
be wi thin 5°F of ambient lvater 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 antlcipated 
due to thermal pollution. 
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b. Sohd Waste (Provide information on the feasibility 
of prcv5ding adequate and acceptable salid waste 
disposal facilities at NAAP). 

Solid wa3te disposal of inert materials was 
acknowledge in the Draft EIS to be a special 
oroblem at NAAP, but mainly from the standpoints 
of soil trafficability and workability. Landfilling 
is certainly environmentally feasible. In the 
bibliography 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 routjnely inspects 
all solid waste disposal operations at N~~P. 
Finally, a contract has been let recently for 
off-plant disposal of inert wastes in a state-approved 
commercial landflll. Other facets of disposal of 
explosives and explo~ive-contaminated wastes have 
been co~nented on above. 

c. 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. 

llcill 3 tVarious techniques to abate smoke from 
slash burning were suggested). 

The US Army Corps of Engineers \oJÍll 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. 
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iL~:1n 4 (Is low sulfur coal available?) 

See response to s11n1 lar quest ion é!hove. Thc 
conditions necessitattng use of a high sulfur 
coal (thus so2 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. 

d. Land Use (l<lhat are land-use alternativas?). 

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. ~atural topographic contours 
and surface features will be left intact on the 
remaining acres (for noise attenuation, safety 
re<1sons" etc.). The proposed construction si te at 
NAAP is alr,,acly rather highly developed, thus 
·mpacts on flora and fauna should be negligible 
(see Appendix C, Volume 2 of the Final EIS). Loss 
1f timber production, cancelling of agricultura! 
outleases, and impacts on soil, water, and \vildlife 
were discussed in the Draft ~IS, as well as the 
··no construction" option. 

4. LPA Rt:gion VI (Dalias, TX) Comments. 

a. Water Quality. 

Item 1 (Is ~mAD'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 acconunodated 
by existing facilities (page 16, Draft EIS), thus 
existing se1vage 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 couln cause an increment of increase 
to existing facilities. Officials at MNAD have 
recently advertised for bids on a contract which 
would correct the def1ciencies noted in the 
Region VI report; completion date is scheduled 
for October 1977. \Vhen completed, ~INAD officials 
expect that the renovated facility should be able 
to handle all domestic wastes incident to RDX/W.IX 
construction and operation. Detailed data have 
been sent directly to EPA from ~WAD for review. 
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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 ~roject represents the interaction of a 
cornplex manufacturing facility with an even more comp1ex set 
of natural and socio-economic environmental factors. It 
would be helpful to the reader of this statement if a SQ~~ary 
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 of the Staternent. Even though 
there are distiilct limitations in the use of a matrix, a 
comparable and succiHct surrunary of the impacts at each site 
would be valuable. 

(a) Endangered Species 

Page S-2 indicates that "no impact is anticipated on 
currcnt or proposed endangered/threatened species." However, 
there appear to be two conflicts in the body of the EIS with 
tha t sta ter.1en t. 

On page 73, "There are many unique species of 
fish and molluscs i~ the Wabash River that are 
e1ther legally protected now or probably will 
be in the future." Is 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 r1ilan 
and that while the effect on them is unknown, 
"they presently co-exist with depot activities. 11 

The impact on the eagles may be severe. Co
exlsting with present activities is no criterion 
on which to judge the effects of the new construction. 
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(b) Noise 

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

{e) Sol id tvaste 

Page 11, Volume II, Appendix B: The words' "various 
sludges" should be identified more clearly since the optimal 
type of incineration varíes with the chemicals in the 
óludges. ~ore distinct chemical characterization should be 
provided for all sludges and process residues in arder to 
~elect the optimal disposal plan. 

Page 229: No emission controls are possible with an 
Dir curtai~ 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 charnber or multiple 
chilmber incinerator may be acceptable but its inability to 
iwndle 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 
~ilot sea le. ( See ADL/'1'mv report on incinera tion of hazardous 
wastes r John Schaurr., EPA, HWHD Project Off icer, 7 S 5-92 02. 
See also Alternatives for Hazardous Waste Management in the 
OJ:g.:mic Chemical, PestiCTdes and ExplosJ.ves Industriesby 
Process Research, Inc. Eugene P. Crurnpler, Project Officer, 
EPA, m\lf>-1D 7 55-92 06.) 

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.) 
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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 qualíty 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 quality analysls. 

The on-site air quality monitoring program should 
provide information as to the time period (month) for which 
air quality an~lyses 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, 
e one-month monitoring program cannot describe the ambient 
~~r quality in a site area. 

The discussion on local meteorology for each site 
refers to the term "elevated inversions." The statement 
should document what height is associated with this terminology. 
In arder to substantially support meteorological conditions 
at the proposed sites, a wind rose should be provided where 
~ind frequency distribution and wind speed are given for 
3tability 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 closs "C" for the nitric acid plant is apparentJ.y 
in conflict with the discussion in paragraph 3 on page 81 of 
the draft EIS. We do not believe that the ene hour of field 
data which was ernployed in the SF6 tracer study verifies the 
model fo1.· all atrnospher ic wind stabili ty condi tions. 

The 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 si~e. 

Your attention is invited to 40 CFR 60, Standards of 
Performance for New Stationary Sources. 
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(e) 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. 
EPh issued a policy statement on November 8, 1976 stating 
t:hat. " ••• low flow augmentation cannot be considered a substitute 
fo~ the use of adequate treatment to meet water quality 
st:ar.dards ... " This policy statement did not categorically 
fotbid the use of flow augmentation or dilution to meet 
~rotar quality standards. It is EPA policy that Sest Available 
'J.'echnology {BAT) defines the rünimum level of trea tmen t 
which is adequate and which serves as the threshold for 
:~nsideration of dilution as a supplement to meet wateL 
yu~lity standards. In sorne cases, however, BAT may represent 
more than the maximum use of technology within the economic 
Cd~ability of the owner of the facility. In these cases, 
lPss stringent limitations than those required by BAT may be 
considered "adequate treatment." The full burden of demonstratjng 
t;l<..t t :SA'r shou ld not be required for a facili ty must be borne 
Lly tbe v1.mer ~)f the facility. All exemptions from the BAT 
Lhreshold are considered temporary and should be reviewed 
when er.ch effluent discharge permit expires. Therefore, the 
i\n.ty must clearly demonstrate that dilution to meet water 
quality standards is required for this facility befare a 
discharge permit can be issued where dilution is used in 
lieu of treat~ent to meet water quality standards. 

On page 215, it is stated that appropriate steps 
will be taken to insure protection of aquatic life at the 
~ater intake structures. No details of these structures 
were provided, cut the design and location should canfor~ te 
the recomr.1endations contained in "Development Document for 
Best Technology Available for the Location, Design, Construction 
and Capacity of Cooling Water Intake Structures for Minimizifig 
Adverse Envlronmental Impact," EPA 440/1-76/015-a, dated 
April 1976. Althoúgh 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 
regard1ng wctter intake and discharge structures, cooling 
towers, stack locations and other similar environmental 
~ ·a tures. 
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LETTI:I~ FROM: U ni ted Sta tes Environmental Protect ion Agency, 
1\'ashington, OC 

DATEU: 16 February 1977. 

RESPONSE: Cover letter - No response required. 

Conunents from Washington Office: 

1. General (Provide a _summary chart of projectcd 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 1'/abash 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 becn or could be 
listed by US Department of Interior as 
"endangered" or "threatened11

, 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 fof the dam were approved and mone~ 
appropriated, and after construction began, 
an endangercd f1sh 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 ba ld eagles at t·INAD could be 
severe even though, •• ... they presently co-exist 
\'JÍth depot activities. "). 

Addition~l data are also provided in Appendix E 
on ~~AD'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 thc 
site proposed for RDX/l-L'IX construction, increased 
human activity on the installation could con-
sti tute an aJverse if'lpact. 1 f l'vL'JAD is sele<;:tcd 
as the RDX/!L\fX sitc, a strategv to avoid adverse 
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1111pacts on the eagles 1dll be evolved 1vith 
liS Department of Interior and Oklahoma 
officials. 

b. .No be. 

Iteru 1 (Show noise contour rnaps for each of the 
candidate sites). 

Noise impact~ were predicted by measuring 
ambient noise at each of the three cand1date 
sites, then superimposing noise levels from 
operations at Holston Army Ammunition Plant 
(the on ly producer of RDX/HMX in the US). 
Because undesirable noise impacts were antici
pated beyond the boundaries of ~INAD and ~!AAP, 

the architectural engineering firm designing 
the prcposed facility was tasked to perform 
anothcr noise lmpact assessment based on the 
actual equip111ent to be used in the RDX/HMX 
plant (not on the Holston overlay). Thclr 
conclu~ion was that all three candidate sites 
could be made acoustically acceptable (i.e., 
noise would be abated to an Ldn of 55 or below 
at the installation boundary), although the 
~WAU site would require acoustic trcatment and/or 
relocation of certain facilities unless a waiv,r 
of the limiting criteria would be allowed. A 
copy uf a report on the results of the acoustic 
study wirh extra noise contour rnaps has been 
sent to EPA for rev ic1.,., and the text of the 
Final EiS has been amended to reflect the aboye 
facts. 

c. Sol id lvaste. 

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

Various sludges produced jn liquid waste treat
ment are difficult to define in detail at this 
stage of design. The constitucnts of variou~ 
sluJgcs 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 estlmates at this time of the ,chemical 
characteristics of sludges are as follows: 
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o Sludges 1dll 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, trc.ce 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 befare 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 frorn 
the activated sludge process, nitrification, 
and aerated nitrogcn stripping. These 
sludges will have a BTU contcnt ranging from 
5000 to 10,000 BTU per pound with a moisture 
content from 95 te 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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r~g¡onal officcs (one such incin~rntor ~~ now 
in operation at RadforJ Army J\rn;nunition l'lant, 
Virginia). The text of the Final LIS (Sections 
3b(7) (b)2c and d) has becn modificd to reflect 
recent decisions regarding disposal of materials 
contaminated with explosives, and wastc explosives 
themselves. In addition, copies of correspondences 
from EPA regional offices and other regulatory 
agencies regarding use of air curtain incinerators 
at Army ammunition plants have been sent to the 
EPA W~shington off1ce for perusal. 

í •.em 3 (The Army should be aware of Public Law 
94-580 and severa! reports on hazardous waste 
i n.cineraticr¡). 

Ne aro thankful for the references on incineration 
of hazardous \vas tes and on al ternat i ves for 
hazardous waste management, and are aware of the 
provisions of Pub1ic Law 94-580. 

, : A ir Qua 1 i t y . 

Item 1 (D1scuss the status of the proposed 
project in terms of State Implementation Plans). 

Final accounting of the RDX/HNX facility would 
normally be handled in cach of thc three rcgions 
as part of thc state's permitting process, thus 
an explicit point-by-point accounting is pre-
mature at this time. One statc air pollution 
agency did conunent on their State Implemcntation 
Plan in relation to 1:he RDX/miX pl ant. The 
Indiana State Board of Hcalth said (their com
plete comments are printed in this volume of 
the Final EIS), "The N02 concentrations in the 
[NC\vport TNT] site area, as predicted by com
puter models, are in excess of the National 
Ambient Air Quality Standard, and therefore are 
not consistent Hith the Indiana Plan of Implemen
tation; however, if the facility meets the 
Federal New Source Performance Standards the 
NAAQS coul~ be met." In response to this comment, 
a telcgram 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 
Ncwport, 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 dcveloped 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 ~nergency, the 
lines would be retrofitted with thc proper 
controls. 11 

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 mitigaterl. 
The major contributor here is Plant B at MNAD, 
and a pro j e e t i s now undenvay to des i gn and 
install particulate removal equipment utilizing 
cyclone collectors and wet scrubbers \'lith a 
~ombined removal efficiency of 99 percent. 

In gathering regional background air quality 
data for·thc Draft ElS, wc noted that severa! 
pollutants exceeded standards in nearby metro
paUtan 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. l-layes, 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 
9 March 1977, and eacl1 endorsed the above philosophy. 

Finally, the most difficult problem of non
c6mpliance with which to deal is that of 
non-methane hydrocarhcns (NMHC). Our onsite 
air monitoring program noted violat]ons of the 
3-hour N~lliC standard at each of the three sites 
(in fact, according to the Chief of Air Quality 
Service for the Oklahoma State Depurtment of 
Health, this was the flrst record of íiMHC viola
tions in that region of Oklahom.1). Our difficulty 
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i1: intcrpred.ng che sevcri ty of this v 1olation 
dnd e~pccially in assessing the constraints it 
might impose has been occasioned by a lack of 
explic.it guidance. \Ve undcrstand, and conimunica
tions with each of the state air pollution 
agencies (op. cit.) confirmed that the N~li~ 

standard is to be used as a gu1deline in interpret
ing ambient levels of photochemical oxidant. In 
our admittedly short one-month ons1tc monitoring 
prograHJS, we did not detect a violation of ozone 
standards at any of the three candidate sites. 
~ome 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, 
s:andards for both hydrocarbons and oxidants are 
being cxceeded in very rural areas such as the 
candidat.e sites for the RDX/HNX plant. Probably 
many of these violations reflect transport of 
photochemical oxidant and its precursors from 
distant urban centers. In addressing this 
potentially constraining circumstancc, we 
reviewcd "Air Quality Standards; Interpretativa 
Ruling: Requirements for Preparation, AJaption, 
Submittal of Irnplcmentation Plans" (Federal 
Register 41(246):55524-55531, 21 Dccember 1976). 
Each of the state air quality officials contacted 
(op. cit.) indicated their complete willingness 
to achieve an equitable solution to siting the 
proposed facility in their area considcring the 
rationale for N~iC standards, the recent interpre
tative ruling, and the degree of control on new
source emissions offered via permitting systems. 

Item 2 (All air quality moni~oring 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 rcgulatory agencies. As 
referenced in the text, annual state air quality 
reports were used to document the regional air 
quality. In each instance thc latest available 
annual period was utilized. Background air 
quality levels for each site location were dis
cussed in terms of data available from these 

B-19 



SlT!: 

Nc1.¡port, IN 
McAlester, OK 
Milan, T~J 

sources within roughly a 50-mile radius 0f 
each cand1date sitc. Many of the regional 
data within the study radii carne from urban 
monitoring programs (appropriate care was 
exercised in utilizing these data to represent 
conditions at the rural project sites, and 
en•phasis was placed on county-wide emissions 
rather than point-source emission levels). 
Data examined ~ere of the fivc most co~nonly 
referenced pollutants, i.c .• sulfur dioxidc, 
nitrogen dioxide, carbon monoxidc, particulatcs, 
and hydrocarbons. Background dispersion 
meteorological conditions werc also dcsciibed 
for each of the three areas. STAR (STability 
ARray) data (which constitute a joint frequency 
distribution of atmospheric stability clas$, 
wind speed, and wind direction) were thc best 
source of data, and were used as the basic input 
to the modeling analysis. The closest sourccs 
of STAR data we~e Tulsa, OK, Jackson, TN, and 
Indianapolis, IN. 

Itt:m 3 (Prov_¡_de a time durjng Nhich onsitc air 
quality monitoring was conducted, anJ provide 
data on instrumentation and analytical procedures). 

PERIOD OF MONITORING 

23 NOV to 28 DEC 1975 
30 NOV to 25 DEC 1~75 
16 Jl/N to 25 JUL 1975 

The reason the Milan site was surveyed nt 
a different time is because it was added to 
the list of RDX/HMX candidate sites much later 
than the other two. Regarding instrt~entation 
and analytical procedures, comprehensivc back-up 
reports have been sent to EPA for their review. 
We agree that due to differing seasonal pattcrns 
observed \áth most air pollutants, a one-month 
monitoring program cannot completely describe 
the ambient ail· quality in a site arca. However, 
several circumstances are extenuating. one of 
which is the severe cost limitation that \Wuld 
be imposed by having to conduct field surveys 
at each of the three sites for a year or more 
to characterize not only arnblent air quality, 
but also ambient water c¡uality and ambicnt noise. 
Howcver, sorne valid options and alternatives 
were used to provide adequate information for 
EIS purposes. First, existing data werc uscd 
to thc maximum extent possible. Second, by 
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"-'·';' • j;,g !:>tatistjcal conflJencc 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 Rssessment should be based on 
rlata taken over a complete range of meteorological 
conditions. Practically, such extensiva 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 statistical models." Similarly, the US Army 
Environmental Hygiene Agency at Aberdeen Proving 
Ground, MD has recommended the follm'Jing: "In 
ordeT te adequately describe the variation in 
air quality at any location, measurements of 
specific parameters should be taken ovcr a minimum 
pe~iod of severa! 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 statist1cal method 
of predictlng the geometric mean conccntrations 
will be employed (R. I. Larsen, A New Mathematical 
Model of Air Pollution Concentration, Averaging 
Time, and Frequency, J Air Poli Control Assoc 
18, 1969). A fundamental requirement of this 
tech~ique is the accumulation of sufficient data 
to form a reprcsentative cumulative frequency 
dh t ..:·i butj on. The determination of the amount 
of data required to form this frequency distri
bution is made by following the procedure 
dcscribed by Dixon and Massey (W. J. Dixon and 
F. J. Massey, Introduct]on to Statistical Analysis, 
~icGr;:u.,r llill, 19-57). The frequency distribution 
is satlsfactory if it falls within + S percent 
of the true distribution at the 95 percent con
fidcnce leve!. Using this confidence interval, 
the required mínimum number of valid samples is 
740 per parameter sampled." 

Realizing that there are practica! limits to 
such a program (e.g., a sampling period of 
such short duration can be heavily influenced 
by such phenomena as dust storms, hcat 1.,raves, 
and tornadoes), its use is nevertheless dictated 
by thc 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 w1nter tenJ to produce 
the highest frequency of occurrence of limitcd 
dispersion conditions; these result usually in 
the highest observed pollutant ground leve! 
conditions for rnost contaminants with thc possicle 
exception of photochemical oxidant and suspended 
particulates. Onsite rnonitoring was conducted 
during this typically restrictivo period at -
Newport and McAlester. The only reason ~1ilan 
surveys were done at the odd time was that this 
potential si te was addec 1 ate to the list of 
candidate installations. The data gathered at 
all sites were in general agreement with rnost 
local air quality data collected over longer 
periods by regulatory agencies in nearby rural 
areas. 

Item 4 (Provide more data on 11 elevated inversions") 

Cornprehensive tables were used to ascertain the 
height of elevated inversions in the vicinity of 
each of the candidate RDX/HMX sites. The taules 
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 cach of the 
three site locations (Oklahoma Ci ty, OK, Nashville, 
TN, and Peoria, IL). These data are in excellent 
agreement with the discussions on mixing hcight 
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 JOlnt frequency dis
tributions of atmospheric stability class, wind 
direction, and wind speed have been for\~arded 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 nítric 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 revirwer an idea of the type of con
ditions which could yield high ground-level 
pollutant conccntrations for various sources. 
However, the actual definition of the worst-case 
rneteorological condition for each of thc proposed 
RDX/HMX sources, as well as the existing sourc~s, 
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lvciS tletermincd hy using the ,tir quallty moJel 
P"f/.f,\X. This 1nod~l (avai lablc to uscrs from 
El'i\J provides the actual worst-casc mcteorological 
concl1tions for a given source's specific cxit 
charucteristics. In this 1nstancc, pollutant 
conccntrations in slightly unstable ~onditions 
and a light wind speed were predicted to be higher 
than those which would be experienced under 
nc·,trill, very 1vindy condit1ons. For another set 
of source exit characteristics, this might not be 
the case. Ir. sumrnary, we do not believé that the 
rcfcrenced discussion conflicts with the sclection 
of stability class C for the nitric acid pl~nt. 

Xtem 7 (Is one hour of field d&ta iñ an SF6 tracer 
study sufficient to verify the model for all 
atmospheric wind stability conditions?). 

If HJ>A inferrcd that only one SF6 test was done, 
this is incorrect. A~ stated on page 191 of 
thc Draft EJS, a 'representativo SF6 test and its 
results were presented (to acquaint an uninitiated 
revic1ver with the procedure). 

If thc implication is that one hour's \vOrth of 
d.1 ta cannot valida te a modcl under a ll sorts of 
atmospheric wind stability conditions, thc 
fo1Jo1V1ng di scussion is offercd. Thc Gaussian 
modcling approach used by our contractor in the 
~lr qual1ty unalyses represents a well tested 
tcchnique presently used widely in the industry 
for such appl ications. The purpose of the SF6 
tracer program was not to val1date or calibrate 
selected models. Rather the modest tracer programs 
were designed to insure the reasonableness of the 
Gaussian approach at each site (i.e., to insure 

/ 

that the limitcd relicf at each site was not 
creating an undue influence on the dispersion of 
effluents). The example sited in the text of the 
DEIS i~ indicative of the results of this analysis 
and was portrayed to demonstrate the compatibility 
of the Gaussian approach. \'le acknowledge that 
much more field testing under a variety of 
meteorological conditions would be required to 
calibrate the chosen models. Howevrr, we did not 
hclieve the UNA!vlAP models utillzed in this analysis 
required this lcvel of validation. 
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Item 8 (Not enough specific information wa~ provldcd 
on cool~ng tower design). 

At the time the Draft EIS was prepared, only 
the most rudimentary of data concerning cooling 
towers was available. For this rcason, 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; assWíling a mean 
annual p1ume height of 116 meters was most con
servative because drift droplets (espccially 
those of larger sizes) do not reach this height; 
downwash cffects 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 anhyJride towers 
totalling 17,000 gpm. As indicated by comments 
from the Huntsville (Alabama) Division, US Army 
Corps of Engineers later in this vo1ume of the 
Final EIS, cooljng tower sizc, design, and place
ment is stlll tentative. Jf, whcn final decisions 
are madc, the probable impacts from cooling towers 
are significantly differcnt from those presented 
in this Final EIS, then an appropriate amendment 
to the EIS wlll be filed with CEQ and made ~vailablc 
for rcvicw and co~nent. 

Itero 9 (Our attention is invited to 40 CFR 60). 

No response required. 

e. Water Quality. 

ltem 1 (Will dilution be necessary to meet water 
quality standards in the proposed RDX/I~IX facility?). 

The current guideline (BPCTCA) for nitrobodies 
in effluents from munitions plants is 0.5 mg/1. 
Tilis level could be achieved in the IWX/1-IMX 
wastewater treatment system without the final 
pol1shing step of carbon adsorption. A com
plicating factor, however, is that current 
toxicological work being performcd by US Army 
Medical Bioengineering Hesearch and Developmcnt 
Laboratory might result in a new nitrobody limit 
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·Jf 0.05 mg/1. Tcclmologlcally, thb :-:Himu.J. 
value is achievable using a carbon adsorpt1un 
systew 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/1, and the quantity of water that 
would be required for this procedure has been 
uscd througho~t the planning stages. It is agreed 
that dilution is the least desirahle alternative; 
it will only be used if technology is not 
~concmically achievable to reduce nitrobody levels 
as dictatcd by resul ts of the Army' s current loJOrk 
in promulgating data to establish standards for 
allowablc discharge concentrations. 

;ten1 2 (íww 1-Ji 11 aquat.ic life be protected at 1oJater 
L.take structurcs?). 

The dcsJ gn and loc?.t ion of water 1ntake structures 
wi n conform to the recommendat ions contained in 
EPA's April 1976 publication entitled, "Development 
Document for Best Technology Available for the 
Location, Deslgn, Construction, and Capacity of 
Cooling Water Intake Structures for Minimizing 
Advcrsc [nvironmental Impact". These techniques 
would be applicable only at the ~cAlester (Lake 
Eufaula) site because the sourcc of water at 
the other two candidate sites is wells. 

ltem 3 (The Final EIS should indicate the selected 
si te and provid.e more speci fic i nformation on various 
features of the prcpn~ed facility). 

A "preferred altcrnative" has been selected and 
p~blished in the Final EIS. Master plans have 
been developed for each of the three candidate 
sitcs; these indicate location3 of facilities 
~ith potential impact on the env1ronment. Detailed 
plans and site drawings have been sent to EPA 
for revieloJ. 

2. EPA Region IV (Atlanta, GA) Comments. 

a. Water Quality. 
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SUW.LI\RY 

RDX/illiX EXPANSION FACILITY 

Draft (X) Final Environmental Statement 

kesponsible Offlce: 

1-JQDA, DN-1A-CSM-P, ATTN: LTC Robert. P. Gall/Telephone· (202)694-4131 
WASH DC 20314 

1. Name of Action: (X) Administrative ( ) Legislative 
RDX/l-L'IX 'Expansion Fac il i ty Environmental Impac t Sta tement. 

2. 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 I~X (High Melting Explosive), and various blended products. 
The Dcpartment 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/l-~1X lines based on the current projection of mobilization 
requirements; however, in arder to satisfy requirements for 
future expansion, the final site selected will be capable of 
accommodating a total of four lines. Three sites have been 
considcred in detail for the facility: McAlester Naval Mimuniti 
Depot in southeastern Oklahoma; fo.1ilan Army Ammuni tion Plant in 
west-central Tennessee; and Newport Army Arrununition Plant in 
west-central Indiana._ 

Construction of the proposed plant, estimated to cost betwee 
$372 and $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. 

An~ual operat~ng costs are estimated roughly at $44 million 
(two-l1ne pr~duct1on) or $83 million (four-line production) with 
payrolls est1mated at approximately $9 million (two lines) or 
$14 million (four lines) at mobilization levels. · 

3. Summary of Impacts: 

a. Beneficia! Impacts. 

T~e primary favorable impacts will be the provision of sub
stantlal short-term economic benefits to the arca. During thc 
five-year construction period and during times of partial or 
total mobilization, thousands of direct and indirect jobs would 
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br ~reated. These temporary influxes of money would lower un
e:l.¡.Jloyment and would provide a considerable but transitory 
stimulus to the regional economy (increase in local business 
volu111e, higher personal income, higher tax .revenues, increases 
in \'~ll ue of local real property). 

b ·,dversc Impacts. (A summary sheet of adversc impd.cts and 
mTtlgation measures is shown on pages S-9 anJ S-lOof tlds 
¡:;.:ecutivc Sumrnary.) 

(.l) l!!!.E_~cts on Vegetation, Fish, and Wildlife. 

Clearing, grubbing, and grading the 1,000 to 1,200 
~~r~~ needed to construct the proposed facility wotlld extirpate 
th: .. C'cological communities currently inhabiting the area. This 
i::1pact • . .,:ou}d be most severe at Milan and least S•:!vcre at Newport 
(l¡L·re old bt.11ldings occupy most of the site). 

At McAlester, intermittent oxygen strP~~ caused by 
RD.X/111\!X pffluent in the upper reaches of the di.:,charge course 
wo1dd rcd:..lce the diversity of invertebrates by temporarily elim
lllélti..ng sen...;itive species; however, recolonization would occur 
r;tptdly. 

No irnpact is anticipated on current or proposed 
· !ld:-~ngcred/threatened species on federal or st.~t~_• 1 ists. 

(2) .!..!~_pacts on Air Quality. 

Thc thrce-hour guideline for non-rncthanc hyt!rocarbons 
~ prcsently being exceeded at all three candi..Jate sites. 

lov.cve:r, these excesses are inconsequential because the hydro
·.:.;Hbon guidcline is evaluated in conjunction 1vi 1 lt ozone levels; 
thc>se "IÍll be ín compliance at all three sites, and project 
!l y ' ,. 0 e a r b o n e mi s s ion s tren g t h s w i 11 be in s i g n i fi e J n t . 

Operation oi the TNT facility concurrently with an 
TUJ.\/'IMX Plant at Newport could re~ult in a vío1ation of the 
::n1nuc~l NOz standard in a small area located mo~tly 1vithin the 
111stallation's boundary. Abatement tecniques ror NO') will be 
tl~o~.:d to bring this emission into_ compliance i f Nt·1•port is -;elected 
a:. thc site for the proposed facility. 

Similarly, a projected particulate violation at ~1cAlester 
~.u~ tu concurrent opcration of Plant B with the proposed rwx¡ 
mlX plant wLll be eliminated by installing cyclllPe collcctors 
:Jnd 1-.ret scn1hbcrs on tite Plan B exhaust stack (prnject ..lue for 
CL''·'~)lctlon ¡_n 1078 ¡)~lor to cons:ruct]on of RllX./. ··x facility) 
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(3) Impacts on Water Quality. 

Under certain conditions at McAlester, up to seven 
m1les of receiving streams could fall below the state stanuard 
for dissolved oxygen dueto discharge of treated RDX/HMX effluent. 
These streams normally stop flowing during dry periods. The 
reduction of dissolved 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 ÚS Environrnental Protection Agency has established 
a maximurn of SSdB(A) at the plant boundary as a long term goal. 
~oise contours between SS and 60 were projected to extend beyond 
~fcAlester's and Milan's boundaries with the RDX/HMX plant and 
e>..isting facilities operating concurrently. As a result, arch
itectural engineers have redesigned the proposed facility to 
Jttain Ldn of SSdB at the boundaries of each of the proposed 
si te~. 

(SJ Salid Wastes. 

No serious salid waste disposal problems are antici
puted 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 salid 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) lmpacts on Utilities. 

Considerable amounts of power (about S to 6 million 
Kh'- hours per month for t\vO produc tion 1 in es) wi 11 be needed to 
run the proposed plant, but local utilities cornpanies 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 
liOssiLility exists of failure, during an earthquake, of a 
critica~ component in automated systems which govern parts of 
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t,he n•anufactt1ring process. Undcr \vorst case, this could 
tro~11::-.it into an cxpJ(Jsion. CriUcal system LOJn[Jor:ents tliat 
art· spccially designed and constructed to res1st seismic
~~:iJents will be used if this site is chosen. 

(8) Archaeological Sites: 

Two prehistoric sites exist at Milan, and one is 
adjacent to the proposed construction site at NAAP. Adequate 
~re~3utions will be taken to avoid these sites during new 
.._;;nstructi.on. 

~Q) Aesthetic Impacts. 

The 300- to 500-foot steam plant exhaust stack wil! 
~e v~sible from afar, and will probably be displeasing to 
'-O!Ht:. The Hater intake structure at ~lcAlester's Lake Eufaula 
r, : •• ~del const1tutc an aesthetic impact to those using the area 
fur recreation. 

(lO) Cooling Tower Impacts. 

Jmpacts from visible plume, fogging and icing, salt 
Jvpo~it1on, and ;:¡ugmentation of rain and snow are expected to 
be lnca l and not severe. 

(ll) Socioeconomic Impacts. 

Oscillations in employrnent levels as a result of 
Eluctuating dernands for RDX/HMX products, constitute a poten
t]al adverse impact. It has been dernonstrated that the ex~s
tencc of a major metropolitan area considerably ~oftens the 
b1ow of a base closure or cut-back on the surrounding commun
ity. The Ncwport arca has a population· roughly twice as 
dense as Milan's, and three times as dense as NcAlester's. 
The cunclusion is that McAlester's econorny would be the most 
adversely affected (higher proportions of unemployed and 
welfare recipients, depressed housing market) during slack 
pcriods in production. 

The cash infusions into the local economies from 
a rnobil ized four line RDX/HMX plant would account for 17.4 
pcrcent of the total annual business volume in the McAlester 
region, for 4.9 percen~ in the Milan region, and for 3.8 
p~rcent in the Newport region. The higher the proportion, 
the more dependent the reglan is on military dollars, i.e., 
t 1te less diversified is i.ts economic b:1c:;e. 

Schools are thc most crow~ed in the Milan reglan, 
a1'J sigrnficant imrnigration could :.ave an advcrse impact; 
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this would be offset somewhat by receipt of federal impact 
funds for children of federal employees (including construction 
contractors), and federal school construction money (badly 
backlogged, however). Also current school construction proj
ects in the Milan region will alleviate local crowding and 
will increase the enrollment capacity. 

4. Alternatives: 

a. No Construction. 

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

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

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

c. Stockpile RDX/mfX 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/~IX Lines at Holston Armt Ammunition Plant, 
Tennessee Where the Same Products are urrently Be1ng 
PrOdUCed. 

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

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

Most adverse environmental impacts would be "diluted" among 
severa! 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 uneconornical. 
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f. Construct Netv RDX/HMX Production Facilities at Sites 
blJU!r-rhan M1l1tary Installat1ons. 

\!0 addltional real property can be acquired by the 
D~partment of Defense unless property under the control 
of other federal agencies is not suitable and available 
for use. Public Law 94-212 precludes designing, procuring 
·ec,t.i:!.pment, or constructing new ammunition plants except at 
l~cations where existing ammunition plants are being closed, 
placcd in layaway, or where production has been curtailed. 

g. Altcrnative Sites Considered. 

Thlrty Army and Navy installations were con~idered for 
thc p.roposcd RDX/HMX facility in an exhaustive site-selection 
~ro~css. From this process, the final candidates of McAlester, 
M j J ;1 n , a n d N e'' por t w e r e s e 1 e e te d . 

1he detailed consideration of each of the three sites 
·in tllis EIS represents the best possible analysis of feas
ible alternative sites from an environmental viewpoint. 

h. Rcschedule (Delay) the Proposed Action. 

Th 1 s al terna ti ve \vould del ay adyer se environmental impac t s, 
perhaps long enough for development of new pollution abatement 
measures. Jlowever, construction and operation costs would be 
g~cutly inflated and delaying the project is not reconcilable 
w1th the national defense objectives of expanding and diversi
fying the RDX/HMX production base as soon as possible. 

S. List of Coordinating Agencies: 

Distrjhution List for Draft EIS for RDX/~1X Expansion Facility: 
Assistant Secretary of Defense (Health & Environment)Washington DC 
Offi~c of the Assistant Secretary of Defense(Installation 4 

Logistics) 
Asslstant Secretary of the Army (Civil Works) 
Office of the Chief Engineer (DAEN-ZCE) 
Assistant Sccretary of the Navy (Research & Development) 

Washington, DC 
Ch a .i rman, Counc il on En vi ronmen tal Qual i ty 
Environmental Protection Agcncy, Director of Office of 

Fcdrral Activlties 
Adminl~trator, Region IV, Envirorunental Protection Agency, 
, Atlanta, Georgai 
Adrnlnistrator, Region V, Environmental Protection Agency, 

Chjcago, Illinoi~ 
Adlllinistrator, Rcg1on VI, Environmental Protection Agency, 

Dallas-!:t. Worth, Texas 
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: Candidate 
Si te 

: McAlester 

'iilan 

.. 

RDX/Hf\IX EXPA.\S ION FAC J.LI TY 

SUMMARY OF ADVERSE IMPACTS AND MITIGATION f\IEASURES 

Environmental Acce~table 
for RDX/hMX Facility? 

Y es 

Y es 

Unavoidable 
Adverse Imoacts 

Environmental 
Acceptability Contingent 

~-T.~e . .?_e Mitiga t ing f.lea sur e.: 

l. Clearing about 1,200 acres. l. Successful wastewater 
contingency plan. 

2. Disposal of large quan
tities of solid wastes. 

2. Abate particulates at 
Plant B. 

3. Aesthetic jmpact of 300-500' 3. 
stcam plant exhaust stack. 

4. Highly unstable economic 
base will be created. 

4. 

S. 

6. 

Stress on local public 5. 
services due to immigration. 

Water-intake structure will 6. 
impact on Lake Eufaula .re
creational site. 

Possibly dredge upper 
receiving channels 01 

pipe aqueous wastes to 
bigger drainages to 
avoid flooding. 

Keep BODs below 4 mg/1 
in the effluent. 

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

Acquire right-of-way 
for 18-mile pipeline. 

l. Clearing about 1,200 acres. l. Successful wastewater 
contingency plan. 

2. Disposal of large quan
t1tics of salid wastes. 

2. Avoid archaeological 
impacts due t~ reloca
tion of test area. 



Candiaatc 
Si te 

::> 

~ewport 

Environmental Acceptable 
fo:-___ RDX/miX Facili ty? 

\ 

.·Y es 

,.J ' .l. 

r• ;: ~) :: ,, 

~ .. ~ 

~ l ._ r 
- '• 

Unavoidable 
Ac.lverse Impacts 

Environmental 
Acceptabi]ity Contingent 

on These Mitigating Measures 

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

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

4. Moderately unstable 
econornic base will be 
created. 

S. Moderate stress on local 
public services due to 
irn.'nigra t ion. 

6. High loss of revcnue due 
to tcrmination o[ agri-
cutural leases and loss 
of tirnber production. 

l. Clearing of about 1,200 
acres. 

2. Disposal of large quan-
tities of sol id \vas tes 
(especially difficult he re 
because of soil workabili ty 
and t r a f f i e ab i 1 i t y protlems. 

3. Acsthetic imoact of 300-500' 
stea¡¡: plant cxhaust stack. 

.,_ '!odcrate loss of revonue due 
to t.orrnination of agri-
cultural leases and los~ of 
timber production. 

4. Abate nmsc to SSdB(A) 
or below at the in
stallation's boundary. 

S. Use of equipment, es
pecially crítica! 
systern components, re
sistant to seisrnic 
events. 

l. 

2. 

3. 

4. 

Successful wastewater 
contingency plan. 

Use a rnulti-point 
diffuser to rnix aqueou~ 
wastes in the Wabash 
River. 

Bring T~T aqueous 
effluents into NPDES 
compliance. 

Ao~te l~T-related N02 
ªir emissions to comply 
with the annual standard 



1. PROJECT DCSCRIPTIÓN. 

a. Puroose 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 
Imoact Statement is the "RDX/HMX Expansion Facility ... 

(2) Rationale. 

Explosives for all of the Armed Services are produced 
by the US Arrny, and products of RDX/JWX are used in various 
munitions. Currently, the only ammunition plant in the United 
States capable of proC'ucinq RDX/HMX is the Uolston Army Arnmunition 
Plant (HAAP} in Kingsport, Tennesseeo There are no major 
producers of RDX/HMX-based explosives in private industry, and 
planners do not anticípate that such a capability will be 
developed in the future. 

The Holston plant was built on an errterqency basis 
during World War II, an~ has been operated beyond its life 
expectancy ann desiqn capabilities. It has hañ nifficulties 
recently in co~plying \~ith increasingly stringent regulations for 
pollution abatement. In the event of a war, the current 
production facilities at l~ could not meet mobilization 
requirements for RDX/HMX products. Al so, in the event of a milita. 
attack, sabotage, or serious accident at l~P, the total US 
production capability for RDX/Hr.tX produc:;ts would be imrnobilized. 

(3) Products. 1 

The major product will be an explosive called 
Composi tion B or "Comp B" \..,hich compr ises ó O percent RDX 
(cyclonyte}, 39 percent TNT (trinitrotoluene), and 1 percent 
wux; of these components, only RDX will be manufactured at 
the proposed facility. The chemical formulas of RDX and TNT 
alonq with a detailed description of production processes are 
contained in Appendix A. 
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Composition B is used extensively ~s an explosive 
in s·;~ells and bombs, and has improved qualities with respect 
~o- 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 
~hysical stability, e~g., the cast explosive can be drilled 
~ .... '1ttlout undue hazardo Also, it is relatively resistant to 
in¡pu.ct and is not exploded easily by heat or· shock (it is 
dctonated in the field by the shock of a primary explosive such 
-uf. tet . .:r-yl or Comp AS. Other RDX blends that could Le produced at 
the proposed facility include PBX N-6 (95 percent RDX, and 5 
p2rcent elastomer), and Composition C-4 (91 percent RDX, 5 percent 
?~d~ticizer, 2 percent polyisobutylene, and 2 perccnt process 
oil~; Gee Appendix A for details. 

