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ABSTRACT 

SITING WASTE DISPOSAL FACILITIES IN HOST COMMUNITIES: 
IMPACTS and ACCEPTANCE 

The s i t i n g of m u n i c i p a l s o l i d waste d i s p o s a l f a c i l i t i e s i s 

o f t e n u n s u c c e s s f u l or delayed because of host community 

o p p o s i t i o n . P h y s i c a l , economic, s o c i a l and p o l i t i c a l impacts of 

l a n d f i l l and an i n c i n e r a t o r s i t e are i d e n t i f i e d , assessed and 

combined i n a r a t i o n a l model to e x p l a i n the cause of o p p o s i t i o n . 

R e s i d e n t s ' b e l i e f s about f a c i l i t y impacts correspond w e l l 

with the assessed p h y s i c a l impacts at the l a n d f i l l i n i d e n t i f y i n g 

odor, b i r d s , t r a f f i c , water emissions and e x p l o s i o n r i s k s as 

nega t i v e impacts and convenient d i s p o s a l as a b e n e f i t . At the 

i n c i n e r a t o r , common r e s i d e n t b e l i e f s comprise odors, n o i s e , 

t r a f f i c and a i r emissions as neg a t i v e impacts and energy recove r y 

as a b e n e f i t . U n d e r l y i n g these obvious p h y s i c a l impacts, however 

i s a group of n o n - p h y s i c a l b e l i e f s about the harm to community 

image, l o s s of c o n t r o l , u n f a i r n e s s , and p r o p e r t y v a l u e l o s s e s i n 

the host community. These n o n - p h y s i c a l impacts i n f l u e n c e the 

a t t i t u d e about the f a c i l i t y as s t r o n g l y as the p h y s i c a l impacts. 

F i n a l l y , exposure t o obvious p h y s i c a l impacts i s shown to 

n e g a t i v e l y i n f l u e n c e the b e l i e f s about p h y s i c a l and n o n - p h y s i c a l 

(economic, s o c i a l and p o l i t i c a l ) impacts. Thus, by s c r e e n i n g the 

host community from obvious p h y s i c a l impacts ( n u i s a n c e s ) , the 

b e l i e f s about community image, c o n t r o l , f a i r n e s s and p r o p e r t y 

values can be enhanced. 

Since n e g a t i v e a t t i t u d e and o p p o s i t i o n a c t i o n are s t r o n g e s t 



p r i o r to f a c i l i t y c o n s t r u c t i o n , the s i t i n g e f f o r t s need to be 

focused on t h i s p e r i o d . A f t e r c o n s t r u c t i o n , the host community 

adapts to the new s i t u a t i o n . 

The f a c i l i t y impacts are combined i n t o a model to d e f i n e a 

c r i t e r i o n f o r acceptance. The net value of f a c i l i t y impacts and 

b e n e f i t s must reach or exceed i n value the narrow t o l e r a n c e range 

at the o r i g i n a l host community r e f e r e n c e p o i n t to a v o i d 

s i g n i f i c a n t host community o p p o s i t i o n . Impact r e d u c t i o n r a t h e r 

than compensation i s t h e o r e t i c a l l y shown to be the more e f f e c t i v e 

approach to f u l f i l l i n g the acceptance c r i t e r i o n . T h i s approach i s 

e m p i r i c a l l y t e s t e d a t t y p i c a l waste f a c i l i t y s i t e s . 

D e spite higher c o s t s f o r p r e v e n t i o n and emission c o n t r o l 

methods to reduce p h y s i c a l and n o n - p h y s i c a l impacts, these methods 

are shown to be s u p e r i o r to m i t i g a t i o n and compensation i n g a i n i n g 

community acceptance. 

Based on the c o n c l u s i o n s , the p o l i c y statement on waste 

f a c i l i t y s i t i n g s recommends f i r s t , d e f i n i n g e n t i t l e m e n t s and r u l e s 

f o r the s i t i n g p r o c e s s , e s t a b l i s h i n g i n c r e a s i n g waste r e d u c t i o n 

and s e p a r a t i o n i n a waste management p l a n , and u s i n g p a r t i c i p a t i v e 

community p l a n n i n g as long-term, p r e v e n t i v e f a c i l i t y s i t i n g 

measures. Short term s i t i n g measures comprise, the n e g o t i a t i o n of 

s i t i n g agreements, the use of best a v a i l a b l e t e c h n i c a l emission 

c o n t r o l s and continued m o n i t o r i n g by an overview committee. The 

focused use of p r e v e n t i o n and c o n t r o l measures to address host 

community concerns can s u b s t a n t i a l l y enhance community acceptance 

of m u n i c i p a l s o l i d waste f a c i l i t i e s . 
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CHAPTER 1 - INTRODUCTION 

1.1 Overview 

1.1.1 Problem Statement, T h e s i s Goals and Hypotheses. 

Many l a r g e urban c e n t e r s i n North America need new s i t e s f o r 

waste d i s p o s a l f a c i l i t i e s to accommodate a growing volume of 

m u n i c i p a l s o l i d waste. Although the proposed f a c i l i t i e s are 

s u p e r i o r to the o l d e r , o b s o l e t e f a c i l i t i e s , host community 

o p p o s i t i o n at the proposed s i t e s o f t e n d e l a y s or prevents the 

c o n s t r u c t i o n and o p e r a t i o n of newer, s u p e r i o r waste d i s p o s a l 

f a c i l i t i e s . As a r e s u l t , more waste i s d i s p o s e d of at o l d e r , 

e n v i r o n m e n t a l l y i n f e r i o r s i t e s , or has to be hauled over long 

d i s t a n c e s to very remote s i t e s o u t s i d e the j u r i s d i c t i o n of the 

r e s p o n s i b l e urban waste agency. Thus, host community o p p o s i t i o n 

l e a d s to e n v i r o n m e n t a l l y or f i n a n c i a l l y c o s t l y waste management 

s o l u t i o n s . 

From the f a c i l i t y proponent's and the waste agency's 

p e r s p e c t i v e , the s i t i n g of new, modern waste d i s p o s a l f a c i l i t i e s 

are a n e c e s s i t y to p r o v i d e a v i t a l s e r v i c e to p r o t e c t p u b l i c 

h e a l t h and a e s t h e t i c s as w e l l as to c l o s e down o l d e r , i n f e r i o r 

f a c i l i t i e s . Yet, d e s p i t e the l a r g e s o c i a l b e n e f i t s , the 

advantages of c l o s i n g o l d e r f a c i l i t i e s , and the very low l e v e l s of 

p h y s i c a l impacts from new d i s p o s a l f a c i l i t i e s , host community 

o p p o s i t i o n to waste f a c i l i t i e s i s o f t e n very s t r o n g . Although 

everyone r e a l i z e s the need f o r waste f a c i l i t i e s , no one wants them 

i n t h e i r own community. T h i s a t t i t u d e i s r e f e r r e d to as the NIMBY 

(not-in-my-backyard) syndrome (e.g., Armour, 1983). 
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In c o n t r a s t , the focus of host community o p p o s i t i o n i s on the 

f a c i l i t y ' s impacts and the r e s u l t i n g changes i n the community. 

The o p p o s i t i o n r e s u l t s from the p e r c e p t i o n of the f a c i l i t y as a 

net l o s s to the host community. The l o s s caused by a waste 

f a c i l i t y i n a host community c o n s i s t s of the p h y s i c a l impacts 

( n o i s e , t r a f f i c , odor, water and a i r emissions, e t c . ) and an 

a d d i t i o n a l , p o s s i b l y n o n - p h y s i c a l , impact element t h a t causes the 

NIMBY syndrome. T h i s a d d i t i o n a l element i n c r e a s e s the magnitude 

of the net f a c i l i t y impact ( t o t a l impacts l e s s b e n e f i t s ) , and 

hence, i n c r e a s e s the r e s i s t a n c e to the f a c i l i t y i n the host 

community (See F i g u r e 1.1). 

Although many f a c i l i t y proponents and l o c a l government waste 

agencies c a r r y out i n t e n s i v e p h y s i c a l s i t e s e l e c t i o n s and address 

many t e c h n i c a l aspects i n the f a c i l i t y design and o p e r a t i o n , 

d i s p r o p o r t i o n a l l y s t r o n g host community r e s i s t a n c e o f t e n causes 

c o s t l y d e lays or a l t o g e t h e r prevents the c o n s t r u c t i o n of the 

f a c i l i t y at high f i n a n c i a l and environmental c o s t s t o s o c i e t y and 

to the f a c i l i t y proponent. 

The goals and hypotheses of t h i s t h e s i s r e s u l t from the 

f o r e g o i n g problem statement. F i r s t , the t h e s i s must i d e n t i f y the 

complete s e t of p h y s i c a l and n o n - p h y s i c a l (economic, s o c i a l , 

p o l i t i c a l ) impacts i n order to t e s t and e x p l a i n the importance of 

and i n t e r a c t i o n among f a c i l i t y impacts t h a t generate o p p o s i t i o n . 

The u n d e r l y i n g hypothesis s t a t e s t h a t host community o p p o s i t i o n i s 

caused by a complex combination of p h y s i c a l and n o n - p h y s i c a l 

changes t h a t are i n t e r p r e t e d as negative impacts on the host 

community. T h i s statement i m p l i e s that there i s a r a t i o n a l s e t of 
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impacts, a l b e i t p o s s i b l y n o n - p h y s i c a l , t h a t e x p l a i n s a n e g a t i v e 

a t t i t u d e towards waste f a c i l i t i e s i n t y p i c a l host communities. 

The second g o a l i s to d e r i v e and t e s t an approach to g a i n i n g 

host community acceptance by t e s t i n g d i f f e r e n t methods to address 

key f a c i l i t y impacts. T h i s g o a l i m p l i c i t l y h ypothesizes t h a t 

there i s a more e f f e c t i v e way of a c h i e v i n g b e t t e r host community 

acceptance than through a p u r e l y p h y s i c a l approach. Furthermore 

the hypothesis s t a t e s t h a t by understanding the i n t e r a c t i o n s 

between impacts, p e r c e p t i o n s , a t t i t u d e s and a c t i o n , a more 

e f f e c t i v e and l e s s c o s t l y f a c i l i t y s i t i n g approach can be 

developed. 

1.1.2 T h e s i s S t r u c t u r e , O b j e c t i v e s and Methodology. 

T h i s t h e s i s begins by e x p l a i n i n g the complex i n t e r a c t i o n of 

m u n i c i p a l s o l i d waste (MSW) d i s p o s a l f a c i l i t i e s and host 

communities. Then, the t h e s i s d e r i v e s and t e s t s methods and 

p r i o r i t i e s to o b t a i n p r i o r acceptance of waste d i s p o s a l f a c i l i t i e s 

i n the host community. F i n a l l y , the c o n c l u s i o n s o u t l i n e a 

r a t i o n a l and more e f f e c t i v e approach to f a c i l i t y s i t i n g . 

The study i s s t r u c t u r e d i n three phases. Phase I forms the 

b a s i s f o r the study through the s e l e c t i o n and d e s c r i p t i o n of 

t y p i c a l waste f a c i l i t i e s i n Chapter 1 and the d e t e r m i n a t i o n of a 

set of t y p i c a l f a c i l i t y impacts i n Chapter 2. Chapter 3 

d e s c r i b e s a t h e o r e t i c a l impact model, d e f i n e s an acceptance 

c r i t e r i o n , and d e r i v e s a p r i n c i p l e f o r an e f f e c t i v e approach to 

f a c i l i t y s i t i n g . 

Phase I I c o n s i s t s of the assessment of impacts, impact 
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p e r c e p t i o n s and r e s u l t i n g a c t i o n i n t y p i c a l host communities. 

Chapter 4 o b j e c t i v e l y assesses f a c i l i t y impacts, while Chapter 5 

determines r e s i d e n t s p e r c e p t i o n s , a t t i t u d e s and a c t i o n s . 

In Phase I I I , impact r e d u c t i o n measures are designed and 

t e s t e d i n Chapter 6. Chapter 7 summarizes the f i n d i n g s , draws 

c o n c l u s i o n s to s e l e c t measures to g a i n f a c i l i t y acceptance, and 

l i s t s the i m p l i c a t i o n s f o r f u t u r e r e s e a r c h . 

In order to reach the t h e s i s g o a l s , the r e s e a r c h achieves the 

f o l l o w i n g o b j e c t i v e s by using l i t e r a t u r e reviews, q u a l i t a t i v e and 

q u a n t i t a t i v e analyses (see F i g u r e 1.2 and Table 1 . 1 ) . In the 

second p a r t of Chapter 1, a m u n i c i p a l s o l i d waste (MSW) l a n d f i l l 

and an MSW i n c i n e r a t o r are s e l e c t e d as t y p i c a l waste f a c i l i t i e s . 

The s i t e s and s i t i n g processes are d e s c r i b e d . 

In Chapter 2, the t y p i c a l waste d i s p o s a l system i s d e f i n e d . 

The c h a r a c t e r i s t i c s of l a n d f i l l s and i n c i n e r a t o r s are analysed to 

d e s c r i b e the p h y s i c a l emissions from these f a c i l i t i e s . T y p i c a l 

host community c h a r a c t e r i s t i c s are determined. 

Through a n a l y s i s of the i n t e r a c t i o n of the waste f a c i l i t y as 

the source of emissions and the host community as the r e c e p t o r , a 

set of t y p i c a l waste f a c i l i t y impacts i s d e f i n e d . The impacts and 

b e n e f i t s i n the s e t e x h a u s t i v e l y and e x c l u s i v e l y cover the e f f e c t s 

a waste f a c i l i t y may have on a t y p i c a l host community. T h i s l i s t 

of e f f e c t s forms the dimensions with which the f a c i l i t i e s ' impacts 

are assessed i n Chapter 4 and 5. 

Chapter 3 e x p l a i n s how the impacts and b e n e f i t s are combined 

i n t o a r a t i o n a l model to d e f i n e host community acceptance. T h i s 

model f o l l o w s economic and d e c i s i o n a n a l y s i s theory to 
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D e r i v e from T h e o r y Observe and A s s e s s 

C h a p t e r 4 : 
F a c i l i t y 
P h y s i c a l Impacts 

C h a p t e r 2: 
Set of Waste F a c i l i t y 
Impact C a t e g o r i e s 

C h a p t e r 3: 
T h e o r e t i c a l A p p r o a c h 
and P r i o r i t i e s t o 
G a i n A c c e p t a n c e 

C h a p t e r 2: 
Host Community 
C h a r a c t e r i s t i c s 

C h a p t e r 5: 
B e l i e f s 

about F a c i l i t y 

Chapter 5: 
A t t i t u d e 

about F a c i l i t y 

I 

C h a p t e r 5: 
O p p o s i t i o n 
A c t i v i t i e s 

C h a p t e r 6: 
P r e f e r e n c e s 
f o r Impact R e d u c t i o n 

< 

C h a p t e r 7: 
Summary and 
C o n c l u s i o n s 

\ 1 

C h a p t e r 8: 
S i t i n g P o l i c y , 
Recommendations and 
F u t u r e R e s e a r c h 

F i g u r e 1.2 - O v e r v i e w of T h e s i s R e s e a r c h 
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Table 1.1 - Methodology of T h e s i s Research 

Phase I 

Chapter 1 

Chapter 2 

Chapter 3: 

Study S i t e S e l e c t i o n 
and D e s c r i p t i o n 

Set of F a c i l i t y Impacts 

Impact Model 

Acceptance C r i t e r i o n 

Acceptance Approach 

P r i o r i t i e s f o r 
Acceptance Methods 

F a c i l i t y Survey 

L i t e r a t u r e Review 

Conceptual A n a l y s i s 

Conceptual A n a l y s i s 

Conceptual A n a l y s i s 

Conceptual A n a l y s i s 

Phase I I 

Chapter 4: 

Chapter 5: 

P h y s i c a l Impact 
A n a l y s i s 

B e l i e f s , A t t i t u d e s 
and A c t i o n 

P h y s i c a l Measurement 
and V a l i d a t i o n 

W r i t t e n Survey i n Host 
and C o n t r o l Communities 

Content A n a l y s i s of 
Newspapers 

Real E s t a t e Analyses 

Phase I I I 

Chapter 6 

Chapter 7: 

Chapter 8: 

Set of P r a c t i c a l 
Acceptance Measures 

P r e f e r e n c e s f o r 
Acceptance Methods 
and Acceptance 

Summary and 
C o n c l u s i o n s 

S i t i n g P o l i c y , Issues, 
Recommendations and 
Future Research 

T e c h n i c a l Design of 
P r e v e n t i o n , C o n t r o l , 
M i t i g a t i o n and 
Compensation Measures 

Interviews with Host 
and C o n t r o l Community 
R e p r e s e n t a t i v e s 

Deduction from R e s u l t s 
i n P r e v i o u s Chapters 

Deduction from R e s u l t s 
i n P revious Chapters 
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c o n c e p t u a l l y e x p l a i n the combination of impacts and b e n e f i t s and 

to d e f i n e a c r i t e r i o n of acceptance. The c r i t e r i o n determines 

when a f a c i l i t y i s c o n s i d e r e d a c c e p t a b l e by a host community. 

T h i s c r i t e r i o n t h e r e f o r e d e f i n e s the g o a l of a f a c i l i t y s i t i n g 

p r o c e s s . 

F u r t h e r i n Chapter 3, the t h e o r e t i c a l l y o p t i m a l approach t o 

a c h i e v i n g acceptance i s d e r i v e d . The prospect theory (Kahnemann 

and Tversky, 1979) i s a p p l i e d to the set of f a c i l i t y impacts to 

determine the p r i n c i p l e to be used to g a i n acceptance. P r i o r i t i e s 

are e s t a b l i s h e d f o r the use of s p e c i f i c measures i n the t y p i c a l 

waste d i s p o s a l system. The c o n c l u s i o n of Chapter 3 pres e n t s a 

t h e o r e t i c a l l y d e r i v e d o p t i m a l approach to achieve f a c i l i t y 

acceptance i n the host community. 

The p h y s i c a l impacts of t y p i c a l l a n d f i l l s and i n c i n e r a t o r s 

are measured and mapped i n Chapter 4. The measured data are 

v a l i d a t e d with impact decay models f o r n o i s e , odor, view, a i r and 

water q u a l i t y impacts. The r e s u l t s are presented as f a c i l i t y 

f o o t p r i n t s to form the base f o r comparing p h y s i c a l impacts with 

p e r c e p t i o n s among host community r e s i d e n t s i n Chapter 5. 

The r e s i d e n t s ' b e l i e f s , a t t i t u d e s and behavior are summarized 

i n Chapter 5. The a n a l y s i s t e s t s the connec t i o n between p h y s i c a l 

impacts measured i n Chapter 4, p e r c e i v e d f a c i l i t y impacts and 

a t t i t u d e about the f a c i l i t y . These connections show the ch a i n of 

p h y s i c a l cause to e f f e c t i n the p e r c e p t i o n and a t t i t u d e about the 

f a c i l i t y . The media i n f l u e n c e i n t h i s c a u s e - e f f e c t pathway i s 

t e s t e d . Then, the connection between b e l i e f s about the f a c i l i t y 

and b e l i e f s and a t t i t u d e about the host community i s determined. 
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F i n a l l y , the o p p o s i t i o n a c t i v i t i e s are measured i n three 

c a t e g o r i e s : e x i t , v o i c e and a d a p t a t i o n . P r o p e r t y value l o s s e s and 

number of s a l e s r e p r e s e n t the e x i t response. Complaints, 

i n f o r m a t i o n g a t h e r i n g , and meeting attendance r e p r e s e n t v o i c e , 

w h i le no o p p o s i t i o n a c t i v i t y r e p r e s e n t s acceptance. Chapter 5 

t h e r e f o r e d e s c r i b e s r e s i d e n t s ' b e l i e f s , and a t t i t u d e and 

a c t i v i t i e s i n response to the s i t i n g of t y p i c a l waste f a c i l i t i e s . 

The r e s u l t s i n d i c a t e important impacts and t h e i r s i g n i f i c a n c e f o r 

the a t t i t u d e about the f a c i l i t y . 

In Chapter 6 , acceptance measures are d e r i v e d to f i t the 

d e f i n i t i o n s of p r e v e n t i o n , c o n t r o l , m i t i g a t i o n and compensation of 

f a c i l i t y impacts. Sets of s p e c i f i c measures are designed to 

address p h y s i c a l impacts of h e a l t h r i s k s and nuisances, and 

no n - p h y s i c a l impacts on community c o n t r o l , image and f a i r n e s s . 

These measures are t e s t e d to f i n d p r i o r i t i e s among f a c i l i t y 

impacts and p r e f e r e n c e s among the acceptance measures to render 

the f a c i l i t y a c c e p t a b l e . F i n a l l y , the e f f e c t of a combined set of 

measures on acceptance i s t e s t e d . Chapter 6 e s t a b l i s h e s 

p r i o r i t i e s and i n d i c a t e s the p o t e n t i a l f o r f a c i l i t y acceptance 

with the t h e o r e t i c a l approach as d e r i v e d i n Chapter 3 . 

The summary and c o n c l u s i o n s i n Chapter 7 o u t l i n e an 

i n t e g r a t e d approach to s i t i n g waste d i s p o s a l f a c i l i t i e s . The 

f i r s t s e c t i o n summarizes key r e s u l t s . The second s e c t i o n o u t l i n e s 

a s i t i n g approach c o n s i s t i n g of s i t i n g process and f a c i l i t y design 

measures. The l a s t s e c t i o n d e r i v e s the i m p l i c a t i o n s f o r the s i t e 

s c r e e n i n g process and f o r f u r t h e r r e s e a r c h . 
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1.1.3 Scope, L i m i t a t i o n s and Study Area 

The study focuses on the two most common types of m u n i c i p a l 

waste d i s p o s a l f a c i l i t y i n North America, l a n d f i l l s and 

i n c i n e r a t o r s . S a n i t a r y l a n d f i l l s p r o v i d e over 90% of the t o t a l 

e x i s t i n g m u n i c i p a l s o l i d waste (MSW) d i s p o s a l c a p a c i t y . However, 

i n c i n e r a t i o n and resource recovery of MSW have a l r e a d y grown to 8% 

of the t o t a l waste stream i n Canada and the U.S. and are p r o j e c t e d 

to i n c r e a s e by a f u r t h e r 11% by 1990 (Waste Age, November, 1985). 

Two systems are d e f i n e d to d e l i n e a t e the scope of t h i s 

t h e s i s . The f a c i l i t y - h o s t community impact system c o n t a i n s the 

f a c i l i t y and a c t i v i t i e s to the extent of s i g n i f i c a n t impacts 

(dashed l i n e i n F i g u r e 1.3). T h i s system extends from the 

f a c i l i t y to i n c l u d e areas of p h y s i c a l and n o n - p h y s i c a l impacts. 

The l a r g e r waste generation-waste d i s p o s a l system comprises the 

urban cent e r as the main waste generator, t r a n s p o r t systems to 

haul garbage to the f a c i l i t y , the f a c i l i t y , as the e m i t t e r 

emission t r a n s p o r t i n the environment, and the host community as 

the r e c e p t o r of impacts ( s o l i d l i n e i n F i g u r e 1.3). The waste 

agency i s assumed to have c o n t r o l over the c o l l e c t i o n , t r a n s p o r t , 

and f a c i l i t y elements, p a r t i c u l a r l y i n view of implementing 

methods to address f a c i l i t y impacts i n the host community. 

Since many n o n - p h y s i c a l impacts (e.g., the changes i n the 

community image, l o s s of c o n t r o l and esteem, e t c . ) cannot be 

measured by o b j e c t i v e methods, and, moreover, do not n e c e s s a r i l y 

decay with d i s t a n c e from the f a c i l i t y , t h i s d e f i n i t i o n of the 

waste d i s p o s a l system and, s p e c i f i c a l l y , of the f a c i l i t y - h o s t 

community subsystem, i m p l i e s an element of s u b j e c t i v e judgment by 
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F i g u r e 1.3 - Waste D i s p o s a l System f o r Large M e t r o p o l i t a n Areas 
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each p o t e n t i a l l y a f f e c t e d i n d i v i d u a l as to whether and how he or 

she i s a f f e c t e d by the f a c i l i t y . 

T h i s assumption, though, i s c o n s i s t e n t with the assumption of 

the economic person, v i z . that each i n d i v i d u a l i s the best judge 

of h i s or her w e l f a r e and w i l l behave r a t i o n a l l y to maximize 

w e l f a r e . T h i s assumption i s accepted here to d e f i n e the host 

community at the study s i t e s to o b t a i n o p i n i o n s on b e l i e f s and 

a t t i t u d e s about the f a c i l i t y . Furthermore t h i s r a t i o n a l behavior 

i s assumed to u n d e r l i e r e s i d e n t s * c h o i c e s of importance of impacts 

and of p r e f e r e n c e s f o r improvements to make f a c i l i t i e s more 

a c c e p t a b l e . 

T h i s assumption does not ignore the p o s s i b i l i t y of s t r a t e g i c 

( i n t e n t i o n a l ) or c o g n i t i v e ( u n i n t e n t i o n a l ) b i a s e s or a c t i o n , but 

simply s t a t e s t h a t , w i t h i n the l i m i t e d waste d i s p o s a l system, 

people w i l l s t r i v e to achieve an op t i m a l or at l e a s t a 

s a t i s f a c t o r y p o s i t i o n from t h e i r l i m i t e d p e r s p e c t i v e . T h i s i s 

c o n s i s t e n t with the concepts of Simon (1955, 1956) and March 

(1978) of bounded r a t i o n a l i t y and " s a t i s f i c i n g " as they c o u l d be 

a p p l i e d to the waste d i s p o s a l system. 

The r e s e a r c h i s l i m i t e d to two s p e c i f i c case study s i t e s 

because of time and money c o n s t r a i n t s . Thus, the v a l i d i t y of the 

re s e a r c h f o r g e n e r a l c o n c l u s i o n s hinges on the r e p r e s e n t a t i v e 

c h a r a c t e r of the study s i t e s . Although s p e c i f i c c o n d i t i o n s may 

vary s u b s t a n t i a l l y , the g e n e r i c a p p l i c a b i l i t y of the r e s u l t s i s 

enhanced by (a) the s e l e c t i o n of t y p i c a l study s i t e s from the set 

i n the study area, and, (b) d i f f e r e n t i a t i o n between g e n e r i c and 

s p e c i f i c impacts and f a c t o r s . The study area c o n s i s t s of the 
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p r o v i n c e s of A l b e r t a , B r i t i s h Columbia, Manitoba and Saskatchewan 

i n Canada, and Oregon and Washington i n the U n i t e d S t a t e s . 

1.1.4 S i g n i f i c a n c e 

Waste management agencies are attempting to r e p l a c e o b s o l e t e 

and e n v i r o n m e n t a l l y harmful d i s p o s a l f a c i l i t i e s with modern 

f a c i l i t i e s . The o p p o s i t i o n i n host comunities, however, o f t e n 

d e l a y s or prevents an o v e r a l l l e s s harmful d i s p o s a l f a c i l i t y 

because of low, but l o c a l l y c o n c e n t r a t e d impacts. T h i s problem of 

s i t i n g b e t t e r waste d i s p o s a l f a c i l i t i e s i s encountered throughout 

i n d u s t r i a l i z e d n a t i o n s i n Europe, Japan and North America. T h i s 

t h e s i s r a t i o n a l l y e x p l a i n s the cause f o r , e f f e c t s of and response 

to waste f a c i l i t y impacts. The r e s e a r c h thus p r o v i d e s the b a s i s 

f o r a n t i c i p a t i n g and p r e d i c t i n g f a c i l i t y impacts. The r e s e a r c h 

d e r i v e s and t e s t s b a s i c g u i d e l i n e s f o r s e l e c t i n g e f f e c t i v e 

acceptance measures f o r s i t i n g process and f a c i l i t y d e s i g n . The 

r e s u l t s show p r i o r i t i e s f o r impacts and methods to i n c r e a s e 

f a c i l i t y acceptance. As such, the r e s u l t s are used to o u t l i n e a 

s o l u t i o n to a major concern of many waste agencies, l o c a l 

governments and f a c i l i t y proponents. The r e s e a r c h t h e r e f o r e 

develops an approach to e f f e c t i v e l y a c h i e v i n g a more e f f i c i e n t and 

e n v i r o n m e n t a l l y o p t i m a l c o n d i t i o n f o r m u n i c i p a l waste d i s p o s a l . 

1.2 S e l e c t i o n and D e s c r i p t i o n of T y p i c a l M u n i c i p a l S o l i d Waste 
F a c i l i t y S i t e s . 

The purpose of t h i s s e c t i o n i s to i d e n t i f y and s e l e c t t y p i c a l 

MSW l a n d f i l l s and i n c i n e r a t o r s i n the study a r e a . 

In order to c a r r y out the assessment of a s m a l l number of 

s i t e s , t y p i c a l f a c i l i t y c h a r a c t e r i s t i c s had to be i d e n t i f i e d . Two 
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study s i t e s were then s e l e c t e d to best r e p r e s e n t t y p i c a l 

c h a r a c t e r i s t i c s of l a n d f i l l s and i n c i n e r a t o r s . 

1.2.1 F a c i l i t y Survey 

A s e t of 25 m u n i c i p a l waste l a n d f i l l s and 3 l a r g e 

i n c i n e r a t o r s t h a t serve p o p u l a t i o n s of over 100,000 r e s i d e n t s i n 

the study area were compiled. A w r i t t e n survey of i n f o r m a t i o n 

about the l a n d f i l l s was conducted through the r e s p o n s i b l e waste 

management agencies with the g o a l of f i n d i n g t y p i c a l s i t e 

c h a r a c t e r i s t i c s . L a n d f i l l surveys were sent out to 18 waste 

management agencies r e s p o n s i b l e f o r a t o t a l of 25 s i t e s (see l i s t 

i n Appendix l . A ) . The survey q u e s t i o n s covered f a c t u a l 

i n f o r m a t i o n about the f a c i l i t y c h a r a c t e r i s t i c s , environmental 

c o n t r o l s , s i t e c h a r a c t e r i s t i c s , and host-community f e a t u r e s (see 

survey form i n Appendix l . B ) . Completed responses on 21 l a n d f i l l s 

from 15 waste agencies were r e c e i v e d f o r an 85% response r a t e . 

P o t e n t i a l l a n d f i l l and i n c i n e r a t o r study s i t e s were then f u r t h e r 

e v a l u a t e d by s i t e v i s i t s and d i s c u s s i o n s with the l o c a l government 

o f f i c i a l s and f a c i l i t y o p e r a t o r s . 

As a r e s u l t , the Tacoma C i t y L a n d f i l l i n Washington was 

s e l e c t e d from the 25 l a n d f i l l s , because i t best r e p r e s e n t s the 

e v a l u a t e d set of l a n d f i l l s . The Marion County i n c i n e r a t o r i n 

Salem, Oregon was s e l e c t e d because i t was the o n l y l a r g e s c a l e , 

mass-burning g r a t e i n c i n e r a t o r with modern f i l t r a t i o n equipment 

o p e r a t i n g i n the study area i n 1986. 

1.2.2 L a n d f i l l S i t e D e s c r i p t i o n 

The Tacoma C i t y l a n d f i l l covers 200 acres on the western 
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boundary of Tacoma (see F i g u r e 1.4). Since o p e r a t i o n s began i n 

1960, 3.2 m i l l i o n tonnes of household waste, sludges and some 

l i q u i d wastes were d e p o s i t e d i n c e l l s of 6 to 20 metres depth. 

The l a n d f i l l p r e s e n t l y accepts about 170,000 tonnes per annum from 

160,000 r e s i d e n t s i n the C i t y proper and from 52,000 r e s i d e n t s i n 

surrounding, s m a l l e r m u n i c i p a l i t i e s . The expected remaining l i f e 

i s f i v e to s i x years at c u r r e n t waste volumes (Black and Veatch, 

1987) . 

The s e l e c t e d s i t e d i f f e r s o n l y i n s i g n i f i c a n t l y from the 

average values f o r the survey sample (see Table 1.2a). In 

p a r t i c u l a r , the Tacoma l a n d f i l l a c c u r a t e l y r e p r e s e n t s the waste 

stream composition and source, and the number of l i f t s and f i l l 

depth. 

Environmental C o n t r o l s 

T y p i c a l f a c i l i t y c o n t r o l s of p h y s i c a l emissions to water, 

a i r , and s o i l are summarized here. 

Leachate 

Most l a n d f i l l s (12 of 21) r e l y on a n a t u r a l s o i l l a y e r to 

c o n t a i n l e a c h a t e d i s c h a r g e s ; o n l y f i v e have a designed l i n e r . The 

s o i l l a y e r s t h a t u n d e r l i e l a n d f i l l s range from sand and g r a v e l , 

g r a v e l y loam, g l a c i a l t i l l , s h a l e , c l a y and bedrock with estimated 

h y d r a u l i c c o n d u c t i v i t i e s ranging from 10 cm/s f o r g r a v e l to 

1x10 ^ cm/s f o r c l a y and s h a l e . C l e a r l y , l a n d f i l l s with sand 

and g r a v e l l a y e r s are l i k e l y to cause s u b s t a n t i a l l e a c h a t e 

d i s c h a r g e s to s o i l and groundwater. 

The Tacoma l a n d f i l l i s b u i l t on a 14 to 18 metre (50 to 60 



F i g u r e 1.4 - Tacoma C i t y L a n d f i l l S i t e , Tacoma, Washington 
Source. Black and Veatch, 1987. 
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Table 1.2 

R e s u l t s of L a n d f i l l S i t e Survey of 21 L a n d f i l l s i n 15 
J u r i s d i c t i o n s 

a. F a c i l i t y C h a r a c t e r i s t i c s 

A t t r i b u t e Average 
or 
Frequency 

Standard 
D e v i a t i o n 
( f o r 
averages) 

Study S i t e 
Tacoma C i t y 
L a n d f i l l 

Age 

C a p a c i t y 
per year 

Remaining 
L i f e 

F i l l - D e p t h 

L i f t s 

Waste Stream 

- MSW on l y 
- MSW and 

Sludge 
- MSW and 

other 

Waste Source 

- own m u n i c i p a l i t y 
- own and neig h b o r i n g 
- own and l a r g e c i t y 
- own, neig h b o r i n g 

and l a r g e c i t y 

20.3 years 

256,500 
tonnes 

14.8 years 

26.1 m 

9 

5 

7 

5 

5 
7 
2 

11.6 years 

215,700 
tonnes 

17.5 years 

13.3 m 

7 

27 years 

170,000 
tonnes 

6 years 

6 - 20 m 

9 

MSW and 
Sludge and 
Other 

own and 
neigh b o r i n g 
communities 
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f e e t ) t h i c k l a y e r of g l a c i a l t i l l with an estimated h y d r a u l i c 
_7 

c o n d u c t i v i t y of 1*10 cm/s. Although t h i s l a y e r was o r i g i n a l l y 

extended under the e n t i r e s i t e , i t has been removed f o r cover 

m a t e r i a l or eroded away i n the c e n t r a l p a r t of the l a n d f i l l (Black 

and Veatch, 1987). As a r e s u l t , the g l a c i a l t i l l l a y e r may not be 

e f f e c t i v e as a l i n e r . The next lower l a y e r c o n s i s t s of a g l a c i a l 
-2 —3 

outwash with c o n d u c t i v i t i e s between 1*10 to 1*10 cm/s and a 
_2 

sand l a y e r of 3 to 8*10 cm/s. Underneath t h i s , a g r a v e l l a y e r 

of 1*10 ^ cm/s c o n d u c t i v i t y , which, as a major r e g i o n a l a q u i f e r , 

p r o v i d e s water to s e v e r a l l a r g e m u n i c i p a l and many domestic w e l l s . 

Most l a n d f i l l s , i n c l u d i n g Tacoma, have a p a r t i a l l e a c h a t e 

c o l l e c t i o n system i n the form of a c i r c u m f e r e n t i a l p i p e system. 

Few s i t e s have any s p e c i a l l e a c h a t e treatment; most pump the 

l e a c h a t e to t h e i r m u n i c i p a l sewage treatment p l a n t s , as Tacoma 

does (see Table 1.2.b). 

L a n d f i l l Gas C o l l e c t i o n 

Only four of 21 s i t e s have deep w e l l gas c o l l e c t i o n systems, 

w h i l e ten have no system at a l l . At the time of the survey the 

C i t y of Tacoma was i n s t a l l i n g a gas c o l l e c t i o n system to reduce 

gas m i g r a t i o n i n the s o i l a d j o i n i n g p r o p e r t i e s and to reduce odor 

comp l a i n t s . 

View and Noise Screening 

N e a r l y a l l the l a n d f i l l s have some n a t u r a l s c r e e n i n g with 

t r e e s and shrubs as i n Tacoma. Furthermore, the Tacoma s i t e i s 

screened on the east by a n a t u r a l r i s e . F i n a l l y , the f i r s t row of 

b u i l d i n g s near the l a n d f i l l s i t e b l o c ks view and n o i s e from 
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Table 1.2 

R e s u l t s of L a n d f i l l S i t e Survey of 21 L a n d f i l l s i n 15 
J u r i s d i c t i o n s 

b. Environmental C o n t r o l s 

A t t r i b u t e Average 
or 
Frequency 

Standard 
D e v i a t i o n 
( f o r 
averages) 

Study S i t e 
Tacoma C i t y 
L a n d f i l l 

Leachate C o l l e c t i o n Systems 

- designed l i n e r 
- n a t u r a l s o i l l a y e r 
- p i p e c o l l e c t i o n 

system 

Leachate Treatment 

5 
12 

11 

g l a c i a l t i l l 

p a r t i a l p i p e 
system 

- on s i t e 
- pumped to STP 
- d i s c h a r g e d without 

treatment 

4 
5 some pumped 

to sewage 
treatment 
p l a n t s 
most not 
t r e a t e d 

Gas C o l l e c t i o n 

- none 
- s u r f a c e f l a r e s 
- deep w e l l system 

- deep w e l l system 
with u t i l i z a t i o n 

V i s u a l Screen 

10 
4 
2 

none at time 
of survey, 
but i s to be 
i n s t a l l e d 

- b a r r i e r s 
- t r e e s 

-shrubs and grass 

Determined End Use 

4 
13 
7 

no 
yes 
yes 

- no 
- yes 

12 
5 

no 
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f u r t h e r removed homes. 

S i t e C h a r a c t e r i s t i c s 

The b a s i c p h y s i c a l f e a t u r e s of the s i t e (topography, water 

r e s o u r c e s , and c l i m a t e ; see Table 1.2.c) determine the emission 

t r a n s p o r t and a t t e n u a t i o n c a p a b i l i t i e s and, hence, a f f e c t the 

r e s u l t i n g impacts. 

Topography 

Most l a n d f i l l s are on f l a t to s l i g h t l y h i l l y t e r r a i n and are 

p a r t i a l l y surrounded by t r e e s and shrubs. S i m i l a r to most 

surveyed s i t e s , the t e r r a i n i n Tacoma slop e s g e n t l y from the 

ea s t e r n r i d g e towards the west. N a t u r a l v e g e t a t i o n i s s t i l l 

p r e s e n t on 50% of the l a n d f i l l p e r i p h e r y . 

Water Resources 

Although the average d i s t a n c e t o s u r f a c e water (1,040 

meters) and the depth from the f i l l bottom to the groundwater 

t a b l e (17 meters) are f a i r l y h i g h , t h e i r v a l u e s range, 

r e s p e c t i v e l y , from 0 meters to 8,000 m f o r d i s t a n c e , and 0 to 75 

m f o r depth. Some l a n d f i l l s are b u i l t i n t o s u r f a c e water or s i t 

i n groundwater. In Tacoma, Leech Creek, a n a t u r a l drainage 

channel and a p a r t i a l groundwater d i s c h a r g e zone i s l o c a t e d 1,000m 

west of the l a n d f i l l boundary. The depth to the groundwater 

t a b l e ranges from 18 to 30 metres. 

Climate 

The weather c o n d i t i o n s i n Tacoma f o l l o w the sequence of 

f r o n t a l passages t h a t begins with s t a b l e high p r e s s u r e and 
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Table 1.2 

R e s u l t s of L a n d f i l l S i t e Survey of 21 L a n d f i l l s i n 15 
J u r i s d i c t i o n s 

c. S i t e C h a r a c t e r i s t i c s 

A t t r i b u t e Average Standard Study S i t e 
or D e v i a t i o n Tacoma C i t y 
Frequency ( f o r L a n d f i l l 

averages) 

Topography 

- h i l l y 5 
- f l a t 12 f l a t with 

s l i g h t s l ope 

- r a v i n e 2 

Ve g e t a t i o n - % of circumference 

- woods 33% 37% 25% 
- shrubs 16% 26% 25% 

- grass 41% 42% 0% 

Dis t a n c e to Surface Water (average i n m) 

1040m 1890m 1000m 

Groundwater Depth 17.7m 25.1m 18 to 30m 

P r e c i p i t a t i o n 975mm 405mm 940mm 

E v a p o t r a n s p i r a t i o n - - 300mm 
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n o r t h e r l y winds. As a f r o n t moves i n l a n d , i t i s preceded by r a i n 

and f o l l o w e d by dropping p r e s s u r e and south winds f o r 6 to 18 

hours. U s u a l l y , the low pr e s s u r e zone passes w i t h i n t h i s time 

and a high g r a d u a l l y r e d e v e l o p s . 

T y p i c a l p r e s s u r e s range between winter highs of 1030 mb to 

lows of 980 to 1002 mb. P r e v a i l i n g winds d u r i n g the wi n t e r , 

s p r i n g and f a l l are from the south t o southwest at 3.9 to 4.5 m/s. 

In the summer (June to September), winds are from the north at 3.6 

to 3.9 m/s, except a f t e r marine pushes, when south winds occ u r . 

Ground i n v e r s i o n s (at 250 to 400m height) u s u a l l y develop 

d u r i n g s t a b l e high pressure c o n d i t i o n s and are i n d i c a t e d by 

ground fog (Nat. Weather S e r v i c e , 1986 and p e r s . comm. John 

J a n u z z i , NOAA, S e a t t l e , 1986). The annual p r e c i p i t a t i o n i n Tacoma 

of 940mm i s c l o s e to the average of 975 mm f o r a l l l a n d f i l l s i n 

the survey; 75% f a l l s from October to March. Due to the heavy 

average p r e c i p i t a t i o n and low e v a p o - t r a n s p i r a t i o n i n the P a c i f i c 

Northwest, s u b s t a n t i a l amounts of l e a c h a t e may be generated i n 

l a n d f i l l s u n l e s s impermeable cover l a y e r s are a p p l i e d . With the 

f a i r l y impermeable cover m a t e r i a l and the estimated 

e v a p o - t r a n s p i r a t i o n i n Tacoma, a 30% i n f i l t r a t i o n r a t e i s 

probable (Black and Veatch, 1987). 

Host Community C h a r a c t e r i s t i c s 

Land uses and demographics near the s i t e i n d i c a t e the 

s t a b i l i t y and m a t u r i t y of the community i n the development c y c l e 

(see Chapter 2, Z e i s s and Atwater, 1986, Coote, 1985) and 

determines the p o t e n t i a l l e v e l of impacts from f a c i l i t y e m i s s i o n s . 
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Land Use around L a n d f i l l s 

T y p i c a l l a n d uses a b u t t i n g the l a n d f i l l boundary comprise 

about 33% a g r i c u l t u r a l , 24% r e s i d e n t i a l , 24% undeveloped, and 19% 

i n d u s t r i a l l a n d . These f i g u r e s c o i n c i d e with a p r e v i o u s study's 

f i n d i n g s of 50% a g r i c u l t u r a l and undeveloped l a n d , 25% 

r e s i d e n t i a l and 25% i n d u s t r i a l l a n d surrounding l a n d f i l l s i n 

I l l i n o i s ( S t e r n , 1977). In c o n t r a s t , 80% of the lan d adjacent to 

the Tacoma l a n d f i l l i s r e s i d e n t i a l and 20% i s i n d u s t r i a l . There 

remains, however, a s m a l l pocket of o r i g i n a l r u r a l - r e s i d e n t i a l 

l a n d with 5 acre l o t s on the southwest corner of the l a n d f i l l 

(see s i t e zoning map, F i g u r e 1.5). 

Housing, Character and Income of Host Communities 

On average, 750 r e s i d e n t i a l u n i t s are l o c a t e d w i t h i n 1.5 km 

of the l a n d f i l l s , whereas 3,500 are l o c a t e d w i t h i n 1.5 km of the 

Tacoma l a n d f i l l . T y p i c a l l y , 90% are s i n g l e f a m i l y d w e l l i n g s , but 

on l y 70% of the d w e l l i n g s are s i n g l e f a m i l y houses i n Tacoma. 

F i n a l l y , at 60% of the surveyed s i t e s , the host community has 

changed from r u r a l - r e s i d e n t i a l / a g r i c u l t u r a l t o suburban/ 

i n d u s t r i a l n ature. The lan d use mix s h i f t s have o c c u r r e d or are 

o c c u r r i n g i n Tacoma too, where 50% of the lan d i s suburban or 

urban (apartments) r e s i d e n t i a l , 35 to 40% i s i n d u s t r i a l , and 10 

to 14% i s s t i l l r u r a l - r e s i d e n t i a l . 

Income l e v e l s are mainly lower middle to upper middle 

ranges, as i n Tacoma. In summary, the Tacoma l a n d f i l l s i t e 

r e p r e s e n t s a mature form of the t y p i c a l host community, but 

p r o v i d e s the e n t i r e range of lan d uses u s u a l l y encountered around 
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F i g u r e 1.5 - Tacoma L a n d f i l l - Surrounding Land Uses; 
Source: Black and Veatch, 1987. 
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Table 1.2 

R e s u l t s of L a n d f i l l S i t e Survey of 21 L a n d f i l l s i n 15 
J u r i s d i c t i o n s 

d. Host Community 

A t t r i b u t e Average 
or 
Frequency 

Standard 
D e v i a t i o n 
( f o r 
averages) 

Study S i t e 
Tacoma C i t y 
L a n d f i l l 

Land Use around S i t e (% of circumference) 

- r e s i d e n t i a l 
- i n d u s t r i a l 
- a g r i c u l t u r a l 
- undeveloped 

24% 
19% 
33% 
24% 

Number of Dwellings w i t h i n 1.5 km 

726 

Type of Dwellings 

- s i n g l e f a m i l y 
- m u l t i p l e f a m i l y 

91% 
6% 

Value of S i n g l e Family Dwellings 

$98,000 

29% 
28% 
38% 
30% 

1,113 

19% 
8% 

$35,000 

80% 
20% 

3,500 

70% 
30% 

$98,000 
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Table 1.2 - Continued -

Host Community Ch a r a c t e r 

Count 
O r i g i n a l Present 

- a g r i c u l t u r a l / r u r a l -
r e s i d e n t i a l 

- s u b u r b a n / r e s i d e n t i a l 
- i n d u s t r i a l 

Host Community Income 

- lower to lower middle 
- lower middle to middle 
- middle t o upper middle 
- upper middle to high 

O p p o s i t i o n 

- a c t i v e 

- l e g a l a c t i o n 

Complaints 

15 
2 
1 

Count 

yes 
no 
yes 
no 

- yes 
- no 

2 
6 
8 
0 

10 
9 
6 

13 

14 
5 

5 
12 
1 

Study S i t e 
Tacoma C i t y 
L a n d f i l l 

r u r a l r e s i d e n t i a l 
r u r a l / 
r e s i d e n t i a l 

lower middle/ 
middle to/middle 
upper middle 

yes 

no (at the time 
of the survey) 

yes 

Reasons 

- odor 
- n o i s e 
- view 
- animals 
- t r a f f i c 
- water problems 
- a i r problems 
- f e e s 
- l i t t e r 

3 
3 
0 
2 
1 
0 
0 
2 

10 

odor and 
water problems 

P u b l i c P a r t i c i p a t i o n i n S i t i n g Process of L a n d f i l l s 

- yes 
- no 

3 
16 no 
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l a n d f i l l s , with r u r a l , suburban r e s i d e n t i a l and i n d u s t r i a l uses. 

The host community i s e x p e r i e n c i n g r a p i d urban development with 

d e n s i f i c a t i o n through four new apartment complexes and new s i n g l e 

f a m i l y developments r i g h t up to the l a n d f i l l boundary. Although 

r e p o r t e d r e s i d e n t i a l p r o p e r t y values i n Tacoma are e s s e n t i a l l y 

equal to the survey average value (US $ 9 0 , 0 0 0 ) , the higher 

d e n s i t y i n Tacoma suggests that the u n i t area p r o p e r t y v a l u e s may 

be h i g h e r . The host-community i n Tacoma i s a p p a r e n t l y i n a more 

mature phase of development (see F i g u r e 2 .9 i n Chapter 2) than the 

other s i t e s . Higher d e n s i t i e s , more r e s i d e n t i a l and i n d u s t r i a l 

uses and more m u l t i p l e f a m i l y u n i t s support t h i s f i n d i n g . 

O p p o s i t i o n to L a n d f i l l s 

About 50% of the s i t e s encounter a c t i v e o p p o s i t i o n , as does 

Tacoma. At one t h i r d of the s i t e s some l e g a l a c t i o n has o c c u r r e d , 

with t w o - t h i r d s having experienced complaints about a v a r i e t y of 

impacts. The Tacoma l a n d f i l l has had l e g a l a c t i o n taken and some 

complaints f i l e d a g a i n s t i t . P u b l i c p a r t i c i p a t i o n was not made 

p o s s i b l e , nor was the end use f o r the s i t e determined i n the 

o r i g i n a l s i t i n g p r o c e s s . 

The Tacoma l a n d f i l l was s e l e c t e d as the l a n d f i l l study s i t e 

because i t matches the t y p i c a l c h a r a c t e r i s t i c s , environmental 

c o n t r o l s , s i t e f e a t u r e s and host community i n d i c a t o r s of the s i t e s 

i n the study a r e a . The few d i s c r e p a n c i e s however are l i m i t e d t o 

host community f e a t u r e s t h a t expand r a t h e r than b i a s the range of 

i n f o r m a t i o n a v a i l a b l e f o r the impact assessment. Moreover, a 

remedial i n v e s t i g a t i o n (Black and Veatch, 1987) of the l a n d f i l l 
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impacts on groundwater and gas m i g r a t i o n p r o v i d e s unique p h y s i c a l 

i n f o r m a t i o n t h a t would not be a v a i l a b l e a t many other s i t e s . 

1.2.3 Tacoma L a n d f i l l S i t i n g Process 

The l a n d f i l l began o p e r a t i o n s i n 1961 on a 47 acre p l o t on 

the n o r t h e a s t corner of the present s i t e . A d d i t i o n a l l a n d to the 

t o t a l of 200 acres was purchased i n 1965. No l i n e r or l e a c h a t e 

c o l l e c t i o n was i n s t a l l e d at t h a t stage. At the time, the area was 

s t i l l r u r a l i n c h a r a c t e r with l a r g e 5 acre l o t s . Orchard S t r e e t 

was a g r a v e l road and the homes were s u p p l i e d by w e l l water. No 

o f f i c i a l s i t i n g process took p l a c e , nor was any o p p o s i t i o n 

apparent a t the time. 

By l a t e 1968, a w e l l at the Home B u i l d e r s A s s o c i a t i o n o f f i c e 

b u i l d i n g 70 m west of the l a n d f i l l had e l e v a t e d i r o n l e v e l s , 

d i s c o l o r a t i o n , and s l i g h t odor. Berms and a d d i t i o n a l cover 

d i v e r t e d the l e a c h a t e and reduced i n f i l t r a t i o n enough to e l i m i n a t e 

the problem. The a f f e c t e d w e l l was l a t e r d i s c o n n e c t e d and 

r e p l a c e d by connecting the b u i l d i n g to the c i t y water system. 

Although the l a n d f i l l o f f i c i a l l y never accepted hazardous 

wastes, i n f o r m a l r e c o r d s show some i n d u s t r i a l l i q u i d s and sludges 

may have been di s p o s e d of d u r i n g the 1960's and 1970's, i n c l u d i n g 

c h l o r i n a t e d o r g a n i c s , phenols, heavy metals, waste o i l s and p a i n t 

sludges. The l o c a t i o n s correspond with the a c t i v e f i l l areas a t 

the time, predominantly i n the northern s e c t i o n s . No formal 

records were kept to show exact d i s p o s a l l o c a t i o n s (Black and 

Veatch, 1987). 

In 1983, the USEPA d e t e c t e d o r g a n i c and metal compounds i n 
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l e a c h a t e , groundwater, and sediments (USEPA-Region 10, 1983). 

The f i n d i n g s were c o r r o b o r a t e d by a u n i v e r s i t y term p r o j e c t study 

i n 1984 ( C a r t e r , 1985). During t h i s p e r i o d , r e s i d e n t s 500 to 600 

metres west of the l a n d f i l l n o t i c e d t h e i r w e l l water d e v e l o p i n g 

odor and t u r n i n g orange with high i r o n c o n c e n t r a t i o n s . The 

Tacoma-Pierce County Health Department i n v e s t i g a t e d t h e i r 

complaints and suggested they buy f i l t r a t i o n systems to e l i m i n a t e 

the i r o n i n the water. Some homes had to have corroded p i p e s 

r e p l a c e d . S h o r t l y t h e r e a f t e r (1983), b o t t l e d water was s u p p l i e d 

to the pocket of homes southwest of the l a n d f i l l on order of the 

Washington State Department of Ecology (Hanson, 1985). 

Groundwater samples taken i n 1985 and 1986 r e v e a l e d c h l o r i n a t e d 

o r g a n i c s i n c l u d i n g v i n y l c h l o r i d e i n four p r i v a t e w e l l s . These 

homes were then connected to the c i t y water supply. The s i t e was 

then p l a c e d on the N a t i o n a l P r i o r i t i e s l i s t under Superfund 

r e g u l a t i o n s . 

Throughout t h i s phase, the C i t y of Tacoma d i d not admit any 

r e s p o n s i b i l i t y . The Washington S t a t e Department of Ecology 

i n i t i a t e d and p a i d f o r b o t t l e d water and, u l t i m a t e l y , i n 1986, the 

connection to the c i t y water system f o r the homeowners with 

a f f e c t e d w e l l s . The Tacoma-Pierce County He a l t h Department was 

w i l l i n g to take a c t i o n at one p o i n t , but r e v e r s e d i t s p o s i t i o n 

(1986, Tacoma News T r i b u n e ) . F i n a l l y , i n 1985, some sm a l l 

methane f l a s h e s o c c u r r e d on a d j o i n i n g p r o p e r t y . T e s t s confirmed 

the presence of e x p l o s i v e c o n c e n t r a t i o n s of methane gas (at 5 to 

50%) under the s u r f a c e i n w e l l s and e n t e r i n g i n t o d w e l l i n g s 

through cracks i n foundations ( p e r s . comm. R. Post, 1987). A gas 
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c o l l e c t i o n system was i n s t a l l e d immediately i n l a t e 1985. 

Although gas c o n c e n t r a t i o n s have dropped i n the meantime, l a n d f i l l 

gas i s s t i l l p r esent i n some pockets and i n c r e a s e s d u r i n g low 

pr e s s u r e p e r i o d s (Black and Veatch, 1987). Regular 

m o n i t o r i n g of adjacent b u i l d i n g s continues ( p e r s . comm. R. Post. 

1987) . 

In the l a s t 25 yea r s , the host community has developed more 

densely populated a r e a s . The l a n d f i l l impacts have provoked more 

concern and a str o n g e r response from r e s i d e n t s . P u b l i c meetings 

about groundwater and gas m i g r a t i o n sparked a formal r e s o l u t i o n 

from the F i r c r e s t Town C o u n c i l to have the l a n d f i l l c l o s e d (1986, 

see t y p i c a l events d e s c r i b e d i n Chapter 2). L e g a l a c t i o n has been 

taken by the adjacent pipe company based on the gas immigration 

and more r e c e n t l y by some r e s i d e n t s ( p e r s . comm. R. Post. 1988). 

In a d d i t i o n to the r e p o r t e d c h a r a c t e r i s t i c s of the l a n d f i l l 

and the host community, the sequence of events i n the s i t i n g 

process may i n f l u e n c e the p e r c e p t i o n and i n t e r p r e t a t i o n of the 

f a c i l i t y f o r the host community. Although i n i t i a l l y no o p p o s i t i o n 

a c t i v i t y o c c u r r e d , the recent appearance of groundwater and gas 

m i g r a t i o n i s s u e s may be s i g n i f i c a n t f o r the understanding of the 

meaning of the l a n d f i l l f o r the community. 

1.2.4 I n c i n e r a t o r S i t e D e s c r i p t i o n 

At the time of the s i t e s e l e c t i o n , the Resource Recovery 

Report (Waste Age, November, 1985) was screened f o r waste-to-

energy f a c i l i t i e s i n the study area. European mass-burning g r a t e 

i n c i n e r a t i o n i s the most f r e q u e n t l y used burning technology f o r 
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l a r g e d i s p o s a l f a c i l i t i e s . The Salem, Oregon i n c i n e r a t o r was 

chosen because i t was the o n l y l a r g e - s c a l e , modern i n c i n e r a t o r i n 

o p e r a t i o n w i t h i n the p e r i o d of the study (1985-1988). 

The Marion County i n c i n e r a t o r i s l o c a t e d seven m i l e s north 

of Salem, OR c l o s e t o I n t e r s t a t e 5, i n the v i l l a g e of Brooks 

( F i g u r e 1.6). The i n c i n e r a t o r was b u i l t between e a r l y 1985 and 

s p r i n g of 1986, when burning began. An i n c r e a s e d waste stream of 

170,000 tonnes per annum of m u n i c i p a l waste are p r e s e n t l y burned, 

up from the o r i g i n a l 130,000 tonnes. O r i g i n a l l y , 70% of the waste 

stream volume was generated by the Salem-Oregon m e t r o p o l i t a n area 

and 30% by the r e s t of Marion County. A f t e r the i n c r e a s e , 53% i s 

generated i n the Salem-Keizer m e t r o p o l i t a n area, 23% from the r e s t 

of Marion County, and 24% i s hauled i n from P o r t l a n d . The energy 

i s used to generate e l e c t r i c i t y t h a t i s f e d i n t o the P a c i f i c Gas 

and E l e c t r i c g r i d . 

Environmental C o n t r o l s 

The emission c o n t r o l s c o n s i s t of a dry chemical scubber 

f o l l o w e d by baghouse f i l t e r s and thus c o n s t i t u t e the s t a t e - o f -

t h e - a r t (EPS, 1986). The exhaust e x i t s through a 78 metre stack 

to the eas t of the p l a n t . The combined bottom, f l y and f i l t e r ash 

are d i s p o s e d of i n a s p e c i a l l i n e d ash l a n d f i l l about 16 

k i l o m e t r e s t o the north i n Woodburn. As of February 1988, f e r r o u s 

metal removal systems have j u s t been i n s t a l l e d to recover and s e l l 

the metals. The quench water i s reused; o n l y c o o l i n g and b o i l e r 

blowdown water i s d i s c h a r g e d to the W i l l a m e t t e R i v e r 7 m i l e s west. 

Domestic wastewater i s d i s c h a r g e d to a s e p t i c system. Some 



F i g u r e 1.6 - Salem I n c i n e r a t o r S i t e i n Brooks, Oregon 
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v e g e t a t i o n at the f r o n t i s meant to b e a u t i f y the s i t e , but no 

major s c r e e n i n g with v e g e t a t i o n or berms was c o n s i d e r e d necessary. 

No end-use of the s i t e has been d e s i g n a t e d . 

S i t e C h a r a c t e r i s t i c s 

Topography 

The s i t e i s i n the middle of the wide, f l a t W i l l a m e t t e 

V a l l e y . Some t a l l t r e e s are l o c a t e d to the north and east of the 

s i t e , but the v e g e t a t i o n c o n s i s t s mainly of low grass and shrubs. 