Tne second majar explosive compound to be manu
~~~tared at the proposed facility will be 75/25 Octol (75 
~ecc8nt HMX, 25 percent TNT), a special product which takes 
ad~antage of the slightly hiqher stability and lowPr sensitivity 
0f F¡,1X (see Appendix A for details). 

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

The six majar 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 
neccssary); feedstock production/preparation; steam production; 
proccss support; non-~rocess support; and materials receipt, 
storaqe, and shlpmento The interaction of these components is 
shown in Figure 1, and a conceptual site +ayout is depicted in 
Fig~re 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 1 000 pounds of RDX used to produce 
7,500,000 pounds of Co~position B. 

Line No. 2 - Any of three options: 

o 4,500 6 000 pounds of RDX used to produce 
7,500,000 pounds of Composition B o- '·' ' - ' 

' , ,., " 

o 682,500 pounds of RDX used to produce 
750,000 pounds of Composition c-4, pl.us 
475,000 pounds of RDX used to produce 
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sn0,000 pounds o~ P~~ ~-~, with th~ 
balanc-e. of RDX usen to produc0. CoF•t~os i tion 
n. 

o soa,or¡n pounds of HMX used to produce 
667,001) pounds of 75/25 Octol. 

Therefore, the maximUIT\ output will occur when both 
lines are producinq RDX. 

(a) Unit Operations. 

Each explosive 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. T~e manufacturing sequence 
will occur through the following processes, with each process 
housed in a separate building (production fiqures are for t~..ro 
lines) : 

1 Nitrolys:is. 

This is the synthesis of RDX and HMX by re
action of hexamine (dissolved in acetic acid) with ammonium 
nitrate (dissolved in nitric acld) and acetic anhydride. 

2 Filtration and Washing. 

The products which formed in the solid statE 
\-vill be separated from the reaction medium and \-Jashed wi th water. 

3 Recrystallization. 

Products will be purified by dissolving in 
the solv~nt cyclohexanone or acetone, then reprecipitated out of 
';olution. 

4 Dewatering and Drying. 

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

5 Incorporation and Packaqing. 

RDX and miX will then be blended with oth,er 
components, and the f1nal explosives will be casted, packaged, 
and palletized. 
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b Recovery of Acetic .Acid and Cilemical By
Products. 

Acetic acid is used both as a solvent and as 
a raw material (see the paraqraph below on the synthesis of: acetic 
anhydride). Spent acetic acid will be recovered through a serie~ 
of chemical and physical processes and then recycled. Simulta
neously, tHo marketable by-!)roducts, sodium nitrate (1,125,000 
pounds per month) and a.mmonia (125,2SO pounds per month,), will 
also be recovered~ 

7 Manufacture of Acetic Anhydride. 

Acetic anhydride, one of the re~qents requirc 
for -:.he synthcsis of RDX and HM..X, will be manufactured on the sit( 
~t ~ rate of 3~0 tons per day. At this time, thc manufacturing · 
process has not been selected. A candidate process (described in, 
Appendix A) will use acetic acid as a starting m3terLal and will 
rcquire heating to high ternperatures in ,a furnace. The furnace 
will be heated partly with No. 2 fuel o~l which woul~ supply 68 
percent of t~e energy (5t669 gallons per day required); a com
bustible gas obtained as a by-product of the reaction itself woulc 
supply the rernainder of ~he energy req~ired. ' 

1 

8 Manufacture of Nitric Acid. 

S~rong nitric acid, one of the reagents 
required for the synth~sis of RDX and HMX, will be rnanufactured 
on site at a rate of 17?.5 tons per day of lOO oercent acid. One 
of the basic reagents, ammonium nitrate, will also be prepared on 
site by mixing a~onia with the nitric dCÍd. A final process for 
manufacturing nitric aciq has not been selected at this time. A 
candidate process (explatned in Appendix A) would produce strong 
ni trie acicl directly from' the step\·lise oxidation of arnrnonia. Th i.! 
process would reguire 30.6 tons per day of oxyqen, which would be· 
procured. 

(b) Utilities. 

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

1 Water Supply. 

Nhen 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 criteri~ 
purposes to insure sufficient water would be available. ~he 
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proposed action is to build two explosive lines exn~ndable ·o 
four. Thus, thc total process water rc~uirement u3ed as a 
selection parameter for the explosive complex was 18 MGD. 

si te 
Treat-

ment of incorninq water and its utilization in the proposed 
fucility are depicteo in the water balance diagram in Figure 4. 
Aft?.r removal of suspenr.ed solids in a clarifier, about half of 
b1? water input will be used as cooling-water makeup to compensate 
fGr •,.;a.ter losses in tl1C coolinq to.-,cr because of ev<lporation and 
d=~ft {airborne spray). Thc remainder of the wntcr will be 
filtere~ through sand¡ part will then be directed wLthout further 
·~:reatmc-nt. to the various process uni ts, part \1 i 11 ! )e dcmineral ize<l 
vi<:~ i.::·n exchu.nqe and used as feedwater for the boilers in the 
.:.>t'2órr generatinq plant, and part will be chlorinatc·d and used as 

Extensive study has been gi ve! to detcrrnininq 
"'r:1 ::r-!r reauiremc;.nts for the proposed facil i ty .1' 1 2 Since the 
~~P.~/W1X plu.nt is not scheduled to operate until the end of 
198.1 cr possibl·¡ 19~4, it is necessary to consider hoth r:cst 
r~ra(:t.ica!1le Control 'rechnology Currently Avail.J.blt? (BPCTCA) and 
f:.Qst /l.vai 1ablc ·rechnology Economically Achievable (!lATFJI.). The 
c;~rrcnt ~¡uideline for BPCTC~1 is O. S ng/1 for ni trobodics; this 
level will be achievcd in the proposed facility by the wastewater 
treat~ent system. Current toxicity studies indicate that a new 
guic:cline of O. OS mg/1 maximum of TNT \vill probabl y be establishe<l .. 
'l'echnologically, this Plaximum value of O.OS mg/1 is achievahle by 
a~ adsorption systen using activatcd carbon or a particular ion 
exchange rcsin. IIowever, dilution may be allowabl~ as an option 
if the 0.05 mg/1 threshhold exceeds BATEA, especially with regard 
to co~t effectivcness. Thus, site criteria have oeen established 
to provide up to 20 mqd of ~ater {for four lines) to reduce TNT 
and othcr nitrobody concentrations in the event the More strinaent 
nitrobody rec_¡uirernents are legally applicable Hhen the plant 
be.::•.Jmes operational.. The total water requirement for the RDX/mtx 
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 rnonth (kwh) 
in O?erating two or four RDX/HMX production lines {excluding 
existing loads) are estimated at (see paragraph lb(5) for a 
description of the three candidate sites): 

Two-]ine Consurnption 
Four-line ConsuMption 

McAlester 

5,836,000 
11,632,000 

8 

1'1ilan 

S,967,000 
11,411,000 

Newport 

4,910,000 
10,352,:)00 



EVAPORATION 
ORIFT 
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1,641,600 
41,000 

CIRCULATION 

COOLING TOWF.R BLOWDOWN 

1;ii93,400 

83,400 

3,000 

16,000 

IN WJTH ACETIC ACID 

100 000 

IN WITH WEAK ACID 

[ 
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PROCESS WASTE 100,000 

WASHDOWN 3,000 

LOSSES 37,500 

DOMES TIC SEWAGE 60,000 
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These estimates, ta'<en fror. "· 1: .--. el a t,1 
h:rochures datcd 1 December 1976 prepared by ~-lv r r¡-r¡•· Corps 

· o.f rnryineers (1Iuntsvi11e, Alabama) 1 include ons1 t !: r.'t\v-\·:ater 
pu..'11pin<: requirements at each site plus offsite pLn¡-~:1G require
ments at ~c~lester. 

Estirnates of peak load dernands (in M!'l, 
excluding existing onsite loads) are as follows: 

~~o-line Peak Load Demand 
:c·ou.r-· l :.ne Peak Lo a d Demand 

McAlester 

11.58 
23.08 

Milan 

11.84 
22.t1t! 

Newport 

9.74 
20.54 

Detailed itemizations of estima·~s of 
m< . .,~imwo energy consumption and peak load dcmancl a t: ~-....~ch si te a re 
~-:C'It<:üned in Volume 3 of this Final EIS in coMme:nts by the US 
;\;.'"1 •. , F:ngineer Di vis ion, Huntsville, Alabama. 

Power will be stepped d0wn fro~ an incoming 
hi,:¡;·;-voltac;e transmission line te 13,800 V at t'!1e central sub
~tation of the proposed facility. Electrical current will be 
~ar~~cd by overhead distribution lines frorn this centra! sub
st<.ltion to transforr.t':!rs located in various substations that l!Till 
supply individual buildings or facilities. Service to any buildi~ 
or facility classified as hazardous Hill be routed underground. 

Sorne components (such as the nitrolysis 
building) will house processcs where continuous operation would 
be essential for safety reasons. Therefore 1 thcse ~uil~ings will 
be suppl~ed wi th sources of emergency power {provi~ed hy 30 !:N 
gener«tors driven by 50 to 75 hp oiesel engines located in each 
!:>uilding} to maintain a~itators, instrUMents, and ot.her critical 
equi~~ent in the event of a power outage. 

3 Stearno 

The estirnated total stea~ requirernents of 
the proposed facility with tHo manufacturing lines operating at 
full capacity is 475,000 pounds per hour. These requirements 
should decrease by 10 to 12 percent during summer r.1onths Hhen no 
space heating would be needed. Three steam boilers (two on-line 
and one standby) Hill be provided, each capable of qeneratinq 
250,000 pounds of steam per hour at 475 psig ana 750°F. 

Low-sulfur coal ( 12, 50 O btu/lb, 10'' perc~~n t 
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 
dioxide scrubbcr Hill be usedo The b6ilers will be capable:of 
con .. ersion to firinq wi th lmoJ-sulfur No. 6 fuel oil. 

10 



Coal handli~q and storage facilities incluñe 
a lonq-t.erm dead storagc facil.j. ty wi th a 1-20-day capaci ty at 
rnaximÚn denand, a live storage silo for service to the boilerR 
with a 16-day capacity at rna:<imurn demand, and individual con1 
hoppers for each boiler. 

The stearn plant will be provided with an 
electrostatic precipitator to control particulates {fly ash), anc 
a stack for di~~ersion of effluent qase$~ Althouqh no decision 
has. been ma~lc on tl¡e ef::lu7nt stack, -~~-e -~oll<;>·~Jinry p.1raneten3 arE 
typ~cal of a steam generat1ng plant 9t th~s s1ze (and hnve been 
used later in this docUf'lent to eval.Üate· potential impacts on air 
(]Ual i ty) : ' 

' 
Stack Height 
Stack Diarneter 
Flue Gas Velocity 
Flue Gas Temperature 

300 to 500 feet 
10 feet 
100 f~et per second 
SQQOp 

Hajor subsysterns "'hich are planned for the 
ste~m plant are shown in Figure s. 

4 Compressed Air. 

Compressed air ~ill be produced in a ce~tta: 
plant by compressors driven by electric motors. The auantity of 
compresse~ air ne~de~ has not yet becn determined. N~ise leve!~ 
incident to the operation of this plunt vlill coMply with OSHA 

------ana-EP-l':.-stand-a-rñs-,-and-a·re-exp-e-cf-e-d-t:o-l5e aftenuatec1 to acceptab~ 
levels. · 

(e) Transportation 1 Storage, and Requi rements ·· for 
Ra'" ~1a tPr ia 1 s • 

Hany materials 1 both sol id and liquid, •.·.dll he 
transporteñ to the propo~ed RDX/HMX:expans~ori fncility. Also, 
end-products and by-products will be stor~d and shipped from. thc 
site.· Thirty-day storage requirements ha've been spec1ficd for tl 
raw materials and the utility mat~rial:;/' at the plant 1 and for' th' 
products manufactured. The sole ~xceptions are co~l (IZO days) 
and sodfum nitrate (180 days). · 

The amounts requ~red to satisfy storaqe requi~t 
ments, the forrn purchased, the c1elivery mode, the delivery 
quuntity, the rneans of transport~tion, the dáys supply for 
delivcry, and the type of storag'e requi-red··are li.!"tnñ in Tuhle 1 
for ruw rnaterials (used in the .manu-f-acturing proécss) and in 
Table 2 for utility materia1.s (used for process su~'port). 

11 
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il1a:dm...tí., end-product storane c~inr:rles with thc 
ltu:, ~hly production outpu ts det.ailed ahovc. R.t i 1 e 'e; 1tscd 1".0 

ship finished products will be loaded with 81,600 I,~unds pe~ rail 
car. Thc number of rail cars required per month, asEuming full 
production from two lines and no shipments by truck, would be 104. 
Truck trailers uscd to ship fin ished products would be loadt ·d wi th 
43,200 pounds each. If no shipments were made by raíl, the total 
nurnh,.!r of truck~. required per month for fúll production \-lould be 
34 7-

A special class of materials includcs the raw 
materials and products rcquired for the construction of the RDX/ 
Ill~X facility. A preliminary estimate of these -materidls is 
prescnted in Table 3. The estimate does not include materials 
for construction activities accornplished outside the facility 
such as may be required for electric power or water supply 
lines. 

(d) Disposal of l·~aste Products anrl Potent.ial 
Pollutants Gen~rated. 

1 ~laste\.,raters. 

Operation of the proposed rwx;m1x facili ty 
will generate a large quantity of wastewater. A detailed de
scription of the composition of wastewater streoms, the process 
treotment units, and the tre~tment alternativ:_, 1~. c,·,··::.,:ire(l in 
Appendix B. 

Different types of wastewaters w1ll Le qeneratei 
b~· various production and process support units. Majar streams 
and sources can be suinrnarizéd as follows: ., 

o Preces? wastewater from the explosiva manu
facturinq lines, the acetic acid concentratic 
plant, 1 a~d the acetic anhy~ride p1ant. 

o Process \-lashdown ,.,a 1"10>r frnm thé~ ~;_¡¡:te uni ts 
mentioned above and from the nitric acid 
plan t. 

o Heat-exchange wastewater which will consist 
of condensa tes from hf"at-c:·:..::l.,mqc systcms. 

o Blm,•dmm \va ter, i. e., part of the water 
circulating in the cooling toHer and the 
boiler systems which is removed to avoiCl an 
over-concentration of ch~Micals in the 
systern. 



Tab!e .. 
l. REOUIREIVlENTS FOR DEUVERY ANO STORAGE OF PROCESS-RELATED MATERIALS FOR 

TWO RDX/HMX PRODUCTION UNrS 

- ----- --- - -------·--

R'"" Katertel 

M:ctlc: ncld 

Aceto"''e 

"""""''· 
Ccnnttc e oda 

Copol)'!!let 

Cyc: lohutnonf' 

~loctyl edtrate 

Gcol.ottne 

~•••tnl! 

hob~o~tyl ere E •te 

Hat~n••lua o•ldf' 

Motor otl 

ft•Pronl ecetate 

Platlnum ga.ute 

Poly1 aobutyl rne 

Polvvlnyl olcohol 

Sulrur1r tc!c! 

To luenp 

":'Tlt"tnvl phoephatf' 

' t )C·d•y $tou¡t 
R.equt r~n~~o.-nt 

1 

1 

1 
1 

9:!,,800 lb 

l6 ,BlB lb 

4,)6),520 lb 

2,6ll,520 lb 

25,545 lb 

96,131 lb 

'1,952 lb 

t•S lb 

),401,Q2() lb 

H,b80 Lb 

8,800 lb 

11 .sat lb 

7S,OOO lb 

)i. 2 t.roy ot 

17,506 lb 

670 lb 

H, 702 lb 

B,lll lb 

l.t. ,1.20 lL 

f¡.;e9,fl~" tb 

13l,t6') lb 

1 

Fonn or Purch••• 

Bulk 

Bulk 

B\.111: 

Dulk 

50· te B· lb e 1t'tons 

Su\k 

Bulk 

240· to JZO·lb dnnu 

.,O-lb b•E• 

)~(l•lh drulft.fl 

lOO-lb bep_a 

400-lb drums 

Bulk 

Rol l. u 

75·lb balC'I 

50· lb bes,a 

Bulk 

&ulk 

n ... Ik 

S~·lb cartone 
'5~-!b C6~tcne 

1\uo• 

' '' r lt pa! let • 

1 11\l~~•r o! 
Unlu/ 

¡ Pallitt 

! 
1 
1 
1 ¡ 

1 

' 

54 

11 

' 

lO 

20 

-- _j 

r 
l'u"'bu ,,¡ S'<Js ! 

o• rellotl 1 
RPq.Jtnd 

1 tor 'irrug• D•Uvery 11ode 

i Rell or r:onk ... 
c:anlr tr-ut:il 

lG 

1,017 

17 

8 

2 ,l40 

., 

1 

1 
1 

' 

stuoc:! or 

Rall 01" ten" .. , 
Ra!l or t.:.nk ... 
P..oed or truck 

Ral1 ('Ir' ta.,k car 

Roed or tr'\IC'k 

Roed or unk t rock 

Alr end trvck 

Roed or truck 

Road or tn.JC!o' 

Ro11 or tcnk 

Road tank truck 

l(~,.~ae' t •·~~ t rur 1r 

l(at l or ~C"•l ar 

~,..., or r rul • 

tlt'ad or t n..f la 

lell Ot OC'IIICU 

i 

1 
1 

¡ 

i 
1 
1 

_, 
' 

De1SVU') 
Qual'l.t U> 

per Veh1ch 

118,000 lb 

40,000 lb 

51,000 lb 

128,000 1' 

)ú,C'IOO lb 

160,0~0 lb 

40,000 Lb 

1, StiP lb 

8"1,t'll(l lb 

:"),40f lh 

6\,non lh 

1.:. ,OIJO lb 

•o,ooo lb 

n.o~o lb 

1,000 lb 

lBO,OOO lb 

40, "l~O 1 b> 

11..0, OOQ 'D 

1 ~fl 000 ¡M 

Jl.o c.oo lb 

~r. onc· t,., 
:, .',OCIO 1'1 

1 

Rell l.an ! h~.o~:.~er 
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Roqulrodl ! Cavo >upph ¡ Pallota/ 

Hont:h j_pqor Dellvef"\ Dt:Uvery 

S.2 
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El 9 
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0,1 

)9, 7 

L.l 
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o. 5 

1.9 

0,2 

o. 5 

e 1 

o 5 

O.l 

C,l 

•• 
170 ' 
l) 

(! 6 

1 

1 
1 

1 

1 
1 

b 

JJ 

0.4 

1 

JJ 

50 

)0 

)00 

0.7 

l1 

)00 

60 

lS 

120 

60 

1• 

1)7 

9l 

0,6 
o 

Z' 

l' 

1 
1 

! 
: 

11 

lh 

1\ 

\9 

11 

14 

48 
14 

16 

1 ,~:.:; i .;_; 1 ,;; 11 

_L90 ooo •• _.l_ __ o.-~L--.-- _ 

60 

)0 

1 Youl Skld ! 
or Pelht \ TYI'• o! 
Srora;~ Storase 

1 Requl u e: Requ1 red 

21 

1,0\6 

12 

61 

2l 

21 

¡ ,l88 

.23 

1 
! 

1 

Tan k ,.., 
Ten k !ara 

Tllnk ra .... 
Tan k !•no 

Warf'hOUI" 
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u .... rae 
Watrhoueeo 
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Table 2. REOUIREMENTS FOR DELIVERY ANO STORAGE OF UTILITY RAW MATERIALS FOR 
TWO RDX/HMX PRODUCTION LII\IES 

~--------T·------ 1 ""'""•• of Sl.idl 
{ j N;m.ber of or Pal hu 
1 lO•day StOUB~ 1 fona of l'ntu/ R"q"'1re-cl 

~ttHty M.terllll Requhem~t __ Pu_r_ch __ •_•_•--+-•-•_l_l_.r __ l-_r_._,_s_'_•_ra_&_•_ -~•ltv•n 'tode 

j .\lt.D, ltq.Jld n7, 5!Jt) 1) Bulk ¡ Rall or tenk car 

¡ Al...,lftl\1:0 oulhto 12,~00 lb IOO·Ib bo., 25 1 Rood or tru<k 

1 :::::~no, holk 2;,:: :: 1 ::;~b baso 40 l :::: or ::::• cor 

Cblortn~. rvltru!er 6'0 lb lSO~lb c::yllndn ' Road uuc" 

~ool l~.ono tono 0 
1 Bulk 1 Rol! or rool hopprr 

Dlaodtum phoaphat• 

Fuel, ~hul 

ruel 1 &•ao11ne-

Ful"l otl, No, 

Lime. hvdutt-c9 

L1er 

1,000 lb / 'lOrlb baaa 4(1 lf(•l•l or tn.11:ll 

1 Bulk 

1-;: ::: ', :::: 
2~.000 gol Dulk 

1.,~00 lb '1-0·!b begs 

27,100 lb 

4,100 lb 

1,000 lh 

9l.•or lb• 

1 ~ulk 
! 100·\b bago 

itoac! or tenh. tnsc-k 

Road or tanit truck 

RU 1 nr tank car 

lb truck 

Roed or t rutk 

JO koad or truck 

Roed tl"UC~ 

JO Roed or truclt 

! 

_ _j__ 

--¡ Pall Cara l l Total S)lld 1 

1 
or Tnadr.• Numbtr of S1ctda or P•lht Type of 

Quentltv r t'bnth pe:r Dt'lh·crv De-1lv1.ry R.t""qu1nd R.aq .. lreod 
CJrlhf' .. Y R~qul~'!d/ Doy1 Supply or Palletal Stonge s~orap• 

1 - ------~-----+----~-------llO,OOC lb , 2~2 

1 

14 'T•nk hm 

25,000 lb o. 5 60 10 U 1 Vorohou .. 

),000 lb \,7 

1\0,0DO ~~ 0~2 

9 <yl O. S 

llO.n 

2,400 lb 

0,4 

2. soo s•l 0,4 

2,l00 sal 0,2 

20,000 gd 12,7 

0.6 

·~.000 lb 0,6 

l,OOO lb l.l 

1.0 

J :lOCo tb (),) 

1 17 1 Wa rehouu 

62 

0.2 

8J 

JI 

49 

20 

\6 

lOO 

1 

1 
1 

1 
1 Tenk hn~ 

Co•l urd 

1
1ank 

1 Tank 

1 T•nk 

• Wart".,.,OU•f' 
1 
1 
' Silo 
1 
1 Vanhou•• 

1 Brtne te.nk 
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TABLE 3 

fsti~ates of Requirements for Construction ~laterials 
to Build a Two-Line RDX/I-U.fX Production Fac il i t)' 

Production 
1 ~- em Units Line 

Cubic Yards 42,700 

'!einto.l. i ng Steel Tons 

Tons 

Tons 

Stee1 Rail Ton!;! 

Tons 

fliping: 

Ferrous Lineal Ft/Ton 

Non-! erro,ts Lineal Feet 

AsphaJt Paving Tons 

1\ggn::gdte Materials Tons 

~lectrical Li~eal Feet 
e o n d l• e '1" ;, :-

5,800 

4SO 

20 

o 

20 

142,250/-l09 

42,000 

1,250 

2,400 

10,000 

16 

Other 

11 '300 

1,000 

2,650 

1,600 

250 

3, 20C: 

Total 

54,000 

6,800 

3,100 

1,620 

250 

3,220 

140,G00/770 282,250/1,179 

40,000 82,000 

1,250 2,500 

9,200 11,600 

10,000 20,000 



o Ion exchanqc rinse water. 

o Water treatrnent plant wa&tew~ter. 

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

o Domestic sewage. 

These sources and their esti~dted flows wcre 
s!JO',vn in Fic;ure 11 in diagram form. 

Industrial waste\·Jaters \olill contain a variet 
of conLaminants originating frorn different chemicals used in mvnu 
facturil!g e;.-:r>losi ves. IIm.;ever, blm.;down water and ion cxch.=-.nge 
rinse water will be the least contaminated, the formcr by anti
cor,;:-osion cornpounds anc.1 the latter by mineral sc1l ts. Domes tic 
sc·.11ace lincs \'lill not be col":lbined vlith industrial c-ffluents, and 
will be treated in a scnarate se\o,~age trcatment ~>lc.tnt. 

Dccontaminating the industrial effluents (te 
rc~o·.re or convert thc contarinants to less harmfu l compounds in 
orc.1-=r to achieve environ!'1ental compatibili ty) Hill. occur through 
a series of treatrnent units shown in ~igure 6 (thcir function an~ 
opcration are describe~ in Appendix B). This systen is continger 
upon fiP.al rlesign and is presented as a feasible approach to 
achieve th8 required effluent quality. 

The reduction in contaminants anticipated 
usino this pollution a~ateMent scheme is shown in Table 4 
(I':OTE: The 0.02 level for nitrobodies is predicated on the use 
of ~ "polishing" step after the sand filter usin0 an adsorbent 
(activa ter1 carbon or an ion exchange res in) • !iowever, as more 
fully described in lb(4) (b)l, above, an ~lternative option of 
dilution is also beinq consideredo 

In ad~ition to the contaminants shown in 
Table 4, heavy metals are also of conccrn; thesc can ori~inate 
1.n the process frorn metal catalysts an<'t from corrosion. ~~e tal 
catalysts might be ernployed in the manufacturing processes for 
acetic aP.hydride and nitric acid; however, exact compositions 
cannot be stated because final processes have not been selectect. 
nut metals are adsorhed by organic sludges, ancl the \vaste1-1ater 
treatment system sugqested rnight be adequate for removin~ excass: 
amounts of heavy metalso Other modifications such as the adcEtic 
of l1me to precipi tate heavy y;;etal hy'droxides would improv<.• the 
effcctivencss of the trec1trnent if required. 

17 



f 

l CONTilMI .. ATED 

RUNOFF 

011 UTil1h tf4 '' R-----{': J-----, 
ur "1 Cl i:SA.ivl"· ··~ 

CUAN EFFLUENTS 

IFOR DILUTION 
lf NECESSAAY) 

CONTAMINA TEO 
'PROCESS HflUENTS e, 
WASHOOWN WATER 

STORM FLOW 

f:.:J~JTAMINA[hEO 
STORp...¡ AUP,JIJ;.r; 

SURGE PO" O 

CATIONI 

-------·- ·- ------ YO !)J¡¡;HilAGI 

----------1 

1 

ACTIVATEO 

CAR&ON L------~L----e
COLUMN 

1 
L----J 

TO 
01$CHARGE 
OR PU.NT 
COOLIIIfCI 
... ATEA 

..... ~EUP 

TO r¡LUOGf 

--~~------------~L----------------------~~~ DI~L 
SYSTEII 

F1gure 6. PRELIMINARY CONCEPT: INDUSTRIAL WASTEWATER TREATMENT SYSTEM 



2 Air Pollutants. 

~~jor sources of air pollutants at the p~o
posed RDX/HMX facility would be the stearn generating plant, tne 
acetic anhydride furnace, the nitric acid plant, and waste 
incinerators. Vehicular ernissions would represent a minar b~t 
quantifiable source, The potential impact of these and other 
sources are discussed in detail in the section entitled "Impacts 
on Air Quality." 

a Steam Generating Plant. 

The coal-fired steam qenerating plant would 
be t~e major contributor of air pollutants. Its heat input of 565 
mill\on (i.UVl) btu per hour classifies itas a "major source," 
subjact to both federal and statc standards. Before discharqe, 
emissions would be irnproved by use of an electrostatic prccipitator 
for particulate control, tangential burners and possibly other 
coiT~bustion-modification techniques for nitrogen oxides, anrl low
sulfur coal for controlling sulfur oxides. Estimates of anticipated 
erni ssions are shm-m in Tablc 5. 1 

The amount .of sulfur dioxide shown on Table 5 
was calculated from the cowhustion of a 12,500 btu/lb coal contain
ing 0.78 percent sulfur assuming that 5 percent of thc sulfur 
dio::~cle generated is absorbed by the ash. 2 Any coal of signif-
icantly higher (greater than 1%) sulfur content or of lmver heat ------
input at thc same ~ulfur levels would require control systeMs for 
sulf~1r dioxide. 

b Acetic Anhydride Furnace. 

This is the second major coM.bustion source of 
air pollutants. Sixty-eight percent of its heat requirenents (36 
~~1 btu/hour) will be satisfied by use of No. 2 fuel oil, and 32 
pcrcent { 17 HH btu/hour) by use of the comhustible off-sas qeneratecl 
~s <.1 l>y-proc.1uct of the synthetic reaction (see Appendix 7\). 

The fuel oil mentioned is rated at 152,000 
blu/gallon, and typica1 specifications mention a density of 33° 
APL (7.16 lb/ga1), a sulfur content of 0.2 percent, anr. a muximuM 
ash content of 0.01 percent. Quantities of pollutants anticipated 
are shm·m on Table 5; nitrogen oxide emissions were calculated 
according to Danielson.3 

e Nitric Acid Plant. 

The candidate orocess mcntioned for nitric 
ac:-:·1 lhanufacture produces strong nitric acid directlv, and federal 
an-: state air quality standards might not app1y. F'or example, 
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TABLr: 4 

Components of the Inf1uent and Eff1uent of the 
RDX/HHX haste\..ratcr Treatment P1ant (Two Production Lines) 

Influent Eff1uent** 
~·:att""r Quality Parameter* Lbs.7Dav mg/1 !~bs. 7oay -..----
COD 4,851 253 18.2 

iY'•D '·· ·s 3,329 173 3.9 

'f.'"lt<ll Suspended Solids 2,113 110 2.0 

u¡' end e·:.. e ase 72 4 nil 

T.:Jr..:~l Nitrogen 651 34 20.0 

.'.;rnrnon i a (as nitroqcn) 38 2 nil 

:Ji tl a tes-Ni tri tes 247 13 19.0 
(as nitroqen) 

Phosphates 66 3 10.7 

i-Ji trohodies (RDX + 93 S o.s 
IH'1X + TNT) 

AAlso pH of 6.0 to 9.0 (satisfied). 

**l'lorst case with volwne of contaminated storm runoff of 
943,000 gallons as shown on Piqure 4. 
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TABLE 5 

Sources and Ernissions of Air Pollutants (Pounds per Oay) 
from the Proposed RDX/HMX Facjlity with Two Lines 

Operating, Doth Producing RDX* 

Nitroqen Oxides 
Source Particulates (as N02) Sulfur Dioxide 

Stearn Generating Plant 1,355 9,485 16,064 

Acetic Anhydride Furnace 4 240 162 

Hit de Acid Plant 

~ultiple-Chamber 
Contarninated Waste 
Incinerator 

Fluidized-Bed Explosive 
Waste Incinerator** 

538 

7 

*l\dditional detailerl data on emissions a'!:'e contained in the section 
of this EIS entitled "Impacts on Air Qu~lity," an app~oximation 
of four-line emissions can be obtained by doublinq th~ fiqures 
in the table. 

**Data not available; see text. 
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feclf!ral and Tennessee standards nention "weak .1 ... :. . ' <-, •• unly, 
and thc definition in the Oklahona standard inr·ludcs Iil.t..ric ñcid 
pl~nts wherc a strong acid is obtained indirectly. Indiana has no 
state nitric acid standard; thus, Indiana relies upon the feneral 
nitric standards. These circumstances are discussed in more 
detu.il in the section entitled "Irr~pacts on Air nuality." 
Pctcntial N02 er.issions from the plant are shmvn in 'l'u.hle 5. 

d Waste Incincrators. 

A multiple-charnber incinerator has ":leen 
:::unrrE~sted for disposinq of non-e):plosive contaminated \vaste and 
cont3mínated sludge. Pá.rticulatc control syster.1s are availablc 
to reduce particulate emissions, and use of e~{cess air should 
~:·.:-duce carbon monoxide emissions to neqligible leve J s. Al so, 
~~;v small amounts of nitrogen oxides are expected ~t the mod
CLJtc co.í'lbustion temperature anticipated. 

Use of a fluidized-bed incincrator has also 
bcen proposed for the thermal oxidation of explosive wastes. 
Thi~ is a ncw technique for which no previous experimental data 
c~2 available, thus emission levels cannot be cstinated. See 
t.he secticn on salid Haste inpacts later in this c1ocurr.ent for more 
disc-ussion. 

e Vehicle Emissions and Other Sources. 

A reasonable estímate is that approximately 
fourtecn tract.or-trailers, one train, and 700 to 800 automobiles 
will cntcr and leave the proposed facility on an average working 
day to transport supplies, products, and workers (scc Tables 1 and 
2 1 anr1 thc section on transporta tion impacts) • ~1e tl:ods of quan
ti fying emissions as provided by F.PA 4 could be use;~ to quantify 
~otential air pollutants, but factors in these computations are 
exnr0sscd in grams per mile and a definition of the area affected 
l~ rcsuired. The size of this hypothetical area varies with site
s~Gcific meteorological factors and distance travele~ by the 
vdncles; a detailed discussion of assumptions user'!. in predictinq 
errissions due to these sources is presented l?ter 1n "Irnpacts on 
Air Ouality." 

Additional potential sources cf air pollutants 
are cxplosive manufacturin~ lines, storaqe tanks for volatile 
co:npounds, and fugi ti ve dust. Controls on those h.:1rd-to-quantify 
eni.ssions will be: scrubbinq for the explosive manufactur.ing 
lincs; vapor-recovery systens for storage tanks containinq 
vol.:1tiles; and wetting and strict housekeepinq for fug~tive dust. 

3 Sol id vlastes. 

The propos~d RDX/Hr~ facility will require 
a :·¡.¡:( imum or 5, 000 to 61 o 00 acres of lal)d' but onl~· about 20 

1 
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pcrcc 1,t of this area will be clcared, qrtwhed, anri ..:¡: 1Jcr1 (th~ 
rcmai.nr1er o~ the tract Hill be utilizcd in buffer or <;afcty zones). 
sol id wastes during construction will be qenerated i ·1 the fO!i'' 
of cleared vegetation plus rubble such as bricks, concrete, mctals, 
olas Li es, \•rood, and scrap. Other debris will be gcnerated as .=t 
rcsult of asphalt or concrete production and placeMentg buildfnn 
tcr>;Jor.1ry roac1s, and constructinq the components of the facili ty. 
The.quantity of these wastes is diffic~lt to estim~te. ror 
e::unp~ e, t~w amount of cleared veqetation \.,rill depe:"1cl o~ the ;;.: ~·~ 
se 1 cctr~d for constructicn. Decisions on various desigr: opt; o¡,s 
l.lt~ i nc: consiciered nm·r ~muld a lso infl uer1cc quanti ti•.:!S o f sol id 
··,¡~Les. ¡\Jnounts could vary because of weather factors, explicit 
construction contract spPcifications, safety constraints (e.q., 
~·1!ldinn in a ~cismically active zone), and other considerations. 
1:!) :r•,••:-':': a general estímate of the total quantity of sol id \omstes 
to b•! qc nera tecl during construction is as follov.'!J: 

Concrete waste products 
Waste masonry rnatcrial 
Asphnlt pavinq 
Agqre~ate Material 

3, O O O culnc yc·trds 
HiO cnbic yards 
110 cubic yords 

70 cubi,- yarc'is 

All of thc above quantitie.:; •.vOl~, ~ .:Je anticipatcd 
at .Ll" ,,: the sites. t'laste Materials from clearinn and grubbing \vill 
be ~lte-~pecific dcpending on the quantity of veqetation to he re
nov~J; ~stinates are as follows: 

!·lcAlester NAO 
Milan AJ~P 
Ne\·lport Al'-.P 

160,000 cubic yar~s 
300,000 cubic yards 

60,000 cubic y2.rds 

The maxirnun amount of municinal-type solid 
• .. ·,¡~; tes anticipaterl durinq construction is about 5, 6 00 pounds 
p0r C.¿::.,-' assuming 4.5 pounds per capita per dayS Mult1.plied by a 
r',1:,:1!"'1U~ lnbor force of 1,250 \olorkers in the thir0 cor~truction 
y.•:¡r (see Table 7}. 

Types and quanti ties of so lid ~~as tes asso
clat.cd with nortTJal operation and maintenance of the proposed 
•·:1:·:11 :•1v facil i ty were provided by personnel from t)¡e d rch i tectural 
cnc¡:ne~r-ing firm designing the plant based on what they IJelievcd 
· :LTl! re.:1sonable quanti ti es to be expected from ~he n(•lJ f.:.c i 1 i ty. 
·r:1 _.,-,,::! are suf'li'larized in Table 6. 

Small amounts of waste explosLves \VJ.ll 
í ·ro!.Jol~Jly accumulate during processing operations; these will be 
C()llected and placed in containers for daily c1isposal. Larcrer 
i'J u.! :1t l. t ies \·lill al so be genera ted during cleano11t oper at ion~1, and 
\',-o-.: · be removed irnmediate] y from thc si te for c'l isí''--.r;al. 

Contaminated Hastes inclur'l:~ tllc_ ~ m,l'"r>riuls 
thH 't,:ve corn.e into contact Hith explosivec; or ot~1,-,r c· .• ?r<" .:1ls

1 
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e.g., soilcd explosives boxes or box liners, dun· <..~t ··.,: ¡1 ac:Y..inq 
materials 1 clothing, chemical bags, and demoli tion ,.,,,s te. Non
combustible contaMinated wastes include pieces of mar:hinery and 
9rocess equipment that would have to be "burned out" for de
cont~nination prior to disposal or recovery. 

Inert (non-explosive) wastes would include 
officc and cafeteria refuse, uncontaminated wood and paper packinq 
m?l. f.::" ~als; glass, shop wastes, and others generalJ·: f r- ·.;-¡ non
!,;:·.'OCt:ss u.reas. 

(5) Candidate Sites. 

The proposed RDX/HMX proC.uction facilí ty wi 11 be 
C(JA¡;;' ;:uctcr1 at one o'€ three candidate si tes: McAlester Naval 
:\r;,:-:¡u't i tion Dcpot (1\tNAD) located in Pittsburg County in 
soulltea!;t.~rn Oklahoma; Milan 1\rrny Arrn'Ttunition Plant ('·11\.7\P) located 
in t;i' J!:>C>n and Carroll Counties in Hest-central Tennessee; or 
NC\vr·',:.rt Ar:1y Ammunition Plant (N.l\AP) located in Vermi llion C:ounty 
in "··st-ccntral Indiana. The rationale for select inq thcse three 
pro!.pc-ctivc sites is sumrnarizcd in section 4a ("Alternative Sites 
c[_,:t: i•10rec1") of this document. 

(a) Hl'!AD. 

Pittshuro County, Oklahoma compris~s about 
869, or¡ O acres in southeastern Ol<L1hoMa. The co•m ;_y i s hounded by 
the ~outh Ca:1adian River to the north and the counties of Haskell, 
Lu ti!"'1er, Pushmataha 1 Ato ka, Coal, ancl Huqhes in a clocb: i se 
fash i ort froP' the northeast. The ci ty of '1cAles ter ( t 'w county 
seat) is in the center of Pittsburo County, and is located only a 
fe~ niles northeast of the ~ain entrance gate to ~NAD. The 
:tcJ\l·.:>s ter ~Javcü Ar,.r:luni tion !Je~ot occupies 41,9 6 O acres anr. i s 
si tu a tcd generally bet1.¡een Sta te P.oute (SR) 31 to the north, SR 69 
to the east, anrt the county line to the south and \.'esto Figure 
7 s~Jws a aeneral ~a~ of the area. 

Co:1strnction plans for each of t~e three si tes 
arC' tcntat:ivc - t11ev Hill be finalized when a sj te i s selected. 
A ?rn:lGSet1 construction lavout at ~!l'IAD is shm·m in Fiqurc 8; tl:.c 
site is located on thc east-central boundary of Lh<:! :inst.J.llation,. 
In orf.er to supply industrial water to the pro;>ose'1 fue i 1 i ty, a 
·npcline wo'uld be constructed frorn La}~e ::ufaula (about lP. Miles 
nort1tcast of !mAD). The pro?osed route of this \laterline and 
rclevant engineerin0 dimensions are shown in F1qur~s 9 and 10, 
rE:':...iJCcti vcly. 

(b) 1WI.P. 

'I'his ammunition plant lies v~r'" l y in r~l.Json 
County anc'! partly in Carroll Coúnty in west-central Tennc.ssee. 
Gi. 11 son County, encornpassing an arca of 388,480 d::··es, is houncied 
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Tl\P.LE 6 

Sol id \'lastes Anticipa ted ~roro the Proposed RDX/fii'-IX 
Facility with ~~o Manufacturing Lines in 

Operation, Both Producing RDX 

Amount Per Day 
··voe of Solid \vaste ___ (Dry ToJeight) 

Explosive ~'laste 1,500 lb. 

Contan•innted ''laste 8,000 lb. 

ConL-¡f,¡.i.::.ated Sludge 2,000 lb. 

Coal Ash 54 tons 

Inc1ncrator Ash 1,000 lb. 

Othc•r ~lon-Ash Incrt ~·las tes 6,000 l!J. 