B u i l d i n g s and e l e v a t e d highway overpasses are the o n l y other 

b a r r i e r s to view. The d i s t a n c e to the c l o s e s t s u r f a c e water i s 

about 10.4 km. The groundwater t a b l e i s j u s t below the ground 

s u r f a c e . The p l a n t draws i t s makeup water f o r steam p r o d u c t i o n 

from a groundwater w e l l at a r a t e of about 720,000 l i t r e s a day 

(per s . comm. F. S k r i v i n , Oregon DEQ, February, 1988). T h i s r a t e 

i s e q u i v a l e n t to one to two farm i r r i g a t i o n w e l l s and, thus, 

c o n s t i t u t e s a low withdrawal r a t e f o r the area. 

Climate 

The weather p a t t e r n i n the Will a m e t t e V a l l e y i s c h a r a c t e r i z e d 

by a v i r t u a l l y permanent i n v e r s i o n c o n d i t i o n . The i n v e r s i o n l i d 

i s lower i n winter ( o f t e n below 200 metres) i n the mornings and 

under 600 metres d u r i n g the day. Heavy morning fog d u r i n g high 

p r e s s u r e p e r i o d s from October to January i n d i c a t e s the presence of 

ground i n v e r s i o n s . Temperatures r i s e from 0 degrees C a t the 

s u r f a c e to 10 degrees at the i n v e r s i o n l e v e l . I n v e r s i o n l e v e l s i n 

the summer are hi g h e r , but even d i r e c t summer i n s o l a t i o n breaks 

the i n v e r s i o n o n l y on a few hot a f t e r n o o n s . The p r e v a i l i n g wind 
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d i r e c t i o n i s south to southwest at 3 to 4 m/s from September t o 

June, and from the north at 3 m/s i n J u l y and August. The average 

p r e c i p i t a t i o n i s 1042 mm per year. R e l a t i v e h u m i d i t i e s are 

u s u a l l y 80 to 90% at n i g h t , 60 to 90% i n the f a l l , w inter and 

s p r i n g days, but drop to 40% on hot summer days (Nat. Weather 

S e r v i c e , 1986 and p e r s . comm. P. Peck, Nat. Weather S e r v i c e , 

1986). 

Host Community C h a r a c t e r i s t i c s 

In c o n t r a s t to the Tacoma host community, Brooks r e p r e s e n t s 

a t y p i c a l new host community. Brooks i s a r u r a l , u n i n c o r p o r a t e d 

hamlet (with 300 r e s i d e n t s ) o u t s i d e the Salem-Keizer urban growth 

boundary. I t i s l o c a t e d i n the t r a n s p o r t c o r r i d o r of i n t e r s t a t e , 

1-5, a major r e g i o n a l highway, and the main r a i l w a y l i n e through 

the v a l l e y . 

The l a n d use around the i n c i n e r a t o r i s about 75% 

a g r i c u l t u r a l , and 25% t r a n s p o r t / i n d u s t r i a l uses ( t r u c k stop, 

r a i l w a y and onion warehouses). However, the nearest r e s i d e n t i a l 

b u i l d i n g i s l o c a t e d w i t h i n 200 metres of the p l a n t ; the v i l l a g e i s 

e n t i r e l y w i t h i n 800 metres of the f a c i l i t y . Most of the houses i n 

the v i l l a g e are o l d s i n g l e f a m i l y d w e l l i n g s ; some are owner 

occupied, while o t h e r s are i n h a b i t e d by a g r i c u l t u r a l workers and 

t h e i r f a m i l i e s (see F i g u r e 1.5). A t r a i l e r park and an o l d age 

re t i r e m e n t s e t t l e m e n t with s m a l l s i n g l e f a m i l y d w e l l i n g s are 

l o c a t e d to the north of the v i l l a g e . The value of these houses i s 

d i f f i c u l t to estimate, but probably does not exceed U.S. $35,000. 

However, most r e s i d e n c e s o u t s i d e the v i l l a g e are l a r g e , and s i t 
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on l a r g e l o t s of one to f i v e acres with val u e s i n the U.S. $60,000 

to $80,000 range. The incomes are d i s t r i b u t e d p r o p o r t i o n a t e l y , 

with low to lower middle incomes i n the v i l l a g e and middle t o 

upper middle incomes o u t s i d e the town. Thus, Brooks f i t s the 

image of a t y p i c a l a g r i c u l t u r a l / r u r a l community (Chapter 2) th a t 

o f t e n i s chosen as a host community. 

There was s u b s t a n t i a l p u b l i c i n f o r m a t i o n d u r i n g the s i t i n g 

p r o c e s s . Formal p u b l i c hearings were conducted as r e q u i r e d to 

meet land use change r e g u l a t i o n s (Salem Statesman-Journal, 1983 to 

1984). The a c t i v e o p p o s i t i o n throughout the s i t i n g process (see 

next s e c t i o n ) i n i t i a t e d l e g a l a c t i o n and continues to f i l e 

c omplaints about the i n c i n e r a t o r impacts. 

In summary, the Brooks s i t e r e p r e s e n t s a modern i n c i n e r a t o r 

f a c i l i t y i n a t y p i c a l new host community. Furthermore, the f l a t 

topography and c o n s i s t e n t winds make t h i s s i t e s u i t a b l e f o r 

r e p r e s e n t a t i v e impact assessment without i n t e r f e r e n c e through 

topography. F i n a l l y , the b a s i c a i r emission and d i s p e r s i o n 

m o d e l l i n g i n f o r m a t i o n was made a v a i l a b l e through the permit 

a p p l i c a t i o n documents s u p p l i e d by the owner/operator, Ogden-Martin 

systems (Seton, Johnson and O d e l l , 1984). 

1.2.5 Salem I n c i n e r a t o r S i t i n g Process 

In e a r l y 1981, Marion County r e c o g n i z e d the need f o r new 

garbage d i s p o s a l c a p a c i t y , because the e x i s t i n g Brown's I s l a n d 

l a n d f i l l was suspected of causing water p o l l u t i o n problems i n the 

Willa m e t t e R i v e r and, t h e r e f o r e , had to be c l o s e d by 1983. Wit h i n 

the year, waste-to-energy d i s p o s a l was adopted as the f u t u r e 
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d i s p o s a l method f o r the County's 130,000 tonnes (145,000 tons) per 

annum. Salem-Keizer's garbage c o n s t i t u t e d 70% of t h i s i n i t i a l 

waste stream. 

By e a r l y 1982, the Marion County board had p i c k e d 

Trans-Energy of B e l l e v u e , WA t o c o n s t r u c t and operate an 

i n c i n e r a t o r under an e x c l u s i v e c o n t r a c t t h a t guaranteed a minimum 

waste flow of 130,000 tonnes per year of m u n i c i p a l s o l i d waste f o r 

20 y e a r s . The s i t e d e c i s i o n was based on the f o l l o w i n g c r i t e r i a 

(R. Hansen, 1982): 

d i s t a n c e to the highway (1-5), 

- d i s t a n c e to steam users and e l e c t r i c a l t r a n s m i s s i o n 

l i n e s , 

maximum d i s t a n c e of 5 mi l e s to the Salem-Keizer urban 

growth boundary, 

downwind l o c a t i o n from p o p u l a t i o n c e n t r e s , 

the s e p a r a t i o n from congested and r e s i d e n t i a l s t r e e t s , 

road connection f o r outer county waste without t r a v e r s i n g the 

c i t y , 

- out of f l o o d p l a i n , 

20 acre minimum p l o t s i z e . 

These c r i t e r i a are t y p i c a l (see Chapter 2 ) . 

I n i t i a l l y , a s i t e at the Chemawa Road i n t e r s e c t i o n with 1-5 

was chosen from f i v e p o s s i b l e l o c a t i o n s t h a t i n c l u d e d the Brooks 

s i t e . In c o n t r a s t to Brooks, the f i r s t c h o i c e , Chemawa Road, was 

one highway i n t e r s e c t i o n and three m i l e s c l o s e r to Salem and 

w i t h i n the urban growth boundary. 

Immediately, o p p o s i t i o n arose from r e s i d e n t s i n the northern 
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p a r t of Salem and K e i z e r and from r e p r e s e n t a t i v e s of the Indian 

s c h o o l nearby. The main reasons a g a i n s t the burner were c i t e d as 

t o x i c a i r emissions of d i o x i n s and heavy metals, u n s u i t a b l e wind 

p a t t e r n s i n the Willamette V a l l e y , v i s u a l impacts of the stack and 

garbage t r u c k s , image impacts of the i n d u s t r i a l f a c i l i t y a t 

Salem's gateway, the c o n t i n u i n g need f o r l a n d f i l l c a p a c i t y f o r the 

burner ash, t r a f f i c , odor, n o i s e , q u e s t i o n a b l e new technology, 

high d i s p o s a l c o s t s , p r o p e r t y d e v a l u a t i o n and the negative e f f e c t 

on i n c e n t i v e to r e c y c l e (Salem Statesman-Journal, 1982). 

A f t e r the Salem and K e i z e r c o u n c i l s had p u b l i c l y opposed the 

s i t e , a formal appeal a g a i n s t the l a n d use change d e c i s i o n 

v i r t u a l l y k i l l e d the f i r s t c h o i c e s i t e by t y i n g i t up i n c o u r t . 

S h o r t l y t h e r e a f t e r , the Brooks s i t e was r e s u r r e c t e d and f i r s t 

p u b l i c l y mentioned i n March, 1983 (Salem Statesman-

J o u r n a l ) as one of three a l t e r n a t i v e s s i t e s o u t s i d e Salem's growth 

boundary. At l e a s t two adequate p i e c e s of l a n d were being o f f e r e d 

i n Brooks. The Brooks s i t e i s w i t h i n one m i l e of a highway (1-5), 

a major r e g i o n a l road (99E), a r a i l r o a d and a t r a n s m i s s i o n l i n e . 

Although r e s i d e n t o p p o s i t i o n arose a g a i n , no o f f i c i a l 

p o l i t i c a l body took a formal stance. As a r e s u l t , the Marion 

County board again passed the necessary l a n d use changes a f t e r 

p u b l i c h e a r i n g s . The c o u r t s then d i s m i s s e d a l l opposing appeals 

and enabled the proponent, Trans-Energy, to o b t a i n the garbage 

f r a n c h i s e by September, 1983 c o n d i t i o n a l on the a i r d i s c h a r g e 

permit t h a t had to be obtained from the Oregon S t a t e Department 

of Environmental Q u a l i t y (DEQ). 

Before the permit c o u l d be i s s u e d , though, Marion County's 
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s o l i d waste d i r e c t o r , who had been an i n s t r u m e n t a l proponent of 

the waste-to-energy p l a n t , was i n d i c t e d f o r f r a u d and 

m i s r e p r e s e n t a t i o n of h i s c r e d e n t i a l s . He was subsequently f i r e d . 

However, the Marion County board defended the p r o j e c t as sound. 

In December, 1983, the r e s i d e n t s ' o p p o s i t i o n managed to 

c o l l e c t enough s i g n a t u r e s to have an item p l a c e d on the referendum 

b a l l o t t h a t would have v i r t u a l l y p r o h i b i t e d the garbage burner 

anywhere i n the County by d i s a l l o w i n g the c o n s t r u c t i o n of the 

f a c i l i t y w i t h i n three m i l e s of s c h o o l s , h o s p i t a l s , r e t i r e m e n t 

homes, c h i l d c a r e c e n t e r s , pools or a t h l e t i c and convention 

c e n t e r s . At the same time, however, the proponent o b t a i n e d the 

a i r d i s c h a r g e permit a f t e r having conducted p u b l i c hearings with 

the DEQ i n Brooks. The p e r m i t t e d d i s c h a r g e s were based on the 

DEQ's assessment of the best a v a i l a b l e a i r f i l t r a t i o n technology 

that the proponent was a b l e to p r o v i d e . 

In the f o l l o w i n g referendum campaign, the p l a n t ' s b e n e f i t s 

and impacts were d i s c u s s e d i n depth. The b e n e f i t s c o n s i s t e d of 

new jobs, business f o r l o c a l s , $40 m i l l i o n i n tax base, low 

f i n a n c i a l r i s k s to the County, low a i r p o l l u t i o n because of the 

DEQ's tough new r e g u l a t i o n s , energy and f e r r o u s metal r e c o v e r y , 

and the replacement of i n f e r i o r l a n d f i l l s with a b e t t e r method. 

The impacts c i t e d by the o p p o s i t i o n i n c l u d e d the same as l i s t e d 

above f o r the f i r s t s i t e , p l u s the p o t e n t i a l f o r e x c e s s i v e 

groundwater withdrawal and i n e f f i c i e n t e l e c t r i c i t y p r o d u c t i o n . 

These two a d d i t i o n a l impacts were due to the s i t e change which 

r e q u i r e d groundwater f o r c o o l i n g and make-up of the l o s t steam, 

and e l e c t r i c i t y p r o d u c t i o n because no steam user c o u l d be found at 
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the new s i t e . 

In order to appease Brooks r e s i d e n t s , a promise of a new sewer 

and water supply system f o r Brooks v i l l a g e was made by the 

proponent and some Marion County commissioners. 

In the f o l l o w i n g referendum campaign the proponent outspent 

the o p p o s i t i o n i n the campaign by a r a t i o of 6 to 1 ($67,000 to 

$11,000). At the end of March, 1984, Marion County v o t e r s 

r e j e c t e d the burner p r o h i b i t i o n by a margin of 4,000 votes of 

33,000 t o t a l c a s t v o t e s . The nearest p o l l s a l l voted f o r the 

p r o h i b i t i o n , but a l l other r u r a l communities voted a g a i n s t the 

measure (Marion County E l e c t i o n Board, 1987), p o s s i b l y because 

they c o u l d have become p o t e n t i a l candidates f o r a r e g i o n a l 

l a n d f i l l had the i n c i n e r a t o r p r o h i b i t i o n been accepted. 

Only three months a f t e r the vote, the proponent, Trans-Energy, 

was i m p l i c a t e d f o r f r a u d of the F e d e r a l Government through i t s 

parent company. The charges h e l d and f o r c e d Trans-Energy to s e l l 

i t s i n t e r e s t to Ogden C o r p o r a t i o n , a l a r g e conglomerate. Through 

investment of i t s own c a p i t a l , Ogden was a b l e to o b t a i n i n 

September, 1984 the $48 m i l l i o n c a p i t a l necessary to s t a r t 

c o n s t r u c t i o n of the i n c i n e r a t o r . 

A f i n a l l e g a l appeal was launched i n December, 1984 a g a i n s t 

the changes i n the a i r d i s c h a r g e permit requested by Ogden to 

accommodate the new b o i l e r and f i l t e r d e s i g n . The appeal was 

d i s m i s s e d f o r l a c k of grounds. The Marion County commissioners 

were questioned about the promised sewer system i n February, 1985 

and denied having made the promise. Instead, they s t a t e d t h a t the 

former owner (Trans-Energy) was r e s p o n s i b l e , but t h a t Ogden had 
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not accepted t h a t r e s p o n s i b i l i t y with the purchase of the r i g h t s . 

Hence, the sewer was not b u i l t . 

In the f o l l o w i n g 14 months, r i s i n g c o s t s f o r garbage d i s p o s a l 

were a t t r i b u t e d to the p l a n t . Furthermore, the c o n t i n u i n g need 

f o r l a n d f i l l c a p a c i t y f o r the i n c i n e r a t o r ash became apparent and 

was estimated to add s u b s t a n t i a l c o s t s and r i s k s to i n c i n e r a t o r 

d i s p o s a l . L o c a l employment was, however, r e p o r t e d i n the news as 

a b e n e f i t . 

The i n c i n e r a t o r f o r m a l l y opened and began burning garbage i n 

A p r i l 1986. A f t e r s t a r t u p , shakedown and some months of 

o p e r a t i o n , the emissions were t e s t e d at burning r a t e s of 130,000 

and 170,000 m e t r i c tonnes per year. The emissions were under the 

p e r m i t t e d l e v e l s f o r a l l p o l l u t a n t s except n i t r o g e n oxides 

( Z u r l i n d e n et a l . , 1986). By October, 1986, Marion County had 

n e g o t i a t e d a c o n t r a c t with Metro P o r t l a n d to accept f u r t h e r 36,000 

m e t r i c tonnes of waste at a t i p p i n g fee of $18.75 per tonne, $8 

lower than the l o c a l t i p p i n g fees of $26.75 per tonne. The County 

commissioners i n d i c a t e d t h a t without P o r t l a n d ' s waste stream, the 

c o s t s f o r l o c a l r e s i d e n t s would be higher and t h a t the a d d i t i o n a l 

waste was necessary to meet the c o n t r a c t u a l l y r e q u i r e d amounts. 

The DEQ subsequently amended the a i r d i s c h a r g e permit to a l l o w the 

burning of up to 170,000 tonnes of garbage. 

F i n a l l y , the c o s t s and impacts of the i n c i n e r a t o r ash 

l a n d f i l l began to generate o p p o s i t i o n around the l a n d f i l l i n e a r l y 

1987, because the e x i s t i n g l a n d f i l l had to be extended by 70 acres 

and s p e c i a l l i n e r systems had to be i n s t a l l e d (Woodburn 

Independent, August 19, 1987). 
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Although the p h y s i c a l emissions from the i n c i n e r a t o r were the 

main focus of the o p p o s i t i o n i n the s i t i n g p r o c e s s , i s s u e s of 

f a i r n e s s , community image, c o n t r o l and c o n f i d e n c e i n the 

proponent and the l o c a l government may have been r a i s e d by the 

s i t e s e l e c t i o n process and the problems with the i n i t i a l proponent 

and the r e s p o n s i b l e o f f i c i a l i n the waste agency. 

The d e s c r i p t i o n of the s i t i n g process i s important f o r the 

understanding of the p e r c e p t i o n and meaning of the f a c i l i t y f o r 

the host community. The f a c t s about the s i t i n g processes and the 

f a c i l i t i e s are used to design p h y s i c a l impact assessment methods 

and to a n a l y s e n o n - p h y s i c a l impacts i n Chapter 4. 
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CHAPTER 2 - MUNICIPAL WASTE DISPOSAL FACILITY 
EMISSIONS, HOST COMMUNITY CHARACTERISTICS 

and RESULTING IMPACTS. 

The o b j e c t i v e s of t h i s chapter are to d e r i v e common emissions 

from two types of m u n i c i p a l s o l i d waste (MSW) f a c i l i t i e s 

( l a n d f i l l s and i n c i n e r a t o r s ) , d e s c r i b e common host community 

c h a r a c t e r i s t i c s , and determine a s e t of impacts caused by the 

i n t e r a c t i o n of the t y p i c a l f a c i l i t y as the e m i t t e r and the host 

community as the r e c e p t o r . The d e r i v e d s e t of f a c i l i t y impacts 

forms the b a s i s f o r t e s t i n g f a c i l i t y impacts, r e s i d e n t s ' b e l i e f s , 

a t t i t u d e s , and a c t i o n s i n order to d e s c r i b e , e x p l a i n and p r e d i c t 

host community response t o the s i t i n g of waste d i s p o s a l 

f a c i l i t i e s . 

2.1 P h y s i c a l Emissions of Waste F a c i l i t i e s 

The f i r s t s e c t i o n i d e n t i f i e s p h y s i c a l emissions and p o t e n t i a l 

e f f e c t s . The g e n e r a t i o n and c h a r a c t e r i z a t i o n of emissions and 

t r a n s p o r t paths and mechanisms are i d e n t i f i e d by d e s c r i b i n g the 

o p e r a t i o n a l c h a r a c t e r i s t i c s of the two predominant m u n i c i p a l s o l i d 

waste d i s p o s a l methods on the West Coast of North America: 

s a n i t a r y l a n d f i l l i n g and i n c i n e r a t i o n of m u n i c i p a l s o l i d waste 

(MSW). 

The MSW d i s p o s a l f a c i l i t y - h o s t community system comprises the 

f a c i l i t y with a l l access roads and s e r v i c e s and the impact f i e l d 

to the maximum extent of the impacts. The impact f i e l d may be 

determined by p h y s i c a l impact boundaries and n o n - p h y s i c a l l i m i t s , 

such as c o g n i t i v e or p o l i t i c a l boundaries of the host community. 

The mechanisms producing p o t e n t i a l l y n e g a t i v e e f f e c t s are 
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reviewed, and the s p a t i a l and temporal dimensions of the impacts 

are d e r i v e d q u a l i t a t i v e l y to show the t y p i c a l impact f o o t p r i n t f o r 

each type of f a c i l i t y . 

2.1.1 M u n i c i p a l S o l i d Waste Stream 

The M u n i c i p a l S o l i d Waste Stream Composition 

The composition of the m u n i c i p a l s o l i d waste stream i n Canada 

comprises l a r g e f r a c t i o n s of paper, p u t r e s c i b l e s , g l a s s , metals, 

yard wastes, lumber and other elements. B i r d and Hale (1977) l i s t 

the contents i n Table 2.1 i n % of the wet weight, i n B r i t i s h 

Columbia. S i m i l a r contents are found i n A l b e r t a , Saskatchewan, 

and Manitoba. F r a n k l i n A s s o c i a t e s (1982, F i g u r e 2.1) i n d i c a t e 

s i m i l a r f i g u r e s f o r the U n i t e d S t a t e s . The o n l y s i g n i f i c a n t 

d i f f e r e n c e l i e s i n the higher paper content of the waste c o l l e c t e d 

i n Western Canada. In a l l e s t i m a t e s , the paper component i s the 

l a r g e s t and accounts f o r about 50% of the t o t a l heat value of the 

waste stream. The composition i s p r o j e c t e d to remain f a i r l y 

c onstant through 1990, with s m a l l i n c r e a s e s i n the p l a s t i c and 

paper content ( F r a n k l i n A s s o c i a t e s , 1982). 

In the s h o r t term, however, the waste stream q u a n t i t y and 

composition vary a c c o r d i n g to season. In suburban areas, the yard 

and garden waste f r a c t i o n i n c r e a s e s the waste stream by 15 to 20% 

i n A p r i l through June and September through November (GVRD, 1983). 

As a r e s u l t , the o r g a n i c content of the waste stream i s l i k e l y to 

i n c r e a s e by approximately 60% to about 40% of the t o t a l weight. 

T h i s i s confirmed by Hocking (1975) with data from U.S. sources. 

Heavy metals are a p r i n c i p l e group of contaminants i n the 
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Table 2.1 - Composition of M u n i c i p a l Waste Stream i n B r i t i s h 
Columbia; 
Source: B i r d and Hale, 1977 

As-received 

Moisture 
Wet Wt Content 

Component (%) S.E.* (%) 

Paper 37.91 6.28 19. 60 
Kraft Paper 6.94 2.25 16. 87 
Newsprint 11.13 4.20 14. 34 
Fine Paper 3.22 1.89 10. 98 
Other Paper 16.63 5.42 25. 94 

Glass 7.78 1.21 0. 82 
Beer Containers 0.07 0.06 
Reuseable Soft Drink 0.31 0.29 
Non-reuseable Soft Drink 0.19 0.24 
Liquor and Wine 2.99 1.01 
Containers - Food 2.60 0.72 
Containers - Other 0.65 0.25 
Flat and Cullet 0.97 0.40 

Ferrous Metals 7.20 1.82 2. 88 
Beer Cans 0.00 0.01 
Soft Drink Cans 0.22 0.12 
Food Cans 3.13 1.07 
Other 3.85 2.70 

Non-Ferrous Metal 0.48 0.17 14. 71 
Aluminum 0.47 0.14 
Other 0.02 0.04 

Plastics 5.42 0.94 15. 48 
Containers 1.18 0.47 
Sheet Film Other 4.24 1.13 

Ceramics Rubble 3.28 3.71 3. 24 
Lumber 5.19 4.17 15. 01 
Putrescible 17.42 7.09 58. 78 
Textiles Leather Rubber 4.99 2.29 13. 41 
Yard Wastes Brush 7.28 3.96 45. 12 
Fines 2.80 2.88 14. 86 
Petroleum Chemical Mix 0.36 0.39 

TOTAL WEIGHTED MOISTURE CONTENT (96) 24.11 
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Misc. 
1.61 

1 Leather Plastics 
2.31 4.8t 

F i g u r e 2.1a - R e s i d e n t i a l and Commercial S o l i d Waste Disposed, 
1980; Source: F r a n k l i n A s s o c i a t e s , 1982. 

MISC. 
l . S * 

F i g u r e 2.1b - R e s i d e n t i a l and Commercial S o l i d Waste Disposed, 
1990; Source: F r a n k l i n A s s o c i a t e s , 1982. 
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municipal waste stream. Krauss (1985) reports a seasonal 

v a r i a t i o n in the lead, zinc and copper contents with minima in 

summer and maxima in winter. Discrete metal p a r t i c l e s on one hand 

and color pigments on paper and p l a s t i c , respectively, are 

i d e n t i f i e d as contributors to the heavy metal concentrations. 

2.1.2 Municipal S o l i d Waste L a n d f i l l i n g 

L a n d f i l l i n g consists of tipping refuse from the c o l l e c t i o n 

vehicles onto the land, spreading and compacting the waste to 

minimize the volume, and covering the refuse layers with s o i l on 

a d a i l y basis. The refuse i s f i l l e d in c e l l s , with a series of 

adjoining c e l l s in the same layer making up a l i f t of 3 to 4 

meters height. L a n d f i l l s usually comprise two or more l i f t s ; the 

top l i f t should be covered with a f i n a l s o i l layer of at least one 

meter depth (Tchobanoglous, 1977, USEPA, 1976). Daily and f i n a l 

s o i l covers d i s t i n g u i s h a sanitary l a n d f i l l from an open dump. 

The consideration of the l a n d f i l l operation subsystem 

through a mass-balance of materials and energy indicates the 

sources of pote n t i a l external impacts (see Figure 2.2 below): 

1. The waste stream enters the subsystem by being hauled 

and tipped at the l a n d f i l l by c o l l e c t i o n or transfer 

vehicles, followed by the movement and compaction by 

special equipment. The waste stream constitutes a mass 

flow of varying quantity and composition into the sub

system for as long as the operation continues. The 

quantity and composition vary seasonally with 

superimposed random d a i l y f l u c t u a t i o n s . The side-
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e f f e c t s of t h i s mass flow are the d i s p e r s i o n of garbage 

by wind, l i t t e r i n g , and scavengers. Odors and v i s u a l 

impacts r e s u l t from the presence of open garbage. The 

s u b s t a n t i a l input of energy to move, compact and cover 

the garbage r e s u l t s i n n o i s e , exhaust emissions, v i s u a l 

impacts and s a f e t y r i s k s of heavy equipment o p e r a t i o n s . 

2. The i n f i l t r a t i o n of r a i n or groundwater c r e a t e s the 

c o n d i t i o n s necessary f o r the c h a r a c t e r i s t i c b i o l o g i c a l 

decay of the decomposable o r g a n i c matter and p r o v i d e s , as 

l e a c h a t e , an important l i q u i d flow to t r a n s p o r t matter 

out of the f i l l . Suspended and d i s s o l v e d p a r t i c l e s , 

o r g a n i c matter, i n o r g a n i c s a l t s , heavy metals, and 

r e f r a c t o r y o r g a n i c compounds are components t r a n s p o r t e d 

as l e a c h a t e . The r e s u l t i n g l e a c h a t e i s c o n s i d e r e d t o x i c 

(Koch and Cameron, 1980) i f d i r e c t l y d e p o s i t e d i n 

r e c e i v i n g s u r f a c e or groundwater. 

3. The anaerobic environment enhances b a c t e r i a l a c t i v i t y and 

the g e n e r a t i o n of l a n d f i l l gas, a mixture of methane, 

carbon d i o x i d e and t r a c e s of hydrogen s u l f i d e and other 

gases. T h i s gas can migrate upwards and e x i t through the 

cover i n t o the atmosphere, or can move l a t e r a l l y out of 

the s i t e . Due to the methane content, l a n d f i l l gas i s 

e x p l o s i v e at c o n c e n t r a t i o n s between 10 and 30% with a i r . 

I t can be odorous at low c o n c e n t r a t i o n s . Thus, the 

m i g r a t i o n of l a n d f i l l gas c o n s t i t u t e s a hazard and a 

nuisance. 

The e x t e r n a l impacts from the l a n d f i l l o p e r a t i o n s comprise 
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the d i r e c t e f f e c t s of the o p e r a t i o n (see item 1 above) and the 

emissions from the l a n d f i l l decay p r o c e s s , i . e . , l e a c h a t e and 

l a n d f i l l gas. The mechanisms and f a c t o r s c o n t r o l l i n g the 

g e n e r a t i o n and t r a n s p o r t of these impacts determine the d i s t a n c e 

and d u r a t i o n of t h e i r e f f e c t s . 

Nuisances 

Equipment o p e r a t i o n s on medium to l a r g e l a n d f i l l s generate 

n o i s e l e v e l s of 80 to 120 dBA (Schmalensee, 1975), presumably on 

or near the l a n d f i l l s i t e . B i r d c r i e s can a l s o c o n t r i b u t e to the 

sound of l a n d f i l l s , but v e h i c l e o p e r a t i o n s are l i k e l y to dominate. 

The n o i s e l e v e l s t h e r e f o r e depend d i r e c t l y on the number of 

v e h i c l e s and the o p e r a t i n g times of the l a n d f i l l . 

Odors are generated by v o l a t i l e substances and gases emitted 

by the l a n d f i l l and depend on the composition of the waste i n the 

l a n d f i l l , e s p e c i a l l y i n regard to sulphur and n i t r o g e n compounds. 

Odor p r o d u c t i o n i s c o n t r o l l e d by the mechanisms f o r l a n d f i l l gas 

p r o d u c t i o n d e s c r i b e d below. Although d a i l y cover reduces the odor 

emissions, 10 to 25% of l a n d f i l l s i n the U.S. r e q u i r e s p e c i a l odor 

c o n t r o l (Schmalensee, 1975). However, i t i s not proven t h a t gas 

c o l l e c t i o n and f l a r i n g e f f e c t i v e l y reduces odors from l a n d f i l l s 

(Kaszynski et a l . 1981). 

V i s u a l d i s a m e n i t i e s u s u a l l y p e r t a i n to the open garbage at 

the working f a c e , equipment, t r u c k s , exhaust fumes, and 

b i r d - f l o c k s . T o p o g r a p h i c a l and v e g e t a t i o n screens can e f f e c t i v e l y 

reduce the impacts, but d a i l y cover i s the most e f f e c t i v e method: 

91% of a l l l a n d f i l l s without cover c r e a t e s i g h t nuisances, w h i l e 
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o n l y 24% of l a n d f i l l s with d a i l y cover are b e l i e v e d to cause 

u n s i g h t l i n e s s (Schmalensee, 1975). 

B i r d s , f l i e s , r a t s , bears, and s t r a y dogs and c a t s are 

p o s s i b l e d i s e a s e v e c t o r s and nuisances. F l i e s and r a t s i n 

p a r t i c u l a r are known communicable d i s e a s e c a r r i e r s , but a l i n k a g e 

to l a n d f i l l s has never been e s t a b l i s h e d e m p i r i c a l l y . A 150 mm 

d a i l y cover e f f e c t i v e l y reduces f l i e s , but has not been proved to 

s i g n i f i c a n t l y a f f e c t b i r d s and r a t s (Hanks, 1967). 

In summary, most nuisances from l a n d f i l l o p e r a t i o n s are 

u s u a l l y very obvious i n the immediate v i c i n i t y of the s i t e and 

cannot be completely e l i m i n a t e d , but are simply c o n t r o l l e d . 

L a n d f i l l Decay Processes and Products 

Leachate and l a n d f i l l gas p r o d u c t i o n are i n t e r c o n n e c t e d 

through the b i o l o g i c a l decay of the waste stream under anaerobic 

c o n d i t i o n s . Recent r e s e a r c h (Chian et a l . , 1985, Jasper et a l . , 

1985, E h r i g , 1985) i n d i c a t e s three d i s t i n c t phases i n the t y p i c a l 

l a n d f i l l decay process ( F i g u r e 2.3): 

1. A f t e r the placement and coverage of the waste, the 

trapped a i r i s used by the a e r o b i c b a c t e r i a i n o x i d i z i n g 

c o n d i t i o n s . In r e g i o n s where r a i n f a l l exceeds 

e v a p o t r a n s p i r a t i o n , and where the cover m a t e r i a l i s 

permeable, i n f i l t r a t i n g water d i s p l a c e s the a i r i n the 

v o i d spaces and i n c r e a s e s the moisture content of the 

m a t e r i a l u n t i l f i e l d c a p a c i t y i s reached and e v e n t u a l l y 

exceeded. As a r e s u l t , the c o n d i t i o n s i n the f i l l t u r n 

anoxic, with n i t r a t e s and s u l f a t e s becoming the major 
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e l e c t r o n donors. Anaerobic c o n d i t i o n s develop and permit 

the f i r s t step of the two-stage ferm e n t a t i o n process to 

o c c u r : the complex o r g a n i c matter i s decomposed i n t o 

v o l a t i l e f a t t y a c i d s . T h i s , i n t u r n d r i v e s the pH down 

and r e s u l t s i n the m o b i l i z a t i o n and complexation of the 

metal s p e c i e s . N u t r i e n t s are r e l e a s e d from the complex 

o r g a n i c compounds and c o n t r i b u t e to the new biomass 

growth. In t h i s phase, l e a c h a t e o r g a n i c s t r e n g t h i s very 

high, while pH and ammonia content are low (5.5 and 150 

mg/1, r e s p e c t i v e l y ) . 

2. Methane b a c t e r i a l a t e r e s t a b l i s h themselves and u t i l i s e 

the v o l a t i l e f a t t y a c i d s (VFA's) as s u b s t r a t e to produce 

methane gas and carbon d i o x i d e . The r e d u c t i o n i n VFA's 

i n c r e a s e s the pH, while the o x i d a t i o n - r e d u c t i o n 

p o t e n t i a l s decrease to t h e i r lowest v a l u e s . Carbon 

d i g e s t i n g b a c t e r i a consume n i t r o g e n and phosphorus and 

emit waste products as ammonia which i n c r e a s e s to 

approximately 500 mg/1. Leachate o r g a n i c s t r e n g t h 

decreases to 500 to 1,000 mg/1 BOD,-. The methanogenic 

phase i s the l o n g e s t phase i n the l a n d f i l l p r o c e s s , but 

can be d i s r u p t e d by u n f a v o r a b l e c o n d i t i o n s ( e n t r y of a i r ) 

or high i n f i l t r a t i o n (washing out of methane b a c t e r i a ) . 

3. The f i n a l phase occurs when o r g a n i c matter and n u t r i e n t s 

are d e p l e t e d , gas p r o d u c t i o n drops o f f , and o x i d i z i n g 

c o n d i t i o n s are r e s t o r e d . 

The graph i n F i g u r e 2.3 i s d e r i v e d from Chian et a l . (1985) 

and i n d i c a t e s the behavior of major c h a r a c t e r i s t i c s and estimated 
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time p e r i o d s f o r the three phases. 

From the p e r s p e c t i v e of the e n g i n e e r i n g c o n t r o l of the 

process and of the r e s u l t i n g l e a c h a t e and gas components, the 

f o l l o w i n g f a c t o r s have been i d e n t i f i e d as the p r i n c i p a l 

i n f l u e n c e s (Tchobanoglous, 1977, Jasper et a l . , 1985): 

1. The waste stream composition, i . e . , the content of 

b i o - d e g r a d a b l e s , p o t e n t i a l i n h i b i t o r s (metals and t o x i c 

o r g a n i c s ) , and i n e r t matter determine the r a t e s of decay 

and, with the age of the l a n d f i l l , determine the 

r e s u l t i n g c o n c e n t r a t i o n i n the l e a c h a t e . In g e n e r a l , a 

f i r s t order c o n c e n t r a t i o n decay with time has been found 

( Z i s o n , 1978, Atwater, 1987) f o r t y p i c a l l e a c h a t e 

i n d i c a t o r s (COD, t o t a l n i t r o g e n , magnesium, et c . ) i n the 

e a r l y phases f o l l o w e d by an asymptotic decay t h e r e a f t e r 

(Atwater e t a l . 1982). 

2. The moisture content and the i n f i l t r a t i o n r a t e determine 

how q u i c k l y the methane stage i s reached. The o r g a n i c 

l o a d i n g of the l e a c h a t e has a l s o been shown to depend on 

the i n f i l t r a t i o n r a t e (Jasper et a l . , 1985), t h a t 

determines the washing out Of o r g a n i c matter. The 

i n f i l t r a t i o n can be c o n t r o l l e d by the c h o i c e of cover 

m a t e r i a l s . 

3. The r e s i d e n c e time of the l e a c h a t e i n the f i l l i s 

determined by the i n f i l t r a t i o n r a t e , the t h i c k n e s s and 

the compaction of the r e f u s e l a y e r s and the under 

drainage and removal of l e a c h a t e i n the c o l l e c t i o n 

system. Residence time determines the degree of 
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decomposition and the r e s u l t i n g o r g a n i c content of the 

l e a c h a t e . 

These f a c t o r s , as w e l l as u n c o n t r o l l a b l e environmental 

i n f l u e n c e s (pH, temperature) vary s e a s o n a l l y and between s i t e s . 

I t i s t h e r e f o r e o n l y p o s s i b l e to roughly p r e d i c t l e a c h a t e and gas 

q u a l i t y or q u a n t i t y without s i t e - s p e c i f i c data. 

Leachate T o x i c i t y 

M u n i c i p a l l a n d f i l l l e a c h a t e as s t u d i e d by numerous 

r e s e a r c h e r s c o n t a i n s a range of o r g a n i c matter, n u t r i e n t s , heavy 

metals and t o x i c t r a c e o r g a n i c s . In g e n e r a l , a good c o r r e l a t i o n 

between cumulative l e a c h a t e flows and c o n s t i t u e n t c o n c e n t r a t i o n s 

has been r e p o r t e d ( Z i s o n et a l . , 1978). Table 2.2 i s compiled 

from numerous l e a c h a t e s t u d i e s . For comparison, the Canadian 

D r i n k i n g Water G u i d e l i n e s are a l s o l i s t e d . 

Whereas ammonia, n i t r a t e s and n i t r i t e s do not g e n e r a l l y 

exceed d r i n k i n g water standards, i r o n , l e a d , manganese and mercury 

do. Moreover, v o l a t i l e p r i o r i t y p o l l u t a n t s are a l s o found i n 

l e a c h a t e (Black and Veatch, 1987, Atwater et a l . f o r t h c o m i n g ) . 

Although the d i s c h a r g e of l e a c h a t e to s u r f a c e waters may be 

s u f f i c i e n t to d i l u t e c o n c e n t r a t i o n s of metals and to v o l a t i l i z e 

o r g a n i c s down to below s a f e c o n c e n t r a t i o n s , l e a c h a t e d i s c h a r g e s to 

groundwater may remain at s i g n i f i c a n t c o n c e n t r a t i o n s due to the 

p e r s i s t e n c e of o r g a n i c s (Atwater et a l . , f o r t h c o m i n g ) . 

S e v e r a l MSW l e a c h a t e components can have s e r i o u s e f f e c t s on 

f i s h and other organisms i n the aqueous environment: 

- suspended and s o l u b l e o r g a n i c mater (BOD and COD) o x i d i z e 

i n r e c e i v i n g s u r f a c e waters and d e p l e t e the d i s s o l v e d 
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Table 2.2 - MSW L a n d f i l l Leachate C h a r a c t e r i s t i c s and D r i n k i n g 
Water Standards; 
Sources: Numerous Leachate S t u d i e s ; H e a l t h and Welfare 
Canada, 1978). 

C o n s t i t u e n t s 

Leachate 
C o n c e n t r a t i o n s 
L a n d f i l l Age 
New Old Range 
mg/1, except pH 

D r i n k i n g C o n s t i t u e n t s 
Water of Concern 
Standards 

BOD" 

T o t a l Suspended 1,000 
S o l i d s 

9,000 1,000 

500 

81-
33,100 
460-
10,440 

20 to 
130 mg/1 

x 

Ammonia 

T o t a l 
Phosphorus 

150 

10 

500 

10 

0.2-
845 
0.8-
49 

pH 

Metals 

5.5 

Average 

6.5-7.0 5.2-
8.5 

6.5-8.5 

mg/1 

A r s e n i c 0.01 0.006- 0. 05 
0.038 

Cadmium 0.005 0.001- 0. 005 
0.22 

C h l o r i d e 376 96- 250 
4,101 X 

Chromium 0.05 0.02- 0. 05 
0.44 

Copper 0.3 .01- 1. 0 
9.0 

F l u o r i d e 0.13 0.1-0,27 1. 5 

Iron 100-800 1.6-2.050 0. 3 X 

Lead 0.5 0.023- 0. 05 X 
1.0 

Manganese 5-15 0.6-70 0. 05 X 

Mercury 0.01 0.001-5.5 0. 001 X 

Zinc 10-20 0.01-135 5. 0 X 

V o l a t i l e Organic Compounds 

Present at low 
C o n c e n t r a t i o n s 0 X 
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oxygen necessary f o r f i s h and other organisms; 

- d i s s o l v e d s o l i d s reduce the s a t u r a t i o n l e v e l s of oxygen i n 

water; 

- ammonia i n the u n - i o n i z e d form (NH^) i s extremely t o x i c to 

v a r i o u s f i s h and a q u a t i c organisms a t l e v e l s above 0.02 mg/L 

and possesses some s u b l e t h a l e f f e c t s on the growth and 

a c t i v i t y of f i s h , e s p e c i a l l y under c o n d i t i o n s of low 

d i s s o l v e d oxygen (Daoust and Ferguson, 1984, Thurston, 

1984); 

- heavy metals can be a c u t e l y t o x i c , but a l s o e x h i b i t 

s u b l e t h a l e f f e c t s on f i s h ( C o n n e l l and M i l l e r , 1984); 

- o r g a n i c m a t e r i a l s i n t r a c e s (e.g. s o l v e n t s , a n t i f r e e z e , dry 

c l e a n i n g chemicals, e t c . ) can f u r t h e r d e t e r i o r a t e the 

r e c e i v i n g waters, cause i l l n e s s and accumulate i n s p e c i e s 

i n the food c h a i n ( C o n n e l l and M i l l e r , 1984) and are 

p o t e n t i a l carcinogens f o r humans; 

- pathogenic b a c t e r i a have been shown to s u r v i v e i n l e a c h a t e s 

although c o n v e n t i o n a l i n d i c a t o r organisms ( c o l i f o r m s ) d i e 

o f f r a p i d l y when mixed with l e a c h a t e (Cameron and 

Macdonald, 1977). 

S p e c i f i c t o x i c i t y s t u d i e s have shown l e a c h a t e t o be h i g h l y 

t o x i c to t e s t animals (Cameron and Koch, 1980, Atwater et a l . , 

1983). The r e s u l t s i n Table 2.3 l i s t the 96 hour LC50 f o r 

le a c h a t e as % of t o t a l volume. 

Cameron and Koch (1980) i d e n t i f i e d ammonia, copper, t a n n i n 

and pH to account f o r 94% of the observed v a r i a t i o n s i n t o x i c i t y , 

while Atwater et a l . (1983) p o s t u l a t e d t h a t z i n c best e x p l a i n e d 
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Tabl e 2.3 - Leachate T o x i c i t y to F i s h ; 
Source: Cameron and Koch, 1980. 

Leachate C h a r a c t e r i s t i c s : 

C o n s t i t u e n t s C o n c e n t r a t i o n s 
a l l mg/L except pH 

PH 6.3-7.8 

BOD 5 120-2980 

COD 730-4720 

NH3-N 0.3-427 

T o t a l P 0.8-4.7 

C 7 125-2400 

F l ~ 0.27 

As 0.006-0.038 

Cd 0.001-0.004 

Cr 0.025-0.085 

Ca 0.01-0.05 

Fe 1.6-30.3 

Pb 0.023-0.065 

Mn 0.6-7.8 

Ni 0.002-0.069 

Zn 0.43-1.32 

C o n s t i t u e n t s C o n c e n t r a t i o n s 

Species Leachate T o x i c i t y 

(96 hour LC 50) 

Rainbow Trout 4 . 9 - 7 . 0 % V/V 

Sockeye Salmon 3 . 2 - 5 6 % V/V 

Daphnia 3 . 8 - 8 6 % V/V 
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the t o x i c e f f e c t s on Daphnia. In both s t u d i e s pH e f f e c t s were 

s i g n i f i c a n t . T o x i c i t y was found to decay over time and t o x i c i t y 

decreased with i n c r e a s i n g p r e c i p i t a t i o n and with r e c y c l i n g of the 

l e a c h a t e . In summary, l e a c h a t e i s h i g h l y t o x i c and o f t e n remains 

so at the d i s c h a r g e p o i n t i n t o r e c e i v i n g waters (Cameron and Koch, 

1980). 

L a n d f i l l Gas 

L a n d f i l l gas i s generated a t r a t e s of 5 to 30 L (at 50% 

methane c o n c e n t r a t i o n ) per kg wet r e f u s e per year over p e r i o d s up 

to 100 years a f t e r the anaerobic process begins (Emcon A s s o c i a t e s , 

1980, Schumacher, 1983). 

Under s u i t a b l e c o n d i t i o n s (pH between 6.4 and 7.4, absence of 

oxygen or i n h i b i t o r s , adequate r e s i d e n c e time, moisture and 

temperature), the t o t a l gas volume generated reaches approximately 

180-500 L of l a n d f i l l gas per kg of wet r e f u s e i n the l i f e t i m e of 

the f i l l (Schumacher, 1983). The composition of the l a n d f i l l gas 

i s i n i t i a l l y mainly carbon d i o x i d e , but the content of methane 

r i s e s r a p i d l y to about 50% w i t h i n the f i r s t few y e a r s . Other 

components are a l s o present i n lower c o n c e n t r a t i o n s (see Table 

2.4, Ham, 1979). 

Gas m i g r a t i o n can cause e x p l o s i o n s i f methane c o n c e n t r a t i o n s 

of between 5 and 15% (or l a n d f i l l gas c o n c e n t r a t i o n s of between 

10% and 30%) i n a i r are reached (Tchobanoglous e t . a l . , 1977). The 

dangers are i n s i d i o u s , because the m i g r a t i o n can occur i n the s o i l 

and t r a n s p o r t the gas f o r up to ten times the f u l l depth from the 

s i t e (Rovers e t . a l . , 1977). L a n d f i l l gas o f t e n a c t s as a c a r r i e r 
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Component 
Component percent 
(dry volume b a 6 i s ) 

Methane 47.5 
Carbon dioxide 47.0 
Nitrogen 3.7 
Oxygen 0.8 
Paraffin hydrocarbons 0.1 
Aromatic & cy c l i c hydrocarbons 0.2 
Hydrogen 0.1 
Hydrogen sulfide 0.01 
Carbon monoxide. 0.1 
Trace compounds 0.5 

1 Trace compounds Include sulfur dioxide, benzene, toluene, methylene 
chloride, perchlorethylene, and carbonyl sulfide i n concentrations 
up to 50 ppm. 

T a b l e 2.4: L a n d f i l l Gas Composition; Source: Ham, 1979 
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f o r v o l a t i l e o r g a n i c s such as v i n y l c h l o r i d e (Baker and MacKay, 

1985) as w e l l . T h e r e f o r e gas m i g r a t i o n and emission to the 

ambient a i r can cause ambient c o n c e n t r a t i o n s of a i r b o r n e p r i o r i t y 

p o l l u t a n t s . T h i s has been found around combined m u n i c i p a l and 

hazardous waste l a n d f i l l s (Baker and MacKay, 1985). Odors are 

o f t e n present too at low c o n c e n t r a t i o n s of hydrogen s u l f i d e s , 

ammonia, organosulphurs and e s t e r s (methanethiol and e t h y l 

butanoate) (Young and Parker, 1984). 

L a n d f i l l gas r e c o v e r y systems are o f t e n used to c o n t r o l gas 

m i g r a t i o n . Often noxious gases emanate from the s u r f a c e and the 

c e n t e r of the l a n d f i l l , w h i le gas w e l l s c o l l e c t gas from the 

bottom and the p e r i p h e r y of the s i t e . I f withdrawal w e l l s are not 

p l a c e d i n gas p r o d u c t i o n areas, then a gas c o l l e c t i o n system may 

not be completely s u c c e s s f u l i n c o n t r o l l i n g gas m i g r a t i o n , odors 

and a i r emissions (Kaszynski e t a l . , 1981). Odors are 

p a r t i c u l a r l y d i f f i c u l t to e l i m i n a t e , because of the r e q u i r e d high 

d i l u t i o n s (up to 10,000 f o l d ) to t h r e s h o l d f o r some odor 

components (Young and Parker, 1984). 

2.1.3 M u n i c i p a l S o l i d Waste I n c i n e r a t i o n 

The concept of i n c i n e r a t i o n , i . e . , of simply burning garbage 

i n an enclosed chamber, has been used s i n c e the l a t e 1800's, but 

o l d f a c i l i t i e s caused s e r i o u s a i r p o l l u t i o n problems and were 

e l i m i n a t e d i n North America a f t e r the Clean A i r Act of 1970. The 

European mass-burning g r a t e (MBG) i n c i n e r a t i o n i n c o n j u n c t i o n with 

a waterwall b o i l e r was developed i n the l a t e 1950's and put i n t o 

o p e r a t i o n throughout Europe and Japan i n the 1960's and 1970's. 
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Since then, t h i s technology i s being more f r e q u e n t l y a p p l i e d i n 

North America. 

MBG i n c i n e r a t o r s possess s e v e r a l d i s t i n c t i v e f e a t u r e s which 

determine the p h y s i c a l impacts caused by the e x i s t e n c e and 

o p e r a t i o n of these f a c i l i t i e s ( F i g u r e 2 .4 and 2.5). 

1. Waste i s d e l i v e r e d and t i p p e d by the c o l l e c t i o n v e h i c l e s 

i n t o an enc l o s e d bunker. The bunker doors are opened 

onl y d u r i n g the t i p p i n g process and the garbage i s never 

v i s i b l e from o u t s i d e the f a c i l i t y . The bunker area i s 

kept under a s l i g h t vacuum by p u l l i n g a d d i t i o n a l 

combustion a i r from t h i s a r e a . Thus, odors, v i s u a l 

c o n t a c t with garbage, and n o i s e from the h a n d l i n g of the 

waste are e l i m i n a t e d . However, the t r a f f i c impacts along 

the access r o u t e s , i . e . , n o i s e , exhaust fumes, l i t t e r , 

v i s u a l and s a f e t y impacts are s l i g h t l y i n c r e a s e d over 

those of l a n d f i l l i n g , because ash r e s i d u e h a u l i n g 

i n c r e a s e s the number of t r i p s on access r o u t e s . 

2. The waste stream i s s t o r e d i n the bunker and mixed by the 

crane t o achieve a more homogeneous blend before being 

f e d through the feed chutes onto the moving g r a t e s . the 

g r a t e movement a g i t a t e s and turns the waste' w h i l e 

t r a n s p o r t i n g i t through the combustion zone. During the 

pr o c e s s , about 2/3 of the mass i s burned and converted to 

f l u e gases, while 1/3 drops o f f the g r a t e s as s i t t i n g s 

and r e s i d u e i n t o the quench water. F u r t h e r , s m a l l e r 

q u a n t i t i e s are c o l l e c t e d as ash i n the f i l t r a t i o n 

d e v i c e s . 
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The f l u e gases are combusted and heated f u r t h e r , 

p a s s i n g through the furnace i n t o the b o i l e r . The heat 

i s used to r a i s e steam and the gases begin to c o o l down 

before e n t e r i n g an e l e c t r o s t a t i c p r e c i p i t a t o r (ESP) and 

the chemical gas scrubbing p r o c e s s . A l t e r n a t e l y , 

chemical scrubber and f o l l o w i n g baghouse f i l t e r are used 

to f i l t e r exhaust gases before d i s c h a r g e from the s t a c k . 

The combustion i s i n f l u e n c e d by three f a c t o r s t h a t determine 

the l e v e l of emissions (Brunner, 1984): (1) o r g a n i c , 

i n o r g a n i c and m e t a l l i c contaminants i n the waste stream; 

(2) c r u c i a l d e s ign f e a t u r e s a f f e c t i n g the r e s i d e n c e time, the 

t u r b u l e n c e and the temperature; and (3) the o p e r a t i o n a l 

c o n t r o l of the a i r supply. 

I n c i n e r a t o r Nuisances 

The nuisance e f f e c t s comprise t r a f f i c impacts and the n o i s e , 

odor, and v i s u a l impact of the f a c i l i t y . The t r a f f i c impacts are 

s i m i l a r to those d e s c r i b e d f o r a MSW l a n d f i l l and w i l l be l i m i t e d 

to the areas immediately adjacent to the access r o u t e . Noise from 

the e n c l o s e d f a c i l i t y i s low because the e x t e r n a l l y l o c a t e d 

exhaust fans are u s u a l l y e n c l o s e d . Odors from the s i t e w i l l not 

occur, except d u r i n g improper s t a r t u p procedures (when the 

f i l t r a t i o n d e v i c e s have not reached o p e r a t i n g temperature), or i f 

the bunker doors are l e f t open f o r lengthy p e r i o d s on hot days. 

Both n o i s e and odor w i l l be l i m i t e d to the immediate v i c i n i t y of 

the p l a n t . 

V i s u a l impacts can a r i s e from the v i s i b i l i t y of the s t a c k and 
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any exhaust plumes. These w i l l be very n o t i c e a b l e i n areas with 

no other s i m i l a r f a c i l i t i e s nearby. The v i s i b i l i t y i s l i m i t e d to 

the l i n e of s i g h t and i s t h e r e f o r e screened by v e g e t a t i o n or h i l l y 

topography. 

I n c i n e r a t o r Combustion Process and A i r Emissions 

Apart from the l a r g e number of p o s s i b l e contaminants 

i n t r o d u c e d i n t o the combustion chamber i n the waste stream, 

a d d i t i o n a l compounds can be r e a d i l y formed d u r i n g the combustion 

p r o c e s s . Although exact sources are not known, d e t e c t e d d i o x i n s 

and furans are e i t h e r present i n the waste stream or are c r e a t e d 

from chemical p r e c u r s o r s (e.g., pentachlorophenols i n wood) at 

high temperatures ( C o n n e l l and M i l l e r , 1984). N e i t h e r the 

k i n e t i c s nor the sources of d i o x i n p r e c u r s o r s have been 

e s t a b l i s h e d d e f i n i t i v e l y , but t h e i r m i n i m i z a t i o n through 

temperature, r e s i d e n c e time and t u r b u l e n c e c o n t r o l i s p o s s i b l e . 

The geometry of the combustion chamber and the amount of a i r 

s u p p l i e d to i t determine the r e s i d e n c e time, the t u r b u l e n c e and 

the temperature of the flame. Thus, the i n c i n e r a t o r manufacturers 

have attempted to design i n t o the system s u f f i c i e n t r e s i d e n c e time 

and temperature to achieve high d e s t r u c t i o n e f f i c i e n c i e s of the 

most s t a b l e c o n s t i t u e n t , u s u a l l y d i o x i n s , dichlorobenzene or PCB's 

(e.g., Zenon, 1985). 

The o n l y o p e r a t i o n a l c o n t r o l f a c t o r a v a i l a b l e t o the o p e r a t o r 

i s the a i r supply. C a r e f u l c o n t r o l of the a i r supply i s r e q u i r e d 

to m aintain adequate temperature, time, and t u r b u l e n c e to d e s t r o y 

t o x i c and odorous c o n s t i t u e n t s . Favorable temperature-time 
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F i g u r e 2.6 - Temperature-Time D i s t r i b u t i o n 
Source: Ogden-Martin, 1984 

i n a MBG I n c i n e r a t o r ; 



67 

d i s t r i b u t i o n throughout the i n c i n e r a t o r i s shown i n the diagram 

below f o r a popular MBG i n c i n e r a t o r design ( F i g u r e 2.6; source: 

Ogden-Martin, 1984). 

R e g u l a t i n g the v a r i a t i o n s i n combustion c o n d i t i o n s i n 

response to changing waste stream and environmental f a c t o r s i s 

d i f f i c u l t because of the f o l l o w i n g c o n s t r a i n t s (Brunner, 1984): 

- the heat value of the waste stream f l u c t u a t e s and r e q u i r e s 

the adjustment of the a i r q u a n t i t y ; 

- the complete o x i d a t i o n of the waste stream r e q u i r e s between 

100 and 125% excess a i r ; too l i t t l e a i r i n c r e a s e s the 

output of carbon monoxide, p a r t i c u l a t e and hydrocarbons; 

too much a i r decreases the flame temperature and the 

d e s t r u c t i o n e f f i c i e n c i e s , w h i le i n c r e a s i n g NOx 

c o n c e n t r a t i o n s ; 

- the f i l t r a t i o n d e v i c e s are designed f o r c e r t a i n exhaust gas 

volumes; a d d i t i o n a l a i r supply i n c r e a s e s the gas v e l o c i t y 

and decreases f i l t r a t i o n e f f i c i e n c y . 

The numerous emission standards cannot be met by simple a i r 

c o n t r o l , so most MBG i n c i n e r a t o r s are equipped with f i l t r a t i o n 

d e v i c e s : 

- e l e c t r o - s t a t i c p r e c i p i t a t o r s (ESP) remove p a r t i c u l a t e 

matter to dimensions above 0.01 microns; 

- c l o t h f i l t e r s remove p a r t i c u l a t e i n the s i z e range 

between 0 and 50 microns (Brunner, 1984). 

The c o r o l l a r y e f f e c t of p a r t i c u l a t e removal i s the removal of 

m a t e r i a l s sorbed to the p a r t i c l e s . S u b s t a n t i a l amounts of sorbed 

heavy metals, and o r g a n i c s have been d e t e c t e d i n f l y a s h samples 
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taken from i n c i n e r a t o r f i l t e r s (Environment Canada, 1986). 

Recently proposed i n c i n e r a t o r emission standards i n Europe 

(Germany and Sw i t z e r l a n d ) and the U.S. (Oregon) are based on the 

best a v a i l a b l e technology f o r the r e d u c t i o n of gaseous emissions, 

i . e . , gas sc r u b b i n g , p a r t i c u l a r l y f o r the removal of hydrogen 

c h l o r i d e , other a c i d i c components and metal vapors (Oregon DEQ, 

1984). Gas scrubbers are abl e to p r o v i d e between 90 to 98% 

f i l t r a t i o n e f f i c i e n c y f o r the c r i t i c a l elements ( K i s t e r s , 1984, 

Environment Canada, 1986). Table 2.5 summarizes r e p o r t e d 

emissions from MBG i n c i n e r a t o r s with ESP f i l t e r s o n l y and combined 

ESP and gas scrubbers and compares them with the proposed emission 

standards. 

The exact l i m i t s f o r t o x i c i t y of the r e s u l t i n g ambient 

c o n c e n t r a t i o n s of the c r i t i c a l elements are d i f f i c u l t to 

e s t a b l i s h . Moreover, i n c i n e r a t o r s are seldom the onl y source of 

these contaminants i n an a i r shed, because t h e i r emission 

compounds are common to many other s t a t i o n a r y and mobile sources, 

e.g., SOx, NOx and CO from f o s s i l f u e l power p l a n t s and v e h i c l e s , 

Pb from v e h i c l e s , and HCL and HF from i n d u s t r i a l p r o c e s s e s . Thus, 

the c o n t r i b u t i o n of the i n c i n e r a t o r emissions t o the ambient a i r 

q u a l i t y o f t e n cannot be determined without s i g n i f i c a n t a i r s h e d 

modeling e f f o r t . Moreover, the standards do not r e f l e c t any hard 

t o x i c o l o g i c a l f a c t s , but are based simply on the "best a v a i l a b l e 

technology" i n f i l t r a t i o n (Oregon S t a t e Department of 

Environmental Q u a l i t y , 1984). There i s no guarantee t h a t 

emissions w i l l not cause any long-term h e a l t h e f f e c t s . Some of 

the e f f e c t s on human h e a l t h , animals and p l a n t s are compiled i n 

Table 2.6. 
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Table 2.5 - I n c i n e r a t o r Emissions and Standards; 
Sources: Kebag, 1984, Tabarasan, 1984 

Emissions Standards 

ESP o n l y ESP and 
(Kebag 1984) Scrubbers 

(Tabarasan 

mg/Nm" 
1984), 
mg/Nm" 

FR Germany S w i t z e r - Sweden 
la n d 

mg/Nm" 3 3 mg/Nm mg/Nm 

P a r t i c u l a t e 30 • - 50 6 - 9 5 50 - 75 50 35 

HCL 300 - 1500 41 - 75 30 100 (30) 200 
HF 10 • - 25 0.4 - 0.5 5 30 5 

s o 2 200 - 400 18 - 25 200 500 -
Pb+Cu+Va 2 - 4 0.22 5 

Zn+As+Cr+ 
Co+Ni+Se 2 - 5 0.5 (Ni+Cr) 1 

Cd+Th 0.1 - 0.2 0.13 0.2 

Hg 0.4 - 1.4 0.05 0.1 
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Table 2.6 - P o t e n t i a l Health Impacts of I n c i n e r a t o r Emissions 

P a r t i c u l a t e - v i s i b i l i t y decreases, r e s p i r a t o r y d i s e a s e and death 
r a t e among e l d e r l y i n c r e a s e at 100 - 150 
micrograms/m3. 