S ew c1f1 •.! S 1 udge lCJO lb. 
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Staie Planning Services 
1\o,•nrv 

"(. 

1 . ,, t.uH:rnor 
l<UHL!a IJ ORR 
Ulreclor 

143 West ll.!arkel Slreel 
lndtanapoJio;. Jnd¡¡¡n¡¡ 46204 
(3171 r.:n-~:wi 

State of II1d1ana 

Cüt-lMENTS ON RDX/HMX EXPANS ION 

FACIL ITY DRAFT ENVIRDrlMENTAL H~PACT STAT' !·1r ~:! 

ANO 

STATEMENT OF SUPPORT OF THE NEWPOHI. 

INDIANA SITE LOCATION 

n-,e S tate of 1 .. diana through its ~tate Pl an_n1119 Serv ices r,'J(·ncy 1 s submit t 1 ng 

th· fo1lo~ling cornprehensive review comments and statement. 

Rev1c·L1 rrocess 

Tt1e follm·nng majar State Agencies reviewed the Ora+'~ r,,v•ro,unental Ir1pact 

SUtt·r.J~->IIt and their comments are included in Appendix. 

- Indiana Department of Commerce 

1 ndi ana [Jepartment of Natura 1 Resources 

- Indiana State Board of Health 

- Indiana Oepartment of Civil Defense 

- Indiana State Highway Commission 

- Indiana State Planning Services Agency 

In addition, comments from two Regional Planning and Df?,f- ·:r¡ent ComrJissions 

cover'"9 the proposed site location are subrnitting comments included in Jl.ppendix. 

Qegion IV Development Commission 

P,.:~ion VJ' - l~est Central Econot:lic De>'elop,nent Oistrict 
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The comments can be summarized by the fol101·1ing statement: 

"The proposed construction and development of the RDX/Hr1X facility in Newport, 
Indiana will not have any adverse\environmental ir.1pact 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 providP for the 
improvement of the qual1ty of l1fe, and creation of a lastin9 f'COMmic benefit 
for· the local economy " 

lu general, all comments on the Draft Envuonmental Impact SL;t· ,,..r,:_ connny 

fr~m the State and sub-state agencies are positive with respect to the location of 

thr· ¡a0rúsed project at the Newport, Indiana site. Sorne suggestions are presented 

:reldtr•4 to the development of the final Environmental Impact Stat,•nrpnt which, it is 

llOJlf.'d, 1~111 be useful to the Department of the Army. Also a few concer"ns wf>re raised 

wiJic-1-J fllr:y not have been addressed in the Draft Environmental lmpact Statement to the 

ext"P'. dlich 1vould satisfy final site location cons1dr-rat10ns but 1.;hich do not 

prr~· 11t serious problems. In any event, hovJever, no objections an· offered by any 

party included 1n this review to the location of the :-:.r1X/IH1X Expar>s1on Facility at 

the ri<-'·'port f1rmy Ammunition Plant. In fact, there is oenet-al a:;:.o'"ci thaf the location' 

1·1ou'. ¡,,., desiroble for such a facility. 

'he Department of Natural Resources and the State Board ~f lten 1 th 

Speak to Environmental Considerations 

'·.:__;'':':'u_rtmpnt of ~latu,-al Resources indicates tt,at there wuu.J ~~- "· 1 ,rificant 

darrtciiJ~·~ to f1sh, 1vildlife, and botanical resources at the Indrana ~ltP ¡f •.hE' proposed 

;:~1an 1<; in1pler.1ented as expected and much less tllan at either the O:.:la!'_r.;l'la or 

Tf'nPe<>SPe sites. The Department of natural Res'ources expressPd s1Jme concerr-: with 

the ernission of salt from the cool1ng tower and ind1cates the neerl for fl1u11itur·inq 

poc;~" 1e damuge. lt is also noted that there is several local wood usinc¡ lnduc;tries 

avai1v. 'e to utilize ~1hatever 1'/0úd fibe resource may be tcll.:en out during construction. 
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lt 1s pointed out th<~t recreation facilities and opportunities in the area of the 

r~ewport si te i ~ not as abundant as the Draft Env"i ronmenta 1 Impact Sta temt-nt 

indicates and that cJilY population migration into the area coulé 1 · .. nd to stress on 

the part and outdoor recreation system in the area but would not significantly 

impdct on State reue<1tion properties. As will be note<i later 1n this report, 

h',l·' -· .··,,,e;¡-; nf the Indiana candidate arec:. reveals 1itt 1 e or no in-migration 

~1ould 0ccur 

H1e State Board of Health comrnents are from that agencies' d1v1s1ons of Air 

i-'o11ution Control, !·/at.er Pollution Control, and the Solid i/aste llanagement Section, 

~r:d i:cJter SuJ,Jp1y Sect10n. The Air Pollution Control Division notd that NO? 

cuncP'Jtration:. in the plant site area, as predicted by compute.- JllOde:ls, are in 

f'1\C'.>S of the llational Ambient Air Quality Standard, and therefore are not consistent 

with the Indiana Plan 0f !i¡:llementation, however, H thP. facility l'leets the Federal 

:Jew Suurce Performanct' Stardards the National Ambient Air Quality Standard could be 

111et. T.,e Hater Pollu.tjon Control Division states that by July, }Q77, undPr a revised 

\Jaste load allocation, the:·e should be sufficient capacity in that ~ection of t:'é 

l/aba:.h River that woulJ receive effluent fro~ the existing and proposed plant to 

cofllpl)' w1th the 1903 t':•,¡uirements of Best Availdble Technology. local commercial 

landfill operat10ns rl.'l· be inadequate to accofTlOdate wastes that could be generated 

but snil types in the \~wport site area and existing engineering technology are such 

p1·oper· solio 1-1aste dis¡-o..1sal arranaements could be made. Ground 1-1ater is uclequate to 

~atJc:;fy the future exp.:1sior¡ requirements. The State Board of Hedlth concludes that 

1 t ~· ·- no objectlOn to :he proposal under review. 
\ 
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The State Highway Comrr.1ssion, the riepartment of Com111er L .• 

the Depat·tment of Civil Defense, and the State Planning Services Aqen::y 

generally commented on matters of economic and social concern 

lhe State Highway Commission states that the improvement of State r.oad 63 

which s~rve'i the immediate Newport site area will provide a four lane d1vided 

higr•~•tlJ' t"'hich would connect the Newpor-t Army Af11f'lunition Plant w1th two of Incliana's 

int~;,>rstdle routes, (I-74 on the North and 1-7'> on the South), thus prov1d1ng an 

.t~-:q·,~-• te trctnsportation cooridor to serve the proposed facil i ty. 111 th thi s 

ill'lprQv,•:·:t>nt the Com'llission finJs th~t the establishment of the new RDY/ttr1X 

(;::.p.-:ws•on Facility would have no adverse effect on the exist1ng ,-!;·: ._,,v¡_¡nc:ed 

tr·auspoftation facilities in the area. 

_l'" LJcp_~t_t_!_~ent of_ Commerce comments revea h that the Nev1pon ..... ·il apiJt:a rs to 

he ablr· lo lr'ieet labor requirements called for by the proposeJ proje'.t and fill all 

antici,,,,.,~J jobs without significant in-migration occurring. The economic benefits 

lvhich l'.d;loi rlcrue tend to counter possible economic costs- of whiclr the ne9ative 

bu'>iw~. ·.<~lid investment impact probably 1·10uld be minimized rlue to the pr·oximity to 

lar9e iubun areas. llousing should provide no problem with more tnan enough standard 

vacanl tnlits to meet the need. Potential effects on ot:·~r externalit1es in the 

Newpnrt renion including educatfon, transportation, law enforcemPnt, fire protect~on 

nd he~it~ care pose no fore-seen proble~s. Please reFer to the attached paper 

develo¡Jt~d by the Indiana Department of CoiMierce entitled "Economic Jmpdct Estimates" 

for ft~rther information aboutthe above summarized remarks. 

_T_I!Y .Q5:par_tment of Civil Defense, while pointing out some thing'> wh1ch the Final 

E:wiron111ental Impact Statement should address, does indicate that the pr-opose<1 Indiana 

si te location is not now located in a High Risk Area as per [leff!r1".t! Pr·epar·eúrress 

Ageucy Technical Report (TR)-82. The area could become a Category II High R1sk 1\rea 

along Wltll the Indiana Army Ammunition Plant at Charleston and the Crane tlava1 

Hedponc; Support Center in tlartin County at such time as the pro¡;osed fdci 11 ty bt.·comes 

operational and possibly before that date. 
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:11e State Planning Services Agency 11as statutory responsibility to coordinate 

state planning efforts. This agency is also responsible tor State planning in 

certain areas to include land use, housing, and r~l~ted concerns. This agencies~ 

comments confirm that made by the Department of Commcrce that h0using is aqequateo to 

fulfill projected demands. In the area of land use concerns, there are no serious 

negat1ve impacts resulting from the project location at the ~le111port, Indiana. land 

is available and suitable for construction of the proposed facility. The a1·ed has 

the abi 1 i ty to support any increased der.~ands due' to addi tiona 1 ernployment and resul tapt 

der;1ands on public services. From available data, it appears that the Indiana $lte 

is bHter suited for· the proposed developr.~ent than eitl1er of the alternate sites. 

Aesthet1cally, the Newport site affords natural buffer zones to shield existing 

resid~··t1al areas. Existing and proposed transportation is adequate to nrrt needs 

and ex1st1ng rail access to the Newport Army Arrrnunition Plant is excellent. The 

reaJL"r i s referred to S tate Pl anni ng Serví ces Agency Comments in Appendi x. 

fhe above ndrrative serves to sur:liTlarize state agency A-Cl~ Review coru'lents. The 

comm~nts made by the Regional Planning and Development Com111issions are to be 

subn1itted separately through the State Clearinghouse but are in accord with State 

Age11r y responses and concerns raised by these Cor.rnissions are generally addres~ed by 

the var1ous State Agency comments. The Re~ional Planning and Develop~ent 'Com1nission 

•espo~ses are included in Appendix A, however, for ease of reference. 
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SUPPORTING STATEf1ENT ON BEHALF OF THE STATE OF HlDIANA 

Indiana is in the heart of the midwest industrial area. This area has lony 

pro vi ded i ndus try wi th a s trong 1 abor force, food for the tab 1 e and adeq1:a te 

sheH.,.r. llowever recent trends in the national economy have provided a surplus in 

b1o of tt,ese eler•ents, labor and housing in west central Indiana. Like the rest of 

the lldt!On, the area around Newport Indiana can supply a variety of labor skills for 

~HtV u:ew industry that may establish itself in the area. Construction and na1ntenance 

pt:::->onn~S. blue collar factory labor, clerical and transportatíon wrJrkers to name a 

fe.-L 1here 1s a great variety that would be available for thP kOX/1111X facility. This 

ld~or torce ha~ always been conmruting labor force, to industrial centers such as 

1ern• l!aute, lt~fayette and the other smaller corrmunities in the area. Surveys have 

•nd Cdt~d thdt there is in this same area, an inordinate supply of a variety of home 

sty'e-.. avalla.ble, both for sale and rental, resulting from families ~JhO have left or 

are ~ait;ng to sell their homes so that they ~ay move closer to sources uf new 

e. '1' 1 •U•It. 

'•a: ccvnorny of this ar'ea will be enhanced, not only through the salaries recaiv!.!d 

••·o¡;t tl1e new industry, but also through the expansion of local bus1nesses brought 

abo u t bv the new money in the a rea. 

In addition there are many educational and social amenit1es associatd with 

the arl'a. There are three majar universities within commutinq distance of t!ewrort 

at which new or long term residents may take advantage. 

The draft EIS evaluates the proposed sites for the RDX/HNX Expa.nsion facility 

lfi l!4~t of eleven Impact factors: Impacts on the fish, wildlife and vegetation; 

lmpacts on air quality; lmpacts on water quality; lloise Impacts; Solid 'liaste lmpact; 

,,., 
.s on unilities; Seismic Ricks; Archaeological sites; Aesthet1c Impacts; Cooling 

:'wer fmpacts; and Socialeconomic Impacts. 
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ln ordcr to r•J(We accurately assess the benefits of locatHJil tt1e Expdnsi•Jn 

•,•c1l1ty at the Newport site the statement 1-1ill address the Impact factors as they 

affect each of the proposed sites. Fo1lovling that discussion a summary will be 

provided that addresses the shortcomings of the -Newport site and ho1·1 they can be 

. ' 

~~cts of fish, wildlife and veqetatiun is statec!_i~ __ t~e_sJ"1!_~_,-~ _ __Qf_ 

the Orart EIS. 

r¡par1ng, grubb1ng, and grad1ng the l,Onn to 1,?00 acres ne~aed to 

construct the proposed facility would extirpate the ecological communities 

currently inhabiting the area. This impact woulrl be rr1ost sPvere at ~111an 

and lPast 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 /JAilr 1·10u1d not affect any le~al1y protecte>d 

terrestia (plants or animals). ~!hile at the 1·1NAO site there 1·1as a 

poss1bility that the scarlet snake would have to be cleared from the area. 

At MAAP the Coppers ha~k o~ the sharp-skinned hawk might be IMpacted. 

in~t2_on Air Qual1ty 

In terrns of /\ir Quality, 11ilan Tennessee appears to be the most favor ',le 

site. li01·1ever, at the Ne~1port site there is only a possible violation of the> 

annual ~0 2 standard and that could be corrected with the use of abatement 

techniques .. 

1. Impac ts on '·!a ter Qua 1 i ty 

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

miles of receiving streams could fall below the state standJrd 

for dissolved oxygen. Also violation of the Oklaho111a sulfate 

standard would occur. 

The big problcm at Nilan appears to be the present \-later supply 

... lith the existing v1ells prov1d1ng 7 r:so and The Expansicn L•cility 
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fher(> ill'pears to be no significant ln1¡;act on ~~- · , " , . 1 ty a t 

t.l p nevtport si te. 

IV. !loise Impacts 

The surnmary statement statcs, "The US Environmental Protection 

Agency has established a maximum of 55d!3(A) at the plant boundJry 

as a long term goal. Noise contours bet\·teen 55 and 60 are projecteu 

to extend beyond l~cAlester's and t<\i-lan's boundaries if the RDX/Ht~X 

plant and existing facilities operate concurre~tly. Since noise 

levels up to 65dB(A) are acceptable for military housing, this im-

pact is considered minimal." 

So 1 id ·.;a~ tes 

"tlc• ::.~""'lOus solio v1~ste disposal problems are ant1c1pated at any of 

the thrl!e sites. Clearing of vegetation during ronstruction will 

create the largest quanities of salid wastes at Milan, and the least 

at NC1'1port. Construction wastes and inert vtastes from operation of 

the RDX/Ht~X pla11t ~dll be land-filled. Oisposal options are still 

being evaluated for explosives and contaminated wastes but the tech-

nology is in hand to dispose of these salid wa~tes in an environmentally 

acce~~table manner." 

L . .P_C!_C'i_ q_n Uti1ities 

Considerable amounts of power (5,600,000 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 cupacity is adequate to meet the demand. 
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Seislllic Risk ----------. 
• •• 1 { ll ' ) ( ~ .. 

1111ner damage arec1. However, the t·lilan site is with1n a Zone 3 

or majar damage area, MMVIII and larger. The Milan sitc is in a 

seismic~lly active region, and the possibilily exisls of failure 

durin9 an earthquilke, of a critical component in thc t~utomilted 

systems . 

. n s•_.,1:11~ry, a careful evaluat10n of the seismolog:cul settings of 

the three candidate sites and of dala presented in Appendix D 

1ndic:ate that MNAD and NAAP hrwe very similar, and lo•·', seismic 

ricks; i.e .• the probdbilities of seism1c cvents of vdrious in-

tC'nsilies occurring in the future at these two site~ is almost 

thC' <,.··pn As for the ~1i 1 an s ite, t!1r Sf' 1 s1n i e' ty a e ti llene e the 

• i -,k 1 ~ "~UCh h i SJher than the other ':.•.:0. 

::o .:pp;¡cts are anticipated on historical sites or ccmetaries at 

any o' the sites. The cemctary \·lithin the safety zone of the pro-

posed facility at MAAP will not be co~promised. 

At tU\/\P, there is evidence vía field survcys of a prt:>historic ví f-

1age j11st northwest of the proposed ;:,-oduct ion area. 1\t 1·1AAP, re-

1 oca ti en of the burn i ng ground and demo 1 i ti on 9rouncl 1>10u 1 d in1pact 

adverscly on known archaeological sites. However, t~i1an hAs a FY78 

construction project to erect a contaminated waste incinerator and 

-r~losivc waste incinerator. 

'hese "incinerators will make relocation of the burn11H] and 

(~emolition grounds unnecessary. These incinerators \o;ill be locat~J 

in such a manner that no historical or archaelogical rt~Owr"ces 

1;' 1 1 impcJc. ted." 
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~ CJlPt~C _!f!!.QilCtS 

·stl:._.:·ccllly speuking, the Ne1·~~·ort slte a~-l~dr'-> t; 

.hdpe since it is completely developed. At McAlester the water-intake 

structure at Lake Eufaula could constitute an aesthetic impact to 

tt·ose using the area fcr recreational purposes. And at r~ilan, the 

wood lots would have to be removed. 

~. Codinq Tower Jmpacts 

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

JQ~entation of rain and snow are expected to be local and not severe. 

~wever, at McAlester visible plumes of length over l-2km will occur 

\>Jith a fr~quency of less than lo hours per year. In other \'t'OrdS". 

vis;blc fog plume will be contained \'lithin the boundaries all but 10 

hours rcr year. At Milan, the same situation is expected to occur. 

There is no expected visible plume beyond the boundaries at the 

Ne>l't'port site. 

XI. ?.9_c~c:ono:nic ImQi!cts 

The su::uu~.~r; statcment for the draft EIS impertantly :dlo..es note of the 

fact tr .L frorn a socioeconomic standpoint t:e·.:port appears to be thc 

o es t s 1 U·. 

"Peru_.,·c,.:uons in employment levels constitute a potentia! adverse impact. 

It has bcen demonstrated that the existence of.major metropolitan area 

considrrably softens the blow of a base closure or cut-back on the sur

rounding cormuunity. The Nel't'port area has a popu1ation roughly tHice 

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

conc1 '· ·_,n is that McAlester's economy \·1ould be the most adversely af-
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~L'r.tt?d !~dgher proportions of unemployed and weHare recipients. 

:; ~~ousing market) during slac!< periods il' · .. Jrtlon. 

The case infusions into the local economies from a mobiiiLed four 

1fne RDX/HMX plant would account for 17.4 percent of the total annua1 

)'-¡usir.ess volume in the McAlester region, for 4.9 perc.ent in the t1ilan 

rC'gicn. and for 3.8 percent in the Ne,wport region. The higher tlle 

prCJpo• :ion, the more dcpendent the region is on .milftar:· do~1ars~ f.e •. 

the les~ diversified its economic base. 

S¡l:::Joh are the most crowded ·au the Nilan ¡·egion. and signsfkor:t 

i1r;:-.~~rc·'ion could have an adverse impact; this w'ould be offset somewhcP 

by re'_cipt of federal impact funds fot· children of federal employees 

(ir:::lLding construction contractors). and federal school constructior. 

n1or =.y (badly backlogged. however}. 11 

Beir¡g thdl the socioeconumic aspect is so important, the 11cxt ~everal 

PJr ~sr:= ¡ .. hs devote attention to the benefi ts of the Ncwport si te. 

' .· Jr ,...e'luirements for operation of the RDX/HMX fdcility with two 

prc:!•..:.:~ions lines is 768 workers and 1,132 workers with four production 

li•?s. The Newport area appears to be able to fill all anticipdted jobs 
1 

wit1c:.;t significant imigration occurring. The Ne~A~port area has 9.4% of 

th-; f~lilies below the poverty level~ on an absolute basis there are 

6.~..!2 fc1rnilies below the poverty level. 

lloi.Sir.•] should provide no problem. Assuming that the cuuaj.Jlete -IIOrK 

for:e curing the highest year of employment (1,250 workers in 19Rl) had 

tu --~~~in new housing or of the four line rnobilization work fon·e (1.132 

~'t:(~cps) had to obtain new housing. there would be more than enough 

stnc'::rd vacant units ( 4D 700 in N~P) to meet the need. Thi s does not 

~~·~~·~.::> the projected secon_dary jobs, but since in-migration would be 

un-';:c.l this should present no problem. 

l•·.1 .. schools in Indiana lfiDuld receive a bonus because new rll1ings on 
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impdct funds can be distributed only in school districts located in 

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

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

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

and r.echnical schools provides a positive impact in maintaining a skilled 

woric. force. 

ftt»te> llig!l\oJay 63 provides the main access to the Newport site for 

v~hicular traffic and the current Volume/Capacity ratio indicates use 

lit ~,2'':. of capacity. In the peak construction year it is estimated that 

thrH'e would be 833 additional vehicles that could be expected and 755 

dcditional vehicles during production with four-line mobilization. No 

problem is foreseen with respect to vehicular traffic except potential 

traffic congestion at the site due to lack of park facilities. Car 

pools and busing workers would however alleviate this problem. Locational 

factors are also important with respect to transportation. The Newport 

faci~ity is strategically located with respect to other important supporting 

·facilities. Clase IJeographic proximity to the Naval Ammunition Depot at 

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

Ot'di ncnce faci 1 ity a t Conners vi 11 e, India na and Jefferson Pro vi ng Ground at 

Nadison. Indiana shou1d provide significant transportatJon cost savings as 

well as important tim2 savings. 

No law enforcement, fire protection or health care problems are foreseen. 

Additional stáffing will be necessary and increased comrnuter traffic may increase 

pressure on local police agencies; again this problem is minimized by the anticipated 

].,,¡ 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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regi on hdS many outuuv. ecre, ~ 10n po',o.., . 

. 1ty w ;¡~,ge urban dreas provides possibil1t1es for many cultura! ,pursuits .. 

in surnmary of the eleven Impact factors used in the evaluation of the 

proposed three sites the Newport area has a clear advantage in s~ven o~ the 

1 mpa e t fa e t o r s Of the remaining four factors: 

A. All ~ites are capable of providing the needed ut) I1'.Je5, 

B. Newport and McAlester are both within a favorable an:d as far as 

s-:i'>rl'ic is concerned; 

C tJ¿·"I::''.JY'"t would need to use abatement techniques to LOntro l tl1e ~¡o 2 
stM1•Jctrd, the cost of such projects will be minimal~ 

S t,1: l"',.~nt - -

Tll(~rc 1s evidence of a prehistoric village just nor~ntvest 'Jf the 

•:P1vr·····+- c:ite. However, that vi11age is not with;,. the proposec.J 

in ... , .... -· ""V., and; 

nrr a,h~1t10nal consideration is lntroduced 1n the cor·unent"> of f?egion 1V 

Plann1ng and Development Comrnission 1.,hich reveals the fact that 

"Con:l!.ljnity attitudes toward the expansion of the Newport In(llána· 

fac111ty are favm·ai.Jle". v!e feel that this is·of majar imp'Jrtance 

for such a project in support of the Newport facility. 

beha'f 'Jf the State of Indiana based on dnaly~is of e···nronmental and 

~nt eLonom~.~ factors, we stroP~ly recommend that the Newport site be sclected 

''" -· site fn• expansion c·f tht: proposed PDX/HMX idci'lity because the fJt•wport, 

•,. J locdt•· :·: is leading al1 other proposed locatiuns based cm a cGmpq>l-)en~ive 
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Lecture 116 

STATEMENT HETHODOLOGIES 

by 

L. W. Canter* 

Parts A and B of Section 102 in the National Environmental PoUcy 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 
J 

to these requirements, numerous environmental impact assessment roethodologies 

have been developed since 1970. 

I. Purposes of Environmental Assessment Methods 

There are severa! purposes which are served by impact analysis methods. 
One is to insure that all environmental factors which need to be considered 
are included in the analysis. This purpose is relevant since the environ
ment is a complex system of physical-chemical, biological, cultur.al, and 
socio-economic resources; and various types of actions can create complex 
impacts and interrelationships on these resources. Methods which provldé 
an approach for systematically considering envfronmental factpr& 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 alten1atives to the proposed action. Methods 
of impact analysis provide the approach for evaluating absolute or rela-
tive impacts of alten1atives. In conjunction with impact evaluation, it 
may be determined that there are data deficiencies either in terms of the 
description of the environmental settjng, factors associated with che pro
posed action, or technology available for impact prediction and ~ssessment. 
Methods for impact analysis can aid in identifying data needs and plannin~ 
special studies or field studies. 

Another important purpose of methods of impact analysis is associated 
with evaluation of mitigation measures. Direction of attention towarJ 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, Normau, Oklahorna. 
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ru1other purpose for assessment methodologies is to provide information 
in summary form for public participation. Utilization of a systematic, 
int~r-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. 

II. 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 enviran
mental parameters to be investigated for possible impacts but do not 
require the establishment of direct cause-effect links to project 
al'tivities. They may or may not include guidelines on how parameter 
Jata are to be measured and interpreted. They may have developed 
pdrameter weighting systems. 

Categories of Checklists 

l. 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 scal.lng checklists with inform
ation provided as to subjective weighting or parameter with respect 
to each other. 

III. 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 ítem. See Figure l. 
List of actions and items in Table l. 
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Actions Causing Impact 

FIGURE 1: Leopold Interaction Natrix 
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TAULE 1: Actions and Items in Leopold Interaction Matrix 

Ca tegory -

A. 
Modification 

of Regimc 

B. 
Land Trans
formation 
and 
Construction 

Actions 

No. Description 

a. Exotic Fauna 
Introduction 

b. Biological 
Controls 

c. Modification of 
Habita t 

d. Alteration of 
Ground Cover 

e. Alteration of 
Ground Water 
Hydrology 

f. Alteration of 
Drainage 

g. River Control 
and Flow 
Modification 

h. Cana!ization 

i. Irrigation 

j. Weather 
Modifica tion 

k. Burning 

l. Surface or 
Paving 

m. Noise and 
Vibration 

a. Urbanization 

h. Industrial Sites 
and Euildings 

c. Airports 

d. Highways and 
Bridges 

e. Roads and Trails 

f. Railroads 

Environmental Items 

Category 

A. 
Physical 
and 
Chemical 
Character
istics 

l. Earth 

2. Water 

3. Atmos
phere 

No. Description 

a. Mineral Resources 

h. Construction 
Material 

e. Soils 

d. Land Form 

e. Force Fields and 
Background 
Radiation 

f. Uniquc Physical 
Features 

a. Surface 

h. Ocean 

c. Underground 

d. Quality 

e. Temperature 

f. Recharge 

g. Snow, ice, and 
perma frost 

a. Quality (gases, 
partícula tes) 

h. Climate (micro, 
macro) 

c. Temperature 

4. Processcs a. Floods 

-4-

h. Erosion 

c. Deposition 
(Sedimenta tion, 
precip1tation) 
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... 

Act1ons Environmental Itcms 

Ca~cgory 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- L Compaction and 
cluding Fencing Scttling 

j. Channel Dredg- g. Stability (Slidess 
jng and Slumps) 

o Straightening h. Stress Strafn 
k. Channel Revert- (Earthquakes) 

ments i. Air Movements 
l. Canal a B. 
m. Dama and Im- Biological 

poundments Conditions 

n. Piers, Drawalls, l. Flora a. Trees 
Marinas, and b. Shrubs 
Sea Tcrmirwls 

Offshorc 
c. Grass 

o. 
Structures d. Crops 

p. Recreational e. Microflora 
Structures f. Aquatic Plants 

q. · Blasting and g • Endangered Species 
. Drilling 

Cut and Fill h. Barriers 
r. 

Tunnels and i. Corridors 
s. 

Undergrcund 2. Fauna a. Birds 
Structures b. Land Animals Incluclin2 

c. Reptiles 
Resom~ce a. Blas ting atld Fish and Shellf ish 
Extraction Drilling 

c. 

b. Surface Excava-
d. Benthic Organisms 

tion e. Insects 

c. Subsurface f. Microfauna 
Excavation and Endangered Species 
Retorting 

g. 

d. Well Dredging h. Barriera 

and Fluid 1. Corridors 
Remo val 
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CuL<.:gury 

F. 
Resource 
Renewal 

G. 
Changes in 
Trafiic 

H. 
Waste Re
placcment 
and 
Treatment 

.. 

Actions Environmental Itcms 

No. Description Category 

4. Cultural 
a. Reforestation Status 

b. Wildlife Stocking 
and Management 

c. Ground Water 
Recharge 

d. Fertilization 
Application 

e. Waste Recycling 

a. Railway 

b. Automobile 

c. Trucking 

d. Shipping 

e. 

f. 

Aircraft 

River and Canal 
Traffic 

g. Pleasure Boating 

-h. Trails 

i. Cables and Lifts 

j. Communication 

k. Pipeline 

a. Ocean Dumping 

b. Landfill 

c. Emplacement of 
Tailings, Spoils, 
and Overburden 

d. Underground 
Storage 

e. Junk Uisposal 

f. Oil Well Flooding 

g. Deep well 
emplacement 

5. Ma n-Hatl e 
Facilities 
and 
Activities 

D. 
Ecological 
Relationships 
Such As: 

Others 
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No. 

a. 

b. 

c. 

d. 

a. 

b. 

Description 

Cultural Patterns 
(Life Style) 

Health and Safety 

Employment 

Population Density 

Structures 

Transportation Network 
(Movement, Access) 

c. Utility Networks 

d. Waste Disposal 

e. Barriers 

f. Corridors 

a. 

b. 

c. 

Salinization of 
Water Resources 

Eutrophication 

Disease-Insect Vectors 

d. Food Chains 

e. Salinization of 
Surficial Material 

f. Brush Encroachment 

g. Other 



.. .. 

Actions EnviroP~ental Items 
=~--

Category No. Description Category No. Description 

h. Cooling Water 
Discharge 

i. Municipal Waste 
Discharge In-
cluding Spray 
Irrigation 

j. Liquid Effluent 
o Discharge 

k. Stabilization 
and Oxidation 
ponJs 

l. Septic Tanks, 
Commercial and 
Domes tic 

m. Stack and 
Exhaust Emission 

n. Spent Lubricants 

I. 
Chemical a. Fertilization 
Treat1nent 

b. Chemical De-
icing of 
Highways, etc. 

c. Chemical 
Stabilization 
of Soil 

d. Weed Control 

e. Insect Control 
(pestic:ldes) 

J. 
AccidenLs a. Explosions 

b. Spills and 
Leaks 

c. Opera t ional 
Failure 

Others 

t. 

1. 
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B. Interaetions 

l. Deseribed in terms of magnitude and importanee. 

2. Magnitude 

a) related to extensiveness or seale 

b) objeetive evaluation based on faets 

e) seale from 1 to 10; 10 represents greatest magnitude; 1 repre
sents lowest 

3. Importanee 

a) related to signifieanee 

b) subjeetive evaluation based on the judgment of interdiseiplinary 
tea m 

e) seale forro 1 to 10; 10 represents most important, 1 the least 
important 

C. Evaluation of the Leopold Interaetion Matrix 

l. Can be expanded in either direction 

2. Can be used as: 

a) gross sereen for identifieation purpose 

b) teehnique for visual display of impaets 

3. Can be used for various temporal phases of the projeet under eon
sideration: 

a) eonstruetion 

b) operation 

e) post-operation 

4. Can be used for Vé.rious spatial boundaries 

a) site 

b) region 

5. Used to define three levels of impaet 

a) major (important) 

b) intermediate 

e) minor 
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6. Can show plus or minus impacts 

7. Summation of rows or columns might offer sorne 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. Principies 

1. This method was developed for transportation projects. It b~sically 
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 .portian 
of the checklist is in Table 2, and a summary of the results from 
each portian is in Table 3. 

B. Evaluation 

l. Good for summariziug impacts and showing trade-offs. 

2. Flexible 

3. Application to alternatives of different type is questionable. 

V. Scaling-Weighting Checklist (Battelle Environmental Evaluation System) 

A. Principies 

l. Oriented to water resources development projects 

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) Measures impact in commensurate units 

e) Alert system (red flags --- majar and minar) 
sensitive areas 
data need 

3. Commensurate Units 

a) Needed due to variety of units of expression for 78 environm~ntal 
parameters 

b) Steps 
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Factor 

u. EUV I RDN!il! HT AL 

A. Colrilllunlty (Local 
Are a) 

l. Noiae ~ollution 

(a) Adj.11.cent to 
f reeway 

(b) General orca 

2. Air Pollut1on 

(G) Adjoc:ent to 
frru.-way 

(b) General era a 

l. Drainaso 

(o) Adj &co.nt to 
troovsy 

(b) ~noral are& 

t.. Water Supply 

Table 2: Example of Adkins-Burke 
Method in Environmental Category 

ful..li!!& 
IAl tc-_rnat t ve 

~etinition or Explanation 1 2 J 

IHEi'A and PPM 2Q-8 1\ f\ "\ 

[X ~ 1>< 
~latlon to present [X [X V< levels PPH 20-8 

-2 -1 

+3 +1 

IPPH 20·8 rx IX [)_( 
+2 +1 

+.5 f+2 

~ffec:te on chancea ot [X IX !X flood1ng 0 etc. 

+1 o 

o o 

IX IX X 
(a) Water pollution ~PM 20-8 PermAtlant or o o ~erioua temporary 

(b) Water Quantity ~nterference 11r1 th movement e o pr level of ground votar 

5. Waete dhpoul 1'PH 20-6 Ac en o 
~nterference 1 «te, 

to 1 o o 

6. Flora eftecttll NEPA and PPI1 20-8 and 
Irrt:plllceable los ses, o o 

fa te. 

7. Fauna effecta ~EPA and PPH 20-8 o o 
l»ruding or neoting, etc:. 

-10-
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r, 

Co~n~~~ents 

Relicf of street traffic 
hclpo offset, 

IDr¡~rovea due to relicf o f 
street traffic. 

r~lief of atreet traffic:. 

Relief of atreet traffic:. 

-·-
Rte. 1 vill help slightly 

Little. if any 1 effect, 

l.ittle 1 1f any, effec t. 

Little 0 if any, cffect:. 

Little 1 1f any. effeet. 

Llttle, 1f any, efteet. 



-- R.. tl na, 
Alcl-rnntfve 

Pector ~efinltion or Explonation 1 2 3 C=entll 

Parlo tl'PH 20-8 . ' !LlpCOVe• lmprovea ac:ceoe to. 8. 
+S +2 ¡went or ¡l=c.Ka to 

9. Playnroundo PPM 20-8 lcprovo• +.5 o Rte. 1 1mpro'vu acceue :a. 
lllent or d4!!1118G to 

10. Archoolostcd iJ-r.!PA Md Phi 20··8 
l'litfle fLOillll of or acc.ul'lll to, 

etc. --
U. lliatorlcal PPli 20-8 LOS6 cf 

deos or .!ICCESa to, ~ce. 

12. Opea opGce 

13. \'leud eepecta PPH 20-B COII!llluni ty 
vic.-.. ct fnmta';l 

(a) Adjacent to 
frew&y 

(b) Ceneral &fGIA 

14. Satety PM1 20-3 Any ch11n¡¡e 
in haa:ardCJ 

(a) Tu fUe 

(b) Pedeatrian 

f---.-
(e) Other 

15. Other PPU 20·8 "·IJ· 1 
otnor renourcea 

B. Vreevay Hotorist 
PPH 2D-B 

Exper1cace 

l. VJ.w of fnevay Appu unes and UC:•Jt'Lty 

--
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lXIX 
Rte. 1 givee !!lOra rt~lie f +1 
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" 
+1 Rte. t more persona invol 

-

lX rx 
+1 

+1 

+3 
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Rte. 2 could g1 ve 
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Htt.: • 
., good • . 

Rt 11. l d OVIl t ov.'1 oreo 

Rte. 1 would dlsplace 
hazarda. Rte. 2 would 
f'¡J''lAf IPOfOrlHt9 t~ 

11 ·"!!..!:J:Ul tl~IVJ!, 1: !;, 

Alternative 
1 2 3 

No. of plUD rattng11 -~L _!_L __ Alg.ebraic eum of rat!nga ....!!.!!._ _!L _ 

No. oC 111lnus rr:~tlnaa _1 __ L __ Avara¡¡ e of ratlnga 2.J.l_ _1 ,00 __ 

D.at1o of plua rotin¡:s .:.J..~ .:J!.lL _u 

-ll·-

blc. 
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Table 3: Adkins-Burke Melhod: 
Overall Comparison of Ratings 

- tfo. ot No. of- Total - -A 1 gcn-r a 1 e Ratio 
Part Plua Hi_!'I~B- ,_~Q.. ºL Sum_oL nt P.Lua ~~-

¡¡;cings Ratingo R11tings Rat1ngs RiiLinga Poting 

lA. TrMap., l..ocDl Area 

.uc: 1 --J-- 6 ·-,..-- nr·- -.)4 llB-

Ale·. 2 4 2 (, 1 .67 . l 7 

Al t. J ------ -- ---- -- --·---- - -----

18. tranop., Het ro poli ten - ---
Are o 1----- -f.--- -

.u c. 1 R o 8 34 1.00 4.2~ 

Al t. 2 6 1 7 7 .8& 1.00 

Alt 3 - -- ~ ---· -----
u. !nvironmental 

Ale. 1- 15 1 lf> 44 .94 2.75 

A.lt. 2 12 2 14 14 .86 1.00 
----

Alt. 3 

IIIA.. Socio, Co111111un1ty 

Al t. 1 9 2 11 27 .82 2.46 

Alto 2 6 J 9 -1 .67 -.11 

Alt 3 

1 liB. Socio., Hcst ro poli tAn 
AnA 

Alt. 1 9 _Q 9 1l l. 'lO 3.44 

Alt. 2 . 6 1 7 ' - a6 1.011 

Ale. ~ 

IV, !conomic Impace 

Ale. 1 15 _H_ 29 " • 52 . ~) 
Ale. 2 14 14 28 -11 .50 -.39 

Ale. 3 

Al1 R¡;tings 

A1t. 1 63 23 86 liH • ~J 2 .lO 

Ale. 2 46 23 71 17- b8 .24 

Ale ) 
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4. 

S. 

1) transform parameter estimates into environmental quality (EQ) 

2) assign importanee weights to parameters (PIU) 

e) multiply EQ x PIU to obtain environmental impaet unit (EIU) 

EIU = EQ x PIU 

EQ 

a) values from O to 1 

b) o = extremely bad quality 

e) 1 ::: vary good quality 

d) range of values 

e) provides eommon bases 

f) value funetion based data and/or judgment 

PIU 

a) 1000 PIU divided among eategories, eomponents, parameters 

b) "ranked pairwise eomparisons" 

e) example of ranked pairwise eomparison: 
PIU among 3 water pollution parameters: 

1) Chlorides (3) 

Assign to DO value of 
Turbidity = 1/2 of n.o. 
Chlorides = 1/5 of 

Turbidity = 

DO = l.O (lOO) = 63 
1.6 

= 

Turbidity = 0 · 5 (lOO) = 31 1.6 

Chlorides =' O.l (lOO) = 6 
1.6 

1.5 
0.5 

0.1 
1.6 

Distribution of lOO 
Turbidity (2), n.o. 

B. Usage 

l. Obtain parameter data without the projeet for eaeh of the 78 enviran
mental faetors. Convert this parameter data into environmental 
quality seale values for eaeh of the 78 parameters. Multiply these 
seale values by the parameter importanee units for eaeh of th•· indi
vidual parameters to develop a eomposite seore for the environment 
without the projeet. 

-14-
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2. For each alternative, predict the change in the environmental para
rneters. Utilizing predicted changes in the parameter values, determln¿ 
the environmenta1 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. 

C. Evaluation 

The numerical evaluation system provides a tool that serves to 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 critica! changes. 
As is thc 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 passi.ng or failing 
score in the Battelle System, since the resultant numerical evaluations 
must be subjected to professional interpretation. The methodology ís 
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 is 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. 
lt 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 Engíneers. 
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ENVIRONMEnTAL ASP[CTS OF DEVELOPMF.:NT ASSISTANCF 

It is AID policy: 

to assist in strengthening the indigenous capabilitics 
'·of developin~ountries to appreciate and evafuate the 

potential environrncntal effects of proposed develop
ment strategies and projects, and to select, implernent, 
and manage effective environrnental protection rneasures, 
and 

to ensure that the environrnental consequences of pro
posed AID-financed activities are identified and con·· 
sidcred by AID in collaboration with the host countrx 
prior to a final decision to proceed, and that appro
priate environmental safeguards are adopted.l 

This policy reflects AID's recognition of the responsibility 
incurnbent on all agencies of the U.S. Government to conduct 
their operations in a manner that mitigates or avoids any 
potential short- or long-term deleterious environrnental 
effects of local, regional or global proportions. It also 
derives from the opportunity to' rnake a speci.al contribution 
in an area of increasing concern to developing countri.es, 
and the world in general, by virtue of the unique scientific 
and managerial expertise the United States has developed to 
deal with environrnental problems. 

1 Virtu~lly all AID activities concerned with raising 
basic living standards can be considered "environrnent:al" 
in a positive sense. However, this and subsequent 
references to AID's "environrnenta.l policy" refer specif
ically to those precepts, procedures, prograrns and 
actions which, by deliberate design, seek to improve 
or protect the quality of air, water and land resources 
by: (1) eliminating or rnitigating 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. 

Filif!U instructions: 

F-l 
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II!Jta61,//j,Jij),llj Wil 1 be published 
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A TD' s environmental policy confonns '..Jitn concepts embodied 
i"1 the National Envirorunental Policy Ac;.t of 1969. That 
Act cscablishes, as national policy, that the United States 
\vill "promote efforts which tvill prevent damage to the 
.:'rwj-:·r·m::f'nt Ancl hiosphere, and stimulate the health and wel-
~ . l r 2 . (, · .: ·-~ , ' ' - , , ~ e· . t 1 ~ ; , l :' . · , ' 1 1 · ::, · i : ~ . , f 1·], (' F r"- ( 1 0 .r n 1 
GovornttH:nt Lo 1.eviev1 progL·c.~ •. ts ft.!d pluceclu;·,. ;_.;iLh "pc!.-L_ict,lnr 
~~f~rertce to their effect on the environment and on the con
';erv:lt.ion, development and utilization of natural resources." 
It :=t.,~rthP.r directs all government agencies to: 

":.:L'cognize the worldwide and long-range character of 
::r..rirorunental problems, and Hhere consistent with the 
foy~ i.6r~ policy of the United Sta tes, lend appropriate 
su)parc to initiatives, resolutions and programs 
~c~~;Ded to maximizo cooperation in anticipating and 
~'n~-.·~nting a declinE: in the quality of mankind' s \vorld 
ee vironmen t: .... " 

J •• •: :i.s AID policy to seek consistently to further these bread 
.-:.:~~~:'i:~-~::mment~l objectives táthin the frame1.vork of the U. S. 
}2:l.Ji:!t<3_r.::.l slevelopment assistance program -- recognizing 
rfiat Lhe sovereignty of developing countries as well as 
t::hei_r differing priorities, stages of development, cultural 
~nc social values, environmental concerns, anrl sensitivity 
to external efÍorts to influence their national development 
plans make this a difficult ~nd d2licate task. 

Despite these potential constraints, provision of U.S. bi
laceral 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 principie that 
environmental planning must be an integral component of 
national developrnent 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 clase collaboration with recipient 
developing countries in carrying out its environmental 
responsibilities. In the larger sense, worldwide enviran
mental goals will be achieved only with the willingness and 
ability of the developing countries to assume the responsi
bility for anticipating potenrial effects, carrying out 

F- 2 



sound pl~nning and project ~esig1, a~d rnanaging ~nd moni
toring the acLivities. 

ENVIRONt-P~NTAL ASSESSMENT :?OI.lCY 

It is AID policy to assess systemacically every proposeJ ne~ 
development activity at the earliest possible stdte for 
significant potential environffiental effects, and to prepare 
a d~tailed environmencal assessrnent in each case where sig
nifi~ant effects are probable. "Activ.lcies" to be assess·?d 
include capital development projects (e.g., construction of 
roads, irrigation systerns, ports), technicRl advisory ser
vices, craining and education programs, research, and 
commodity procurement. 

In the case of AID activities which are either carrie~ out 
tvithin or focused on ~_p_ecific LpCs, environmental asseas · 
ments ~vill be conducted by qualilríed experts in and with lhe 
direct participation of host goverrunent institutions wnen
ever possible. Consultations will be· held between AID 
staff and the host government on the results and significance 
of the cornpleted assess~ents, and agreernent reached on any 
necessary rnodifications prior to final approval of the pro
posed activities. In addition, AID will encourage and 
assist, if possible, the host government to involve brand 
elements of the country's citizens in the decision-making 
process, particularly those potentiaJly rnost affected hy 
any environmental effects. Subject ~o authorization by the 
host governrnent, AID will rnake the assessments available to 
interested parties within the United States in_advance of 
final actions on the proposal. 

{fuere the proposed AID activity is ngt "country-specific~' 
(e.g .• research at a U. S. institution}, or vlhere it consti
tutes one of a class of activities (e.g., pesticide3 procure
ment), a single environrnental assessment will be .made in 
AID/Hashington, circulated to AID's overseas Missions and 
host governments for information, guidance and comrnent, and 
made availahle within the U.S. to interested parties. 

AID will assess and react to situations where the enviran
mental assessment indicates that potential effects rnay 
extend beyond the national boundaries of the recipient 
country. Hhen adjacent forelgn nations may he affected, it 
Í.:3 AT.D po Licy to 1u:gc thr~ counlry rcquc:-sting a.ssi stance to 
cons~_.Ilt wltt1 its neighGors in udvance of project dcvelor•men~ 
and to negotiate mutua1ly acceptable accomnodations which 
will then be reflccted in the bilateral agreemcnt reaci~ed 
with AID. 



~\he :ero an as t>es srnen t indica tes tha t a proposed ac ti vi ty would 
signlficantly affect the environment of areas outside any 
nation's territorial jurisdiction (e.g., the oceans), or 
\\10:Uld significantly affect the environment of the United 
States, A!D will, subject to foreign policy considerations, 
comply with the procedural requirements of Section 102(2)(C) 
of Nacional Environrnental Policy Act, (as amplified by the 
9~idelines for Federal A~encies under the National Environ
~~ntal P9licy Act, issue by the Council on Environmental 
Qualjty, revised May 2, 1973). This requires preparation 
of 3i' 11 t~nvironmental impact staternent" and its · circulation 
fc·c ,·or:·¡r.¡ent: \vithin the U. S. prior to any final proj ect 
decision by the Agency. The impact statement will also be 
p·a-7f.Jed tu Missions and LDCs for information and comment. 

l~ SLJt~ cEses, AID is pnly one of several donors for a par-
í"í .... ul;::,r accivi.ty. Nevertheless, it is AID policy to factor 
envi::-~..nr.1ental considerations into its own decision on whether 
to cc•ntribute to a proposed multi-donor activity. When AID 
is th~ (or .§!_) !Tiaj or:_ contributor to,vard an activity which, 
upon initial examination, may cause significant environmental 
~ffects, it will take the lead in ensuring that an environ
ruErtal assessment is prepared, ideally through the collab-
orative efforts of t::he principal donors. When AID's poten
tia! involvement is that of a minor contributor, it will 
look to and encourage the major controlling donor(s) to 
prepare 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-
• 1 - -
1cant~y attect the United States or areas outside national 
jurisdictjons, environmental impact statements will be sub
mitted to AID as prescribed by Section 102(2)(C) of the 
National 1Environmental Policy Act. In every instance, the 
a~sessments and impact statements will be made available to 
all donors and the developing countries involved. 

With respect to contributions to international i~stitutions 
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 intermediare credit 
institution, when it is not possible to project and predict 
t~e specific end uses of the funding. In the latter situa
tion, AID will work with other donor agencies to develop 
comrnon and comprehensive policies, strategies, and procedures 
for addressing the environmental aspects of development, Rn¿ 
Hi.th LDC governments to help build an environmental cor.
sciousness and capability which they themselves can then 
apply. 
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l~oreign policy considerations, political sensitivitiea on 
the part of recipient LDCs, restrictions on United States 
access to LDC da~a. and cmereency situations may, on occa
~ion, preclude or constrain AID's ability to carry out a 
definitive environmentaJ a.nalysis. Situations may also arlse 
where a foreign government may request AID assistance for a 
specific proj ect, the des ign of \\1hich is already commi ttecl. 
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 
lirnit'€d to consideration of che environmen tal benefits and 
costs·of_ the only approach desired ~ nriori by the host coun
try. 

Regardless of difficulties, AID's policy is to conduct the 
best environrnental assessment oossible -- consistent with 
the type and overall scale of ~he activity being consider~~
The assessments are to be comprehensive and include the 
following cornponents: 

overview descriptibn 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-úse 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 environrnental quality or avoid sorne 
or all of the adverse effects. 

significant adverse effects which caijnot 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 \vhich 
the activity forecloses possible future optioDs. 

other interests and considerations of the United Slates 
and the host country thought to offset any adverse 
environmental effects. 

When AID ~nilaterally considers that there is a reasonable 
risk of significant adverse cffects on tl1e environment from 
an activity proposed to it for ~upport, and where efforts to 
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c•ncoLraga the incorporation of appropriate safeguard~ are 
unsucc.:=ssful, AID reserves the prerogative of declining to 
participate in the activity 

ENVIRONHENTAL ASSISTANCE TO DEVELOPING COUNTRIES 

\.J11i l.E; the interna tional deve lopmen t ass is tance effort 
collectively carried out by all multilateral and bilateral 
donor9 is significant, it nevertheless supports only a 
small fraction of the economic development activities con
duct2cl ·in the developing world. Consequently, protecting 
the. cnvironment of developing countries -- and, in turn, 
safeguarding the U. S. and the \vorld environment from the 
pot8nti~l threat of increasing global pollution -- requires 
mo:~ than the application of new environmental policies 
a~d p~ocedures by official aid donors. Over the long-terrn, 
envir¡()ntnental goals will be achieved only through t:he commit
m¿n-t: action and abilities of the developing countries thern
s~lves. It 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. 

AID sponsorship of environmental activities responds to a 
steadlly 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 envir::1nmental 
m.:J.tters. 

AID assistance in the environrnental field both includes and 
transcends the traditional focus of Agency prograrns, 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 irnpacts of traditional development projects on 
human populations, land, air, water and other natural 
resuurces. Priority is assigned to strengthening national 
capabilities for identifying potential problems, establishing 
ne~v c:nvironrnental policies, laws and inst:;itutions, and cal
culating the costs and benefits of alternative approaches 
to protecting or rehabilitating the environrnent. Implernen
tatlon involves financing of U.S. technical advisors; pro
vision of training for developing country policy rnakers and 
managers; dissernination of informaL:ion, and spon~,orship of 
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research and demonstration projPcts designed to advance the 
state-of-the-art for pollution control and environmental 
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 
he~p 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 reqnests for assistance to strengthen their 
capabilities for monitoring and managing the environrnental 
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 INTERHATIONAL BODIES 

AID is committed to working with other international develop
rnent agencies to seek harrnonization of policies, procedures 
and guidelines for building environrnental safeguards into 
development activities. 

Since che United States is the largest financial contributor 
to the multilateral donors with rnandates to conduct enviran
mental prograrns, AID will continue to join with the Depart
ment of State and other U.S. agencies in helping design and 
irifluence those programs. Special priority will be given 
to cooperation with the U~ Enviranment Prograw~e (UNEP) 
which has lead responsibility to develop a coordinated inter
national 'envirorunental 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 C0!-11-'!UNITY 

It is AID policy to encourage participation of broad segments 
of the U.S. public and prívate sectors in the design and 
irnplernentation of Agency environmental policies and programs. 
In the conduct of its environrnental-related analyses and 
projects in developing countries, AID will seek to employ 
the best U.S. talent available. 
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AID wil} also take steps to improve public awareness of the 
Agcncy's environmental policies, procedures and projects and 
to increase opportunities for public input into environmental 
policy formulation ~nd strategy. 

DIS7R HHJT10N: 
AID List H, Position 3 
All Mission Directors 

/s/ D&DLel Parker 
Daniel Parker 
Administrator 

l August 1975 
Date 
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Lecture ifB 

Evaluation of Solid Waste Impacts 

by 

L. W. Canter* 

Solid waste management has become a focal poi~t of public interest 

within the last decade. Attention has ranged frcm municipal salid \-/&S te ' 

collection and disposal, to resource recovering and materials recycling, 

to hazardous waste management. Sorne reasons for the increasing attention 

include increasing quantities due to per capita generatlon increases and 

population increases, detrtmental environmental impacts resulting from 

improper collection and disposal, and loss of materials and revenues 

resulting from lack of materials and energy recovering. 

I. Federal Laws 

A. Solid Waste Disposal Act of 1965 

B .. Resource Recovering Act of 1970 

C. Resource Conservation and Recovering Act of 1976 

ll. Information Needs and Terminology 

A. Quantities and Composition 

l. Total weight (lb. or tons) and volume (yd3). 

2. Composition --- see Tables 1 and 2. 

*Uirector and Professor, School of Civil Engineering and Environmental 
Science, University of Oklahoma, Norman, Oklahoma. 



TABLE 1 Definitions of Mixed Municipal Refuse Components 

Net-rsprint ------------------- Newspapers. Does not include magazines, 
handbills, etc. 

Cardbnard ------------------- 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". 

Miscellaneous mixed paper --- All other paper not .included above. 

Metallics ------------------- Tinned and aluminum cans, hardware, 
bottle caps, utensils, wire, and other 
ferrous and nonferrous metal articles. 

Food (garbage) waste -------- Wastes, from the handling, preparation, 
cooking, and szrving of focds. Does 
not include packaging materials or 
paper discarded with garbage. 

Yard waste ------------------ Lawn, garden, and shrubbery clippings, 
sod and small yard debris other than 
branches. 

Wood waste ------------------ Branches, scrap lumber. and other 
wooden articles. 

Glass ----------------------- Glass and ceramic materials. 

Plastic --------------------- Film plastics and molded plastic articles. 

Miscellaneous --------------- ~tones, metal oxides, articles made of 
natural and synthetic fibers, rubber 
products, and leather goods. 

------------------
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TAB!.E2 Expected Ranges in Mixed Municipal Refuse Composit:.i.c..n 

Component 

Paper ----------------------------

Newsprint--------------------

Cardboard--------------------

Other -----------------------

Metallics ------------------------

Ferrous ---------------------

Nonferrous-------------------

Food 

Yard 

Wood 

G1ass ----------------------------

P1astic --------------------------

Misce11aneous---------------------

Moisture content: 

Range (percent) 20-40 

Nvmi~~l (percent) 30 

Percent composition as received 
(dry wei~ht basis) 
~H-

Anticlpated 
range 

37-60 

7-15 

4-18 

26-37 

7-10 

6-8 

1-2 

12-18 

4-10 

1-4 

6-12 

1-3 

< S 

' 
-2a-· 

Nominal 

55 

12 

11 

32 

9 

7.5 

1.5 

14 

5 

4 

9 

1 

3 

100 



,. 
"' 

l. 

B. Information Uses 

l. 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. Developrnent of financing methods for solid waste management 
systemE .. 

ílazardous Wastes 

Dcfinition~of hazardous wasles: 
•.• any waste or combinatiun of wastes which pose a substantial 
i>rescn.t or po tential hazard to human hea~ th or living org.:misms 
be.::ause such 'vmstes are le_i!:¡EJ:.. !londcgraduble_, or persistent in 
.!_1atl:re_; may be bio~~_:!:._c:_~~Y m<$r~~f_~ :=i: or may otherwise cause or 
tend to cause dctrimental cumulotiv0-effects . 

•.• those materials of cornbinations of matcrials which require 
speciaJ ma~wgement techniques ht'cnuse of thcir acute and/or 
~-~-~~~"1_~~ L'tfc>_E__!:~_ on the he~lth or ~twlfare of the pubUc (or those 
indiviuu.-11s '-''ho lwndle tllem) \Jhen they are disposed of by waste 
m.:::nc~eemen t ¡Hoces ses ... 

2. Thc Lerm "hc-.zardous \va!;te" means a waste or combinatLon of 
wast~..;s pf n so] ic~, liquid, or scn~is?l id forrn which in the judgment 

of tbe EPA Administrator rnay cause. or contribute to, an increase in 
rnortnlity or an i1tcre~sc in s~cious irreversible or lncapacit3ling 
rcve:rsi.~lt', illt1-.~ss, tnt1n~ into account the toxicity of suc:h w.1ste, 
its persisLC'IJCe, nnd dc¡_;r:1Ú.lbiliLy in nature, and lts potent·j,J)_ íor 
accumuLttion or conccntrat]on in tissuc, ancl ot1JCr f.::1ctors th.:~t 

trtay othenJisc cause or C'ont ri bu le to ndvcrsc acute or chronic 
~ffects on pcrsons or otltL'r li.v i.ng organic,ms. 
l11cludes toxlc and carci nugenic cltemical s, J->estlcidcs, acids, caustics, 

~ fl alHTiklb 1 es, explo~ives, hi nlog i cal and rad iollogical residuols. 
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III 'lcdmica1. lh~'-·:..ew of Resource Recovery Processes (Reference: 
Research Institute, "R~scurce Recovery," report prepared for 
on Em-~.ronmental Qua1ity, February, 1973, pp o 1-2 and (,-16) • 

Midwest 
Council 

/1.. General Classificatíons 

B. 

The various resource recovery processes covered in this stuJy* may 
be classified into the follO'..ring general categorics: 

l. Energy Rccovery Processes: Processes Lhat recover the energy 
content of mixed municipal wast.es, in the form of eithcr stea.m, electricity, 
or fuel. 

2 o Materj als R~co,rery Proccsse~.: Preces se~ which separ.-..te ar.d 
rccover the basic mate:rials from mixed municipal wastes, ouch as paper, 
metals anu glass. 

3. Pyrolysis Processes; Processes that thermally deco:npose the 
mixed municipal waste in co~trolled amounts of oxygen and produce products 
such as oil, gas, tar, acetone and char. 

4. Compost Processes: Processes which produce a humus mate4ial 
from the organic portion of the rnixed waste. 

5o Chemical C0nversion Processes: Processes which chemically 
... onvert th~ \-laS te into protein and other organic produc ts. 

Energy Recovery Processes 

1 Heat recoverv incinerators. European countries have .pio
t.'"'e.ced in heat rccovery fran the incineration of municipal refuse ~ Heat re-· 
covery incinerators have been in operacion for a number of year~ in France, 
Gcnaany, and Switzerland o Ste3ro is pc-oduced and used for heati:-~g and/or fm: 
thc eene:::-ation of electrical power.o European engineers have lecl in the de
velopme::1t of the refuse-fired boiler plant utilizing waterwall furnace.s. 
Watcrwalls are favored over re .trae tory walls prima"":ily because they pernlit 
operatio:l at tem¡:..eratures conci . ...~erably higher than with refractory wall.s, 
thec~by substantially jncreasing the efficiency ~~d reducing the excess air 
rcquirement. 

lhe resource recovery processes included in this study re?=~~~nt a broad 
spectrum of thc pre:scnt technology; h~~~v¿r, not ~ll individ~al pro
cesses wcre included. 



Heat rccovcry incinerators have been introduced into U.S. waste 
di!>pos.:1l Of'eratio:ts in ro::cent years (e.g., Norfolk Naval Base, 1967, Braiutree, 
Hassachusetts, and Chicago, Illinois, 1971). The introc!uction of this 
I:uropQan technolor.y to the U.S. provides the incinera'tor-boiler plant de
signer a wider selection of well established technology from which _to choose. 
'Thr·r.e widely uscd European stokers are receiving serious consideration by 
!:~o::th American designers. The reverse reciprocating German Martín grate is 
bd.ng used f 1 · the first time in North America in the New Chicago Northwest 
iiiCLít!!'"ator, .:md the S\-.riSs Von Roll stokers were installed in Montreal' s 
De:::carriers p l.ant. The drum grate developed in Gennany and used in several 
Euroreru. plants, has received considerable attention but has not yet been in
st~lled in an American plant, 

The Chicago Northwesc Incinerator is designed to burn 1600 tons of 
'\o:a~ t..e p(,;r: day and produce steam for sale. Most of the major component:s were 
~ '"'iL: 'by an CXf!e-:ienced commercial organization in Germany and shipped to 
C~ic.•ho. The basic desih~ is similar to severa! other large incinerator plants 
f,n i::uro~;e. 

I·-, ::,lite of th<:: advanced state of development pf this systems, a 
c-:.nsiderable ~1nount of time has been required to build and get the Chicago 
piant to operate smoothly. Construction was started in 19ó9. As of the 
spr-i1tg of 1972, the plant reliability has not yet reached the point where 
stc~u could be generated for sale. Difficulty has been experienced in burn
inB exc~ssivcly wet re:fuse and boiler corrosion problem.s have been e::perienceJ. 
Som~ of the difficulti0s being experienced in getting this plant into opera~ 
tion is due to inexper w:1.:e t-Jith this type of incinerator. There is no doubt 
that this anti the other start-up problems will be answered and the plant put 
into full op:!ration. 

Froru ~ technical standpoint this type of resource recovery plant 
ehould present a minL~um amount of technical prcblems becausc of its advanced 
stagc oí development. Furthermore, this t:ype of plant is usually designed 
for large capacities and therefore particularly applicable to large citieso 
Howevcr, care must be taken in locating the plant close to steam conswners, 
.since steam cannot: be transported over long distar.ces. Large cities which 
have an immcdiate solid waste Jisposal problem can give L~ediate considera
tion to building hcat reco•:ery incincrators because these incinerators are 
onc o: only ~Jo resource recovety systems (composting is the other system) 
which is fully developed at this time. 

In addition to stcam or power generation from heat recovery incin
eration, other uses are possible. The City of k1sonia, Connecticut, employs 
heat recovered fran incineration to dry sludge frorn t:he city's water pollu
tion control plant. Sludge containin¡:; less than 10 percent solids is pt!mpsc 
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directly to a spray dryer and the dt-y product, containing less than 13 per
ccnt mois ture, is pncurnati,~ally conveyed to the fu mace for burning in ~uspcn
sion. Thc Occansidc pl.:mt at Hempstead, Nct-! York, uses recovered heat for 
dcsalination of sea ~atcr for in-plant use. A new plant at Hamilton, Cntario, 
l-lill use recovered heat to produce stea'!l which '.Vill -dr.ive equipment such as 
shredders and fans. 

Although heat recovery from waste incinerators is an estab:ii.Bht>d 
practice, there are still saue technical probi.ems, even in the most aóvanced 
plants. The principal problems are slagging, erosion and corrosion of boilc1 
camponents, and difficulties in burning excessively wet waste. 

2 Fuel recoverv. 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 severa! systerns have been 
"r~pcsed to further demonstrate the concept.· 

The City of St, Louis, 'Union Electric Ccmpany, and the consultins 
finn of Horner and Shifrin, with parti.al funding from EPA, have constructcd 
a 300 T~D (8-hour shift) processing plant for using refuse as a supplementary 
f~el for electrical power plants. The refuse is milled and magnetic material 
i~ removed. The mlllcd material is pnet~atically fed toa power plant fur-

·nace where it is hurned along with pulverized coal (separate nozzles are used 
:o injcct the milled rcfuse into the furnace). The refuse contributes 10 to 
20 percent of the total fuel. 

The demonstration plant was started up April 4, 1972. The only 
majar changes that have been made in the original systerr: design to dat~ 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
vcyor at the output from the Atlas storage bin at the power plant. The addi
tion of an air classifier after shredding to remove heavy pieces is planned 
to improve pneurnatic flow and reduce pipeline wear in the hoiler furnace 
fceJ systern. All of the major components in both plants are commercially 
available equipment, although not necessarily shelf items. 

A. M. Kinney, Inc. (consulting engince=s) has also proposed a pro~ 
ccss which recovers the thennal energy from municipal refuse by burning it 
~n combination with fossil fuels in conventional stearn boiler furnaces. The 
l~inney system utilizes a hydrapulper to convert all pulpable materials to an 
dqueous slurry. Nonpulpable materials are ejected continuously fr~~ the 
hydrapu lper, conveyed to a drum ·washer arrl thencc to a magnetic separar:or 
whcrc Íerrous metal is recovered. FollmJing removal of nonfibrous m"lterial$ 
in a liquid cyclone, the pulped slurry is dewatered and compressed into ..1 
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cake with SO perccnt salid content. The salid cake can be used as a pcwer
boilC'r fuel with or without additional processing depending upon the typv 
of boilcr uscd. A. ~1. Kinncy estimates that from 5 to 20 percent of the 
hc~t input for a given furnace might come from this fue l source. 

The Kinney systcm is only in the design stage and no pilot plant 
eJü~t:s at: t:his tim2. However, the technical feasibility of wet grinding 
municipal salid waste to prod~ce a homogeneous slurry has been proved dur
ing 2 ycars of pilot plant operation by the Black-Clawson Company and by 
the operation of the Black-Clawson Salid Waste Disposal Plant in Franklin, 
Chic. A. M. Kinncy has ccnducted engineering studies to asscss the feasi
b:l.l.lty of using \.TCt grinding in the process to recover the thermal energy 
from rcfuse in convencional boiler systems. Because the pulped and de-
'!V.;.;.l c:.ced r·efuse (50 percent moisture) is similar to bark and bagas se, t.rhich 
contain 40 to 60 percent \,Tater and have been used successfully as boiler 
íuel in pulp and sugar mills, it appears that pulped r~fuse, with its 
z~zater h~ogeneity, more u~iform water contcnt, and smaller particle size, 
i·lO;.¡ld also burn successfully in power boilers. 

3 Generation of electricity. A new system for recovering 
cncrgy • rv-rrl mixed municipal wast:e is being developed by the Combustion 
PO' .. ;er Co.nr ... any, Her.lo Par k, California. In this sys tem, called the CPU-400, 
the refuse is shredded, burned in a high pressure fluid bed combuster, and 
the hot gase5 drive a gas turbine/ger.c!."ator to produce e lec tricity. 

The CPU-400 is n0\.7 in the early pilot plant stage; system studies 
and subscale experiments have been completed and development and testing of 
portions of the pilot plant are under way. Pilot plant testing to date has 
been cPntered on three areas: (1) the shredding and classifying of the 
sclid wastc, (2) the combustor feed system, and (3) the fluid bed co~bustor. 
The salid \o/..lS te handling subsystem has be en developed and extensively tes ted. 
Pncwnctic transpoLt of the fuel and injection at the base of the fluidized 
bed has also been demonstrated satisfactorily. 

Tests conducted on the fluid bed cambustor have disclosed sevcral 
proulems that have required changes or additions to the original system de
siL~l. Foremost a~ong the problems encountered to date are: (l) agglomera
tion of bed material par:icles--a phenomenon thac places an up~er l~it on 
operational bed temperaturcs; (2) cornbustor and exhaust system deposits 
fonncd by the ilnpingernent o~ aluminu:n oxide particles on surfaces; and (3) 
elu~,..iation of bed material. 

Items (2) and (3) have led tu extensive design changes in the sys
tem. To salve the elutriation problcm the original horizontal fluid bed cam
bustor with.its attendant l0\.7 freeboard height h.:ls been abandoned and a new 
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vcrt~~al ccmbustor unit designed and install~u. An alumina removal chamber 
has been added bet;,.¡ecn thc combu5tor and the gas cleaning train to &olve the 
dcposit problem. The pcrformar.ce of the neu cc:nbustor unit and alum::i.na re
w.oval system will be. evaluated in a series of pilot plant tests. At this 
point, the configuration of this key subsystem has not been finalized and 