CO - t o x i c to humans over 750 ppm, but i s e l i m i n a t e d 
r a p i d l y from the body; impaired v i s u a l a c u i t y and 
psychomotor t e s t s at 50 ppm; p l a n t s show v i r t u a l l y 
no e f f e c t s below 100 ppm. 

SOx - at 0.19 ppm annual average with low p a r t i c u l a t e 
c o n c e n t r a t i o n s , i n c r e a s e d m o r t a l i t y o c c u r s , at 0.3 
ppm, t r e e s show i n j u r y ; causes a c i d r a i n . 

NOx - i s c o r r o s i v e when converted to n i t r i c a c i d , a c t s as 
an extreme i r r i t a n t , i n c r e a s e s b r o n c h i t i s a t <0.01 
ppm, c r e a t e s smog with hydrocarbons. 

Hydrocarbons - c o n t a i n some ca r c i n o g e n s , e.g., p o l y n u c l e a r 
aromatic hydrocarbons, and c o n t r i b u t e s to smog 
for m a t i o n . 

VOC's - some known and suspected carcinogens to humans 

Metals - Hg - a f f e c t s the c e n t r a l nervous system and kidneys, 
accumulates i n the body 

Pb - accumulates i n the body, causes anemia, headaches, 
s t e r i l i t y 

Ni - changes lung s t r u c t u r e , causes r e s p i r a t o r y d i s e a s e 
and lung cancer 

Cd - causes c a r d i o v a s c u l a r d i s e a s e and h y p e r t e n s i o n . 

P l a n t s are harmed by S0 2, PAN, HF, HC1, C l 2 , H 2S, and NH 3 > 
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The concern f o r the h e a l t h e f f e c t s of d i o x i n and f u r a n 

emissions are r e s u l t s of the u n c e r t a i n t y about these m a t e r i a l s . 

Although i t has been e s t a b l i s h e d t h a t a l l MBG i n c i n e r a t o r s emit 

low c o n c e n t r a t i o n s of v a r i o u s d i o x i n and furan isomers (ASME, 

1981, Swiss F e d e r a l O f f i c e f o r Environmental C o n t r o l , 1982, 

Nordrhein-Westfalen I n s t i t u t e f o r A i r P o l l u t i o n C o n t r o l , 1982, 

numerous a r t i c l e s i n Chemosphere, Vol.14, 1985), the c o n t r o l l i n g 

combustion v a r i a b l e s have not been determined y e t . The measured 

f l u c t u a t i o n s and the r e s u l t i n g exposure of r e s i d e n t s are v a r i a b l e 

and d i f f i c u l t to measure or e s t i m a t e . To f u r t h e r complicate the 

matter, d i o x i n emissions from woodfires and other c o n v e n t i o n a l 

combustion processes have been confirmed. 

Moreover, the t o x i c o l o g i c a l e f f e c t s of d i o x i n s and furans i n 

humans are u n c e r t a i n due to the problems i n v o l v e d with c a r r y i n g 

out c o n t r o l l e d d i o x i n experiments on humans. As a r e s u l t , the 

e f f e c t s of combined d i o x i n s and furans have not been i d e n t i f i e d 

with " s a f e " d a i l y uptake r a t e s u s u a l l y being e x t r a p o l a t e d from 

animal t e s t s . 

As a r e s u l t of the u n c e r t a i n t y , Sweden implemented and 

extended u n t i l the end of 1986 a moratorium on new i n c i n e r a t o r s 

(Swedish Department of Nature C o n s e r v a t i o n , 1985, p e r s . comm. Dr. 

B i l i t e w s k i , 1985), while Hamburg i s engaging i n a l a r g e study to 

t e s t the c o n n e c t i o n between MBG i n c i n e r a t o r s and b i r t h d e f e c t s i n 

the e a s t e r n p a r t of the m e t r o p o l i t a n area (Der S p i e g e l , 1984) 

Water Use and E m i s s i o n s . 

I n c i n e r a t o r Ash Residue 

Approximately 30 to 35% of the incoming s o l i d waste stream by 
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weight and 15 to 20% by volume i s d i s c h a r g e d from the i n c i n e r a t o r 

as r e s i d u e and ash. T h i s m a t e r i a l has the p o t e n t i a l of being 

c o n s i d e r e d a hazardous waste under the USEPA d e f i n i t i o n , but i s 

u s u a l l y exempted f o r p r a c t i c a l reasons. T h i s m a t e r i a l must be 

hauled to a secure l a n d f i l l . Although the l e a c h a t e from such 

i n c i n e r a t o r r e s i d u e can c o n t a i n heavy metals and o r g a n i c matter, 

the impacts of the r e s i d u a l matter w i l l be c o n s i d e r e d f o r t h i s 

study as an i n t e g r a l p a r t of the l a n d f i l l where i t i s d i s p o s e d o f , 

and not of the i n c i n e r a t o r . Thus, the o n l y impact a r i s i n g from 

the r e s i d u a l matter i s the a d d i t i o n a l t r a f f i c from the i n c i n e r a t o r 

s i t e . 

2.2 Contaminant T r a n s p o r t and the Impact F o o t p r i n t s 

The t r a n s p o r t of emissions from the source f a c i l i t y t o the 

a f f e c t e d areas occurs by mass f l u x i n a i r and water, or by 

p r e s s u r e and view propagation i n a i r . The m a t r i x (Table 2.7) 

summarizes the emissions and t r a n s p o r t mechanisms and r e s u l t i n g 

impacts f o r the two types of waste d i s p o s a l f a c i l i t i e s . These 

mechanisms w i l l be d i s c u s s e d i n view of making p r e d i c t i o n s about 

the contaminant t r a n s p o r t . 

2.2.1 Emission T r a n s p o r t Mechanisms 

A i r 

Gas and Odor T r a n s p o r t 

The atmospheric t r a n s p o r t and d i s p e r s i o n process depends on 

the p h y s i c a l and chemical nature of the e f f l u e n t , the l o c a t i o n of 

the s t a c k , the t o p o g r a p h i c a l c h a r a c t e r i s t i c s and the 

m e t e o r o l o g i c a l c o n d i t i o n s at the s i t e . The eddy d i f f u s i o n model 
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Tab l e 2.7 - Waste F a c i l i t y E missions, T r a n s p o r t and Impacts 

Emission T r a n s p o r t 
Medium 

Impacts 
MSW L a n d f i l l 

MSW 
I n c i n e r a t o r 

Mass f l u x 
of gaseous 
contaminants 

Mass f l u x 
of contaminants 
to water as 
l e a c h a t e 

P r e s s u r e 
Energy as 
Noise 

L i g h t 

A i r 

S o i l 

S o i l 
Water 

A i r 

A i r 

H ealth r i s k s 
Odors 
A i r q u a l i t y l o s s 
E x p l o s i o n r i s k s 

H ealth r i s k s 
Odors 
A i r q u a l i t y 
l o s s 

Health r i s k s 
Water q u a l i t y l o s s Water q u a l i t y 

l o s s 

Noise Noise 

Nuisance views Nuisance view 
of garbage, b i r d s of plume, 
equipment s t a c k , b u i l d i n g 



74 

and the assumption of normal d e n s i t y d i s t r i b u t i o n around the 

c e n t e r l i n e of the plume r e s u l t i n a commonly accepted and 

mathematically t r a c t a b l e model f o r p r e d i c t i n g the c o n c e n t r a t i o n 

d i s t r i b u t i o n f o r a continuous p o i n t source under s t e a d y - s t a t e 

c o n d i t i o n s and constant wind-speed (Wark and Warner, 1981). By 

u s i n g the worst case s c e n a r i o s the c r i t i c a l c o n c e n t r a t i o n s and 

t h e i r l o c a t i o n s can be c a l c u l a t e d (O'Connell, 1983, Oregon S t a t e 

Department of Environmental Q u a l i t y , 1984, D i s t r i c t of North 

Vancouver, 1985). 

The d i s p e r s i o n of a i r emissions i s s u b j e c t to the temperature 

of the gases r e l a t i v e to the ambient a i r , the l o c a t i o n of the 

emission r e l a t i v e to b u i l d i n g s and h i l l s , the emission h e i g h t , 

wind speed, s t a b i l i t y of the weather c o n d i t i o n s , t e r r a i n , and 

i n v e r s i o n h e i g h t , i f a p p l i c a b l e . Under the most u n f a v o r a b l e 

c o n d i t i o n s , u s u a l l y with l i g h t but s t a b l e winds of between 1 to 

2.5 metres per second, the c r i t i c a l s h o r t and long term maximum 

c o n c e n t r a t i o n s are found at d i s t a n c e s between 700 metres to 30,000 

metres from the s i t e (O'Connell e t . a l . , 1983, Seton, O d e l l & 

Johnson, 1984). Except f o r extreme downwash c o n d i t i o n s , which are 

u s u a l l y avoided through proper l o c a t i o n of the s t a c k , the maximum 

c o n c e n t r a t i o n s w i l l not be found i n the immediate v i c i n i t y of the 

p l a n t . Thus, the c r i t i c a l p o t e n t i a l impact area i s d e l i n e a t e d by 

two c o n c e n t r i c a l c i r c l e s at approximately 700 to 30,000 m from the 

s i t e . The r e s u l t i n g t o t a l exposure can be c a l c u l a t e d from the 

wind d i r e c t i o n frequency data and the c o n c e n t r a t i o n s . 

T h i s model i s s i m i l a r l y a p p l i c a b l e to g r o u n d - l e v e l l i n e 

s ources, e.g., a l a n d f i l l , but f l u c t u a t i n g emission r a t e s and 

t r a n s p o r t c o n d i t i o n s complicate the accuracy of p r e d i c t i o n s . 
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P r e s s u r e Waves 

Noise T r a n s p o r t 

Sound waves are t r a n s m i t t e d through the a i r ; they are 

a f f e c t e d by t u r b u l e n c e , temperature and wind g r a d i e n t s , and 

a b s o r p t i o n and r e f l e c t i o n by s u r f a c e s . The a t t e n u a t i o n mechanisms 

are summarized i n the l i s t below (Mestre and Wooten, 1980): 

- wave divergence reduces the n o i s e l e v e l by about 6 dBA f o r 

every d o u b l i n g of d i s t a n c e , 

- a b s o r p t i o n i n the a i r , ground, or b a r r i e r s , 

- a t t e n u a t i o n by p r e c i p i t a t i o n and f o g , 

- wind and temperature g r a d i e n t s , t u r b u l e n c e , 

- d e f l e c t i o n o f f berms, t e r r a i n , t r e e s , shrubs, e t c . , 

- a t t e n u a t i o n due to temperature and barometric p r e s s u r e 

g r a d i e n t s . 

The numerous a t t e n u a t i o n mechanisms are determined e m p i r i c a l l y and 

summarized i n the n o i s e c o n t r o l l i t e r a t u r e (see e.g., Kurze and 

Beranek, 1971). Although the p r e d i c t i o n of sound p r e s s u r e l e v e l s 

r e q u i r e s some experience and judgment, the a c t u a l measurement i s 

s t r a i g h t f o r w a r d . In g e n e r a l , n o i s e l e v e l s are h i g h e s t a t the 

s i t e boundary and decay r a p i d l y with d i s t a n c e . 

View Propagation 

V i s u a l Impacts 

V i s i o n i s l i m i t e d to the l i n e of s i g h t and t h e r e f o r e a f f e c t s 

the immediate v i c i n i t y of the p l a n t . However, the t e r r a i n can 

i n c r e a s e or decrease v i s i b i l i t y on a f l a t p l a n e . Moreover, 

v e g e t a t i o n and b u i l d i n g s can screen the f a c i l i t y from r e s i d e n t s . 
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V e g e t a t i v e screens may vary with seasons because of t h e i r l o s s of 

f o l i a g e i n w i n t e r . 

Although the range of v i s i b i l i t y i s easy to determine, the 

v i s u a l impact p e r c e p t i o n i t s e l f i s not, because of a t t i t u d e s 

i n v o l v e d i n i n t e r p r e t i n g the s i g h t . I t has proven d i f f i c u l t to 

o b j e c t i v e l y judge the q u a l i t y of p h y s i c a l views (Coughlin et a l . , 

1973). However, apparent c o n t r a s t s and landmarks a f f e c t the 

v i s u a l image of a l o c a t i o n (Lynch, 1960). 

Water 

Surface 

Contaminant t r a n s p o r t i n s u r f a c e water i s c o n t r o l l e d by 

p h y s i c a l processes of a d v e c t i o n and d i f f u s i o n and 

b i o l o g i c a l - c h e m i c a l processes of o x i d a t i o n , b i o l o g i c a l decay and 

v o l a t i l i z a t i o n . The p h y s i c a l processes are modeled by the F i c k i a n 

d i f f u s i o n mass f l u x model, while the b i o l o g i c a l - c h e m i c a l 

s o u r c e - s i n k terms are u s u a l l y based on f i r s t - o r d e r k i n e t i c 

r e a c t i o n s . 

S p e c i f i c a l l y , the p h y s i c a l t r a n s p o r t i n r i v e r s r e l i e s on the 

e x p r e s s i o n of the t u r b u l e n c e energy as a shear v e l o c i t y u* = 

f ( s l o p e , depth of the channel) to estimate the average mixing 

c o e f f i c i e n t s i n the t r a n s v e r s e and l o n g i t u d i n a l d i r e c t i o n s , w h i l e 

assuming a r a p i d and complete v e r t i c a l mixing f o r most channels. 

Assuming Gaussian d i s t r i b u t i o n , the two-dimensional e d d y - d i f f u s i o n 

model determines the downstream c o n c e n t r a t i o n s and the dimensions 

of the mixing zone. Although the r e s u l t s have been v e r i f i e d 

e m p i r i c a l l y , the accuracy i n e s t i m a t i n g the mixing c o e f f i c i e n t s i s 
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very poor at plus-minus 50% ( F i s h e r , 1979). Although the accuracy 

can be improved by o n - s i t e measurements, the data c o l l e c t i o n 

p rocess i s c o s t l y u n l e s s data are a v a i l a b l e from the l i t e r a t u r e 

( i . e . , the v e l o c i t y , s l o p e , depth, width, geometry of the 

c h a n n e l ) . 

The b i o l o g i c a l processes r e q u i r e knowledge of the r a t e 

c onstants f o r v a r i o u s processes and s u b s t r a t e s ( o x i d a t i o n , 

r e a e r a t i o n , s e t t l i n g , n i t r i f i c a t i o n , e t c . ) and are u s u a l l y 

dependent on temperature and pH. These data are a l s o s i t e 

s p e c i f i c , but can be measured with simple methods, or o b t a i n e d 

from the l i t e r a t u r e f o r common circumstances. Once a homogeneous 

mix i s e s t a b l i s h e d , o n l y the b i o l o g i c a l - c h e m i c a l processes are 

of importance. 

Groundwater 

In g e n e r a l , the contaminant t r a n s p o r t i n groundwater w i l l be 

i n f l u e n c e d by the contaminant c h a r a c t e r i s t i c s ( s o l u b i l i t y , 

v i s c o s i t y , d e n s i t y , d i f f u s i v i t y ) , the s o i l c h a r a c t e r i s t i c s 

( h y d r a u l i c c o n d u c t i v i t y , p o r o s i t y , a t t e n u a t i o n ) and the flow 

parameters ( h y d r a u l i c g r a d i e n t , flow v e l o c i t y , d i s p e r s i v i t y ) . The 

t r a n s p o r t w i l l be r e t a r d e d by ion exchange, a b s o r p t i o n , 

p r e c i p i t a t i o n , and decay mechanisms i n the s o i l . 

The r e s u l t i n g contaminant plume movement i s d i f f i c u l t t o 

p r e d i c t and w i l l depend on the source r e l e a s e f u n c t i o n , the amount 

present at the source, the nature of the m a t e r i a l , and the 

s p e c i f i c c o n d i t i o n s at the s i t e . Although the r e s u l t i n g plumes 

vary s u b s t a n t i a l l y i n t h e i r dimensions, extending from a few 

metres to thousands of metres from the s i t e (MacFarlane et a l . , 
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1983), Freeze's (1986) review of l a n d f i l l l e a c h a t e plumes r e v e a l s 

a s u r p r i s i n g s i m i l a r i t y i n shapes and r a t i o s of plume width to 

source width as w e l l as s i m i l a r d i r e c t i o n s i n r e l a t i o n to the 

h y d r a u l i c g r a d i e n t , s i m i l a r c o n d u c t i v i t y v a l u e s and depths of the 

plumes i n u n c o n s o l i d a t e d s t r a t a . 

I f the u n d e r l y i n g l a y e r i s permeable, then the r e s u l t i n g 

plume i s long and t h i n , whereas the plume i n impermeable s t r a t a i s 

very s h o r t and s t u n t e d . Moreover, i f a l a r g e amount of a compound 

i s present i n the source and i s s o l u b l e i n the groundwater, then a 

continuous plume can extend from the source and decrease i n 

s t r e n g t h with d i s t a n c e u n t i l , at some f i n i t e d i s t a n c e , the 

background c o n c e n t r a t i o n i s reached. A l t e r n a t i v e l y , a s m a l l 

volume of an immiscible or h i g h l y s o l u b l e contaminant w i l l r e s u l t 

i n a s l u g r e l e a s e forming a " c l o u d " of a separate phase or of 

s o l u t e i n the groundwater. 

For a s p e c i f i c s i t u a t i o n , the m i g r a t i o n of a s i n g l e 

contaminant can u s u a l l y be modelled and p r e d i c t e d , i f enough data 

are a v a i l a b l e , but complex s i t u a t i o n s with numerous and 

i n t e r a c t i n g contaminants are too complex f o r p r e d i c t i v e e f f o r t s 

(Freeze and Cherry, 1979). However, the m i g r a t i o n of m u l t i p l e 

contaminants can be monitored by t a k i n g samples from downgradient 

w e l l s . 

2.2.2 Impact F o o t p r i n t s 

Although the s i t e - s p e c i f i c c o n d i t i o n s p r o h i b i t the 

g e n e r a l i z e d c a l c u l a t i o n of the s p a t i a l l i m i t s of the impacts, the 

g e n e r a l c o n s i d e r a t i o n s i n the s e c t i o n s above i n d i c a t e the 

q u a l i t a t i v e p a t t e r n s . 
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M u n i c i p a l Waste L a n d f i l l 

The s u b s t a n t i a l impact from MSW l a n d f i l l s i s the l e a c h a t e 

flow which i s c a r r i e d by s u r f a c e and groundwater. These e f f e c t s 

can c a r r y f o r s i g n i f i c a n t d i s t a n c e s from the s i t e due to the high 

t o x i c i t y of some c o n s t i t u e n t s a t low c o n c e n t r a t i o n s (below ppb 

l e v e l s ) . These water impacts are i n d i c a t e d by the extended plumes 

i n r e c e i v i n g waters. Odor and n o i s e e f f e c t s are l i m i t e d t o the 

c l o s e p r o x i m i t y of the l a n d f i l l s i t e (see F i g u r e 2.7a) but views 

may extend a few k i l o m e t r e s from the s i t e . 

M u n i c i p a l Waste I n c i n e r a t o r 

A i r emissions are s p a t i a l l y the most s i g n i f i c a n t impact 

beyond 500 to 600 metres d i s t a n c e . Thus, the a i r q u a l i t y impact 

i s c o n f i n e d to a segment i n p r e v a i l i n g wind d i r e c t i o n s between 

700m up to some k i l o m e t r e s from the s i t e . . View impacts extend 

from the s i t e up to a few k i l o m e t r e s , but n o i s e and t r a f f i c 

impacts are are l i k e l y to be co n c e n t r a t e d l o c a l l y ( F i g u r e 2.7b). 

T y p i c a l p h y s i c a l e f f e c t s of waste f a c i l i t i e s are thus 

d e s c r i b e d and summarized i n t h i s s e c t i o n . In order to determine 

the impacts on the host community as the r e c e p t o r , t y p i c a l 

community's c h a r a c t e r i s t i c s must be determined. 

2.3 Host Community C h a r a c t e r i s t i c s 

T y p i c a l host communities are d e s c r i b e d by t h e i r p h y s i c a l , and 

s o c i a l c h a r a c t e r i s t i c s i n order to i d e n t i f y the p o s s i b l e impacts a 

waste f a c i l i t y may cause. In order to i d e n t i f y host community 

c h a r a c t e r i s t i c s , i t i s f i r s t necessary to i d e n t i f y which 

communities t y p i c a l l y host waste f a c i l i t i e s . Then, s p e c i f i c 
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F i g u r e 2.7b: MSW I n c i n e r a t o r Impact F o o t p r i n t 
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c h a r a c t e r i s t i c s and values are deduced. F i n a l l y , changes due to 

development i n the host community are i d e n t i f i e d as a b a s i s f o r 

i d e n t i f y i n g f a c i l i t y impacts i n the next s e c t i o n . 

2.3.1 P a t t e r n s of Waste F a c i l i t y L o c a t i o n 

I d e a l l y , a number of f a c t o r s are c o n s i d e r e d i n the s i t e 

s e l e c t i o n , among them the a v a i l a b i l i t y and c o s t of l a n d 

( p a r t i c u l a r l y f o r l a n d f i l l s ) , a c c e s s i b i l i t y and d i s t a n c e from the 

waste g e n e r a t i n g urban c e n t e r , s o i l c o n d i t i o n s , hydrogeology, 

c l i m a t e , topography, and d i s t a n c e from dense r e s i d e n t i a l areas 

(Tchobanoglous, e t . a l . , 1977, Marion County, 1982). I n t u i t i v e l y , 

the c r i t e r i a of a v a i l a b i l i t y and c o s t of l a n d , and s u f f i c i e n t 

d i s t a n c e from dense r e s i d e n t i a l areas c o n f l i c t with the c r i t e r i a 

f o r minimum d i s t a n c e to the waste g e n e r a t i o n c e n t r o i d and 

a c c e s s i b i l i t y . The s i t e c h o i c e s u s i n g the above c r i t e r i a o f t e n 

r e s u l t i n l o c a t i o n s o u t s i d e the urban boundary, on m a r g i n a l , cheap 

l a n d , but c l o s e to major roads or highways. 

Two s t u d i e s (Stern 1977; Centaur A s s o c i a t e s 1979) r e p o r t that 

about 50% o f , r e s p e c t i v e l y , 30 s o l i d waste and 21 hazardous waste 

d i s p o s a l f a c i l i t i e s are l o c a t e d i n r u r a l communities, about 25% i n 

i n d u s t r i a l areas, and 25% i n areas with other land-uses. 

P e r i p h e r a l r e s i d e n t i a l areas are a l s o t y p i c a l l y chosen f o r 

s i t i n g noxious f a c i l i t i e s , because of the p o l i t i c s of e x t e r n a l i t y 

c o n t r o l and l a n d use changes (Ley, 1983). As a r e s u l t , p o l i t i c a l 

c h a n n e l l i n g of s p a t i a l change (e.g., highways, noxious f a c i l i t i e s ) 

occurs through poorer, p o l i t i c a l l y l e s s s o p h i s t i c a t e d 

neighbourhoods (Ley, 1983, Jay i n San F r a n c i s c o Monitor, May, 
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1987). Negative l a n d use changes tend to r e i n f o r c e each other by 

d e s t a b i l i z i n g the community and making i t more p o l i t i c a l l y 

v u l n e r a b l e , and, hence, s u s c e p t i b l e to f u r t h e r change. S t u d i e s of 

attempts to s i t e noxious f a c i l i t i e s show high f r e q u e n c i e s of l a n d 

use c o n f l i c t s at d i s t a n c e s 16 to 20 k i l o m e t r e s from the c e n t r a l 

business d i s t r i c t i n Montreal (Ley, 1983), and predominantly i n 

the t r a n s i t i o n zone and i n p e r i p h e r a l r e s i d e n t i a l areas ( J a n e l l e 

and M i l l w a r d , 1976). Thus, waste f a c i l i t i e s are o f t e n p l a c e d i n 

r u r a l host communities because of s p e c i f i c s i t i n g c r i t e r i a ( l a n d 

c o s t s , d i s t a n c e and low d e n s i t y ) and because of p o l i t i c a l c o n t r o l . 

Due to the p r o x i m i t y of the r u r a l host community to the urban 

f r i n g e , the urban growth boundary f r e q u e n t l y catches up and 

overgrows the host community. For example, i n the g r e a t e r 

Vancouver (B.C.) m e t r o p o l i t a n area, MSW d i s p o s a l f a c i l i t i e s f i t 

t h i s p a t t e r n and have pl a y e d l e a p - f r o g with the urban growth 

boundary (see F i g u r e 2.8). The l o c a t i o n and opening and c l o s i n g 

dates of m u n i c i p a l l a n d f i l l s , a new i n c i n e r a t o r and a r e s o u r c e 

r e c o v e r y f a c i l i t y are i n d i c a t e d on the map along with the l o c a t i o n 

of major roads and d i s t a n c e s from the downtown co r e . The t r e n d 

shows i n c r e a s i n g d i s t a n c e s from the core and away from the urban 

growth boundaries t h a t overgrow e x i s t i n g waste f a c i l i t i e s which 

c l o s e s h o r t l y t h e r e a f t e r . 

As a r e s u l t of urban growth, open or a g r i c u l t u r a l l a n d 

adjacent to the waste f a c i l i t y may be developed i n t o commercial, 

i n d u s t r i a l or r e s i d e n t i a l l a n d use. T h i s phenomenon i s mentioned 

i n Schmalensee et a l . (1975), and has been observed i n Tacoma (see 

Chapter 4), at the BKK l a n d f i l l s i t e i n West Covina, CA, near the 



F i g u r e 2.8 - Dates of L a n d f i l l C l o s u r e s r e l a t i v e t o Extent of 
Urban Development i n the Greater Vancouver a r e a , 
1961-1981 based on GVRD, 1981. 
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Cedar H i l l s l a n d f i l l i n S e a t t l e and o t h e r s . Thus, the observed 

development around waste f a c i l i t i e s i n host communities f i t a 

t y p i c a l p a t t e r n of l a n d use change i n p e r i p h e r a l communities (Ley, 

1983). 

In the study a r e a , a survey of 25 waste d i s p o s a l f a c i l i t i e s 

s e r v i n g M e t r o p o l i t a n areas i n Oregon, Washington, and p r o v i n c e s i n 

Western Canada showed that 50% of the l a n d uses around r e p o r t e d 

waste f a c i l i t y s i t e s have changed from open or a g r i c u l t u r a l l a n d 

uses to middle c l a s s suburban r e s i d e n t i a l areas, w h i l e r a p i d 

development i s r e p o r t e d near 65% of the waste d i s p o s a l s i t e s (see 

s e c t i o n on s i t e s e l e c t i o n i n Chapter 1). 

Thus, because of the s t r a t e g i c l o c a t i o n of the host community 

c l o s e to and a c c e s s i b l e from the urban c e n t e r , development of 

i n i t i a l l y i n expensive la n d leads to higher p r o p e r t y p r i c e s and 

denser l a n d uses. As a r e s u l t , the c h a r a c t e r of the o r i g i n a l l y 

r u r a l - a g r i c u l t u r a l community e v e n t u a l l y s h i f t s to a more suburban 

middle c l a s s community. These changes are g r a p h i c a l l y d e p i c t e d i n 

F i g u r e 2.9. With the r i s e i n u n i t p r o p e r t y p r i c e s and i n c r e a s i n g 

d e n s i t y , the e f f e c t s of the waste f a c i l i t y on p r o p e r t y v a l u e s may 

be masked or overcome. Schmalensee e t a l . (1975) show p r o p e r t y 

value i n c r e a s e s near some C a l i f o r n i a l a n d f i l l s . These value 

i n c r e a s e s occur d u r i n g the phase of new development and more than 

o f f s e t any f a c i l i t y impacts. 

The denser, new development r e s u l t s i n more people being 

exposed to the waste f a c i l i t i e s e f f e c t s . Concurrent to the 

development, the i n c r e a s e i n waste volumes thus exposes more 

people to i n c r e a s i n g l y s t r onger f a c i l i t y e m i s s i o n s . In response, 



F i g u r e 2.9 - Development a f t e r F a c i l i t y S i t i n g i n a T y p i c a l Host 
Community 
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p r e s s u r e i s brought to bear on the f a c i l i t y owner to enhance 

emission c o n t r o l s or c l o s e the f a c i l i t y e n t i r e l y (e.g., a t the 

BKK s i t e ) i n West Covina, CA (pers. comm. L. Goldmann, 1986), a t 

Premier S t r e e t l a n d f i l l i n North Vancouver, at the Tacoma C i t y 

l a n d f i l l ( F i r c r e s t Town C o u n c i l , 1986) and o t h e r s . Thus, the 

concerns of the o r i g i n a l r u r a l host community may s h i f t and 

i n t e n s i f y i n the l a t e r suburban stages of the host community 

(Coughlin, 1973). These changes may r e q u i r e d i f f e r e n t responses 

to i n i t i a l l y a t t a i n and then maintain host community acceptance 

throughout the l i f e of the f a c i l i t y . 

T y p i c a l l y , waste f a c i l i t i e s are l o c a t e d i n r u r a l communities 

near the urban growth boundary c l o s e to t r a n s p o r t r o u t e s . These 

communities t y p i c a l l y experience r a p i d urban growth with 

subsequent higher d e n s i t i e s and land v a l u e s i n areas surrounding 

the waste f a c i l i t i e s . Thus, over the l i f e of the f a c i l i t y , growth 

i n the host community may i n c r e a s e the disposed waste volume and 

si m u l t a n e o u s l y expose more r e s i d e n t s to the f a c i l i t y impacts. 

2.3.2 C h a r a c t e r i s t i c s of R u r a l Communities 

Common c h a r a c t e r i s t i c s of towns and v i l l a g e s are i d e n t i f i e d 

as a b a s i s f o r determining the e f f e c t and meaning of a waste 

f a c i l i t y to a t y p i c a l r u r a l host community. 

Hodge and Quadeer (1983) i d e n t i f y f i v e c h a r a c t e r i s t i c s of 

land use p a t t e r n s i n small towns: 

1. the area of the town i s sm a l l 

2. the d e n s i t y i s low 

3. the amount of vacant l a n d i s c o n s i d e r a b l e 
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4. there i s a s i n g l e , dominant commercial area 

5. there i s a j u x t a p o s i t i o n of d i f f e r e n t l a n d uses. 

The low d e n s i t y and the abundant vacant lan d were i d e n t i f i e d 

as the key c r i t e r i a f o r the c h o i c e of r u r a l areas f o r waste 

f a c i l i t y s i t e s . The s m a l l t o t a l a rea, the s i n g l e commercial area, 

and the j u x t a p o s i t i o n of land uses c o n t r a s t with the l a r g e s i n g l e 

l a n d use of a r e g i o n a l waste f a c i l i t y . Thus, the waste f a c i l i t y 

i s l i k e l y to be h i g h l y conspicuous i n the t y p i c a l host community. 

The demographic s t r u c t u r e of s m a l l towns d i f f e r s s l i g h t l y 

from t h a t of l a r g e c i t i e s i n the household s i z e (3.2 to 3.7 

persons per household i n v i l l a g e s versus 2.7 i n l a r g e c i t i e s ) , 

more males than females (105 to 117 males per 100 females i n 

v i l l a g e s versus 95 i n l a r g e c i t i e s ) , and more c h i l d r e n (63 to 69 

under 20 years per 100 persons i n v i l l a g e s versus 45 i n l a r g e 

c i t i e s ) . E d u c a t i o n a l attainment i s lower i n v i l l a g e s than i n 

l a r g e c i t i e s . The number of e l d e r l y , however, i s v i r t u a l l y the 

same f o r v i l l a g e s and l a r g e c i t i e s (11 persons over 70 year age 

per 100 persons aged 20 to 69 years both i n v i l l a g e s and i n l a r g e 

c i t i e s ) . 

While household c h a r a c t e r i s t i c s , such as the presence of 

c h i l d r e n , average age of household heads, and gender of the 

household head, tend to a f f e c t s e n s i t i v i t y to f a c i l i t y impacts, 

income and education l e v e l s show no c o n s i s t e n t s i g n i f i c a n t 

r e l a t i o n s h i p with s e n s i t i v i t y (Madisso 1985). Hence, the 

demographical d i f f e r e n c e s of r u r a l and urban communities do not 

c l e a r l y i n d i c a t e whether these communities are l i k e l y to oppose 
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waste f a c i l i t i e s more or l e s s than t h e i r urban c o u n t e r p a r t s . 

D e c i s i o n Making and Community Needs 

The b e l i e f s about smal l community l i f e i n c l u d e n o t i o n s of 

p e a c e f u l n e s s , f r i e n d l i n e s s , l a c k of crime, community-minded 

o r i e n t a t i o n and a c l e a n environment. D e c i s i o n making i s 

c h a r a c t e r i s e d by v i s i b i l i t y of and f a m i l i a r i t y with the d e c i s i o n s 

and the d e c i s i o n makers (Hodge and Qadeer, 1983). Thus, the 

smallness of the community i s r e f l e c t e d i n the d e c i s i o n making 

p r o c e s s . P r e s e r v i n g t h i s smallness i s a b a s i c need i n r u r a l 

communities. The l o c a l s i t i n g of a l a r g e c e n t r a l i z e d waste 

f a c i l i t y through a complex d e c i s i o n making process i s l i k e l y to 

v i o l a t e the need f o r smallness. M u l t i p l e l e v e l s of government 

( p r o v i n c i a l , r e g i o n a l , and m e t r o p o l i t a n ) c o n s i s t of u n f a m i l i a r 

d ecision-makers. Thus, the l a c k of v i s i b i l i t y and of f a m i l i a r i t y 

of the d e c i s i o n process i s f o r e i g n and adverse to b a s i c r u r a l 

b e l i e f s , and does not appear to address community needs. 

In c o n t r a s t , community needs i n c l u d e r e c r e a t i o n and 

entertainment (parks, arenas, and community c e n t e r s ) , water, 

sewage and road s e r v i c e s , h e a l t h care f a c i l i t i e s and employment 

(Hodge and Qadeer, 1983). 

T y p i c a l host communities are c h a r a c t e r i z e d by s m a l l , low 

d e n s i t y l a n d uses around a s i n g l e core a r e a . D e c i s i o n making i s 

through a v i s i b l e and f a m i l i a r process t h a t p r e s e r v e s the need f o r 

sma l l n e s s . The complex decision-making process and the l a r g e , 

d i s t i n c t f a c i l i t y are l i k e l y to c o n f l i c t with b a s i c p h y s i c a l and 

s o c i a l c h a r a c t e r i s t i c s of t y p i c a l r u r a l communities. 
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2.4 Waste F a c i l i t i e s and Host Community I n t e r a c t i o n : 
Q u a l i t a t i v e Impact I d e n t i f i c a t i o n 

The l o c a t i o n of a MSW f a c i l i t y i n a r u r a l host community can 

generate an a r r a y of e f f e c t s as a r e s u l t of the i n t e r a c t i o n of the 

f a c i l i t y as the e m i t t e r with the host community as the r e c e p t o r . 

Both p h y s i c a l and n o n - p h y s i c a l i n t e r a c t i o n s may occur and generate 

p h y s i c a l and n o n - p h y s i c a l changes i n the host community. P h y s i c a l 

and n o n - p h y s i c a l impacts and f a c i l i t y b e n e f i t s are d e f i n e d and 

p o s s i b l e i n t e r a c t i o n among impacts are d e s c r i b e d here from the 

p e r s p e c t i v e of the immediate host community. 

2.4.1 P h y s i c a l Impacts 

The p o s s i b l e e f f e c t s of p h y s i c a l emissions r e q u i r e d e f i n i t i o n 

and c a t e g o r i z a t i o n i n terms of t h e i r impacts on human a c t i v i t y . 

Here, three types of impact are d e f i n e d : 

1. Health e f f e c t s comprise a l l p o s s i b l e emissions, events, 

r i s k s and u n c e r t a i n t i e s t h a t may a f f e c t human h e a l t h . 

These may stem from water or a i r p o l l u t i o n or from sudden 

events such as f i r e s or e x p l o s i o n s . They i n c l u d e 

immediate and p o s s i b l e long-term r i s k s . Although 

h e a l t h r e g u l a t i o n s should prevent any d i r e c t , s h o r t - t e r m 

h e a l t h damage, the u n c e r t a i n or unknown e f f e c t s are 

d i f f i c u l t to r e g u l a t e or monitor. 

2. Nuisances i n c l u d e a l l impacts t h a t i n f r i n g e on the 

p e a c e f u l enjoyment of r e s i d e n t i a l p r o p e r t y without 

endangering human h e a l t h . Although the d i s t i n c t i o n 

between nuisance and h e a l t h e f f e c t i s o f t e n not s t r i c t l y 

d e f i n e d , the d i f f e r e n c e may be very important from the 
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p o i n t of view of the host community. Although any type 

of p h y s i c a l emission (e.g., a i r emissions) can cause both 

h e a l t h and nuisance e f f e c t s , the s e v e r i t y of the impact 

determines whether i t r e s u l t s i n a h e a l t h hazard or a 

nuisance impact. Some nuisances may f u r t h e r a c t as 

reminders of the negative s o c i a l s i g n i f i c a n c e of the 

f a c i l i t y . 

3. General environmental impacts g e n e r a l l y do not d i r e c t l y 

e f f e c t human h e a l t h or r e s i d e n t i a l enjoyment, but may 

a f f e c t the environmental q u a l i t y of f i s h and w i l d l i f e 

h a b i t a t s , or may decrease the a v a i l a b i l i t y of l i m i t e d 

r e sources ( l a n d , goods, m a t e r i a l s , and energy). 

The c o n n e c t i o n of emissions to impacts i s then f a i r l y i n t u i t i v e . 

They can be r e l a t e d by the t r a n s p o r t pathways between the f a c i l i t y 

and the host community (see Table 2.7). 

The d i f f e r e n c e between h e a l t h , nuisance and environmental 

change impacts of (say) water emissions c o n s i s t s of the 

c o n c e n t r a t i o n l e v e l s and the exposure p a t t e r n s . Thus, i n theory, 

one type of emission can cause a l l three impacts depending on the 

l e v e l of emissions and on the p a t t e r n s of human use and enjoyment 

of the r e c e i v i n g environment. The c l a s s i f i c a t i o n of impact type 

i s very s i g n i f i c a n t f o r i n t e r p r e t i n g the meaning of the emission 

i n terms of o v e r a l l impact on human a c t i v i t y . 

2 .4.2 Non-Physical Impacts 

O p p o s i t i o n to waste d i s p o s a l f a c i l i t i e s may be s t r o n g l y 

r o o t e d i n the e x i s t e n t i a l meaning of the f a c i l i t y t o the host 

community. Because r e s i d e n t s choose to l i v e and a s s o c i a t e 
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themselves with c e r t a i n p l a c e s , these p l a c e s p r o v i d e a summary of 

the people the r e s i d e n t s see themselves to be (Ley, 1983). Thus, 

the p h y s i c a l r e a l i t y of a community i s i n t e r p r e t e d i n s o c i o 

economic terms. Because r e s i d e n t s make s i z a b l e economic, s o c i a l 

and symbolic investments i n the community they choose to l i v e i n 

(Ley, 1983), they are t h e r e f o r e more concerned about l o c a l i s s u e s 

and changes than the f a c i l i t y proponent and the higher l e v e l s 

of government (e.g., r e g i o n a l d i s t r i c t county, or p r o v i n c i a l 

governments) above the l o c a l government i n the host community. 

The s i g n i f i c a n c e of the n o n - p h y s i c a l impacts i s e v i d e n t from 

the d i s t r i b u t i o n of o p p o s i t i o n a c t i v i t i e s , because, "the most 

a c t i v e o p p o s i t i o n o f t e n does not stem from the [ p h y s i c a l l y ] most 

s t r o n g l y a f f e c t e d r e s i d e n t s " [L. Goldmann, p e r s . comm., 1986, i n 

Z e i s s and Atwater, 1987). Residents f r e q u e n t l y o b j e c t t o , " j u s t 

knowing t h a t i t [the f a c i l i t y ] i s t h e r e " (Coughlin et a l . 1973) 

and thereby i n d i c a t e the n o n - p h y s i c a l meaning of the f a c i l i t y . 

In the f o l l o w i n g , a s e t of n o n - p h y s i c a l impacts are compiled 

from s i t i n g case s t u d i e s (O'Hare, et a l , 1983, Centaur A s s o c i a t e s , 

1979, Z e i s s et a l . , 1982, Z e i s s , 1984) and r i s k p e r c e p t i o n s t u d i e s 

( S l o v i c et a l . 1984, Vlek and S t a l l e n , 1981, Hohenemser e t a l . 

1986, E a r l e and L i n d e l l , 1981, E a r l e and L i n d e l l , 1983). 

Economic, s o c i a l and p o l i t i c a l impact c a t e g o r i e s are 

p o s t u l a t e d here to separate the n o n - p h y s i c a l impact elements i n t o 

exhaustive and mutually e x c l u s i v e c a t e g o r i e s . These three 

c a t e g o r i e s and t h e i r elements and i n d i c a t o r s are d i s c u s s e d i n the 

f o l l o w i n g s e c t i o n . 
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Economic Impacts 

F a c i l i t y Impacts on Pr o p e r t y Values 

P r o p e r t y value d i f f e r e n t i a l s are an i n d i r e c t method of 

measuring e x t e r n a l i t i e s , because they e v a l u a t e the average 

response of the i n d i v i d u a l s i n the marketplace t o the e n t i r e 

package of r e s i d e n t i a l enjoyment obtained by purchasing 

r e s i d e n t i a l p r o p e r t y (Freeman, 1979). 
The value of r e s i d e n t i a l p r o p e r t y r e f l e c t s the expected 

y i e l d s of p e a c e f u l enjoyment t o the owner or tenant. The value 

of a r e s i d e n t i a l p a r c e l c o n s i s t s p u r e l y i n the s c a r c i t y of the 

c h a r a c t e r i s t i c s of the p a r c e l , i . e . , the advantage of the p a r c e l 

i n l o c a t i o n , amenity, or any other a t t r i b u t e s t h a t are d e s i r e d by 

p r o s p e c t i v e buyers. 

Because the market p r i c e r e f l e c t s the va l u e of the expected 

f u t u r e stream of b e n e f i t s , i . e . , of r e s i d e n t i a l enjoyment of the 

p r o p e r t y , i t i n c l u d e s any expected changes to t h i s stream i n the 

f u t u r e . Thus, i f q u i e t homes are expected to become more n o i s y , 

then t h e i r v alue compared with p r e s e n t l y n o i s y homes w i l l d e c l i n e 

(Mishan, 1982). The expected f u t u r e y i e l d s are converted i n t o the 

present worth with the a p p l i c a b l e d i s c o u n t r a t e so t h a t the market 

p r i c e r e f l e c t s the sum of the p r o p e r l y d i s c o u n t e d f u t u r e y i e l d s 

(Knetsch, 1983). 

From the statements above, i t f o l l o w s t h a t any changes t h a t 

a f f e c t the enjoyment of the p r o p e r t y as p e r c e i v e d by the owner or 

occupant w i l l d i m i n i s h the c a p a b i l i t y of the p r o p e r t y to produce 

the expected y i e l d s . However, the l o s s w i l l o n l y c a r r y over to 

the next owner i f he or she i s e q u a l l y or more s e n s i t i v e to the 
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e f f e c t s . The market p r i c e d e c l i n e s o n l y i f a s i g n i f i c a n t number 

of people i n the market p e r c e i v e the e f f e c t to be u n d e s i r a b l e . 

The advantage of market p r i c e d i f f e r e n t i a l s i s the summary 

measurement and weighting of a l l e f f e c t s as p e r c e i v e d by those 

persons i n the marketplace with the h i g h e s t r e s e r v a t i o n v a l u e 

(Schmalensee, 1975). T h i s p o s t u l a t e i m p l i e s t h a t o n l y those 

impacts t h a t are p e r c e i v e d by the p r o s p e c t i v e buyers are valued, 

whereas long-term and i n s i d i o u s e f f e c t s t h a t are not p e r c e i v e d do 

not enter the v a l u a t i o n (Freeman, 1979). 

P s y c h o l o g i c a l e f f e c t s such as r i s k , u n c e r t a i n t y , and stigma 

w i l l be r e f l e c t e d i n s o f a r as they are p e r c e i v e d by the p r o s p e c t i v e 

buyers. Thus, the p r o p e r t y value d i f f e r e n c e s between a f f e c t e d and 

u n a f f e c t e d p a r c e l s p r o v i d e i n theory a simple summary d o l l a r 

measure of the e x t e r n a l e f f e c t s as they are p e r c e i v e d by the 

p r o s p e c t i v e buyers. In p a r t i c u l a r , no s e n t i m e n t a l , or s p e c i a l 

v alue to the owner enter s i n t o the market p r i c e (Knetsch, 1983). 

P r o p e r t y value l o s s e s are f r e q u e n t l y mentioned as an impact 

of noxious, u n d e s i r a b l e f a c i l i t i e s ( Z e i s s , 1984a, Z e i s s and 

Atwater, 1987). Numerous p r o p e r t y value s t u d i e s around noxious or 

r i s k y f a c i l i t i e s have been c a r r i e d out. Some of the r e s u l t s of 

p r o p e r t y value s t u d i e s at s o l i d waste d i s p o s a l f a c i l i t i e s are 

reviewed here: 

- H a v l i c e k , Richardson and Davies (1972), i n Schmalensee, 

(1975) used d i s t a n c e and angle from the downwind d i r e c t i o n 

from l a n d f i l l s as independent v a r i a b l e s on the M u l t i p l e 

L i s t i n g S e r v i c e s a l e s p r i c e s to achieve a t o t a l e x p l a n a t i o n 

of v a r i a t i o n of 79% at s i g n i f i c a n t c o r r e l a t i o n . 
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- Goldberg (1972), i n Schmalensee, (1975), t e s t e d d i s t a n c e 

and v i s i b i l i t y as i n d i c a t o r s to e x p l a i n the percentage 

change ( i . e . , the r a t e of change) i n p r o p e r t y v a l u e s over 

time near l a n d f i l l s . The r e s u l t s showed no s i g n i f i c a n t 

e f f e c t s . I t i s not c l e a r why the r a t e of change i n 

p r o p e r t y values was chosen as the dependant v a r i a b l e , 

because the primary i s s u e i s whether there i s a d i f f e r e n c e 

i n p r o p e r t y v a l u e s , r a t h e r than i n the r a t e of 

a p p r e c i a t i o n . 

- Schmalensee et a l . (1975) s t u d i e d p r o p e r t i e s around f o u r 

l a n d f i l l s i n C a l i f o r n i a and found on l y m a r g i n a l l y 

s i g n i f i c a n t c o r r e l a t i o n between d i s t a n c e and p r o p e r t y s a l e s 

p r i c e s . No s i g n i f i c a n t e f f e c t on a p p r e c i a t i o n or 

r e s i d e n t i a l development near the s i t e was observed. 

- Hockman et a l . (1976) s t u d i e d 55 l a n d f i l l s and 15 

i n c i n e r a t o r s i t e s i n the Chicago SMSA u s i n g d i s t a n c e and 

angle from the predominant downwind d i r e c t i o n to estimate 

p r o p e r t y s a l e s p r i c e s . The r e s u l t s were s i g n i f i c a n t and 

i n d i c a t e d impacts of l a n d f i l l s extending over three c i t y 

b l o c k s , e q u i v a l e n t to 6 to 7 cents per t o n . I n c i n e r a t o r 

e f f e c t s extended 20 c i t y b l o c k s and amounted to $1.70 per 

t o n . 

- Groth (1981) s t u d i e d the e f f e c t s of f i v e l a n d f i l l s i n 

C a l i f o r n i a , Oregon and Washington on p r o p e r t y v a l u e s , 

a p p r e c i a t i o n r a t e s , land-use p a t t e r n s , and r e n t s . Only a 

few and m a r g i n a l l y s i g n i f i c a n t e f f e c t s were observed. 

- Baker (1982) re g r e s s e d market p r i c e s on l i n e a r , l o g a r i t h m i c 
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and square r o o t t r a n s f o r m a t i o n s of d i s t a n c e to three 

l a n d f i l l s f o r domestic s o l i d waste i n New York S t a t e . The 

study methodology was a p p r o p r i a t e although the u n d e r l y i n g 

assumptions were not t e s t e d . The accuracy of d i s t a n c e as 

an i n d i c a t o r f o r the p h y s i c a l impacts was not checked; i t 

may not be a p p r o p r i a t e . The r e s u l t s show some s i g n i f i c a n t 

e f f e c t of d i s t a n c e , p a r t i c u l a r l y a f t e r 1978 (Love Canal) at 

the i n d u s t r i a l and hazardous waste s i t e s . The p r o p e r t y 

v a l u e e f f e c t s at the m u n i c i p a l waste l a n d f i l l s were 

i n s i g n i f i c a n t . The r e s u l t s were not very f i r m , but tended 

to i n d i c a t e some p r o p e r t y v a l u e impacts from hazardous 

waste l a n d f i l l s . 

- Z e i s s (1984) r e g r e s s e d market p r i c e s on d i s t a n c e from the 

l a n d f i l l and access road of the Premier S t r e e t L a n d f i l l i n 

North Vancouver, B.C. and found a 20% i n c r e a s e i n p r i c e s 

between 120 to 600 metres d i s t a n c e from the s i t e among 

townhouses on the e a s t e r n s i d e of the s i t e , w h i le among 

s i n g l e f a m i l y r e s i d e n c e s to the west, a m a r g i n a l l y 

s i g n i f i c a n t p r i c e d i f f e r e n c e of 7% over 1,500 metres 

d i s t a n c e was found. The study covered o n l y 101 p r o p e r t y 

s a l e s over a two-year p e r i o d , and i n c l u d e d o n l y f l o o r space 

and number of bedrooms as p r o p e r t y c h a r a c t e r i s t i c s . In 

p a r t i c u l a r the i n f l u e n c e of view and other amenities was 

not entered i n t o the a n a l y s i s f o r l a c k of d a t a . These 

somewhat c o n t r a d i c t o r y r e s u l t s were d i s c u s s e d i n i n t e r v i e w s 

with eleven r e a l e s t a t e agents and a p p r a i s e r s . A l l 

c o n t a c t s confirmed some e f f e c t of l a n d f i l l view and odor on 
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p r i c e ; estimates ranged from 15% to 25%, with an average 

of 20% p r o p e r t y value d i f f e r e n c e a t the l a n d f i l l boundary. 

- Gamble and Downing (1984) found s i g n i f i c a n t l y lower 

p r o p e r t y values near l a n d f i l l s as compared with c o n t r o l 

areas, but the e f f e c t s were not confirmed i n a c o r r e c t l y 

s p e c i f i e d hedonic p r i c e model, except f o r those p a r c e l s on 

the main access road, where a s t a t i s t i c a l l y s i g n i f i c a n t 

e f f e c t was found. However, the e x p e c t a t i o n s of r e s i d e n t s 

t h a t the l a n d f i l l s i t e w i l l become a park were mentioned as 

an e x p l a n a t i o n f o r the l a c k of a s i g n i f i c a n t e f f e c t . 

Furthermore, people may o f f s e t the lower p r o p e r t y v a l u e s by 

c o n s t r u c t i n g more expensive homes. 

St u d i e s of s i m i l a r , or supposedly more noxious f a c i l i t i e s show 

ambiguous r e s u l t s . 

- Blomquist (1974) found s i g n i f i c a n t c o r r e l a t i o n of p r o p e r t y 

value d i f f e r e n t i a l s w i t h i n 11,500 f e e t (= 3 kms) of the 

Winnetka e l e c t r i c a l u t i l i t y power p l a n t i n I l l i n o i s . The 

d i f f e r e n t i a l s were best f i t t e d by a l i n e a r f u n c t i o n with a 

0.9% d e c l i n e f o r every 10% decrease i n d i s t a n c e from the 

p l a n t . 

- Nelson (1981) s t u d i e d the s a l e s p r i c e s before and a f t e r the 

Three M i l e I s l a n d a c c i d e n t and found no s i g n i f i c a n t p r i c e 

or a p p r e c i a t i o n r a t e d i f f e r e n c e s w i t h i n a 20 m i l e r a d i u s 

of the p l a n t . However, other p o s s i b l e e x p l a n a t i o n s f o r the 

l a c k of e f f e c t s were i d e n t i f i e d : 

- clean-up workers may have taken up the s l a c k i n the 

market; 
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- the o b s e r v a t i o n p e r i o d a f t e r the a c c i d e n t was o n l y 9 

months; t h i s may have been too s h o r t f o r the p r i c e 

l e v e l to a d j u s t ; 

- the e x p e c t a t i o n of f e d e r a l and s t a t e a s s i s t a n c e may 

have kept the p r o p e r t y v a l u e s a t par with other 

areas; 

- the l a c k of any damage from the a c c i d e n t a l r e l e a s e 

and the prompt clean-up may have r e s u l t e d i n merely 

short - t e r m c o s t s of evacuation and a n x i e t y to the 

r e s i d e n t s . 

- Gamble and Downing (1982) s t u d i e d p r o p e r t y s a l e s around 

fo u r n u c l e a r power p l a n t s i n the N o r t h e a s t e r n U.S. Both 

l i n e a r and l o g - l i n e a r f u n c t i o n s r e l a t i n g p l a n t v i s i b i l i t y 

and d i s t a n c e to the p r o p e r t y values showed no s i g n i f i c a n t 

c o r r e l a t i o n . Moreover, 583 s i n g l e f a m i l y d w e l l i n g s a l e s 

i n a 25 m i l e r a d i u s from the Three M i l e I s l a n d s i t e and 

112 s a l e s i n a c o n t r o l area were analysed, but showed no 

s i g n i f i c a n t e f f e c t s . However, the a n a l y s t s hypothesized 

t h a t the p l a n t c l o s u r e d u r i n g the study p e r i o d may have 

delayed the e f f e c t on p r o p e r t y v a l u e s . T h i s study 

attempted to assess the impact of clean-up workers moving 

i n t o the area and found no e f f e c t . 

The r e s u l t s of the e m p i r i c a l s t u d i e s c o n t r a d i c t the r e s u l t s 

of the r i s k p e r c e p t i o n s t u d i e s about r i s k y f a c i l i t i e s ( S l o v i c e t . 

a l . 1985) i n t h a t n u c l e a r r e a c t o r s and t o x i c wastes would be 

expected to cause s i g n i f i c a n t impacts on p e r c e p t i o n of r e s i d e n t i a l 

s a f e t y and, hence, would be r e f l e c t e d i n the market p r i c e 
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d i f f e r e n t i a l s . Moreover, the r e s u l t s a l s o c o n t r a d i c t the s t a t e d 

p e r c e p t i o n s of the r e s i d e n t s and the frequent p u b l i c o p p o s i t i o n to 

the hazardous and noxious f a c i l i t i e s . I t i s p a r t i c u l a r l y c u r i o u s 

t h a t n u c l e a r power p l a n t s show no e f f e c t on p r o p e r t y v a l u e s w h i l e 

a c o a l - b u r n i n g e l e c t r i c p l a n t does. 

None of the s t u d i e s v e r i f i e d the u n d e r l y i n g assumptions of 

the hedonic equation f o r p r o p e r t y v a l u e s , nor d i d they measure the 

s t r e n g t h and d i s t r i b u t i o n of the impacts (other than through 

d i s t a n c e and angle from downwind d i r e c t i o n ) . P o t e n t i a l l y 

o f f s e t t i n g b e n e f i t s may have e l i m i n a t e d the e f f e c t s of 

e x t e r n a l i t i e s on the s a l e s p r i c e s . In the absence of apparent 

v i s u a l , a u r a l or o l f a c t o r y nuisances, the non-apparent impacts may 

not be p e r c e i v e d and, hence, may not be r e f l e c t e d i n the p r i c e . 

As a r e s u l t , the p r o p e r t y value s t u d i e s are u n r e l i a b l e as 

i n d i c a t o r s f o r the impacts of noxious f a c i l i t i e s , u n l e s s a v a r i e t y 

of other v a r i a b l e s are measured and i n c l u d e d i n the a n a l y s i s . 

I t i s , however, p o s s i b l e t h a t f a c i l i t y impacts are r e f l e c t e d 

i n the average time r e q u i r e d to s e l l r e s i d e n t i a l p r o p e r t y r a t h e r 

than i n the p r i c e . S e n s i t i v e vendors may be w i l l i n g to wait u n t i l 

l e s s s e n s i t i v e buyers are found who are w i l l i n g to pay f u l l market 

p r i c e . Thus, the average number of days on the market u n t i l s a l e 

may be higher f o r impacted p r o p e r t y . 

F i n a l l y , s e n s i t i v e owners may s e l l and move-out i n response 

to a new f a c i l i t y . They may s e l l to uninformed buyers, who, on 

becoming aware of t h e i r predicament, may, i n t u r n , r e s e l l . Thus, 

the percentage of p r o p e r t y s a l e s and moves may i n c r e a s e i n 

impacted areas. Abelson (1977) r e p o r t s an i n c r e a s e d number of 
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household moves around the Sydney a i r p o r t i n p r o p o r t i o n to the 

n o i s e annoyance l e v e l s . Thus waste f a c i l i t y s i t i n g may a f f e c t 

r e s i d e n t i a l r e a l e s t a t e through p r o p e r t y p r i c e s , l e n g t h of time 

to s e l l p r o p e r t y , or number of s a l e s . 

F u r t h e r Economic Impacts 

Pr o p e r t y values e f f e c t s are the most obvious impacts, but 

e f f e c t s on f u t u r e development, road maintenance i n f r a s t r u c t u r e 

(waste, sewer) investments, p o l i c e , f i r e and emergency response 

s e r v i c e s and m o n i t o r i n g and i n s p e c t i o n c o s t s are important (Smith 

et a l . 1985). Except f o r p r o p e r t y value and f u t u r e development 

impacts, these e f f e c t s are r e f l e c t e d i n l o c a l taxes to a l l 

r e s i d e n t s i n the p o l i t i c a l j u r i s d i c t i o n t h a t i n c l u d e s the host 

community. Hence c o n s t r u c t i o n and o p e r a t i o n of m u n i c i p a l waste 

f a c i l i t i e s u s u a l l y do not r e q u i r e major i n f r a s t r u c t u r e c o s t s , 

except f o r roads. These i n f r a s t r u c t u r e c o s t s may be e x p l i c i t l y or 

i m p l i c i t l y o f f s e t by the p r o p e r t y taxes on the s i t e . F i n a l l y , 

h e a l t h impacts can r e s u l t i n l o s s of wages and h e a l t h care c o s t s . 

These are deemed remote and are not c o n s i d e r e d f u r t h e r . 

In summary economic impacts i n c l u d i n g p r o p e r t y v a l u e s , 

r e t a r d a t i o n of f u t u r e development and tax i n c r e a s e s f o r a d d i t i o n a l 

s e r v i c e s may a f f e c t the community. 

S o c i a l Impacts 

The s o c i a l impact i s d e f i n e d here as the s o c i a l s i g n i f i c a n c e 

of the waste f a c i l i t y to the community image and r e p u t a t i o n . 