the performance of the total system must be viewcd as an t..nkn::n.;n et 

this time. 

L¡ High temperatu_Ee incineration. Another n~>: thermal J.:er;ovecy 
method is high temperature incineration. The first U.S. high-tempcrature 
incincration pilot plant was built in 1966 by American Thermoge:n, Inc.: in 
Whitman, Hassachusetts. Steam and fritare the principal PFoducts of the 
system. The incinerator is a shaft furnacc in which refuse is charg,ed at 
the top and molten materials are withdrawn ou:: the bottom. As the refuse 
desc(;nds through the bed, it undergoes partial pyrolysis and eventual com
bustion in the lower portian of the furn;:¡ce. The mel t-down at the l'ottcm 
of t:he furnace is accomplished at ternperatures of ahout 3000°F by h1~rning 
au:.dE.:..:...·y fuel, either oil or gas. A similar systerr1 is being developed b'; 
'J'orra..·: Systerns, Inc., at North Tonawanda, New Yorko 

l. Materials Recovery Processes 

1 Fiber re.~very. Cellnlose comprises trom 40 to 50 percent 
(Het ba:ns) of typical mixed municipal waste, and ¡,¡ost v.Í: the 1-!ellulose is 
paper. Both wet and dry process fiber reclaim1.ng systems have recently 
been developed. The Black Clawson Company, Hiddleton, Ohio, has developed 
a wel process system for recovering paper pulp fron1 mixed municipal solid 
waste. In addition to the recovery of paper pulp, steel, glass, aluminum 
and ash are also recoverable. The heart of the Bl~ck Clawson system is & 

Hydrapulpet· which receives all 1ncoming waste, except for large, bulky 
item~. Friable materials such as food waste, paper, plastic, rubber, _rags, 
glass, and ~ood are mixed with water and pulped into a slurry. Heavier 
objects are ejected from the bottom of the pulper and p·assed through a mag
netic separator whicb recovers the ferrous metal portions. The glass and 
Kluminum separations will be accomplished with an atr classifier. An 
optical sorter will be used to separate clear glass from colored glass, 
developcd by the Sortex C~mpany of North Areerica. 

The Black-Clawson Jrydraposal/Fibreclaim demonstration plant at 
Franklin, Ohio, has been in operation since June 1971. TI1e design capacity 
of thc plant is 150 tons of raw was te per 24·-hour day. However, thc p1.ant 
has avcraged only about 50 tons per day because of a bck of delivery of 
refus.e. There ::.s a charge made ':o dtm-to raw :-.::.::use at the plar:t and landfi.l:!. 
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:::itcs b..:.ve bcen compcting for the aLe.:. rcfuse. Neverthclcs~, an hourly 
throlighput of about 8 tons per hour has shmm that the plant is capable 'cf 
meeting the design capacicy. The planc burns about 32 percent of the cotal 
inccming waste. 

At the present Bl2.cl(-Clawson is recover ing only paper pu1p and 
ma~netic mctals. Equipment to recover the glass and aluminum will be added 
jn late 1972. To date, thcy have been landfilling the mixture of glass and 
nor:nar,nP-tic me tals. They have experienced lipids and fines in the pulp 
which is undesi4able from both the end pulp product (asohalt roofing felt) 
and ~hen it tends to clog the processing equipment (which adds to the 
maint¿nance costs). They are in the process of adding equipment to reduce 
the contaminants. This involves treating the pulp with steam and caustics, 
and subscquent washicg. 

The Franklin Institute, Philadelphia, Pennsylvania, is in the pro
i:·cS~:: of dcve loping a dry proce::;s primari ly fo r e..:.-t!:'c>.c tin¡; papcr from mixed 
rr.unicipal refu::;e. Shreddcd =efuse is screened and sent tlu·ough a ballistic 
separato~. 1ne ballistic separator consists of a roLating wheel which hurls 
the material in a horizontal direction. A dowm.¡ard blast of air causes the 
lig~:test materials (paper and plastics) to drop out fi~st and the heaviest 
mat~rials (mctals, glass, etc.) last. A plastics collector sepa~ates the 
plastics frC!:l the paper. LJ.boratory tests indicate an effective separ.:ttion 
oí pap~r (90 to 95 p~rcent purity). A pilot pJant nf t~e ~ystPm has be¿n 
~on~tructPd nnd full scale tests were lnitiated July L972. 

2 ]ncinerator residue recovery. The Bureau of Mines, College 
Park, ~~aryland, has developed a method for processing incin~rator residues 
on a continuous basis te reclaim the metal and ~ineral values. The process 
uti li zes conventional and proven mineral engineering equipment consist ing 
of :;: series of shredding, screening, grinding, and magnetic separation 
procedurcs. Metallic iron concentrates, nonferrous metal composites, glass 
fractions, and fine carbonaceous ash tailings are products of the system. 

·A demonstracio:1 !""lant is to be built at Lm.,ell, Mass.1chusetts. 

D. , I~olysis Proccsses 

Considerable potential exL~ts for reforming, by pyrolysis, the 
organ~c portian of municipal salid wastes into lo~er molecular weight com
_pounds having signifi.cant economic value., Because pyrolysi.s reactions 
often termcd "destructive distillation," can be conducted in the abscnce of 
oxygen or in controlled oxygen environments, product composition can be 
regulated. Unlike combustion in an e.xcess of air, which is highly exo
thermic and produces primarily heat and carbon dioxiue, pyrolysis oi or
ganic material is analogous toa distillation process and is endothermic. 
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The high t:cmperatures (1000 to 2000"F) and lack of ox-ygen rcsuJ.t in a chemi
cal breakdown of the v1aste organic materials into three component s~Z:eéillls: 

(1) a gas cons isting primarily of hydrogen, methane, carbon monoxide, and 
carbon dioxide, (2) a !'tar" or "oil 11 that is liquid at rocm temperature and 
includcs organic chemicals such as acetic acid, acetone, methanol, and (3) 
a "char" consisting of almost pure carbon plus any inerts (glass, mcta.ls, 
rack) that entér the process unit. Residence time, temp~rature, and pressure 
can be controlled in the pyrolysis reactor to produce various produ,;t combina
tion.s. 

Laboratory and pilot plant pyrolysis units have been .=mccessfully 
const.:.:ucted and operated, and these units have de:nonstratcd the technical 
feasibility of the pyrolysis of municipal refuse. Laborator.y investigations 
of the pyrolysis of various organic wastes have been conducted at the 
University of California (Berkeley), Bureau of Mines, Ren5selaer Polytecl1nic 
Institute, NeT..;r York University, and the Utilities Departm~nt of thc City of 
San D:í.ego, California. Batch retorts, fluidized l:>eds, ar,d rotary ki.lns have 
been successfully uscd as reactors in thcse laboratory studies. Pilot plqnt 
studies of pyrolysis systems for municipal w:tstes have becn condu~ted by 
G.:trrett Rcscarch and Development Company, Monsanto's Enviro-Chem Systems, 
Battelle Northwest, the University of ~lest Virginia, .and.Union Carbide. 

Garrett Research and Deve.lopment Company has a resourc<?. rece>very 
system designed to recover salable synthetic heating fuels, r;l.nss, and 
magnet:!.c meto ls from mixed municipal refuse. The sys tcm is an out~roYth 
of nearly 4 years of intensive research into methods of production of syn
thetic fuels. The system contains all operations necessary for receiving, 
handling, shredding, and class ifying so Ud waste; for separation of mdg
netic metals and glass from the classified waste; for pyrolyzing the organic 
fractions of the waste; and for the recovery cf oil a~d char generated 
during the pyrolysi.s step. 

The heart of the Garrett system is the flash pyrolysis process. 
T:1e pyrolysis process has been studied in considerable detail .i.n a labora
tory reactor system for ovcr a year. A wide variety of organic mat~rials 
were used as feed materials in these tests. The laboratory pyrolysis tests 
defíncd the operating conditions needed co rnaxirnize the yields of heating 
fuels. The laboratory test program demons trated that the pyr.olys is reactor 
can be operated in either a liquefaction or gasification ~ode. Ga~rett 

claims that over one barrel of oil per ton of input refu~e can be produccd 
jn the U~uefaction mode, \vhile 6,000 scf of gas \lith a heating valu<!. of 
800 Btu/ft3 can be produced in the gasificatinn ~~de without relying on 
aJ~itional fuel sources. 
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In arder to obtain the high yields of oil and gas, the feed to 
th~ reactor must consist of essentially a pure, dry organic material of 
small particle size. To meet this requirement, the first stages in the 
Gar~ett process involve extensive shredding, air classification, screening, 
ánd drying steps. The materials handling and preparation section is one 
of the most comprchensive proposed for any current recovery system. A 
150 ton per day demonstration plant is to be built at San Diego, California. 

The Monsanto ''Landgard" System is based on pyrolysis 
prtmary objectLve being the disposal of all types of municipal 
while offering practical opportunities for resource recovery. 

with the 
salid waste 
The Landgard 

t:.ys:tcnas encompass all operations for receiving, handling, shredding, and 
py11.·olyzing salid waste; for quenching and separating the redidue from 
t-~t.olysis; f.or eenerating steam from waste heat, and for purifying the off
g:As!:s. 

A rotary kiln is utilized as the pyrolysis reactor in the 
Monsanto system. A prototype or pilot plant of 35 TPD cupacity was oper
&ted by Non.;am::o for nearly 3 years at St. Louis, Missouri. All components 
for the system were tcsted to sorne degrec at the pilot plant. Alth<;mgh 
long-tenn, steady-state operation was not perfonaed during pilot plant 
operation, sufficient experience was gained from the pilot plant operation 
to demcnstrate system feasibility. A 500 ton per day demonstration plant 
io to be built at Baltimore, Maryland. 

!he city of CJ-,.:.~.rlcston, West Virginia, has Ic!cently proposcd a 
R~bional Resourcc Recovery System that incorporatcs a pyrolysis system as 
che tey unit process. The pyro:¡_ysis system is an outg~m.1th of research 
woTk conductcd by Professor Richard Bailie at the University of West 
Virginia at Horganto~m, West Virginia. The Charleston systern uti lizes tvin 
fluid beds, the fi~st bed acts as a pyrolyzer, and the seconrl bed as a 
co:nbustor. Shredded and air classified refuse :i.s fed to the pyrolyzer Yhich 
is operated at about 1400°F. Gas, char and sorne tar are produced in the 
pyrolyzer. The gas produced in the pyrolyzer has a heating value of about 
400 Btu/ft 3• The char and tar are subsequently burned in the fluid bed 
combustor to provide the heat to operate the pyrolyzer ~nit. Energy re
~eased by the ccmbustion of the char and tar is reported to be sufficient 
to maintain the pyrolyzer at operating temperature without the need of 
supplemental energy input. Professor Bailie has operated Loth the pyrolyzer 
and combustion units independent ly, but both uni ts ha ve never been tied tu¡;ether 
into an integrated system. 
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Hercules, Inc. 9 has designed a 500 TPD recJamation plant fnr the 
Statc of Delaware wllich incorporates composting, pyrolysis, a.cd mate-rials 
separation operaticns. Residential refuse, after removal of fcrro~s metals, 
wi~l be mi>:C'dwith sewage sludge and composted in a F'airfield d:igestion unit. 
Noncompostable organic components will bé pyrolyzed. Inorganic revi.dues will 
be sorted and reclaim~d. Industrial and cv.1unercial Hastes vJl.ll b· ~1andled 

in a similar fashion, following a preliminary rc.clamat:ion stage. '!¡e pyroly
sis unit is a Herreshof:f furnaceof the type. used tn ma.ke wood chart'Jfil. This 
equirment is a multiple chamber, continuous feed and discharge u~1it: 'with me

chanical movement of material fJ.·om chamber to chamber in the furnac..,;. A 
demonstration plant is to be built for the State of Del~1are. 

Battelle North\.¡est has been conducting pyrolysis-incinet·ati'on re
sea:rch for EPA and the Cíty of Kennewick, l.¡ashington. .An outgrc~·.·:th of this 
rescarch l1as been the construction and operation of piloL plant equi~mént 
capa~lc of processing abo~t 2 tons per day of refuse on a batch basis, The 
heart cf the process is a closed vertical reactor where the refuse is p~u
gress5.ve ly dried, charred, and finally oxiuized at re l.ative ly low temperatures 

under carefully cozu:rolled conditions. The refuse undergoes tllree trans
fo;:mati.:ms in a packed be.:. sett:ling under the force of gravi.ty whilc reac tan-:: 
ancl combustion product gases ris·~ counter-current to the direction of solids 
movemt.>!""t t. 

'io produce a h~;1ting ¡;as Hith t:hc Battelle pro...:ess tl,e so1id char, 
tl,e product of pyrolysis in the upper portian of the reactor, is cxidiz:'-!d in 
the bot tom part of the r2ac tor by a mixture of ox-_rgen (from either air of 
co~nercial oxygen) ar.d stcárn, The hot reaction product gases concinue up
ward and release their heat to cause charring of the entering rcfuse. Fi
nally, the residual heat in the ga::;es eva!Jm:-ates molstm:e irom the encering 
refuse at the top of the reactor. The gases \-lhich leave the reactm~ ~~ontain 
hydrogen, oxides of carbon, uater vapor, and a mixture of hydrocarbons. 
l11<.>se gases may be cleanly burned in a secondary burner since t:hey, contain 
no ashy materials. Alternately, they may be processed for recovery of or
ganic compounds, further treated to produce a heatíng gas, or proccssed 
still f:..trthcr to yield a 75 percent hydrogen and ca.rbon monoxide mixture 
which may be used to synthesize methéme. 

Linde Division of Union CarbiJe Cm:porat:ion re.:ent:y d.Lncu.nced 
the developruent of a high tempcrature inciner.ator syste:n that uti.lizes cxy-
gen in place of air to develop the requisite high tenpcratures in the melt 
zone. The Carbide sys tt::n u ti lizes a vet·tica 1 furnacc into which all mu~i.ci ... 
pal waste can be fed, including garbage. paper, wood, rubber, all rneLals, 
plastics, glass, and bulky ítcms. t.s ' .. ,rith other high-temperature inciner:J.tors, 
the Oxygen Refuse Cor-verter is prbnar1ly a refuse dísposal system and not a 
resource recovery system, although thc off gases can be cleaned for us~ as 
an industrial fue l gas. A 5 ton per day pilot r1L:mt ha!> be en in operation 
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.~.t Ta.rrytown, Ncw York, for about 9 months. 
Jucte~ durin~ this period were to determine 
o:·:yge.-. cons1nnption ratcs, and the influence 
¡'h':.r fonu.ance. 

E .. Compost ins, 

Th{! objective of the tests. con
furnace operating charactcristics, 

of refuse composition on furnace 

Composting of municipal refuse has been practiced in Europe·and 
thr: U.,;;. tor many years. European activity in canposting has included re
;.f.:2.rd1 .tn such di verse fields as engineering technology, pub lic health ancl 
;:::,:, ~~og'"-:n ~..:.rvival, l!Se in strip mine rec lamation, ~;se in vineyards and use 
{r ::;.;:r~Lr~.l. ;igriculture. Thc technology of composting is well advanced and 
,, .. , ··1-:"'é. .:...~:·.:. ~•o r2a l technol ogical barriers t~ making¡ campos t. 

In the United Sta te~:, composting plants ha ve be12n es tablished in 
'·,.~·. Í'>Ub cormnuníties over the last 20 years. In general, these plants have 
~.r:t: t•'.i.th little success and most have closed. The majar problem for these 
~L:'l.m:s: i5 the lack. of a viable market for the compost. Currently, only b,ro 

7"¡4;;t:;, Altoona FA,.,i, Inc., Altoona, Pennsylvania, and Ecology, Inc., Brooklyn 
:¡.::~· 'l(od~, are knovm to be operating on a regular basis. 

In the Fairfield-llardy t-:···.~:..s used at Altoona, refuse is ground 
in a w::t pulpcr, folloued by deuc.::0 ..... ng presses befare it i.c; fcd into the 
oigesc~r for a 5-day proccssing cycle. Stir~ing is provid~d in the digester 
by aHgcrs susp~ndr:d from. a rotating bridge in the circular tank. Air is 
?"="-::.V::.ded hy üH·ans of a blow-2r and air pipes e1nbeddcd in the floor of thc 
tank. 'l."he dlgcs tion sys tem of Fairfield Engineering Company appears to of
icr a superior engineering design, a more automated operation than other 
cc~post tecr~ique~. andan ability to produce a superior humus product. 

Th~ Varro composting process used. by Ecology, Inc., is distinguished 
!1·cm other composting processes by several factcrs. First, the digester can 
c:u.1po;;t refuse v.rit:h a papcr content of up to 90 percent (most composti:1g 
~lants senJ paper to landfills since rhcy cannot r~adily process it). Sccond, 

'-;:mcompostable matcrials do rwt have to be separated from compostablcs befare 
~.-·~f.ruü~g the composting process; only ft::rrous mctals (removed after shred·
.!ing) do not go throu¡;h the digester. Third, the digester permits control ()f 

~~ri~bles in the decomposition process and consequently enables prGduction 
~f a compost with uniform composition. Also, nut:rients are added to the 
'~post to encourage its use as fertilizer. 

, ., 
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F. Chemical Systems 

Chcmical mcthcds that have been suggcsted for converting municipal 
~~fuse into usablc products include hydrolysis, hydrogenation, wet oxidation, 
photo deeradation and ana~robic digestion. 

These methods use only the cellulosic portian of municipal refuse~ 
so that separation and prctreatmcnt of the raw refusn is ~equired. 

Hydrolysis of cellulosic waste to produce 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 digcstion are in the conceptual state. 

A pilot plant for the production of single-cell protcin from waste 
suga~.:Rne bagasse has been designed, constructed, and operated at Louisiana 
State University. The pilot plant's equipment can be groupcd into five dis
tinct process sections: cellulose-handling, treatment, sterilization, fer
mentation, and ccll harvcsting. Thc plant was designed so that it could 
opcrate in both batch and continuous-flow modes. The initial operation of 
thc pilot unit has been limited to a single waste celluosic substrate, sugar
cane bagassc. Purified ground wood pulp has also bcen 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. 

C-
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rv. EIS 1 u for Sani~ary Landfills 

A. Reference: Stearns, R. P. and Ross, D. E., "Envirorunental Impact 
Statements for Sanitary Landfills," Public Work~, Nov., 1973, 
pp. 63-66. 

U. Five Basic Components 
l. Descríption of the proposed sanitary landfill and its locale. 
2. Discussion of all foreseeable positive and negative impacts on 

the physical and social environments. 
3. Djscussion of measures planned to mitigate the adverse effects. 
4. Coverage of alternatives to the proposed landfi11 site. 
~. Conclusions: A subjective assessruent of whether the potential 

good of th2 project will outweigh the potential hann to the 
environmen t . 

C. Hitigation Neasures---see Table 3 

D. Project Alternatives 
l. No project at all. 
2. PJt~rnative.locations for the sanitary ~3ndfill. 
3. Alternative means to dispose of the solid waste. 

V. HethoJ for Comp<:&rau.ve Evaluation of I:apacts 

A. Rcference: Caffrey, P., et al, "Evaluatio" of Environmental Impact of 
Landfills," American Society of Civil Engineers, Environmental Engi
neering Division, Journal, lOl(EEl): pp. 55-69, Feb., 1975. 

B. Ove:call Stedy---The comparative method involved visually evalu;-,ting 
ratings toe 20 fielJ fa~tors to determine the effect on air qudllty, 
water quality, land use, esthetics, noise, and vectors. The procedure 
wes u~ed 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 analy2is 
revealed !hat sites operated by city or county government had l~ss 
env:.i.ronm~ntal impact/L•Jn o[ refuse than tmv-n and village si tes. 

r.. l.andfill Rac:ing Factor::;---see Table í.... 

D. ReRults of Study---Tables 5-8 and Figure l. 
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fablc 3-Summary of Advcrsc lmpacts and Countcrac;tivc Mcasures 

Anticipa!~d Advcrse lmpact 

Public Hcalth and Esthctics 

litter 

Dust 

Odors 

Le achates 

Air Quallty lmpa•rment 

Heavy Equ•prncnt and Collect•.'n 
Vchicle Movcmcnt 

Melhane Gas Generat•on 

Local and Regional Biota 

Vecetat•on 

Ammal Llfe 

Land and Land Use 
V•sual Ur ~ltractaveness 

Restr1cted Land Use 

Social and Econom•c Environm~uts 

PuiJhc Oppo;.•t•on 

Cost lncrease 

Actions Plar:ned to 
M•t•gate Adversc !mpact 

Provide proper fencmg. 
Control work•ng f¡¡ce area. 

Pcriod•c watcnnc. 

Assurc prom¡_¡t and consistent coverage ot 
exposed wastes. 

Divcrs;on of runoff and dramage of pre· 
c•p•tat•on inc•p•ent on the surlace. 11 nec· 
essary, 1nstall underdra•ns and a collcct•on/ 
trcalmcnt systern. 

Control dusts. 

Prov•de proper traff•c d•rcctors and spot· 
tcrs. Assurc adcquatc acccss roiHJs. 

lnstall appropriatc gas control vent•ng sys· 
tern. Mmun•ze water mf•ltrat;on to wastc by 
l.lramage control. 

Remove only the vegetation neccssary for 
opcrat•ons. lnstall r.as vents to preclude 
root-zone damage to ad¡acent ve¡;etat•on. 

londscape fm1shed !anaftll to re.:.tli act d•S· 
placcd nat•vc spec•es. Control lc.:~ehates 
from cntenng wa•cr courses. 

Plan cut and i111 dreas to m· nim•ze "dPse· 
crat•on" dppearances. 

Plan for parks, golf courses, and open 
space. 

De11elop a comprchens•ve pubhc rclat.ons/ 
educat•on program to promotc and expla1n 
need for san1tary landfill and 1ts operat1on. 
Arrange for public meetmp,s to a•r gr.ev· 
ances-d•spcl au•a of public powerlessness 
and promote part•c•pat•on 10 plannmg proc· 
ess. ' 

lncorporate d1scuss•ons for landf1ll econom· 
tes into public relat.ons program. 
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l. Refu~c Placemen!: Confined, O; partially confined, 2; an~ "Jnconfined. 

In tlie proccss of dumpmg and spre:!ding, the reiuse should t>e confined to 
íhe sn:aiJcq poss&ble :u,ca. An "unconf111ed" workmg ~pace rcsults in more 
Llowmg p.tpcr, an "or·el1 dump" appearancc. and rcqUJrcs more time, energy. 
and sod to cover thc n,:fuse. "Conf1ncd" me..tns the refuse is dumped nnd 
spread in a~ -.rnall an area a~ &s fcas&ble to handle truck and equirment traffic 
a:al obtaut ,,,¡j.,factory c.pmpaction. "Partially conf1ncd" mean~ that there i~ 
sorne control m·cr rcfu~e du.npwg, but a largcr arca than neccssary is used. 

2. Cornpaction: S:tt1,sfactory, O, liulltcd, 1: ¡¡nd nonc, 3. 
Propcr comp.tction reduces refu~e volurne and thus increascs l:lndf&IJ capa:::ity 

üild ~;re l!f~.:. Sc!l!cment i~ rcduccd and stabillly of the complcted slle improvcd 
by compar:turL As w&th rcfuse placcment, compilctron dl1e; not have a l:trge 
effcct on !he cnvironment (rela!lve lo ~ome othcr factors ro be covered later) 
2nd !he totall:tliflg \nlue-; are tliercfore low. 

"Satisfauory" compnctio&t indic:~tcs the refuse rs compacted by a tractor 
or -;tcd whLclcd compnctor in compactcd !ayer~ nut ovcr :! ft (0 6 m) thick. 
"Linu\r-.:!" compaCIIOil mdrcatcs thnt thc refuse undcrgoe~ onl~ p::trt1af compaction 
j¡¡ !he ~,roce"' of spreadrng, or cl~c is not compacteJ untd thc dcpth is too 
grcat 'o alfow prop•:r coa,paction ~11 luwcr Jayers [ com¡>:~llcd !ayer thrcJ..ness 
excce!ling '2ft {0.6 m)!. 

J. Pcrioúu: Soil Covcr: 6 in. (152 mm) daily-complett· byer or m!lled, 0: 
daiiy, !hin. ami spotty, 3; monthly (except winter), 6; ~emi-:tnnuaf, JO: and 
r.o covrr, 15 (U<.e onc-half value if no garbagc or rapcr i~ dumpcJ.) 

Pcriod1c ~ud cover is vcry rmp01 to.~nl in mJnrmrzmg t'n\ :ron mental dnn:1;e 
from bnd dr'pusal of·~olid ·.•:¡¡stcs. Infrequcnt or rnsuffruc;;nt rnllral (pe& ~\'die) 
soil covN im:rc:tse~ prohlcr:1~ with vcctors, oúors, f1re, lcachate, blowing paper, 
rurwff, and cqhctJc~. ami thu' the ratmg v:tlucs are set hi!_!lr. These prot>!cfl1S 
~re kss s~.:vC!I! if no papcr or garhage is present. and thu\ in thrs ca~e the 
r:rting valuc:\ are h;tlvcd. Thc previous rallng cnteria are ~clf·nrlan;~:ory. Oftcn 
thc actu;:¡f ralrr.g givcn a srte wa~ bascd un record~ frorn the \\'rscon~in Department 
of N:tllual Hl''''urces ¡¡<; it i" extrcmclv diff¡cult to determme in thc f&eld \~hcther 
él 5itc is co\ ~:red monthly or ~cnu-nnnuallr. Notl! rhnt thc DNR rrqUJres sitcs 
to Lw covcn d dar! y, monthly, or semi-annually, dcp~:ndrng mainly on the 
popul:o!ion <;nvcd by thc .,;re ami the typcs of wa~te drsposed. The rating scnl,c 
used conft,rm~ c!mcly to thc cla~<;rfication cstahJi<;hed by the DI\: R. 

4. hn:~J Cover (over pcnodrc coverl: 2 fl (0.6 m) or more. O; less thnn 
2ft (0.6 m). h; aJill nonc, 12. · 

Final CO\'t:r 1S import.mt rn J..eeprng rcfuse permanentir huried. eliminating 
"e<"tors, and rnov,ding a \Urf:Jce for future u~es, matnly ~urpo&t of vegeta11on. 
Al many !.Jlc' no ::~re.r' h.td bcen compir:tcd and therefore J1d not yet rcqlllfC 
anr f111al co1·cr or ~ur face fn11~hrng In thcse cases the "''•!S "ere given l~r 
bcncf!r of thc doubt and rntc.: L<.:ro 

5. Surfacc hr.r~h: Gradcd-secded, O; rough-\\eeds, 4; and b,men·erodrr.g. 
9 

·¡he <;w fa~:c frn&~h on any complct\·d purlron of nl:~ndfrll 'hould luifrll ~C\ eral 
pUTP!"-C' SI•'J'C :.tntl 'cgctatll)n are cntJC11 factm~ 111 uctc:lln.nmg mfiltr;~t&qr. 

ami rc,ultrn¡: lc:achatc pruduction. a11d thus !he .,urfacc fin"·h c.m be Jl1lj'l'l tanr 



lll con1rolling ¡;roumJ-water pollution. The surface lopography and vegctalion 
should afso he planned to suit thc mt~nJcd use of lh<! SJte aftcr lanJfJ!ling 
i~ compktcd. Thc surface fmi~h !>hoult: abo crc;¡tc; an e~thclJC nppearance aml 
prc' ent Cfl'Sivll "'h1ch ce>uld unc:.wcr the úccomp0Sllll; ref •.:se ·r hose SJte> having 
no romrlctcd port1on~ wcre givcn a zcro rat1n¡;. 

6. J:ilowmg LJttcr: None, O; comrollcd, l: partinlly conlrollcd, 3; and uncon
lrolled. 6. 

nlowing filler accounls for a brge numbcr of !he public complaints concernií1g 
lam.lfdl~. Dlowing p:~pcr and pJ;¡c;tic can obviou~ly crt::.;te a very unrsthct.c 
arrcarance. ":~one" J!idJcates thal no loose paper or plastk is d:,poscd. 
"Controflcd" jc; a sitc whcre suffici;:n: scr<·ens ~nJ fcnccs are providcd to catd1 
t-.Jowing littcr, and ali loosc J¡llcr is picked up i.equcntly "PartJ::llly cor.lrollcd" 
rcfcrs to a sitc wherc c;ome precautiono; are tc~h:cn to r.revent blowing lill:.r, 
but sorne probkm stlil exic;ts. "UtH:ontrollcd'' indKatcs a biowing lit<cr problcm 
C'I,J~tc; and no cfforts h:wc becn mndc lo control 1!. Dunng sitc cvaluation spccial 
con-.iueratwn 'hould b~ givcn if unusually high wi11ds occur. (This problem 
did not occur dunng cvaluation of sites 1n thc thrcc-county study.) 

7. Dull.y ltrm~-DemoiJtion· Covcred or nonc, O, small amount not covered, 
3; and l..n¡:c <li!IOun! not CO\crcd, n. 

Rulk) otcm' (\\ lutr goods, hccl <;pnngc;, stumr~. etc) and dcmulltlon debris 
oftcn crratc ~r.:ci;-¡j rroblcmc; al l::~ndfill s1tcs bccnusc they are J¡ffJcult lo handlc. 
Lar¡!e p•k' pf thc'c Jlcmc; !cnu 10 colfcct, c;catmg an eyc,ore and rnas~ housrng 
for rodcnh "Snull anwunt not covcrcd" ind1catcc; that hulky i:cms are c0vcrcd, 
although ft'S\Jbl; not as often ns üthcr refuse, anJ some piies mar be pickcd 
up rcnndlcall> by c;,!lvage dcalcrs. "La1ge amount not CO\Crell" inJicates thcrc 
is no apparcnt pro¡;1am to cover bul!..y ttemc;. 

8. I3urnm¡! :-.!one, O. controllcd ACD, 2; open burning-monthly- or lcsc;. 
4; anll oprn hurnin¡;-morc than monthly, IJ. 

Open burrin¡; cr..:ates sign1ficant prohlerns in tcrrns of air pollution, csthctic!>, 
and rcc;ulttng nc:ghhor complamt~ "Controllcd" hurnmg implles the use oi an 
nir curtain dec;tructor (ACDl or othcr :llf rollution c·Jntrol dcvicc. Opcn burning 
is any burn:ng \I'Jthnur such control dcv¡ces. 

9. Vc,tor~. ~o .,,gm, O, sorne fi1CS, bnd~. 3; and fiJes, birds, rodcnls, 6. 
Vccrors. rnmt common:y rat~. 'hunhs, micc, b1nl\, am! fiJe~. are unuec;irablc 

ata rc-fu~c di'l'l"al <itc bccau~c they m:.~y t1 .l!l-.mll di<.ca~c or h:comc nui ... ancc~. 
Flic~ can he ~ccn c::c;dy if prescn!, cx<:cp! or. "•lnU)' day~ anu in colu wcathcr 
Uird'i or thc1r drorrmgs, or both, anu track<; can be nottccd easdy. RoJcnt 
pre~cncc is indicatcd b;· tr:.ck'i, c.Jropp111g'i, Jnc..l burrows. lt ''a~ fclt that n·ctor'\, 
burnl!lg. bulhy 1tcms, and blow111g htter alí crcatc cnvi10nmcntal problems of 
similJr mag!llludc, and thu-; a!l \\Cre g1vcn the samc ma\rmum rating value. 

JO. Hazardou~ Tox1c :\1:-.tcrial-;: f\:onc, O; CO"crctlunpcrmcat:olc soJI, 3: covcred 
rermc;:hle sod. 6; .rnll not co,crrc.J, 9 

E\plo~J\e, hi~hl~ flammablc, l'f tOXIC matcrwh can rrc.1tc sc\'erc problcrm 
if n<'t prt'r..:rl} di'I'0'CU of. To'IC matcr1:.~1s pose <1 thrcat to wJidl1fc anll 
!,!H'und·l~.lll'r quafJII' !hat may be botlr moJe o,cvcrc anJ of longcr duratmn 
th;•n the rroblclll<. cn:arcd by o¡J¡n;u y refu~e. A cover of impermeable 'ioil 
rrotcctc; \\JIJhfc ami 1cduce~ mfJirration 1\htch may c:r¡n· IO\JC wa~te~ 11110 

rhc ¡:~ouml ".tll'l :--:nrc that nnpcrmcahlc Ctlvcr may rcquit..: rrovl':onc; lo vt:nl 
\lll,,td..: g.,.e, !->pc~l.ll con~Jdcr:.t.on may !1ave to he ~Jc;cJ to cvaluo~tc ~pc!.:Jal 

methods (neutralilation, evaporation, etc.) that may be u sed with toxic "a<:tes 
anda rating t'etween O and 9 sclccted. 

i l. Ground Water: Rrfuse remole from grour.d water, O; r.efusc near (5 ft) 

(1.5 m) ground water, 5; and refu~e t.:oni<H'ltng gwund water, 9 
Many factors affect thc quant1ty :1nd quality uf leae:hate e:-~tenng the ground 

water from a solid w.1stc lanJfill. The locatíon of refuse \\tth respect to the 
ground-warcr t:rble i~ or.e of the mo~t imrorranl The elcvatJOn of tne t;round-\\ a ter 
tablc usu:rlly can be e>tinwtrJ by rtc<~rby surfacc ••atcr or excav<ttlons on o¡ 
near thc 'ittc. lf thc rcf1l'il.! ts pl:1ceú 1n thc ground ·.valer. highly ro:ent lea.:hate 
is prociucet! hy tnfl!tratwn and honwnt.ll gJoLmd-water flow. Jf 1he lc:>chatc 
m11q ¡M~~ tllrou¡,:h a !ayer of uns.rtur. tc!l sutl bct\\'t:rn the refuse ancl thc ¡;rC'und 
water thc 411.tl1ty ot thc Jcachatc" n:rrrovcd. As w1th h:~zardl'UHI.l'\1C mo~tcr,;:rl~ 

a hit:hl'i th.1n :1\er.lf!C m:n~nwm ratmg of 9 1s :1ssigned. maJnl:,· be..:au~e !he 
pos~1hility of rclativcl)' lung-tcrm cffccls c>.1st 
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12. Surface \Valer (Lal-es and Streams): N,one near. O, seepagc o~ ero(jc:O 
matcrrals, or hoth, cntermg surface water, 3; and reiuse contactrng surf2ce 
water, 6. 

The duce! pollution of 511rfcJce water hy a landfrll is :..:.;ually vasually C\adent 
ami thu~ thc r.lling scalc can be applied easily. flecause of the visual c .. Jdcncc 
of su;~acc w:~tcr pollution b}' lamlfJlls, and becau~e thc effects wlll &ener.lll}' 
hl3 ~>hm• tflrm tulhar thuN lf)ns tcmn. 'he maJOimum rBliMG llflplír:d i\} le11s than 
for ground-\\',1tcr polhrt¡on. 

13. Draut:J¡;c: \Vell Jrained, O; sorne poncing likely, 5; and drainage into site, 
9. 

Sw face d1 ai;1age pa!!e; ns are ver y importan! rn determinmg the amount of 
ir.Wtralion, and thucforc Jeach:~te, ata landfall site. A "\\c:!l-<.lramed" site will 
ha ve rhe ~m fact: sloped so that precapatation drains away from arcas contaming 
refusc. H tkprcssr\lnS are alloweJ in the landfdl area so that "~ome pon<.l:ng 
is IJI-.cly" rnfa):rution wdl be increasc:d zn thesc arcas. AdJJtJonal problcm~ are 
crcatc<.l by pon<.lmg, mo~t notably o<.lor ar.d rnosqullos "Dr:unage into ~itc" 
is c<;pcci:l:ly un<.lc.;;irahlc, a~ ;urface runof! from ad;acent are,,, Jrarns into thc 
landfJII cre.r!mg auJJtJonal pondmg and leachatc problerns. Drauwge is thcrdl1re 
impor1.111! í•n!h in an ac!Jvc s11e :1nd 111 a complcteJ ~1te DrJinage pJttcrrr~ 

can gcncr.ally be cv;~hr.llcd e.,~Jly by obser•auon of surfacc ropography 
¡ 4. /)u~•- :-Jo du<>l-controUed' O, ~o me <.lust-no! SCVC:li~- rart iall }- contr .. •lkJ' 

2; <md ~cvcrc du:,t, 4. 
!.)u~t is CJC:ttcd by eqUipmcnt ::nd vch¡cJe traff¡c on the SJ!e and thc access 

roau. Thc dust can obviously have :1n advcrsc rffect on planl, animal. and 
l1uman lifc m thc vicinity, anJ on esrhetics. Dust can be conrrolled by p::...-ing, 
oilin¡:. or "atcnng. Soi1 typc, dust co!lected rn protectcd arcas, :1nd C\ 1dence 
of ~__L,,¡ cnlltrtll can be ust:d to rsllmate dust problcms m wet \\Cather. In r:Jtmg 
du~l prohlcrrr<;, "sevcre du~!" i~ ~1ny dust sufficrent to c:~use VJ<;Jble eUccts 
over f(':{l ft (31 m) from rhc sor.:rce 

i5 Vi\lhality of ~.te Not Vl'·ible-scrccncd. O, v1siblc !o less than f1ve hl'mec;, 
no main h11_:hwJy, 3; nnd vis1blc to mor~ th;,;¡ fl\e humes 0r a main high\\ay, 
b. 

f'<1r oln hl:f\ cc;thctic rca~ons it ¡., dcsJrJble to ha ve a bnrlfill qle rrotcctcd 
from pubhc \ 1e•.v. lh1~ l':ln he accClmpiJ~hl'U b; o;Jie r~nwtenc;;~. n.I!Liral torl'.b.roJ~ 

ph}' ami \ c~~!at¡on. or art1frc;ai o;crcenan~. Thio; rating dt'C~ n11t rcflcct tnc 

appcarance of thc aclu::tl disposal arca, but mcrely whcthcr this arca is visible. 
Jr.. Routcc; to Sitc· :-Jo h1¡;hway haul (on ~1tc da<;po~al by andustry), O: sparscly 

pnpui:Jtcd, f.1rm, or in<.lliSifl;:¡f, 2; Jow lO meúium dcn\lty r(·Siucntird, 4; an~ 
111ban rc<o¡Jcntw!. 6 

Truck lr,¡ffic lo faqdf¡(( sites can cau~e m.wy compl.tint~ conccrning noise, 
blowing littcr, aml lraffic safcty. Tl1crdore traff¡c through re~idc,IJ:JI arc:ns 
shoulJ be minirmzed. "Urb:ln resrdcntial" JS any ;-;rca whcre houses ;¡re loca¡~d 
rclar,vcly wntÍIIJJClu~ly alonz a ~trect ;¡nd sraccd lcss than 200 ft '61 m) npan. 
Thc other cale!!oncs are lhen o;clf-dd111ing. 

17. S1te Noi~e: Remole-no unduc noi~e. O; r.OJSC annoy¡ng ;H lcss thíln five 
rcsidences, J: ílnd !1ClJSC annoymg al more than ftvc rc~¡Jcncc~. 6. 

·Srte norsc is duc m:11nly to he:1vy ec¡uipmenl operJ.tion aru.l tn;.:i-. lraffic. 
Annoring noi~e is cono;¡dcrcd as ar.y noi~e that would affcct somcone ilsrening 
lo mu<;ic out<;Íuc thc1r hume. lt was felt that sitc vJsibdJt;·, routes to sJic, ami 
SÍie noise 'h,ld approximately cqu;¡J pOICntial for CJlVIfOOillCnl<l( damagc, and 
thus all \\-ere givcn a maximurn rating of 6. Dus! was con~1dcrcd slightl} less 
of a problcm amJ \\-a<; ratcd al 4. 
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!!' .. Land Typc UtJii7cd· Darrc,Htripped, O; ngriculiural, 4; clcarcd gr;;ssland, 
~; and \~oodland-mar~h. 12. 

Th1~ is not intcnded ro cvnlqatc thc financíJI v;¡lue of thc !ami uscd for 
n landfdl, hut rathcr is in:cnded !o provide a sumcwhat incl•rcct indicat1on of 
the e Hect of thc l~mHJII s1te on flora and fauna. for example, '' is considercd 
that thcrc would he a 1;rcatcr advcrsc effect on flora and f;¡una by a landfill 
located in a \\elland tl1:m on<: loc:Jted in a llayfield. ln the thn·c-county ~tudy 
aJea, "b:Jrrcn-strippcd" J;¡nd consi~tcd entir~ly of ah:lllJoned ~and and r.ruvci 