Because the meaning of space and s o c i a l s t r u c t u r e i s to separate 

and s t a b i l i z e the community's p o s i t i o n (Ley, 1983), the mere 
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presence of a l a r g e waste d i s p o s a l f a c i l i t y may a f f e c t the s o c i a l 

image through the f a c i l i t y ' s c o n n o t a t i o n s of urban waste and 

p o l l u t i o n (Bealer et a l . 1982). For example, the names of the 

community o p p o s i t i o n groups r e f l e c t the a v e r s i o n to the stigma of 

having a waste f a c i l i t y i n one's community: "Don't Dump on D e l t a , 

South Langley A g a i n s t Garbage" ( Z e i s s , 1984b). 

The s o c i a l impact of waste and p o l l u t i o n l i e s i n the 

i m p l i c a t i o n s of immoral behavior and harmful, contagious 

consequences. Waste i n our s o c i e t y c a r r i e s a s t r o n g n e g a t i v e 

meaning as expressed by B e a l e r , et a l . (1982), "the s u b j e c t of 

waste comes up a l o s e r i n a s o c i e t y s t r o n g l y v a l u i n g the 

o p p o s i t e . " P o l l u t i o n , seen as the harmful r e s u l t of waste, 

c a r r i e s a s i m i l a r n e g a t i v e c o n n o t a t i o n . The apparent c o n n e c t i o n 

of the immoral (waste) with the harmful ( p o l l u t i o n ) through the 

v i s i b l e s i g n s of waste and p o l l u t i o n , emphasizes the u n d e r l y i n g 

b e l i e f i n a c a u s a l connection between the two. Since " p o l l u t i o n 

b e l i e f s t r a c e c a u s a l chains from immoral a c t i o n s [to waste] to 

d i s a s t e r s " (Douglas and Wildavsky 1982), the combination of these 

two n o t i o n s by the p h y s i c a l presence of a waste f a c i l i t y i n c r e a s e s 

the s o c i a l impact. The r e s u l t i s viewed as a stigma (a "mark of 

shame," B e a l e r , et a l . 1982) on the r e p u t a t i o n of the host 

community. 

The r e s u l t of the stigma i s "to keep some c a t e g o r i e s of 

people a p a r t so others can be t o g e t h e r " (Douglas and Wildavsky 

1982). Thus, i m p l i c i t l y , the l o c a t i o n of the waste f a c i l i t i e s 

s eparates the r u r a l host community from the r e s t of s o c i e t y by 

a s s o c i a t i n g the community with waste and p o l l u t i o n . In the 
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context of Ley's (1983) e x i s t e n t i a l r e g i o n s of a c i t y 

( s e c u r i t y - s t r e s s , s t i m u l u s - e n n u i , and s t a t u s - s t i g m a ) , s i t i n g a 

waste f a c i l i t y i n a r u r a l host community p l a c e s a c e n t e r of 

stigma, s t i m u l u s and s t r e s s i n a l o c a t i o n of r u r a l s e c u r i t y , ennui 

and s t a t u s . The conspicuous presence and urban s i g n i f i c a n c e of 

the f a c i l i t y are bound to c l a s h with the b e l i e f s i n the p e a c e f u l , 

s m a l l , f r i e n d l y , c l e a n environment of the r u r a l community. As a 

r e s u l t , the waste f a c i l i t y can r e p r e s e n t a major s o c i a l impact on 

the community's image. 

P o l i t i c a l Impacts 

The decision-making process of e s t a b l i s h i n g the waste 

management p l a n , f a c i l i t y l o c a t i o n and the s i t i n g process 

generates a set of p o l i t i c a l impacts that a f f e c t s the change 

r e s i s t a n c e to a new t e c h n o l o g i c a l f a c i l i t y i n a host-community: 

1. Loss of c o n t r o l over the magnitude and d u r a t i o n of the 

changes; 

2. Lack of f a i r n e s s of the d i s t r i b u t i o n i n time and space of 

the f a c i l i t y l o s s e s and g a i n s ; 

3. Lack of f a m i l i a r i t y with the f a c i l i t y technology, 

o p e r a t i o n , impacts and with coping mechanisms and 

r e s o u r c e s ; 

4. Loss of c o n f i d e n c e i n the technology, i t s proponents and 

the environmental r e g u l a t i o n and enforcement agency. 

The f i r s t three elements are d e r i v e d from and i n c l u d e s e v e r a l r i s k 

p e r c e p t i o n f a c t o r s of S l o v i c , F i s c h h o f f and L i c h t e n s t e i n (1984, 

1985), Vlek and S t a l l e n (1981), and Hohenemser e t a l . (1986). 
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Tabl e 2.8: Co m p i l a t i o n of P o l i t i c a l Impacts i n 
Risk P e r c e p t i o n F a c t o r s i n Previous 
et a l . 1985). 

t h i s Study with 
Study ( S l o v i c 

P o l i t i c a l Impacts 
In t h i s Study 

Risk P e r c e p t i o n F a c t o r s 
( S l o v i c e t . a l . , 1985) and s i t i n g 
process f a c t o r s subsumed under 
p o l i t i c a l impacts 

Loss of 
C o n t r o l 

i n v o l u n t a r y 
u n c o n t r o l l a b l e 
not e a s i l y reduced 
high r i s k to f u t u r e g e n e r a t i o n s 
c a t a s t r o p h i c 

U n f a i r n e s s a f f e c t s one p e r s o n a l l y 
not e q u i t a b l e 

Lack of 
F a m i l i a r i t y 

unknown to those exposed 
not observable 
e f f e c t s delayed 
new r i s k 
d e c i s i o n making process u n f a m i l i a r 

Lack of 
Confidence 

r i s k s unknown to s c i e n c e 
proponent and d e c i s i o n makers 
unknown 
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Confidence i s added s p e c i f i c a l l y to i n c l u d e the p a r t i c i p a n t s 

who o f t e n p r o v i d e and i n t e r p r e t i n f o r m a t i o n and a c t as agents f o r 

the host-community; the f a c i l i t y proponent, the l o c a l government, 

and the environmental agency. Confidence i n the technology i t s e l f 

i s important too. The c o n f i d e n c e element i s a complementary 

f a c t o r to the r e s i d e n t s ' p e r s o n a l f a m i l i a r i t y . Both f a m i l i a r i t y 

and c o n f i d e n c e are contained i n the S l o v i c et a l . (1984) 

"knowledge" f a c t o r . 

The elements of c o n t r o l and f a i r n e s s were s e l e c t e d from the 

11 "dread" r i s k elements i n the study by S l o v i c et a l . (1984) (see 

Table 2.8). The other elements i n the "dread" dimension were 

dropped because they are not r e l e v a n t to MSW f a c i l i t y impacts 

(e.g., g l o b a l c a t a s t r o p h i c , consequences f a t a l , high r i s k to 

f u t u r e g e n e r a t i o n s , and r i s k i n c r e a s i n g ) . The unknown r i s k 

dimensions are subsumed under f a m i l i a r i t y and c o n f i d e n c e i n 

d e c i s i o n makers. 

The combination of m u l t i p l e f a c t o r s i n t o the f o u r elements 

here s i m p l i f i e s and c l a r i f i e s the dimensions s p e c i f i c a l l y f o r 

determining r e s i s t a n c e to waste f a c i l i t i e s i n host-communities. 

Loss of Host-Community C o n t r o l 

The host community's r e s i s t a n c e to the f a c i l i t y f r e q u e n t l y 

r e q u i r e s the waste agency to s i t e the f a c i l i t y u s i n g p o l i t i c a l or 

l e g a l power. The i m p o s i t i o n of an u n d e s i r a b l e f a c i l i t y , however, 

v i o l a t e s the host community's f e e l i n g of c o n t r o l over i t s 

environment. Furthermore, the p o l i t i c a l meaning of s t r a t e g i c 

s i t i n g d e c i s i o n s i m p l i e s the e x i s t e n c e of power of the 
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decision-makers over the host community. The f a c i l i t y proponent 

and the l o c a l government body may decide the s i t e l o c a t i o n and, 

hence, e x e r c i s e e x t e r n a l i t y c o n t r o l which amounts to a 

r e d i s t r i b u t i o n of income (Ley, 1983) f o r the host community. The 

l o c a t i o n of a noxious f a c i l i t y i s both a t t r a c t e d by the p r i o r 

c h a n n e l i z a t i o n of l o c a l l y u n d e s i r a b l e l a n d uses (highways and 

t r a n s p o r t c o r r i d o r s f o r access, and f a c t o r i e s as steam users) and 

r e i n f o r c e f u t u r e l o c a t i o n of a d d i t i o n a l u n d e s i r a b l e f a c i l i t i e s . 

S imultaneously, the noxious f a c i l i t y e x e m p l i f i e s the p o l i t i c a l 

power of the urban cent e r over the r u r a l p e r i p h e r y . The r e s u l t i n g 

f e e l i n g of h e l p l e s s n e s s c o n s i s t s of mental and p s y c h o l o g i c a l 

s t r e s s among host community r e s i d e n t s as documented by Madisso 

(1985). Risk p e r c e p t i o n s t u d i e s ( S l o v i c et a l . , 1984; S t a r r 1969) 

have shown t h a t i n v o l u n t a r i l y encountered r i s k s are p e r c e i v e d to 

be worse and, hence, more dreaded than v o l u n t a r i l y accepted 

r i s k s . The l o s s of c o n t r o l stemming from the presence of a waste 

f a c i l i t y demoralize the community and, hence, demands s u b s t a n t i a l 

a d a p t a t i o n e f f o r t from the r e s i d e n t s to cope with the new 

s i t u a t i o n . The f e e l i n g of l o s t c o n t r o l o f t e n occurs at the time 

of the change, i . e . , d u r i n g the s i t i n g p r o c e s s . However, i f 

f a c i l i t y impacts continue or i f u n c e r t a i n t i e s p e r s i s t , and i f 

complete a d a p t a t i o n i s i m p o s s i b l e , then the l o s s of c o n t r o l may 

extend throughout f a c i l i t y l i f e and w e l l beyond c l o s u r e (e.g., 

f o r l a n d f i l l s ) . In both s c e n a r i o s , the l o s s of c o n t r o l r e q u i r e s 

s u b s t a n t i a l coping e f f o r t and t h e r e f o r e i n c r e a s e s the r e s i s t a n c e 

to change. Thus, the d e m o r a l i z i n g e f f e c t of the imposed f a c i l i t y 

on the host community i n c r e a s e s the p e r c e i v e d s i g n i f i c a n c e of the 
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r i s k s and impacts and, hence, i n c r e a s e s the va l u e of the l o s s e s to 

the host community (Michelman 1967). 

U n f a i r n e s s 

F a i r n e s s i n the context of f a c i l i t y s i t i n g i s d e f i n e d as a 

d i s t r i b u t i o n of f a c i l i t y c o s t s i n p r o p o r t i o n to i t s b e n e f i t s 

among a l l b e n e f i c i a r i e s , and by the absence of e x t e r n a l impacts 

among n o n - b e n e f i c i a r i e s . 

For a t y p i c a l waste f a c i l i t y , the f i n a n c i a l c o s t s are 

d i s t r i b u t e d e q u a l l y among waste generators i n the catchment area 

through u n i t d i s p o s a l c o s t s , w h i l e , i n c o n t r a s t , the e x t e r n a l 

e f f e c t s ( f a c i l i t y impacts) are conc e n t r a t e d i n the host-community 

and p a r t i c u l a r l y i n the immediate l o c a l area of the f a c i l i t y (see 

F i g u r e 2.10) because the host community i s d e f i n e d by the impact 

f i e l d . Thus, the l a r g e number of waste generators b e n e f i t from 

the waste d i s p o s a l s e r v i c e , w h ile the s m a l l number of 

host-community r e s i d e n t s s u f f e r the l o s s e s . T h i s d i s t r i b u t i o n i s 

u n f a i r by the d e f i n i t i o n used here, because the b e n e f i t s are 

widespread while c o s t s (impacts) are co n c e n t r a t e d on the host 

community alone . 

The l a r g e r the number of c o n t r i b u t i n g waste generators i n 

r e l a t i o n to the host-comunity r e s i d e n t s , the more u n f a i r the 

arrangement w i l l be. The u n f a i r n e s s w i l l be exacerbated f u r t h e r 

i f waste from other p o l i t i c a l j u r i s d i c t i o n s i s accepted at the 

f a c i l i t y . While r e s i d e n t s seem to accept r e s p o n s i b i l i t y f o r t h e i r 

own waste, they are very s e n s i t i v e to other people's waste, 

p a r t i c u l a r l y i f i t comes from a l a r g e c i t y . The r e s u l t s from a 
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s m a l l p u b l i c workshop ( Z e i s s , 1984b) show t h a t the acceptance of a 

waste f a c i l i t y drops i f the f a c i l i t y serves other communities, and 

p a r t i c u l a r l y i f i t serves a l a r g e c i t y . Thus, the p e r c e p t i o n 

of u n f a i r n e s s i s connected with s o c i a l stigma, u r b a n - r u r a l 

c o n f l i c t , and l o s s of c o n t r o l through the s i t i n g of a waste 

f a c i l i t y . 

Community F a m i l i a r i t y with the F a c i l i t y and I t s Impacts 

Although some people have seen or v i s i t e d a s m a l l l a n d f i l l 

( i . e . , the garbage dump) at one time or another, l a r g e modern 

f a c i l i t i e s such as i n c i n e r a t o r s , r e g i o n a l l a n d f i l l s , and hazardous 

waste f a c i l i t i e s are p r a c t i c a l l y unknown to many people. The 

r e s i d e n t s are u n f a m i l i a r with many aspects of l a r g e modern waste 

f a c i l i t i e s i n c l u d i n g the s i t i n g p r o c e s s , d i s p o s a l technology, 

impacts, and coping and a d a p t a t i o n mechanisms, because the s i t i n g 

process i s an i n f r e q u e n t event t h a t occurs i n very few 

communities. Thus, g e n e r a l knowledge about the process and the 

f a c i l i t y i s s c a r c e and l i m i t e d . U n c e r t a i n t y among waste 

management p r o f e s s i o n a l s about the s i t i n g p r o c e s s , f a c i l i t y 

t echnology, impacts and coping s t r a t e g i e s may c o n t r i b u t e to the 

p e r c e i v e d l a c k of f a m i l i a r i t y , because the host-community r e l i e s 

on these p r o f e s s i o n a l s f o r i t s i n f o r m a t i o n about complex 

technology and impacts. S l o v i c et a l . (1985) i d e n t i f y s c i e n t i f i c 

knowledge as a necessary f a c t o r f o r e x p l a i n i n g r i s k p e r c e p t i o n . 

Thus, p e r s o n a l f a m i l i a r i t y and c o n f i d e n c e i n experts and 

decision-makers are complementary f a c t o r s i n r i s k p e r c e p t i o n . 

E a r l e and L i n d e l l (1983) show t h a t i n d i v i d u a l s who are 
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p r o f e s s i o n a l l y or p h y s i c a l l y c l o s e t o hazardous f a c i l i t i e s , and 

thus more f a m i l i a r with the f a c i l i t i e s , tend to accept the 

f a c i l i t y more r e a d i l y . Moreover, a given i n d i v i d u a l i n a l a r g e 

c i t y i s l e s s l i k e l y to be aware of a s p e c i f i c noxious i n d u s t r i a l 

f a c i l i t y than would a r e s i d e n t of a s m a l l e r community i n which 

a major i n d u s t r i a l f a c i l i t y i s l o c a t e d ( E a r l e and L i n d e l l 1983). 

Since the f a m i l i a r i t y with the impacts i s low, but the 

awareness of the f a c i l i t y and i t s impacts are h i g h , the r e s u l t i n g 

a n x i e t y , u n c e r t a i n t y , and r i s k p e r c e p t i o n of the p h y s i c a l and 

s o c i a l impacts are g r e a t e r f o r u n f a m i l i a r f a c i l i t i e s and impacts 

than f o r common f a c i l i t i e s (LMRP 1985; Madisso 1985; S l o v i c et a l . 

1984). In response, many p u b l i c p a r t i c i p a t i o n programs focus many 

of t h e i r e f f o r t s on f a m i l i a r i z i n g r e s i d e n t s with the f a c i l i t y and 

i t s o p e r a t i o n (Connor and Svendson 1986) with the i n t e n t of 

lowering a n x i e t y , and, hence o p p o s i t i o n . 

Confidence i n the Proponent, Enforcement Agency, and D i s p o s a l 
Technology 

The good image and honest i n t e n t i o n s of the p u b l i c or p r i v a t e 

proponent have long been r e c o g n i z e d as e s s e n t i a l to a s u c c e s s f u l 

s i t i n g process (Centaur Assoc. 1979; O'Hare, et a l . 1983). Since 

Love Canal and i t s r e v e r b e r a t i o n s i n the p r e s s , waste management 

companies and agencies have become very aware of the harm to new 

s i t i n g attempts caused by poor management of e x i s t i n g f a c i l i t i e s . 

The proponent must be capable and honest, must p r o v i d e a necessary 

s e r v i c e and possess a good environmental r e c o r d , d e a l openly with 

the r e s i d e n t s and a v o i d any s t r a t e g i c maneuvering. Many f i r m s and 

waste agencies are making s p e c i a l e f f o r t s to m aintain a good 
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p u b l i c image to a i d the s i t i n g of waste f a c i l i t i e s (Redhead 1986). 

Confidence i n the l o c a l government as an important d e c i s i o n maker 

and r e p r e s e n t a t i v e of the host community's i n t e r e s t s i s 

important, and e s p e c i a l l y i f the l o c a l government i s a l s o the 

o p e r a t o r of the f a c i l i t y . 

However, co n f i d e n c e i n the r e g u l a t i n g and enforcement agency 

i s almost e q u a l l y important, p a r t i c u l a r l y where r i s k s and 

u n c e r t a i n t y about the p r o j e c t are p r e s e n t . A government agency 

th a t has inadequate or no r e g u l a t i o n s i n p l a c e to p r o t e c t the host 

community w i l l not g a i n the c o n f i d e n c e of the r e s i d e n t s . T h i s i s 

p a r t i c u l a r l y important i f the proponent i s a p r i v a t e f i r m which i s 

p e r c e i v e d to have a short-term p r o f i t motive and, hence, may have 

an i n c e n t i v e to v i o l a t e r e g u l a t i o n s ( H a r f o r d , 1978). Not 

s u r p r i s i n g l y , S l o v i c , et a l . (1984) found a c o r r e l a t i o n between 

r i s k p e r c e p t i o n and the p e r c e p t i o n of the need f o r more s t r i n g e n t 

r e g u l a t i o n of r i s k y a c t i v i t i e s and f a c i l i t i e s . 

F i n a l l y , the host community conf i d e n c e i n the d i s p o s a l 

technology and emission c o n t r o l s w i l l i n f l u e n c e the 

host-community's p e r c e p t i o n of the f a c i l i t y . Confidence i n the 

technology reduces concern and doubt about the f a c i l i t y impacts. 

E a r l and L i n d e l l (1983) show t h a t groups which are e i t h e r 

p r o f e s s i o n a l l y or g e o g r a p h i c a l l y c l o s e r to r i s k y f a c i l i t i e s , and 

presumably more f a m i l i a r with the f a c i l i t i e s , are more c o n f i d e n t 

and l e s s concerned about h e a l t h e f f e c t s and are more a c c e p t i n g of 

the a c t i v i t y . I t f o l l o w s t h a t f a m i l i a r i t y seems to generate more 

con f i d e n c e and both c o r r e l a t e with b e t t e r acceptance. 
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2.4.3 F a c i l i t y B e n e f i t s 

The needs of the host community u s u a l l y c o n s i s t of the waste 

d i s p o s a l s e r v i c e f o r t h e i r own r e f u s e , but may a l s o i n c l u d e 

employment and p r o p e r t y tax revenues. I f the f a c i l i t y meets 

c r u c i a l host-community needs, then the f a c i l i t y i s bound to be 

more d e s i r a b l e and more t o l e r a b l e f o r the r e s i d e n t s . 

Although a s o l i d waste f a c i l i t y f u l f i l l s one of the 

h o s t-comunity 1s needs ( d i s p o s a l s e r v i c e ) , t h i s need c o u l d e a s i l y 

be p r o v i d e d by a number of a l t e r n a t i v e methods other than h o s t i n g 

a r e g i o n a l waste f a c i l i t y . T h i s i s e s p e c i a l l y t r u e f o r a r u r a l 

community with low waste volumes and much open l a n d . Thus, 

f o r e g o i n g the d i s p o s a l s e r v i c e s p r o v i d e d by the f a c i l i t y i s a 

s m a l l l o s s f o r the host community compared with the l o s s e s 

a s s o c i a t e d with h o s t i n g a l a r g e r e g i o n a l waste f a c i l i t y . 

Both employment and tax revenues from waste f a c i l i t i e s are 

r e l a t i v e l y s m a l l , and are p r i m a r i l y used to o f f s e t a d d i t i o n a l 

i n f r a s t r u c t u r e c o s t s f o r roads, sewer, power, f i r e p r o t e c t i o n and 

emergency s e r v i c e s . Furthermore, the v a l u e of r e c l a i m e d l a n d from 

l a n d f i l l i n g i s low, because of i t s ( o r i g i n a l l y ) remote l o c a t i o n 

and because of the d i f f i c u l t i e s of c o n s t r u c t i o n on a f i l l e d a r e a . 

Some r e c r e a t i o n a l uses are s u i t a b l e (e.g., g o l f c o u r s e s ) , but i n a 

r u r a l host community, the premium f o r open l a n d f o r a g o l f course 

i s p r obably s m a l l . 

O v e r a l l , the b e n e f i t s a c c r u i n g s p e c i f i c a l l y to the host 

community from the f a c i l i t y c o n s t r u c t i o n and o p e r a t i o n are 

probably sma l l and, judging from the frequency and s t r e n g t h of the 

o p p o s i t i o n , the b e n e f i t s do not o f f s e t the l o s s e s . 
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2.4.4 Chapter Summary 

MSW l a n d f i l l s and i n c i n e r a t o r s generate emissions to a i r , 

water and s o i l . T y p i c a l l o c a t i o n s f o r waste f a c i l i t i e s are i n 

r u r a l host communities where s m a l l , d i v e r s e and low d e n s i t y l a n d 

uses are c h a r a c t e r i s t i c , decision-making process are t r a n s p a r e n t 

and decision-makers are known. The s i t i n g of a l a r g e , r e g i o n a l 

waste f a c i l i t y generates p h y s i c a l emissions and r e s u l t s i n a set 

of p h y s i c a l and n o n - p h y s i c a l impacts. P h y s i c a l impacts comprise 

h e a l t h r i s k s , n uisances, and environmental changes. These impacts 

can i n theory, be measured to e s t a b l i s h f a c i l i t y f o o t p r i n t s on the 

host community. 

The s e t of n o n - p h y s i c a l impacts i n c l u d e s economic, s o c i a l , and 

p o l i t i c a l e f f e c t s of a waste f a c i l i t y on a r u r a l host community. 

Although these impacts are not p h y s i c a l l y measurable, they may be 

a s s o c i a t e d with and t r i g g e r e d by exposure to p h y s i c a l impacts. 

Furthermore, these impacts may be i n t e r r e l a t e d with each o t h e r . 

Table 2.9 l i s t s a g e n e r i c summary of impacts a t the MSW 

f a c i l i t i e s . 



Table 2.9 - Summary of M u n i c i p a l S o l i d Waste F a c i l i t y Impacts 

Impacts L a n d f i l l I n c i n e r a t o r 

Health r i s k s 

A i r (x) x 
Water x 
E x p l o s i o n x 

Nuisances 

Noise x x 
Odor x 
View x x 

Environmental 
Change 

A i r q u a l i t y (x) x 
Water q u a l i t y x (x) 
W i l d l i f e x (x) 

Economic 

P r o p e r t y Values x x 
Future 
development x x 
I n f r a s t r u c t u r e x x 

S o c i a l 

Community Image x x 

P o l i t i c a l 

Loss of C o n t r o l x x 
F a i r n e s s x x 
F a m i l i a r i t y x x 
Confidence x x 

B e n e f i t s 

Waste D i s p o s a l S e r v i c e x x 
Convenience x x 
Energy (x) 
Employment (x) (x) 
Tax Revenues (x) (x) 

x = i m p a c t / b e n e f i t t y p i c a l l y occurs 
(x) = i m p a c t / b e n e f i t may occur 
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CHAPTER - 3 ACCEPTANCE CRITERION and APPROACH f o r 
SITING WASTE FACILITIES i n HOST COMMUNITIES 

The g o a l of t h i s chapter i s to determine t h e o r e t i c a l l y the 

most e f f e c t i v e approach to g a i n i n g f a c i l i t y acceptance i n host 

communities. A c r i t e r i o n to d e f i n e "acceptance" i n the host 

community i s d e r i v e d from a con c e p t u a l model of f a c i l i t y impacts 

and b e n e f i t s . Then, the most e f f e c t i v e approach to r e a c h i n g 

f a c i l i t y acceptance i s d e r i v e d t h e o r e t i c a l l y from environmental 

economic theory. T h i s b a s i c approach i s then t r a n s l a t e d i n t o 

s p e c i f i c methods of addr e s s i n g f a c i l i t y impacts. F i n a l l y , common 

l e g a l and l e g i s l a t e d compensation o p t i o n s f o r noxious f a c i l i t y 

impacts are reviewed to determine t h e i r e f f e c t i v e n e s s i n g a i n i n g 

acceptance based on the t h e o r e t i c a l l y determined approach. The 

c o n c l u s i o n s summarize the f i n d i n g s as hypotheses f o r an op t i m a l 

approach. 

3.1 F a c i l i t y Impact Model and Acceptance C r i t e r i o n 

The acceptance model c o n c e p t u a l l y t r e a t s f a c i l i t y impacts as 

l o s s e s and f a c i l i t y b e n e f i t s as gains to the host community. 

These l o s s e s and gains are shown i n F i g u r e 3.1 as changes from the 

host community's r e f e r e n c e l e v e l , t h a t i s , as changes to the 

o r i g i n a l c o n d i t i o n i n the community. The o r i g i n a l r e f e r e n c e p o i n t 

i n a s t a b l e community i s simply the s i t u a t i o n i n the community 

before the change (the f a c i l i t y ) . I f , however, some change has 

oc c u r r e d p r i o r to the proposed f a c i l i t y s i t i n g , then the r e f e r e n c e 

p o i n t may be u n c l e a r . For t y p i c a l , s t a b l e host communities as 

d e f i n e d i n Chapter 2, the r e f e r e n c e p o i n t i s l i k e l y to be the host 
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PE = Physical emissions 
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CR = Change resistance 
AI*= Net Total Irrpact 

F i g u r e 3.1: Acceptance Model and Net F a c i l i t y Impact. 
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community without the f a c i l i t y . 

Losses comprise three s p e c i f i c impact types: 

P h y s i c a l emissions (PE) to a i r , water and s o i l are 

determined by the p h y s i c a l d e s i g n . They are a t t e n u a t e d by 

the p h y s i c a l c h a r a c t e r i s t i c s of the s i t e to the extent of 

i t s environment c a p a c i t y (EC). The p h y s i c a l impacts (PI) 

are the r e s u l t i n g net p h y s i c a l changes the f a c i l i t y causes 

to surrounding a r e a s . 

S o c i a l impacts (SI) c o n s i s t of the s o c i a l meaning of the 

f a c i l i t y and of i t s a s s o c i a t i o n with the host-community. 

S o c i a l impacts may occur independently of p h y s i c a l 

emissions; the complaint of " j u s t knowing the f a c i l i t y i s 

t h e r e " i s an i n d i c a t i o n of s o c i a l impacts. However, 

obvious p h y s i c a l nuisances (odor, n o i s e , view) may a c t as 

reminders, or t r i g g e r s f o r s o c i a l impacts. 

Economic impacts (EI) comprise p o s s i b l e p r o p e r t y value 

d e p r e c i a t i o n and l o s s of f u t u r e development. They are 

t h e o r e t i c a l l y caused by p h y s i c a l or s o c i a l impacts. 

Furthermore, i f h e a l t h impacts occur, l o s s of wages and 

h e a l t h care c o s t s can r e s u l t . These are , however, 

d i s r e g a r d e d here. 

A l l impacts r e p r e s e n t i n d i v i d u a l values based on p e r s o n a l judgment 

as p e r c e i v e d by r e s i d e n t s . Each person determines i f and to what 

degree he or she i s a f f e c t e d by the f a c i l i t y . T h i s i s c o n s i s t e n t 

with the b a s i c economic p r i n c i p l e t h a t each i n d i v i d u a l i s the best 

judge of h i s or her w e l f a r e . 

For the purpose of f a c i l i t y s i t i n g , "acceptance" i s d e f i n e d 
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as the absence of s i g n i f i c a n t , t a n g i b l e o p p o s i t i o n as e x i t or 

v o i c e (Hirschmann, 1970) i n response to f a c i l i t y s i t i n g . Thus, 

the d e f i n i t i o n i s based on b e h a v i o r a l response r a t h e r than on 

a t t i t u d e . The d e f i n i t i o n assumes a c o r r e l a t i o n between 

s e n s i t i v i t y to f a c i l i t y impacts, r e s u l t i n g n e g a t i v e a t t i t u d e and 

o p p o s i t i o n a c t i o n ( F i s h b e i n and Ajzen, 1978) but r e l i e s on 

o p p o s i t i o n a c t i v i t y as the i n d i c a t o r f o r degree of "acceptance". 

E x i t of s i g n i f i c a n t numbers of households from the host 

community may l e a d to a weakening and d e s t a b i l i z a t i o n , whereas 

o p p o s i t i o n a c t i v i t i e s can cause s e r i o u s d e l a y to the f a c i l i t y , 

e.g., through law s u i t s , r e f e r e n d a and major p o l i t i c a l p r e s s u r e . 

Both forms of o p p o s i t i o n l e a d to f u r t h e r l o s s e s as a r e s u l t of 

f a c i l i t y s i t i n g . 

Since a l a r g e number of host community r e s i d e n t s are 

p o t e n t i a l l y i n v o l v e d , the aggregation of i n d i v i d u a l v a l u e s among 

host community r e s i d e n t s must be addressed i n order to d e f i n e an 

acceptance c r i t e r i o n . Rather than assuming r u l e s f o r aggregating 

v a l u e s , the acceptance c r i t e r i o n i s d e f i n e d f o r a s i n g l e , marginal 

r e s i d e n t ' s o p p o s i t i o n a c t i o n s . Thus, the f o l l o w i n g model i s 

d e f i n e d f o r the i n s t r u m e n t a l r e s i d e n t who i s most l i k e l y t o , move 

away, take l e g a l a c t i o n , s t a r t a referendum, or i n i t i a t e an 

o p p o s i t i o n group i f f a c i l i t y s i t i n g proceeds. 

Thus, the c r i t i c a l (or marginal) i n d i v i d u a l or household i s 

one t h a t f e e l s threatened or annoyed by the f a c i l i t y and i s 

s u f f i c i e n t l y connected i n the host community to o b t a i n support to 

generate a s u s t a i n a b l e o p p o s i t i o n . The i n d i v i d u a l who i s "on the 

edge" of a c t i v e l y opposing the f a c i l i t y and i s l i k e l y to i n c i t e 
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o t h e r s to f o l l o w i s the marginal r e s i d e n t on whom acceptance 

hinges. T h e r e f o r e acceptance i s achieved when t h i s m arginal 

r e s i d e n t r e f r a i n s from a c t i v e o p p o s i t i o n . O b v i o u s l y , i t i s 

d i f f i c u l t to p r e d i c t a p r i o r i who the marginal r e s i d e n t w i l l be. 

However, i n t e r v i e w s with community l e a d e r s , long-term r e s i d e n t s , 

and e n v i r o n m e n t a l l y concerned i n d i v i d u a l s are commonly used i n 

f a c i l i t y s i t i n g to i n d i c a t e i n i t i a l r e a c t i o n s and i n t e n t i o n s 

(e.g., Connor and Svendson, 1985). Regardless of the measurement 

problems, the c o n c e p t u a l d e f i n i t i o n of acceptance i s used here f o r 

the h y p o t h e t i c a l marginal r e s i d e n t d e c i d i n g whether to take 

s i g n i f i c a n t o p p o s i t i o n a c t i o n i n response to the waste f a c i l i t y . 

From the d i s c u s s i o n i n Chapter 2, i t i s l i k e l y t h a t p h y s i c a l 

impacts may cause and, hence, i n t e r a c t with economic and s o c i a l 

impacts. T h e r e f o r e , the impacts may not be independent, o r , 

hence, a d d i t i v e i n a d e c i s i o n model. These impacts are t h e r e f o r e 

shown as o v e r l a p p i n g arrows i n F i g u r e 3.1 to i n d i c a t e the 

i n t e r a c t i o n , which i s e q u i v a l e n t to a m u l t i p l i c a t i v e form of v a l u e 

a ggregation (Von W i n t e r f e l d t and Edwards, 1986). 

Negative val u e s from the r e f e r e n c e p o i n t are i n d i c a t e d by 

downward arrows; p o s i t i v e e f f e c t s are shown by arrows p o i n t e d 

upward. The v a l u e s of p h y s i c a l ( P I ) , s o c i a l ( S I ) , and economic 

(EI) impacts combine to the gross f a c i l i t y impact ( l o s s I ) , shown 

i n t h i s h y p o t h e t i c a l case as the combined l e n g t h of the i n d i v i d u a l 

impact v a l u e s . F a c i l i t y b e n e f i t s (shown as an upward arrow) are 

u s u a l l y s m a l l and do not n e a r l y o f f s e t the impacts. 

Any change comprises a s e t of gains ( b e n e f i t s ) and l o s s e s 

( i m p a c t s ) . Change r e s i s t a n c e i s a concept used here to r e f l e c t 
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the e f f o r t and r e l u c t a n c e to d e a l with t h i s s e t of l o s s e s and 

g a i n s . The process of i d e n t i f y i n g the dimensions of change, 

e v a l u a t i n g the gains and l o s s e s , determining o p p o s i t i o n , avoidance 

and coping behavior, and adapting to the change r e q u i r e mental and 

p h y s i c a l e f f o r t on the p a r t of the a f f e c t e d r e s i d e n t s . Moreover, 

even a sm a l l i n i t i a l change may generate l a r g e change r e s i s t a n c e 

because i t s subsequent r a m i f i c a t i o n s may r e q u i r e f u r t h e r 

s u b s t a n t i a l change a d a p t a t i o n e f f o r t (Von W i n t e r f e l d t and Edwards, 

1986). Thus, change r e s i s t a n c e r e f l e c t s the expected e f f o r t f o r 

d e a l i n g with i n i t i a l change and i t s r a m i f i c a t i o n s . 

P o l i t i c a l impacts were o r i g i n a l l y i d e n t i f i e d as n o n - p h y s i c a l 

i n the host community. Although p o l i t i c a l impacts ( l o s s of 

c o n t r o l , and c o n f i d e n c e , u n f a i r n e s s , l a c k of f a m i l i a r i t y ) do not 

o b j e c t i v e l y a f f e c t the s i z e of s p e c i f i c impacts, they are 

h y pothesized to cause a d d i t i o n a l change r e s i s t a n c e . Thus 

p o l i t i c a l impacts are combined i n t o the change r e s i s t a n c e l o s s 

arrow i n F i g u r e 3.2. Since l a c k of f a m i l i a r i t y with the p r o j e c t 

and l a c k of c o n f i d e n c e i n the d e c i s i o n makers r e q u i r e from the 

r e s i d e n t s more e f f o r t to e v a l u a t e the p r o j e c t i n terms of the 

changes, as the l o s s of c o n t r o l and f a i r n e s s r e q u i r e s p e c i a l 

a t t e n t i o n so as to prevent i n t o l e r a b l e changes, the combination of 

the four p o l i t i c a l impacts i n t o change r e s i s t a n c e i s c o n c e p t u a l l y 

a c c u r a t e . 

The s p e c i f i c p o l i t i c a l impacts of f a m i l i a r i t y (with the 

f a c i l i t y impacts) and confidence i n the d e c i s i o n makers are 

interdependent as are c o n t r o l and c o n f i d e n c e . These connections 

are shown i n F i g u r e 3.2. The d i r e c t i o n of c a u s a t i o n i s shown by 
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the arrows; the p l u s s i g n s (+) i n d i c a t e p r o p o r t i o n a l , the minus 

sign s (-) i n d i c a t e i n v e r s e l y p r o p o r t i o n a l r e l a t i o n s h i p s . The 

r e s u l t i n g change r e s i s t a n c e i s determined by these r e l a t i o n s h i p s 

with the four p o l i t i c a l impacts. 

R e s i s t a n c e to change i s a common i s s u e i n community p l a n n i n g 

(Lynch, 1981, Downs, 1981, Wolpert e t a l . 1972, Coote, 1985). 

Since change r e s i s t a n c e i s a common response to v i r t u a l l y any 

change, i t c o n s t i t u t e s a g e n e r i c " f r i c t i o n " l o s s t h a t i n c r e a s e s 

the negative v a l u e of the change to the host community. The net 

r e s u l t i n g f a c i l i t y impact A I* can t h e r e f o r e be s t a t e d as the 

neg a t i v e value of combined p h y s i c a l , s o c i a l and economic impacts 

o f f s e t by the p o s i t i v e value of b e n e f i t s , i n c r e a s e d by the 

ne g a t i v e value of the change r e s i s t a n c e (CR i n F i g u r e 3.1). 

The f a c i l i t y acceptance c r i t e r i o n r e q u i r e s t h a t the net 

f a c i l i t y impact A I * f a l l w i t h i n the (very small) t o l e r a n c e range 

of the host community, t h a t i s , e s s e n t i a l l y be equal to zero: 

Acceptance C r i t e r i o n 

AI* = AI - CR^O 

T h i s c r i t e r i o n s t a t e s t h a t the onl y outcome comparable t o not 

having the f a c i l i t y i s achieved when no net l o s s o c c u r s . T h i s 

c o n d i t i o n i s c o r r o b o r a t e d by demand of some host communities' to 

have zero net impact f o r acceptance of waste f a c i l i t i e s (Centaur 

A s s o c i a t e s , 1979, F i s h and Romano, 1980). The c o n d i t i o n of net 

zero impact, t a k i n g i n t o account the change r e s i s t e n c e , i s 

furthermore r a t i o n a l and optimal from the p e r s p e c t i v e of the host 
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community, because negative impacts c o n s t i t u t e income l o s s e s with 

no e q u i v a l e n t o f f s e t t i n g b e n e f i t . Thus, f a c i l i t y acceptance 

hinges on r e d u c i n g below t o l e r a n c e l e v e l the net l o s s to the 

community. 

I m p l i c a t i o n s of the Acceptance C r i t e r i o n 

The acceptance model shows t h a t the c o n d i t i o n of no net l o s s 

can be met e i t h e r through reducing l o s s e s or by i n c r e a s i n g 

b e n e f i t s to the host community. More s p e c i f i c a l l y , there are 

three approaches f o r the f a c i l i t y s i t i n g agency to achieve f a c i l i 

acceptance: 

1. Reduce the f a c i l i t y ' s p h y s i c a l , s o c i a l and economic impacts 

by e.g., s c r e e n i n g of views, c o l l e c t i n g and t r e a t i n g water 

and a i r emissions, p r e v e n t i n g community a s s o c i a t i o n with the 

f a c i l i t y by choosing a d i f f e r e n t f a c i l i t y name, and by 

guaranteeing p r o p e r t y values f o r p r o p e r t y owners w i t h i n a 

c e r t a i n r a d i u s of the f a c i l i t y (see e.g., C i t y of S e a t t l e , 

1986). 

2. Reduce change r e s i s t a n c e by enhancing f a i r n e s s through 

r e d i s t r i b u t i n g a l a r g e r p o r t i o n of f a c i l i t y c o s t s to the 

waste generators o u t s i d e the host-community, enhancing 

f a m i l i a r i t y by p r o v i d i n g f a c i l i t y t o u r s and p r e s e n t a t i o n s , 

i n c r e a s i n g host-community c o n t r o l through p a r t i c i p a t i o n 

d u r i n g the s i t i n g process and i n l i a i s o n committees d u r i n g 

the o p e r a t i o n phase, and b u i l d i n g c o n f i d e n c e through 

s e l e c t i o n of proven technology and r e p u t a b l e , l o c a l l y known 

o p e r a t o r s . 

3. Increase b e n e f i t s by compensating the community i n 
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a l t e r n a t i v e b e n e f i t s , e.g. a new sewer system, improvements, 

a new f i r e h a l l , e t c . 

The most e f f e c t i v e approach i s not i n t u i t i v e l y e v i d e n t . Moreover, 

o p e r a t i o n a l methods to address p e r t i n e n t impacts are not 

s e l f - e v i d e n t e i t h e r . 

3.2 The B a s i c Acceptance Approach 

The c h o i c e s f o r the s i t i n g agency to meet the acceptance 

c r i t e r i o n c o n s i s t of e i t h e r r e d u c i n g negative f a c i l i t y impacts 

( l o s s e s ) , or i n c r e a s i n g f a c i l i t y b e n e f i t s (gains) to the 

host-community. I f the a b s o l u t e values of gains and l o s s e s to the 

host-community were equal, then the two approaches would have 

i d e n t i c a l e f f e c t s and c o u l d be used i n t e r c h a n g e a b l y . F o r t u n a t e l y , 

common c h o i c e behavior among people who are c o n f r o n t e d with 

d e c i s i o n s about changes p r o v i d e s b a s i c g u i d e l i n e s f o r choosing the 

most e f f e c t i v e approach. 

3 . 2 . 1 Values f o r Losses and Gains 

The p r o s p e c t theory (Hahnemann and Tversky, 1979, see F i g u r e 

3.3a) s t a t e s t h a t : 

1. l o s s e s from a r e f e r e n c e p o i n t are valued more n e g a t i v e l y 

than equal gains are valued p o s i t i v e l y , or, the a b s o l u t e 

value of l o s s e s exceeds the value of equal g a i n s ; 

2. people e v a l u a t e changes as p o s i t i v e or n e g a t i v e 

d i f f e r e n c e s from a r e f e r e n c e p o i n t , r a t h e r than as 

comparisons of f i n a l wealth p o s i t i o n s (see a l s o M a r s h a l l 

et a l . , 1986) . 

The value d i s p a r i t y of w i l l i n g n e s s to pay (gain) v a l u e (WTP) 
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Figure 3.3: (a) Value Curve According to the Prospect Theory; 
Source: Kahneman and Tversky, 1979. 

(b) The Value of a Loss Reduction Exceeds an Equal 
Gain. 

to 
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and compensation demanded ( l o s s ) v a l u e (CD) has been t h e o r e t i c a l l y 

and e m p i r i c a l l y v a l i d a t e d f o r numerous goods, i n c l u d i n g 

environmental q u a l i t y (Kahnemann and Tversky, 1979, T h a l e r , 1980, 

Gregory, 1982, Knetsch, 1983, Knetsch and Sinden, 1984, B r o o k s h i r e 

et a l . 1980). The r e s u l t s show compensation demanded va l u e f o r a 

l o s s to equal 2 to 15 times the WTP value (Knetsch, 1983). 

The prospect theory of Kahnemann and Tversky (1979) thus 

r e f u t e s the value symmetry of gains and l o s s e s and thereby 

p r o v i d e s a simple and e m p i r i c a l l y v a l i d a t e d g u i d e l i n e f o r 

s e l e c t i n g the most e f f e c t i v e acceptance approach. I f we assume 

a l l f a c i l i t y impacts ( l o s s e s ) and b e n e f i t s (gains) to be c o n t a i n e d 

i n the one dimension on the h o r i z o n t a l a x i s and, f u r t h e r , t h a t the 

r e f e r e n c e p o i n t i s the c o n d i t i o n i n the host-community without the 

f a c i l i t y , then the f o l l o w i n g reasoning holds t r u e as i l l u s t r a t e d 

i n F i g u r e 3.3b. 

I f s i t i n g a waste f a c i l i t y imposes a l o s s of L on a t y p i c a l 

host-community r e s i d e n t , then the r e d u c t i o n of t h a t l o s s by L 

w i l l r e s u l t i n the r e d u c t i o n of the value l o s s by V T. Because of 
All 

the f l a t t e r s l ope of the value curve on the gains s i d e , an equal 

s i z e d g a i n of AG = 4 L w i l l o n l y r e s u l t i n a value i n c r e a s e of | 

< |yLJ. Hence, i n g e n e r a l , i t w i l l be more e f f e c t i v e to reduce the 

l o s s e s to the host-community than to o f f e r a l t e r n a t i v e b e n e f i t s . 

The c o n c l u s i o n holds t r u e f o r a smooth curve of g e n e r a l l y 

concave shape f o r the gains and convex shape f o r the l o s s e s . 

However, two s i t u a t i o n s c o n s t r a i n the g e n e r a l c o n c l u s i o n : 

a) Large l o s s e s (at the extreme l e f t of the l o s s curve) may 

d e c l i n e i n marginal value to the p o i n t where the marginal 



125 

v a l u e of a s m a l l g a i n increment (from zero, the r e f e r e n c e 

p o i n t ) exceeds t h a t of an equal marginal l o s s r e d u c t i o n , t h a t 

i s , the s t e e p e s t s l o p e of the g a i n curve near the r e f e r e n c e 

p o i n t exceeds t h a t of the l o s s - v a l u e curve (or V-./ G > 
4 G 

V T / L ) . To the l e f t , beyond t h i s (very) l a r g e l o s s , adding 

gains w i l l be more e f f e c t i v e , but o n l y back to the p o i n t where 

V T / L = V_/ G. To the r i g h t of t h i s p o i n t the l o s s e s are 
Ai-il AG 

s t i l l more e f f e c t i v e l y addressed by r e d u c t i o n , 

b) Thresholds at c r i t i c a l p o i n t s i n the curve or lumpiness i n 

the s i z e of l o s s or g a i n increments may l o c a l l y r e v e r s e the 

r e l a t i o n of curve slopes to produce convex r e g i o n s i n the 

g a i n r e g i o n s and concave areas i n the l o s s r e g i o n (Kahneman 

and Tversky, 1979) to form "toe s " and " s h o u l d e r s " i n the 

curve. For example, i f the f a c i l i t y impact becomes 

i n t o l e r a b l e and f o r c e s r e s i d e n t s to g i v e up t h e i r homes and 

move to an otherwise l e s s d e s i r a b l e community, then the l o s s 

curve near the c r i t i c a l impact ( g i v i n g up one's home) i s 

l i k e l y to be very steep. Conversely, s p e c i f i c t h r e s h o l d s on 

the g a i n value curve can generate l o c a l l y steep s l o p e s , e.g., 

the v a l u e t o a p r e s e n t l y unemployed person of g e t t i n g a job 

at the f a c i l i t y . 

A p p l i e d to the c h o i c e of acceptance measures, the p r o s p e c t 

theory i n d i c a t e s t h a t a r e d u c t i o n of the l o s s e s caused by the 

f a c i l i t y i s more e f f e c t i v e i n r e s t o r i n g the host-community 

r e s i d e n t s to t h e i r o r i g i n a l r e f e r e n c e p o i n t than i s an equal 

i n c r e a s e i n gains through a d d i t i o n a l b e n e f i t s . 
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Reference P o i n t 

The r e f e r e n c e p o i n t f o r host-community r e s i d e n t s i s l i k e l y 

to be the c o n d i t i o n of the host-community without the f a c i l i t y . 

Although the r e f e r e n c e p o i n t on each impact dimension i s 

c o n c e p t u a l l y e a s i l y d e f i n e d by the s t a t e of the host-community 

without the f a c i l i t y , the r e f e r e n c e c o n d i t i o n may be very 

d i f f i c u l t to a c c u r a t e l y d e s c r i b e or o b j e c t i v e l y measure (e.g., 

the image of a community). Moreover, the sta n d i n g on d i f f e r e n t 

dimensions may d i f f e r . To av o i d d i s c o n c e r t i n g e f f e c t s , people 

tend to s e l e c t from among many the most f a v o r a b l e dimension as the 

measure to compare themselves with peers at s i m i l a r socio-economic 

s t a t u s l e v e l s (Brickman and Campbell, 1971). For example, r e c e n t 

changes i n the community, i n the comparative c o n d i t i o n of other 

communities i n the area or the past experience of l i v i n g i n other 

neighborhoods, may i n f l u e n c e r e s i d e n t s ' r e f e r e n c e p o i n t s . I f 

re c e n t ( p o s s i b l y u n r e l a t e d ) changes o c c u r r e d i n the host-community 

(new development, sudden unemployment due to p l a n t c l o s u r e s ) , 

r e s i d e n t s may not have adapted to the new s i t u a t i o n . The 

r e f e r e n c e p o i n t may t h e r e f o r e be the o r i g i n a l c o n d i t i o n before the 

changes. Other communities may appear b e t t e r o f f . The 

host-community r e f e r e n c e p o i n t may be pegged above the a c t u a l 

s t a t u s quo or v i c e - v e r s a . F i n a l l y , r e c e n t experience of l i v i n g i n 

other communities may i n f l u e n c e newly a r r i v e d r e s i d e n t s ' r e f e r e n c e 

p o i n t . The l a t t e r i n f l u e n c e i s l i k e l y to be sm a l l f o r those 

communities where most r e s i d e n t s have l i v e d there f o r over 5 

ye a r s . T h e r e f o r e , i n most s t a b l e communities, the r e f e r e n c e p o i n t 

i s most l i k e l y to be the c o n d i t i o n i n the host-community without 
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the f a c i l i t y , but t h i s c o n d i t i o n must be v e r i f i e d f o r each host 

community. 

F i n a l l y , the r e f e r e n c e p o i n t f o r e v a l u a t i n g change i s l i k e l y 

to be at a high i n i t i a l l e v e l w i t h i n a range of s i m i l a r 

communities, i . e . , other r u r a l communities on the urban f r i n g e . 

T h i s r e f e r e n c e p o i n t i s an important c o n d i t i o n , because people 

show a very s t r o n g d e s i r e to break even, i . e . , r e t u r n to the 

r e f e r e n c e p o i n t a f t e r t a k i n g an i n i t i a l l o s s . T h a l e r and Johnson 

(1986) document i n c r e a s e d r i s k seeking behavior f o l l o w i n g a l o s s 

i n order to r e g a i n the o r i g i n a l r e f e r e n c e p o i n t . T h i s f i n d i n g 

supports the d e r i v e d acceptance r u l e (net impacts must equal zero) 

because i t shows the importance of a c h i e v i n g zero net l o s s , t h a t 

i s , a break-even, by r e t u r n i n g the host-community to i t s o r i g i n a l 

r e f e r e n c e p o i n t . 

3.2.2 Change Values f o r D i f f e r e n t Impact Dimensions 

Waste f a c i l i t i e s a f f e c t host-comunities on many dimensions. 

Yet evidence suggests t h a t people c a t e g o r i z e t h e i r g a i n s and 

l o s s e s i n t o accounts (Kahneman and Tversky, 1984; T h a l e r , 1985) 

and keep separate account balances (e.g., f o r "food", " c a r " , or 

p o s s i b l y "environmental q u a l i t y " ) . T h i s compartmentalized 

accounting system i n h i b i t s the exchange of gains and l o s s e s 

between accounts (dimensions). People e x h i b i t t h i s behavior even 

i n cases where gains and l o s s e s i n d i f f e r e n t accounts are measured 

on commensurate s c a l e s (such as d o l l a r s , see T h a l e r , 1985). 

The measurement and v a l u a t i o n of many d i f f e r e n t and o f t e n 

i n t a n g i b l e impacts i s , however, d i f f i c u l t and expensive ( i f 
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p o s s i b l e at a l l ) because of the numerous b i a s e s and problems with 

c o n t i n g e n t v a l u a t i o n i n money (Bishop and H e b e r l e i n , 1979, Schulze 

et a l . 1981, Gregory, 1982, Freeman, 1979, Sinden and W o r r e l l , 

1979). The d i f f i c u l t i e s i n v o l v i n g i n t a n g i b l e c o s t s of waste 

f a c i l i t i e s are documented i n Schmalensee et a l . (1975) and Z e i s s , 

(1984a). In a d d i t i o n to the c o m p l e x i t i e s of p h y s i c a l emission and 

impact p r e d i c t i o n and measurement, the a n a l y s t f a c e s problems i n 

e s t a b l i s h i n g v a l u e s f o r l o s s e s of i n t a n g i b l e , non-market 

environment "goods", e.g. r i s k , odor, view, image impacts. In 

a d d i t i o n to e x h i b i t i n g u n i n t e n t i o n a l ( c o g n i t i v e ) and s t r a t e g i c 

b i a s e s (Gregory, 1982), respondents are u n c e r t a i n and r e l u c t a n t to 

p l a c e d o l l a r v a l u e s on environmental q u a l i t y . As a r e s u l t , 

e q u i v a l e n t t r a d e s of gains on one dimension f o r l o s s e s on another 

are very d i f f i c u l t to i d e n t i f y or c a r r y out. T h i s l a c k of 

c e r t a i n t y i n v a l u i n g impacts furthermore r e s u l t s i n r e s i d e n t s ' 

r e l u c t a n c e to accept a l t e r n a t i v e b e n e f i t s as compensation f o r 

l o s s e s . 

3.2.3 In-Kind Impact Reduction as a P r i o r i t y f o r F a c i l i t y 
Acceptance 

The r e d u c t i o n of each impact on i t s own dimension, t h a t i s 

" i n k i n d " , i s the o n l y i n h e r e n t l y a c c e p t a b l e approach to meeting 

the acceptance c r i t e r i o n , because l o s s r e d u c t i o n s i n c r e a s e the net 

v a l u e of a change more e f f e c t i v e l y than equal g a i n s . In a d d i t i o n , 

i n - k i n d r e d u c t i o n avoids awkward exchanges of i n t a n g i b l e s between 

r e s i d e n t s ' i n t u i t i v e accounts of d i f f e r e n t environmental q u a l i t y 

i n d i c a t o r s (say, e.g., n o i s e vs. a i r emissions vs. community 

image). In-kin d r e d u c t i o n i s furthermore s u p e r i o r i n f a i r n e s s , 
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because i t most e f f e c t i v e l y reduces impacts by s h i f t i n g the c o s t s 

of a c h i e v i n g impact r e d u c t i o n to the f a c i l i t y b e n e f i c i a r i e s . 

I n - k i n d r e d u c t i o n minimizes the c h a n g e - r e s i s t a n c e by m i n i m i z i n g 

e f f o r t f o r e v a l u a t i n g and coping with changes caused by f a c i l i t y 

impacts. F i n a l l y , the p r a c t i c a l d i f f i c u l t i e s i n e s t a b l i s h i n g 

v a l u e s f o r i n t a n g i b l e f a c i l i t y impacts can be avoided through 

u s i n g market p r i c e values f o r impact r e d u c t i o n methods. Thus, 

impact r e d u c t i o n i s a more p r e d i c t a b l e and more e f f e c t i v e 

approach than compensation through a l t e r n a t i v e goods to meeting 

the acceptance c r i t e r i o n . 

3.3 P r i o r i t i e s f o r F a c i l i t y Impact Reduction Methods 

In order to more f i n e l y d i f f e r e n t i a t e o p e r a t i o n a l methods of 

re d u c i n g impacts, f o u r c a t e g o r i e s are d e f i n e d i n the context of 

the waste d i s p o s a l system (see F i g u r e 3 . 4 ) : 

P r e v e n t i o n i s d e f i n e d as a measure t h a t reduces the cause 

of impacts p r i o r to the emission source, i . e . , before the 

s i t i n g process begins or before the waste stream reaches 

the f a c i l i t y . 

C o n t r o l measures focus on impact r e d u c t i o n w i t h i n the 

subsystem boundary of the waste f a c i l i t y or d u r i n g the 

s i t i n g p r o c e s s . 

M i t i g a t i o n comprises a l l measures to reduce impacts 

downstream from the f a c i l i t y and a f t e r the f a c i l i t y i s 

b u i l t . B a s i c a l l y t h i s c ategory i n c l u d e s measures o u t s i d e 

the compliance boundary, i . e . , those which reduce impacts 

at the r e c e p t o r r a t h e r than at the source. 

Compensation measures are a l t e r n a t i v e b e n e f i t s t h a t are 
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o f f e r e d i n s t e a d of impact r e d u c t i o n . Compensation can be 

i n - k i n d , e.g., as the p r o v i s i o n of an a l t e r n a t e water 

source f o r contaminated ground-water, or as an a l t e r n a t e 

good, e.g., as a d i f f e r e n t i n t a n g i b l e good or as money. 

The d i s t i n c t i o n between m i t i g a t i o n and i n - k i n d 

compensation l i e s i n the d i s t i n c t i o n between the r e d u c t i o n 

of the s p e c i f i c impact as. opposed to the replacement of 

the l o s t good by another good, a l b e i t of the same type. 

Although these four concepts are i n t u i t i v e , the d e f i n i t i o n of 

the u n d e r l y i n g dimension, or a x i s , i s not. Thus, the f o l l o w i n g 

e x p l a n a t i o n of the d i f f e r e n c e s between the methods w i l l r e s u l t i n 

a meaningful d e f i n i t i o n of the dimension as a p r i o r i t y f o r 

s e l e c t i n g impact r e d u c t i o n measures. 

I n t u i t i v e l y , p r e v e n t i o n i s s u p e r i o r to c o n t r o l , because 

p r e v e n t i o n reduces the cause o u t s i d e the boundaries of the host 

community, whereas c o n t r o l and m i t i g a t i o n l i m i t the e f f e c t s i n the 

host community. In the context of the waste d i s p o s a l system, 

p r e v e n t i o n a f f e c t s the system c l o s e r to the cause, i . e . the waste 

ge n e r a t o r s , and p r i o r to the a r r i v a l of the waste stream or p r i o r 

to c o n s t r u c t i o n of the f a c i l i t y i n the host community. From the 

host community's p e r s p e c t i v e , the " d i s t a n c e " from the cause to the 

impact r e d u c t i o n e f f e c t i n c r e a s e s ( i n v e r s e l y to the d i s t a n c e from 

the community) i n the sequence of p r e v e n t i o n , c o n t r o l , m i t i g a t i o n 

and compensation. 

On a more a b s t r a c t l e v e l , t h i s sequence of measures f o l l o w s a 

simple c a u s e - e f f e c t sequence of the cause, "waste," being brought 

to the f a c i l i t y ( t h a t i s i n t o the community), where i t generates 
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"contaminants" t h a t then " p o l l u t e " the water, s o i l and a i r and 

r e s u l t i n " d i s e a s e " i n the community. T h i s c a u s a t i v e sequence 

f o l l o w s the r a t i o n a l e f o r s o c i a l impacts of waste f a c i l i t i e s (see 

Chapter 2). 

There i s a f u r t h e r d i f f e r e n c e between the methods on the time 

dimension. P r e v e n t i o n i m p l i e s t h a t impacts are reduced by e a r l i e r 

i n t e r v e n t i o n , c o n t r o l i n d i c a t e s immediate i n t e r v e n t i o n , while 

m i t i g a t i o n occurs a f t e r damage has o c c u r r e d . 

F i n a l l y , with i n c r e a s i n g d i s t a n c e and time l a g between the 

cause and the e f f o r t s to reduce impacts, the gap i n c r e a s e s between 

the waste generators as b e n e f i c i a r i e s and the impacted r e s i d e n t s 

as r e c e p t o r s of ( i n t a n g i b l e ) c o s t s . Thus, the d i s t r i b u t i o n of 

b e n e f i t s and c o s t s becomes more u n f a i r and the r e s p o n s i b i l i t y to 

d e a l with the problem moves f u r t h e r away from the source and 

c l o s e r to the r e c e p t o r , the host community. 

In summary, the sequence of p r e v e n t i o n , c o n t r o l , m i t i g a t i o n 

and compensation methods r e f l e c t s an i n c r e a s i n g p h y s i c a l d i s t a n c e 

between cause and e f f e c t , i n c r e a s i n g p r o g r e s s i o n on the 

c a u s e - e f f e c t c h a i n , i n c r e a s i n g time l a g and i n c r e a s i n g u n f a i r n e s s 

and s h i f t of r e s p o n s i b i l i t y to the host community. Thus, the 

burden to the r e c e i v i n g host community of adapting to change 

i n c r e a s e s i n the sequence of p r e v e n t i o n , c o n t r o l , m i t i g a t i o n , 

compensation. Thus, i f the cause of and r e s p o n s i b i l i t y f o r waste 

f a c i l i t y impacts i s seen to o r i g i n a t e i n the waste g e n e r a t i n g 

urban area, then i t i s p r e d i c t e d t h a t f a c i l i t y acceptance w i l l be 

enhanced a c c o r d i n g to t h i s sequence of methods: 

1. P r e v e n t i o n 
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2. C o n t r o l 

3. M i t i g a t i o n 

4. Compensation 

In c o n t r a s t , i f concerns about impacts are focussed on the waste 

f a c i l i t y as the cause or source, then the f o l l o w i n g sequence would 

be most e f f e c t i v e f o r acceptance: 

1. C o n t r o l 

2./3. P r e v e n t i o n / M i t i g a t i o n 

4. Compensation 

F i n a l l y , the o b j e c t i v e impact r e d u c t i o n e f f e c t s or the a d d i t i o n a l 

c o s t s may determine the c h o i c e of methods. 

In summary, the b a s i c approach to f a c i l i t y acceptance i s 

through impact r e d u c t i o n r a t h e r than compensation. T h i s s e c t i o n 

d e f i n e s p r e v e n t i o n , c o n t r o l , m i t i g a t i o n and compensation as 

methods of r e d u c i n g f a c i l i t y impacts. These methods d i f f e r i n 

d i s t a n c e , time, gap between cause and e f f e c t , and degree of waste 

generator r e s p o n s i b i l i t y and e f f o r t f o r r e d u c i n g f a c i l i t y impacts. 

These dimensions c o u l d center on the urban waste g e n e r a t i n g c e n t e r 

or on the waste f a c i l i t y as the cause. F i n a l l y , o b j e c t i v e impact 

r e d u c t i o n e f f e c t i v e n e s s and/or c o s t s c o u l d determine the 

e f f e c t i v e n e s s of these methods to enhance f a c i l i t y acceptance. 

3.3.1 Framing the S i t i n g Process f o r Acceptance 

T h i s s e c t i o n d e a l s with the process of i n t r o d u c i n g change i n 

the host-community through the f a c i l i t y s i t i n g . The i s s u e s of 

whether to combine l o s s e s and g a i n s , and how to schedule a c t i o n s 

to address the l o s s e s are d e r i v e d from t h e o r i e s on adapting to 

change (Helson, 1964) and on a c c e p t i n g l o s s e s (Kubler-Ross, 1969). 
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Dimensioning the Rate and S i z e of Change 

Assuming t h a t the waste f a c i l i t y causes a l o s s to the host 

community, the q u e s t i o n a r i s e s of how to stage the change to 

permit a d a p t a t i o n r a t h e r than o p p o s i t i o n . The A d a p t a t i o n L e v e l 

(AL) theory (Helson, 1964) o f f e r s three g u i d e l i n e s f o r p l a n n i n g 

change (Brickman and Campbell, 1971): 

1. the s u b j e c t i v e experience i s a f u n c t i o n of the d i f f e r e n c e 

between past and present l e v e l s , i . e . , not of the end r e s u l t ; 

2. the a f f e c t i v e v alue of the change i s reduced i f the 

t r a n s i t i o n i s g r a d u a l r a t h e r than sudden; 

3. the s u b j e c t i v e experience of change i s reduced through 

h a b i t u a t i o n , i . e . , through g e t t i n g used to the changed 

s i t u a t i o n . 

The f i r s t r u l e i s v i r t u a l l y synonymous with the p r o s p e c t theory, 

because the l a t t e r was based on AL theory. But AL theory makes 

statements about the r a t e of change and i t s i n f l u e n c e on a f f e c t i v e 

v a l u e . Hence, both s i z e and the r a t e of changes r e s u l t i n g from 

f a c i l i t y s i t i n g a f f e c t the r e s i d e n t s ' response. Given t h a t the 

s i t i n g process and the c o n s t r u c t i o n of a waste f a c i l i t y are 

e p i s o d i c events f o r a s t a b l e r u r a l community, the s i z e of the 

i n i t i a l change increment i s best minimized, as p r e v i o u s l y 

concluded. Furthermore, a gradual implementation of the f a c i l i t y 

w i l l reduce the negative v a l u e . Change s t r a t e g i e s i n urban 

p l a n n i n g by Lynch (1972) suggest continuous change at an 

a p p r o p r i a t e r a t e with c l e a r , understandable but moderate 

increments to render change a c c e p t a b l e to the r e s i d e n t s . Coote 

(1985) s t i p u l a t e s t h a t , i n order to maintain neighborhood 
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s t a b i l i t y , changes must be w i t h i n the range of r e s i d e n t s * 

a d a p t a t i o n as determined by the extent of t h e i r p s y c h o l o g i c a l and 

p h y s i c a l c a p a b i l i t y to a d j u s t . T h i s i s e q u i v a l e n t to the 

t o l e r a n c e l e v e l i n the impact model. Thus, the host community's 

t o l e r a n c e f o r change determines what i s a c c e p t a b l e and must not be 

exceeded (Coote, 1985, Lynch, 1972). As a r e s u l t of t h i s 

a n a l y s i s , the l o s s e s and gains a s s o c i a t e d with the f a c i l i t y can 

c o n c e i v a b l y e i t h e r be separated i n t o m u l t i p l e s m a l l e r l o s s e s 

throughout the s i t i n g p r o c e s s , or i n t e g r a t e d i n t o a s i n g l e s i t i n g 

package. 

The prospect theory and e m p i r i c a l r e s e a r c h ( T h a l e r , 1985 and 

1986) show, however, t h a t s i n g l e l a r g e l o s s e s are e v a l u a t e d more 

f a v o r a b l y than i n sum equal, but separate s m a l l e r ones. Although 

the combination of l o s s e s i n t o one package may c o n t r a d i c t the 

p r i n c i p l e of g r a d u a l t r a n s i t i o n , i t has been e m p i r i c a l l y shown to 

be an o p t i m a l approach f o r managing s i n g l e event changes (T h a l e r 

and Johnson, 1986). The apparent c o n t r a d i c t i o n r e q u i r e s f u r t h e r 

d i s c u s s i o n . 

The o p t i m a l treatment of gains i s indeterminate u n l e s s the 

s i z e of the l o s s and, hence, the slope of the v a l u e curve are 

known. I t i s assumed t h a t waste f a c i l i t y impacts are c l o s e r to 

the r e f e r e n c e p o i n t than the p o i n t where the s l o p e of the l o s s 

curve i s s m a l l e r than t h a t of the g a i n curve because the b e n e f i t s 

(gains) from the f a c i l i t y are r e l a t i v e l y s m a l l and unimportant. 

Under these c o n d i t i o n s , the o p t i m a l s t r a t e g y c o n s i s t s of 

i n t e g r a t i n g gains with l o s s e s ( T h a l e r and Johnson, 1986) on 

s i m i l a r dimensions. 
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The o v e r a l l s t r a t e g y must attempt to reduce the net impact i n 

k i n d below the t o l e r a n c e l e v e l f o r change i n a s t a b l e 

host-community. The f a c i l i t y impacts and gains are best combined 

to minimize the value of the l o s s . I f p o s s i b l e , the r e s u l t i n g 

changes should be phased i n s m a l l increments, without, however, 

causing them to be c o g n i t i v e l y separated i n t o m u l t i p l e l o s s e s . 

I f the l o s s e s cannot be reduced to t o l e r a b l e l e v e l s through 

impact r e d u c t i o n and advantageous framing of l o s s e s , then the 

s i t i n g process may be managed to a l l o w e a s i e r acceptance. 

3.3.2 Managing the Change Ada p t a t i o n Process 

I f a f t e r r e d u c t i o n e f f o r t s , r e s i d u a l l o s s e s cannot be 

avoided, then the s t r e s s response can be a n t i c i p a t e d and reduced 

through proper s i t i n g process management. Thus, s t r e s s management 

can be used as a s i t i n g measure to a i d the acceptance process 

among r e s i d e n t s . The s t r e s s response and coping mechanisms are 

reviewed here to d e r i v e g u i d e l i n e s f o r the s i t i n g p r o c e s s . 

The announcement of a change s e t s o f f a process among 

a f f e c t e d persons of (1) a p p r a i s i n g the change f o r i t s impact on 

the i n d i v i d u a l , and (2) e v a l u a t i n g the o p t i o n s f o r adapting and 

co p i n g . I f the a v a i l a b l e coping measures are inadequate to reduce 

the impacts below the t o l e r a n c e l e v e l , s t r e s s r e s u l t s . S t r e s s 

r e f l e c t s the p h y s i o l o g i c a l , emotional, c o g n i t i v e and b e h a v i o r a l 

e f f o r t r e q u i r e d to reduce or minimize the impact and to cope with 

the change (Fleming, 1985). The p h y s i o l o g i c a l response to the 

s t r e s s o r c o n s i s t s of a r o u s a l of the nervous system, with 

subsequent i n c r e a s e of the heart r a t e and blood p r e s s u r e , 



137 

i n c r e a s e d i n t e n s i t y , and decreased r e a c t i o n time. These symptoms 

re p r e s e n t t y p i c a l " f i g h t or f l i g h t " r e a c t i o n s t h a t l e a d t o 

r e s i s t a n c e or to avoidance of the waste f a c i l i t y as the s t r e s s o r . 

F o l l o w i n g the r e s i s t a n c e , a phase of coping and a d a p t a t i o n 

o c c u r s , which, i f prolonged, l e a d s to exhaustion among the s t r e s s e s 

(Fleming, 1985). 
A s i m i l a r and seminal d e s c r i p t i o n of the l o s s acceptance 

process i s g i v e n by Kubler-Ross (1969). Her d e s c r i p t i o n c o n s i s t s 

of 5 steps f o r the acceptance of death as the u l t i m a t e l o s s : 

1. D i s b e l i e f 
2. Anger 
3. B a r g a i n i n g to a v o i d the l o s s 
4. Depression 

5. Acceptance. 

These stages are a p p l i c a b l e f o r coping with l e s s s e r i o u s l o s s e s 

( B e a t t i e , 1987). D i s b e l i e f , anger and b a r g a i n i n g are r e a d i l y 

expressed at p u b l i c meetings on f a c i l i t y s i t i n g , whereas 

d e p r e s s i o n and acceptance are mentioned as l a t t e r stages i n 

Fleming (1985) and Madisso (1985). However, the g r i e v i n g process 

i s a p l a u s i b l e route f o r r e s i d e n t s who s t i l l e xperience a l o s s 

caused by the f a c i l i t y . 

I t i s important to note t h a t o n l y the d i r e c t l y a f f e c t e d 

persons must make the emotional and p h y s i c a l e f f o r t to d e a l with 

the s t r e s s of l o s s acceptance. D e c i s i o n makers i n l o c a l 

government and environmental r e g u l a t o r y bodies, who may a c t as 

agents f o r the host-community with the community's best i n t e r e s t s 

i n mind, are , however, not r e q u i r e d to d e a l with the same p e r s o n a l 

l o s s - a c c e p t a n c e e f f o r t . T h i s d i f f e r e n c e i n p e r s p e c t i v e s may be 

the cause f o r the s m a l l e r d i s c r e p a n c y i n values f o r gains and 
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l o s s e s among d e c i s i o n makers a c t i n g as agents f o r o t h e r s ( M a r s h a l l 

et a l . 1986). T h i s causes agents, i . e . , l o c a l government and 

environmental agency o f f i c i a l s , to s e t d i f f e r e n t p r i o r i t i e s f o r 

impact r e d u c t i o n and compensation, because l o s s e s to agents do not 

loom as s t r o n g l y n e gative as they do f o r p e r s o n a l l y a f f e c t e d 

r e s i d e n t s . 

The f a c i l i t y s i t i n g process can t h e o r e t i c a l l y enhance or 

expedite acceptance by e i t h e r i d e n t i f y i n g coping mechanisms or by 

f a c i l i t a t i n g the l o s s acceptance p r o c e s s . Fleming (1985) t e s t e d 

the e f f e c t i v e n e s s of four types of support on coping with s t r e s s 

from exposure to t o x i c waste s p i l l s and f a c i l i t i e s : 

A p p r a i s a l support p r o v i d e s i n f o r m a t i o n about the t h r e a t or 

impact. A p p r a i s a l i s e f f e c t i v e i n reducing s t r e s s o n l y i f 

i t reduces the p e r c e i v e d r i s k or p r o v i d e s p o s i t i v e 

i n f o r m a t i o n about e f f e c t i v e coping mechanisms. A p p r a i s a l 

support i s not e f f e c t i v e i f the s t r e s s o r i s s o c i a l l y 

unacceptable or s t i g m a t i s e d . As a r e s u l t , a p p r a i s a l 

support i s not l i k e l y to be very e f f e c t i v e i n d e a l i n g with 

waste f a c i l i t y impacts because of the i n h e r e n t stigma of 

"waste" and " p o l l u t i o n " (see Chapter 2). 

Emotional and esteem support enhance s e l f - c o n f i d e n c e and 

c o n t r o l over the environment. S o c i a l support from other 

s i m i l a r people b u f f e r s p s y c h o l o g i c a l s t r e s s symptoms, but 

not p h y s i o l o g i c a l and somatic measures. Furthermore, 

acknowledgement of r i s k s or impacts by environmental 

p r o f e s s i o n a l s i s shown to a l l e v i a t e r e s i d e n t s t r e s s . 

Thus, emotional and s o c i a l support through enhancing the 
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f e e l i n g of c o n t r o l are e f f e c t i v e o n l y i f the s t r e s s o r can 

be changed as a f u n c t i o n of the c o n t r o l . But emotional 

support can help the p s y c h o l o g i c a l coping process and, 

hence, may be e f f e c t i v e where p h y s i c a l impacts are minor, 

but n o n - p h y s i c a l impacts are s i g n i f i c a n t . 

T a n g i b l e support through e x t r a s e r v i c e s and m a t e r i a l s 

(e.g., emergency response or h e a l t h care s e r v i c e s ) may 

generate emotional support as w e l l as r e d u c i n g t a n g i b l e 

impacts. 

Through u s i n g a p p r a i s a l support to reduce u n c e r t a i n t y and o f f e r 

coping mechanisms and by p r o v i d i n g r e a d i l y apparent t a n g i b l e 

support and c o n t r o l to change the s t r e s s o r and to s i m u l t a n e o u s l y 

generate emotional support, s t r e s s from coping can l i k e l y be 

reduced. The key f a c t o r i n p r o v i d i n g support c o n s i s t s of f i t t i n g 

the type of support to the concerns and needs of the s t r e s s e e . 

In summary, the f a c i l i t y s i t i n g agency can reduce s t r e s s by 

a s s i s t i n g r e s i d e n t s i n the acceptance p r o c e s s : 

The s i t i n g agency and i t s p r o f e s s i o n a l c o n s u l t a n t must 

acknowledge and v a l i d a t e the concerns of the r e s i d e n t s 

because such acknowledgment i n i t s e l f has been shown to 

reduce s t r e s s l e v e l s i n exposed r e s i d e n t s . 

The s i t i n g process must be designed to a l l o w time and 

p o s s i b i l i t y f o r r e s i d e n t s to experience and express the 

concerns i n the f i v e steps of acceptance. D i s b e l i e f and 

anger are i n t e g r a l phases of the process and are best 

calmly acknowledged and accommodated by the s i t i n g agency. 

However, demonstrating honest sympathy and concern through 
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t a n g i b l e support and coping methods are l i k e l y to ease the 

mood on to b a r g a i n i n g . The b a r g a i n i n g stage can be used 

advantageously f o r n e g o t i a t i o n of s i t i n g and 

moni t o r i n g agreements, methods to address impacts, e t c . 

and to s i m u l t a n e o u s l y grant some c o n t r o l to the host 

community. Depression may be addressed by showing 

p o s i t i v e p s y c h o l o g i c a l coping methods and enhancing 

community c o n t r o l i n order to reach the f i n a l stage of 

acceptance. 

The combination of c o n t r o l by the r e s i d e n t s ' with c l e a r 

and v i s i b l e t a n g i b l e support to address r e s i d e n t s concerns 

are key f a c t o r s throughout the s i t i n g process and may have 

to be extended to the o p e r a t i o n a l phase of the f a c i l i t y . 

The acceptance of f a c i l i t y impacts as l o s s e s to a host 

community resembles a g r i e v i n g process and i s accompanied by 

p h y s i o l o g i c a l and p s y c h o l o g i c a l s t r e s s . S t r e s s l e v e l s can be 

reduced by acknowledging and ad d r e s s i n g r e s i d e n t s ' concerns 

through emotional, s o c i a l , a p p r a i s a l and t a n g i b l e support combined 

with a degree of r e s i d e n t c o n t r o l . 

3.4 Compensation For Negative Impacts of Waste D i s p o s a l 
F a c i l i t i e s 

T h i s s e c t i o n reviews the i n t e n t of compensation f o r negative 

e x t e r n a l i t i e s and the l e g a l p r i n c i p l e s and l i m i t a t i o n s r e f l e c t e d 

i n the j u d i c i a l decision-making. The f i n d i n g s are compared with 

a d m i n i s t r a t i v e and l e g i s l a t e d compensation mechanisms. 

The i m p l i c i t assignment of e n t i t l e m e n t s to p r o p e r t y r i g h t s 

i s d e r i v e d from t h i s review and compared with the normative g o a l s 
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of j u s t compensation. The i m p l i c a t i o n s f o r waste f a c i l i t y s i t i n g 

are i n f e r r e d from the comparison of the p r a c t i c e with the intended 

f u n c t i o n of compensation. 

3.4.1 Normative Goals and P r i n c i p l e s 

The g o a l of j u s t compensation i s to r e s t o r e those persons 

a f f e c t e d by e x t e r n a l i t i e s to t h e i r o r i g i n a l l e v e l of w e l l - b e i n g . 

Thus, compensation can a l s o be a remedy f o r i n e q u i t i e s a r i s i n g 

from the d i s t r i b u t i o n of the b e n e f i t s and l o s s e s from the p r o j e c t , 

i f the " d e m o r a l i z a t i o n " caused by the u n f a i r n e s s i s r e c o g n i z e d as 

a l o s s (Michelman, 1967). Compensation t h e r e f o r e serves to ensure 

the p r o j e c t ' s e f f i c i e n c y i n terms of i t s p o t e n t i a l Pareto 

o p t i m a l i t y , and i t s f a i r n e s s i n terms of d i s t r i b u t i n g the c o s t s 

and b e n e f i t s p r o p o r t i o n a t e l y to the g a i n e r s and l o s e r s . But 

Michelman (1967) p o i n t s out t h a t e f f i c i e n c y and f a i r n e s s need not 

be opposing goals i f the p o l i t i c a l impacts (change r e s i s t a n c e ) , 

r e f l e c t e d as d e m o r a l i z a t i o n c o s t s due to a l l o c a t i o n of the 

p r o j e c t ' s c o s t s and b e n e f i t s , are c o n s i d e r e d as t r u e s o c i a l c o s t s 

(see a l s o O'Hare, 1983 and W i l l i a m s o n , 1970). In other words, i f 

the l o s s e s are p e r c e i v e d as having been imposed s y s t e m a t i c a l l y and 

s t r a t e g i c a l l y , then the o v e r a l l c o s t s to the l o s e r s w i l l r i s e due 

to t h i s f a c t . These a d d i t i o n a l d e m o r a l i z a t i o n c o s t s w i l l 

c o n t r i b u t e to the t o t a l c o s t s and thereby decrease the net 

b e n e f i t s of the p r o j e c t . Conversely, i f f a i r n e s s were served, 

then the o v e r a l l e f f i c i e n c y would i n c r e a s e p r o p o r t i o n a t e l y . T h i s 

i s i d e n t i c a l to the r a t i o n a l e f o r change r e s i s t a n c e i n the f i r s t 

s e c t i o n of t h i s chapter. 

The a c t u a l payment of compensation i s noted as having an 
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e x a c t i n g i n f l u e n c e on the c h o i c e of " e f f i c i e n t " p r o j e c t s , because 

compensation p r o v i d e s an i n c e n t i v e f o r a d m i n i s t e r i n g agencies to 

make more e f f i c i e n t d e c i s i o n s (Cordes and Weisbrod, 1979). Thus, 

compensation may be r e q u i r e d as a v e h i c l e to r e s t o r e e q u i t y , but 

i t can a l s o c o n t r i b u t e to the e f f i c i e n c y of decision-making 

(O'Hare, 1983). 

3.4.2 E n t i t l e m e n t s and T h e i r E f f e c t s on E f f i c i e n c y and F a i r n e s s 

L e g a l e n t i t l e m e n t s c o n s t i t u t e the c r i t e r i a f o r judgments on 

who s h a l l p r e v a i l i n c o n f l i c t s r e g a r d i n g p r o p e r t y r i g h t s and t o r t s 

( C a l a b r e s i and Melamed, 1972). Although Coase (1960) showed t h a t 

the assignment of e n t i t l e m e n t s does not a f f e c t an e f f i c i e n t 

outcome when t r a n s a c t i o n c o s t s are n e g l e c t e d , Kennedy (1981) 

argues t h a t the o r i g i n a l e n t i t l e m e n t s may pre-determine the 

outcome of c o s t - b e n e f i t s t u d i e s when wealth e f f e c t s and 

t r a n s a c t i o n c o s t s are accounted f o r . 

C a l a b r e s i and Melamed (1972) g i v e a u n i f i e d p e r s p e c t i v e on 

the a c h i e v a b l e outcomes from d i f f e r e n t o r i g i n a l e n t i t l e m e n t 

p o s i t i o n s and r u l e s f o r p r o t e c t i o n . The e f f i c i e n c y i s s u e focuses 

on a s s i g n i n g e n t i t l e m e n t s so t h a t the outcome with the h i g h e s t 

v a l u e w i l l be f a v o r e d , e.g., the more v a l u a b l e land-use w i l l 

p r e v a i l or the lowest p o l l u t i o n c o n t r o l c o s t s w i l l be i n c u r r e d to 

achieve a r e d u c t i o n of e x t e r n a l e f f e c t s . The f a i r n e s s aspect 

concerns the d i s t r i b u t i o n of the c o s t s to achieve the most 

b e n e f i c i a l s o l u t i o n . 

In the case of a waste f a c i l i t y as an e x t e r n a l impact 

generator, and a group of a f f e c t e d r e s i d e n t s as the r e c e p t o r s , the 

e n t i t l e m e n t c o u l d be set to a l l o w the f r e e g e n e r a t i o n of e x t e r n a l 
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impacts, or, c o n v e r s e l y , to grant the r e s i d e n t s freedom from a l l 

s i d e - e f f e c t s . A p a r t i a l or t o t a l exchange of these b a s i c r i g h t s 

i s allowed and the p a r t i e s can b a r g a i n and n e g o t i a t e f o r these 

r i g h t s . While the o r i g i n a l e n t i t l e m e n t determines which p a r t y 

can set the terms f o r an exchange, the p r o t e c t i o n of the 

e n t i t l e m e n t can occur through three r u l e s : 

- the i n a l i e n a b i l i t y r u l e does not a l l o w any exchange; 

the p r o p e r t y r u l e a b s o l u t e l y guarantees the r i g h t to 

the owner unl e s s he or she w i l l i n g l y s e l l s i t at a 

s u b j e c t i v e l y s u f f i c i e n t p r i c e ; 

the l i a b i l i t y r u l e allows the t a k i n g of the r i g h t s 

f o r a p u b l i c u t i l i t y with s u f f i c i e n t m e r i t to a v o i d 

i n j u n c t i o n but permits the t a k i n g o n l y with proper 

compensation f o r the l o s s . 

Although some s i d e - e f f e c t s may i n f r i n g e upon i n a l i e n a b l e r i g h t s , 

(e.g. c a r c i n o g e n i c e m i s s i o n s ) , i t i s assumed f o r t h i s t h e s i s t h a t 

both f a c i l i t y proponent and a f f e c t e d r e s i d e n t s are f r e e to 

t r a n s f e r t h e i r r i g h t s . Combining the p o s s i b i l i t i e s f o r o r i g i n a l 

assignments and p r o p e r t y and l i a b i l i t y p r o t e c t i o n r u l e s , the 

f o l l o w i n g matrix i s obtained ( C a l a b r e s i and Melamed, 1972): 

E n t i t l e m e n t 

to F a c i l i t y 
Proponent 

Residents 

P r o p e r t y Rule 
i n j u n c t i o n 

I I I 

L i a b i l i t y Rule 
compensation 

I V I I I 

Table 3.1: E n t i t l e m e n t / P r o p e r t y Rule M a t r i x 
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I - the waste f a c i l i t y i s e n t i t l e d to p o l l u t e , and can be 

d e t e r r e d o n l y by f u l l payment by the r e s i d e n t s of the c o s t s 

to stop; 

I I - Residents are e n t i t l e d t o freedom from p o l l u t i o n , and can be 

e n t i c e d by the waste f a c i l i t y to put up with p o l l u t i o n o n l y 

at the f u l l compensation demanded v a l u e ; 

I I I - Residents are e n t i t l e d to l i m i t e d freedom from p o l l u t i o n , but 

damages are to be p a i d by the waste f a c i l i t y ; 

IV - the waste f a c i l i t y i s e n t i t l e d to emit l i m i t e d amounts of 

p o l l u t i o n , and the c o s t s of f u r t h e r emission r e d u c t i o n are 

p a i d by the r e s i d e n t s . 

E f f i c i e n c y r e q u i r e s t h a t the more v a l u a b l e use p r e v a i l s , or the 

l i a b i l i t y be p l a c e d on the p a r t y best able to a v o i d or m i t i g a t e 

the c o n f l i c t at l e a s t c o s t . I f t h i s p a r t y cannot be i d e n t i f i e d , 

then the l i a b i l i t y should be p l a c e d on the p a r t y best a b l e to 

induce a change and achieve a c o r r e c t assignment with the lowest 

t r a n s a c t i o n c o s t s (Knetsch, 1983). However, m u l t i p l e p a r t i e s , 

such as the r e s i d e n t s , c r e a t e s p e c i a l problems f o r the t r a n s a c t i o n 

p r o c e s s , because s t r a t e g i c i n c e n t i v e s make the d e t e r m i n a t i o n of 

the t r u e value to the e n t i r e group d i f f i c u l t . In t h i s s i t u a t i o n , 

the o r i g i n a l e n t i t l e m e n t i s l i k e l y to be the f i n a l assignment 

(Knetsch, 1983), because high t r a n s a c t i o n c o s t s may prevent the 

t r a n s a c t i o n s necessary to reach the most e f f i c i e n t s t a t e . 

Because of the d i f f i c u l t y i n o b j e c t i v e l y determining the 

v a l u e of the environment to c o n f l i c t i n g uses, no d e f i n i t e 

c r i t e r i o n e x i s t s to determine where the e n t i t l e m e n t should be 

p l a c e d f o r an e f f i c i e n t and f a i r outcome. Moreover, l e a v i n g the 
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q u e s t i o n of e n t i t l e m e n t undetermined r e s u l t s i n lower 

p r e d i c t a b i l i t y f o r both f a c i l i t y proponent and host community. 

Lower p r e d i c t a b i l i t y i n c r e a s e s u n c e r t a i n t y , which i s i t s e l f a 

c o s t . Without some s p e c i f i c measure to compare the value of land 

uses, the c o n f l i c t cannot be decided by a c o n s i s t e n t and r a t i o n a l 

r u l e . The d i s p a r i t y between the l o s s value (compensation 

demanded) and the g a i n value ( w i l l i n g n e s s to pay) o n l y exacerbates 

the problems of e s t a b l i s h i n g values f o r the impacts and the 

r e s u l t i n g l o s s e s as s i t i n g c r i t e r i a . 

U n f o r t u n a t e l y , r e c e n t a r t i c l e s do not p r o v i d e a d e c i s i o n r u l e 

to determine the c o r r e c t e n t i t l e m e n t or p r o t e c t i o n r u l e to choose. 

Although i t i s reasoned t h a t l i a b i l i t y r u l e s are s u p e r i o r to 

s t r i c t p r o p e r t y r u l e s because they a l l o w some f l e x i b i l i t y i n 

a l l o w i n g noxious uses where a c c e p t a b l e by r e q u i r i n g compensation, 

t h i s r u l e w i l l not p r o v i d e the c o r r e c t measure f o r s i t i n g and 

o p e r a t i n g waste f a c i l i t i e s , u n l e s s impact and impact r e d u c t i o n 

c o s t s can be i d e n t i f i e d and compared. In c o n c l u s i o n , the c h o i c e 

of e n t i t l e m e n t and p r o t e c t i o n r u l e i s indeterminate without 

s p e c i f i c v a l u e s . 

3.4.3 Compensation P r i n c i p l e s and P r a c t i c e 

L e g a l P r i n c i p l e s , Defenses and Precedents 

E x t e r n a l impacts from waste d i s p o s a l f a c i l i t i e s f a l l under 

two b a s i c c a t e g o r i e s of law, s t a t u t o r y and t o r t law, the l a t t e r 

being p a r t of the unwritten common law. S t a t u t o r y laws may be 

simply r e g u l a t o r y i n t h a t they are adopted to c o n t r o l those 

r e s p o n s i b l e f o r causing emissions, waste p o l l u t i o n and n o i s e 
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l e v e l s ; or they may expand p r i v a t e r i g h t s by widening the scope of 

t o r t law. R e c e n t l y , r e g u l a t o r y s t a t u t e s have been extended i n the 

U.S. to cover contamination of s o i l and groundwater from waste 

d i s p o s a l s i t e s (CERCLA, 1980). T o r t s ( c i v i l wrongs other than 

breach of c o n t r a c t ) cover the d u t i e s owed to persons i n g e n e r a l . 

The three areas of t o r t law a p p l i e d most o f t e n to the impacts of 

waste d i s p o s a l f a c i l i t i e s , are n e g l i g e n c e , nuisance ( i n j u r i o u s 

a f f e c t i o n ) and s t r i c t l i a b i l i t y . These are a l l u n i n t e n t i o n a l 

i n t e r f e r e n c e s . An a c t i o n i n t r e s p a s s ( i n t e n t i o n a l i n t e r f e r e n c e ) 

i s seldom used ( C o n g r e s s i o n a l Research S e r v i c e , 1980). 

Since the f o l l o w i n g summary focuses on North American 

c o n d i t i o n s , examples from Canada and the U.S. are used. Where 

important, d i f f e r e n c e s i n U.S. and Canadian law are i d e n t i f i e d . 

T o r t law addresses the a l l o c a t i o n of l o s s e s caused by the 

c l a s h e s of incompatible human a c t i v i t i e s . I t s g o a l i s t h e r e f o r e 

to compensate f o r l o s s e s which have a l r e a d y o c c u r r e d . Moreover, 

t o r t law does not p r o v i d e p e r f e c t compensation f o r a l l . l o s s e s , 

because the s h i f t i n g of a l o s s i s o n l y c o n s i d e r e d j u s t i f i a b l e when 

th e r e i s a s p e c i a l reason f o r the defendant to bear the l o s s 

r a t h e r than the p l a i n t i f f (Holmes, 1881, i n Fleming, 1977). Thus, 

the p r o t e c t i o n a g a i n s t unintended harm i s l e s s complete than 

a g a i n s t i n t e n t i o n a l i n t e r f e r e n c e , because the defendant's freedom 

of a c t i o n sometimes . c o n s t i t u t e s a v a l i d i n t e r e s t which o f f s e t s the 

o b l i g a t i o n to pay f o r the l o s s . Thus i t i s i n d i c a t i v e of t h i s 

c o n s i d e r a t i o n t h a t the use of s t r i c t l i a b i l i t y gave way to 

l i a b i l i t y of n e g l i g e n c e due to some provab l e f a u l t i n the 19th 

century and c o i n c i d e d with the i n d u s t r i a l r e v o l u t i o n to permit 
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f r e e e n t e r p r i s e . 

1. S t r i c t L i a b i l i t y 

S t r i c t l i a b i l i t y addresses the consequences of a c t i v i t i e s 

which are c o n s i d e r e d r i s k y no matter how c a r e f u l l y they are 

c a r r i e d out. Thus, the element of " f a u l t " i s not e s s e n t i a l , but 

merely the harmful event i t s e l f . S t r i c t l i a b i l i t y allows 

b e n e f i c i a l , but dangerous a c t i v i t i e s to proceed i f they can pay 

t h e i r way. Fleming (1977) c i t e s n uclear power s t a t i o n s as 

examples of a c t i v i t i e s which may f a l l under s t r i c t l i a b i l i t y . 

The p r i n c i p l e of s t r i c t l i a b i l i t y i s l a i d down i n Rylands v s . 

F l e t c h e r by Mr. J u s t i c e Blackburn (1866) as "a person who f o r h i s 

own purposes b r i n g s on h i s lands and c o l l e c t s and keeps there 

anything l i k e l y to do m i s c h i e f i f i t escapes, must keep i t at h i s 

own p e r i l , and, i f he does not do so, i s prima f a c i e answerable 

f o r a l l damage which i s the n a t u r a l consequence or i t s escape." 

More r e c e n t l y , however, the q u a l i f i e r of the defendant as a 

"non-natural" user of the land must be proven by the p l a i n t i f f i n 

order f o r s t r i c t l i a b i l i t y to apply. Thus, the s p e c i a l nature of 

the land-use i n the context of the community and i t s surroundings 

i s c o n s i d e r e d too. The simple presence of a dangerous substance 

alone does not n e c e s s a r i l y q u a l i f y ; there a l s o has to be a proven 

escape of the substance from the land under c o n t r o l of the 

defendant to a p l a c e o u t s i d e h i s o c c u p a t i o n . F i n a l l y , some U.S. 

s t a t e s have r e s t r i c t e d s t r i c t l i a b i l i t y to the a c t i v i t i e s of land 

owners and have thereby excluded the waste g e n e r a t o r s , d i s c h a r g e r s 

and t r a n s p o r t e r s of wastes from s t r i c t l i a b i l i t y . 
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The defences to s t r i c t l i a b i l i t y are the f o l l o w i n g : 

1. consent of the p l a i n t i f f 

2. d e f a u l t of the p l a i n t i f f 

3. A c t s of God 

4. a c t s of s t r a n g e r s which c o u l d not be a n t i c i p a t e d 

5. s t a t u t o r y a u t h o r i t y 

The s t a t u t o r y a u t h o r i t y defence e l i m i n a t e s a c t i o n s a g a i n s t 

government agencies, but only i f the agency observes the s t r i c t e s t 

s a f e t y standards, p r o p o r t i o n e d to the h i g h e s t degree of r i s k , with 

regard to the c o n s t r u c t i o n , management and p o s s i b l e improvement of 

the p l a n t , and a v a i l s i t s e l f of a l l a c c e s s i b l e s c i e n t i f i c a i d . 

The s t a t u t o r y a u t h o r i t y must be s p e c i f i c to the t a s k . In Gertsen 

vs. Metro Toronto (1973), s t r i c t l i a b i l i t y a c t i o n a g a i n s t a 

l a n d f i l l was allowed by Canadian law, because the l a n d f i l l 

o p e r a t i o n was not covered by a s p e c i f i c bylaw and the l a n d f i l l 

from which methane gas escaped was deemed a non-natural user i n a 

r e s i d e n t i a l a r e a. Had Metro Toronto passed a s p e c i f i c bylaw, 

then the s t r i c t l i a b i l i t y r u l e c o u l d have been avoided. 

2. Negligence 

Negligence i s a common reason f o r seeking an award of damages 

f o r a c c i d e n t a l l o s s e s . T h i s concept i s based on a standard of 

normal or a c c e p t a b l e conduct i n a g i v e n community. The " f a u l t " 

c o n s i s t s of a breach of t h i s standard duty of care i n the way the 

a c t i v i t y i n q u e s t i o n i s c a r r i e d out. S p e c i f i c a l l y , t h e r e are f i v e 

elements i n such a cause of a c t i o n : 

1. a duty to p r o t e c t o t hers a g a i n s t unreasonable r i s k s ; 

2. a f a i l u r e to conform to the duty of c a r e ; 
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3. a m a t e r i a l damage to the i n t e r e s t s of the p l a i n t i f f ; 

4. a reasonable proximate connection between the defendant's 

conduct and the i n j u r y ; 

5. the absence of c o n t r i b u t o r y conduct by any i n j u r e d p a r t y 

and of any v o l u n t a r y assumption of r i s k . 

Although the v i c t i m s of i n j u r i e s from hazardous substances 

are b a s i c a l l y p r o t e c t e d by the law of n e g l i g e n c e (e.g., Gertsen 

vs. Metro T o r o n t o ) , the burden of proof i s on the p l a i n t i f f . I f 

the waste d i s c h a r g e r does not v i o l a t e a s p e c i f i c s t a t u t o r y r u l e , 

the p l a i n t i f f must prove the f o l l o w i n g p o i n t s : 

1. an a c t of p o l l u t i o n has o c c u r r e d , the l i k e l y r oute of 

t r a n s p o r t , a d e t a i l e d c h a i n of circumstances, and the 

d e t e c t i o n of the s p e c i f i c p o l l u t a n t ; 

2. the act p r o x i m a t e l y caused an i n j u r y ; t h i s i s e s p e c i a l l y 

d i f f i c u l t i n cases of long l a t e n c y p e r i o d s , where the 

medical and s c i e n t i f i c knowledge i s incomplete ( J a s o n o f f , 

1983, C o n g r e s s i o n a l Research S e r v i c e , 1980); mental 

d i s t r e s s i s more d i f f i c u l t to e s t a b l i s h than p h y s i c a l 

harm, except when a person's presence i n an area of 

p h y s i c a l r i s k has caused nervous shock (Fleming, 1977). 

The burden of proof of a c a u s e - e f f e c t l i n k a g e has proven very 

d i f f i c u l t to e s t a b l i s h f o r many contaminants ( J a s o n o f f , 1983). 

Claims have good chances i f the f o l l o w i n g c o n d i t i o n s a pply: 

the damages are a r e s u l t of d i s c r e t e exposure to an 

i d e n t i f i a b l e hazard, 

the damages and routes of exposure are w e l l documented, 

the i n c i d e n t i s l o c a l i n nature, 
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the number of c u l p a b l e p a r t i e s i s s m a l l . 

The remoteness of damage r u l e l i m i t s the r e c o g n i t i o n of p o o r l y 

understood t r a n s p o r t mechanisms and contaminants. Thus, many 

r i s k s and u n c e r t a i n t i e s are not p r o t e c t e d by an e n t i t l e m e n t to 

the r e s i d e n t s . 

With the advent of s p e c i f i c s t a t u t o r y l e g i s l a t i o n on the 

management of hazardous waste (RCRA, 1976, Superfund-CERCLA 

l e g i s l a t i o n , 1980) i n the U.S. the S t a t e s undertake the r e s e a r c h 

and p r o s e c u t i o n of d i s c h a r g e r s . Once sentenced under these 

s t a t u t o r y laws, v i o l a t o r s become l i a b l e under ne g l i g e n c e to the 

v i c t i m s . Moreover, the s c i e n t i f i c evidence i s a v a i l a b l e to the 

p u b l i c . 

3. Nuisance and I n j u r i o u s A f f e c t i o n 

P u b l i c nuisance i s an unreasonable i n t e r f e r e n c e with a common 

r i g h t of the g e n e r a l p u b l i c , w h ile p r i v a t e nuisance a f f e c t s the 

enjoyment or use of p r i v a t e i n t e r e s t s i n p r o p e r t y . Both look to 

the harmful r e s u l t of a c t i v i t i e s r a t h e r than the cause or f a u l t . 

The harm to p r i v a t e i n t e r e s t i n l a n d by the impacts of p u b l i c 

s e r v i c e s p r o v i d e d under s t a t u t o r y powers c o n s t i t u t e s i n j u r i o u s 

a f f e c t i o n i f i t meets fo u r c r i t e r i a (Todd, 1976): 

1. the damage must r e s u l t from a c t i v i t i e s rendered l a w f u l by 

the s t a t u t o r y powers; 

2. the damage must be a c t i o n a b l e under common law; 

3. the damage must be an i n j u r y to the land and not to 

business or t r a d e ; 

4. the damage must stem from the c o n s t r u c t i o n of the 

p r o j e c t , not from i t s use. 
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C r i t e r i a 1,3, and 4 are o n l y of p a s s i n g i n t e r e s t here, because 

r u l e one i s u s u a l l y f u l f i l l e d ; r u l e three i s u s u a l l y not of 

i n t e r e s t , but i t makes the compensation s m a l l e r than p o s s i b l e 

damage by e x c l u d i n g damage to busines; r u l e four has been 

overturned by r e c e n t d e c i s i o n s to a l l o w " i n j u r i o u s a f f e c t i o n " to 

a r i s e from the a c t u a l o p e r a t i o n and not o n l y from the c o n s t r u c t i o n 

of f a c i l i t i e s (Todd, 1976). 

The second r u l e , the a c t i o n a b l e r u l e , i s c r u c i a l because i t 

s u b j e c t s the claims a g a i n s t p u b l i c works to the same r u l e s used to 

judge nuisance from p r i v a t e sources. For p r i v a t e nuisances, the 

most important requirement i s t h a t the p l a i n t i f f ' s i n j u r y d i f f e r 

not o n l y i n degree, but i n k i n d from that shared by the p u b l i c at 

l a r g e (Fleming, 1977, Todd, 1976). Moreover, the p a r t i c u l a r or 

s p e c i a l l o s s must be shown to have been caused by the a c t i v i t y . 

The i n t e n t of t h i s r u l e i s to l i m i t the claims to those which are 

proper and reasonable. 

To be compensable, the damage must be unreasonable, i . e . , 

the balance between the u t i l i t y of the noxious a c t i v i t y and the 

g r a v i t y of harm imposed on others must be s e v e r e l y threatened i n 

view of the d u r a t i o n and the s e v e r i t y of the nuisance. The 

e f f e c t s can i n c l u d e p h y s i c a l d i s c o m f o r t and inconvenience, a c t u a l 

damage to p r o p e r t y and h e a l t h . The c h a r a c t e r of the neighborhood 

has a s t r o n g b e a r i n g on the standard of comfort the p l a i n t i f f i s 

e n t i t l e d t o . G r o s s l y d i s s i m i l a r land-uses are more l i k e l y to 

cause a c t i o n a b l e nuisances. But i n g e n e r a l , even a g r e a t p u b l i c 

b e n e f i t does not e l i m i n a t e the proponent's r e s p o n s i b i l i t y to 

a d j u s t the s i d e - e f f e c t s to the neighborhood. However, f o r a 
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nuisance to e x i s t , t here must be both a generator and a r e c i p i e n t . 

Although Todd (1976) argues f o r a more e x t e n s i v e l i a b i l i t y of 

the p u b l i c works over p r i v a t e e n t e r p r i s e , because i t i s d e s i r a b l e 

t h a t the p u b l i c bear the f u l l burden of p u b l i c works, the 

a c t i o n a b l e r u l e p l a c e s on the same l e v e l the nuisances generated 

by p u b l i c l y and p r i v a t e l y owned sources. 

The f o l l o w i n g examples d i s t i n g u i s h the a c t i o n a b l e nuisances 

from the "normally" a c c e p t a b l e s i d e - e f f e c t s (Fleming, 1977): 

A c t i o n a b l e Nuisances 

noxious fumes from a l k a l i 
works 

no i s e from c i r c u l a r saws, 
a speedway t r a c k , or j e t 
engines 

T o l e r a b l e E f f e c t s 

o c c a s i o n a l w h i f f of unpleasant 
smoke from a household 
i n c i n e r a t o r or domestic chimney 

sounds from a nursery, 
music room or a r e s i d e n c e 
used by students i n a proper 
manner 

Examples of i n j u r i o u s a f f e c t i o n i n c l u d e the changing of s t r e e t 

grades, t r a f f i c flow d i r e c t i o n , and the l o c a t i o n of p u b l i c works 

such as s c h o o l s , h o s p i t a l s , sewage lagoons, and a i r p o r t s (Todd, 

1976). In the U.S. p r i v a t e nuisance a c t i o n was s u c c e s s f u l a g a i n s t 

most common forms of a i r , water, s o l i d waste, noi s e and s i g h t 

p o l l u t i o n from powder m i l l s , f a c t o r i e s , or s t a b l e s i n r e s i d e n t i a l 

a r e a s . These same uses are p e r f e c t l y p e r m i s s i b l e elsewhere 

( H i r s c h , 1977). In Canadian law, impacts from waste d i s p o s a l 

f a c i l i t i e s are a c t i o n a b l e under nuisance law (Gertsen vs. Metro 

Toronto, 1973, P l a t e r vs. Collingwood Town, 1968, e t c . ) . 

Caveat to I n j u r i o u s A f f e c t i o n : "Coming to the Nuisance" 

In the context of the s i t i n g s c e n a r i o f o r waste d i s p o s a l 
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f a c i l i t i e s , a l i m i t a t i o n i s p l a c e d on the j u d i c i a l award of remedy 

f o r an e s t a b l i s h e d nuisance by the "coming to the nuisance" 

d o c t r i n e . T h i s r u l e i s intended to prevent those who w i l l i n g l y 

p l a c e themselves i n a s i t u a t i o n whereby they s u f f e r i n j u r i e s from 

r e c o v e r i n g f u l l damages from the nuisance generator ( H i r s c h , 

1977). But i n order to discourage i n e f f i c i e n t " f i r s t come - f i r s t 

s e r v e" land-uses, a p a r t y coming to the nuisance should and under 

circumstances can p r e v a i l (Spur vs. Webb, 1972), e.g., by having 

the nuisance removed, but at c o s t to the newly a r r i v e d l a n d user. 

However, U.S. U.K. and Canadian p r a c t i c e d i f f e r s on t h i s i s s u e , 

i n t h a t the U.S. allows most p r o t e c t i o n to the new owner, U.K. 

law a l l o w s none, and Canadian law allows some. 

T h i s d o c t r i n e a p p l i e s to the newcomers who move i n t o the 

a f f e c t e d area a f t e r the f a c i l i t y i s o p e r a t i n g . Although they are 

s u b j e c t to the same p h y s i c a l e f f e c t s , t h e i r c l aims may be 

m i t i g a t e d by the f a c t t h at they knowingly and w i l l i n g l y moved to 

the nuisance. However, i f the r e s i d e n t i a l land use i s more 

v a l u a b l e , then they may be p r o t e c t e d by a l i a b i l i t y r u l e , but 

may be r e q u i r e d to pay compensation f o r r e s t r i c t i o n s imposed on 

the noxious use (see e.g., Spur vs. Webb, i n Knetsch, 1983). 

L e g a l V a l u a t i o n of Damages and Compensation 

T r a d i t i o n a l l y , t here i s a b i a s toward compensating p r o p e r t y 

l o s s e s o n l y . P e r s o n a l i n j u r i e s are more d i f f i c u l t to r e c o v e r , 

while economic l o s s e s are u s u a l l y not compensable, e s p e c i a l l y i f 

they are the o n l y c l a i m ( C o n g r e s s i o n a l Research S e r v i c e , 1980). 

Many i n t a n g i b l e l o s s e s are not compensable e i t h e r ( p o l l u t i o n of 

a i r , water, w i l d l i f e h a b i t a t , e t c . ) . There must be a proven 
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p h y s i c a l c a u s e - e f f e c t l i n k a g e (see above) even i n the presence of 

acknowledged p r o p e r t y value l o s s e s (Shuttleworth v s . Vancouver 

General H o s p i t a l , 1927). 

I n j u r i o u s a f f e c t i o n damages are commonly measured i n terms of 

the market va l u e of the a f f e c t e d p r o p e r t i e s . The v a l u e may be 

e s t a b l i s h e d by an a p r i o r i assessment of the e x t e r n a l i t i e s ( i . e . , 

a d i r e c t measurement), or by market v a l u a t i o n before and a f t e r the 

i m p o s i t i o n of the e f f e c t s and thereby i n c l u d i n g any o f f - s e t t i n g 

b e n e f i t s from the p r o j e c t i n t o the v a l u a t i o n (Todd, 1976). The 

l a t t e r method w i l l be prone to some i n a c c u r a c i e s i n t r y i n g to 

i s o l a t e the p r o j e c t ' s e f f e c t s from g e n e r a l i n f l a t i o n and 

a p p r e c i a t i o n a f t e r the p r o j e c t implementation p e r i o d (Knetsch, 

1983). Both methods exclude any s e n t i m e n t a l v a l u e , d e m o r a l i z a t i o n 

and moving c o s t s . T h e r e f o r e they tend to underestimate the t r u e 

s o c i a l l o s s e s . 

In the more s e r i o u s contamination l i a b i l i t y cases, r e c e n t 

c o u r t d e c i s i o n s i n c l u d e compensation f o r " p s y c h o l o g i c a l d i s t r e s s " 

and " l i f e s t y l e impacts" due to groundwater contamination (Madisso, 

1985). Thus, the j u d i c i a l d e c i s i o n s seem to r e c o g n i z e the 

e n t i t l e m e n t of the r e s i d e n t i a l p r o p e r t y owner to be f r e e of 

nuisance and harm and r e c o g n i z e i n t a n g i b l e l o s s e s and 

p s y c h o l o g i c a l d i s t r e s s . 

N e g o t i a t e d and L e g i s l a t e d Compensation 

These forms of compensation are u s u a l l y e s t a b l i s h e d p r i o r to 

the o p e r a t i o n of the waste f a c i l i t y . In c o n t r a s t to the 

j u d i c i a l l y determined monetary compensation, n e g o t i a t e d and 

a d m i n i s t e r e d compensation can take s e v e r a l forms (O'Hare, 1983, 
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Boyle, 1982): 

1. Monetary compensation as p r o p e r t y tax revenues, r o y a l t i e s , 

c o s t - p l u s t i p p i n g f e e s , gross r e c e i p t s taxes, and s p e c i a l 

impact payments; 

2. M i t i g a t i o n measures, such as a d d i t i o n a l hazard p r o t e c t i o n 

e.g., i n f i r e and p o l i c e equipment and t r a i n i n g ; 

3. C o n d i t i o n a l guarantees, e.g., p r o p e r t y v a l u e guarantees; 

4. In-k i n d compensation, e.g., f r e e d i s p o s a l s e r v i c e , 

s u b s t i t u t e l a n d , parks e t c . 

These forms are u s u a l l y t a i l o r e d to meet s p e c i f i c , 

f o r e s e e a b l e impacts of c o n s t r u c t i o n and continued o p e r a t i o n . 

They may a l s o a l l e v i a t e some of the g e n e r a l concerns. 

Some of the examples of n e g o t i a t e d compensation are l i s t e d 

i n Table 3.1. The r e s u l t i n g compensation agreements vary 

s i g n i f i c a n t l y . Because of the d i f f i c u l t y i n f i n d i n g a v a l i d and 

a c c e p t a b l e formula f o r j u s t compensation f o r hazardous waste 

s i t e s , s e v e r a l U.S. s t a t e s have l e g i s l a t e d g u i d e l i n e s or mandatory 

formulas f o r the compensation f o r h o s t i n g a waste f a c i l i t y 

(McMahon, 1982, Carnes, 1982): 

New J e r s e y - 5% of gross r e c e i p t s to the f a c i l i t y to be used 

f o r hazard p r o t e c t i o n , roads i n s p e c t i o n , 

m o n i t o r i n g , and e x t r a insurance fees (NJ 

Hazardous Waste S i t i n g Commission, 1983) 

C o n n e c t i c u t $0.05 per g a l l o n of s p e c i a l waste p l u s 2.5% of 

gross r e c e i p t s to the host-community f o r e x t r a 

c o s t s 

Kentucky 2% of gross r e c e i p t s to the host-community 
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Table 3.2: Summary of Negotiated Compensation Cases 

F a c i l i t y 

Grayrocks Dam 

S k a g i t County 
Nuclear Power 
P l a n t 

H a r t v i l l e , Tenn, 
Nuclear power 
p l a n t 

Shopping M a l l 

Cause 

l o s s of water f o r 
i r r i g a t i o n 

c o n s t r u c t i o n and 
environmental 
impacts 

Health and medical 
s e r v i c e s f o r more 
r e s i d e n t s 
education overburden 
l a c k of housing 

p r o p e r t y value l o s s e s 
environmental 
degradation 

Compensation 

-$7.5 m i l l i o n to r e p l a c e 
water r i g h t s and 
e s t a b l i s h new h a b i t a t 

- p u b l i c s e r v i c e c o s t s 
- m i t i g a t i o n e f f o r t s 
-land use p l a n n i n g f o r 
t r a n s p o r t impacts 

- r e s i d e n t employment 
-planning a s s i s t a n c e 
- a d d i t i o n a l classrooms 
- f i n a n c i a l a s s i s t , 
f o r sewer and water 

-5 year p r o p e r t y value 
guarantee at p r e -
c o n s t r u c t i o n v a l u e 
-berms 

MBG I n c i n e r a t o r t r u c k t r a f f i c 
n o i s e 
a i r p o l l u t i o n ( w i t h i n 
l e g a l l i m i t s ) 
l o s s of q u a l i t y of l i f e 
change i n community 

c h a r a c t e r stigma 
of being 
"region's dump s i t e " 

-$500,000 to $1 m i l l i o n 
i n p r o p e r t y taxes 

- $ l / t o n r o y a l t y 
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Here again the l a c k of a standard formula becomes apparent. Only 

the experience with the l e g i s l a t e d compensation r u l e s w i l l show i f 

the t r u e c o s t s are covered. 

3 . 4 . 4 Summary - L e g a l and Negot i a t e d Compensation 

L e g a l p r a c t i c e s r e c o g n i z e the r i g h t of the r e s i d e n t s to a 

l i m i t e d degree of freedom from noxious impacts. But even t h i s 

r i g h t i s not p r o t e c t e d a b s o l u t e l y , i . e . , through i n j u n c t i o n , a f t e r 

a f a c i l i t y i s o p e r a t i n g . More f r e q u e n t l y , a f f e c t e d r e s i d e n t s are 

granted some compensation i f t h e i r cause i s found to be j u s t i f i e d . 

The l e g a l process i s u n l i k e l y to p r o v i d e adequate 

compensation to the a f f e c t e d or p o t e n t i a l l y a f f e c t e d 

host-community r e s i d e n t s because of the u n d e r l y i n g i n t e n t of the 

t o r t laws and because of the l e g a l p r o c e s s . As a r e s u l t , 

compensation through l e g a l channels may leave the r e s i d e n t s with 

a net l o s s : 

1. The harm or damage must occur f i r s t b e f o r e any c l a i m can 

be made. Thus, u n c e r t a i n t y and r i s k s cannot be 

addressed. Residents are f i r s t r e q u i r e d to adapt to 

changes t h a t occur. 

2. The burden of proof r e s t s on the c l a i m a n t . Since the 

t r a n s p o r t paths and the e f f e c t s of contaminants are not 

w e l l known, the r i s k s of l o s i n g the case are high and 

r e s t e n t i r e l y with the harmed p a r t i e s . T h i s i s 

p a r t i c u l a r l y t r u e where f a u l t must be proven i n a d d i t i o n 

to the cause of harm. 

3. The f i n a n c i a l c o s t s f o r l e g a l a c t i o n are very high i f 

expert witnesses must be c a l l e d and e x t e n s i v e t e s t s must 
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be done. 

4. The l e g a l p r i n c i p l e s of t o r t law i n c o r p o r a t e some 

d i s c o u n t i n g of the c l a i m by weighing the b e n e f i t s to 

s o c i e t y with the l o s s e s to the host-community. These 

s o c i e t a l b e n e f i t s may, however, not accrue to the 

host-community at a l l . Furthermore, nuisance law 

r e q u i r e s t h a t p l a i n t i f f s s u f f e r impacts t h a t are 

"unreasonable" and " d i f f e r e n t i n k i n d " from those 

s u f f e r e d by o t h e r s . T h i s may f u r t h e r d i s c o u n t the 

measure of harm below a c e r t a i n t h r e s h o l d determined by 

the c o u r t . 

5. The method of v a l u a t i o n f o r damage used by the c o u r t s 

r e l i e s on p r o p e r t y v a l u e s , which may not r e f l e c t the t r u e 

impacts at a l l i n view of the i n c o n s i s t e n t f i n d i n g s i n 

p r o p e r t y v a l u e impacts i n Chapter 2. Business and 

i n t a n g i b l e p s y c h o l o g i c a l s t r e s s l o s s e s are u s u a l l y 

d i s r e g a r d e d . 

6. The compensation i s awarded almost e x c l u s i v e l y i n money 

and does not r e p l a c e the i n t a n g i b l e l o s s e s commensurately 

(environmental q u a l i t y , q u a l i t y of l i f e , e t c . ) . 

For these reasons c o u r t - d e c i d e d compensation most l i k e l y does 

not adequately r e p l a c e the value of t o t a l impacts of waste 

f a c i l i t i e s . T h e r e f o r e , the c a p a b i l i t y of c o u r t - d e c i d e d 

compensation to achieve v o l u n t a r y and a p r i o r i acceptance among 

host-community r e s i d e n t s i s inadequate. 

Negot i a t e d and l e g i s l a t e d compensation are onl y p a r t i a l l y 

based on r a t i o n a l formulas; o f t e n they r e s u l t from n e g o t i a t i o n s 
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and p o l i t i c a l p r o c e s s e s . The r e s u l t s may be s a t i s f a c t o r y to 

address some s p e c i f i c f o r e s e e a b l e impacts, but they vary 

s u b s t a n t i a l l y and do not i n c l u d e other types of impacts. 

Most n e g o t i a t e d s o l u t i o n s address the f i n a n c i a l c o s t s of 

a d d i t i o n a l i n f r a s t r u c t u r e and s e r v i c e s (emergency response and 

h e a l t h m o n i t o r i n g ) . Thus, the l o s s e s are allowed to occur, but 

are reduced or minimized. A l t e r n a t i v e l y , monetary compensation 

i s o f f e r e d f o r the r e s i d u a l l o s s e s i . e . , those which are below 

l e g a l l i m i t s or cannot t e c h n i c a l l y be reduced any f a r t h e r , and 

f o r " s o c i a l " l o s s e s . 

The e x c e p t i o n to t h i s r u l e i s the p r o v i s i o n of i n - k i n d 

s u b s t i t u t e s , e.g., i n the case of Gray Rocks dam (O'Hare, et a l . 

1983), by s u p p l y i n g money to e s t a b l i s h a l t e r n a t i v e w i l d l i f e 

h a b i t a t s and to r e p l a c e water r i g h t s . Notably, the c o s t s f o r t h i s 

s o l u t i o n ($7.5 m i l l i o n ) were h a l f of the o r i g i n a l l y o f f e r e d 

monetary compensation ($15 m i l l i o n ) . 

The most s i g n i f i c a n t c o n c l u s i o n i s th a t both l e g a l and 

ne g o t i a t e d compensation schemes do not adequately r e s o l v e the 

numerous l o s s e s to the host-community. In p a r t i c u l a r , many 

i n t a n g i b l e l o s s e s are not compensated, because they cannot be 

valued commensurately by market p r i c i n g . 

3.5 Summary and Con c l u s i o n s 

F a c i l i t y acceptance i n the host community i s d e f i n e d by the 

la c k of s i g n i f i c a n t o p p o s i t i o n , i n p a r t i c u l a r by the absence of 

major l e g a l a c t i o n and p u b l i c o p p o s i t i o n . The c r i t e r i o n f o r 

acceptance r e q u i r e s that the net impact of the f a c i l i t y not 



1 6 0 

exceed the community t o l e r a n c e of change. In t y p i c a l r u r a l host 

communities, t h i s t o l e r a n c e i s very low. 

Since the n e g a t i v e value of l o s s e s exceeds the p o s i t i v e v a l u e 

of equal g a i n s , impact r e d u c t i o n i s p r e d i c t e d to be more e f f e c t i v e 

than compensation i n g a i n i n g acceptance. The most e f f e c t i v e 

p r i o r i t y f o r impact r e d u c t i o n measures i s expected to f o l l o w the 

sequence of p r e v e n t i o n , c o n t r o l , m i t i g a t i o n , f o l l o w e d by 

compensation. T h i s sequence f o l l o w s the simple c a u s e - e f f e c t 

c o n n e c t i o n . Hence p r e v e n t i o n reduces l o s s e s c l o s e s t to the 

p e r c e i v e d cause or source of the problem, v i z , the urban c e n t e r , 

while m i t i g a t i o n addresses the damage a f t e r i t has o c c u r r e d . 