pils, which are comrnonly u~ed for l:::ndflll SI!C'L In some in~:¡Jnccs a landf¡E 
O\.erlnpped tand of two d•ffe¡er¡t das>if•cat1ons, nnd in this case· a proportroned 
valnc helween the t\'.O mdrvidual ratíng~ w:~s l!>cd. Tlus caicgor;. was considcrcJ 
an importan! mensure of the landfdl's 1mpact on flora a11J fauna, and the1cfore 
the m:l'<Ímum ratmg of 1 :Z is rather h1gh. The four r::l!:ng Ultegoncs requíre 
ho addillün:,l cl::mfic:-~tJon. 

19. Org:miz<llion, Atlrr.inísrrarion . .Si!c fllan: Wcll planncd, siiC work orgamzed, 
O: sorne piannmg nnd nrganizarion, 6; and no planninr,-opcrator unt1aincd, 
12. 

Organi7ation nml a well-thoughl out si!e plan c:1n reduce the environmenta: 
u;¡mage from mo,q of !he factors previously cxammcd. A c;ite plan is aho vcry 
imponant in inc:c;¡,jng srtc Cílpacity, rcducmg soil cove1 rcquircmcn!s, and 
rcducin¡; thc m;:n apcJ equipmcnt hours n-;ocessary lo operare rhc SJie. A gnod 
plan also niiO\\S drsign¡ng rhc sllc to best !-LIJI tlle Jnlcndcd fin;¡l use. All of 
!hesc f~~crorc; ha~c drrect or mdircct envrronmenl<~l cffect~. Unpbnned sites 
oflcn rc,ulr in rcfuc;e bcing dumrcd such thal Cl'mracling o:nd covcnng is very 
diH1cult, or dump:r.¡! ncar the froilt of the srte m:~y preven! :-~cces'i to th<: back 
of !he -.irc bcfore the l•ack pon ion is flllcd. This factor gcnerally c.m r.c evaiu.1led 
by ohscr\ 1ng s1tc la~ out, dumping 'Jr work111g L1ce progrc~sion ¡¡nd lr<lífJC rout1ng 
lf an oper;¡lor ~~ pre\t'nl a bnel conversat10n may rcvc<~l some problcms not 
r•:;~drly :-~ppar.:nt ·clli\ f.1ctor is cons¡dcred to havc !he pmcnli:ll for subc;tant•al 
cnviro;¡mc.l!.¡J c(f-:ct. af'J thcrcforc j~ givcn J ¡;¡:nwnum r:ttrng of 12. F1cld 
C\p.:¡ icncc ,Jwws that ~1te~ ¡;cncr.dly f.ill rathcr c:lsJly in lo one oi thc thrce , 
¡::ivcn catccuncs. 

20. Prep¡¡redncss: Prcparcd for brc.1kdown, fire, \l.rnd, etc., v; part1aliy 
prcparccl, 3. anJ unprcparcd, 6. 

Jf ¡¡ ~itc ¡._ not prcparcd lo h:-~ndlc ~rcci<JI silu.li!On" that may arise. such 
ao; cquipmcnl bre:ü:down, firc, h1gh wind~. ancJ C\pandmg roder.t popul<t!Ior.s. 
~ignif•car,¡ pwblcm~ cnn quickly arise w1th uncJcc;¡rJb 1e ~·t1Yirllnmcnt;:,l dfcc:s. 
Thc l.itc opct::llor should 1-.now what steps to rake in rhe evcnt of any "ltJ...ely" 
emergcncy. A wcll-prepared sitc has plans for uncxpected fire, wet periods, 
and extended cold weather and frozen soil. A part.ally prepared sile considers 
some of thcse problems, but no! all. 
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TAOi.E 5 -Proportional Controbution of Field Purameters • 

___ "-F~~·r -- t ·~i•v 1 
Rdu;c r~aco:ment 1 
Compactmn 1 
f'•·no:hc cover 0.3 
1"111:!1 covcr 1 
Sarf;,cl' frnf'h 
Oivw;r.g l.tlc:r 
Bufkre\-d:molllion 

W:J~IC\ 

Burnmg 1.0 
Vec:oro• 
Tn\rc-·h:tl.<udouc; wa~IC\ 0.1 
Gwun:J \\ ¡¡t~:t 
Surfal'e wa:cr 

Dr:l!n.!J;C 
Dt~q 

S•:t" vi~ihi!ity 
P.nules 10 c;ite 
SltC 11(\1\f 

Lanú t~pe utihzeci 
Ül,!':lllll.lliOO" 

l'rcpa¡ cdnc'~ 

0.2 
06 

o 3 

Water 
qual:ty 

(3) 

C.3 

O.i 

0.5 
1.0 
0.8 
0.6 

o 3 

-
Land 
use Esthetics Noise 
(4) (5) (6) 

0.7 0.3 
1.0 

0.4 
0.8 0.2 
0.4 0.4 

1.0 

0.4 0.6 

04 

0.2 
0.2 

0.4 
1.0 
0.5 o.s 

1.0 
0.6 0.4 
J. O 

t 0.3 

-

Health 
(7) 

l. O 

1 0.1 

•To a\'oid "d0ublc countm¡;" on'y urrect effects are assrgned v,¡Jues. For example, 
¡:round-watcr polJula.ln c.tn ilffcc! hco~llh. bul only 1hro11¡;h lhe change in water quahty 
wh1Ch ·~ lhc d¡rccl crrcct E 'Pl.m:ttion ur p:Hamcters IS r.~>·.:n "' lhe :•rrendix. 
=====- - =-=-===-====== 

F2tlor 
(11 

Hduse placcmenl 
Compaclion 
l'criodic ~011 cover 
Fma! covcr 
Surf:tcc fmr.h 
nlowing hll~r 
Uull..y itcms-demolition 
Burmns; 
Vectors 
Toxic-h:uardou:. ma:erials 
Groum! w:trer 
S111 f:~ce \l':llcr 
!.>rain::~ge 

Du~l 

TABL.E. 6-Fleid Ratlngs 

Maximum 
possrble • Average 

(2) (3) 

4 0.8 
1 0.9 

lS 4.8 
12 O.B 
9 1.9 
6 l.B 
6 3.0 
ó 3.8 
6 3.3 
9 0.3 
9 0.4 
6 0.2 
9 J.J 
4 0.2 

1 

6 1.3 Viqbrlity of s11e 
Route\ lo \rle 
Site nor!.e 
L:nJ lyp~ utihzeJ 
Organ¡¡a•u>n, sitc plan 
Preparednc~s 

: ~·~ 

6 2.2 
= IS2 Total = J!l O 

_L.~ ~:~ 
----------- ---...J...·---

Average 1 maxi
mum, as a 
percentage 

{4) 

20 
30 
32 
7 

21 
JO 
.50 
ó~ 
.55 
3 
4 
3 

37 
S 

22 
37 
o 

2S 
32 
37 

Averat:c = ::tí 
"Jirghcr vah~cs m¡J.calt' greatcr potcn11~l ~nvaronmcnt.,: ÚJm:l_;g==i."========= 

_?,_ 



., ' ll .... 

TAE:LE. 7 -Evaluation Summarv 

Total, 
En11i•onmental 1 

paramr:ter _j 
( 1) 

1
: 11 

Average as a Min•mu:"., Ma:.:imum 
value percentage i vail:e ! 

-----~~te:--- 1 

Land u~e 

1 
No.asc 1 
Vector' 

Esthetacs 

_(_2_) ---;-- (3) -t-·--' .. _·l---: 

;:; :~:: 1 ~.~ ¡ 
10.4 27 3 1 0.0 ' 

9.0 
16.5 
31.0 
23.1 126 33.1 1 4.0 1 

l.l 2.9 10 j 2.0 
3.6 9.5 0.0 l 6.6 

3él. 1 100 O ~f1mmur:1 1 ~1:·mmum 
IO!Jl --= 11 0 1 lúl al = i 1 0 ---!__ ____________ _ -----T-~~·-_____l_ 

Note Thut) ~11es 1-ad IOI:JI valücs excecdmg the Jvenr.e ('[ )S and 39 s.tes hJd IN:Jl 
valurs le<~ th.tn thc aver~gc of 38 

================================== ======· =.-:..._ 

TABLE 8-snmple Compar:son of Mcans 

r-- ¡- Mean Ratin;¡s 

Group.ng ! Group~• ~A¡;-·¡;;:, Water l Land ~hew.s l_N_o_•_se-.,..~\-,e-c-to·r., frota! 
(1i 1 __ ' ~- (3) (4) - (:,) ' ·- ~J_ _ _[ (7) {8) J~ 

Tyre of c•p· Catv vr 2.4 1 4 1 ~ 10 9 
1r.4 1.4 1 26.9 

erator ccuntv v 

1 

J 

1 Cll) 1 1 

! 
\'ill;~ge (1~) j 1'>.4 5O 11.6/ 13.1 l 2 3.9 41.2 
Town C1.~) 58 53 '-J 7 

1 
12.7 1 O 1 4 4 ~8.9 

Pr i v ,, i e a nd j 4 3 6. 9 1 5 6¡1 l3 3 l. O ¡ 2. 1 4 3. 2 
ott>cr (9) ¡ 

95':1- conf,. Yes Nc Yes No Yes 1 Yes Yes 
dcncc of j ¡ 

1 

"¡:nif¡c.ml 1 
J¡!fcre:1Ce 1 

Derartmcnl ¡ S;~nll.lq (21) 2.7 4.7 8.9 ¡ 10.3 1 l 1 2.8 
of :-.;;~turdi ~.:oJ•f•~ó 6.4 5.5 10.8 13.3 l.l 4.5 
Re~ourcc' ( 13) 1 

30.6 
4U 

42.3 

37.2 
Y es 

cla~"f,cJ· 1 Op,·n d11mp 7.0 5.7 10.9 14.6 1.3

1

, 2.9 

twn 
1 
oi~:: (~) 3.8 L.9 ,,2.3 , 13.1 l. O 1 6 

9~';¡. con(¡. Yc.., ~" __ l_Njo --Yes No Yes 

.
1
1 dcncc of ___ _j_· ___ j __ _ ~I;!OifiC,IOl 

dli r ere nce 

•The numhcrs m p .• r~rt!tc~c' rcrre~cnt the numher of s1lc\ in !he group. 
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1 
N 
w 
.~. e 1 . 7 11.0 ¡.sJ .4¡ 1 

~--+:31 • 4 1 . 2! . 4 IL o¡ 
' 1 i 1 1 1 i 
1 1 1 1 r 1 -
ll 2 3 t.l si 6! 

l:.~thcri 

llc;tl eh 

~l 

E.x:1rnp le: 

.4 1 
1 

.G _¡ 

J. 
U_:_ 

7 1 8 1 9 

PROPORTIO"l\L CCNTRlBU!ION 
MA';:RIX 

A1r Quality: 0.3(15) + 1.0(6) + 0.1(9) + 0.2(9) + 0.6(1.) + 0.3(6) "' 17.4 

It can be scen that, using chis ~e!bhting, che potcntial impoct of a 
landftll io greatcst !or l~nd use, esrhet1cs, ~nd water qualicy. 

FIG. 1.-MJtrix lndicJting Total Sitc Ellcct on Each of Six Basic EnvironMcntlll Parameters 

lm 
15 . 
12 

S 9 
6 
6' 
6 1 17.4 
6 2 31.8 

10 9 3 46.0 

9 4 41.2 
6 S 9.0 
9 6 6.(, 
l¡ 

15 6 ro; AL 
6 EFHCT 

6 MATRIX 
12 
12 

20 6 

RATING 
MATRIX 
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Lecture (/9 

by G. W. Reid 

Prediction and Assessment of Impacts on Water Environment. 

l. Scope, Courses 

a- Short term, construction etc. 
b- Long term, permanent land use. 
e- Resevoirs, powerplants, industry, par~s. 
d- Direct, indirect 

2. Basic Steps 

3. Data 

a- Identify types of pollution - attributes 
b- Existing water quality and quantity levels 
e- Forecast Pollutants levels 
d- Identify treatment, alternatives, costs. 
e- Impact 

Mesoscale - aggregate loads 
Construction phase 
Microscale - specific concentrations frequency, location 

,_¡- Pollution - Ecological Normal 
b- Pollution - Ecological Abnormal 
e- Water Quality Attributes 
d- Source<1 

lndus ny 
Municipal 
Non-Point 
Agricultura! 
Eros ion 
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Lecture 119 

by C. W. Reid 

~ATER guALITY MODELS 

One of the increasingly important eleMents in thc design of water rcsource 
projccts is, of coursc, the man:tgement of quallty and a technolo1;y that was 
almost purely hydrolo~ical and hydraulic is now beinp, expanded to include 
what might be classed as the euvironmental and ecological impact areas 'anJ 
systems. So, it is no loneer sufficient to understund the inte:rrelationships, 
flows and tran~ports, but to this must be added the impacts on the living 
and n0nliving water, and pcripherral environments; with a nced to develo? 
ecolo&ical models or nore 8pecifically, uater quali::y models. Unfortu~.Jtely, 

t:1ere is ra-::cly ndequate data r.o proper ly describe thcse interrelationships. 
The m~thodology used for hyd~ological studies involviug iuadequate data s~c~ 
as th~ transfer of observed points to points of interest; short t2rm intensº 
studies; or use of si~ulation techniques, can and are bcing usccl in quality 
managcmcnt r.todeU ng. Perh.:1ps more basic is an understanding of data rc
quircmcnts, using thc syste'!ll approach, th~ sequence of events are (1) prohlem 
fürulttlut.io,l, (~) .:;_.ubc.lic Iuodding, (3) data col:!.t:.cti~r;., (!:) .::~~l:¡~is :::t:1d 
(5) deslgn. (Sce Figure 1) Frcquently, the arder is changed, particularly 
thc entire process will start \olith available data. 

The complexitics, of course, arise due to the fact th.:1t the processc.:. 
as:::ocinted wi th water c¡uality management: hydraulic, hydrological, Ctl2ntica l, 
bioloGic:::tl and ecological -- are extremely and imperfectly undcrstood. ~o, 
th.::t ]s a complcx reality, wlth a great many variables on which therc is 
availab] e very poor mcasures and \vhich thcmseL1es intcrrelate in \o:ays vcry 
inadequately undersLood -- must be measured dnd appropria~cly rclatcJ to be 
useful. Certainly, onc recognizes the suporiority of an explicit quanti
fiable data anJ l'lodcls ovcr i11tuitive modcls nnd hunches. Thc altern.::ttives 
to t:uch a moclcl , based on p:::trti.::tl knm.;lodp,c, is a mental model, bascd on tlw 
mixture of ]r.completc lnfonmtion nnd in tui tion simll:tr to those cont ro U j n;·, 

most polltical dccisions. A J!l.1thcmnticalmode1 dcals with thc s.1me ÍIICC"IIpJl'· .•. · 

information .1vnlJ.ablc to an inluitivc moJel, but through organi 7.clticn of lnl ur
matl011 fror:1 many diffcrcnt sourccs into a closcd loop at last annlyscs i:~-'-. 

permirtcd and data necds studicd. 

Proh]Prn FormuJ.1Uon: To arrive ata water rcsourcc projcct dc<.ign, tite nuntill·r 
of ~~~r-Jahlvf: 1.:-;-~;Qrmous, nnd tlwy ..lre mostly nonllnear. l'he :-;trtJctun· of 
thc sy:;Lt.•m ls more lderarcllical th.:tn functional, •~nd m • .l!ly o[ thc p.uamC'lt·r:; 
and varJ.:1hJc¡; .1re ULHJU.1ntifiNI at presr~nt, Cl'rr.·dn]y thos .. ~ nsf:ocinL('d wllh 
eco] ogy. Nonc:Lltel!!S~, to :-)QillC degn·e' a mergiue of ulscl plinc·~ ~lnd- tite 
jncrc•:lsC!J uf:c o( Lhc sysLP.IIl :Lppro:tch ha~; !1ccn taldu1~ place in tite st udy of 
watt.·t sysll·llt~, .md ~t 1:-; 11ot _¡m;L 3 m:ll"t:C'L" of coll~c! ing data and J.lgm:Jnr, 
out wh:1t 011e lws. 
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lf one looks at thc type of modcls being po~tulated for the des~!.~ of water 
qua\ily Eystcm~ today, it will be seen (Figure 2) that they fall within a 
sp<:ctrum rangin~ frorn erudite n1.1thcmatlcnl models at one end of the spectrum 
to scenarios at the iJther. In the first case, the rnathernatical rnodels rnay 
be rigorously dcveloped in a ~4thcmatical sense, but al! too often are of 
Iittle use Jn de5cribing a real complex system in inadequate data. On the 
other hand, the scenario model -- little data, numcrour ideas -- may accurate
ly depict the significant elemcnts of the real system, but it is of little use 
to t~e engineer-planncr because he cannot manipulate it or quantify it. 

Ttle target ene should try to hit is a reasonable and useable balance between 
the polcs of intuition and selecting hard data. One would like to be able 
te use the rnathcmatical rigor of the physical scientist and, at the same 
Umc. give equal weight to the hu¿ristic insight of the social scientist, 
Thi> :cesu1t weuld be a useable model for a system design. So, pcrl!aps, or 
~e~tatnly, for planni~~ purposes, one is dealing with the lewest leve! of 
~u~~tification that allews geod estimates and the lowest leve! of complexity 
~~ic!~ give3 a reasonable picture of the real werld system with the hepe of 
uxpounding in beth directions. 

1he ~pplication of mathernatical modcling techniques to water quality 
~'li.magE:ment can significantly ald t:he de.:isíon-makers to arrive at bette:
,1ecisions. Thus, modeling provídes relevant fac ts and al terna ti ves, the 
dcr: i~jon-nwker cheoses the strategy. Oper.atiunal models are still primí ti ve, 
prin~rily becausc of the probilistic or random nature ef the physical proce~ses 
involved in waste diffusion. One is sometimes inclined te be skeptical ef Ll1c 
valt:e of increasing !'1.cdcl sop~1isticaticn which often seems te havc prcgressed 
~uch further than c~r u~dcrstar.ding ef thc complex real werld situation; ~ll 
models currently proposed in thc literature have enormous data requircments 
which far exc\.!ed the data usually available, ami \vhich, fer the most part, 
must be derivcd fro~ actual measurement. Many parameters in the more sophis
ticatcd medels at"e sirnply not knewn in actual situatic:ms. 

The "ater quality managemcnt problcm requires: 
l. The cause and effcct relaUonship bet\veen pellution from any sourcl..! 

and th~ prcs~nt dctcrierated quality of water in the estuary. 
2. Forecasting variation of water quality duc to th'e natural and m.:m

mnde cau~~cs. 

3. ticthods of opt]mal 1.1.:maecmcnt, including treatment and flow rcgulat wn 
to cont:rol thc quality in thc cstuaty for mun]dpal, industrial, aericu1tura] 1 

fishcrics, recrc<~Lion and wild life prep3gatJon. 
4. Chemical, biologic~J, llyc.Irologic3l, hydrauljc, at thc samc time, 

samc place~ and s~mc accuracy. · 

!!_~~-~ls_. In modelJng thcrc is ..1h1ays a ccrtain incompati.bility bctwccn <:oocl',1 ts 
of subslnnce nnd gcncrality; d:lta rcprcscnt.:ltivC>nc~ss oi the real world. Tli,' 
aim, ef coursc, is te provlcle throuGh an idcnlized abstraction an approxim.ttL' 
bch.-.viol· oí Lhc sy~tC!In wh ich ah.¡ays in a c~empromisc bl!t\o/l!en simplicity ¡md 
rcnlity. t~at,~r qu.1lll'y mode]~; cau be usccl tu siutul<~Lc, dcscrihe an<.l prC'dlcl, 
nnd pror~ramr.dng l0ad inr. to opllmiz.ttion of tle~dr,n. Progr .. nnmlug which lc:td:. to 
policy t'(.:quJt·e~ an cx¡Jlicit ~a.:t of ohjN'tiv(•s, or an objcctlvc functi.on to ln.lx

imizc h<:ul'lJ!.:-: or mlnimizc costH. Simulntion does net rcquirc explicil rc~.ull :. 
5o 3 f!1mulationn. :trC' 
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misunderstood, if one e~pccts to use the numerical projections and values. 

Using numbcrs is wrong if :l.t leaves the imprcssion that design projections 
are in any way prcdictions of th~ future. lt is helpfulg ~as a prcdiction 
but to get one te realize hov/ short-sighted -- how prescnt-orlented -- images 
of the future ordinarily are, but cxtrapolation of present trends is a time
honored way of looking into the future, Most people intuitively and 
correclly rejcct cxtrapolations -- the point is that it provides indications 
of thc system's behavioral tendencics and as an analysis of current trends, 
of their influcnce on each other, and of their passible outcorees. 

Models may be classified usefully by areal extent into national, regi~nal 
and local • At the highcst, or national l~vel~ data js necessary for broad 
planning purposes, such as to determine an overall level of water pollution, 
to deter-mine thc total investment necessary for pollution abatement, to 
determine national policie$ 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 thc region. The 
third, local leve], consists usually of checkine the operation of waste 
t1eatmcnt plants to insure cc~?!iance with regulations and statutes. Thus, 
due to the diffcrent requirernents and objectives, a data program which may 
be optimal at onc level, is usually far from opttmal at sorne other lcvel. 
Unless a clear objective has been set, there is no guarantee that all 
critical bits and bytes of information are collected, and that ti1e gathering 
of useless data is ~inimir.ed, Similar calssification classification can be 
madc with relation te time. 

Hypothetical actenpts to describe the intr1cate relationships between 
nutrients, phytuplankron, zooolankton, fish, detritus, bacteria and mnn-
induced wastc loads havc resulted in a great variety of models. One of 
the first dcvclopcd, classical Streeter-Phclps equation, describes adequatcly 
the dem,'}genatJ.on ;2nd reoxygenation in thc river.. T.1e familiar form of the 
oxygen sag equation is: 

where: 

D = 
kL 

o 
r-k 

D = oxyecn d¡¡fj cit at time t 

D ~ o~ygen dcficjt at time zero 
o 

L = llOD at titnc zero o 
t = time (dist~:mcc) in tlnys 

k1 - tleoxygcnation cocfficlcnt 

k2 = rcoxygcnation ccefficlcnt 

(1) 

This equation h:.1s becn 0xpant1cd to prov:fde for evection nnd diffus:fon; alr.:te 
growth, b~:nLh.1l t~eposiU;, etc:., jnto, im·t!nlity; impo:-:;siblc data requlreml'tlr•;. 
The hnr.ic 1wcd is for modc]s ¡:;omc\vhc.•rc bct\vc~t:r: two pol<.;c; that are built wdn;· 
existing dat.l •md as such c;:¡n be responslve to the needs of the aC'tlon ·'!~C'nci,··;. 
lt is jn tlds l"C'alm jn \vhich tlw ;n1t:hor has ucw·lopcd a series o( w.ltl~r c¡u.a} tlv 
JHotiL•ls. Thc p1·o jcct~; lwln¡~ modeleJ i',C'lll'ralJ y are of silch a nnturc that t lw 
ulLllll.tlt• rC'.tll;:.ILlun \..'ill o.:cur lc;¡g arLc•r Llw dL:part:ure of the dc::,Íf,tH'r':, 'IIHl 
as !:iliCh dirc•ct valld.itlon. proc<.'durC'-:. nrc impos:;ihJe, twcess1tating f:omc fol!ll 
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o{ interna! validation or lnternul i~·~~rit\, The problem is one of using 
~·hat inform.ltion i:~ available fo~ a )ú-JOO year future, and doing it in 
suc:h a fashion th.:1t it i:; not su clep,.Jnt that it bccomcs a classroom makc
bcll~~~~! world. Thc cssential thread in the author's merhodology is that of 
reco~nizing the complexity of .:1 problem and drawing on a combination of OR 
r:cchniqucs, determlnl.stic techniques, as well as imperical, phenomological, 
and ~nalytical methods. River system models respond to organized pollution 
$.¡¡, ro-:.:ld es o 

Th~-¡·;:: üre suggested six categories of stream re~tjonses: biodegradable, 
nvt~1~1onal, bacteria!, soliJs, persistant of slowly degradable chemicals 
.:1"'::; .n·,:rJ11al. The re~ponse of a given stream to these categories can be 
far~~l~Led; or the rcverse, given an instream criteria (RQS), allowable 
e(~l~2nt quality can be calculatcd. Thc specific criteria now can be 
'/!'O';;;r.::i ·..;>lder response headíngs; for nutrí tional, one migh t selcc t N, P, 
:; ; ,, , 'O:: ~,,_;~~, etc. lf prirXIry treatment is established as a lower con-
·,,· :·'l..~.t on the cffluentJ thc :solids criteria can be dcleted; and further, 
.i.: ' public health constr.:ür,-: on toxic and bacteria! levels can be exercised, 
l'J<Fc' ~·dther than six responses can now be used leaving a four-by-four matr í:~ 
to be exZ!.m.tned. 

TA.BLE I 

Municipal Indus tr ia~Agri cultura u 2.:.:.:_:a t iona~--

,!3_i_';'Jcg~adél:~.l~-· --~--r·-.... c~ntrolled by D._ O. levels .. --------~-----
Nutritjon~l Controllcd bv N and P levels 
117'é.ri~ac----··¡- .. ·-~--·~"cori.rrollé.<l b·y-'Í'er.lperature inc.rcases · · 
Pen;js-f:~ñt-¡-------·----,. · --- - , - .-. · ·- ·--····----

Ch~~mical __J Ccntrolled by Salt) CCE's or A_E~~~~~--, ______ 1 l -

So, a response/use matrix, changing witn r~me will set goals; based on a 
matrix such as the one in Tablc I and alt~rnative socio-operated projectior.~. 
A li!'!k:ing technical basin model can be built and opcrated to provide the opl •::u1 
~~e of w~tcr resources. and of nccessary treatments; or in planning for 
future uopul<.iti.on increascs and the concomí. tilnt inereased ·use of \va t.:!r, i t 
l.S r10S!'d\1lC tú build l!l.:lth0.nutJc<Jl modcls depicting thc optimum trcatments :In•' 

stream flcws nccessary to mcet the f:.QS. Tlw one-to-one input-output rclilti:Jn
ships [or thc fouc catagories uf \olas te c:i ~charges follm.¡s \vi th thc LO\v Flul' 
Au[.m<!ntat:ion FA), associ.:-ttc~d lvHh each treatment level (TLÍ), will be QL, 

QN~ f!p nnd QT. This is a terminal flow in HCD. TLi is a fractlon whcre 1 

refcrs to BOD, N and P. 

BIOll'fCi\ADABLE HODEL (L) 

Q e _!_ + {1-Y) 
L e 

PE or P A (P) 

C
5 

- ltQSDO 
(2) 

(1) whcrc: 
y R fraction of total populati.on in snA 1 :> 
r."" Efflclcncy U:r111, l'oinL Lo,td/Unl!onn l.o.1d 

PE "' l'opul.1 tion Equi.v:llent jn mil.J ionr; 
P = }'Pl"<'l'lll.:lGe u 1 :.chnrgC' t:o r:! ver 1 t!:~pr•:~:~;t·d 
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aa a fraction, Decision 
Variable = (1-TL) 

C a DO saturation lcvel @ givcn temperature 
S 

A "" • 942,900 

k2 !.1!-.. 
V 

relates to stream charactcr
istics 

where n is essentially the number of reoxygenized volunte~, k
2 

the r~aerat1on 

constant, L the reach, V thc v¿locity -- these values will change as the 
stream itself is subject to rnanagement. 

ACCELERATED EUTROPIIICATlON HODEL (N) 

QP = _z_._P_ 
Fp•RQS 

(1-~rl. 44 (1-T~_) (TL1 3250) 

where: 

(3) 

(4) 

Qp or QN = Nutrition~l Dilution Required, MGD 

Z = Relative portion impounded and 
effected by RQSAGP level 

P = Populationt millions 
TLp or TLN = Phosphorus or Nitrogen removal level 

expressed as a decimal 

TllEitMAL 110DEL (T) 

Q = r 
• llQ 

TL == 
N 

BOD/P Ratio divided by optimum 
combining ratio 
BOD removal level ·expressed as 
a decimal 

= Acccptnble level, RQS detcrmincd 
by RQSAGP 

~ = Thcm.al Dilut ion Rcquirrd, HGD 

(S) 

b. T\~ "' Allowablc tcmpcrnturc diffcrencc bctwccn addcd flow and RQS t tt-RQS t) 

U b. TQ"" /dlo\mb1e tt~mperature clt.:1np,c (RQS'l'- T
0

) 

e .. Ratio 0f K/V ·when K -~ r.:--o'ltetric menn for BO\.flllCll' S ratio nnd V a 
X 
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subsidaace vclocity 
~\Q "' Was te Flot.r 1 MGD 

/ 
/. C0NSERVED OR r'EHSISTENT (SJ.Et1ICAL MODEI. (C) 

"--
(6) 

1'h!i!Se models 9 though cas t in terms of dilution requirements, can be 
~!ccred, given a diluted level to provide permissible loadings. The 
uodels (2) thru (6) are b3scd on organized (sewered) pollution. Models 
f.or ;,torm dra~.nings or dispersed pollution have also developed s.uch as: 

l,~t;-~PK9.SED POl.LUTION MODEL (D) 

..,.,.. .ere Y 
3 

is !:iOu 

Y) = 2.36 - 0.188 lnX + .310 lnX10 

where Y5is ON and Y6 is POx in 

Y6 = 2.90 + .00003X1 - .0001X3 - .0137X8 - .74Ix11 

and X, = population ... 
x2 e population dcnsity 

x
3 

= number of households 

x
8 

e commerc!.al establishments 

x
10 

e:: streets 

xll = cnvironmental index 

(7) 

(8) 

(9) 

Models (2-9) can be used to relate waste inputs to stream responses undcr 
v.:1ryinr, municipal strc<ml c!taractcristics and against varyinr. goals (¡;qs). 
Many technical modcls ~re nvailJble to projcct f]ows ;(Q), and othcr strcnm 
char.:~ctC'rjstlcs k?, l., V, etc. but a. final model is nccdcd for cvalu;:¡tion of 
the effccls of thc rural upstrc.:uu '"¿¡cershC'd programs on dmmstre.:1m nmoff to 
complete the sct. Such a model \oJ,1.s deve]opcd for the Congress in 1969. l,Z 

1 For dctails of modcl dcveloprnent sec, TllE OUTLOOK FOR Wi\TER, Hollman :1nd 
Doncm, Thc Jolm llopldns Press, Ili.Jltimorc & Lontlon, 1971, Appcnclix C,, p. 201. 

2 'l'lds \·Ws a special. consultative rcport t:o tlw Sccrctnry of tl1c lntcr:l.ur, 
OctobC'r, 19G7. 
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UPSTRfA:1 USE l-lCJIJEL (U) 

Where: 
Y = percentage of normal runoff 

xl m percentage of normal precipitation 

x2 = percentagc of watersheds controlled by hydraulic structurea 

x
3 

a annual abQVC one inch precipitation 

In these equation, the simple Phelps equation (1) has been reduced to: 

dL = k2 dO = f dO 
kl 

(10) 

(11) 

That is to say, the load equals the capacity. Distribution factors are 
added, load is put in teros of peoplc, PE's, etc. This is useable. On the 
other hand and by way of contrast 9 O'Connor uses a one dime~sional, differ
entia1 equation, first involving: 

a 
ax 

n (QC) - kdL - k L + ka (C -C) -
n s 

Expnnding this to three dimension, (x, y, z,) would require: 

u a o 
X ---a x 

u a o 
y 

a Y 

u a o 
_z__ - k1c , etc. 

é)x 

(12) 

\13) 

A1so the eval~ation of E's, U, K1 , etc. in terms of velocity, solar cnerg¡, 

depth, turbidity, cte. 3 

Thc ~ffrctivcncss of modcls is, of COllr~c. acccptancc. Actually, very f~w 
modclf; lwvc bccn u1:cJ. T.imltatlons of npplying them to "rcal 11 !:>y.stcrrs are 
roolc1l in n~my factors, most n•laLcu to dat:1 inadcqu:1cies; thc acquif;Jticn 
oí pruper unto, adju:.;tmcnt CJ[ non-·homogcnily, or lnconsislcncy, to Il"fiiJl! Ll 

few. 

----------3 
SYSTE~I~ ANAJ.YSJS Al-ID H/\TER QUALI'f'..', Thoman, Envlronment:!l <ldcncr 0 crvj· .:, 

Ncw ~·ork, 19'12. 
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~very mo<.Icl, or system, is always embcdded in a larger systcm in space 
or cimL·, so one is limltcd to selection of a free body cut and cxogenously 
det-c:rmiu~d parameters. Finally, serious factors, mostly associated with 
soci~l values cannot, at prcsent, be quantified. 

An efficient use of mo9els thus, argucs for different models to answer 
¿fff~rent qucstion. For example, one for sediments, one for social costs, 
~te. 'fhe sys tcms process is iterative and continues while the models are 
refin~d and until satisfactory results are obtaincd. 

The flow of informatior.. for all the mested models eventually leads to the 
tiec!.;;;.lon proccss. Forward and feedback information flows take place between 
.;';\,:,:l.-!e1 s ·,;ntil the. alternativc selection and information developed is acceptcd 
io- dcr:i~ion-making. As illustrated, there is no attempt to "hang" al! 
-;:,r.d:~Js <..ogcther. H·:)re importants different levels of data, can be used in 
~a~h mode, providiag homoge~ity in each model. 

DATA 

"1J.1e data t1us t support the models. Some of the ques tions for which ans•...rcrs 
are necded are, goals, includc,: 

l. ~lhat si;jnificant pa!'ameters of water quality should be measured, 
for an alcrt systc~, for treatrnent plant control, for a quality forccasting 
system, for a river managcrnent syste:n? 

2. What should be the periodicity or time interval in collzcting 
specific daca? 

3. ~nat are the cross correlations of these pararneters? 
4. Are therc any syner~istic relationships between the parameters? 
5. What is bcine accomplished to develop instrumentation that can 

gage quantitatively those essential parameters, such as BOD, tl1at are not 
being measured autotnatically at the prescnt time? 

:5o, thcre are all sorts of data, much of it redundant. One needs a rnodel 
to discover needs, costs, etc. The process is sho\m graphically in 
Figure 3. 

Data has a cost, collection and deferral of decisions. 

l'hc quantity of information co)..lectcd should be incrcascd so long as the 
prcsent value of tl1c lnvest1acnt opportunity (or cos t savings if this i.s tl!c 
use to which the information is put) is incrcascd by more than the cost of 
thc information. 

Thc i:'Xpcctcd valuc of a dedsion tvill be Jow with little data availablc·, buL 
will rise with more dat.1 ava:Ilable. With littlc datn availablc, thc solutlon 
oftc-n would be OVt'rsL1tcd (n·sult:Int; in unuscd c.:~pacity) or undcrst:ttcd· 
(rc3ul.ling in lost opportunlty), thu~; reduclng thc expccted prcsent v.11ue of 
thc opportunity. Fo:r sm.:llJ cnough quantitics of data, the cxpcctcd valuc 
will Le negatJvc. 

The> conclus:fon th:1t thü ch•c:it~ion takc I'L1cc wh0n tbc cost of p,ctting onc mm e 
of infonnat 1 ou j s ec¡u.:ll Lo tlw rcsulll u¡; incre.1sc iu cxpcc tcd prc!;cnt v.:-11 u1~. 
The c.o:;t o[ e,ct ting on.! mure year of da La :i s n • .1dc up oí ti.JO clcmcnl!J, lill~ 
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outlay durlng thc during thc year to gct tt.~ data, k, and interest on the 
expcctcd prc!;cnt value of thc opportunity one would cxpericncc if a ye~r of 
waiting is not included. That is, if V(t) is the basic function, one should 
not wait until its rate of increase, v~(t), is equal to [rV(t) +k], where 
r is the rate of discount ( the rate of return on investment)s 

Several conclusions are evidcnt. 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 revcnues 
from the decision. This factor means it does not pay to accumulate data 
until the incremcnt in expectcd value is equal to the annual eost of the 
data. 

Expcricncc in the United States has resulted in the common utilization of 
only eight water quality parameters that are thought to satisfy the re
quircmcnts of reliability, accuracy, and low maintenance. Thcse parameters 
are dlssolved oxygen, pH, turbidity, conductivity, temperature, ORP, solar 
radiation intensity and chloriJes. Time sequence is importante Param~ters 

needed today may not be thc correct ones tomorrow. -

FIGURE 4 
' 

TIME SCHEDULE FOR WATER POLLUTION ABATEUENT 

Time Secondary BOD N&P TDS Thermal 
Trcatment Eff Eff Eff Eff 

1960 X 

1970 X X 

1980 X X X 

1990 X X X X 

2000 X X X X X 

Cr!teria Fish Ki lls Eutrophi- Reuse Recycle 
Water TreaL1u~ut: cation 

Probl·~ms 

Figure 4 suggcst a water pollution abatcment time scale; that is, tlte 
standard will be upgradcd \vith time, and the resource must be used 
within thcsc constrnints. 

One is f.:till conccrned with tbe frequcncy with which data should be 
c.oll cct0d, thc opti.num locnt ions of col] cction, the provisions for data 
storngc and thc rcsou-rccs for .·malysis of thc data. The use oí a short
tet·m survcy appro."lch or estnblisbmcnt of a minimnl number of permancnt 
st3l'c1ons. /m ~nnlysjs of Li5toricnl d.1ta wlll yield insicht into thosc 
pa.rnmetcrs wh:i eh requ:i re cúntl11uous an.:llysis beca use of significant fluc
lualluns anJ !Jc] p lo ldcnLif~, those locntlons \vhich bent · idcntify changing 
conditions in Lhc reccivinc water. 

In contrast to thc monitorlnr, of a slmr,lc point over a long pcriod,'studics 
can be concent·ratetl LVcr shortC'r times hut more intensJve. 'l'here :b; n 
c¡uc~; Llun of mtnual collectl0n ver su:; con U nuotu;, auton1..1.tic rccordj nr,. A 11 
p;Halllt'LC'rs of intere~JL can be dC'tcrmhtell on a continuoun basJs and the l"(!!;ult:t 
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~ransmittcd to a central storage facility, whilc water quality paramcters 
th~t CJn be cconom!cally and dependently measurcd in the field are still 
ac...;ew.l}at limltcd. 

CONCLUSIONS 

Eriefly, modcls to illucidate design paramcters should be built with 
a•:~ailnlble data in mind. By a process of separating and nesting, sub
modcl~ can ovcrcome inconsistcncies. If goals are precisely stated as 
to fun.::d.on, var.ious parameters can be- represcnted by what is available. 
Tht::.authcr has dcveloped a series of mode.ls uslng very general data, 
~~av3~& n latitude of alt~rnative data itcms to define a parameter. Data 
han a =o~t, collection and opportunity or decision errors also cost. If 
i"R~,;\('~qtn,_ies contínue, short-term inl:ensive studies are justified, either 
uov o:r- hackward, for examplc, point 'reviews can be used. Manual sys te'ms 
CHn be rcplaced by automatic monitors; al! eight suggested parameters 
lil.:~ndled by electrodes. GenC!rally speaking, hm.rever, automat ic monitors 
tan¿ to provjde ruore data than are needed, because noone dares to turn 
th~se cxr-~nsive m3chines off or set the sampling interval to such a time 
intcrval that meaningful devia~ions can be recorded. 

One nevcr has adcquate data, nor can one afford to wait for it. So, models 
must be made using every device available, recognizing that the final 
result ~.;Ul still involve unc2rtainty and tisks, and require judgement -
the only defense against inadequate data. 

-164-



V: 

TABLE G\ 

EROSION nATI:S REPORTEO FOR 
VARIOUS SEDIMI.:NT SOUHCES 

SeC.:Iment Erosion Rate 
Source ton 1 ~~. ru1. /:'ear C.eo¡;ra(!hic Location Comment 

Natural 15·20 Poton'ac Raver Bz.sm Native Cover 
3 2· 192 Natlve Covezo 

Pcnnsylvanaa 11nd Natural Drainace 
200 Vargmla Bast.n 

M.assaoslppl R1ver Throuchout 
320 Basm Ceologtc lllstory 
13-83 .Northern Masstsstppt Forestcd Watenhr<l 
25-100 Northwest New Jersey Jo"orest and Undcr· 

Devcloped l..uld 
115 Soals Erodang at ltw 

Rate Thcy Form 

Agr1cultural 12,000 Mi11oourl Vallcy ~ss Regton 
13,900 Northern Mtastaoippl Cuiuvated Land 

1, 030 Northern MIS!llSStppi Pasture Land 
10,000-70,000 Conttnuous Row Cn.,. 

Wlthout Conservo• 
tion Pra<"ticea 

200-500 Eastern U.S. Piedmont Farmlanó 
320·3, 840 Establtohed as 

Tolerable Ero111on 

Urban 50 50,000 Kenolngtoo, l'vlllryland Undergomg ExtenGt•• 
Ccnstructlon 

1,000·100,000 Small Urban Con· 
structlon Area 

1,000 Washington, D.C. A;:-ea 750 Square Mlle Arel 

Average 
500 Phlladdphla Area 
146 Washington, D.C. Area As Urba.nh.atiD"n 
280 Watersheds lncreasea 
690 

2,300 

lllghway 36,000 Falr!B.ll: Co., VA Conatructlon on 
Constructlon 179 Acrea 

50,000-150,000 Ceorgla Cut Slopes 
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Table 2: REPRESENTATIVE RATES OF EROSION FROH VARIOUS LAND USES 

He trie Tons/ Tons/ Re1ative to 

sq km/ycar sg mL/year Forcst = 1 

?or~~st 8.5 24 1 

Gru:':sl<lnd 85 240 10 

i·l::·;lnJor.<!:d Surface Hines 850 2,400 lOO 

e·· ... ~)l. .J nd 1,700 4,800 200 

·. 
!ia7:vc stcd Forest 4, 250 12,000 , .. 500 

:\e:t iv~ Surface Hines 17,000 1,.8,000 2,000 

Construction 17;000 11 R. (l(j(} 2,c::o J .. - .., 

RELATlVE ET:.OSlON FROM VARIOUS LAND USES: NATIONWlDE 

Commcrcial Forests 1 

Abdndoncd Surface Mines < 1 

Active Surf~ce Mines 2 

Construction 6 

Harvested Forests 11 

Grassland 11 

Crop1.Jnd 168 
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Annunl Non.Po1n1 Pollul•onallm~IS by land lh11 

OUAUTV PARAMETfRS 

IMPf IIYI uoo tlt"i/ N ll!S/ 

1 

p l'l'./ ..-o4 lU'.J 
Ot,c;t~l ~ >\.(llf, A(.H[J ALhll A(..l-!f 1 EROS ION JEMPE RA TUR( 

LANO U::é UH ~~~(! 1 'l'i;l\11 Y lAR "IAH V[ AH C"AP«o( 

NA:VHJ\'-

-~-<;~'/ H • .H,f:l"; lOW SMAll ll'.l 0119 l LON ~J::2L U,HJ\, olANfl~l 
f--·----

1\Í,JII('IIl f\,.0( 14 91 HIGH 
ll~"lla..t'jt \,(j-N 24 J IUI Pof(I'I,IIIAL ~LAALl. 

t----
JH UtlliS IHl,H VooiiYINl, Wlfll 1\..NILVAL lYo'r HICH 

lll~.-,¡IV t.. ~J\r4A• 1,.1 t..l f'IIA(IIC"i-4) 1-'\.)l t "'ItA L SMALL 
- 1 -¿ SINf".ll f 1\twfiL 'f li)W ~9 6 1 6 Vo'\nJ(or. "-•fM 

Ut !.IIH Nlll'\1 ''t''ll'"-' 01 ( 11rt ''' cov{ ~ - . • ' •,.t, ,Jf ,, 1\l',¡(J 

Mlllfl 1\MIL Y 

1 ~_?/;/;(-;'/ SUIIJ.),lf '• tH.:Oit:IJ 
II(StVll\fftAL ~·\ O•u.._. 1• '~ 61 2 1 

·~ 
. 

10 l!t , 

l"OM"-'1 ltCIAl ,,..,., .. 1 1• 1 ) )1 ;(~~;¿ -- --
IN01f.; T HIAL ,, nv ~ "'"''" 2J. ) l '->6 11 -
AlSIJltrt("l YAHtlS wtlH 1.111 .. •()0()t0C>w- ANO YANA(oltr.4(flllf 