T h e r e f o r e i t i s p r e d i c t e d that p r e v e n t i o n w i l l be p r e f e r r e d d e s p i t e 

b e t t e r o b j e c t i v e impact r e d u c t i o n through c o n t r o l . F i n a l l y , 

w i t h i n the expected c o s t range (up to $25 per person per y e a r ) , the 

c o s t s are not l i k e l y to be c o n s i d e r e d a major f a c t o r . 

The s i t i n g process o p t i m a l l y must i n t e g r a t e a l l l o s s e s and 

gains i n t o one package, but g r a d u a l l y implement changes. I d e a l l y , 

some gains (employment, taxes, p a r k - b u f f e r zone, e t c . ) should be 

i n p l a c e before the impacts occur. The exact framing and t i m i n g 

of the gains and l o s s e s i s important. 

Unavoidable r e s i d u a l l o s s e s can be adapted to by the host 

community r e s i d e n t s through a process i n v o l v i n g d e n i a l , anger, 

b a r g a i n i n g and d e p r e s s i o n l e a d i n g to acceptance. The s t r e s s of 

t h i s process can be managed by p r o v i d i n g support to the r e s i d e n t s 

through c o n t r o l , t a n g i b l e changes i n response to concerns, 

s u c c e s s f u l coping s t r a t e g i e s , e t c . Thus, the l o s s a d a p t a t i o n can 

be b e t t e r managed i n the s i t i n g p r o c e s s . 
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The p o s s i b i l i t y of o b t a i n i n g compensation through l e g a l 

a c t i o n i s u n l i k e l y to have a s i g n i f i c a n t p o s i t i v e e f f e c t on 

f a c i l i t y acceptance, because i t addresses on l y damages, u s u a l l y 

with money and can be obtained o n l y when damages ( l o s s e s ) have 

o c c u r r e d . The c o n d i t i o n s f o r a c t i o n , burden of proof and c o s t s 

are o f t e n p r o h i b i t i v e f o r a s u c c e s s f u l a c t i o n a g a i n s t waste 

f a c i l i t y impacts. Ne g o t i a t e d s i t i n g compensation u s u a l l y 

addresses only s a f e l y q u a n t i f i a b l e monetary c o s t s of community 

i n f r u s t r u c t u r e . I n t a n g i b l e impacts to i n d i v i d u a l s are u s u a l l y not 

compensated. 
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CHAPTER 4 - WASTE FACILITY IMPACT ASSESSMENT 

T y p i c a l waste d i s p o s a l f a c i l i t y impacts are assessed to 

compare them with host community b e l i e f s and a t t i t u d e s i n Chapter 

5. The purpose of t h i s chapter i s to observe, measure and 

q u a n t i f y the impacts of the two t y p i c a l waste f a c i l i t i e s on the 

surrounding communities. The chapter d e s c r i b e s t y p i c a l p a t t e r n s 

and the s p a t i a l extent of the p h y s i c a l impacts. P h y s i c a l impacts 

are presented by t r a n s p o r t pathway and mechanism because one type 

of emission can cause more than one type of impact. View and 

no i s e impacts are d e s c r i b e d i n d i v i d u a l l y . A i r emission impacts 

such as odors, h e a l t h r i s k s and a i r q u a l i t y changes are covered i n 

one s e c t i o n , w h ile a l l water emission e f f e c t s as h e a l t h r i s k s , 

water q u a l i t y and w i l d l i f e h a b i t a t changes are c o n t a i n e d i n 

another. The l a s t s e c t i o n summarizes the impacts i n the 

d e s c r i p t i o n of waste f a c i l i t y f o o t p r i n t s f o r l a n d f i l l and 

i n c i n e r a t o r i n d i v i d u a l l y . 

4.1 Nuisances 

4.1.1 V i s u a l Impacts 

V i s u a l impact from a r e s i d e n c e i s d e f i n e d here as any view 

t h a t c o n t a i n s any o b j e c t , a c t i v i t y , or emission a s s o c i a t e d with 

the waste f a c i l i t y . 

P e r s o n a l o b s e r v a t i o n of views a c c o r d i n g to the s c a l e i n 

Table 4.1 f o l l o w s Hatry's method (1977), p r e v i o u s l y used i n Z e i s s 

(1984a). The s p e c i f i c s c a l e s were developed t o r e p r e s e n t i n 

ascending order i n c r e a s i n g l e v e l s of view impact. The observer 

drove a l l main p u b l i c roads w i t h i n 3 km of the l a n d f i l l and 



Table 4.1 - View Rat i n g L i s t of Waste F a c i l i t i e s 

L a n d f i l l 

1 - View Impairment 

2 - B i r d s , animals, dust 

3 - Equipment and t r u c k t r a f f i c 

4 - Open garbage 

5 - Leachate seeps, gas and fumes, gas burners 

I n c i n e r a t o r 

1 - Plume on l y 

2 - Stack and Plume 

3 - B u i l d i n g 

4 - Trucks and T r a f f i c 

5 - Ash Handling/on s i t e equipment 
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w i t h i n 5 km of the i n c i n e r a t o r and r a t e d each vantage p o i n t by the 

s c a l e s (Table 4.1). Photographs were taken at most p o i n t s t o 

document the o b s e r v a t i o n s . The process was completed twice; the 

f i r s t time i n the winter (January and February, 1987) f o r winter 

f o l i a g e and the second time i n the summer (August, 1987) f o r 

summer f o l i a g e . Residences of a t t i t u d e survey respondents and 

p r o p e r t i e s t h a t were l i s t e d f o r s a l e between 1983 and 1987 were 

i d e n t i f i e d and r a t e d i n d i v i d u a l l y . 

The r e s u l t s are summarized i n F i g u r e s 4.1 and 4.2 f o r the 

l a n d f i l l and i n c i n e r a t o r . Each o b s e r v a t i o n p o i n t i s marked with a 

r a t i n g ; d i f f e r e n c e s between summer and winter are i n d i c a t e d where 

necessary. 

As i n t u i t i v e l y expected, the view of the l a n d f i l l i s l i m i t e d 

to a narrow s t r i p of land next to the boundary, except f o r some 

e l e v a t e d l a n d on a r i d g e about 2 kms to the west. The l a n d f i l l 

view i s u s u a l l y screened by t r e e s , shrubs and the f i r s t row of 

b u i l d i n g s , except when the e l e v a t i o n of the f i l l e d area exceeds 

the screen h e i g h t , e.g., f o r o l d e r l a n d f i l l s . G e n e r a l l y , the view 

i n c l u d e s o b j e c t s t h a t r e l a t e to "waste:" garbage t r u c k s , b i r d s , 

open garbage. Very few i n d i c a t o r s of " p o l l u t i o n " c o u l d be seen, 

e.g., seeps of l e a c h a t e were absent, but gas f l a r e s were apparent 

when the flames rose over the burner f l a s h i n g , e.g., d u r i n g low 

pr e s s u r e p e r i o d s . 

At the garbage burner, the stack and plume are g e n e r a l l y 

v i s i b l e up to 5 kms from the s i t e i n a l l d i r e c t i o n s on the f l a t 

t e r r a i n . W i t hin 3 kms, some t r u c k s and the b u i l d i n g s are v i s i b l e 

too (codes 3 and 4). Trees and houses cut the view of the 



mi 

Legend: I S3 W3 | "w" winter view, "s" summer view 
1 - view iinpairment,2 - birds,dust,3 - equipment and trucks,4 - open garbage,5 - leachatergas fumes 

F i g u r e 4 . 1 : L a n d f i l l View Impact F i e l d M 
cn 



F i g u r e 4 . 2 : I n c i n e r a t o r View Impact F i e l d t r a f f i c 
5 - ash handling cr> 

on site ^ 
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b u i l d i n g f o r r e s i d e n t s o u t s i d e the immediate v i c i n i t y (about 

300m), but the stack and plume remain v i s i b l e over t r e e s and 

b u i l d i n g s u n l e s s the viewer i s very c l o s e to the s c r e e n i n g 

o b j e c t s . In p a r t i c u l a r , the i n c i n e r a t o r view i n c l u d e d l a r g e steam 

plumes from the stack (about 1 to 2 s t a c k s l e n g t h s long) and from 

the c o o l i n g tower (about 1/2 to 1 stack l e n g t h long) d u r i n g low 

humidity and low temperature c o n d i t i o n s , i . e . , predominantly i n 

winter and on c o l d mornings. 

While l a n d f i l l o p e r a t i o n s are screened by t r e e s , berms or 

houses, the view of the i n c i n e r a t o r stack and plume i s o n l y 

screened immediately behind o b j e c t s (see F i g u r e 4.A2 i n Appendix). 

For a 10 m high t r e e , the t r e e must be under 200 m from the viewer 

at a d i s t a n c e of 2 km of the s i t e to e f f e c t i v e l y screen the stack 

and plume (110m). Th e r e f o r e any s c r e e n i n g e f f e c t i s very l i m i t e d 

s p a t i a l l y at the i n c i n e r a t o r . As a r e s u l t , the stack and plume 

remain v i s i b l e throughout the host-community except i n s m a l l 

pockets of w e l l screened houses. Moreover, r e s i d e n t s who cannot 

see the i n c i n e r a t o r from t h e i r own home may be a b l e to see i t when 

they d r i v e through the neighborhood. 

4.1.2 Noise Impacts 

The g o a l of n o i s e measurements at waste f a c i l i t i e s i s to 

d e s c r i b e t y p i c a l n o i s e f o o t p r i n t s , to determine whether waste 

f a c i l i t y n o i s e c r e a t e s s i g n i f i c a n t impact on the host community, 

and to r e l a t e the n o i s e l e v e l s to the surveyed community b e l i e f s 

and a t t i t u d e s (see Chapter 5). 

Two c r i t e r i a were adopted to c h a r a c t e r i z e the n o i s e 
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c o n t o u r s : 

1. the area where the e q u i v a l e n t sound p r e s s u r e l e v e l (L ) 
eq 

i s s i g n i f i c a n t l y over background, i . e . , 3 dBA over the 

background n o i s e l e v e l (see code 1 i n F i g u r e 4.4 and 4.5 

below); 

2. the area where the f a c i l i t y n o i s e i s above the 

r e c o g n i t i o n t h r e s h o l d , but not s i g n i f i c a n t l y ( i . e . , not 

more than 3 dBA) over the background l e v e l (see code 2 

i n F i g u r e s 4.4 and 4.5 below); 

As a c o r o l l a r y , the normalized community n o i s e e q u i v a l e n t 

l e v e l (CNEL) i s c a l c u l a t e d from the measured n o i s e l e v e l s to 

p r e d i c t l e v e l s of community response to compare with the community 

survey r e s u l t s (see Chapter 5). 

Method 

A hand h e l d CEL n o i s e meter mounted on a 1.5 m t r i p o d was 

used to determine sound l e v e l s and e q u i v a l e n t s . L o c a t i o n , weather 

c o n d i t i o n s and time of day were s e l e c t e d to o b t a i n r e p r e s e n t a t i v e 

r e s u l t s . Background n o i s e was measured under s i m i l a r c o n d i t i o n s 

of exact measuring l o c a t i o n s , c o n d i t i o n s and times. They are 

recorded i n Appendix 4.B. The b a s i c measurement schedule i s 

b r i e f l y e x p l a i n e d here. 

Based on a q u a l i t a t i v e p r e d i c t i o n of the n o i s e f i e l d , t h ree 

to f o u r l o c a t i o n s were s e l e c t e d c l o s e to but i n d i f f e r e n t 

d i r e c t i o n s from the main nois e source (the f a c i l i t y ) . 

Measurements were taken at f o u r times of day to get n i g h t t i m e , 

morning, midday and a f t e r n o o n readings so t h a t background l e v e l s 
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and f l u c t u a t i o n s caused by o p e r a t i o n a l r o u t i n e s c o u l d be measured. 

Weather c o n d i t i o n s d u r i n g measurements were always monitored to 

v e r i f y the s i m i l a r i t y to t y p i c a l c o n d i t i o n s f o r each s i t e . Wind 

speed and d i r e c t i o n were f a i r l y t y p i c a l , but d i d not i n f l u e n c e the 

n o i s e l e v e l s as much as expected. However, high temperatures and 

humidity on hot summer afternoons s u b s t a n t i a l l y reduced ambient 

sound l e v e l s from f a c i l i t y and background sources at the 

i n c i n e r a t o r , and, to a l e s s e r e x t e n t , around the l a n d f i l l . They 

d i d not, however, s h i f t the n o i s e f o o t p r i n t boundaries. 

L a n d f i l l Noise L e v e l s 

L a n d f i l l n o i s e sources comprise three elements: heavy 

compaction equipment on the working f a c e , access t r a f f i c , and 

b i r d s . Although a l l three elements f l u c t u a t e , they f r e q u e n t l y 

r e o c c u r d u r i n g s h o r t p e r i o d s (about 10 minutes). The frequency 

curve (see F i g u r e 4.3) f o r the l a n d f i l l shows a predominance of 

low f r e q u e n c i e s (32 to 100 Hz) with some higher f r e q u e n c i e s (500 

to 1,000 Hz) a t 90 to 100 m. 

The n o i s e measurements are summarized f o r three a c t i v e s i t e 

l o c a t i o n s and f o u r community l o c a t i o n s i n corresponding d i r e c t i o n s 

i n Table 4.2 and i n F i g u r e 4 . 4 . Ratings of 1 and 2 correspond 

with the n o i s e c r i t e r i a (above) and with the inner and outer n o i s e 

contour i n the map. The inner boundary c o n t a i n s areas with 

s i g n i f i c a n t f a c i l i t y n o i s e impacts ( i . e . , more than 3 dBA over 

background); the outer boundary i s the f a c i l i t y n o i s e r e c o g n i t i o n 

t h r e s h o l d . The h i g h e s t n o i s e l e v e l s at 60 to 70 dBA are r i g h t 

behind the a c t i v e f i l l area (W2 and S2 l o c a t i o n s ) , because the 



F i g u r e 4.3: Waste F a c i l i t y Noise Frequency Spectra f o r L a n d f i l l at 
90 metres from a c t i v e a r e a , and I n c i n e r a t o r at 60 m 
d i s t a n c e 

-J 
O 
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Table 4.2 - L a n d f i l l - Measured Sound L e v e l s 

L o c a t i o n / 
D i s t a n c e 
from 
source 

S i t e 

Wl/90-
100m 

W2/60m 

W3/55m 

Sound L e v e l 
Busy Perio d s 

eq 
dBA 

Range 

dBA 

58-64 54-71 

60-70 43-73 

56-66 50-70 

eq 
dBA 

Quiet P e r i o d s 

Range 

dBA 

54-57 48-60 

56-58 48-60 

51-53 48-56 

Background 
Noise L e v e l 

Range Source 

dBA 

47-48 t r a f f i c 

47-48 t r a f f i c 

47-48 t r a f f i c 

Host Community 

Cl/130-

140m 55-63 

C2/350m 53 

C3/400m 53-57 

C4/340m 54-57 

49-54 

<49 

45-52 

44-47 

38-39 t r a f f i c 

48-50 t r a f f i c 

42-53 t r a f f i c 

<39 t r a f f i c 

Legend 

Leq i s the e q u i v a l e n t sound l e v e l averaged over 5 minute p e r i o d s 
Range valu e s i n d i c a t e the range of momentary sound l e v e l s 



Legend: Locations - "w" winter active area, "s" summer active area, 
"c" ajrrflTtunity noise rneasurement location 

Solid line - recognition boundary, dashed line significant impact boundary 

Figure 4.4: L a n d f i l l Noise Impact F i e l d 
to 
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compactors' exhaust o u t l e t s u s u a l l y face t h i s d i r e c t i o n . 

The measured community n o i s e l e v e l s are v e r i f i e d by rough 

e s t i m a t i o n of the n o i s e l e v e l s from s i t e n o i s e l e v e l s (W2 to W3) 

and standard a t t e n u a t i o n f a c t o r s (Mestre and Wooten, 1980, and 

Beranek, 1971) . The d e t a i l e d a t t e n u a t i o n estimates are co n t a i n e d 

i n Appendix 4.B .4 . The estimated l e v e l s correspond roughly to the 

measured l e v e l s (see Table 4 . 3 ) . 

The s i g n i f i c a n t impact area extends about 700 to 800 m i n a l l 

d i r e c t i o n s , depending on the background n o i s e , topography, 

b a r r i e r s and v e g e t a t i o n . Rows of b u i l d i n g s and h i l l s l o p e s are 

very e f f e c t i v e i n c u t t i n g sound l e v e l s , w h i l e v e g e t a t i o n has a 

minor e f f e c t . The n o t i c e a b l e bulge i n the no i s e t h r e s h o l d a t 

mid l e n g t h of the e a s t e r n l a n d f i l l boundary corresponds with a cut 

i n the r i d g e running along t h a t s i d e of the l a n d f i l l . 

The l a n d f i l l u s u a l l y generates three l e v e l s of sound 

corresponding to the l e v e l s of o p e r a t i o n : a "busy" l e v e l at 55 to 

70 dBA d u r i n g peak times when one or both compactors are o p e r a t i n g 

c o n t i n u o u s l y , a " q u i e t " time a t 50 to 55 dBA when onl y one 

compactor i s o p e r a t i n g i n t e r m i t t e n t l y i n 20 minute c y c l e s with 5 

to 10 minutes of b i r d and access t r a f f i c n o i s e o n l y , and, f i n a l l y , 

background n o i s e of road t r a f f i c and p l a n e o v e r f l i g h t s . The busy 

l e v e l s l a s t 5 hours per weekday (9:30 am to 2:30 pm), the q u i e t 

l e v e l s occur 5 hours per weekday (8 am to 9:30 am, 2:30 pm to 6 

pm) and 10 hours each on Saturday and Sunday. On weekdays th e r e 

are a l s o impact sounds from banging t r u c k s and t a i l g a t e s . 

Simple a t t e n u a t i o n estimates (Mestre and Wooten, 1980) are 

used to r e l a t e the sound l e v e l s at the s i t e boundary to the 
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measured l e v e l s i n the community (see Appendix 4.B f o r d e t a i l e d 

c a l c u l a t i o n s ) . The measured and estimated l e v e l s are s i m p l i f i e d 

i n T able 4.3. The estimated l e v e l s at l o c a t i o n C2 and C3 are 

s l i g h t l y lower than measured l e v e l s . T h i s i s probably because 

background n o i s e l e v e l s c o n t r i b u t e s i g n i f i c a n t l y a t these 

l o c a t i o n s , w h ile l o c a t i o n CI i s c l o s e to the source and l e s s 

a f f e c t e d by t r a f f i c n o i s e . 

The estimates of d i s t a n c e to the r e c o g n i t i o n n o i s e boundary 

u s i n g wave divergence o n l y are entered i n t o the observed n o i s e 

contour (see squares i n F i g u r e 4.4). The estimated d i s t a n c e s 

c o i n c i d e w e l l with the observed boundaries on f l a t t e r r a i n , t h a t 

i s except f o r the boundary east of the a c t i v e a r e a , where the 

r i d g e and drop of the topography reduce sound p r o p a g a t i o n . 

Based on the l a n d f i l l n o i s e d a t a , the Community Noise 

E q u i v a l e n t L e v e l (CNEL) i s c a l c u l a t e d by l o g a r i t h m i c a l l y adding 

the measured n o i s e l e v e l s weighted by t h e i r r e l a t i v e d u r a t i o n by 

day (Wyle, 1971, see Table 4.3b). With the normalized CNEL sound 

l e v e l of 52.5 dBA, no community r e a c t i o n would be p r e d i c t e d based 

on expected community response curve (Wyle, 1971, see F i g u r e 4.6). 

I n c i n e r a t o r Noise L e v e l s 

The i n c i n e r a t o r n o i s e sources c o n s i s t of the constant p l a n t 

n o i s e from f a n s , conveyers and a i r r u s h i n g , and v a r i a b l e n o i s e 

from access t r a f f i c , ash h a n d l i n g , and o u t s i d e yard o p e r a t i o n s . 

The v a r i a b l e o p e r a t i o n s reoccur roughly on an h o u r l y b a s i s f o r ash 

h a n d l i n g , while access t r a f f i c c o n s i s t s of r e g u l a r l y spaced 

a r r i v a l s every 5 to 10 minutes. T r a f f i c c o n t r i b u t e s very l i t t l e 



175 

Table 4.3 - L a n d f i l l Measured and Estimated Community Noise 
L e v e l s . 

a. Sound L e v e l s 

L o c a t i o n Sound Pressure L e v e l s 
Measured Estimated D i f f e r e n c e 

dBA dBA 

CI 49 - 63 47 - 57 estimated l e v e l s 
s l i g h t l y lower 

C2 49 - 53 37 - 49 estimated l e v e l s 
s l i g h t l y low 

C3 45 - 57 35 - 49.5 estimated l e v e l s 
s l i g h t l y low 

b. Community Noise E q u i v a l e n t L e v e l (CNEL) 

L a n d f i l l CNEL Estimate at Community Receptor 150-200m 
from a c t i v e a r e a : 

Day 5 hours "busy" 55 dBA 
5 hours " q u i e t " 50 dBA 
5 hours "background" 45 dBA 

Night 9 hours "background" 40 dBA 

Measured CNEL 52.5 dBA 

The c o r r e c t i o n f a c t o r s are a p p l i e d to a d j u s t the measured l e v e l 
f o r community response (Wyle, 1982) 

C o r r e c t i o n F a c t o r s 
- year round o p e r a t i o n 0.0 dBA 

- community background 
n o i s e l e v e l : n o i s y 
urban near roads 
and i n d u s t r i a l area -5.0 dBA 

- some p r e v i o u s experience 
with source, but l i t t l e 
e f f o r t t o c o n t r o l n o i s e 0.0 dBA 

- impact sounds present +5.0 dBA 

L a n d f i l l Normalized CNEL 51.5 dBA 
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to the n o i s e impact because of the low speeds and the p r o x i m i t y of 

the e x i t road to the p l a n t . 

T a b l e 4.4 and F i g u r e 4.5 show the measurement l o c a t i o n s and 

sound l e v e l s . Because of the high background n o i s e l e v e l s from 

the highway (1-5 at 800 m to the west, 99E 500 m to the east) and 

the r a i l r o a d (100 m to the e a s t ) , because of the s c r e e n i n g e f f e c t 

of the row of onion warehouses along the r a i l r o a d t r a c k s between 

the p l a n t and the v i l l a g e and, f i n a l l y , because of the p r e v a i l i n g 

wind d i r e c t i o n s from the southwest and n o r t h e a s t , the s i g n i f i c a n c e 

and r e c o g n i t i o n t h r e s h o l d s f o r the i n c i n e r a t o r s i t e are 

c o n c e n t r i c a l o v a l s . The s i g n i f i c a n c e area i s c o n f i n e d v i r t u a l l y 

o n - s i t e , because of the enclosed t i p p i n g f l o o r , ash h a n d l i n g and 

mechanical systems. 

The r e c o g n i t i o n boundary extends f a r o u t s i d e the s i t e 

boundary, because the he i g h t of the source (10 to 20 m) and the 

presence of r e l a t i v e l y low f r e q u e n c i e s (see F i g u r e 4.3 f o r the 

frequency d i s t r i b u t i o n ) a l l o w the sound to propagate 250 to 800 m 

beyond the s i t e boundaries i n the f l a t t e r r a i n . Hence, even on 

hot, dry summer days, a low hum can be heard at some d i s t a n c e from 

the p l a n t , w hile the higher p i t c h e s of p l a n t and background n o i s e s 

are not a u d i b l e . As a r e s u l t , the r e c o g n i t i o n boundary p o s i t i o n 

v a r i e s l i t t l e , but the measured sound l e v e l drops about 10 to 12 

dBA on hot, dry summer days. The sound l e v e l drop c o r r e l a t e s with 

the t y p i c a l temperature i n c r e a s e and humidity decrease on summer 

afternoons (Salem M e t e r o l o g i c a l Data, N a t i o n a l Weather S e r v i c e , 

1986). In winter and summer c o n d i t i o n s , the measured community 

sound l e v e l s are b a r e l y over t r a f f i c background n o i s e l e v e l s (see 
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Table 4.4: I n c i n e r a t o r - Measured Sound L e v e l s 

L o c a t i o n / Seasons Sound L e v e l 
D i s t a n c e Night/Morning Noon/Afternoon 

Background 

L s q Range L 
eq 

Range Range 

S i t e 
dBA dBA dBA dBA dBA 

Sl/80m W 
S 

56 
56 

55-57 
55-58 

55-60 
43-47 

52-62 
42-53 

low 
low 

S2/60m W 
S 

64.5 
63.4 53-57 

61-63 
52-54 

60-65 
50-57 

low 
low 

Host Community 

Cl/200m S 55 53-57 40-43 37-44 low 

C2/550m S p l a n t not a u d i b l e 

C3/300m W 52.5 49-56 56 53-62 38-40 

C4/200m W 
S 

54 51-55 
48-55 

-
38-45 

low 
low 

C5/300m S b a r e l y 
a u d i b l e 

44-46 b a r e l y 
a u d i b l e 

36-38 low 

C6/300m S s l i g h t <43dBA - - 40-45 

C7/200m S b a r e l y 
a u d i b l e 

53-55 - - 36-45 

C8/350m w - - s l i g h t 46-50 44 

C9/850m w - — not a u d i b l e 43-45 

dBA 

t r a f f i c 
t r a f f i c 

t r a f f i c 
t r a f f i c 

t r a f f i c 

t r a f f i c 
t r a f f i c 

t r a f f i c 

t r a f f i c 

Seasons: W = winter 
S = summer 
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X 

Legend: S d e s i g n a t e s s i t e l o c a t i o n , C d e s i g n a t e s community 
l o c a t i o n , w i t h numbers f o r l o c a t i o n s 
"1" l i n e i n d i c a t e s s i g n i f i c a n t n o i s e impact boundary, 
i . e . , over 3 dBA over background, 
"2" l i n e i n d i c a t e s r e c o g n i t i o n n o i s e impact boundary 
Arrows to "X's" i n d i c a t e p r e d i c t e d n o i s e boundaries 

F i g u r e 4.5: I n c i n e r a t o r Noise Impact F i e l d 
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T a b l e 4.4). 

Some simple a t t e n u a t i o n (see Appendix 4.B) estimates a l l o w 

the s y s t e m a t i c p r e d i c t i o n of the measured sound l e v e l s i n the 

community from s i t e boundary n o i s e l e v e l s (see Table 4.5). 

Furthermore, the d i s t a n c e to the pure background n o i s e l e v e l as 

estimated from wave divergence o n l y i s w i t h i n the observed 

r e c o g n i t i o n boundary, except towards the e a s t , i n t o Brooks. Here, 

a d d i t i o n a l a t t e n u a t i o n of b u i l d i n g s , t r e e s , e t c . probably reduces 

the d i s t a n c e to the r e c o g n i t i o n boundary. The estimated n o i s e 

l e v e l s i n the community c o i n c i d e with measured l e v e l s and support 

the estimated d i s t a n c e s from the i n c i n e r a t o r t o the r e c o g n i t i o n 

t h r e s h o l d boundary. 

The p r e d i c t i o n of community response i s accomplished with the 

time weighted c a l c u l a t i o n of measured n o i s e e q u i v a l e n t l e v e l s and 

the c o r r e c t i o n f o r s p e c i f i c f a c t o r s ( a f t e r Wyle, 1971, see Table 

4.5b). The n i g h t sound l e v e l s e l e v a t e the e q u i v a l e n t n o i s e l e v e l s 

to over 60 dBA and may l e a d to widespread complaints based on the 

p r e d i c t e d response (see curve i n F i g u r e 4.6). 

Although the measured sound l e v e l s do not c o n s t i t u t e a 

s i g n i f i c a n t i n c r e a s e i n community nois e l e v e l s , they can a c t as 

constant reminders of the presence of the f a c i l i t y up to 800 m 

from the s i t e . The community response may be very n e g a t i v e due to 

the n o i s e impacts, p a r t i c u l a r l y due to the n i g h t t i m e o p e r a t i o n s . 

Noise A t t e n u a t i o n Estimates Between S i t e Boundaries and Community 
L o c a t i o n s 

Community n o i s e l e v e l s are estimated from s i t e n o i s e l e v e l s 

and n o i s e a t t e n u a t i o n f o r the s p e c i f i c c o n d i t i o n s (see Appendix 



Table 4.5 - Incinerator Measured and Estimated Community Noise 
Levels. 

Sound Levels 

Location Sound Pressure Levels 

Measured Estimated Difference 
dBA dBA 

CI 40 - 55 4 1 - 5 5 not s i g i n f i c a n t 

C2 plant not below background not s i g n i f i c a n t 
audible 

C3 52 - 56 47 - 50.5 estimated l e v e l 
s l i g h t l y low 

C4 48 - 55 50.5 - 54 not s i g n i f i c a n t 

C5 plant hardly below not s i g n i f i c a n t 
audible background 

C6 plant hardly below not s i g n i f i c a n t 
audible background 

C7 53 - 55 42.5 - 53 estimated l e v e l 
low 

C8 46 - 50 48 - 53 not s i g n i f i c a n t 

C9 plant not below 
audible background 

The difference between measured and estimated l e v e l s i s 
considered not s i g n i f i c a n t i f the upper or lower l e v e l s are 
within plus or minus 3dBA. 

b. Community Noise Equivalent Levels 

Incinerator Community Noise Equivalent Level (CNEL) at 200m 
distance: 

Measured Levels at s i t e boundary and at 200m 

Day 15 hours at 60 dBA 54 dBA 

9 hours at 55 dBA 

Measured CNEL 62 .8 dBA 57. .5 dBA 
Corrections 

- year round operation 0, .0 0. 0 

- community noise l e v e l : 
quiet, r u r a l community 
with some trucks, near 
freeway 0. .0 0. ,0 

- no p r i o r exposure to 
noise source + 5, .0 +5. 0 

- no pure tone or 
impulsive noises 0, ,0 0. 0 

Normalized CNEL 67.8 dBA 62.5 dBA 



Community Reaction 

Vigo rood community 
action 

Several threats of legal 
act ion, or strong appeals 
to local officials to stop 
noise 

Widespread complaints 
or single threat of 
legal action 

Sporadic complaints 

No reaction, although 
noise is generally 
noticeable 

Mean 

Envelope of 90% of Data 

Incinerator site boundary}/. / 
X • • V* * / • ' 

/ / / 

Data Normalized to: 

Residential Urban Residual Noise 
Some Prior Exposure 
Windows Partially Open 
No Pure Tone or Impluses 

55 60 65 70 75 80 
Normalized Community Noise Equivalent Level in dB 

85 90 

F i g u r e 4.6: P r e d i c t e d Community Response to 
Waste F a c i l i t y Noise Impacts; a f t e r Wyle, 1971. 
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4.B) . 

The a t t e n u a t i o n l e v e l s are s u b t r a c t e d from s i t e boundary 

values to v e r i f y the measured values i n the community (see Tables 

4.3 and 4.5). 

The minimum d i s t a n c e from the s i t e boundary to the background 

n o i s e t h r e s h o l d can be roughly and c o n s e r v a t i v e l y estimated from 

the r e l a t i o n s h i p f o r sound pr e s s u r e r e d u c t i o n due to wave 

dive r g e n c e . The maximum d i s t a n c e to r e c o g n i t i o n t h r e s h o l d f o r a 

t y p i c a l f a c i l i t y i s not n e c e s s a r i l y reduced by excess a t t e n u a t i o n 

because s p e c i f i c c o n d i t i o n s may vary. T h e r e f o r e , the excess 

a t t e n u a t i o n i s d i s r e g a r d e d . The formula without excess 

a t t e n u a t i o n i s used to estimate background n o i s e l e v e l d i s t a n c e s 

i n t hree d i r e c t i o n s (Appendix 4.B.5.). The d i s t a n c e s and 

d i r e c t i o n s are i n d i c a t e d i n the s i t e n o i s e impact maps, F i g u r e s 

4.4 and 4.5. 

4.1.3 Odor Impacts 

Odors are d e f i n e d f o r t h i s study as a i r b o r n e substances t h a t 

exceed the odor t h r e s h o l d . They are c o n s i d e r e d nuisances. Odor 

i s t r e a t e d s e p a r a t e l y here, but i s i n f a c t one element of a i r 

q u a l i t y impacts. 

Odor p e r c e p t i o n and response i s complex because i t depends 

on many p h y s i c a l and p e r c e p t i o n a l f a c t o r s : (Turk et a l . 1979): 

- p h y s i c a l f a c t o r s : composition, c o n c e n t r a t i o n , 
frequency and d u r a t i o n of 
exposure; 

- p e r c e p t i o n a l f a c t o r s : i n t e n s i t y , c h a r a c t e r , hedonic tone, 
and mixing c h a r a c t e r i s t i c s . 
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In order to s i m p l i f y the assessment, three t y p i c a l l a n d f i l l 

odors were c h a r a c t e r i z e d . F o r t u n a t e l y , the odor r e c o g n i t i o n and 

d e t e c t i o n t h r e s h o l d s are known f o r some c h a r a c t e r i s t i c components 

of the t y p i c a l odor elements (Young and Parker, 1984a and b ) . 

Odor Impact D e f i n i t i o n 

The c h o i c e of an odor impact d e f i n i t i o n must take i n t o 

account the method of odor i n t e n s i t y measurement, the frequency of 

the odor, and the method of connecting the odor with the source. 

Waste f a c i l i t y odors can be t r a n s i e n t , v a r i a b l e , and can occur 

f r e q u e n t l y or very seldom. The odor must be i d e n t i f i a b l e by 

p e r s o n a l o b s e r v a t i o n and r e c o g n i t i o n because the very low 

r e c o g n i t i o n t h r e s h o l d s are d i f f i c u l t to r e l i a b l y d e t e c t with 

reasonably simply a n a l y t i c a l methods. An o p e r a t i o n a l d e f i n i t i o n 

of odor impact can r e l y on r e s i d e n t o b s e r v a t i o n s and on 

v e r i f i c a t i o n by l o c a l a u t h o r i t i e s . Schroeder (1975) uses these 

p r i n c i p l e s to suggest a d e f i n i t i o n of odor impact: 

1. I f one or more odor complaints are i n i t i a t e d by 

r e s i d e n t s of a community and are v e r i f i e d by l o c a l 

a u t h o r i t i e s , or 

2. i f 20 or more odor complaints are i n i t i a t e d without 

v e r i f i c a t i o n , or 

3. i f odors extend beyond the p r o p e r t y l i m i t s of the source 

and occur more than once or l a s t more than one day i n 

any three months, and exceed an i n t e n s i t y of 7 d i l u t i o n s 

to t h r e s h o l d as measured by the Barneby-Cheney 

Scentometer. 
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These c r i t e r i a exceed many common odor bylaws, but they are 

adapted f o r t h i s study to r e f l e c t the s e n s i t i v e meaning of the 

odor source, i . e . , the waste f a c i l i t y . The suggested c r i t e r i a 

r e l y on p e r s o n a l o b s e r v a t i o n . S p e c i f i c a l l y , c r i t e r i o n 3 adopts 

a simple p e r s o n a l sampling method to f i t the d e f i n i t i o n of 

waste s i t e odor impacts. 

Odor Measurement 

The d e f i n i t i o n c a l l s f o r the use of a p e r s o n a l sampler, the 

"Scentometer," to measure the odor i n t e n s i t y or s t r e n g t h (Huey, 

1960). The Scentometer allows odorous and carbon f i l t e r e d a i r to 

be i n h a l e d a t d i f f e r e n t set r a t i o s by opening d i f f e r e n t s i z e d 

p o r t s . The observer s t a r t s at the s m a l l e s t opening ( l a r g e s t 

d i l u t i o n ) and opens one hole at a time u n t i l odor i s d e t e c t e d . 

The f i r s t opening where odor i s de t e c t e d i s the Scentometer 

reading and corresponds to the minimum d i l u t i o n to t h r e s h o l d 

(Barneby-Cheney, 1959). Since the method r e l i e s on one o b s e rver's 

p e r c e p t i o n , i t does not account f o r i n t e r p e r s o n a l v a r i a t i o n of 

odor s e n s i t i v i t i e s of up to 1:50 (Wilby, 1969, Turk et a l . , 1979). 

Moreover, the odor p e r c e p t i o n v a r i e s with the substance. However, 

the o l f a c t o r y v a r i a t i o n of one person over time i s n e g l i g i b l e , 

with t h i s method, because i t v a r i e s l e s s than the measurement 

i n t e r v a l s of the Scentometer (Huey et a l . , 1960). T h e r e f o r e , the 

odor s t r e n g t h s as measured by the same observer w i l l be a c c u r a t e 

f o r r e l a t i v e comparisons but w i l l not n e c e s s a r i l y r e f l e c t the 

c o r r e c t odor p e r c e p t i o n i n the g e n e r a l p o p u l a t i o n . More 

r e p r e s e n t a t i v e r e s u l t s c o u l d be achieved through odor p a n e l s . 
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The frequency, s t r e n g t h and s p a t i a l extent of odor impacts 

depend on three b a s i c s e t s of c o n d i t i o n s f o r the g e n e r a t i o n , 

t r a n s p o r t , and r e c e p t i o n of odors: 

1. source odor g e n e r a t i n g c o n d i t i o n s , e.g., i n c i n e r a t o r 
burning r a t e s , l a n d f i l l b i o l o g i c a l a c t i v i t y , and f a c t o r s 
t h a t i n f l u e n c e the emission r a t e s . 

2. t r a n s p o r t and d i s p e r s i o n c o n d i t i o n s , such as weather 
and wind c o n d i t i o n s , and 

3. r e c e p t o r exposure f a c t o r s , e.g., p a t t e r n s of outdoor 
a c t i v i t i e s , time of day, season, e t c . 

The common worst-case c o n d i t i o n s f o r odor impacts are i d e n t i f i e d 

f o r each stage of odor impact g e n e r a t i o n . Measurements are 

c a r r i e d out d u r i n g common worst-case c o n d i t i o n s . 

L a n d f i l l Odor Impacts 

Source C o n d i t i o n s 

Odor emissions at the l a n d f i l l are produced by b i o l o g i c a l 

a c t i v i t y i n the l a n d f i l l , from v o l a t i l i z e d emissions of open 

garbage at the working f a c e , and from l e a c h a t e s . These three 

types of odors possess d i s t i n c t l y d i f f e r e n t c h a r a c t e r i s t i c s as 

i d e n t i f i e d by the p r e - t e s t i n g of odor measurements: 

L a n d f i l l gases have s l i g h t l y sour, b u t t e r y , p e n e t r a t i n g 
odors t h a t c a r r y s u b s t a n t i a l d i s t a n c e s (500 to 1,000m) 
from the source, due to the low odor t h r e s h o l d s of the 
p r i n c i p a l odor substances i d e n t i f i e d by Parker and Young 
(1984) as b u t y r i c a c i d s ( e t h y l butanoate, a l k y l benzenes, 
metha n e t h i o l , limonene) and s u l f u r mercaptans. The 
d i l u t i o n to t h r e s h o l d i s estimated at 1,000 to 10,000 
f o l d . 

Open garbage has a sweet, p u t r i d , moldy s m e l l t h a t c a r r i e s 
moderate d i s t a n c e s to about 200 to 300 m. The odor 
substance i s i d e n t i f i e d as ethanol (Parker and Young, 
1984). 

Leachate has a heavy, s i c k e n i n g , f e c a l s m e l l t h a t u s u a l l y 
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d i s p e r s e s w i t h i n 100 to 200 m from the source. The odor 
substances are c a r b o x y l i c a c i d s , (e.g., b u t y r i c a c i d ) and 
hydrogen s u l f i d e (Parker and Young, 1984). 

Worst-case source c o n d i t i o n s enhance the g e n e r a t i o n or f l u x of 

odorous gases from any p a r t of the l a n d f i l l i n t o the a i r . 

Thibodeaux et a l . (1982) modeled the mass f l u x and determined the 

most important f a c t o r s : 

C e l l depth i n c r e a s e s the gas 
amount of biodegradable, gas 
per u n i t s u r f a c e area. 

Cover t h i c k n e s s and p o r o s i t y 
emission r a t e s , but are showi 
from b i o l o g i c a l decay i s the 
as i s the case i n the Tacoma 

f l u x because of the l a r g e r 
producing m a t e r i a l a v a i l a b l e 

t h e o r e t i c a l l y a f f e c t the 
to be n e g l i g i b l e when gas 

predominant t r a n s p o r t medium, 
l a n d f i l l . 

Rate of i n f i l t r a t i o n , water l e v e l , temperature i n the f i l l 
and age a f f e c t gas p r o d u c t i o n . However, the o n l y f a c t o r s 
t h a t vary i n the s h o r t term are the r a t e of i n f i l t r a t i o n 
and the water l e v e l . P r e c i p i t a t i o n may i n c r e a s e gas 
p r o d u c t i o n by i n c r e a s i n g the anaerobic zone. 
P r e c i p i t a t i o n does not s e r i o u s l y a f f e c t gas t r a n s p o r t 
through the cover, although i t may i n c r e a s e the 
moisture content of the l a n d f i l l c o v er. 

Ambient barometric pressure drops can c r e a t e p r e s s u r e 
pumping and i n c r e a s e the gas emissions, w h i l e 
temperature g r a d i e n t s may d r i v e gas to the s u r f a c e . 
I n s i d e the f i l l , the e f f e c t s of s u r f a c e temperature 
changes are l i k e l y very s m a l l , e s p e c i a l l y f o r depths, 
below 5 to 10 f e e t . However l a n d f i l l p r e s s u r e may b u i l d 
up as daytime temperatures r i s e and ambient a i r gets 
l i g h t e r (Schumacher, 1983). 

V o l a t i l i z a t i o n of odorous substances from open garbage and 
l e a c h a t e depend on c o n c e n t r a t i o n s and vapor p r e s s u r e s . 
V o l a t i z a t i o n i n c r e a s e s with temperature and with 
d e c r e a s i n g p r e s s u r e . 

These c o n d i t i o n s can be r e l a t e d to common weather c o n d i t i o n s i n 

Tacoma: 

P r e c i p i t a t i o n i s higher and e v a p o t r a n s p i r a t i o n i s lower 
i n w i n t e r , r e s u l t i n g i n a higher net i n f i l t r a t i o n r a t e . 
S p e c i f i c i n f i l t r a t i o n events u s u a l l y occur i n c o n j u n c t i o n 
with f r o n t a l passages and are o f t e n f o l l o w e d by low 
p r e s s u r e zones. 
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High temperatures occur u s u a l l y with high p r e s s u r e and low 
p r e c i p i t a t i o n i n summer. Surface garbage and l e a c h a t e 
odors are l i k e l y to i n c r e a s e ; high temperatures heat 
ambient a i r to i n c r e a s e p r e s s u r e g r a d i e n t s t h a t i n c r e a s e 
gas emissions from i n s i d e the l a n d f i l l . 

D i s p e r s i o n and Exposure C o n d i t i o n s 

For ground l e v e l sources, such as the l a n d f i l l , s t a b l e 

atmospheres c h a r a c t e r i s e d by i n c r e a s i n g temperatures with h e i g h t 

c r e a t e maximum c o n c e n t r a t i o n s of a i r p o l l u t a n t s , and, hence, of 

odor (Samuelson, 1980). High s t a b i l i t y c o n s i s t s of calm to low 

(up to 1 m/s), p e r s i s t e n t winds towards populated a r e a s , low and 

p e r s i s t e n t mixing h e i g h t s , and low i n s o l a t i o n with c l o u d cover, 

r e s u l t i n g i n a very high s t a b i l i t y r a t i n g (E t o F, see Appendix 

4.G). Surface i n v e r s i o n s occur under c l e a r s k i e s and l i g h t winds 

e a r l y i n the morning and l a t e i n the evening when the e a r t h 

s u r f a c e has c o o l e d o f f and the a i r above i t i s s t i l l warm. Tacoma 

experiences g r o u n d - l e v e l i n v e r s i o n s f r e q u e n t l y i n the summer and 

i n the winter (see s i t e d e s c r i p t i o n i n Chapter 1, s e c t i o n 2 ) . 

The maximum exposure occurs when p r e v a i l i n g winds are towards 

populated a r e a s , and outdoor a c t i v i t i e s are f r e q u e n t , p a r t i c u l a r l y 

i n the summer. In Tacoma, populated areas are downwind from the 

l a n d f i l l i n both the p r e v a i l i n g wind d i r e c t i o n s (north and s o u t h ) . 

Odor Measurements 

Odor o b s e r v a t i o n s were c a r r i e d out under the i d e n t i f i e d 

worst-case c o n d i t i o n s : 

maximum source emission c o n d i t i o n s with low p r e s s u r e s , 
high temperatures d u r i n g p e r i o d s of high p r e c i p i t a t i o n , 
probably under u n s t a b l e c o n d i t i o n s , 

minimum d i s p e r s i o n i n i n v e r s i o n c o n d i t i o n s with l i g h t 
winds, i . e . , high ground l e v e l s t a b i l i t y with E to F 
r a t i n g s . 
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The dates and weather c o n d i t i o n s f o r odor assessment at the 

l a n d f i l l are l i s t e d i n Table 4.6. Both winter (February/March) 

and summer (August) c o n d i t i o n s f o r ground l e v e l i n v e r s i o n s are 

covered. Low p r e s s u r e c o n d i t i o n s d u r i n g winter are i n c l u d e d . 

While no low p r e s s u r e zones were captured i n the summer, warm 

summer af t e r n o o n c o n d i t i o n s (August 26.) have a s i m i l a r e f f e c t 

of i n d u c i n g p r e s s u r e b u i l d u p i n the l a n d f i l l (Schumacher, 1983). 

The odor measurements are compiled i n Tab l e 4.7 f o r key 

l o c a t i o n s on the l a n d f i l l boundary and i n the community. The 

r e s u l t s are then i n d i c a t e d g e o g r a p h i c a l l y i n F i g u r e 4.7. 

The area of i n t e n s e odors ( r e q u i r i n g 7 f o l d d i l u t i o n to 

th r e s h o l d ) i s u s u a l l y l e s s than 100 m o u t s i d e the l a n d f i l l 

boundary (dashed l i n e i n map), but t r a n s i e n t odors are presen t 

above r e c o g n i t i o n t h r e s h o l d up to 200 to 300 m beyond the boundary 

( s o l i d l i n e i n map). 

Low p r e s s u r e and aft e r n o o n measurements seem t o c o n s i s t e n t l y 

generate odor r e a d i n g s , while ground i n v e r s i o n s are not always 

c o r r e l a t e d with odors. Residences to the east and south are most 

a f f e c t e d , i n p a r t because of the s h o r t e r d i s t a n c e s and the 

p r e v a i l i n g n o r t h e r l y winds duri n g odor measurements (see Tab l e 

4.6). Low barometric p r e s s u r e s and high temperatures c r e a t e the 

hi g h e s t odor i n t e n s i t i e s , probably from the same pumping 

mechanism. 

Notably, l e a c h a t e odors are very i n t e n s e at the l a n d f i l l 

boundary but drop o f f r a p i d l y so they are u s u a l l y not d e t e c t a b l e 

i n the community. In c o n t r a s t , the l a n d f i l l gas and open garbage 

odors p e r s i s t above t h r e s h o l d f o r up to 200 to 300 m o u t s i d e the 
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Table 4.6 - L a n d f i l l - Odor Assessment Conditions 

Date/ 
Time 

Wind 
V e l . D i r e c t i o n 

Barom. 
Press./Rating 

Temp 
Dewp. 

Clouds Weather 
Scen a r i o 

Feb.24 
6 am 

5.lm/s NNE 1015/mod.high 
mb 

4 C Cl e a r mod. high 
ground 
i n v e r s i o n a t 
800-1000 f t . 

Feb.26 
12pm 

4.lm/s SW 1020/av.high 
mb 

9.5 C 10,000 
broken 

Average high 

Mar. 6 
12pm 

3.lm/s NNE 1006.5/av.low 
mb 

11 C 6,000 s c a t . 
35,000 s c a t 

Average low 

Mar. 8 
7 am 

calm calm 1001.6/low 
mb 

0 C 8,000 s c a t . Low 

Aug.25 
7am 

calm calm 1021.4/av.high 
mb 

12 C ground fog 
5,000 s c a t . 

20,000 s c a t . 

Average high 
ground 
i n v e r s i o n 

Aug.26 
12pm 

1.Om/s N 1021.7/av.high 
mb 

20 C 800 s c . 
15,000 br. 

Average high 



Table 4.7 - L a n d f i l l Odor Impact 

Lo c a t i o n 
Date/ 
time 

Weather 
Cond i t i o n s 
Barom. Pressure 

Odor D i l l u t i o n s 
to D i l u t i o n 
Thresholds 

Odor 
Impact 
Ratinq 

1-Tyler 
D e l i 

Mar. 6 
12pm 

Average low 1/2 1 

Feb.26 
2 pm 

Average high 0 0 

2-Forest 
H i l l s Apts. 

Feb.26 
2pm 

Av. high 
winter 

2/17 2 

2-Forest 
H i l l s Apts. 

March 6 
12pm 

Av. low 
winter 

2 - 3 / 
sour/garbage 

2 

2-Forest 
H i l l s Apts. 

Aug.25 
7 am 

Av. high with 
ground i n v e r s i o n 

1/2 
musty 

1 

2-Forest 
H i l l s Apts. 

Aug.26 
12pm 

Av. high 0 0 

3-LF 
Boundary 

Feb.24 
7 am 

Mod.high w. 
ground i n v e r s i o n 0 0 

Feb.26 
2pm 

Av. high 2/7 2 

Mar .6 
12pm 

Av. low 3/15 
sour/garbage 

2 

Mar. 8 
7 am 

low <l/2 
garbage 

1 

Aug.25 
7am 

Av.high w. 
ground i n v e r s t i o n 

2/7 
sour 

2 

Aug.26 
12pm 

Av. high 2/7 
leac h a t e 

2 
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Table 4.7 - L a n d f i l l Odor Impact 

L o c a t i o n 
Date/ 
time 

Weather 
Conditions 
Barom. Pressure 

Odor 
R a t i n g / 
D i l u t i o n 

Odor 
Impact 

4-S.49th 
Ave. 

Mar.26 
12pm 

Av. high <l/<2 
musty 

<1 

a l l other Winter - high 
-low 

0 0 

5-48th 
Grove 

S t r e e t 

Mar. 6 
12pm 

a l l other 

Av. low 

winter -high 
-low 

<l/<2 
sour 

<l/<2 

<1 

<1 

6-SW Corner Feb.24 
7 am 

mod high 
W. Surface i n v e r s i o n 

<l/<2 
sour/garbage 

<1 

March 8 
7 am 

Low 1-2/2 - 7 
s o u r / r o t t e n 

1 

Aug.25 
7 am 

av. high 0 0 

7-SW Flank Feb.24 
7am 

mod.high 
m.surface i n v e r s i o n 

2/7 
garbage 

2 

Mar .8 
7 am 

low 3/15 
sour/garbage 

2 

8-West 
Flank 

Aug.26 
12pm 

Feb.24 
7am 

av. high 

mod. high 
w. i n v e r s t i o n 

1-2/2 - 7 

lea c h a t e 
1-2/2-7 

sour/garbage 

1 

1 

Mar. 8 
7am 

low 2-3/7-15 

s o u r / r o t t i n g 

2 
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Table 4.7 - L a n d f i l l Odor Impact 

L o c a t i o n 
D i s t a n c e / 
d i v . from 
A c t i v e F i l l 

Date/ 
time 

Weather 
Cond i t i o n s 
Barom. Pressure 

Odor 
R a t i n g / 
D i l u t i o n 

Odor 
Impact 

g-Grey Apts Feb.24 
7 am 

mod. high i n . 
gr. i n v e r s i o n 

<l/<2 
sour/garbage 

1 

Mar .9 
7 am 

low 1/2 
sour 

1 

Aug.25 
7am 

Av. high i n . 
i n v e r s i o n 

0 0 

10-Orchard 
View Apts 

Aug.26 

Feb.24 
7 am 

av. high 
-low 

mod. high 
w. i n v e r s i o n 

0 

0 

0 

0 

March 8 
7 am 

Low 0 0 

Aug.25 
7am 

av. high 
i n v e r s i o n 

0 0 

Aug.26 
12 pm 

av. high 0 0 

11-Nob H i l l 
Apts. 

a l l a l l 0 0 



Legend: F i r s t number i s location/ second number i s odor reading as required 
dilutions to threshold 
Solid line i s odor impact boundary, dashed line i s boundary for 
significant odor impacts 

F i g u r e 4 . 7 : L a n d f i l l Odor Impact F i e l d 
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boundary. As a r e s u l t , odor impacts can e i t h e r be worst d u r i n g 

low p r e s s u r e or high temperature c o n d i t i o n s . Surface i n v e r s i o n s 

d i d not c r e a t e the h i g h e s t odor impacts, probably because they 

occur with high p r e s s u r e s and low temperatures, t h a t i s , with 

c o n d i t i o n s t h a t are not conducive to high gas g e n e r a t i o n . Thus, 

odors seem to depend mainly on the gas g e n e r a t i o n and l e s s on the 

d i s p e r s i o n c o n d i t i o n s . 

Comparison of Measured and C a l c u l a t e d Odors 

The observed odor impacts are v a l i d a t e d with a simple 

d i s p e r s i o n c a l c u l a t i o n u s i n g some b a s i c assumptions (e.g., non-

r e a c t i v e p o l l u t a n s , see d e t a i l e d c a l c u l a t i o n s i n Appendix 4.C). 

The odorous gases are assumed to f o l l o w the g r o u n d - l e v e l , l i n e a r 

source Gaussian d i s p e r s i o n model (Wark and Warner, 1980). The 

assumption of a necessary minimum d i l u t i o n of 1,000 to 10,000 f o l d 

r e q u i r e d f o r the s t r o n g e s t odor substances and 100 f o l d d i l u t i o n 

through the l a n d f i l l cover (Parker and Young, 1984a) to the ground 

s u r f a c e c o n c e n t r a t i o n r e s u l t s i n a r e q u i r e d s u r f a c e d i s p e r s i o n 

d i l u t i o n of 100 f o l d to reduce the odors below t h r e s h o l d . 

Given the r e l a t i v e d i l u t i o n from the source (on the r i g h t 

s i d e of F i g u r e 4.8), the remaining r e q u i r e d d i l u t i o n r a t i o to 

achieve the r e q u i r e d 10,000 f o l d can be determined as a f u n c t i o n 

of d i s t a n c e from the l a n d f i l l boundary. The d i s p e r s i o n 

c a l c u l a t i o n s i n d i c a t e a r e q u i r e d d i s t a n c e of about 500 to 600 m 

from the odor source to the r e c o g n i t i o n boundary at F s t a b i l i t y 

(see F i g u r e 4.8) to o b t a i n 100 f o l d s u r f a c e d i l u t i o n . Table 4.8 

below compares the estimated with the observed d i l u t i o n s and 
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i n d i c a t e s the p r e d i c t i o n of odor impacts based on d i s p e r s i o n 

e s t i m a t e s . Since both f i l l e d and a c t i v e areas are p o t e n t i a l 

sources of odors, d i s t a n c e s to both are i n c l u d e d i n Table 4.8 to 

determine the d i s t a n c e from p o t e n t i a l sources. 

The estimated and observed odor impacts c o i n c i d e f a i r l y w e l l 

because both p r o v i d e d i l u t i o n r a t i o s i n the same order of 

magnitude (compare estimated and observed d i l u t i o n due to 

d i s p e r s i o n ) and i n d i c a t e s i m i l a r p r e d i c t e d odor impacts. Thus, 

the measured odors are supported by the rudimentary estimates of 

odors and odor t h r e s h o l d s as a f u n c t i o n of d i s t a n c e from the 

l a n d f i l l a c t i v e a r ea. 

I n c i n e r a t o r Odor Impacts 

P o t e n t i a l odors from garbage burners stem from the stack 

gases, open garbage on the t i p p i n g f l o o r and bunkers, and from ash 

r e s i d u e storage and h a n d l i n g . Thus, the worst case c o n d i t i o n s f o r 

both e l e v a t e d sources and ground l e v e l sources need to be 

c o n s i d e r e d . These c o n d i t i o n s were determined by q u a l i t a t i v e 

e v a l u a t i o n of g e n e r a t i o n and t r a n s p o r t c o n d i t i o n s . 

Source c o n d i t i o n s are very steady due to a constant burning 

r a t e 24 hours per day, seven days a week. The seasonal v a r i a t i o n 

from 85% to 115% of the annual average i s the o n l y v a r i a t i o n a p a r t 

from s h o r t downtime d u r i n g maintenance p e r i o d s f o r e i t h e r burning 

u n i t . 

Odor t r a n s p o r t and d i s p e r s i o n c o n d i t i o n s f o r both 

g r o u n d - l e v e l and e l e v a t e d odor sources apply. The c o n d i t i o n s f o r 

maximum g r o u n d - l e v e l odors are the same as the l a n d f i l l s with calm 



Table 4.8 - Tacoma L a n d f i l l Odor Impact L i m i t s 

L o c a t i o n Distance Estimated 
to L a n d f i l l D i l u t i o n 
boundary/ due to 
a c t i v e area D i s p e r s i o n T o t a l 

Odor Observed 
Impact D i l u t i o n 
P r e d i c t e d due to 

Dis p e r s i o n T o t a l 

1 - T y l e r D e l i 235/335m 42/57 

2 - F o r e s t H i l l s 50/150m 10/27 

3 - L a n d f i l l 
Boundary 
east 0/100m 

6 - SW L a n d f i l l 
Corner 50/350m 

7 - SW Boundary Q/300m 

8 - West Boundary 0/200m 

9 - Grey Apts. 20/400m 
West 

10 - Orchard Apts. 20/550m 
West 

2/27 

4 - S.49th Ave. 200/500m 40/83 

5 - S.48th/Gove 100/400m 20/67 

2/60 

2/59 

2/37 

5/67 

5/91 

4,200/ yes 
5,700 

1,000/ yes 
2,700 

200/ yes 
2,000 

4,000/ yes 
8,300 

2,000/ yes 
6,700 

200/ yes 
6,000 

200/ yes 
5,900 

200/ yes 
3,700 

500/ yes 
6,700 

500/ b a r e l y 
9,100 

50 

7 - 5 0 

7 - 1 5 

>50 

50 

15 - 50 

7 - 1 5 

7 - 1 5 

50 

>100 

5,000 

700-
5,000 

700-
1,500 

>5,000 

5,000 

1,500/ 
5,000 

700/ 
1,500 

700/ 
1,500 

5,000 

>10,000 

ID 



Concentration 
ratio C/C 
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1x10 

1x10""?. 

A - F = 
s t a b i l i t y 
r a t i n g s 

100m 

Dilution 
ratio to 
C of 1% LF gas 

1,000 
s 6 7 8 9 i o Distance m 

>̂ from source 
F i g u r e 4 . 8 : A i r E m i s s i o n D i s p e r s i o n from a L i n e 

Source f o r a G r o u n d l e v e l R e c e p t o r 
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winds through the bunker and storage b i n , low p e r s i s t e n t mixing 

h e i g h t s , and high s t a b i l i t y with low p e r s i s t e n t i n v e r s i o n h e i g h t s 

(see p r e v i o u s s e c t i o n ) . 

E l e v a t e d sources c r e a t e odors under c o n d i t i o n s t h a t l i m i t the 

v e r t i c a l plume r i s e , t r a p the p o l l u t a n t s below a moderate 

mixing height and p r o v i d e mixing t h a t t r a n s p o r t s the p o l l u t a n t s 

down to the ground. S t a b l e c o n d i t i o n s l i m i t the v e r t i c a l plume 

r i s e , but may a l s o keep the p o l l u t a n t s c o n c e n t r a t e d above an 

e l e v a t e d l a y e r . Thus, some i n s t a b i l i t y i s r e q u i r e d to b r i n g the 

odors down to ground l e v e l . Hence, l i g h t to str o n g winds at 2 to 

15 m/s p e r s i s t e n t l y towards populated a r e a s , moderately low, 

p e r s i s t e n t mixing h e i g h t s , and moderately low to low s t a b i l i t y to 

generate mixing are u s u a l l y the worst-case c o n d i t i o n s . 

Plume modeling with Gaussian plume shapes p r e d i c t maximum 

near f i e l d impacts at 700 to 1,500 m from the source under low to 

moderate wind speeds and A to C s t a b i l i t i e s (Seton, Johnson, & 

O d e l l , 1984; see Appendix 4.C and the next s e c t i o n " A i r Q u a l i t y 

Impacts"). A and B s t a b i l i t y c o n d i t i o n s occur very seldom i n the 

Wil l a m e t t e V a l l e y ; hence C s t a b i l i t y i s the most probable 

r e a l i s t i c c o n d i t i o n f o r maximum p o t e n t i a l odors. 

From the t y p i c a l weather c o n d i t i o n s i n the Will a m e t t e V a l l e y , 

two s c e n a r i o s c o n s t i t u t e the worst case c o n d i t i o n s . The f i r s t i s 

low ground l e v e l i n v e r s i o n on c l e a r mornings and evenings with 

concurrent ground f o g . I n v e r s i o n h e i g h t s are lower i n winter 

(about 700 f e e t or 215 m) with average p r e v a i l i n g winds at about 

12 to 14 km/hr (3 to 4 m/s) from the south t o southwest. However, 

morning and evening winds are slower and c o i n c i d e with 
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g r o u n d - l e v e l i n v e r s i o n s . The second s c e n a r i o r e q u i r e s i n s t a b i l i t y 

and, hence, high i n s o l a t i o n d u r i n g the summer. Wind speeds, 

however, are lower at 10 to 11 km/h (2.8 to 3 m/s) from the north 

d u r i n g J u l y and August. 

Odor Measurements 

Odor o b s e r v a t i o n s are c a r r i e d out under the weather 

c o n d i t i o n s summarized i n Table 4.9 below. Both worst-case odor 

s c e n a r i o s are i n c l u d e d i n the measurement program. The odor 

measurements i n Table 4.10 and F i g u r e 4.9 show no s i g n i f i c a n t 

impact nor are they c o r r e l a t e d with e i t h e r weather s c e n a r i o . 

Odors from the i n c i n e r a t o r are p r a c t i c a l l y n i l under a l l 

c o n d i t i o n s f o r both g r o u n d - l e v e l and e l e v a t e d sources. T h i s 

f i n d i n g i s a l s o c o r r o b o r a t e d by d i s p e r s i o n c a l c u l a t i o n s i n the 

s e c t i o n on a i r q u a l i t y . 

Only very weak scents of metal s a l t s from ash h a n d l i n g were 

o c c a s i o n a l l y d e t e c t e d downwind from the ash storage b u i l d i n g , 

while weak garbage odors from t h e i r t i p p l i n g f l o o r were observed 

o n l y once. Never were any odors from the stack emissions d e t e c t e d 

anywhere. As a r e s u l t , odors from l a r g e i n c i n e r a t o r s are 

co n s i d e r e d to be v i r t u a l l y n i l and do not impact on any r e s i d e n t s 

i n the host community. 
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Table 4.9 - I n c i n e r a t o r Odor Measurement, Weather C o n d i t i o n s 

Date/ 
Time 

Wind 
V e l . Diir. 

Barom. 
Press./Rating 

Temp 
Dewp. 

Clouds Weather 
Scenario 

Jan.21 
7:40am 

1.5m/s NNE 1025.3/high 
mb 

-3°C fog av.high with 
s u r f a c e 
i n v e r s i o n 

Jan.22 
11:40am 

calm N 1018.2/av.high 
mb 

2° C 7,000 
over c a s t 

weakening 
high 

Feb. 8 
23:00 

1.5m/s SSE 1012.8/av.high 
mb 

fog 
25,000 
t h i n over

weak high w. 
surf a c e 
i n v e r s i o n 

Feb. 9 
7:00am 

3.lm/s SSE 1012.8/av.high 
mb 

cast 
13,000 
s c a t t e r e d 

weak high w. 
su r f a c e 
i n v e r s i o n 

Aug.12 
7am 

NNW 1016/high 
mb 

22°C s c a t t e r e d warm summer 
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L e g e n d : f i r s t number i s l o c a t i o n d e s i g n a t i o n / 
second number i s odor r a t i n g , e . g . 1/0 d e s i g n a t e s a 
r e a d i n g of z e r o a t l o c a t i o n 1 . 

F i g u r e 4 . 9 : I n c i n e r a t o r Odor Impact F i e l d 



Table 4.10 - I n c i n e r a t o r Odor Impact Measurements 

Loc a t i o n 
Date/ 
time 

Weather 
Con d i t i o n s 
Barom. Pressure 

Odor 
R a t i n g / 
D i l u t i o n 

Odor 
Impact 

l-100m 
south of 
p l a n t at 
fence 

Aug.12 
3 pm 

a l l 
other 

High <1 
dank, garbage 

<1 

2-70m east 
of p l a n t at 
fence 

Jan.21/ 
Feb.9-
2am 

av. high with 
s u r f a c e i n v e r s t i o n 

<1 
m e t a l l i c 
ash 

<1 

Jan.22 
11:40am 

av. high 0 0 

Feb. 8 
23:00 

low 0 0 

Aug.12 
3pm 

high-summer <1 ' 
hot metal-
s a l t 

<1 

3-N of s i t e 
of brook-
lake Road. 

Aug.12 
3pm 

high-summer background 
r i p e 
vegetable 
smell i n 
summer 

0 

4- West of 
site-50m 
from bunker 
door 

5- Brooks 
post o f f i c e 

Jan.21 
7am 

a l l 
other 

Feb. 9 
7 am 

av. high 
with s u r f a c e 
i n v e r s i o n 
a l l 

Surface 
i n v e r s i o n 

<<1 

garbage 

0 

0 

<1 

0 

0 

Aug.12 
3pm. 

high-summer 0 0 
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4.2 A i r Q u a l i t y Impacts 

4.2.1 L a n d f i l l Gas Emissions 

B i o l o g i c a l processes i n l a n d f i l l s produce f o u r bulk gas 

components. Carbon d i o x i d e and methane each range between 25 and 

50% of volume; n i t r o g e n and hydrogen amount to 1 to 5% of volume 

(Schumacher, 1983). Numerous t r a c e m a t e r i a l s are present at low 

c o n c e n t r a t i o n s . Parker and Young (1984) l i s t some 30 o r g a n i c 

compounds i n c l u d i n g some known carcinogens (e.g., v i n y l c h l o r i d e ) . 

Since the t r a c e compounds are o f t e n d i f f i c u l t to d e t e c t , methane 

i s used as an i n d i c a t o r f o r the c o n c e n t r a t i o n of l a n d f i l l gas 

components (Parker and Young, 1984). 

The p o t e n t i a l impacts of l a n d f i l l gas m i g r a t i o n c o n s i s t of 

e x p l o s i o n r i s k s due to methane c o n c e n t r a t i o n s between 5% and 15%, 

and of h e a l t h r i s k s due to hazardous p o l l u t a n t s above a c c e p t a b l e 

i n t a k e l e v e l s . 

L a n d f i l l Gas T r a n s p o r t 

The t r a n s p o r t of gaseous p o l l u t a n t s from l a n d f i l l s can occur 

through f o u r routes (see F i g u r e 4.10, USEPA, 1987): 

1. D i r e c t upward m i g r a t i o n through the cover f o l l o w e d by 
d i l u t i o n and d i s p e r s i o n i n the a i r ; 

2. gaseous m i g r a t i o n i n the u n s a t u r a t e d s o i l zone with 
subsequent t r a n s p o r t through the ground i n t o the 
atmosphere with subsequent d i s p e r s i o n ; 

3. aqueous m i g r a t i o n i n groundwater, f o l l o w e d by 
v o l a t i l i z a t i o n and upward m i g r a t i o n through the 
u n s a t u r a t e d zone to the atmosphere with subsequent 
d i s p e r s i o n ; 

4. aqueous m i g r a t i o n i n groundwater or l e a c h a t e with s u r f a c e 
d i s c h a r g e , concurrent or subsequent v o l a t i l i z a t i o n to the 
a i r with subsequent d i s p e r s i o n . 

Gaseous t r a n s p o r t mechanisms are enhanced by maximal g e n e r a t i o n 
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Legend: DNAPL = Dense, non-aqueous phase p o l l u t a n t 
L i q u i d 

F i g u r e 4.10: L a n d f i l l A i r Emission T r a n s p o r t Paths; 
Source: USEPA, 1987 
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and minimal d i l u t i o n and d i s p e r s i o n (see odor impacts s e c t i o n ) . 

C e r t a i n l a n d f i l l f e a t u r e s , however, determine whether v e r t i c a l or 

h o r i z o n t a l m i g r a t i o n i s most l i k e l y . T h i c k n e s s , p o r o s i t y , 

moisture content r a t i o s of the cap and adjacent s o i l l a y e r s 

i n f l u e n c e the emission route as summarized i n the matrix (Table 

4.11) below. M i g r a t i o n through the s o i l p o t e n t i a l l y r e s u l t s i n 

the emission of gas to the a i r f a r beyond the l a n d f i l l . b o u n d a r y . 

The r u l e of thumb p r e d i c t s t h a t gas can migrate up to a d i s t a n c e 

of ten times the l a n d f i l l t h i c k n e s s from the f i l l e d area (Rovers 

e t . a l . , 1977). 

Aqueous m i g r a t i o n f o l l o w e d by v o l a t i l i z a t i o n of p o l l u t a n t s i s 

favored by high water s o l u b i l i t y , low s o r p t i o n c a p a c i t y i n the 

s o i l , with high v o l a t i l i t y and low molar weight to enhance 

buoyancy. Furthermore, shallow groundwater depths fa v o r gaseous 

emissions to the a i r . K e r f o o t (1987) shows t h a t u n s a t u r a t e d s o i l 

gas c o n c e n t r a t i o n s above the groundwater t a b l e c o r r e l a t e w e l l with 

the aqueous c o n c e n t r a t i o n s of v o l a t i l e o r g a n i c s . F i n a l l y , s u r f a c e 

d i s c h a r g e of l e a c h a t e or groundwater r e s u l t i n a e r a t i o n and 

v o l a t i l i z a t i o n of p o l l u t a n t s . A e r a t i o n , mixing and high 

temperatures w i l l enhance emissions to a i r from the aqueous phase. 

Tacoma L a n d f i l l Gas Emissions 

For the e v a l u a t i o n of l a n d f i l l gas emissions i n Tacoma, 

methane f l a s h e s and monitoring r e s u l t s i n d i c a t e the presence of 

l a n d f i l l gas beyond the s i t e boundaries. Methane at 40 to 50% 

l e v e l s and 21 v o l a t i l e o r g a n i c p r i o r i t y p o l l u t a n t s were d e t e c t e d 

at or above t r a c e l e v e l s i n gas probes (Black and Veatch, 1987). 
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Table 4.11 Gas M i g r a t i o n Route I n f l u e n c e s 

Features Favored Route 
Through Cover Through S o i l 

Cover 
Thickness t h i n t h i c k 
P o r o s i t y high low 
M o i s t u r e low high 

S o i l 
T hickness t h i n t h i c k 
P o r o s i t y low high 
Moisture high low 

Table 4.12 - L a n d f i l l - Measured Gas C o n c e n t r a t i o n s i n Gas 
Probes o u t s i d e the L a n d f i l l d e t e c t e d i n the 
Order of Magnitude of TLV 
Source: Black and Veatch, 1987 

Compound Sample No. Highest 
Value 
microgr/ 
m3 

TLV 

m i c r o g r / 
m3 

Benzene GS 012 4800 30,000 

1,1 D i c h l o r o -
ethene GS 007 17,000 20,000 

Trans-1,2-
D i c h l o r o e t h e n e GS 012 120,000 790,000 

E t h y l benzene GS 011 77,000 435,000 

Methylene 
C h l o r i d e GS 007 73,000 350,000 

Toluene GS 010 860,000 375,000 

V i n y l C h l o r i d e GS 001 52,000 10,000 

T o t a l Xylenes GS 011 170,000 435,000 



207 

S i x p o l l u t a n t s were i n the order of magnitude of the time-weighted 

average of the t h r e s h o l d l i m i t v a l u e s ( f o r workers d u r i n g 8 

hours/day, see Table 4.12, Black and Veatch, 1987). 

In order to estimate the h e a l t h e f f e c t s of l a n d f i l l gas, the 

c o n c e n t r a t i o n s at exposure p o i n t s i n the host-community must be 

estimated through the t r a n s p o r t paths and compared with the 

measured data. Both gaseous paths are c o n s i d e r e d . The aqueous 

paths are d i s r e g a r d e d because l e a c h a t e i s p a r t i a l l y c o l l e c t e d and 

d i s c h a r g e d to the sewer; f u r t h e r , the s o l u b i l i t i e s of a l l 

p o l l u t a n t s are low, and f i n a l l y , c o n v e c t i v e and buoyancy f o r c e s 

are f a i r l y s m a l l due to the l a c k of a i r exchange at 20 m depth and 

the high molecular weights of the p o l l u t a n t s . F i n a l l y , d i f f u s i o n 

mass t r a n s p o r t i s l i k e l y s m a l l from depths of 20 m. Thus, gaseous 

t r a n s p o r t through s o i l and a i r are c o n s i d e r e d to be the o n l y two 

s i g n i f i c a n t pathways. 

By a p p l y i n g the gas m i g r a t i o n range r u l e of 10 f o l d l a t e r a l 

m i g r a t i o n (Rowes e t . a l . 1979) to the f i l l depths of 6 to 21 m i n 

Tacoma, the m i g r a t i o n i n s o i l c o u l d range from 60 to 210 m o u t s i d e 

the f i l l boundary. The gas m o n i t o r i n g r e s u l t s c o n s i s t of two s e t s 

of methane gas measurements i n June and J u l y , 1986 showing pockets 

of v i r t u a l l y u n d i l u t e d l a n d f i l l gas (at 50% methane c o n c e n t r a t i o n ) 

at up to 70 m o u t s i d e the boundary (see Table 4.C2 i n Appendix, 

Tacoma P i e r c e Country Health Dept., 1986). The r e s u l t s are 

presented i n F i g u r e 4.13 wherein the probe samples with 

c o n c e n t r a t i o n readings over 5% are i n d i c a t e d by "X". I t i s 

e v i d e n t from the c l u s t e r s of X*s t h a t gas m i g r a t i o n i n e x p l o s i v e 

c o n c e n t r a t i o n s i s o c c u r r i n g o u t s i d e the c o l l e c t i o n perimeter and 



F i g u r e 4 . 1 1 : L a n d f i l l - L o c a t i o n s with Methane Detected 
over E x p l o s i v e C o n c e n t r a t i o n s 

LEGEND 

coNotus* I tow mum to 
o 
oo 



209 

w i t h i n 30 to 100 m of i n h a b i t e d b u i l d i n g s . Moreover, low 

c o n c e n t r a t i o n s (3% methane), were found e n t e r i n g through c r a c k s 

i n t o basements (p e r s . comm. R. Post, 1987). Since there i s no 

other source of methane i n the area, and the measurements and 

minor gas f l a s h e s at the cement pipe p l a n t are w i t h i n the 

estimated range of m i g r a t i o n (60 to 210 m), l a n d f i l l gas m i g r a t i o n 

i s very probably the cause of e x p l o s i o n r i s k s o u t s i d e the 

perimeter of the l a n d f i l l . 

H e a lth r i s k s from i n h a l a t i o n of l a n d f i l l gas are more 

d i f f i c u l t to determine because these p o l l u t a n t s are p r e s e n t i n 

t r a c e c o n c e n t r a t i o n s o n l y and were onl y measured i n one s e t of 

data i n June, 1986 (Black and Veatch, 1987). But, i f t r a c e 

o r g a n i c s behave p r o p o r t i o n a t e l y to methane, then both methane data 

s e t s can be used (see Table 4.C2 i n Appendix 4.C). The comparison 

of c o n c e n t r a t i o n based on methane c o n c e n t r a t i o n s i n d i c a t e s t h a t 

the same u n d i l u t e d c o n c e n t r a t i o n s of t r a c e o r g a n i c s are present 

o u t s i d e the boundary too, i f they behave s i m i l a r l y to methane. 

However, s o r p t i o n to o r g a n i c matter i n the s o i l may 

d i s p r o p o r t i o n a t e l y a f f e c t t r a c e o r g a n i c p o l l u t a n t s . 

The comparison of the octonol-water p a r t i t i o n c o e f f i c i e n t s 

p r o v i d e s some i n d i c a t i o n of the s o r p t i o n of s i m i l a r t r a c e 

compounds r e l a t i v e t o methane (see Table 4.13), e.g., methylene 

c h l o r i d e . 

The r e s u l t s show some d i f f e r e n c e between the v a r i o u s 

compounds and i n p a r t i c u l a r the ones s i m i l a r t o methane (methylene 

c h l o r i d e ) . Only benzene compounds (benzene, ethylbenzene and 

toluene) e x h i b i t p o t e n t i a l l y s i g n i f i c a n t s o r p t i o n due to high 



Waste Component CAS t MW 

Tetrachloroethene 127-18-4 166 
Trlchloroethene 79-01-6 131 
1.1-DlcMoroethene 75-35-4 97 
Trans-1,2-Dlchloroethene 540-59-0 97 
Vinyl Chloride 75-01-4 63 
1,1.1-Trichloroethane 71-55-6 133 
1.1- Dichloroeth«n« 75-34-3 99 
1.2- Dlchloroethane 107-60-2 99 
Chloroethane 75-00-3 65 
Beniene 71-43-2 78 
Ethylbeniene 100-41-4 106 
Chlorobenzehe 108-90-7 113 
Toluene 108-88-3 92 
Xylene (mixed) 1330-20-7 106 
Butanone 78-93-3 72 
Acetone 67-64-1 58 
1,2-Diehloropropane 78-87-5 113 
Chloroform 67-66-3 119 
Methylene Chloride 75-09-2 85 
Chlororeethane 74-87-3 50 
Trans-l,3-Dichloropropene 542-75-6 111 

Water 
Solubility 

Bg/L 
1.50xl02 

l.lOxlO 3 

2.25xl0 3 

6.30xl0 3 

2.67xl0 3 

1.50xl03 

5.50xl0 3 

8.52xl0 3 

5.74x103 

l.75xl0 3 

1.52xl02 

4.66xl0 2 

5.35xl0 2 

1.98xl02 

2.68x105 

l.OOxlO6 

2.70xl0 3 

8.20xl0 3 

2.00x10* 
6.50xl0 3 

2.80xl0 3 

Vapor 
Pressure 

inmHg 

1.78x10* 
5.79X101 

6.00xl02 

3.24xl0 2 

2.66xl0 3 

1.23xl02 

1.82xl02 

6.40xl0l 

l.OOxlO3 

9.52X101 

7.00x10° 
1.17x10 
2.81x10 
1.00x10 
7.75x10 
2.70xl02 

4.20x10* 
1.51xl02 

3.62xl02 

4.31x10 
2.50x10 

'source: "Superfund Public Health Evaluation Manual", Reference 14 
NA - Not Available 
a 
Chemical Abstracts Identification Umber 

''Molecular Weight 
c 

Organic Carbon Partition Coefficient 
^Octanol-Water Partition Coefficient 
'cas liquid equilibrium constant (vapor/liquid) 
Fish Moaccuraulation Factor 

Henry's Lav 4 Fish 
Constant Koc C Log Kov B C F 

atm' to /mo al/g 

2.59x10" 364 2.6 0.02 31.0 
9.10xlo" 126 2.4 0.08 10.6 
3.40x10" 65 1.8 0.79 5.6 
6.56xlo" 59 0.5 0.43 1.6 
8.19x10" 57 1.4 3.50 1.2 
l.44xl0~ 152 2.5 0.16 5.6 
4.31x10" 30 1.8 0.24 RA 

9.78x10"' 14 1.5 0.08 1.2 
NA 37 1.4 1.32 NA 

5.59x10" 83 2.1 0.13 5.2 
6.43x10"- 1100 3.2 0.01 37.5 
3.72x10"" 330 2.8 0.02 10.0 
6.37xl0 - - 300 2.7 0.04 10.7 
7.04x10"" 240 3.3 0.01 NA 

2.74xl0"! 4.5 0.3 0.10 0 
2.06xl0"! 2.2 -0.2 0.36 NA 

2.31x10"" 51 2.0 0.05 NA 

2.87x10"" 31 2.0 0.20 3.8 
2.03xl0": 8.8 1.3 0.48 5.0 
4.40xl0 - i 35 0.9 NA . 

1.30x10"- 48 2.0 1.9 

t-3 
CU 
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p a r t i t i o n c o e f f i c i e n t s , low vapor p r e s s u r e s and some e m p i r i c a l 

evidence of s o r p t i o n to sedimentary o r g a n i c m a t e r i a l (USEPA, 

1979). Furthermore, low s o i l o r g a n i c contents of (say) 0.5 to 1% 

(USEPA, 1987) and the presence of d i r e c t gas emission pathways 

along c o n d u i t s and r o o t s are l i k e l y t o minimize s o r p t i o n c a p a c i t y . 

Furthermore, o x i d a t i o n and b i o l o g i c a l decay are u n l i k e l y f o r the 

p o l l u t a n t s ( v i n y l c h l o r i d e , benzene, methylene c h l o r i d e , t o l u e n e , 

e t c . , see Table 4.12) (USEPA, 1979). T h e r e f o r e , the a n t i c i p a t e d 

p r i o r i t y p o l l u t a n t c o n c e n t r a t i o n s i n the l a n d f i l l and i n 

surrounding s o i l s are i n t e r p o l a t e d h e r e i n from measured methane 

c o n c e n t r a t i o n s and emissions r a t e s (Black and Veatch, 1987). 

Using Young and Parker's (1984) estimated d i l u t i o n r a t i o of 

l a n d f i l l gas i n the f i l l to the s u r f a c e of 100:1, the r e s u l t i n g 

s u r f a c e a i r c o n c e n t r a t i o n s can be e a s i l y estimated from the gas 

w e l l measurements (see Table 4.12). 

The l a n d f i l l i s then assumed to a c t as a l i n e a r g r o u n d l e v e l 

e m i t t e r of 1% l a n d f i l l gas. Using a Gaussian model to estimate 

d i s p e r s i o n (as done on the l a s t s e c t i o n f o r odors) the order of 

magnitude of r e s u l t i n g downwind c o n c e n t r a t i o n s of methane and 

t r a c e o r g a n i c s can be obtained by m u l t i p l y i n g t h e i r source 

( s u r f a c e ) c o n c e n t r a t i o n s with the estimated d i l u t i o n f a c t o r s . The 

d e t a i l e d d e r i v a t i o n of assumptions and c a l c u l a t i o n s are c o n t a i n e d 

i n Appendix 4.C. F i g u r e 4.12 below shows the q u a l i t a t i v e form 

of the d i s p e r s i o n model. 

The Gaussian model r e s u l t s i n the f o l l o w i n g c e n t e r l i n e , 

g r o u n d l e v e l c o n c e n t r a t i o n from an emission c o n c e n t r a t i o n of 1 

mg/m3 (see F i g u r e 4.11). By p r o r a t i n g the source c o n c e n t r a t i o n s , 
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F i g u r e 4 . 1 2 : L a n d f i l l Gas D i s p e r s i o n Model 



Table 4.14 - L a n d f i l l Gas Concentration 

P o l l u t a n t Concentration 
i n L a n d f i l l 

1:1 
(measured at 
f l a r e s ) 

Distances 
S t a b i l i t y 
D i l u t i o n r a t i o 

Methane 

Benzene 

E t h y l 
benzene 

Toluene 

Methylene 
C h l o r i d e 

V i n y l 
C h l o r i d e 

20-50% 
326 g/m3 

microgr/m3 
1,750 

18,500 

100,000 

40,000 

12,000 

1.1 D i c h l o r o 
ethene 100 

1.2 tra n s 
D i c h l o r o 
ethene 19,500 

Concentration Estimated Concentrations 
at Surface i n A i r 

1:100 

100m 
C/F 

200m 
C/F 

300m 
C/F 

97.5x/20x 215x/38x 325x/55x 

microg/m.3 microg/m3 microg/m3 

.2 - .5% 167 / 815 76 / 429 65 / 296 
3.26 g/m3 

microgr/m3 
17.5 0.18/0.88 0.28/0.46 0.05/0.32 

185 1.9/9.3 0.86/4.9 0.57/3.4 

1,000 10.3/50.0 4.7/26.3 3.1/18.1 

400 4.1/20.0 1.9/10.5 1.2/7.3 

120 1.2/6.0 0.6/3.2 0.4/2.2 

1 0.01/0.05 0.005/0.03 0.003/0.02 

195 2.0/9.8 0.9/5.1 0.6/3.5 
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T a b l e 4.15a - L a n d f i l l - E x p o s u r e o f R e s i d e n t s t o L a n d f i l l Gas 

E x p o s u r e a t r e s i d e n c e s 100m t o t h e e a s t w i t h 20 m3/day i n h a l a t i o n 
( o r 0.29 m3/kg-bodyweight p e r day) and d u r i n g 11 months p e r y e a r 
(0.92) = 0.27 m3/kg-bw-day: 

Benzene 

E t h y l b e n z e n e 

T o l u e n e 

M e t h y l e n e 
C h l o r i d e 

V i n y l 
C h l o r i d e 

1.1 D i c h l o r o 
e t h e n e 

1.2 t r a n s 
D i c h l o r o 
e t h e n e 

S h o r t - t e r m 
maximum 
c o n e . 
( F - S t a b . ) 
m i c r o g r / m 3 

0.88 

9.3 

50.0 

20.0 

6.0 

0.05 

9.8 

SDI 

m i c r o g / 
kg-bw 

0.24 

2.5 

13.4 

5.3 

1.6 

0.01 

2.6 

L o n g - t e r m 
maximum 
c o n c e n t r a t . 
C - s t a b i l i t y 
microg/m.3 

0.18 

1.9 

10.3 

4.1 

1.2 

0.01 

2.0 

CDI 

m i c r o g r / 
kg-bw 

0.048 

0.51 

2.8 

1.1 

0.32 

0.003 

0.53 
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Ta b l e 4.15b - L a n d f i l l - Exposure of Employees to L a n d f i l l Gas 

Exposure of employees 100m to the west with 20 m3/day i n h a l a t i o n 
f o r 8 hours (or 0.095 m3/kg-bodyweight per day * 5/7 day/week = 
0.068m3/Kg-bw/day): 

Short-term SDI Long-term CDI 
maximum maximum 
cone. microg/ cone. microgr/ 
(1: 5) kg-bw (1:10) kg-bw 
to s u r f a c e 
cone. 

microgr/m3 microg/m3 

Benzene 3.50 0.24 1.75 0.12 

Ethylbenzene 37.0 2.53 18.5 1.26 

Toluene 200 13.60 100 6.79 

Methylene 

C h l o r i d e 80 5.44 40 2.71 

V i n y l 
C h l o r i d e 24 1.63 12 0.81 
1.1 D i c h l o r o 

ethene 0.2 0.014 0.1 0.007 
1.2 t r a n s 

D i c h l o r o 
ethene 39.0 2.65 19.5 1.3 
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Table 4.15c - L a n d f i l l Gas Health R i s k s to Residents 100 m East 

Carcinogens 

CDI Carcinogen Risk Risk f o r 
mg/kg-bw Potency f o r L i f e t i m e 10 years 

F a c t o r Exposure Exposure 
kg/mg 

Benzene 4.8*10 -5 2.6*10 -2 1.25* -6 1.25*10 

Methylene 
C h l o r i d e 1.1*10 -3 6.3*10 -4 6.93*10 -7 6.93*10 -8 

V i n y l 
C h l o r i d e 3.2*10 -4 2.5*10 -2 8.0*10 

-6 8.0*10 -7 

1,1 D i c h l o r o 
ethene 3.0*10 -6 1.5*10 4.5*10 4.5*10 -8 

T o t a l H e a l t h Risk f o r 
l i f e t i m e exposure 1.04*10 -5 1.04*10 -6 

Excess r i s k over a l i f e t i m e 1 i n 96,154 1 i n 961,538 
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Table 4.15d - Health R i s k s to Employees 100m West due to 
I n h a l a t i o n 

P o l l u t a n t CDI 
mg/m3 

Exposure 
10/70 
years 

Carcinogen 
Potency 
F a c t o r 
kg/mg 

Risk f o r 
L i f e t i m e 
Exposure 

Benzene 

Methylene 
C h l o r i d e 

V i n y l 
C h l o r i d e 

1.2*10 

2.71*10 

.-4 

-3 

1,1 D i c h l o r o 
ethene 7*10 

8.1*10 

6 

0.143 

0.143 

0.143 

0.143 

T o t a l H e a l t h Risk f o r 
l i f e t i m e exposure 

Excess r i s k over a l i f e t i m e of 

2.6*10 -2 

2.5*10 -2 

4.46*10 

6.3*10~ 4 2.44*10 7 

2.9*10 -6 

1.5*10 - 1 1.5*10~ 7 

3.74*10~ 6 

1 i n 267,369 
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the r e s u l t i n g c o n c e n t r a t i o n s f o r methane and the p r i n c i p a l 

p r i o r i t y p o l l u t a n t s i n the l a n d f i l l gas are g i v e n i n Table 4.15 

f o r two s t a b i l i t i e s at 100, 200 and 300 m d i s t a n c e from emission 

l i n e . 

H e a l t h r i s k s are then c a l c u l a t e d f o r two exposure p o i n t s , the 

r e s i d e n c e s 100 m e a s t of the l a n d f i l l , and the cement p i p e p l a n t 

immediately to the west of the l a n d f i l l . The d i f f e r e n c e between 

these l o c a t i o n s comprise the d i s t a n c e s from the emission p o i n t , 

because the r e s i d e n c e s are 100 m to the east of outer gas probe, 

while the p l a n t i s immediately over a gas emission a r e a . 

Furthermore, exposure at the p l a n t i s s h o r t e r at 8 hours per day 

than the p o t e n t i a l worst case exposure d u r a t i o n of 24 hours f o r 

r e s i d e n c e s . The r e s u l t i n g h e a l t h r i s k s are estimated u s i n g the 

USEPA Superfund Health Risk Manual (USEPA, 1986). Tables 4.15a to 

d show the r e s u l t s . 

The r e q u i r e d d i l u t i o n to prevent e x c e s s i v e h e a l t h r i s k s i s 

c a l c u l a t e d as f o l l o w s : 

Since v i n y l c h l o r i d e and benzene cause, r e s p e c t i v e l y , about 

79% and 12% of the r i s k , and both have s i m i l a r potency 

f a c t o r s (0.025 and 0.026), the a l l o w a b l e c h r o n i c d a i l y i n t a k e 

can be c a l c u l a t e d from the a l l o w a b l e sum of v i n y l c h l o r i d e 

and benzene caused r i s k s : 

A l l o w a b l e r i s k s from v i n y l c h l o r i d e and benzene: 
— 6 —7 91% of 1 * 10 equals 9.1 * 10 a d d i t i o n a l l i f e t i m e r i s k 

A l l o w a b l e Chronic D a i l y Intake (mg/kg-bw): 

9.1 * 10~ 7 0.026 = 3.50 * l O - 5 mg/kg-bw 

Allo w a b l e long-term c o n c e n t r a t i o n : 



s p l i t 3.52 * 10 mg/kg-bw into 
-5 v i n y l chloride contribution (87%) = 3.04 * 10 mg/kg 

—6 
and benzene contribution (13%) = 4.62 * 10 mg/kg 

divide by 0.29 * 0.92 = 0.27 to at t a i n allowable 

concentrations: 
-4 3 3 v i n y l chloride = 1.14 * 10 mg/m = 0.114 microg/m -5 3 3 benzene = 1.71 * 10 mg/m = 0.017 microg/m 

The d i v i s i o n of the estimated surface concentrations through the 

determined allowable concentrations indicates required additional 

d i l u t i o n : 

Estimated Allowable Additional 
microg/m3 microg/m3 Di l u t i o n Required 

V i n y l chloride 1.2 0.114 10.53 * 

Benzene 0.18 0.017 10.55 * 

Therefore, an additional 11 f o l d d i l u t i o n i s required to stay 

under the allowable r i s k . Additional d i l u t i o n to (97.5 f o l d 

e x i s t i n g times additional required 11 f o l d equals) 1070 f o l d can 

be determined from Figure 4.8 as 1,200m with C s t a b i l i t y . 

At both locations, p o t e n t i a l health r i s k s from inhalation of 

l a n d f i l l gases can occur i f the (USEPA 1986) l i m i t of 1 in 1 

m i l l i o n l i f e t i m e excess cancer r i s k i s accepted as the c r i t e r i o n 

for health r i s k s and a l l other assumptions hold. The c a l c u l a t i o n 

i s conservatively high, p a r t i c u l a r l y with the large uncertainties 

in the actual ambient a i r concentrations. Nonetheless, the 

l a n d f i l l gas emissions seem to possibly cause explosion and 

inhalation health r i s k s to residents within 100 to 200 m of the 
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outer gas e x i t p o i n t where the t o t a l d i l u t i o n i s below 10,000 to 

100,000 f o l d necessary to reduce h e a l t h r i s k s t o under 1 i n 1 

m i l l i o n excess cancer r i s k . 

C o i n c i d e n t a l l y , d i l u t i o n s of 1,000 to 10,000 f o l d are 

necessary to reduce l a n d f i l l odors under the odor t h r e s h o l d . 

Hence, the area of p o t e n t i a l h e a l t h e f f e c t s corresponds to the 

area where l a n d f i l l gas odors were observed. 

Odors t h e r e f o r e appear to be a good i n d i c a t o r f o r r i s k s . The 

odor assesment supports the f i n d i n g s i n t h i s s e c t i o n i n t h a t i t 

confirms t h a t r e s i d e n t s and employees may be exposed to high 

c o n c e n t r a t i o n s of l a n d f i l l gas. Both odor and h e a l t h impacts 

occur i n the same l i m i t e d d i s t a n c e of approximately 200 m from the 

l a n d f i l l boundary. 

4.2.2 A i r Q u a l i t y Impacts from I n c i n e r a t o r s 

A i r emission impacts c r i t e r i a are d e f i n e d on two l e v e l s : 

1. a i r q u a l i t y d e t e r i o r a t i o n through some c o n t r i b u t i o n to 
ambient p o l l u t a n t c o n c e n t r a t i o n s ; 

2. p o t e n t i a l h e a l t h impacts as d e f i n e d by the USEPA (1986) 
c r i t e r i o n of an excess l i f e t i m e cancer r i s k of 1 i n 1 
m i l l i o n . 

D i s p e r s i o n m o d e l l i n g i s used to determine c o n c e n t r a t i o n 

i n c r e a s e s f o r i n c i n e r a t o r e m i s s i o n s . Health r i s k s are determined 

and compared with the s t i p u l a t e d a d d i t i o n a l h e a l t h r i s k l i m i t ; a i r 

q u a l i t y d e t e r i o r a t i o n i s assumed present i f the i n c r e a s e i n a i r 

p o l l u t a n t s i s i n the order of magnitude of background 

c o n c e n t r a t i o n s . 
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Gaseous Emission D i s p e r s i o n and Groundlevel C o n c e n t r a t i o n s 

The two worst case s c e n a r i o s f o r a i r emissions were d e r i v e d 

under the odor impact s e c t i o n . They c o n s i s t of g r o u n d l e v e l 

i n v e r s i o n s i n the w i n t e r and u n s t a b l e days i n summer. Under these 

c o n d i t i o n s , the r e s u l t i n g g r o u n d l e v e l c o n c e n t r a t i o n s from stack 

gases can be estimated using t r a p p i n g c o n d i t i o n s at D to F (high) 

s t a b i l i t i e s and low winds to r e f l e c t s t r o n g i n v e r s i o n s c e n a r i o s , 

while u n s t a b l e (A or B) c o n d i t i o n s and moderate winds are assumed 

f o r summer c o n d i t i o n s . However, the h i g h e s t i n s t a b i l i t y (A or B) 

l e v e l s seldom occur i n the W i l l a m e t t e V a l l e y so C l e v e l s t a b i l i t y 

i s assumed with average wind speeds of 3 m/s. The i n c r e a s e d wind 

speed at stack h e i g h t over the measured wind speed at 10 m h e i g h t 

i s n e g l e c t e d c o n s e r v a t i v e l y (see Appendix 4.D.). 

The main i n c i n e r a t o r emissions of concern comprise 

p a r t i c u l a t e matter (TSP), smog producing agents, such as n i t r o g e n 

oxides (NOx), a c i d gases such as s u l f u r d i o x i d e s (S02), hydrogen 

c h l o r i d e s and f l u o r i d e s (HCL and HF), an a r r a y of heavy metals, 

e.g., b e r y l l i u m (Be), cadmium (Cd), copper(Cu), Chromium ( C r ) , 

l e a d (Pb), mercury (Hg), n i c k e l (Ni) and z i n c (Zn) (Tabarasan, 

1984, LMRP, 1984), and c a r c i n o g e n i c o r g a n i c s , e s p e c i a l l y d i o x i n s 

and furans (TCDD's and TCDF's). While v o l a t i l e o r g a n i c chemical 

(VOC's) emissions were measured at the Salem i n c i n e r a t o r , t h e r e 

was some doubt whether they were a r t i f a c t s of the sampling and 

a n a l y s i s method (p e r s . comm. van dem Fange, 1988). However, other 

s t u d i e s r e p o r t s i g n i f i c a n t c o n c e n t r a t i o n s of VOC's from burning 

m u n i c i p a l waste and r e f u s e d e r i v e d f u e l i n Swedish mass burning 

i n c i n e r a t o r s (Peterson, 1987), and from burning waste i n an 
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i n c i n e r a t o r and burning r e f u s e d e r i v e d f u e l i n a d e d i c a t e d b o i l e r 

(Ozvacic et a l . 1985). These unproven, but probable VOC emissions 

at Salem w i l l be t e s t e d i n a s e n s i t i v i t y a n a l y s i s of the emission 

d i s p e r s i o n model to long c o n c e n t r a t i o n s of c h l o r o p h e n o l s , benzo 

(a) pyrene, and PCB's (Peterson, 1987, O z v a c i c , e t . a l . , - 1 9 8 5 ) . 

The Salem i n c i n e r a t o r emission r a t e s are taken from the A i r 

Q u a l i t y Test Report ( Z u r l i n d e n et a l . , 1986) and from Hahn et a l . 

(1986) f o r a l l measured p o l l u t a n t s . Copper and z i n c emission 

c o n c e n t r a t i o n s were p r o r a t e d with the p a r t i c u l a t e emission r a t i o 

from t y p i c a l i n c i n e r a t o r emissions i n Europe (Tabarasan, 1984). 

Maximum emission r a t e s occur at f u l l burning c a p a c i t y of 152,000 

tonnes p.a.; average emission r a t e s correspond to a burning r a t e 

of 130,000 tonnes p.a. The emission c o n c e n t r a t i o n s and r a t e s f o r 

major p o l l u t a n t s are l i s t e d i n Table 4.16. The d e t a i l e d 

c a l c u l a t i o n s are c a r r i e d out i n the Appendix 4.D with data from 

Seton, Johnson and O d e l l (1984). 

Emission T r a n s p o r t 

The b a s i c d i s p e r s i o n model c o n s i s t s of an e l e v a t e d source 

(stack) with a v i r t u a l source at h e i g h t H equal to the stack 

h e i g h t h p l u s the heat r i s e h (see Appendix 4.D f o r the 

c a l c u l a t i o n of H). From t h i s p o i n t (H), gaseous and p a r t i c u l a t e 

emissions d i s p e r s e d i f f e r e n t l y . While some compounds stay gaseous 

(hydrogen c h l o r i d e s , f l u o r i d e s , n i t r o g e n o x i d e s , hydrocarbons, 

carbon monoxide, s u l f u r oxides,) others may adsorb onto 

p a r t i c u l a t e ( t r a c e metals, d i o x i n s and f u r a n s , EPS Canada, 1986). 

T h e r e f o r e d i s p e r s i o n models are c o n s t r u c t e d here f o r both gaseous 
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Table 4.16: I n c i n e r a t o r - Emission Rates and C o n c e n t r a t i o n s 
f o r Main P o l l u t a n t s 

P o l l u t a n t Emission Rates Emission 
C o n c e n t r a t i o n 

Average Maximum at 33 Nm3/s 
(at 91.5% (at 100% average volume 
c a p a c i t y ) c a p a c i t y ) flow r a t e 

g/s g/s mg/Nm3 

NO 13.7 15.4 428 
X 

SO 2.6 3.9 108.3 
z 

CO 0.52 0.58 16.1 

P a r t i c u l a t e 0.57 0.74 20.6 

HCL 0.42 0.45 0.0125 

HF 0.012 0.018 -4 
5*10 

TCDD 4.8*10~ 9 5.7*10~ 9 1.58*10~ 7 

VOC' s 0.038 0.05 1.4*10~ 3 

B e r y l l i u m * 5.5*10~ 8 6.8*10~ 8 1.89*10" 6 

Cadmium* 3.4*10~ 6 4.5*10" 6 1.25*10~ 4 

Copper -3* 
1.42*10 1.78*10" 3 4.94*10~ 2 

Chromium ( T o t a l ) 6.6*10" 6 8.25*10~ 6 2.3*10" 4 

Chromium 6.6*10~ 7 8.3*10" 7 2.3*10" 5 

(hexavalent) 

Lead 7.6*10~ 4 1.0*10~ 3 2.8*10~ 2 

Mercury 8.0*10~ 3 9.0*10 - 3 0.25 

N i c k e l * -3* 
2.3*10 3.3*10~ 3 9.17*10" 2 

Z i n c 0.04 0.051 1.42 

Legend: S t a r i n f i r s t column i n d i c a t e s c a r c i n o g e n 

Star i n second column i n d i c a t e s emission r a t e s 
d e r i v e d by p r o r a t i n g with p a r t i c u l a t e c o n c e n t r a t i o n s 
from va l u e s i n Tabarasan, 1984. 
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and p a r t i c u l a t e b ehavior. Both models assume t h a t a l l p o l l u t a n t s 

d i s p e r s e i d e n t i c a l l y and i n p r o p o r t i o n to a u n i t emission of 1 g/s 

from the s t a c k . The r e s u l t s are compared to determine the worst 

case. 

Gaseous Tr a n s p o r t 

Normal d i s p e r s i o n from an e l e v a t e d source assumes normally 

d i s t r i b u t e d c o n c e n t r a t i o n p r o f i l e s on h o r i z o n t a l and v e r t i c a l axes 

with i n c r e a s i n g standard d e v i a t i o n s as a f u n c t i o n of d i s t a n c e . 

When the lower plume boundary touches the ground, the model shows 

a r e f l e c t i o n of the c o n c e n t r a t i o n by m i r r o r i n g a v i r t u a l source a t 

minus the e f f e c t i v e stack h e i g h t . The maximum g r o u n d l e v e l 

c o n c e n t r a t i o n s occur down wind from t h i s i n i t i a l impingement 

p o i n t . 

In t r a p p i n g c o n d i t i o n s , an a d d i t i o n a l m i r r o r s u r f a c e i s 

assumed a t the t r a p p i n g l e v e l s above the stack h e i g h t so the plume 

c o n c e n t r a t i o n s are r e f l e c t e d both on the ground and at the 

t r a p p i n g ( i n v e r s i o n ) l e v e l s . The c o n c e n t r a t i o n s per u n i t emission 

(g/sec) are c a l c u l a t e d i n Appendix 4.D f o r both d i s p e r s i o n 

c o n d i t i o n s and f o r d i f f e r e n t s t a b i l i t y c l a s s e s . The r e s u l t s are 

shown i n F i g u r e 4.13. The r e s u l t s f o r both s c e n a r i o s are compared 

to determine the worst case. From the graph i t i s apparent t h a t 

normal d i s p e r s i o n at C s t a b i l i t y and 3 m/s wind speed produce 

higher g r o u n d l e v e l c o n c e n t r a t i o n s than any l i k e l y t r a p p i n g 

c o n d i t i o n s . The curves i n F i g u r e 4.13 i n d i c a t e the maximum to 

occur at 700 m (A s t a b i l i t y ) to 1,500 m (C s t a b i l i t y ) from the 

st a c k . Since h i g h l y u n s t a b l e (A and B) weather c o n d i t i o n s are not 

common i n the Wil l a m e t t e V a l l e y , C s t a b i l i t y i s c o n s i d e r e d the 



fD 

o 3 o 
c 
3 

pj Cb 
3 (—• 0) < 
M fD 
fO M < -
CU 
rr O 
(D CD 
Di 3 
- rr 

fD 
rrj h< 
O M 
H - H -
3 3 
rr CD 

co o 
O O 

O fD 
fD 3 

rr 
n 
O 
rr 
H -
O 
3 
CO 

o 
H i 

* 
O 
3 
I 

rt 
fD 
0> 
O 
rt 

< 
ro 
o 

c 
rr 
OJ 
3 
rr 
co 

fD 

Ambient Concentration 
per unq̂ t emission rate 
C mg/m /_Q g/s 
at 33 Nm /s exhaust; volyme 

S3c* 



226 

maximum common, worst-case c o n d i t i o n . T h e r e f o r e the maximum 

c o n c e n t r a t i o n s f o r gaseous t r a n s p o r t are taken from t h i s s c e n a r i o . 

The minimum d i l u t i o n r a t i o of 0.004 mg/m3/groundlevel 

c o n c e n t r a t i o n per u n i t emission g/s at C s t a b i l i t y and 3 m/s wind 

speed occurs a t 1,500 m d i s t a n c e . T h i s f i g u r e i s used to 

c a l c u l a t e the r e s u l t i n g ground l e v e l , c e n t e r l i n e c o n c e n t r a t i o n s i n 

Table 4.17. 

P a r t i c u l a t e T r a n s p o r t 

P a r t i c u l a t e d i s p e r s i o n i s modelled with Gaussian 

d i s t r i b u t i o n s , but p a r t i c l e s experience a g e n e r a l s e t t l i n g motion 

due to g r a v i t y . The ground r e f l e c t i o n term i s dropped because 

p a r t i c l e s are d e p o s i t e d on the ground. The r e s u l t i s a downward 

s l o p i n g plume c e n t e r l i n e . The Gaussian model a p p l i e s here too, 

but must be m o d i f i e d to e l i m i n a t e ground r e f l e c t i o n s and to 

i n c l u d e a downward v e r t i c a l s e t t l i n g v e l o c i t y . These changes 

reduce the d i s t a n c e of maximum c o n c e n t r a t i o n s . The r e s u l t s as 

p a r t i c u l a t e c o n c e n t r a t i o n s i n the a i r are the data f o r the 

assessment of h e a l t h impacts from i n h a l a t i o n . 

A i r p o l l u t a n t h e a l t h impacts from o r a l i n t a k e of p a r t i c u l a t e 

p o l l u t a n t s may a l s o r e s u l t from d e p o s i t i o n of p a r t i c u l a t e - b o r n e 

contaminants on e d i b l e p l a n t s . The d e p o s i t i o n r a t e i s simply the 

volume r a t e of d e p o s i t i o n times c o n c e n t r a t i o n per area, or by 

s i m p l i f i c a t i o n , equal to the s e t t l i n g v e l o c i t y times c o n c e n t r a t i o n 

(Wark and Warner, 1980). Since s e t t l i n g v e l o c i t i e s vary with 

p a r t i c l e s i z e , the average s e t t l i n g v e l o c i t y must be weighted by 

the mass f r a c t i o n s i n p a r t i c l e s i z e ranges. With the data on the 



INCINERATOR EXHAUST GAS IMPACTS 

Gaseous Emission Transport 
Pollutants Maximum Average Dilution 

emission emission Ratio 
rate rate at 3m/s 

Groundlevel concentration 
at 3m/s wind speed 
maximum average 

4.0000E-03 
gram/sec gram/sec mg/m3 mg/m3 

NOx 1 .5400E+01 1 .3700E+01 NOx 6 .1600E' -02 5 .4800E--02 
SOx 3 .8600E+00 2 .6000E+00 SOx 1 .5440E--02 1 .0400E--02 
HC1 4 •5000E-01 4 .2000E-01 HC1 1 .8000E--03 1 .6800E--03 
TSP 7 .5000E-01 5 .7000E-01 TSP 3 .0000E--03 2 .2800E--03 
TCDD 3 .8300E-11 1.4500E-11 TCDD 1 .5320E--13 5 .8000E< -14 
CI Phen 0 0 0 0 
:nz( a)pyi r 0 0 0 0 
PCB 0 0 0 0 
Be 6 .8000E-08 5 .5000E-08 Be 2 .7200E--10 2 • 2000E--10 
Cd 4 .5000E-06 3 .4000E-06 Cd 1 .8000E -08 1 .3600E' -08 
Cu 1 . 7800E-03 1 •4200E-03 Cu 7 .1200E -06 5 .6800E' -06 
Cr tot 8 .2500E-06 6 .6000E-06 Cr tot 3 .3000E' -08 2 .6400E' -08 
Cr6 8 .3000E-08 6 .6000E-07 Cr6 3 .3200E -10 2 .6400E' -09 
Pb 1 •0000E-03 7 .6000E-04 Pb 4 .0000E -06 3 .0400E -06 
Hg 9 .0000E-03 8 .0000E-03 Hg 3 .6000E -05 3 •2000E -05 
Ni 1 •2700E-04 1 .0600E-04 Ni 5 .0800E -07 4 .2400E -07 
Zn 5 .1100E-02 4 .0000E-02 Zn 2 .0440E -04 1 .6000E -04 

Table 4.17 - I n c i n e r a t o r Gaseous Emission Concentrations 

Maximum Averages for 
3 hr max. 8 hr max 
= 0.9 x = 0.75 x 
1 hr max 1 hr max 
mg/m3 mg/m3 
5.5440E-02 4.6200E-I 
1.3896E-02 1.1580E-! 
1.6200E-03 1.3500E-
2.7000E-03 2.2500E-
1.3788E-13 1.1490E-

0 
0 
0 

2.4480E-10 2.0400E-
1.6200E-08 1.3500E 
6.4080E-06 5.3400E 
2.9700E-08 2.4750E-
2.9880E-10 2.4900E-
3.6000E-06 3.0000E-
3.2400E-05 2.7000E 
4.5720E-07 3.8100E 
1.8396E-04 1.5330E 

Time Periods 
24 hr max. 
= 0.4 x 
1 hr max 
mg/m3 

02 2.4640E-02 
02 6.1760E-03 
03 7.2000E-04 
03 1.2000E-03 
13 6.1280E-14 
0 0 
0 0 
0 0 
10 1.0880E-10 
08 7.2000E-09 
06 2.8480E-06 
08 1.3200E-08 
10 1.3280E-10 
06 1.6000E-06 
05 1.4400E-05 
07 2.0320E-07 
04 8.1760E-05 
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p a r t i c l e s i z e d i s t r i b u t i o n s at the Salem i n c i n e r a t o r (Hahn et a l . , 

forthcoming) and s e t t l i n g v e l o c i t y curves f o r p a r t i c l e s (Wark and 

Warner, 1980) the weighted average s e t t l i n g v e l o c i t y was 

determined (see Appendix 4.D) as 0.13 cm/s. 

Using the Gaussian model f o r p a r t i c u l a t e t r a n s p o r t , the 

maxima f o r g r o u n d l e v e l c o n c e n t r a t i o n s and d e p o s i t i o n r a t e s were 

c a l c u l a t e d (see Table 4.18 below). The maxima occur a t 1,200 m 
(-6) 

d i s t a n c e i n wind d i r e c t i o n at 1.87x10 g/m3 p a r t i c u l a t e 
-9 

c o n c e n t r a t i o n (Cp) and 2.24x10 g/m2-s p a r t i c u l a t e d e p o s i t i o n 

(Wp) f o r a u n i t p a r t i c u l a t e emission (1 g / s ) . 

C o n c e n t r a t i o n s of r e s p i r a b l e p a r t i c u l a t e (under 5 microns) i n 

a i r can be entered i n t o the h e a l t h r i s k assessment f o r i n h a l a t i o n 

uptake. Deposited p a r t i c u l a t e s , however, undergo decay due to 

o x i d a t i o n , washing out with r a i n , and, p o s s i b l y , b i o d e g r a d a t i o n . 

The decay e f f e c t s are rep r e s e n t e d by the decay f a c t o r lambda, 

which i s a f u n c t i o n of the h a l f l i f e i n a i r . The maximum 

p a r t i c u l a t e p o l l u t a n t d e n s i t y i s reached at e q u i l i b r i u m , i . e . , 

when removal (decay) reaches d e p o s i t i o n r a t e . Thus, the 

r e l a t i o n s h i p f o r the maximum s u r f a c e c o n c e n t r a t i o n of d e p o s i t e d 

p a r t i c u l a t e c o n c e n t r a t i o n can be formulated as a f i r s t - o r d e r 

r e l a t i o n s h i p : 

dC = - A * C + w = 0 (1) 
dt s p 

f o r e q u i l i b r i u m c o n d i t i o n s , dCs equals zero, hence 
dt 

with \ = Ln 2 , t = h a l f l i f e (2) 
A t 1/2 

1/2 
w w t 

s u r f a c e c o n c e n t r a t i o n C = P = P 1/2 £ (3) 
s \ 0.692 m2 
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Table 4.18a - I n c i n e r a t o r - P a r t i c u l a t e D i s p e r s i o n C o n c e n t r a t i o n s 
and D e p o s i t i o n 

V i r t u a l Height = 110 m 

Wind Speed = 3 m/s 

S t a b i l i t y = C 

Di s t a n c e Standard P a r t i c u l a t e P a r t i c u l a t e 
D e v i a t i o n s 
i n m 
Y z 

Co n c e n t r a t i o n s 
i n a i r , 
Q * mg/m 

D e p o s i t i o n 
on Ground2 
Q * mg/m -sec 

300 m 35 21 8.2 * i o - 8 1.07 * i o " 1 0 

500 m 55 34 1.54 * IQ" 4 2.0 * i o " 7 

700 m 75 46 8.95 * IO' 4 1.16 * IO" 6 

1,000 m 110 64 1.74 * i o " 3 2.26 * i o " 6 

1,200 m 130 75 1.87 * i o " 3 2.44 * i o " 6 

1,500 m 150 85 1.82 * i o " 3 2.36 * i o " 6 

2,000 m 220 130 1.3 * i o " 3 1.7 * i o " 6 
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H a l f l i f e v alues f o r absorbed contaminants range from 4.8 days 

(minimum, USEPA, 1986) f o r metals i n a i r , t o 14 days f o r d i o x i n s 

and furans (Swiss M i n i s t r y of Environment, 1983). The maximum 
2 

p o l l u t a n t d e n s i t y on the ground s u r f a c e (mg/m ) i s equal to 7 ( f o r 
h a l f l i v e s of 4.8 days) to 20 ( f o r h a l f l i v e s of 14 days) times the 

3 

a i r c o n c e n t r a t i o n s (mg/m ). The s u r f a c e c o n c e n t r a t i o n s are l i s t e d 

i n T able 4.18b below p a r a l l e l to the c o n c e n t r a t i o n s i n a i r . 

Health R i s k s from I n c i n e r a t o r Emissions 

Health r i s k s may a r i s e from i n h a l a t i o n of gaseous p o l l u t a n t s 

or the i n h a l a t i o n and o r a l consumption of p a r t i c u l a t e e m i s s i o n s . 

I d e n t i c a l h e a l t h r i s k assessments were c a r r i e d out f o r i n h a l a t i o n 

of gaseous and p a r t i c u l a t e c o n c e n t r a t i o n s i n a i r . P a r t i c u l a t e 

d e p o s i t i o n on the ground, however, was e v a l u a t e d as an o r a l uptake 

through e d i b l e p l a n t s . For both h e a l t h r i s k s c e n a r i o s , a 

s i g n i f i c a n t h e a l t h r i s k c r i t e r i o n i s assumed to be an i n c r e a s e of 

equal to or over 1 i n 1 m i l l i o n a d d i t i o n a l cancer r i s k f o r a 

l i f e t i m e (USEPA, 1986). 

The r i s k assessment from gaseous emissions f o l l o w s the 

standard procedure (USEPA, 1986, see Appendix 4.E) with the s l i g h t 

r e d u c t i o n of d a i l y i n t a k e s by p r o r a t i n g the exposure by a f a c t o r 

of 0.83 f o r the p r e v a i l i n g wind d i r e c t i o n d u r i n g 10 of 12 months 

per year. The r e s u l t s f o r gaseous p o l l u t a n t s (Table 4.19) amount 

to t o t a l r i s k s of approximately 1 i n 5.86 m i l l i o n a d d i t i o n a l 

c a r c i n o g e n i c r i s k over l i f e t i m e and w e l l under 1 i n non-

c a r c i n o g e n i c r i s k . T h i s a d d i t i o n a l r i s k i s below the s t i p u l a t e d 

h e a l t h r i s k s l i m i t of 1 i n 1 m i l l i o n . 