( • fRI\.Ll tON t'ltAC11Cl~ 

R(CH( Al lO .... VAII ( ;,.,{ltH INH••";ITY f)F USE-EXTAEMELY 
!;r '"-'',111~ ( 10 {)V( HU~l 

URDAN & ROAO 30.000-

1 
CO .. S! '<UCT ION 1!.0()(1<) 

TO,.iiM:IlE 
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TABLE ~ 

SUMHARY OF REPORTEO NUTRITIONAL LOADINGS 

Sourcc 

Farml.:tnd runoff 
Good rnanagcruent 
Peor m.Jn.:ltietne:1t 
4 1b/A/yr .:1pplicd 

Irrig.Jtion rcturn flow 

Urban runoff 

R.dinfall at 30"/yr 

For.est runoff 

leaf litter 

Domcstic waste 

Septic tanks 

Waterfowl 

Nitro gen 
Pounds/Acrc/Year 

l. O (NO 3-N) '-
5.3 (NOJ-N) 
0.7-l.O(Total-N) 
2.45-24.0(Total-N) 

Phospho¡ous 
Pounds 1 A e r.e /Ye,'l E__ 

0.35 (Total-P) 
o .10 (Por.-P> 
0.25 (P04-P) 
0.06-0.2 (Total-P) 
0.95-3.88(Total-P) 

8.2 (Total-N) 0.87 (Total-P) 
2.95-15.97(organi~-N) 3.32-20.20 (P04-P) 

4.8-32 (NOJ-N) 0.18-0.54 (P04-P) 
0.14-9.5 (inorg2nic-N) 
10 (N) 

1.30-2.96 (Total-N) 
0.5 (Total-N) 
6.5xlo-7 (NOrN) 

1 b 1 ~a e_L.Y.E_ 
6.9-10.7 (Total-::) 

8 (N03-N, 
ground water 

secpage) 

lb/duck/yr 
1.2 (inorganic-N) 

-169-

0.32-0.77 (Total-P) 
0.03-0.06 (Total-P) 

lb/cao/yr 
l.1-J.8 (To~al-P) 

lb/duck/yr 
0.3 (Total-P) 



Su:n>ur fa ce 

TABLE 5 

AGRICULTURAL POLLUTIONAL LOADS 

TOTAL N 

(Lbs/Acre/Year) 

2.45 - 28.3 

38 - 166 

TOTAL P 

(Lbs/Acre/Year) 

0.68 3.99 

2.5 - 8.9 

SoiHCl'! Sylvester, Robcrt O., Algac and Hetropolité:!_l}~cl~>tes, Tr.Jns.H-:_
!"ions of th~_!_960 Semi.~1_!1r, U.S. Robert 11.. Taft Sanit.Hy En, i
neering Centt:r, Cin~inn.Jti, Ohio, 1961. (Barts~h, Alfred 1'., 
Ed.) en 
Witzcl, Stanley A., Nitrogen Cvcle in Surface 3\}.Q_J)ubsu~f.J~~ 
l.Jaters, Watt-r R€'sources Center, The University of Wisconsin, 
Dcccmber 1968. (23) 
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TABLE 6 

SUHHAR\' OF REPORTEO DOD LOADS 

Source Load -----·--·--
Urb.:m runoff, 34 11 raitffnll/yr 

Rural ~ultivated land runoff 
Silo dr..1l.nage 
Stock floor washings 
Rajnfall 

Domcstic waste 

30.5 lb/Acrc/y~ar 

0.5-23 mg/1 
4l;QQ mg/1 
2000 mg/1 
9-16 mg/1 COD 

73 1b/cap/year 

Industrial waste lb/unit produccd 
E>.:plc~;ivcs 320/lOO,OüO !.~ TNT 
Synthetic fibcrs 77/1000 lb proauct 
~..1pcr and pulp 53/ton product 
Poultry 26.1/1000 chickens 
Sugar bect 13/ton produce 
Meat packing 12/1000 lb live wt 
Tanning 4.55/100 lb hides 
Brcwcry 2.6/barrel 
Tcxtilc 2.45/100 lb each process 

E]]}}_ 
1010 

713 
266 
476 
580 

1384 
806 
964 
440 

Milk 1.16/1000 lb intake 857 
_____ I:;;..::l_s:._;;¡ac___ __ Canr~-~----------------- O. 16_!_¿ c.:1se 
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'l'ABLl-: 7: 'l'Yl'~GM. CO!WC:il'l'IC:;- 02 :i0::~-~S':'IC-SE\·IJ;GZ 
(All valuc~ in HIL/lit.cr) 

Ca:1st i tucnt 

8':"> i .to_:;, to~al 

Vc·l<-tilc 
F .'.).c:ó. 

.-·."-···;;.·:I~t·\~d, total 
v,,i¿.~ilc 

ti Á.,A(~d 

:0::-.···dl\'Ccl,, !..0'.:~1 
\:o~ :•"Lll~ 

Fix~cl 

Ni'lr-J,:t·n) 
c.·: :.·:1 :.e 

... ·-·-'\""'11 ...... ~ .. ..~o-·· 

} rvc ~··-.::!0:--tin. 

Ti i.L; i :....:·:. (!~(';¿) 
J~~'...r:;!."'~::; (iWj) 

Füts 

Stron(" 

1000 
'(00 
300 

500 
hoo 
100 

500 
300 
200 

300 

150 

o 

", 
00 

35 
50 

0.10 
0.40 

175 

200 

4o 
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l·~cd iu.r:1 

50J 
350 
150 

300 
250 

50 

200 
lOO 
lOO_ 

200 

75 

o 

cr, 
/'J 

?O 
30 

0.0) 
0.20 

lOO 

100 

20 

200 
120 

ÜO 

1 GO 
'{O 

30 

1.00 

lOO 

30 

o 

2'1 
10 
l) 
o 

0.10 

50 

o 



TABLE 8 

SUHHARY OF llACTERTAL LOADS 

Source 
~~---------------

Ra•..1 sewage 

Tre.:1tcd sewage 

Priroary tre.lt.IIlent 

Activ.1ted sludge 

Biological plus 

chlorination 

Urban r>Jnoff 
34" rainfall/yr 

Irribation returns 

Coliforn/100 ml -Colifonn/cao-d7x 

1,000,000 

500,000 

60,000 

15,000 

1,275,000 

-1 7 3·-

3.7x!09 

9 1.8x10 

2.3x108 

7 5.7xl0 

10 S.SxlO /A-day 

-insignificant 



Ha~:er Quality Rat~_ElL.§ystems Short Comings 

S.!) \tlribute/Points 1 2 3 4 5 

T·1rbidity . 1 1 10 100 200 

,::•¡ .03 0.3 3.0 30 60 

Cu i t o 1 S 10 100 

¡111 S 6 7 8 9 

\-JQR Underline.:l 

Cas(:: Points 

Turbidity JO 3.0* 

{.n .05 l. O 

80li 1 2.0 

pH S 1.0 
7:0 

Case II 

Tucbidity 1 LO 

Zn 3.0 3.0 

Coli 1 2.0 

pH 6 2.0 
8.0 

or-

Zn @ pH5 .03 

Zn @ pH6 3.0 



TREATMENT/REUSE/USE/ETC./LA}ID MANAGEME~T 

There cxists considerable conccrn as to the selection 
of thc proper alternative for waste handling, usually class
ified as Treatmcnt and Reuse, Land Application or Treatment 
and Discharge. These general strategies are graphically 
displaycd in Figure 1. and Tables I anG II. All strate¿ies 
can be considered looked at as reuse, lntentional or uninten 
tionnl. That is to say, water is a reuse commodity, there 
is no ownership involved. It is just a mattcr of who does 
w~at, or mure spccifically pcrhaps the level of aggregation. 

T~c 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 seaj. They 
will vary wtth, 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; proccss, coollng, groundwater r~

charge, and of course, with the cconGmies of scale. 

To structure these comparisons the authors have resortcd 
to a series of stratcgies -

I. Treatmcnt anu Discharge: Herein, the full flow requi-rcd 
is treated 'and returncd to the rivcr, ground, or sea, the 
re,cejving systcm. The losses are estjmated at 20%, 'that is 
a dcplction of .2Q results and a return flow of O.BQ. 
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Q 

ll- Treatment and Reuse: The amount of treated waste that 
can lle uscd is reused. At the present, this is Iimited to 
n o 11 p o t a b 1 e d e m a n d s . T tv o qua 1 i t y 1 e ve 1 s are s u g g e s t e d . 

--....____. 8 Q -

.BQ ~-

The new water required is essentially thc domestic demand. 
'fhis is not rigorou;.,ly true, because reuse is 1imited by 
solids buildup, pos~ibly to three cycles. The reuse demand 
potcntial, of coursc, wil1 vary with the size and chara.cter 
of the city's inJustry. If it is 1ess than 180°u of the over
all dcma.nd more ncw water wi11 be_required. So the flow 
pattcrn could vary from thc above to that in Strategy l. 

III. Land application: This, of course, depcnds on avai1-
ability of land, etc. 
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Irrigation will cause considerable flow dcpletion, compari
son of the three land application strategies are shown on Table 
I JI. 

IV. Brackish or Sea Water Source: 
here, is that reuse treatment cost, 
cssentially the same. 
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') 
\ 

V. Interna! "In Plant" Reuse: Interna! "in pla;tt" reuse, 
has problems of surge capacity, but is generally givec as a 
cure for the "end of the line or pipe syndrone". Actually, 
treatment cost are very responsive to economies of scale and 
the athcr strategies are cheaper because of scale and oppor
l~ntjtie~ of natural balancing to make it possible to treat 
an aggregate waste and recycle it. The piping costs would 
?Ossl~ly increase. 

Reuse ~s considered primarily because dornestic use of 
rou~e water is not practica] at present. This is because of 
O:L;n,:;umr:r att5tur~es and because there simply are not adequate 
urerationa! central tests for viruses, organics, and toxir 

_ ¡.-, :-~ t e r i a l s . U u f o ". n a t e 1 y , en e m u s t re 1 y o n p ro e e s s e s . O n g e r t h 
<Hl d J e p ! i n g ( 3 ) (1~ a t e r Re n o v a t i o n a n d Re u s e , A e a d e m i e P re s s , 
1977) have r~ported consumer opposition of 30% as psycholgi
cally repugnant, 20% lack of purity, 10% can cause disease 
10% bodily contact repugnant etc. 

Virus(G that have been iso1ated from wastewater are 
~denovi1us, Coxsackievirus, Echovirus, Poliovirus and Reovirus. 
Vi r.us--removal in water or wastewater trcatment i s depende~·
upon the type of treatment process utilizcd. Certain proce-;ses 
are more effectlve in virus removal than other processes. Vcry 
precise mcasurernents of treatment efficiency in virus remova: 
are not p0ssible now because Wé are not able to efficiently 
concentratc smal1 numbers of viruses from large volumes of 
water. nor are we able to identif~ the possible viruses that 
may exist. The deve1opment of efficient technology for dctec
ting viruscs and identifying those viruses has been, and 
c.onti.nues to be, a central necd in water pollution rescarch. 
Coagulation, filtration, and application of free chlorine 
appears to be'the method of choice. At present the virus 
conccntration test requires 2-3 weeks at a cost of approx-
i 01 a t e 1 y $ l O O 1 t e s t , \-1 i t h a s e n s í t i v i t y o f a " s p i k e d " s a m p l e o f 
log S, or 99,999qó. Use of chlorinc and activated carbon 111 

virus control have secondary problems; i.e., producing un
desirab1e CCI

4
, chloroform and phthelatcs (4). 

Heavy rnetals and many synthetic chemical compounds are 
belng classified as toxic chemicals to the l'iater u>ers or re
ceiving cnvironment. General1y, the largest single sourcc uf 
hc~vy metals anu synthetic compounds is industrial waste du~>~. 
1']·, e r f! ::J r e n u m e ro u s t r e a t m e n t p ro e e s s e s a v a i 1 a b 1 e t o re m o v e 
in d i vid u a 1 e 1 e m en t s w i t h in t hes e gen era 1 e ate g o r i es . H o w e v ;.! r , 
.:urrcntly it appears that the single most effective treatmcnt 
pr0cess for the rcmoval of all wastewatcr p~11utants, includ
ing toxic chemicals, is reverse osmosis. It has been suggc:>tcd 
that revcr~e osrnosis can effcctively remove largc organie 
nolecu1cs and poly-dl- and mono-vulent ions. Activated 
e~ 1· an.> n a d sor p t j o n , a n d ion ex eh a n g" , eh e mi e :t 1 p re e i pi t a t i o n , 
elcctro-chcmJcal plating are also considcred to be effcctivc 
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 compóunds that 
interfere with the process efficiency. Although industrial 
wastewaters can be excluded/segregaterl from the wastewater 
reclamation and réuse system, s~all concentratlons of these 
compounds still find t.heir way to the collectlon system 
~hrough the domestic use of high-strength cleaniag products, 
liquid drain-cleaners, pesticides, and petroleum products. 
Unit processes capable of removing heavy metals and synthPl i(" 
compounds are significan! to the wastewater reelaruction nnd 
reuse systern. It is important also to provide for·idPn~ifi
c a t i o n o f t rae e o r g a n i es a n d he a v y m e t a 1 s . A t p re sen t t l; ~~ 
best methods are TOe and PIXE (Proton Activation Analyse~) 
analyses. 

!he main terrance of domínate flow where a river is thc 
water source is of considerable importance. The depleted 
w.ltcr can be made up by low flow augmentation by providing 
off ·st-ream or in-stream storage. Thc cost of "torage has 
bccn esti1nated from IOt to $1.00/1000 gallons based on"Wo11mnn, 
Ronem, The Outlook for WaLer, John Hopkins Press, 1971 (5) 

.nnd Reld, Print 29 Selected eommittee of US Senate 1969 on 
Low Flow Augumentation (LFA) 1969 (6). It is very sensitivc 
to scale. Bearing in mind the aforementioned limitations, thc 
authors wil: attempt a comparison of sorts of the aforcmentJoncJ 
strategies. eost 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: 

e= Q + e 1 X .8Q + e 2 X .2Q with adequate dilution available 

e= Q + e3 X .8Q + C2 X .2Q with tertiary treatment requireJ. 

Both requirc a drainage charge for stream flow depletion, 
estimated as a LFA cost. Thcse are e

1 
as 1.0, the relative cost 

wou1d be: 

e = 1 + .8 X 4.5 + .2 X 10 = 6.5 

e = 1 ~ .8 X 7 + .2 X 10 = 8.6 

In Strategy I I, Treatment and Reuse, Two levels-of reuse qu~l1ty 
(cool ing and processing) are- assumed: 

e = .2Q .. c4 X .BQ + e2 X . 2Q 

e = .2Q + es X .BQ + c2 X .2Q 

or the total eost eomparisons would be the following. It is 
assumcd also that there is sufficient industry to use .BQ. 
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'• e= .2 + 2 X .8 + .2 X 10 = 3.8 

.e= .2 + 13 X .8 + .2 X 10 = 12.6 

The cost 
of uses. 
the cost 

would raHge :from 2.8 ~ 12.6 depending on the b1end 
If there i~ less need for reuse water than .8Q, 

would also adjust towards 6.5 and 8.6, or Strategy l. 

Strategy III, Land Application for Irrigation or Recharge would 
be: 

e = Q ... el .8Q + .7Q~2 

e = Q + .8QC
1 

+ .4QC 2 

the comparisons are: 

e ~ J + 4.5 X 18 + . 7 X 10 = 11. 5 

e: = 1 + 4. S X . 8 + . 4 X 10 = 8.5 

So 1n general terrns, the lowest cost alternative would h~ 
treatment and reuse for cooling or similar quality requirerr,erot. 
Th~ ncxt arder wo~ld be treatment and discharge where there is 
adequa!e dllution. This has assured thru out equal industrJ<l 
pro,!u~:t.~vity. If higher order treatment for reuse is used thcn 
treatment and discharge is superior. Land application i~ l~ss 
desirable. In this an~Jyses the need to maintain dowinate 
flow or replcnish flow thru LFA courses the considerable diffcT
ences betwcc11 discharge and reuse on one hand and land é.!pplt..:a
tion on the ot~er. 

In addition to the cost-effectiveness and cqnccptual 
comparisons presented above, process selection also requircs 
consiJeration of envjronmental impacts. The key concern is 
to selcct wastewater treatment strategies which will minimize 
dctrimcntal changes and maximize beneficiul ones. SelecteJ 
environmcntal factoTs for asses~ing water quality m.:~nagcment 
pl<l!"ls are shown in Tahle V. Delineation of the changes in 
each factor resulting from trcutmcnt and discharge stratcgics, 
recycle and reuse strutegies anJ land application strategJcs 
would enable environmental impacts to be considerad in proccss 
selection. 

A spccific comparison of four selected environmental 
impact factors for a 1 O mgd plant is shown in Table VI. 
Tcrtiary treatment requires the most eltergy usage and leac.is 
to the grcatest atmuspheric emissions and traffie; whilc 
Janll application rcquircs 'thc most 13.nd of the three stratC'gtes 
s h o w n . O e e i s i o n m o d e 1 s a r e a va i 1 a b 1 e f o r a i d i n g t h e e o nt p :1 r 1 s o n 
of alternativo strategies and selectjng thc least process with 
minimum detrimcntnl environmC'ntal 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. 
Thc 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 h~~e clase 
to 250 possible out-comes, again depending on trcatments and 
lcvels. Considering the variables and combinations, no .. 
specific conclusions should be drawn but rather a methodojogy 
to approach a specific problem. 

\ 

-180-



1 
t-' 
00 
t-' 
1 

i 
:~l 
~c!::lc 

1 
:::< 
•ering 

Source: 

1 
1 

1 

G~NEf'Al STF'ATEGIES 

- -t· 
Off Si~e Mvniciool 

1 

r--· T 
f..:',vnicip-JI 
v as,:t.wa~cr 

' 1 .... 
l 1 r' ( 

1 
Ag~i cv !tu re 

1 
Drirlci:--g Recree tic., Fish cultvre 

.... 
1 

1 

[ S=~nq 1 G 1 

1 
Swirr."ni:Jg 

1 ! 
r--

roC:d~·, íibrc crops 1 ()-::ro::ró c-,d Crc>ps C::>'"lsumcd 
vir·.eycrds on:.i ~r.:cd crops ;:,r•or p··oct>s:i,g 

1 
L 

Industrio 1 
wo~~cwoter 

.. 
1 1 

lnd.•stry 

1 

r 
J 
t 
1 

f--

r 

B Cooling 

1 
Crops cor.svmed 
row 

WHO Technical Report Series #517 Seneva 1973 (1). 

Cn Site 

1 l . 

. 

. 



o 

1 N C R Hf E N TAL 
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DEGREE OF POLLUTANTS REMOVAL 

F i g • 2 . E f f" e t o f w a s t e t.,r a t e r re u s e o n e e o n o m i e a 1 l y 
optimal dcgrcc of pollutants removal. 
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TABLE I 
CATEGORY DEFINITIONS (REUSE) 

F
-'~ 

~· 

J U ·1r .i n·~ t e n t í o n a 1 
~ 
¡ 

L n t l~ 11 t i o '1. a 1 

~.oanu Application 

lnt~;;rnnl 

downstream use, essential as 
augumentatíon of ríver water 
or LFA, Winhock, etc. 

------l 

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 ar~und an individual user 
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TABLE II 
EXAMPLES OF WASTEWATER 

MANAGEMENT STRATEGIES ANO TREATMENTS 

Category 

Treatment and 
discharge 

Strategies 

(1) Biologica1 treatment including ponds, 
activated s1udge, trickling filters, 
nitrification, and denitrific~tion. 

(2) Physica1-Chemica1 treatment including 
c. he lll i e a 1 f 1 o e e u 1 a t i o n , f i 1 t r a t i ·o n , 
activated carbon, breakpoint chl~ri
nation, ion exchange, and ammonia 
stripping. 

(3) Systems combining the abovc techniques. 

(4) Storm and combined sewer ·control measures. 

vastewt.ter 
reuse 

and 
application 

(1) Industrial processes. 

(2) Groundwater recharge for water supply 
enhancement or preventing saltwater 
intrusion. 

(3) Surface water supply enhancement. 

(~) Recreation Iakes. 

(S) Land rec1~mation. 

(1) 

(2) 

(3) 

Irrigation including spray, ridge and 
furrow and flood. 

Overland flow. 

Infiltration-percolation. 

Source: "Environmental Factors Affecting Treatmcnt Process 
Sclcction", Canter, L.W. & Rcid, G.W., April 1977, 
Sti1Iwater, Oklahoma (2). 
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TABLE rr l 
COMPARAT!VF CIIARA\'1 I·R!S11CS OP 

LANII-APPL!CAfiON APPROACIIFS 

Trpe of Appro.1ch 
1---------------

Factor 

Liquid-load•ng rate 

Annual appll~ation 

Land rcqui red for 
1-MGD flow 

Applicat ion tc.cluuques 

Soils 

Probu~ll,ty of intlu
encu.g gr.ounJwate r 
quall ty 

Nceded depth to 
groundwatcr 

Wastewat~r losses 

Use as a treatrnent 
pro~c~s wlth d te
covcry of treated 
~ora ter 

Use for trcatment 
beyond Sccondary 

J. For 800 anJ 
suspended 
sol ids rt!
mov:.! 

2. For n1trogno 
removal 

l. For phosphoru~ 
remova1 

Use to grow crop~ for 
sale 

Use as dtrcct rccyclc 
to the land 

Use to rcchur¡:c 
groundwater 

Use In cuiJ Lli~•tcs 

lrngJtlon 

o.s to 4 1n/wk 

2 to 8 ft/yr 

62 to Sóll acres 
p!Üs buffer 
zon.-s 

Spr.1y or sur
face 

Moderately per
meable soi 1~ 
wtth &"od 
productlvJty 
when 1 rrlgat
ed 

~1oJerate 

About S ft 

Preuon,Lnant !y 
evanora t 1on 
or deep 
percolatlon 

Gcncrally 
lmpracllcal 

90-99"; 

85 .. 90\ 

80-9!1\ 

Lxcc 1 i~nt 

C:omplctc 

0-30"; 

r~" 
a 

Ovcrland Flow 

2 to !>.S i~/wk 

8 to 24 ft/ /T 

46 to 140 acres 
¡>ll,, buffer 
zones 

us .. a lly spray 

Slow1y pe~cable 
•otls such as 
e !ay 1 oam~ and 
el ay 

S1ight 

Undertennined 

Predomtnant !y 
surface dtscharge 
but sorne evapora-
tion and perco-
lat1on 

50 to 60\ 
recovery 

90-99\ 

70-90\ 

50-60\ 

~alr 

Parual 

0-10% 

h 

·Inf1lt rai ion
pcrco1atlon 

o. 3 to l.ú ft/wk 

111 to SOO ft/yr 

2 to 67 ecrL•! 
plus buffer 
zones 

R101 11v permeable 
iJi!s ~.L.ch a·. 
.a·JdS, !a.Jny 
sand!». apd s lr.J/ 
1oams 

Certain 

About 15 ft 

Pe reo! ation t•l 

groundwater 

Up to 90~ ~ 
recovery 

90-999• 

1)-80% 

70-95\ 

l'oor 

Con.plcte 

Up to 90% 

Lxccllcnt 

u 
Conflictang d.•t.•-woods llrlgatlon acccptahlc, croplnnd 1rr•gation m-~rr.tnal. 

blnsufficicnt data. 

Sourl'o: Lmd Tr•· 1tmcnt of ~'"'"'"'" W:"t<·w•tc·l Lfflucut,, l'l'A 1.111 J·'J(, 
t..ltllllollt• Wt ... re !lllloiJ•I'r.ll'll~ 'lf•lhii .. )UJ')' fur n ...... r J'r.hiiL.ahll' h.t•fl' 
Trcatm<•ut, 11'11-4"1/'1 7",-fl(l O•l••l)(·r· 1'11'1. 
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TABlE IV 
NOMENCLATURE 

City Water Demand = Q, for purpose of this prob1em 
estimated at the S-10 MGD leve¡ 

Cost Estímate Levels, 
Surface Water Treatment 

Croundwater 

Brackish Water 

Sea Water 

Reuse Water (cooling) 
(process} 

LFA 

Dis,charge Water (secondary) 
(tertiary) 

Cost Coefficient 

Stt/1000 gal 

Ni1 

25t/1000 gal 

654'/1000 ga1 

104'/1000 gal 
654'/1000 gal 

SOt/1000 J!a1 

234'/1000 gal 
354'/1000 gal 

c
1 

ratio of secondary treatment to intake surface waste 
water trcatment 

23/5 = 4.5 

c3 ratio of tertiary treatment to intake water 

35/5 = 7.0 

c3 ratio of LFA to intake water 

50/5 = 11.0 

c
4 

ratio Reuse (cooling) to intake water treatment 

10/5 = 2.0 

c5 ratio Reuse (process) to intake water 

65/5 = 13.0 
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Water 

Air 

Land 

Aesthellc 
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1A81.~ V 
ENVIRONMLNTAI FArron~ ~OR ASSFSS!NG 

WAI~R QUAL!TY ~ANAG~Ml~T PLANS 

Component Croup 

l. Aquútic Species and 
Popuiations 

2. Aquatjc Habitata and 
Communities 

3. Water Quality 

4. Hydrologic Enviren
mental Factura 

l. .Air Quality 

l. Terreatrldl Sp~cies 
and Popu la t lona 

2. Terrcstrial Kabitats 
and Co1•ununities 

3. Land Use 

4. Topography 

Environmcntal Factors 

Vegt:tst ion 
Fish 
Waterfowl 
Peats 

Rare and Endangered Species 
Spccies Divcrsity 
Specles Quality 

Coliforc Organ~sws 
DissolveJ Oxy~en 
Nutrient Materldls 
1'ox1r. Xater ials 
·rotal Dissolved SoUds 
Hydrogen Ion Conc.:ntralion (pll) 
1'emperature 
Suspended Solids 

Baain Hydrologic Losa 
Fr~quency ot lxtrewc Flows 

Particulate Mat:er 
Gaseoua Pollutants and Odors 

'.'egatation 
Browsers and Grasera 
Small Gdme Animals & Birjs 
Pcats 

Rare and Endan~ered Species 
Sp~c!es Diversity 

Compatib!lity of Use with 
Exist ing or Other Planned 
USE' S 

IntenaHy of Use 
Pcrmdnency of Use 

Surface Contour Alterat1on 
Suz:fu.cc Chdrnc"'l;!:.istlc-5. 
Stream, Rcsecvoir and 

istuaxy Shorellne All~rnt-0n 
Geolo~ic s~~lDC~ Mdterl>: 

l. Envirou .. ;u.:'t,tal lnter~ats Rt!crc"'• .. iJn Acc·c!H~,Lilt~; 

2. Man-M~úc Structure~ 

3. Nolbe Pollution 

Rccrr~atiou AC'I.L' 1 \t.'(~ 
Educat iondJ /'i .... lt;:nLlt 1. 
Edu~atlcnal/Cultural 

Architect~rAI 0~91gn 

ot Struc L uL<.t· 
Location of Structures 

Frequcncy dnu D~ratlon of 
D1aturuw.: Noise 

Intcn~lty of Dl:JturL!n¡; 
No he 
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TABLE VI 
COMPARISON OF SELECTED ENVIRONMENTAL IMPACTS 

FOR A 10 mgd PLANT 

Strategy 

Secondary treatment* 

Tertiary treatment** 

Land 3pplication*** 

Energy Usage 
(KWII/day) 

5200 

30,000 
(2.7x108BTU) 

(90 therms) 

5900 

Land -
Requirement 

(acres) 

34 

75 

1305 

Atmospheric Trafficb 
Emissionsa (trips/day) 

(1 b/ da y) 

non e 0.37 

so2 (7) l. 95 

Hcl (1) 
Meta1s(4) 
NOx(39) 
Particu1ates(70) 

non e 0.21 

~Activated s1udge process; organic s1udge treatment via f1otation, anaerobic 
digcstion, sand drying and 1andfi11; Iiquid eff1uent qua1ity is 30 mg/1 BOD, 
30 mg/1 S.S., 25 mg/d N, and 10 mg/1 P. 

**Activated s1udge process fo11owed by coagu1ation-fi1tration, carbon sorption, 
and ammonial removal by ion e:xchange; organic sJudge treatment via flotation, 
anacrobic digestion, sand drying and landfill; chemical s1udge treatment 
via gravity thickcning, vacuum filtration, incineration and landfill; 1iquiJ 
eff1ucnt qua1ity i5 1 mg/1 BOD, 0.3 mg/1 S.S., 1 mg/1 N, and 1 mg/1 P. 

***Land application fol1owing primary treatment; organic s1udge trcatment via 
flotation, anacrobic digcstion, sand drying and 1andfi 11; liquid cfflucnt 
qua1ity is 3 mg/1 BOD, 5 mg/1 S.S., 5 mg/1 N, and 0.1 mg/1 P. 

a: from sludge incineration, odors are neg1cctl."d. 

b: traffic rcflects thc numbcr of trips per day nccessitated by a truck
capablc of hauling 20 tons of sludge from the plant plus the traffic 
invo1vcd in supplying plant chemical needs. 
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TREATMENT TECHNOLOGY 

PR!Mi\..RY sr.c. TERIT. AT.L 

Coarsr sohrls 

remo. al 

Screenrng 

r-
11"' 
1 
1 

T 
1 
¡L. 

~ 

f 
1 
1 
8 
L 

Suspended 

solods rcmoval 

Sedrmenlalron 

Flolatron 

Aerobrc or 
anaerobrc 

drgeshon 

~ 

¡... 

~ 

.. 

Soluble 

01 can oc rcmoval 
r-------

Stabrhzalron 

basrns 

Actrvalcd -
sludcc l 

t 
1 
1 

Trrckhng 1 • 

lrlle~l 

• 1 
1 

Aerated 
J lagoon 
1 
t 
1 
1 

Anaerobrc 1 
contacl r-~ 

1 
1 

Nrtroecn 

removal 

Dcnrlrrlrcatron -. 

-+ 

Pho~phorus 

removal 

Coagulatron 

and 

sedrmentatron 

; 
1 
1 
1 
1 
1 
t 
1 
1 
1 
8 

,... ..... -----~ - - ---J 1 
1 .---------- --·---"--- --- __ J 1 1 
1 1 
1 1 lagoonrr.g 

1 1 r.., sand dryong 
a 1 1 bed 
L-a---.¡ 

1 
1 
1 Wet 

., 
, . 
: t 
• 1 
1 • 

il 

,... 

~ 

frnc suspended 

solrds rcmova! 

r 

Sand 
lrllratron 

Dratomrle -frllratron 

~ 

Bacleroal 

removal 

Chloronafoon 

'""' 
~ 

Trace organrcs 

remCI.tal 
lnoreanrc 

salt ICIIlO'IJI 

r-t' Eicctrodoal¡sos 

Carbon r 
t.ltr al•on 

..... Ion exchange 

fv"';>oraroon , 
1 
1 
1 
1 

Freez•"& 1 
~~ 

1 
1 
1 

lt-~uod loQUOd 
1 

1 
e•tractoon ~1 

1 
1 
1 

Rever se 
1 
1 

osmo:~os 1-1 
1 Thrckenrn¡ 1- Centrrfl•galoon 

1 c:omb!Jshon 1 • 1 
; 1 1 ~ t 

~ 

, 

.-!.)-

1 
1 
1 
1 
1 

• 

Product 

water 

~ 1 •• , 1 
5 f-----¡ 1 --, 1 • 1 
~ '>i2ltU1Atn ! ~ 1 Ur" !-! .J 8 
~ :::_j"""'i l ; 1 1 ~dir.a~!oOI'I 1 Com!>usloon r· ._ _____ ---·-- ------------------------- ___ ,. 

Spent 

regener~nl or 

brrne dospoul 

So!.~:. 

con:enlra!ron 

L__ _ L ________ . 
~hd\ 

dewateron¡;; 

·~~t';\,:JrlH: !-OI;dS 

~~3~f•J:eiavn 

1 
r-1 
0'1 
r-1 
1 



Estimated Toral Operatin~ Costs of Several Treatment Combinations(l) 

Estimated Total Contammant 8emova/ {%) 
Treatment Cthl N.' 1000 gol.) 

Combrnation uf COD"'or 
Treotm<?nt Processes 1 mgd 70 mqd 100 mgd 8005 .., Phosphorous N:r;ogen TDS ----
l. PI ¡m,¡ry r activatcd sludge 21.3 13.5 8.2 85** 

(mduu111g sluugc dlspos,d) 
2. Prll'ldl'~' ~ activated sludge + 55.6 24.3 15.4 97'~ 

act;vated c.1rbon 
3 PrlrnJry + activated sludge + 90.3 37.6 22./ 97• 98 85 

actiVJted CJrbon +lime treat-
ment + )cp.uate n1tr1fi.;at1on + 
chl.:>nnauon 

4 Pnrnary + activated sludge + 47.2 98* 99 76 (NH 3 -N) 
acuvattd carbon + ion (700 mg/1) 
exchange + chlorinJtion 60.2 86 (~JO~-N) 86 

(1000 mg/1) 
73.9 

(1500 mg/1) 
5. Primary + activated sludgc + 71.6 49.4 39.3 99+• 99.7+ 95 (NI-Il·N) 95 

dual-media tdtration + 75 (tiQ¡·N) 
reversc osmo~is 

6. Pnrn.try + act1vatcd sludge + 95.4 55.5 43.4 99+* 99.7t 95 (NH3 -N) 95 
JCtlvatcd carbon + rev~rse 15. (NOrN) 
O~nlOSIS 

7. Chem¡cally clarificd raw 86.5 55.3 46.0 95T* 99.7+ 90 (('IH 3 -N) 95 
sewage -t activated carbon + 75 (N03 -N) 
reversc osmosis 
(product a era tion) 

8. Chcm¡cJIIy cldnf1ed raw 64.2 49 6 43.1 •)5+* 99.7+ 90 (NHrN) 95 
scw.1ge + dual-media filtra- 75 (N03 -N) 
t1un + rt::verse osmosis 
(prouuc L acrat1un) 

(1) Source Reuse in Water Management, AGS. 
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SUGGi:Sl"EO TREATMENT PROCESSES TO MEET THE GI'IEi'\. 1-!EALTH C~~TERIA f'OR WASTEWATEH REUSE 

Irriga !Ion Recreatton Mumcipal reus'a 

----
Crops nol Crops ealen 

Industrial 
reuse 

for dtrect cooked; Crops salen No Contacl Non Potable human fish 
consumplton cultura 

Health crlleria (see below for 
A+F B+F 

expianatoon of symbols) orO+ F 

Prlmary trealmerl 000 G}@@ 

Seco~dary trealment GGG 

Sand filtral.on or equ1valent 
pol•sh•ng methods e 

Nurlf•callon 

Denltnficat¡on 

Chemlcal clarificallon 

Carbon adsorptlon 

!on exchang9 or o\her means 
ol removlng lons 

D•smfecllon 

Heallh crlterla: 
A Freedom from gross sohds; significan! removal of paraslle eggs. 
B As A, plus sign1ficant removal of bacteria. 

raw 

D+F 

®00 

"~G 

e 

0$® 

C As A, plus more effecl•ve remova: o! bacteria, plus soma removal ol 
vlruses. 

contact potable 

B D+G e oro e E 

(lil@t) G®el ~HHll se e 600 

eee e~e <iHHl @@@ eeo. 

~Ge 8 e e~ <i$ 

& eoo 

41)@1 

e o 

G@ 

@ o e 

o liHD® e 0EJ$ o e ea 

O Not more !han 100 coilform organlsms per 100 mi '" 80% of samples 
E No faecal col1form organlsms In 100 mi, pl.1s no v1rus parllcles 1n 

1000 mi, plus no toxlc eftecls on man, and other dronkmg-water cr•leria. 
F No chemicals that lead to undeslrable residuos In crops or fish. 
G No chemicals thal lead to lmtatlon ol mucous membranas and skm 

¡, order lo mee! lhe g1ven heallh crlleria, processes marked ~ 0 O Wlil be essenl•al. In addltlon, one or more 
processes marked 9 (i) V.lli also be essent1ai, and fur!her orocesses marked ® rnay somet1mes be rllQUired. 
n Free chlorme alter 1 hour 

.. 
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Lecture 1110 

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 p~wcr 

plants, highways, airports and pipe lines generates noise intrusions. 

Utllization of airports and highways, and the operation of compressor 

stations lead to persistent noise intrusions in the environmental setting. 

I. Basic Steps for Predict].on 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 pred~cted noise levels with applicabl~ 
stándards or criteria in arder to assess impact. 

E. If standards or criteria are exceeded, consider noise abatement 
methods to minimize impact on the noise environment. 

11. Basic Information 

A. Terminology 

1. Noise can be defined as unwanted sound, or sound in the wror-g 
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 
practica! unit for sound or noise measurement for two tcasons: 

* Director and Professor, School of Civil Engineering and Environmental 
Science, University of Oklahoma, Norman, Oklahoma. 
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a) There is a t remendous range of Sc.•cmd power and sound 
pressures produced. Expressed in microbars. nne
miJlion~h of l atmosphere of pressure, the ra;ll'e is 
from 0.0002 microbar (IJbar), the mínimum sound pressure 
of a healthy young human ear can detect, to 10,000 
IJbars for peak noises within lOO 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 laga
r ithmic. The human ear can discern ·without pain sounds 
ranging from a threshold to sounds 1012 times as 
intense. (2) 

J. Th.:> numbe::: of compressions and rarefactions of the air 
m0lecuie ctensity in a unit of time associated with a sound 
wave is described as its frequency. The unlt of time is 
u.:;ua3ly one second, and the term "Hertz" (after an early 
investigator of the physics of sound) is used to designate 
th~ number of cycles per second. Again, the human ear and 
that of most anin~ls has a wide range of response. Humans 
can identify sounds with frequencies from about 16 Hz to 
20,000 Hz. (2) 

B. Sound and Noise Measurement (3) 

l. The measurement needs are met by a term, sound pressure 
level (SPL), expressed as a logarithmic ratio toa reference 
level and stated in a dimensionless unic of power, the 
decibel (dB). The reference level is 0.0002 IJbar, the 
thresi.old of human hearing. 

SPL = 20 1 (~) oglO Po 

~1ere SPL = sound pressure leve! expressed in dB 

P sound pressure (IJbar) 

Po reference pressure (0.0002 IJbar) 

2. Table 1 contains a sumn~ry of various sound pressures and the 
corresponding decibel levels, with exa1nples 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 dE from one sour~e 
superimposed on one of 75 dB does not result in 149 dB. An 
SPL oi 77.b dB results. To determine the total effect, it 
is necessary to convert decibel readings to intensity ratios, 
then reconvert the new ~um back to a decibel value. To aid 
in this process, Table 2 is provided for determining the 
cumulative decibel values of two or more known observations 
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Table 1: THE DECIBEL SCALE OF SPL, WITII SOUND 
PRESSURES IN MICROBARS, AND RECOGNIZED 
SOURCES OF NOISE IN OUR DAILY EXPERIENCES 

Sound Pressure 
]Jbar dB Example 

0.0002 

0.00063 

0.002 

0.0063 

0.02 

0.063 

0.2 

0.63 

1.0 

2.0 

6~3 

20 

63 

200 

2,000 

o 

10 

20 

30 

40 

50 

60 

70 

74 

80 

90 

lOO 

110 

120 

140 

Threshold of Hearing 

Studio for sound picture~ 

Studio for speech broadcastipg 

Very Quiet room 

Residence 

Conventional speech 

Street traffic at 100 ft. 

Passing automobile at 20 feet 

Light trucks at 20 ft. 

Subway at 20 ft. 

Looms in textile mill 

Loud motorcycle at 20 ft. 
j 

Peak level from rock and roll band 

Jet plane on the ground at 20 ft. 
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Table 2: DETERMINING THE CUMULATIVE 
DECIBEL SPL WHEN TIIE DI fFE!iENCES 
BE :'WEEN TWO OR MORE LEVEL::i ARE 
KNOWN 

Difference No. of dB to be 
between 1evels, dB added to higher 

o 3.0 

1 2.6 

2 2.1 

3 1.8 

4 1.5 

5 1.2 

6 1.0 

7 0.8 

B 0.6 

lO 0.4 

12 0.3 

14 0.2 

16 0.1 

4 
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on individudl sources. TI1e value in the difference colw~ in 
Table 2 is :!lway~ added to the highest of the two decibel 
values being handJ0d. 

4. In most noise considerations, the A-weiehted sound level is 
used. 1bis level is explained as followe: The ear doe~ not 
respond equally to sounds of all frequencies, but is less 
efficient at lo~·l and high frequencies than it is a.t medium 
or speech range frequer.cies. Thus, to ohtain a single 
number representing the sound leve! of a noise containing 
a wide 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 level. 
Sound level meters have an A-·weighting network for measuring 
A-weighted sound leve!. 

C. Sorne General Facts on Noise Abate.ment---The "Noise Control Acl of 
1972" is the-basic- Federal -legislation for noise emissions frQm 
a broad range of sources. (4) 

III. Anticipated Noise Levels (Step 1) 

A. Construction Equipment and Operations. (1) 

l. Table 3 shows typical energy equivalent noise levels at con
struction sites. Energy equivalent noise leve! (Leq) refe~s 
to the equivalent steady noise leve! which in a stated period 
of time would contain the same noise energy as the time- -

1, '· 

varyin-g noise during the same time period. (6)-- :;,_·. 
i 
i 

2. Noise levels-observed 50ft. from construction equipment are 
shown in Table 4. 1 

! 
B. Examples of Noise Lev~ls from Project Operation 

l. Examples to be considered include highway vehicles, aircraff, 
raíl systems, recrea tion-- vehicles, interna! combustion 
engines, industrial machinery, building equipment, and home 
appliances. 

2 •.. The noise levels produced by -highway vehicles can be at tributed 
to the follovling Lhree rr.ajor noise generating systems: (7) 

a) rolling stock; tires and gearing 

b) propulsion system: engine and related accessories · 

e) aerodyna~ic and body 
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TAHLE 3: Typical Ranges of Energy Equivalent Noise Level s, L in dBA, 
at Construction Sites eq 

Industrial 
Office Build- Parking Garage, Public Works 

Domes tic 
ing, Hotel, Religious Roads & High-

Housing 
Hospital, Amusement and Sewers, 

School, Public Recreations, 
ways, 

Works Store, Service 
and Trenches 

1 

Station 1 
1 

l 
1 I II I II I II I l I 1 

!'" ____ 

1 

1 
l 

1 
Ground 83 83 84 84 84 83 84 84 

1 
¡ Clearing 
! 
1 

Exaavation 88 75 89 79 89 71 88 78 

Foondations 81 81 78 78 77 77 88 88 1 
1 

1 
1 87 1 Erection 81 65 75 ·84''· 72 79 78 

1 

Finishing 88 12 89 75 89 74 84 84 

I - All pertinent equipment present at site. 

II - Minimum required equipment present at site. 
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TABLE 4: Construction Equipment Noise Ranges 

NOISE LEVEL (dBAI AT !iO FT 

ro oo oo 100 110 

1 COMPACTE AS (ROLLERS) 

' '"' FRCNT LC·AOERS 
;; lo!) :: 
<.: > 
~ :l 

~~~ 
"": ¡ 
:. .... 
::. 
2 
-' 

TRACTO AS 

SCRAPERS, GRAO!; AS 

PAVERS 

< 1 

~~-~----------------~T~A~U~C~~~i~-----l----_J~::::~::----L-----J 
~ 1 ~ CONCRETE MIXERS ' 
:i: ~\ 

c. s - .. 
~ < 

~~~ 
~ ¿ 

" > :; < - ~ 

CONCRETE PUMPS 

CRANES !MOVABLE) 

CRA:<:ES !OEARICKl 

PUI.1PS 

GENERA TOAS 

_..L~ COMPAESSORS , 

~,------------------+-----~·---+----~----~--~ 
._ ¡ Pl'iEUMATICWRENCtii:S .... z, 

u:;;' 
JACI( HA';'ME~S ANO ROCK DRILLS 

IMPACT f'ILE ORoVERS tPEAKSI 

<( ~- 1 c.= 
..: --o _, 

VISPATOR 

~-4-----~------~-----4------~ 
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3. The noise levels produced by higllwdy vehicles are generally 
dependent upon vehicle speed, as illustrated for a number of 
different vehicle types in Figure l. 

IV. Existing Noise Levels (Step 2) 

A. Typical Values 

l. The outdaor daytime residual noise leve! in a wilderness, 
such as the Grand Canyan rim, is of the arder of 16 dB(A), 
an the farm it is af the arder af 30 ta 35 dB(A), and in 
the city it is of the arder af 60 to 75 dB(A). (8) 

2. Noise levels far the urban populatian are shawn in Table 5. (6) 

Ldn = day-night ~oise leve! 

B. Tie to Land Use 

V. Noise Standards and Criteria (Step 3) 

A. Gen2ral Cumments (3) 

l. Effects---Information on effects of notse is best for hearing 
loss due to noise at work. Other effects af accupatianal 
noise, except speech intelligibility interferences, are less 
certain. These are changes in psychological and physialagical 
states, including annayance and sleep interruptions. The last 
two are principal camplaints against cammunity and aircraft 
naise. Property damage by actual vibratianal or boom des
truction and by depreciation because naise paths and patterns 
impinge on the property is lmawn, and is. ta sorne degree 
measurable and predictable. Effects on animals seem to have 
been studied very little. These effects are of concern far 
wildlife a!:"ound airports and along highways, and for fish 
and wildll fe in the pathways of sanie boom .. In the first 
instances habltats may be lost, but the creatures have a 
chance ta migrare and to reestablish beyond the reach af 
the noise. If there are bad immediate effects an thase in 
the sanie boom paths, there is no escape time. 

2. A statistical analysis of the noise level gives the percentage 
or total time that the value af the noise leve! is found 
between any two set limits. Such data can be presented 
directly in the form of histograms, or be used ta obtain a 
cumulative distributian in terms of the "level exceeded far 
a stated percentage of time." For the sample statistical 
distribution of Tab le 6, the noise level exceeds 60 dB (A.) for 
1 percent of the haur, 55 dB(A) for 10 percent of the hour, 
50 dB(A) for 50 percent of the hour, and 45 dB(A) far 90 per
cent of the hour. These noise levels are abbreviated sym
bolically as 11 , 1

10
, 1

50
, and 1

90
, respectively. (8) 

8 
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> 
.~ < 60 -

50 

o 

Heavy Trucks __ _ 

.,.__ Highway Bus(~s 

r-Ught Trucks 

\ . Rang•1 

........... 

- Passengcr C ars 

---- Mean Levels 

-~---.....--L L J~ 1 . J. .. _.....JJ 

Ta 20 30 40 50 60 70 80' 

Speed - Mi los pcr Hour 

Figure 1: Single Vehicle Noise Output as a Function of Vehicle Speed 
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TABLE J: Estimated Percentage of Urban Popu1ation (134 Mi11ion) Residing 
In Areas With Various Day-Night Noise Leve1s Together With 
Customary Qualitative Description Of The Area 

Estimated 
Average Cl!n~u·; 

Typical Tract 1'o~1td.1ltt~ll 
Descríption Rang~ Avl.!rage Pcn:cntage DeHstty, ht1nl'\'l · 

~ 

LJn in dB Ldn in dB of Urban of' Pl.!opk 1'1.:1 
Population Sq uan: /vl1k 

Quil:'t Suhurban 48-52 50 12 630 
Rc$idcutwl - -

!\orm&tl Suburb;¡n 
1 

53-57 55 21 2,000 
R~$hknl1:.tl ' 

Urban Rcstdential 58-62 60 28 6,300 

Noisy Urban ó3-67 65 19 20,000 
Residen tia! 

Very Noisy Urban (.)8 .. 72 70 7 63,000 
Re~ident i.tl 

10 



'-

TABLE 6: Example of Statistical Distribution of Outdoor Noise Analyzed 
in Intervals of 5 dB Widths 

Cumuloti've 
Jnterval in Percent of Percent of 

dB{A) Total Time Total Time 

61 through 65 1 1 

56 through 60 9 10 

·51 through 55 40 50 

46 through 50 40 90 

4! through 45 10 lOÓ 
·----

11 



B. Criteria for Protection of Public Health and Welfare (6) 

l. The phrase "health and welfare" is defined as complete physical, 
mental, and social well-being and not merely the absence of 
disease and infirmity. 

2. See Table 7 for criteria. 

VI. Prediction of Noise Level (Step 4) 

A. General Model (10) 

l. Sotmd trave1s through the air in waves, with characteristics 
of frequency (cyc1es per second or Hertz) and wave 1ength. 

2. 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, wíth the first wave 
mnking 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 geornetric attenuation 
of the sound. 

3.. For point-source propagation 
r2 

sound leve1
1 

- sound 1evel2 = 20 lag--
rl 

where the sound level at station one minus the sound level 
at station two is equa1 to twenty times the log of the ratio 
of the radii. This means that for every doubling of distance, 
the sound leve! will decrease by 6 decibels. 

4. Line-source propagation---When a number of vehícles are lined 
up and constitute a continuous stream of noise sources, the 
situation is no longer characterized by a spherica1 or hemis
pherica1 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. In this case the equation is 
as follows: 

For Line-Source Propagation: 

r2 
sound 1evel1 ,- sound 1eve1

2 
= 10 1og rl 

Thus, the decrease in sound for each doubling of distance from 
a line source is only 3 decibels. 

B. Aircraft Noise Predictions (11) 

l. Aircraft sound description system 

12 



TAliLE 7: Yearly Average* Equivalent Sound Levels Identified as Requisite 
to Protect the Public Health and Welfare with an Adequste Margin 
of Safety 

lnuoor Ouh.loor Tu l'rotcd 
Activ1ty llcarm¡.: Lo~s 

A¡,:ain~t 
Activlly llc.IIJIIg Lo's 

Mc11surc In ter· Con~1úcr ,,. 
Uoth f:f. 

In ter· ( 'ou~1\lcra· 
fcrcncc tiOII 

h:ct~ (b) 
fcrcn~:c 11011 

Rc~idcnlial with Out- L¡Jn 45 45 55 
"itdc Spacc and F.mn 
Rc~iú~:nccs Lcq(24) 70 "/0 

-
Rc~u.JcniiJI w¡th Nu LÚII 45 45 
Ouhidc Sp;u.:e 

- Lcq(24) 70 --
--

C:ummcrdal lcq(24) (a) 70 70( <.) (al 7U 

""''h: Tr.lll\pori.IIIUII Lcq(~41 (,1) 70 (¡¡) 

-
Judu~tr1.1l '-cq(~4J(ú) (J) 70 70( l') (a) 70 

"'·~pita b lún 45 45 55 

Lcq(~4) 70 70 

'-cq(24~~ 
-

hJtu:.IIIUII,¡J 4) 55 

lcq(24)1d) 70 70 

l{,·,·n·.IIILIIIJI Ar,·." '-cq(~4¡ (a) 70 70(c) (a) 70 

¡:,lfiJI 1 .llld ,IJHI '-cq(24J (J) 70 
(;,·un.ll Uupopul.•lcú -
LJIIII 

¡¡ SIIIW dll '''ICilt IYJ'l'\ ol "' IIVIlllJ ,,.,,,.., .. , 1<1 ¡,,. oi\\O,,,,.,·d Wlth dlikl.:ul lcvd,, JdclllJII-
, ......... ola llhtXIIIIIIIIIIn·,·ltor ,lll!VIIy lllh lll'll'll<l 111.1y he tl¡ll¡udl I'Xlcpltlllho\C 
lii,I>III',LII_I':_'::_~ Whcl<' \jJI'<'Lfl llllllllllJIII•·IIIIIII 1\ ,¡ t.lll.,,li ,tdiVIIy. 

J> 11.1\l'd IJII ii>WI''l J.-\<.:1 
l U.IM'" lll:ly tlll 1!.·.11111(! '"'' 

d An 1,.11 (.'.;¡ ol "/5 dllu1.1Y ¡,, Jd,·J: 11iJL'd 111 ¡~¡,.,, \JIII.JIJC>m ~~~ l11n~· .• 1~ ti!~ c\plhl'lc: owr 

tiJL' ll'III.JIIIIIlf! ih fn,lh jh'l .f.l) 1' i.liV I'I'!III!'.IJ !11 fc',llll 111 ;¡ llq!ilglhk l'lllliiJh,llll>lltO 

lh1• ~·l·hfllll OIVL'I,Igl', ll', llll !'I<',Jil:l I!J.III ,111 J 1.,
1 

111 (¡Ü df.l. 

Noh' 1 xpl.llt,JII•m Olllil'll 1 11Jcd lnd lc>i ht'oillll· '"" 1'111' l'\f'll\llfl' pniod wludt 
11'\lllh 111 lil',JIJII)! llh\ ,JI lhl' idc'Jilllred kwl 1\ a Jll'll<'d •>1 -W Yl'.¡J' 
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2. lloisé exposure forecast 

3. Compo1:d.te noise rating 

4. 

C. Highway Noise Prediction Models 

1. 1he Federal Hi.ghway Administration PPM 90-2 (9) stated that 
t\IIO híghway noise prediction methods were acceptable: 

a) The·method in the National Cooperative Highway Research 
Program Report 117. (12) 

b) '.t'he :;.et:hod in the Department of Transportation, Transpor
tatj_on Sys.:ems Center Report DOT-TSC-FHWA-72-1. (13) 

2. A mude]_ developed at Argor.ne National Laboratory was publl.shed 
ir: 1973. (11) Basically, the model requires characteristícs 
oi the highwa; segments as input. The characteristics include 
a d~scription of the traffic using the highway (the speeds 
and 'rolumes of both automobiles and trucks), the physical 
dJ.mer.sions of the facíl ity (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 
rnodel calculates a noise level at a particular point along 
the highway and a perpendicular distance away from the highway. 
Once this noi~e level is calculated, the model moves outward 
ac incremental distance away from the facility and calculates 
another no Lsc leve l. This process j s repeated unt il the model 
reaches a ma:x.icmur. ?rescribed dístance at-Jay from the highway. 
At ·tlüs point, the moáel moves farther down the highway and 
calcu!.ateL another group of noise levels. This is repeated 
untí1 the model has covered the entire length of the highway. 
The model prints out a contour map of noise levels at given 
clístances from the facility. 

VII. Noise Control Practices (Step 5) 

A. Principies 

1. Reduction of vibrating sources 

2. Enclosure of source 

3. Attenuation by absorption 

B. Industrial Noise (3) 

The methods of noise control in the United States are well formu
lated for controlling industrial noise. The principies embrace 
plant planning; substitution of quieter equipment, processes, and 
materials; reduction at the source and reduction by transmission by 
air. 

14 
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,L. Subsonic Aircraft Noise Abatement (10) 

The following lists sorne of the current noise abatement techniques, 
procedures, and other alternatives to counter subsonic aircraft 
no:i,se .sources: 

l. Aircraft Deisgn or Modification 

a) New quiet engine designs with high bypass ratios and low 
velocity nets. 

b) Acoustically trrated nac~lles and ducts. 

e) Exhal!st 3Ü.encers for reciprocating ar!d turboshaft engines. 

d) Noise suppression for on-board auxiliary power units. 

e) Rotor and propeller aerodynamics for reduced noise. 

f) Noise suppression for rnechanical components such as heli
copter gear boxes. 

g) Vehicle aerodynamics to allow for steeper ascent and 
descent, and/or reduction in time required for ascent/ 
descent. 

2. Aircraft Operations 

a) Restrict operations by type of aircraft, number of opera
tions or time Jf day. 

b) Power cutback on takeoff or steep climb-out depending on 
situation. 

e) Steep or multi-segment approach depending on situation. 

d) Preferential runway assignments 

3. Aircraft Maintenance 

a) Restrict engine "runups" during ground maintenance opera
tions. 

b) ~illintenance of additional hardware for noise suppression 
(i.e., treated nacelles or auxiliary-power-unit silencers. 

4. Aircraft Route Location 

a) Avoid noise sensitive areas in new route assignments. 

b) Modify existing routes to avoid noise sensitive areas. 

e) Utilize noise-insensitive areas for ascent and descent paths. 

15 



5. Landscape Archire~tur~ 

a) ShieJ.d airport surroundings from noise resulting from air
craft ground operations and surface vehicle operations. 

6. Acoustic Insulation 

a) lnsulation of dwellings against aircraft noise. 

b) Insulation of commercial structures against aircraft noü,e. 

1. Land Use 

a) Control by zordng authorities for compatible land use. 

1. "fhree options for noise reduction are: 

a) •~n-constructed barriers to obstruct or dissipate sound 
emissions. 

t.) Elevated or depressed highway through grading. 

e) Absorption effects of landscaping (trees, bushes. shrubs, 
etc.). 

2. Constructing Barriers 

~ rjgid (fairly massive) barrier can be an effe~tive means to 
teduce noise from highways depending upon the relative heights 
of the !:>arrter, the noise source, and the affected area, as 
~ell as the horizontal distance between the source and the 
barrier and between the barrier and the noise-affected area. 

j, Elevated or Depressed Highways 

Cften a highway in an urban area can be built above or below 
the surrounding property. Such differences in grade provide 
sorne shielding of traffic noise and can reduce the noise 
levels at adjacent properties. 

4. Effects of Planting 

Planting adjecent to a highway produces little physical 
reduction in noise level unless it is very dense and of sig
nificant depth. 

5. Some other noise control measures for highways: 

a) Limitations on allowable grades. 

b) Road surface repairs. 

16 



e) Route locations planned to insure maximum separation 
between roadway and existing noise sensitive areas 
and to make maximum use of shielding provided by 
n&tural barriers. 

d) Provide for compatible use of land adjacent to highways. 

17 
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AIR POLUJl'ION ASP.E:Cl'S Of HA'l1\R1XXJS Hlü'CRJAL DISF\JSAL 

llú'Fl)DiJCriON. Tne l\rmy is O)ntlnually identifying Cúlllplex mun.ition/ 

:cheutical nateria.l which have become obsolete or deterioruted. Inherent 

·to re tention of Sllch JJateriaJ. are costly quali ty C2Ssuran03 measures and 

¡;.::¡J.:.lC.krl.ge ~ but rr~...m:! i.In¡_:v.C'tc< .. nt ~ alwdys the intimate threat of unoont:rolled 

x:el·i.:ilSe. Cutsequ~ntly) in dealing with disposal of these materials there 

i;:;; yot~s~sten tly tllc .::.tmosphere of u.c•gency and the ternptation to employ 

.·::>.l'cd.i.e.nts in dispo::1al methods. Such an approach can only lead to further 

'"'"d ,possilily i'J.JY.l.: 1.:r .. nnplex p:t"'Oble.ms" T:imely' and safe disiXJSal of tJ1ese 

J,r.:<.tc:&.'i.dl:> m:mda '.:es thorot~gh a.ssessment of the hazarJous material, <ES truc-

·don a.1tf-.l'"'l1ative~:;. anc1 surveillance requi.re.nents. 

ldér1tifica-:ion and Natu:re of Hatcrial. The need to ide.ntify and 

<" .. m! chon.icill n.:::.t:eri-1.1 is a JlB.tter of oonstant ron<.X:!rn. The never-ending: 

inventory for such m:1terials continucs. Pursuit of appropriute ins-ca.Ua-

tion clnd mmrodity manager rep:t.'Csentatives 'JJho deal with such material 

for timely idcntification of stocks is rrost important. To illustl''dte 

this poi.11t let' s briefly O:)nslder m .. -plooive waste ~ whi.ch ane WO\.Üd assurr:e 

are the rrost o:111pletely categorized hu.zm:xious nuterials. A recent inven-

tory of air p:>llution Gources at Arm} ins tallations in the continental 

U.S.A. indimtcs that over 27 )000 tons of explosive materia.ls are op'~!. 

burn-2d per year. Ha·;ever, no di . .:;tinction hd'3 been wade between the 

IMtePlals t.-:ruly exiJlosive in natl.lrC (srna.li arms cartridges s hall powe:t' ~ 

Ttff, etc) and m.J.terial tha·t can a.uy be safety disposed by d.etonation 

{artillery rounds and bomts) OP oontarnina.ted c!unnage ~ building m.:rtcrial.s 

dllu Hrepplng . 

. . 



rin11.ly, no discu!3si.on of identification is complete withcut 11entioning 

the problem of distinguislúng which na.terials are to be consid:!red 

hazdl"XlOUS. A eood e~:ample here is es grenad~s' a riot oont:rcl agent. In 

tn~ir C..'ille, the ch6nical str·ucture reveals the cyanide group, the C0:1CCJ'"¿-

trat.icn of \V"hich would not be of conce:m in limited quantity, but ominow 

jn ~~ge scale dest~uct.ion prognams. 

[lA Cons.i..derutions. A mtional nethodology has been developcd to 

d¿iine problerrs of hazardous material ilim:llitarization, as well as eval-

u1.tins thc viaLility of disposal alternatives: Nanely, the enviro."""I''lo.mtal 

.impact asses~mznt (I.:IA) • Appropriately applied the EIA provi<hs an excep-

-tional tool to evaluate dio¡:osal alternatives and discem inherent limita

tions. In consider.i.ng al ternati ves and data necessary to s upp::>r1: EIA' s 

the follo:.--ling fundarrentals should be ooserved: 

Insure th~ ~xtent of the problem is cornpletely d=fined, quantitatively 
a.nd 5pclt.i.dlly. 

Do not ig.10re the alterndtive "status quo11 • 

.Cvüluate rnat"'keting option. 

Ca.'1sicter availability of equipnent to support collecting piloting 
data, a'-; opposc'<.l to rely.i.n2 an e.rrpirical data. 

Wnd:J.d~ r;upp~rt.ing data is pilot or eu~?irical, be hunble and i.ru:>uro 
wu.lt.i.di::>cipUnc review of proposa.ls. 

/iclmcr,,led~ cb.ta gaps and define rotiona.E used to establish J."\:!sidual 
or ent.iss.i.on standards • 

l:Gsential J.:lei1b:mts of Alternati~s. Regat"'dless of the nu:r.ber or 

char.J.cteristics of altcrnatives there are elem?.nts that nD.JSt be oomnon 

to ea.ch destructive process o::>nsi~red. .Nomally such process~c:s either 



¡ 
!h•. 

employ chcmica.l reaction pr•inciples or thernal degradat.:..on properties • 
. , • l' 

COiilill'->n to either is a need to es tublish ¡jlli.delines of tlie allo.-Jable q\.1.1fl tit:y 

of ·the haza.I"Clous rraterial :in thc r'elna.ini.ng rusidue ~ or any air emissions 
::·· ;.) ~ ' .. 

OJ." ·w,.l~>te \·la ter dischar•ges c.ssociated with the process. The rrechanism 

tt:;(·rl 1:r, estalJl.ish emission criteria must be foundcd in a ca:->cful liter.1:tu:r.>e 
~ 

G~il.J:'\.:.h en the natUl'\:: of the hi:J.Zw--xlous m7tteridl. l:requently, a pro¡xJrtiorkll 

l'ei.·.ti;;m .. hip to ~d1.e TLV for d m::.t:erial :i:.S used as an expedient to dcr>.i.v.,! 
... :y;o .. ~ '"' ·, t " •'. 

c],J.r;~>.i.on critc~ria. This approac:h rrust be thorougly qualifiL d and th.e need 

fo:t' ~tdndc:u-.ct~ .. d~velopm:!rrt Horx icen tified. 
¡.:. 

In arldl.·tl.on to emi~sion cr·iteri.a, m~thods of analytical dJ:::tcc-cion, 
- ,....1 :. .. 1. ; -~ ~ .... 

and Sur'VelÚ.ai!ce ·?ro~~ in gr.ncrol, must be c-1reüLUy rescill"'ched a.;·¡d 
j; ' ' 1 

I~p2.ct of pÍÜcess interfe:rena::s -:.iS Hell as ani;ilytical precision df)cun·.entecl. 
J'.:. .~ 1..~!~~· ~.:... 

~1d a~~curc:cy, <md qu-:ili ty a.".:i su.nmre m surveillanre progrem ma.nagem:=m:. 

mlllit be irr'c..I.!Gn.l.ted. 

'~'é.ISk For~e Hanup;encnt. Synthcs.l.s of the prev~ous Lnform:ri:ion ).ed(.is 

• - ' '1 

Cf1- 'lo the o:>nclusion that clisposa] altematives for haza.rdous matei"'it:llS 

' <~vol ve :l!i'LO mul-ciple environrrem:C!l interfaces; a.ü:·, wa.ste vJater e.nd so2 id 

\-ldste. Edch of which Ttl; -¡ l c:erL:a..:inly ha ve an occupational, as v1ell 0s 
'," -'-' ' -; 

IJUblic he..J.l th dlinension. Ca1sequently, no ane prcf<;·s~ic.'ii1al discipJ i..r1c~ e~ 

hüf.Y..! to be tJ.·'Uly e)q:R-rt in dza..l:ii1g witl1 the :implicati.ons of all II'I:!dié.s ~ 
'• 

Ol"' tllc physics dnd biolomr of ew.issions. Hather, an intcgNted tc=.-un of 

profesbiondls in the engi.ncer3 ng, m:!dical, physical sciénce fields ~ vJOrking 

tmdf.:'.r a. single manar,er is r-equ:i..red to thorou@üy evaluate t~e impr.:tct ·:)f 

dis¡:.osal altc~rnat:ives. 
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CA:Jl~ ~TUDIT.S. Limitations imposed an ocea.n di.sposal, as wcll as the con

straints en land d.isposal alternatives, has prompted si@lificé111t effm-ts 

in devt~loping process and CJr\trols for safe disposal of hazardous materials. 

One of the more sucr.essful operations recently developed, and curreni-ly 

in opcration, is tl1e disp:>sal of obsolete munitions and Lmarm::!d stock-

piles of toxic war g,ases by the US A:t:mj at Rocky MoLmta.Ü"l Arsenal', Denver, 

Colorado. Not anly are the materials for destruction and pi"OC3sses 

dcsigned for this project unique, but the rigidity of surveillance for 

such a hazardous diSJX)Sal opero.tion stands alane in sophistication ar¡d 

thoroughness relative to eY.isting tecl--.llology. Further challenge to insu:re 

safe destruction of such to.xic JTLJ.terials is the ~ose proximity of urb;m 

D3nver', Colorado, to the d.isp:>sal si te. In dealing with the dzstruction 

of \fal' gases not only is w.:nicer safety pa.l."'affiJUTlt but protect:ion of the 

general populations 1 health assumes greater significanre in tenn.c; of 

insuring finite process control imd approaching absolute quantification 

Jn detection of t11e rontaminunt(s). 

Significant research relati ve to analytical detection and toxioology 

had alreo.dy been affccted by DA prior to initiating demilitarization of 

toxic war gcJSes. The occupational ;md general population exposure st.:m<.lar<.\:.:, 

del.'l.ved by fl.'\ Md appl'Dved by The Surgeon 0:-_neru.l of the US Public Health 

Servlce <1re summrized in Tatle l. In essence tlle surveillan~ sche:re 

invol ved a conccntric Pmg approach; d3tection for occupational exposm"B ~ 

proccss emissivns and dllbient all' surveillance an the perimeter of PJ·lo\. 

rurthei', kcy pararrr.!ters :relative to proress and en.virclnirt.mtal control 



... .. 
~.; 

'v~c:.h.: .Ln terlockcd w:i.th set ¡:c:i.nt alurms (Le. p!i of crnission scrubbil1g 

1iquor, negati?c pressure in lJ10Wl1 c:mbulled hot areas, temperature 

:rYwgcG oo contaminatcd wastc jnc.illcretors) • The philosophy of system 

d::;~:Íf'll and op.3r•aLion Wd.S ene of total rontainm~nt of any agent in the 

C'I.'E!llt of accidental up~ct oP release. A quality assurunce progrBm to 

'i•s::or·.~.:-: labor<Jxory eff:i.ciency in handling over lOO impingers samples daiJ.y 

• i :),_, ,~t a:.llysiD of ncr-ve gas t.va.G also irnpl cncnted. 

HD Mus t ..... n:i 

TABlli 1 

EX?OSURE ST/..:JDARL'S 

App_l~cat:i.on 

General PopUl.ation l hr• 
72 hr 

Umn.c.::5Jced t·Jorker 1 hr 
8 hr· 

8 hr Average Over Ten Can..
secut:i. ve vl01:lc Periocl> 

Dni.ssion - ~1axi111wn 

8 hr 

Emü,; ~.üo.n - Maxiuum 

O.IJOOl 
O.OIJCJ003 

1).001 
O •. UUJ3 

0.0001 

0,0003 

0.001 

O. O~l 

'Il;e clif:p."JG<'.Ll of n?.rve gas cntaiJ.ed den:ilitarizat i.on of 21,115 11-34 ;;u 

nc.~.-·..;-: cJ,:r.ent cluster bombs (e¿tch clu.step ccntw.i.ned 7G bod<<ets fiJ~eú 

'rJith 2.G pounds of Gl3 and O.S5 lli tetryl bur-.::;ter)~ 3'/8~000 poun.ds of 

bu D-.. GB in haxx.lened undergrow 1d store&;e ; ar1d 3. 6 3 Tí'ÍlJ ion pounds of OJ 

sto.t'Cd :in steel ton contciners. A flow diagn:un ill us·tn:n:wg tl1e c.k-.. mil i ·· 

tariz.:.tti.on process for the 11.34 borrib is shown in Figure l. Dispr.>f3i.?J. 

altematives for the residuu.l ScJ.lts frum the prooc.ss a.re und8r stuc1y • 

·' 
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PROO:SS ll.O•J DIAGIW1 M34 U:l1ILl'fAPJZATION 

Tl<E~.NsKmr f1{()11 
S'l'O 1\f\CJ:: 

f<P'.:~ote 

l.X!clüsi.ering 
Opcration 
D.~ í lJ!_; in g , 

ptmch and <.lr·ain 

+ 
Ar,ent: 

Hydrolysis 

Jnert pill"ts to 
Decon furnace No. 1 + 

Ccntaminated pártS ·~ 
and tetryl b~ter 

to deactivation furnaoe 

Spray Dl:y 
Li.quid Wa.ste 

Inert parts 
Disposal 

Inert Deoon 
furnare No. 2 · 

Store 
Residual Séü ts 

Integral aiJ: pollution control devices on the syste.i1l are depicted in 
\'. 

figun~ 2. Di:=;charee frDm· ~nturi scrubber system was exhausted throur,h 

a 200 foot stack, while e:xhaust from the deccn fumace No. 1 was dis

char·ged thruur.h a lOO foot stack. Exhaust from the spray dryer was d.i.a

dwrr,ed t:hroue]'i a 60 foot stac:k. Figure 3 shrus fue spatial array of the 

process otacks rclative to 1ocation of a rune-station ambient air net . .,;o1·k. 

'fh\:! nen.'ork, in addit· ion to OJ11ecting background data prior to heginnJ.ng 

o¡x:rations, liDnitorcd air quality during the M34 system's operation fro:n 

OctobC!l" 1973 through Septen'ber 1976. Par·ameters rreasured included pa..~i-

culates , o::o.'1e , ni trogen dioxide , anticholinesterase acti vi ty, t..Ünd 

Sf.J8ed and wind dircction. 

Sirnil<.lr t~ystcms and approaches were app1ied to disFOsal of oU1..:.r' toxic 

\-JC:U."' e,a..ses. HD mustard \-lar ~as was disposed of by inci.nere.tion dur .ir1r; t"l' ~ 

tin~ fr.JJrc of 1970-1974 at Rl-1A. D:!militarizt:ttion of nerve gas in the 

unred wnfieUI"dtion of Honest John \'larheads has been affccted é.l5 \~cl1 c:u: 

l>uJk stored GB nervc gas stored at Rl'íl\. Fdcilities for the t:runsícr of 

phosgene (Cdl"'bonyl dlloride) into hydrostatically tested shipping containers 



fói;- u.J timate sale 'of thio naterial have been engincerod and a:m:.>tructed. 

Eac); of ·U1ese systems, dS well as other facilities to derniliturize obsolete 

c.(;clni.cc.ll rw.mti:ms ltlel.,..~ ci:veloped and desiened follcw.ing exhanstive bench/ 

SU}~~·1'~1~"/ :.: 'fedmology exists to handle m:mt demilitarizatio.:1 problP.IliS 

.---: !::~ .... ::.L;rtr:.Ll ~:lith hazardous materials. The import<ll1ce of early identifica·· 

-..._{- thc ;n;J.tcria} ;..: i.s nc:>t ~n~l'tant to pen&it th12ly evaluation of dis

Jt:>s-.:ü ill:tr:rnr:Jti.vcs. 'l'b.~ l.:JA apt,·t"'Oach to eva1uati.ng aJ:ternu.tivc1::;, to 

i/;SJ\id'2 C"ca""\:!f 1.iL i..nterpretation of cmission and analyt.Lcal C'..On.s"t.!:n_i.nts 
... 

witl"dh thc! altunatjve~> ':Jy an in-tcgn-J.ted profess:ional tE.~am~ ~td11 lead ·to 

1. 

... 



M34 AIR ILO..¡ FA'ITE~S /\ND AIR POLLi ... TION O)~'TffiLS 

100 Ft. Stack 
19,350 

I:eactivation 
,...-----~ Furnace 

I::ecluster, Punch , 
Drcin, Burster 

--~ Shear, a'1d P'l.ln?ing 
Facility 

NCJTE: All values i.J"1dicate CFM at 
70°F, 5200 Ft. Elevation 

.. 

Inert Parts 
Fumare 

200 Ft. Stack 
137,000 

3 
Venturi 

Scr..J.bbe 
Series 

2 Venturi 
Scrubbers 
Ser· e 

eutmli.
za.tion 
Facili 

60 Ft. Stack 
20,000 

Brin e 
Hol~P 
FaCl.ll_~ 

' 
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o HD Xustard. G.:.:ts D:::.:nil 
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RELACION LE ALUMNOS DEL CURSO METODOLOCIA PARA DECLARACIONES 
DE IMPACTO AMBIENTAL 197 8. 

SR. MIGUEL ANGEL AGUA YO Y CAMARGO 
Comisión de Aguas del Valle de México 
Subjefe del Depto. de Hidrología Superficial 
f3alderas 55-2 
México l, D.F. 
Tel. 585.50.66 Ext. 206 

Cultivos )44 
Col. Progresó del Sur 
México 13, D.F. 
Tel. 582.61.06 

SR. ]OSE FRANCISCO LEOPOLDO AGUILAR RIVERA 
Laboratorio de Ingeniería Sanitaria Priv. 16 Sur C 1708-403 
Escuela de Ingeniería Civil Puebla, Pue. 
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. ]OSE CARLOS BETANCOURT LINARES 
S. A. R. H. 
Lirección Gral. de Protección y Ordenación 
E coló::9-ca 

ING. JOSE LUIS CELIS BELINA 
Dirección General de Planeación Territorial 
S.A.H.O.P. 
Insurgentes Sur 1443 
México 20, D.F. 
Tel.: 563.02.62 

SR. ]OSE LUIS ESCORIA MA YER 
Dirección de Ecología Urbana 
Li verpool .3-8° 
México 6, D.F. 
Tel. 546.04. 81 

SR. ARTURO EDGARDO ESPADAS SOLIS 
Centro de Ciencias de Iá Atmósfera 

lndustr la 64-8 
Col. Florida 
México 20, D.F. 
Tel. 524. 07. 39 

Sn. Juan de Letrán 503-1404 
Edificio Atizapán 
Cda. Tlaltelolco 
México 3, D.F. 
Tel. 583.53.56 

, Circuito Exterior, CU. 
Odontología 57 Depto. 201 
Col. Copilco Universidad 
México 20: D.F. Tel. 548.81.90 
Tel. 550. 37 . 77 
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SR. ]OSE MA. FRANCO MICHEL 
Comisión de Aguas del Valle de México 
Balderas 55-2° 
Col. Centro 
México l, D.F. 
rei, 585. SO. 66 Ext. 618 

LIC _ JOSE ALBERTO FUENTES ESPI NOZA 
Lesarrollo Integral de la Familia 
Gobierno de Mexico 
]e fe de Control Programático 
Faseo Colon y Tollocan s;n 
Toluca, Edo. de México 
Tel. 5.47. 88 

LIC. APOLONIO GARCIA SANCHEZ 
S.A.R.H. 
Jefe de Proyecto 

, Heforma 107-2° 
México 4, D.F. 
Tel. 566.95. 59 

SR. EN:RIQUE 9ARDUÑO NAVARRO 
Rossini 71 
México 2, D.F. 
Tel. 583.04. 85 

ING. DA VID RAUL HERECIA LARA 
Despacho Dr. Melchor Rodríguez Caballero 
Supervisor de Obra 
Tuxpan 10- 803 
México 7, D. F. 
Tel. 564.78.08y564.87.48 

SR. GUSTAVO MANUEL HERNANDEZ LOZANO 
S.A.R.H. 
Dirección de Impacto Ambiental 
Tel. 566. 06.18 

SRITA. ROSARIO ITURBIDE ARGUELLES 
Instituto de Ingeniería 
Ayudante de Investigador C 
UNAM 
Tel. 550. 52. 15 Ext. 3603 

Cascada 822 -ll 
Col. Prado Ermj[a 
México 13, D. P. 
Tel. 532.27.35 

,, ' 
1 ',• 

. . 

Paseo de Colón Esq. Paseo Tollocnn 
To1uca, 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. Martín Carrera 
México 14, L. F. 

Sacrjficios 12 
Col. Tlalpán 
México 22, D.F. 
Tel. 573.28.31 

Corina 111-9 A 
Col. del Carmen 
México 21, D.F. 
Tel. 544.73.62 . 
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ING. RAFAEL LOERA FRANCO 
Subsecretaría Mejoramiento del Ambiente 
Asesor Técnico 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 Prevención y Atención de 
Emergencias Urbanas 
Col. Polanco 
TeL 250.74.22 Ext.l28 y 130 

SR. HUMBERTO MARENGO MOGOLLON 
Com. Plan Na l. Hidráulico · 
Manzanillo y Tlaxcala Tepic 40-2° 
México 7, O. F . 
Tel. 564.07.59 y 574.14.97 

SR. ENRIQUE MELLADO MARROQUIN 
ENEP ARAGON 
Ayudante Tipo "B" 
Aragón, Edo. de México 

SRITA. MONIQUE MITASTEIN SZUSTER 
Centro Panamericano de Ecología Humana 
y Salud 
Lieja 8-3° 
México 6, D.F. 
Tel. 553.77. s2·y 553.78.58 

SR. RAFAEL MUJICA BUSTOS 
Hidro Industrial, S.A. 
Gerente General 
Gutemberg 16-301 
Col. Anzures 
México, O. F. 
Tel. 545. 24 .19 

FERNANDO POZO ROMAN 
Facultad de Ingeniería 
U. N.A. M. 

Cienfuegos 652 
Col. Lindavista 
México 14, D.F. 
Tel. 5 86. 81. 35 

Luz Saviñón 1062-1 
Col. del Valle 
México 12, D.F. 
Tel. 543.18.61 

Choapan 10-2 
Col. Condesa 
México 11, D.F. 
Tel. 515.15.58 

Alpes 1225- A 
Col. Lomas de Chap. 
Tel. 540.02. 25 

Amores 44- 1-J 
Col. del Valle 
Tel. 54~~. 29. 35 

Av. Coyoacán 721 
Col. del Valle 
México l2, D.F. 
Tel. 559.54.66 

Ures 87-5 
Col. Roma Sur 
Méxlco7, D.F. 
Tel. 564. 07. 61 
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INGi ·TOMAS MIGUEL RAMIREZ SANTILLAN 
Com. de Aguas del Valle de México 
Proyectista 
Balderas 55 -3° 
México 1, D.F. 
Tel. 585.50.66 Ext. 315 

!NG. HONORIO RIVERA MOCTEZUMA 
C. E. C. 
Coordinador de Cursos Institucionales 
Tacuba 5-1° 
México 1, D. F 
Tel. 512. 31. 23 

ING. OSCAR MANUEL ROBLES S. 
U.A.N.L. 
Catedrático y Coordinador Académico 
Sn. Nicolás de los Garza, N.L. 
Col. San Nicolás 
Tel. 52. 48.50 

SR. ALBERTO ROJAS CORONA 
S. A.R.H. 
P. de la Reforma 107-8° 
México 4, D.F. 
Tel. : 566.06. 88 Ext.l20 

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 0 

SRITA. NORA ELlA Tt-IOMAS LOMELI 
S.A. R.H. 
Reforma 107-2° 
México, D.F. 
Tel. 566.06. 88 Ext.l32 

Rosas de Mayo 161 
Col. Benito Juárez 
Cda. Netzahualcoyorl 

Emillano Zapata No. 5.3 
Col. Portaks 
Mexico 13, D. F. 

Flora 3337 
Col. Contry 
Monterrey, N. L. 
Tel. S 8. 04 . 0:3 

Mazatlán 113··3 
Col. Condesa 
México ll, L. F. 

Hamburgo 288-4 
Col. Juárez 
México 6, D.F. 
Tel. 514, 25.55 

. . 
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ING. SIXTO TOLEDO GIRON 
Tetraetilo de México, S.A. 
Complejo Industrial Pajaritos, Ver. 
Pajaritos, Ver. 
Tel. 2.02.40 
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SR. PABLO E. URIARTE Y DE LAMERENS 
S.A.H.O.P 
Liverpool 3 
México, D. F. 
TEL. 546.04.81 

SR. ]OSE LUIS VALDES ANA YA 
S.A.R.H. 
3 Sur 1501-6 ° 
Puebla, Pue. 
Tel. 43. 80.27 

SR. JOSE LUIS V AZQUEZ SANT AMARINA 
PE MEX 
Marna Nal. 329-1° Edif. 1810 Edif. 8 
México 17, D.F. 
Tel. 54 S. 7 4. 60 Ext. 3527 

SRITA. MARIA VILLARROEL 
Instituto de Ingeniería 
Ayudante de Investigador C 
UNAM 
Tel. SSO. S2.15 Ext. 3604 

STA. CINTRA MA. V. VIVEROS SALDIERNA 
PE MEX 
Investigador Social 
Marina Nal. 329 
México 17, D.F. 
Tel. S4S. 7 4. 60 Ext. 3527 

SR. ANTONIO YOKOYAMA KANO 
Universidad Católica Madre y Maestra 
Autopista Duarte Santago R. D. 

'edcs 9,III,78. 

Guerrero y Malplca No, 5 
Coatzacoalcos, Ver. 
Tel. 2. 25.20 

Av. de los Andes 265 
CoL Lomas de Cl1apultepec 
México 10, D.F. 
Tel. 520.07.04 

Feo. Martín del Campo 105 
Fracc. Colonial, lxtapalapa 
México 13, D. G'. 

Retorno Fuente Petróleos 3 
Col. Tecamachalco 
México lO, D.F 
Tel. 5 31. 30. 20 

Av. Universidad 2042-1206 
Col. Copilco Universidad 
México 20, D.F. -
Tel. 548. 33. 35 

Londres 224-203 
Col. Juárez 
Mexico 6, D.F. 
Tel. 511.90.20 

Torquemada No. 42 
Col. Obrera 
México 8, D.F. 
Tel. 530.92.53 
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