Particulate Emission Transport 
Maximum Average 
emission emission 
rate rate 
g/s g/s 

NOx 1 .5400E+01 1 .3700E+01 
SOx 3 .8600E+00 2 •6000E+00 
HC1 4 .5000E-01 4 .2000E-01 
TSP 7 •5000E-01 5 .7000E-01 
TCDD 3 •8300E-11 1 .4500E-11 
CI Phen 0 0 
snz(a)pyr 0 0 
PCB 0 0 
Be 6 .8000E-08 5 . 5000E-08 
Cd 4 .5000E-06 3 .4000E-06 
Cu 1 •7800E-03 1 •4200E-03 
Cr (tot) 8 .2500E-06 6 .6000E-06 
Cr (hex) 8 .3000E-08 6 .6000E-07 
Pb 1 •0000E-03 7 •6000E-04 
Hg 9 .0000E-03 8 .0000E-03 
Ni 1 •2700E-04 1 .0600E-04 
Zn 5 .1100E-02 4 .0000E-02 

Dilution Air Concentration 
Ratio maximum minimum 
at 3 m/s 
1.8700E-03 

mg/m3 mg/m3 
2.8798E-02 2.5619E-02 
7.2182E--03 4.8620E-03 
8.4150E-04 7.8540E-04 
1.4025E-03 1.0659E-03 
7.1621E-14 2.7115E-14 

0 0 
0 0 
0 0 

1.2716E-10 1.0285E-10 
8.4150E-09 6.3580E-09 
3.3286E-06 2.6554E-06 
1.5427E-08 1.2342E-08 
1.5521E-10 1.2342E-09 
1.8700E-06 1.4212E-06 
1.6830E-05 1.4960E-05 
2.3749E-07 1.9822E-07 
9.5557E-05 7.4800E-05 

Maximum Averages for Time Period 
3 hr max. 8 hr max. 24 hr. max 
= 0.9 x = 0.7 x = 0.4 x 

one hr max one hr max one hr max 
mg/m3 mg/m3 mg/m.3 
2 .5918E-•02 2 .1598E--02 1 .1519E -02 
6 •4963E-•03 5 •4136E-•03 2 .8872E -03 
7 .5735E-•04 6 .3112E-•04 3 •3660E -04 
1 .2622E-•03 1 •0518E--03 5 .6100E -04 
6 .4458E-•14 5 .3715E-•14 2.8648E -14 

0 0 0 
0 
0 cs 

es 0 
0 

1 .1444E-•10 9 .5370E-•11 5 .0864E' -11 
7 .5735E-•09 6 •3112E-•09 3 .3660E' -09 
2 .9957E-•06 2 •4964E-•06 1 .3314E--06 
1 .3884E-•08 1 •1570E-•08 6 • 1710E--09 
1 .3968E-•10 1 .1640E-•10 6 • 2084E--11 
1 .6830E-06 1 .4025E-06 7 • 4800E--07 
1 .5147E-•05 1 .2622E-•05 6 • 7320E--06 
2 .1374E-07 1 .7811E-07 9 .4996E--08 
8 .6001E-05 7 .1667E-05 3 .8222E--05 

Pollutant 

NOx 
SOx 
HC1 
TSP 

D i l 
Rat 
Air 
to 
den 

ution 
io 
cone . 

surface 
si t y 

Decay 
rate 
in a i r 
lambda 

Surface Density 
maximum minimum 

mg/m2 mg/m2 

Maximum Averages for Time Periods 
3 hr max. 8 hr max. 24 hr max. 

mg/m2 mg/m2 mg/m2 

TCDD 2 . 1000E-01 5.0000E-•02 1 •6086E-•10 6 .0900E-•11 1 .4477E -10 1.2064E- 10 6 .4344E-•11 
CI phens 2 .1000E-01 1 .4000E-•01 0 0 0 0 0 

Benz(a)pyr 2 .1000E-•01 1 .4000E-•01 0 0 0 0 0 
PCBs 2 .1000E-01 1 .4000E-•01 0 0 0 0 0 
Be 2 .1000E-01 1 •4000E-•01 1 •0200E-•07 8 .2500E-08 9 .1800E' -08 7.6500E- 08 4 .0800E-•08 
Cd 2 •1000E-•01 1 .4000E-•01 6 •7500E-•06 5 •1000E-•06 6.0750E' -06 5.0625E- 06 2 .7000E-•06 
Cu 2 .1000E-•01 1 .4000E-•01 2 .6700E-•03 2 .1300E-03 2 •4030E' -03 2.0025E-•03 1 .0680E-•03 
Cr (tot) 2 .1000E-•01 1 .4000E-•01 1 .2375E-•05 9 .9000E-06 1 .1137E' -05 9 .2812E-•06 4 .9500E-•06 
Cr (hex) 2 .1000E-•01 1.4000E-•01 1 •2450E-•07 9 .9000E-•07 1 .1205E--07 9.3375E-•08 4.9800E-•08 
Pb 2 .1000E-01 1 .4000E-•01 1 .5000E-•03 1 •1400E-03 1 .3500E--03 1.1250E- 03 6 •0000E-04 
Hg 2 .1000E-01 1 .4000E-•01 1 .3500E-•02 1 •2000E-02 1 .2150E--02 1.0125E- 02 5 .4000E-03 
Ni 2 .1000E-01 1 .4000E-•01 1 .9050E-•04 1 .5900E-04 1 .7145E--04 1.4287E- 04 7 .6200E-05 
Zn 2 .1000E-•01 1 .4000E-•01 7 .6650E-•02 6.0000E- 02 6 .8985E' -02 5.7487E- 02 3 •0660E-02 

Table 4.18b - I n c i n e r a t o r - P a r t i c u l a t e Emission 
C o n c e n t r a t i o n and D e p o s i t i o n 



Gaseous Emission Transport 

P o l l u t a n t D a i l y Intake by Carcinogen Non-Carcinogen 
i n h a l a t i o n o f Risk at Ratio o f Intake 
.29 m3/kg-bodyweight L i f e t i m e t o allowable d a i l y 

f o r 10 months o f year Exposure intake 
SDI mg/kg CDI mg/kg Sub-chron Chronic 

NOx 1.4886E-02 1.3243E-02 5 .1333E' -02 4 .5666E-01 
SOx 3 .7313E-03 2 .5133E-03 9 .8974E' -02 1 •7333E-01 
HC1 4.3500E-04 4.0600E-04 3 .0000E' -02 9 •3333E-02 
TSP 7 .2500E-04 5.5100E-04 1 .3157E' -02 2 .7142E-02 
TCDD 3 .7023E-14 1.4016E-14 2 .1865E-09 
CI Phen 0 0 0 0 
;nz(a)pyr 0 0 0 
PCB 0 0 
Be 6.5733E-11 5 . 3166E-11 2 .5838E-10 
Cd 4.3500E-09 3.2866E-09 2 .0048E-08 
Cu 1 .7206E-06 1.3726E-06 1 . 3726E-04 
Cr ( t o t ) 7 .9750E-09 6.3800E-09 1 . 1258E-06 
Cr (hex) 8.0233E-11 6.3800E-10 2 •6158E-08 1 .2509E-07 
Pb 9.6666E-07 7.3466E-07 1 .7085E-03 
Hg 8.7000E-06 7 .7333E-06 1 . 7058E' -02 1 .5163E-01 
Ni 1.2276E-07 1.0246E-07 1 •2193E-07 4 .2333E--07 3 •5333E-06 
Zn 4.9396E-05 3.8666E-05 4 .9396E--04 3 .8666E-03 

T o t a l R i sks over l i f e 1 .7058E-07 1 .7553E' -02 1 .5735E-01 
A d d i t i o n a l Risk 5 .8621E+06 << 1 << 1 

Legend: SDI = Sub-chronic d a i l y i n take 
CDI = Chro n i c d a i l y i n t a k e 

Table 4.19 - I n c i n e r a t o r Gaseous Emission Exposure and 
Health R i s k s 
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H e a l t h r i s k s from p a r t i c u l a t e p o l l u t a n t s are estimated by 

standard procedure with the p r o r a t e d r e d u c t i o n of a i r b o r n e d a i l y 

i n t a k e f o r the d u r a t i o n of p r e v a i l i n g winds. The o r a l i n t a k e i s 

based on t r a d i t i o n a l crop growing d e n s i t i e s (Lorenz and Maynard, 

1980) and average consumption of l e a f y v e g e t a b l e s i n Canada 

( S t a t i s t i c s Canada and A g r i c u l t u r e Canada, 1981, 1983 and 1984), 

i n p a r t i c u l a r f o r l e t t u c e and c e l e r y , because these p l a n t s are not 

washed before packing (pers. comm. M. Sweeney, B.C. M i n i s t r y of 

A g r i c u l t u r e and F i s h e r i e s , 1987). 

The i n t a k e of contaminants was c a l c u l a t e d from the net 

s u r f a c e area of the p l a n t s times the s u r f a c e c o n c e n t r a t i o n s (see 

Appendix 4.D). Exposure was assumed to occur d u r i n g a 70 year 

l i f e t i m e f o r i n h a l a t i o n and o r a l i n t a k e . The r e s u l t s are 

presented i n Table 4.20 below f o r carcinogens and n o n - c a r c i n o g e n i c 

p o l l u t a n t s . The t o t a l h e a l t h r i s k s of i n h a l e d and o r a l l y consumed 

p o l l u t a n t s amount to one i n 14.8 m i l l i o n , f o r a s a f e t y f a c t o r of 

14.8. 

S e n s i t i v i t y A n a l y s i s 

The h e a l t h r i s k s r e s u l t i n g from p o s s i b l e v a r i a t i o n s i n some 

key f a c t o r s are c a l c u l a t e d and compared with the base case. Table 

4.21 shows the r e s u l t i n g t o t a l a d d i t i o n a l h e a l t h r i s k s f o r higher 

wind speed, d i f f e r e n t time p e r i o d averages, and f o r estimated 

v o l a t i l e o r g a n i c emissions. T o t a l h e a l t h r i s k s i n the f i r s t two 

cases remain under a c c e p t a b l e r i s k s , but exceed the s t i p u l a t e d 

a l l o w a b l e h e a l t h r i s k i n the l a t t e r case. Very low c o n c e n t r a t i o n s 

of o r g a n i c carcinogens (benzo(a)pyrene and PCB, Ozvacic et a l . 



Particulate Emission Transport 
Pollutant Daily Intake by In

halation of .29 m3/kg 
for 10 months per year 

NOx 
SOx 
HC1 
TSP 
TCDD 

Be 
Cd 
Cu 
Cr (tot) 
Cr (hex) 
Pb 
Hg 
Ni 
Zn 

SDI mg/kg 
6.9595E-03 
1.7443E-03 
2 .0336E-04 
3 .3893E-04 
1.7308E-14 

0 
0 
0 

3.0730E-11 
2.0336E-09 
8.0441E-07 
3.7283E-09 

7509E-11 
5191E-07 
0672E-06 
7393E-08 
3092E-05 

Total risk 
Additional 

CDI mg/kg 
6.1912E-03 
1.1749E-03 
1.8980E-04 
2.5759E-04 
6.5527E-15 

0 
0 
0 

2.4855E-11 
1.5365E-09 
6.4172E-07 
2.9826E-09 
2.9826E-10 
3.4345E-07 
3.6153E-06 
4.7903E-08 
1.8076E-05 

over l i f e 
r i s k 

Carcingen Non-carcinogen Risks 
Risks at Ration of allowable 
lifetime daily intake 
Exposure Sub-chronic Chronic 

2.3998E-02 2.1349E-01 
4.6270E-02 8.1033E-02 
1.4025E-02 
6.1513E-03 

3633E-02 
2689E-02 

1.0222E-09 

1.2079E-10 
7.4674E-09 

6.4172E-05 
5.2635E-07 

1.4495E-09 5.8483E-08 
7.9873E-04 

7.9750E-03 7.0888E-02 
5.7004E-08 1.9790E-07 1.6518E-06 

2.3092E-04 1.8076E-03 
6.7063E-08 8.2061E-03 7.3561E-02 
1.4911E+07 << 1 << 1 

Pollutant Daily Intake by In
gestion i s Carcinogen Non-Carcinogen Risks 
surface density Risk at Sub-chron Chronic 
times 4.7000E-051ifetime 

for 10 months/year exposure 
times 8.3333E-01 
mg/kg-d mg/kg-d 

TSP 
TCDD 
CI phens 

Benz(a)pyr 
PCBs 
Be 3 
Cd 2 
Cu 1 
Cr (tot) 4 
Cr (hex) 4 
Pb 
Hg 
Ni 
Zn 

6.3003E-

9950E-
6437E-
0457E-
8468E-
8762E-
8750E-
2875E-
4612E-
0021E-

15 2. 
0 
0 
0 
12 3, 
10 1, 
07 8. 
10 3. 
12 
08 
07 
09 
06 

3852E-15 
0 
0 
0 

2312E-12 
9975E-10 
3425E-08 
8775E-10 
8775E-11 
4650E-08 
7000E-07 
2275E-09 
3500E-06 

3.7209E-10 
0 
0 

9900E-09 
1163E-07 
8263E-06 
4272E-11 
9505E-10 
1964E-05 
5178E-04 

2.5728E-08 

4625E-09 
8879E-07 
2547E-06 
4897E-10 
7550E-09 
1892E-05 
2380E-04 
1474E-07 

1.4295E-05 1.1190E-05 
Oral intake risk 
Additional risk 

7200E-10 3, 
6881E+09 

1181E-04 2.7006E-04 

Total additional risk 6.7435E-08 8.5179E-03 7.3831E-02 
Additional risk probability 1.4829E+07 
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Table 4.21 - I n c i n e r a t o r S e n s i t i v i t y A n a l y s i s f o r Health R i s k s 

C a r c i n o g e n i c 
R i s k s 

Non-carcinogenic r i s k s 
sub-
c h r o n i c c h r o n i c 

Base Case 

Gaseous 
P a r t i c u l a t e 

Wind-seed 5 m/s 

Gaseous 
P a r t i c u l a t e 

Time p e r i o d 

Gaseous 

3 h max 

8 h max 

24 h max 

1 i n 5.86 m i l l i o n 
1 i n 14.8 m i l l i o n 

1 i n 7.32 m i l l i o n 
1 i n 22.9 m i l l i o n 

1 i n 13.7 m i l l i o n 

1 i n 16.4 m i l l i o n 

1 i n 30.8 m i l l i o n 

0.018 
0.009 

0.014 
0.0055 

0.008 

0.008 

0.008 

0.16 
0.07 

0.126 
0.048 

0.076 

0.0623 

0.033 

<1 
<1 

<1 
<1 

<1 

<1 

<1 

V o l a t i l e Organics 
present 

Gaseous 
P a r t i c u l a t e 

1 i n 607,990 
1 i n 1,011,120 

0.018 
0.0085 

0.16 
0.075 

<1 
<1 
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1985) can e a s i l y i n c r e a s e the c a r c i n o g e n i c r i s k s . As l i t t l e as 
-4 3 2.5 * 10 g/s emission r a t e , or 15 to 20 mg/Nm c o n c e n t r a t i o n 

each of PCB and benzo(a)pyrene w i l l i n c r e a s e the h e a l t h r i s k s to 

s i g n i f i c a n t l e v e l s . The t o t a l a d d i t i o n a l cancer h e a l t h r i s k s with 

these low, p o s s i b l e c o n c e n t r a t i o n s of VOC carcinogens amount to 1 

i n 607,990 f o r gaseous d i s p e r s i o n and 1 i n 1 m i l l i o n f o r 

p a r t i c u l a t e t r a n s p o r t compared with 1 i n 5.86 m i l l i o n and 1 i n 15 

m i l l i o n f o r the r e s p e c t i v e base emission cases (see Appendix 4.D). 

Ozvacic et a l . (1985) r e p o r t emission r a t e s from Toronto 

i n c i n e r a t o r s and RDF burning p l a n t s f o r PCB's, c h l o r i n a t e d 
3 

benzenes and c h l o r o p h e n o l s between 16 and 92 micrograms per Nm . 

They a l s o show t r a c e c o n c e n t r a t i o n s of c h l o r i n a t e d o r g a n i c s i n the 

incoming waste stream. Although t h e r e are no data to support the 

presence of c h l o r i n a t e d o r g a n i c s i n the waste stream e n t e r i n g the 

Salem i n c i n e r a t o r , i t i s p o s s i b l e t h a t minimal amounts of PCB's, 

c h l o r i n a t e d benzenes and c h l o r o p h e n o l s are c o n t a i n e d i n the waste 

stream (from e l e c t r i c a l components, carbon paper, t r e a t e d wood, 

etc.) and are emitted from the s t a c k . 

In c o n c l u s i o n , s i g n i f i c a n t h e a l t h r i s k s are shown not to 

r e s u l t from i n c i n e r a t o r emissions. But s m a l l a d d i t i o n a l amounts 

of unproven c a r c i n o g e n i c p o l l u t a n t s can e a s i l y generate 

s i g n i f i c a n t r i s k s i n the maximum emission c o n c e n t r a t i o n zones at 

700 to 1,500 m i n p r e v a i l i n g wind d i r e c t i o n s . Table 4.22 compares 

maximum estimated i n c i n e r a t o r impacts on a i r q u a l i t y with ambient 

a i r q u a l i t y . Although the comparison shows some i n f l u e n c e of the 

i n c i n e r a t o r on NO2 c o n c e n t r a t i o n s , the comparison i s hampered by 

two f a c t o r s : (a) the time i n t e r v a l b a s i s i s not i d e n t i c a l f o r some 
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impact and background measurements, and (b) the background 

measurements are taken i n P o r t l a n d where s u b s t a n t i a l l y h i g h e r 

p o l l u t a n t c o n c e n t r a t i o n s are expected. 

A i r q u a l i t y impacts from the Salem i n c i n e r a t o r c o n s i s t of a i r 

q u a l i t y d e t e r i o r a t i o n based on the comparison i n Table 4.22. 

Although no s i g n i f i c a n t h e a l t h r i s k s occur, some q u a l i t y 

d e t e r i o r a t i o n does r e s u l t f o r the p r e v a i l i n g wind d i r e c t i o n s i n 

the host community. Within 700 m to 3,000 m downwind, the area 

north to n o r t h e a s t and south to southwest are estimated to 

experience s l i g h t a i r q u a l i t y impacts. These are r a t e d as a l e v e l 

of 1 f o r mere a i r q u a l i t y d e t e r i o r a t i o n . 

4.3 Water Q u a l i t y Impacts From Waste F a c i l i t i e s 

Water q u a l i t y impacts from waste f a c i l i t i e s may stem from 

e f f l u e n t d i s c h a r g e s to ground and s u r f a c e waters, while the 

consumptive needs of a l a n d f i l l are u s u a l l y very s m a l l , i . e . , f o r 

watering of roadways and f i l l area to prevent dust, and can be 

d i s r e g a r d e d . Conversely, the water d i s c h a r g e s from an i n c i n e r a t o r 

are u s u a l l y innocuous, or small and c o n s i s t of c o o l i n g water and 

s a n i t a r y sewer wastewater, p r o v i d e d the ash quench water i s 

r e c y c l e d as i s the case of the Salem i n c i n e r a t o r . Thus, the 

a n a l y s i s c o n c e n t r a t e s on l e a c h a t e d i s c h a r g e s from l a n d f i l l s and 

consumptive uses f o r the i n c i n e r a t o r . 

Three types of water q u a l i t y impacts are c o n s i d e r e d here: 

h e a l t h r i s k s to humans, water q u a l i t y d e t e r i o r a t i o n and 

degradation of w i l d l i f e h a b i t a t due to water q u a l i t y l o s s . 
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Table 4.22 - I n c i n e r a t o r A i r Q u a l i t y Impacts 

P o l l u t a n t Time 
I n t e r v a l 

Maximum Present 
I n c i n e r a t o r Ambient 
Impact 

microgr/ 
m3 

Background 
L e v e l 
m i c r o gr/ 

m3 

I n c i n e r a t o r 
C o n t r i b u t i o n 

% 

P a r t i c u l a t e 1 hour 3 130 2.3 

S02 3 hours 13.9 963 1.4 

N02 24 hours 24.6 52 a 47. 4* 

Pb 24 hours 0.0016 0.46 a 0.35* 

a 
* 

annual average i n P o r t l a n d , OR. 
note comparison of average v a l u e s over d i f f e r e n t 
time i n t e r v a l s and at d i f f e r e n t l o c a t i o n s . 
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4.3.1 L a n d f i l l Groundwater and Surface Water Impacts i n Tacoma 

The c r i t e r i a f o r determining the presence and s t r e n g t h of an 

impact caused by l a n d f i l l l e a c h a t e d i s c h a r g e s are based on c a u s a l 

connections between l a n d f i l l l e a c h a t e and observed changes i n the 

r e c e i v i n g water. S p e c i f i c a l l y , the c a u s a l c o n n e c t i o n r e q u i r e s 

t h a t a l i k e l y t r a n s p o r t pathway be a v a i l a b l e and the necessary 

t r a n s p o r t c o n d i t i o n s be met. Furthermore, the p o l l u t a n t s i n the 

r e c e i v i n g waters must be i d e n t i c a l to those emitted by the 

l a n d f i l l , w h i le other sources of s i m i l a r p o l l u t a n t s must be shown 

to be absent or u n l i k e l y to c o n t r i b u t e s i g n i f i c a n t l y to the 

contaminant l e v e l s i n the r e c e i v i n g waters. The f o l l o w i n g 

assessment c o n s i d e r s these c o n d i t i o n s based on the i n f o r m a t i o n 

d e r i v e d from the Phase I Remedial I n v e s t i g a t i o n Report - Tacoma 

L a n d f i l l (Black and Veatch, 1987). 

Contaminant T r a n s p o r t Route 

The l i k e l y t r a n s p o r t route i s i d e n t i f i e d i n the remedial 

r e p o r t through the c h a r a c t e r i z a t i o n of the s t r a t a under the Tacoma 

l a n d f i l l (Black and Veatch, 1987). Four continuous g e o l o g i c u n i t s 

extend from the l a n d f i l l to the downgradient w e l l s and the 

d i s c h a r g e a r e a s : 

1. Vashon t i l l , u n saturated, 0 to 50 f e e t (0 tOgl5 m) t h i c k 
with estimated h y d r a u l i c c o n d u c t i v i t y of 10 to 10 
cm/sec. T h i s r e l a t i v e l y impermeable, "hardpan" l a y e r i s 
m i s s i n g i n some patches under the l a n d f i l l because of 
n a t u r a l e r o s i o n or l a n d f i l l e x c a v a t i o n o p e r a t i o n s (Black 
and Veatch, 1987). However, t h i s l a y e r b a s i c a l l y 
p r o v i d e s a n a t u r a l impermeable b a r r i e r to downward 
l e a c h a t e m i g r a t i o n . 

2. Vashon advance outwash, unsaturated, 20 to 50 f e e t t h i c k 
(6 to 15 m) thick, s l i g h t l y s i l t y to s i l t y , gravelly sand 
witbj an estimated h y d r a u l i c c o n d u c t i v i t y of 10 to 
10 cm/sec. 
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3. Colvos sand, p a r t i a l l y s a t u r a t e d i n the lower l e v e l s , 
about 70 f e e t (21 m)_tjhick with^an estimated h y d r a u l i c 
c o n d u c t i v i t y of 1*10 to 5*10 cm/s. 

4. Older g r a v e l , s a t u r a t e d ^ s a n d y g r a v e l of 50 f e e t 
t h i c k n e s s (15 m) and 10 cm/s h y d r a u l i c c o n d u c t i v i t y . 
T h i s l a y e r i s an important r e g i o n a l a q u i f e r f o r many 
mu n i c i p a l and domestic w e l l s . The top i s about 120 f e e t 
(36.5 m) under the l a n d f i l l s u r f a c e while i t i s u n d e r l a i n 
by an o l d t i l l l a y e r . 

The t r a n s p o r t mechanism operates through an estimated 

i n f i l t r a t i o n of 270mm, or 30% of the 900mm (37 inches) annual 

p r e c i p i t a t i o n , onto the f i l l e d waste. Where the t i l l l a y e r s 

u n d e r l i e the waste, the downward m i g r a t i o n of l e a c h a t e i s slow and 

perched l e n s e s may form with d i s c h a r g e towards the areas where 

t h i s l a y e r i s i n t e r r u p t e d (Black and Veatch, 1987). Without the 

Vashon t i l l , the l e a c h a t e flows through the Vashon outwash and the 

Colvos Sand to the o l d e r g r a v e l a q u i f e r . The t a i n t e d d r i n k i n g 

water w e l l s are l o c a t e d downgradient i n the same o l d e r g r a v e l 

l a y e r , to the west of the l a n d f i l l . T h i s pathway i s i l l u s t r a t e d 

i n F i g u r e 4.14 ( a f t e r Black and Veatch, 1987 and USEPA, 1987). 

The downward, southwesterly d i r e c t i o n of the flow i s caused 

by d e c r e a s i n g head downward and to the southwest ( F i g u r e 4.20; 

Black and Veatch, 1987). The l a n d f i l l i s i n a l o c a l recharge 

zone, w h i l e Leach Creek i s a p a r t i a l d i s c h a r g e zone. The average 

l i n e a r groundwater v e l o c i t i e s range from 0.2m/day to 0.65 m/day i n 

the Older G r a v e l . The d i r e c t i o n of the n a t u r a l groundwater flow 

i s a p l a u s i b l e t r a n s p o r t route f o r l a n d f i l l contaminants towards 

contaminated w e l l s down g r a d i e n t . The arrow i n the F i g u r e 4.14 

shows the p o s s i b l e pathway; "X"s mark w e l l s with d e t e c t e d v o l a t i l e 

o r g a n i c contaminants above background l e v e l s . 

The type and l o c a t i o n of de t e c t e d contaminants i n the 
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T a b l e 4.23 
Summary of V o l a t i l e O r g a n i c Compounds 

D e t e c t e d i n Ground Water Samples 
S o u r c e : B l a c k and V e a t c h , 1987 
C o n c e n t r a t i o n s i n microgram/L 

Downgradient 
Domestic Wells 

La n d f i l l Boundary 
Wells 

Well Number 
Etf-08 EW-09 EW-13 EW -17 TL-le Ttr-i TL-8a TL-8b TL-9» TL-9b' T L - l l rUisb TL-17* 

Compound 08/86 12/86 08/84 12/86 10/86 12/86 10/86 11/86 10/86 10/86 10/86 10/86 10/86 10/86 10/86 10/86 

Benzene HA _ HA 9 i _ _ _ 4 _ _ _ 
Chlorobenzene - - - - - 3 - - - - - - - -Ethylbencene - - - - - - - 9 - - - - 2 - - -Methylene Chlorld« - - - - - - - - - - - - 1608 368 - -Toluene - - - RA - MA - 34 2 - - - 18 - - -Total Xylenes - - - KA - HA - 28 6 - - - 2 - - -Tetrachloroethene - - - - - - - - - - - - S - - -Trlchloroetliene - - - - - - - 1 8 - - - 11 - - -I,l-Dichloroethene - - - - - - - - - - - - 1 - -Tr ana-1,2-D1chloroe thena - 0.32 - - - 0.23 - 110 86 - - - 9 - - -Vinyl Chloride - - 9-1J - 7 - - 23 S - 1 1 44 4 - 4 
Chloroform _ - - - - - - - - - - - 7 3 J 
1,1,1-Trlchloroethane 48 - 0.32 - 0.99 - - 1 - 14. 1 10 - - 1 
1 1 l-Dlchloroethane TR 2.5 TB - 4 3.7 - - 18 - - 2 36 1 - -1,2-Dlchloroethane - 0.41 - - - - - - - - - - 4 - - -Chloroethene TB. - 12-13 - 6 - - - 9 3 3 3 31 7 - -1,2-DIchloropropane - - - - - - - - 3 - - - 1 - - -Acetone - - - KA - HA - 1008 - - - - - - - -2-Butanone - - - HA - HA - 280B - - - - - - - -4>Hethyl-2-pentanone - - - HA - HA - 130 - - - - - - - -Dichlorofluoromethane* - - - - - - 3 - 140 60 7 80 1200 200 - -TrichlorofLuorouethane* - - 268 - - - - - 10 - - 7 - - -

Hot!*: 

* Tentatively Identified v o l * t i l l organic compound 
TR Found at trace levels below the detection U n i t . 
8 Indicate* analyte was also found In the reagent blank. 

NA Not Analyzed. 
- Not Detected below the detection H a l t . 

Chloroform haa been detected lo several of the blanks and therefore aay be due to laboratory contamination. 

See F i g u r e 4.19 f o r w e l l l o c a t i o n s 
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groundwater should correspond to the l a n d f i l l contaminants to 

c o r r o b o r a t e the c a u s e - e f f e c t c o n n e c t i o n s . The a n a l y t i c a l evidence 

from groundwater samples shows low c o n c e n t r a t i o n s of v o l a t i l e 

o r g a n i c s i n upgradient w e l l s (e.g., w e l l TL-15a, with some v i n y l 

c h l o r i d e s , c h l o r o f o r m , c h l o r o e t h a n e s ) , but higher c o n c e n t r a t i o n s 

of more contaminants i n three downgradient w e l l s (TL-4, TL-8a, and 

TL-11) on the l a n d f i l l boundary and lower c o n c e n t r a t i o n s of fewer 

compounds i n downgradient w e l l s (EW-08, EW-09, EW-13, EW-17, see 

F i g u r e 4.15 and Table 4.23) 200 m to 1,000 m west of the l a n d f i l l 

boundary and on the same s t r e a m l i n e s . The upgradient 

c o n c e n t r a t i o n s c o u l d stem from l a n d f i l l gas d i f f u s i o n , or from 

g r a d i e n t r e v e r s a l due to p e r i o d i c w e l l pumping of the Tacoma C i t y 

w e l l s to the e a s t , but the upgradient c o n c e n t r a t i o n s are much 

lower than the downgradient l e v e l s . Hence, over the width of the 

l a n d f i l l , s u b s t a n t i a l c o n c e n t r a t i o n i n c r e a s e s occur i n the 

u n d e r l y i n g groundwater. 

Furthermore, some i n o r g a n i c elements t h a t are t y p i c a l l y found 

i n l e a c h a t e ( i r o n and manganese) as w e l l as c o l o r and t o t a l 

d i s s o l v e d s o l i d s , were found to exceed secondary ( t h a t i s 

a e s t h e t i c ) d r i n k i n g water standards i n downgradient d r i n k i n g water 

w e l l s . U n f o r t u n a t e l y , one important downgradient w e l l t h a t showed 

s i m i l a r e l e v a t e d i n o r g a n i c components was contaminated by a l o s t 

bore auger, but other w e l l s showed e l e v a t e d i r o n and manganese 

l e v e l s too. F i n a l l y , although, high i r o n l e v e l s can occur n a t u r a l l y 

i n the Puget Sound area, r e s i d e n t s ' statements i n d i c a t e t h a t 

s t r o n g water d i s c o l o r a t i o n with an orange c o l o r o c c u r r e d suddenly 

i n t h e i r w e l l s between 1982 and 1983. P r i o r t o t h i s i n c i d e n t , 
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t h e r e was no such i n d i c a t i o n ( p e r s . comm. Donaldson, H i g g i n s , and 

M i l l e r , 1987). T h i s evidence supports the s u s p i c i o n of the 

le a c h a t e plume as the source of w e l l contamination. 

Over a dozen i n d u s t r i e s and commercial businesses between the 

l a n d f i l l boundary and the contaminated w e l l s are a l t e r n a t i v e or 

complementary p o t e n t i a l sources of groundwater contaminants. 

These i n t e r c e d a n t sources cannot be r u l e d out as c o n t r i b u t i n g 

sources. Although some of these i n d u s t r i e s use and d i s c h a r g e to 

sewers an a r r a y of p o t e n t i a l contaminants ( s o l v e n t s , degreasers 

and heavy m e t a l s ) , none of them has been i n o p e r a t i o n longer than 

14 years (some 11 years l e s s than the l a n d f i l l ) . The f i r s t case 

of w e l l contamination, however, o c c u r r e d i n 1969 a t the Home 

B u i l d e r s ' A s s o c i a t i o n r i g h t o u t s i d e the western l a n d f i l l boundary 

and was t r a c e d to the l a n d f i l l . 

Furthermore, the impermeable Vashon t i l l l a y e r t h a t i s 

punctured under the l a n d f i l l i s continuous and t h i c k e r under the 

i n d u s t r i e s ' l o c a t i o n (see c r o s s s e c t i o n i n F i g u r e 4.14). T h i s 

l a y e r reduces the m i g r a t i o n p o t e n t i a l f o r s p i l l e d or wasted 

contaminants downward to the w e l l screens i n the o l d e r g r a v e l . 

Although the volumes remaining i n the s o i l as r e s i d u a l s a t u r a t i o n 

would v i r t u a l l y stop a l l f r e e flow f o r s m a l l amounts of 

non-aqueous phase p o l l u t a n t s , the downward flow of water c o u l d 

s t i l l d i s s o l v e and t r a n s p o r t contaminants from the s i t e s to the 

groundwater t a b l e . Thus, although the i n d u s t r i e s c o u l d be 

c o n t r i b u t i n g to the groundwater contamination, a l l c o n d i t i o n s are 

l e s s f a v o r a b l e f o r contaminant t r a n s p o r t from these sources. 

Numerical c a l c u l a t i o n s of the t r a n s p o r t p o t e n t i a l are used to t e s t 
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the contaminant t r a n s p o r t from the l a n d f i l l and the i n d u s t r i e s to 

the a f f e c t e d w e l l s . 

Contaminant Tr a n s p o r t Model 

The p o s s i b l e c a u s a l connection of l a n d f i l l and w e l l 

contamination i s t e s t e d with a t r a n s p o r t model to v e r i f y t h a t 

groundwater t r a n s p o r t c o u l d have c a r r i e d contaminants to the w e l l s 

w i t h i n the 25 years s i n c e l a n d f i l l o p e r a t i o n began, and to t e s t 

f o r contaminant c o n c e n t r a t i o n s from other sources. 

From the l a r g e number of d e t e c t e d contaminants, v i n y l 

c h l o r i d e was s e l e c t e d as the i n d i c a t o r compound. The flow model 

i s s p l i t i n t o a v e r t i c a l downward movement from the bottom of the 

l a n d f i l l to the groundwater t a b l e , and the h o r i z o n t a l t r a n s p o r t i n 

the groundwater. 

The i n i t i a l v e r t i c a l t r a n s p o r t from the bottom of the 

l a n d f i l l to the groundwater t a b l e covers a t o t a l t h i c k n e s s of 19.2 

metres i n three s t r a t a . The l a y e r s are u n s a t u r a t e d . The flow 

p a t t e r n i s downward with a h y d r a u l i c head of u n i t y . In order to 

estimate and compare the order of magnitude of t r a n s p o r t times, 

the c o n d u c t i v i t y v a l u e s f o r a h y d r a u l i c a l l y e q u i v a l e n t , 

homogeneous, a n i s o t r o p i c l a y e r was c a l c u l a t e d f o r composite 

s t r a t a s with and without the complete t i l l l a y e r (see Appendix 

4.E) The v e r t i c a l h y d r a u l i c c o n d u c t i v i t i e s range between 7.88 * 
-5 — 8 10 m/s without, to 5.33 * 10 m/s with the t i l l l a y e r . the 

r e s u l t i n g v e l o c i t i e s are determined from the d i s c h a r g e s and the 
_7 

estimates of p o r o s i t y ; they range between 1.33 * 10 m/s with the 

t i l l l a y e r to 3.94 * 10~ 4 m/s without. 

D i s r e g a r d i n g d i s p e r s i o n and d i f f u s i o n , the t r a n s p o r t times 
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f o r a d v e c t i v e t r a n s p o r t from the l a n d f i l l bottom to the 

groundwater t a b l e are estimated i n Table 4.24a. The l a r g e 

d i f f e r e n c e s between maximum and minimum are caused by the lower 

c o n d u c t i v i t y of the Vashon t i l l l a y e r and to a l e s s e r degree by 

the s o r p t i o n r e t a r d a t i o n . 

With a f o u r - f o l d t h i c k e r Vashon t i l l l a y e r of 12.2 m under 

the i n d u s t r i a l s i t e s versus at best a 3m t h i c k l a y e r under the 

l a n d f i l l , the minimum t r a v e l times to the groundwater t a b l e 

i n c r e a s e t o 7.75 to 24 years (see Table 4.24b). At the minimum 

time r e q u i r e d of 7.75 y e a r s , a l l f i r m s but the pipe company are 

e l i m i n a t e d as p o t e n t i a l sources, because the f i r m s have been at 

t h i s l o c a t i o n f o r o n l y 8 to 9 y e a r s . The pipe f i r m i s e s s e n t i a l l y 

excluded too except i f the most conducive v e r t i c a l t r a n s p o r t 

c o n d i t i o n s are assumed. 

The range of h o r i z o n t a l t r a n s p o r t d i s t a n c e s over 25 years was 

determined with a simple one-dimensional model of the boundary 

v a l u e problem. The b a s i c model uses the one-dimensional 

a n a l y t i c a l s o l u t i o n to the boundary value problem f o r the r a t i o of 

c o n c e n t r a t i o n s C/Co at d i s t a n c e x, time t , and v e l o c i t y v (Freeze 

and Cherry, 1979, see Appendix 4.E). The u n d e r l y i n g assumptions 

of a one dimensional flow f i e l d with p a r a l l e l stream l i n e s and a 

l i n e a r r e l e a s e a c r o s s the f l o w f i e l d seem to apply here because of 

the constant t h i c k n e s s of the a q u i f e r and the behavior of dense 

non-aqueous phase p o l l u t a n t s (USEPA, 1987, see F i g u r e 4.10). 

Furthermore, r e t a r d a t i o n of contaminant t r a n s p o r t i s assumed to 

occur due to s o r p t i o n onto a range of 0,0.1% and 1% o r g a n i c matter 

i n the a q u i f e r . Although v o l a t i l i z a t i o n c o u l d occur i n shallow 
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Table 4.24a - L a n d f i l l Contaminant V e r t i c a l M i g r a t i o n Times 

Non-Retarded Retarded 

Maximum 
with t i l l l a y e r of 3m 4.6 years 14.2 years 
t h i c k n e s s 

Minimum 
without t i l l l a y e r 13.5 hours 42 hours 

R = 3.1 with 
1% s o i l o r g a n i c content 
Koc = 30 
n=0.3 
rho=2.1 g/cm3 

Table 4.24b - I n d u s t r i a l S i t e V e r t i c a l M i g r a t i o n Times 

Non-Retarded Retarded 

Maximum 
with t i l l l a y e r of 

12.2m t h i c k n e s s 15.5 years 48.0 years 

Minimum 
with t i l l l a y e r of 7.7 years 24.0 years 
12.2m t h i c k n e s 

R = 3 .1 w i t h 
1% s o i l o r g a n i c c o n t e n t 
Koc = 30 
n=0.3 
rho= 2.1 g/cm3 
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depths, i t i s not co n s i d e r e d a major f a c t o r i n deep a q u i f e r s . Ion 

exchange, o x i d a t i o n and b i o l o g i c a l decay are a l s o not c o n s i d e r e d 

p l a u s i b l e r e t a r d a t i o n processes i n t h i s s p e c i f i c c o n s e r v a t i v e 

estimate of contaminant t r a n s p o r t (USEPA, 1979). 

The b a s i c flow parameters are d e r i v e d from the Tacoma 

Remedial I n v e s t i g a t i o n Report (Black and Veatch, 1987) and from 

Freeze and Cherry (1979). Both maximum and minimum value s are 

given i n a range f o r the a q u i f e r : 

_3 

H y d r a u l i c c o n d u c t i v i t y 1 x 10 m/s 

P o r o s i t y 0.2 - 0.4 

Flow v e l o c i t y 2.18 - 7.06 x 10~ 6 m/s 

D i s p e r s i v i t y of s t r a t a : 0( 0.1 - 100 m 
D i f f u s i v i t y D* = D* CO D = D i f f u s i o n c o e f f i c i e n t 

f o r substance i n water 
(Lyman et a l . 1982) 
[60] = t o r t u o u s i t y f a c t o r 

0.01-0.5 

With these data, the model was set up to c a l c u l a t e the range of 

p l a u s i b l e contaminant t r a n s p o r t d i s t a n c e s f o r f i v e year i n t e r v a l s 

f o r 50% and 1% breakthrough p o i n t s (see Appendix 4.E). Standard 

i n i t i a l and boundary c o n d i t i o n s were assumed: 

- i n i t i a l c o n d i t i o n : source c o n c e n t r a t i o n , 
Co=0 at x metres and time=0 

- boundary c o n d i t i o n s : the source c o n c e n t r a t i o n , 
C=Co at 0 metres and time=0, 
C=0 at i n f i n i t e d i s t a n c e at any time. 

Water Q u a l i t y Impacts R e s u l t s 

The range of p o s s i b l e contaminant t r a n s p o r t d i s t a n c e s was 

obta i n e d through three runs of v a r y i n g s o r p t i o n c a p a c i t y , i . e . , at 
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0, 0.1 and 1% average o r g a n i c content i n the a q u i f e r . The r e s u l t s 

are c o n t a i n e d i n F i g u r e 4.16a f o r 5 to 25 years f o r three 

contaminants with d i f f e r e n t s o r p t i o n c h a r a c t e r i s t i c s . The maximum 

and minimum d i s t a n c e s present an envelope f o r p o s s i b l e contaminant 

m i g r a t i o n of v i n y l c h l o r i d e shown i n F i g u r e 4.16b. A l l contaminated 

w e l l s are w i t h i n the maximum range of 1,000 metres f o r contaminant 

t r a n s p o r t from the l a n d f i l l c e n t e r l i n e f o r the low to medium 

s o r p t i v e compounds. Although the v a r i a t i o n i n the r e s u l t i n g 

c o n c e n t r a t i o n s i s l a r g e , the e a s i l y sorbed compounds (ethylbenzene, 

toluene) tend to be absent from the more d i s t a n t w e l l s (see Table 

4.23) . 

In order to narrow the range of r e s u l t i n g d i s t a n c e s , and to 

accommodate re c e n t c o n c l u s i o n s about the e f f e c t of d i s p e r s i o n on 

contaminant t r a n s p o r t (USEPA, 1987), three v e r s i o n s of s o r p t i v e 

o r g a n i c content were run with maximum a d v e c t i v e and minimum 

d i s p e r s i v e t r a n s p o r t of v i n y l c h l o r i d e . T h i s c o n f i g u r a t i o n ( i n a 

one dimensional model) best approximates the heterogeneous 

c h a r a c t e r of the s t r a t a (USEPA, 1987). The r e s u l t s ( F i g u r e 4.16c) 

show t h a t a l l w e l l s with d e t e c t e d contaminants are w i t h i n the 

t r a n s p o r t d i s t a n c e f o r a l l three s c e n a r i o s . The t w e n t y - f i v e year 

l i f e of the l a n d f i l l c o u l d t h e r e f o r e e a s i l y permit l a n d f i l l 

contaminants to have been t r a n s p o r t e d v e r t i c a l l y down to the 

groundwater t a b l e and h o r i z o n t a l l y to the w e l l s . 

A rudimentary mass balance of v i n y l c h l o r i d e f l u x e s i n d i c a t e s 

the f e a s i b i l i t y of the l a n d f i l l as the source (see Appendix 4.E). 

Only 366g of v i n y l c h l o r i d e per meter width of the a q u i f e r are 

r e q u i r e d to generate the h i g h e s t observed c o n c e n t r a t i o n i n the 



F i g u r e 4 . 1 6 a : Groundwater T r a n s p o r t D i s t a n c e f o r 
Three R e p r e s e n t a t i v e Contaminants 
w i t h V a r y i n g O r g a n i c S o i l C o n t e n t 



F i g u r e 4 . 1 6 b : Groundwater T r a n s p o r t Range f o r 
V i n y l C h l o r i d e f o r R e t a r d a t i o n 
due to O r g a n i c S o i l C o n t e n t 
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F i g u r e 4 . 1 6 c : Groundwater T r a n s p o r t of V i n y l C h l o r i d e 
w i t h V a r y i n g T r a n s p o r t C o n d i t i o n s 
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groundwater (80 microg/L); the r e q u i r e d mass f l u x a c r o s s the 

l a n d f i l l boundary i s 223.1 mg/day at the h i g h e s t groundwater 

d i s c h a r g e . Very s m a l l amounts of v i n y l c h l o r i d e are necessary to 

generate the observed c o n c e n t r a t i o n l e v e l s . 

The evidence of i d e n t i c a l m a t e r i a l s being d e p o s i t e d i n the 

l a n d f i l l d u r i n g the 1960's as are measured i n the w e l l s and the 

p l a u s i b i l i t y of the t r a n s p o r t pathway support the connection of 

the l a n d f i l l as the source of contamination of the r e c e i v i n g 

w e l l s . F i n a l l y , other c o n t r i b u t a r y sources are h i g h l y u n l i k e l y 

based on higher estimated v e r t i c a l m i g r a t i o n time estimates and 

contaminant c o n c e n t r a t i o n s i n w e l l s at the l a n d f i l l boundary. 

D r i n k i n g Water Health Impacts 

Some of the v o l a t i l e o r g a n i c compounds were found i n p r i v a t e 

d r i n k i n g water w e l l s about 850 metres downgradient from the 

l a n d f i l l c e n t e r l i n e to the west (see Table 4.23, Black and Veatch, 

1987). In p a r t i c u l a r , three of 21 monitored w e l l s c o n t a i n e d 

s i g n i f i c a n t l e v e l s ( i . e . , over zero c o n c e n t r a t i o n USEPA, 1986) of 

known ca r c i n o g e n s , e.g., v i n y l c h l o r i d e . 

The p u b l i c h e a l t h r i s k e v a l u a t i o n procedure (USEPA, 1986) i s 

a p p l i e d to the d e t e c t e d c o n c e n t r a t i o n s of i n d i c a t o r p o l l u t a n t s . 

Since the a f f e c t e d r e s i d e n c e s were connected to the c i t y water 

supply o n l y t h r e e years a f t e r the f i r s t p o l l u t a n t s were d e t e c t e d , 

the exposure was p r o r a t e d down by the r a t i o of 3 y e a r s / 70 years 

to r e f l e c t the s h o r t exposure. The r e s u l t i n g estimates of h e a l t h 

r i s k s to the 21 r e s i d e n c e s with domestic w e l l s to the southwest 

are c o n t a i n e d i n Table 4.25. The a d d i t i o n a l c a r c i n o g e n i c r i s k s 
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Table 4.25a - L a n d f i l l Water Q u a l i t y Health R i s k s f o r Domestic 
Wells 500 m Southwest of L a n d f i l l Boundary 

Exposure Pathway through Consumption of Water o n l y , 
no exposure through a i r or s o i l i n c l u d e d 

a. Average D a i l y Intake 

Contaminant C o n c e n t r a t i o n 
found i n w e l l s 
microgram/L 

Human 
Water 
Intake 
L/kg-day 

Average D a i l y 
Intake 
microgram/kg-day 

V i n y l C h l o r i d e 

t r a n s 1,2 D i -
chloroethane 

1,1,1 T r i -
chloroethane 

1.1 D i c h l o r o -
ethane 

1.2 D i c h l o r o -
ethane 

Chloroethane 

7 - 1 5 

0.23-0.32 

0.3 - 65 

2.5 - 4 

0.61 

6 - 1 5 

0.029 

0.029 

0.029 

0.029 

0.029 

0.029 

0.2 - 0.44 

0.0067 - 0.009 

0.0087 - 1.89 

0.073 - 0.12 

0.018 

0.17 - 0.44 
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Table 4.25b - Health R i s k s from Groundwater 

Carcinogens 

Contaminant Average D a i l y 
Intake 
mg/kg-day 

-3 

Duration 
R a t i o 
3/70 years kg-day/mg 

Potency L i f e t i m e 
F a c t o r Risk 

V i n y l C h l o r i d e 0.2-0.44*10 0.043 2.3 

t r a n s 1,2 D i -
chloroethane 0.0067-0.009 0.043 

-3 
* 10 

T o t a l C a r c i n o g e n i c R i s k s 

6.9*10 -2 

2.0 -4.4 
-5 

*10 

1.99-2.65 

*10" 8 

2.0-4.4 
-5 

* 10 
E q u i v a l e n t to a r i s k of 1 i n 22,730 to 50,000 

Non-Carcinogens 

1,1,1 T r i -
chloroethane 

1,1 D i c h l o r o -
ethane 

1,2 D i c h l o r o -
ethane 

Chloroethane 

D a i l y 
Intake 
mg/kg-day 

0.0087 - 1.89 
.-3 

Acce p t a b l e 
Intake 
mg/kg-day 

CDI/AIC 

n.a. 

* 10 

0.073 
-3 

* 10 

0.018 
-3 

* 10 J 

0.17 

0.12 5.4 * 10 -1 1.34-2.22 
-4 

0.44 

1.2 * 10 

n.a. 

-1 

* 10 

1.5 * 10 -4 

* 10 -3 

T o t a l R a t i o of D a i l y Intake 
to Acceptable Intake 

2.83 - 3.72 

* I O - 4 

<<1 
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are about 1 i n 33,500 at three years exposure and exceed the 

s t i p u l a t e d l i m i t of 1 i n 1 m i l l i o n excess r i s k . 

Furthermore, s i x F i r c r e s t town w e l l s and f o u r U n i v e r s i t y 

P l a c e w e l l s are l o c a t e d west of the l a n d f i l l boundary. F i r c r e s t 

w e l l s 2,4 and 5 are w i t h i n 300 metres downgradient of the 

boundary; U n i v e r s i t y Place w e l l s are w i t h i n 500 metres of the 

boundary. Although no contaminant c o n c e n t r a t i o n s have been 

d e t e c t e d yet (January, 1988), the w e l l s are being monitored (p e r s . 

comm. D. Mascal, Town of F i r c r e s t , 1988). There i s a l a t e n t 

r i s k of water q u a l i t y d e t e r i o r a t i o n between monthly m o n i t o r i n g 

times. The r i s k extends to the e n t i r e area s u p p l i e d by these 

w e l l s , and comprises approximately 25% of F i r c r e s t r e s i d e n c e s and 

a l l U n i v e r s i t y P l a c e water consumers. 

Surface Water Impacts 

L a n d f i l l r u n o f f and o n - s i t e d i s c h a r g e s to the sewer system 

may impact on the water q u a l i t y of r e c e i v i n g waters. A 

d e t e r i o r a t i o n i n water q u a l i t y may degrade the w i l d l i f e h a b i t a t 

f o r f i s h . The Remedial Study (Black and Veatch, 1987) addresses 

these impacts through a sampling and a n a l y s i s program to i d e n t i f y 

o r g a n i c and i n o r g a n i c contaminants i n sewer and drainage water and 

i n sediments i n drainage channels. Four catchment areas c o l l e c t 

r u n o f f s : 

1. Surface r u n o f f from the capped south area d r a i n s i n t o the 
South Tacoma Channel drainage b a s i n . T h i s r u n o f f does 
not c o n t a c t d e p o s i t e d waste and i s t h e r e f o e not 
contaminated. 

2. Surface r u n o f f from the western p o r t i o n d r a i n s i n t o Leach 
Creek through three drainage systems. A l e a c h a t e 
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c o l l e c t i o n system a l s o d i s c h a r g e s i n t o the sewer l i n e 
t h a t connects these systems to Leach Creek. Although no 
p r i o r i t y p o l l u t a n t o r g a n i c compounds were d e t e c t e d i n the 
water samples from Leach Creek and i t s c o n t r i b u t a r i e s , 
sediment samples show some o r g a n i c s (methylene c h l o r i d e , 
t e t r a c h l o r o e t h e n e , t o l u e n e , acetone, 2-butanone, e t c . ) . 
Although low c o n c e n t r a t i o n s of these o r g a n i c s are 
d e t e c t e d i n sediments a t the e x i t of l a n d f i l l , they are 
a l s o found i n the c o n t r i b u t i n g sewer o u t f a l l sediments 
t h a t do not stem from the l a n d f i l l . T h e r e f o r e , the 
l a n d f i l l i s not the o n l y p o s s i b l e source. 

Except f o r i r o n and manganese a l l metals i n the 
creek are below water q u a l i t y standards, but no s p e c i f i c 
c o n c e n t r a t i o n s are r e p o r t e d (Black and Veatch, 1987). 

3. The r u n o f f from the north end d r a i n s i n t o a sewer l i n e 
which empties i n t o the Leach Creek r e t e n t i o n b a s i n . The 
p o s s i b l e impacts of t h i s area t h e r e f o r e are s i m i l a r to 
those covered under the l a s t s e c t i o n . However, a 
c o l l e c t i o n pond p r i o r to the c a t c h b a s i n show e l e v a t e d 
l e v e l s of toluene and s e v e r a l metals (cadmium, copper, 
l e a d , mercury, s i l v e r , sodium, and z i n c ) as were d e t e c t e d 
i n the l e a c h a t e . Although i t i s p o s s i b l e t h a t l e a c h a t e 
i s l e a c h i n g i n t o t h i s pond, drainage from elsewhere may 
a l s o be a source. 

4. The r u n o f f from the working area of the f i l l i s c o l l e c t e d 
i n a sewer l i n e along with s e v e r a l l e a c h a t e c o l l e c t i o n 
l i n e s and i s piped to Tacoma 1s No. 1 sewage treatment 
p l a n t . T h i s primary treatment p l a n t d i s c h a r g e s the 
t r e a t e d r u n o f f with sewage e f f l u e n t i n t o the P u y a l l u p 
R i v e r . 

T h i s summary assessment i n d i c a t e s t h a t nowhere i s l a n d f i l l 

l e a c h a t e or r u n o f f a proven s i g n i f i c a n t cause of water q u a l i t y 

l o s s . But the s i m i l a r i t y of p o l l u t a n t s and measured 

c o n c e n t r a t i o n s i n d i c a t e the l a n d f i l l to be a p o s s i b l e c o n t r i b u t o r 

to p o l l u t a n t c o n c e n t r a t i o n s . Hence, no c o n c l u s i v e evidence i s 

p r e s e n t to show l a n d f i l l impacts on the w i l d l i f e (Salmon) h a b i t a t 

i n Leach Creek. Moreover, ( s t r e e t - r u n o f f from g e n e r a l 

development i n the area may be more s i g n i f i c a n t than l a n d f i l l 

d i s c h a r g e s . 
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4.3.2 I n c i n e r a t o r Water Impacts 

The steam p r o d u c t i o n at the i n c i n e r a t o r r e q u i r e s 

approximately 100,000 to 200,000 g a l l o n s of water per day or 250 

to 500 l i t e r s per minute f o r steam makeup, c o o l i n g and b o i l e r 

blowdown. T h i s withdrawal r a t i o i s e q u i v a l e n t to the r a t e of 2 to 

3 farm i r r i g a t i o n w e l l s i n the same area and, to date, has not 

been shown to have any negative e f f e c t s on groundwater t a b l e or 

water a v a i l a b i l i t y i n p r i v a t e w e l l s ( p e r s . comm. F. S k r i v i n , 

Oregon OEQ, February 1988). 

The water d i s c h a r g e s from c o o l i n g and b o i l e r blowdown 

normally amount to 50,000 to 60,000 g a l l o n s per day, or 125 to 150 

L/minute. However, peak d i s c h a r g e s of up to 220,000 g a l l o n s per 

day have been noted. The d i s c h a r g e d water c a r r i e s low amounts of 

BOD, ammonia and c h l o r i n e r e s i d u a l (see Table 4.26), but are not 

of concern to the r e c e i v i n g W illamette R i v e r ( S k r i v i n , DEQ, 1988). 

4.4 Summary of Waste F a c i l i t i e s ' P h y s i c a l Impacts 

T h i s chapter t e s t s the presence of observable p h y s i c a l 

impacts around a t y p i c a l l a n d f i l l and a t y p i c a l i n c i n e r a t o r f o r 

m u n i c i p a l s o l i d wastes. Whenever p o s s i b l e , d i r e c t measurement by 

p e r s o n a l o b s e r v a t i o n was used; f o r a l l impacts except i n c i n e r a t o r 

a i r e missions, a c t u a l m o nitoring r e s u l t s o u t s i d e the s i t e 

boundaries were used to assess the impacts. The r e s u l t s were then 

v e r i f i e d through t h e o r e t i c a l order of magnitude estimates of the 

impact l e v e l s i n the host community. The matrix i n Table 4.27 

summarizes the impact assessment methods. 

The d e t e c t e d impacts are l i s t e d i n Table 4.28 by f a c i l i t y 

and c a t e g o r i z e d by type of impact. The l a n d f i l l c r e a t e s 
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s i g n i f i c a n t nuisances, as n o i s e , odors and l i m i t e d views, some 

h e a l t h r i s k s through l a n d f i l l gas emissions and l e a c h a t e 

d i s c h a r g e s . Some w i l d l i f e h a b i t a t impacts are suspected, but 

cannot be proven. As shown i n F i g u r e 4.17a, the impacts are 

c o n c e n t r a t e d w i t h i n 300 to 1,000 m of the l a n d f i l l . F a r t h e r 

r e a c h i n g impacts are caused by s p e c i f i c topography t h a t a l l o w s 

more d i s t a n t views and m u n i c i p a l w e l l s t h a t impact on a l a r g e r 

number of r e s i d e n c e s i f p o l l u t e d by l a n d f i l l l e a c h a t e . G e n e r a l l y , 

though, l a n d f i l l impacts a f f e c t o n l y immediate neighbours w i t h i n 

500 metres to 1 km of the s i t e boundary. 

In c o n t r a s t , the i n c i n e r a t o r (see Table 4.29 and F i g u r e 417b) 

generates views of the stack and plume up to 3 to 4 k i l o m e t r e s 

from the f a c i l i t y , and a i r q u a l i t y impacts from 700 to 3,000 

metres from the s t a c k . Except f o r minor n o i s e e f f e c t s , proven 

impacts are l e s s severe, but spread over a longer d i s t a n c e from 

the s i t e . The stack height i n v e r s e l y a f f e c t s a i r c o n c e n t r a t i o n s 

but p r o p o r t i o n a t e l y i n c r e a s e s the view range. Hence, a i r q u a l i t y 

e f f e c t s and view impacts c o n s t i t u t e t r a d e o f f parameters f o r 

s e l e c t i n g stack h e i g h t . There remains, however, some u n c e r t a i n t y 

about the long-term r i s k s from i n c i n e r a t o r e m i s s i o n s . 

O v e r a l l , the l a n d f i l l has generated more s i g n i f i c a n t r i s k s 

and causes t y p i c a l apparent nuisances (odors, n o i s e , view) while 

the i n c i n e r a t o r has caused no proven r i s k s and few nuisances 

(view, some n o i s e ) . 

The area of the l a n d f i l l s i t e i s much l a r g e r and the impact 

areas are c o n c e n t r a t e d w i t h i n 200 to 1,000 metres of the s i t e 

boundary. The i n c i n e r a t o r i s s m a l l e r , but spreads impacts much 

f a r t h e r . 
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Table 4.26 - I n c i n e r a t o r Discharge Water C h a r a c t e r i s t i c s 

pH - 7 to 8.9, with peaks to 11.4 to 11.7 

Temperature at p l a n t - 76 to 96°F, but a f t e r passage through 
7 m i l e s of b u r i e d p i p e , l i k e l y about 
s o i l temperature 

Ammonia as N - 0.05 to 0.66 ug/1 

TSP - 3 to 5 ug/1 

BOD - 3 to 4.8 mg/1 

COD - non-detectable 

C h l o r i n e r e s i d u a l s - 0.01 to 0.05 mg/1 



Table 4.27 - Summary Matrix of Data C o l l e c t i o n Methods f o r 
P h y s i c a l Impacts 

Emission V e r i f i c a t i o n Impact Co n d i t i o n s 
Method D e f i n i t i o n 

Noise handheld 1. r e c o g n i t i o n T y p i c a l wind d i r . 
noise meter t h r e s h o l d and speeds 

2. 3 to 10 dBA 
over background 

Odor personal 1. odor r e c o g n i t i o n 1. ground l e v e l 
i n v e r s i o n 

sampling 2. > #2 p o r t , 7 - f o l d 2. hot afternoons 
with d i l u t i o n to LF-low pressure 
Scentometer t h r e s h o l d I N - i n s t a b l e with 
and high winds 
d i s p e r s i o n 
estimates 

View personal 1. minor winter and summer 
obs e r v a t i o n 2. moderate v e g e t a t i o n 
and 3. d i s t i n c t c o n d i t i o n s 
photograph 4. major 

A i r d i s p e r s i o n 1. some in c r e a s e LF-max. emission 
Emissions modelling over background r a t e c o n d i t i o n s 

(see odors) 
2. p o t e n t i a l l y IN-max. burning 

h e a l t h - r a t e , worst 
s i g n i f i c a n t d i s p e r s i o n 
i n c r e a s e over c o n d i t i o n s 
background 

L i q u i d Groundwater 1. r i s k of in c r e a s e Transport 
Emissions monitoring of contaminants p l a u s i b l e at max. 

and ground in d r i n k i n g water advection with 
water 2. s i g n i f i c a n t l e v e l s s o r p t i o n 
modelling detected and LF r e t a r d a t i o n 

p l a u s i b l e source 

Gas methane 1. gas detected i n d e t e c t i o n during 
M i g r a t i o n monitoring s o i l at over l a s t 12 months, 

and a i r 5% at worst case 
d i s p e r s i o n 2. gas at e x p l o s i v e (low pressure) 
modelling l e v e l s i n b u i l d i n g s c o n d i t i o n s 

i n gas probes 
o u t s i d e l a n d f i l l 
boundary 

W i l d l i f e as above 1. r i s k to h a b i t a t s p h y s i c a l connect
H a b i t a t s f o r w i l d  but no obvious ion between f a c i l 

l i f e areas impact i t y and h a b i t a t 
2. d i s t i n c t d e s t r u c t i o n must be e s t a b l i s h e d , 

or i n t e r f e r e n c e and must be known 
to harm species 

Legend: LF = L a n d f i l l 
IN = I n c i n e r a t o r 
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F i g u r e 4.17a: L a n d f i l l P h y s i c a l Impact F o o t p r i n t 



unless o b s t r u c t e d 

F i g u r e 4.17b: I n c i n e r a t o r P h y s i c a l Impact F o o t p r i n t 



T a b l e 4.28 - P h y s i c a l Impact Summary 
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Nuisances 

View 

Noise 

Odor 

Health R i s k s 

A i r emissions 

Water emissions 

A c c i d e n t / 
E x p l o s i o n 

Environmental Change 

A i r q u a l i t y 

Water q u a l i t y 

W i l d l i f e h a b i t a t 

L a n d f i l l 

X 

X 

X 

X 

X 

(X) 

X 

(X) 

I n c i n e r a t o r 

X 

X 

X - impact d e t e c t e d and v e r i f i e d 

(X) - impact a l l e g e d 

- no impact 
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CHAPTER 5 -
BELIEFS, ATTITUDE and ACTION i n TYPICAL HOST COMMUNITIES 

5.1 Overview of Study S t r u c t u r e and Methodology 

5.1.1 Goal and O b j e c t i v e s 

The g o a l i s to e x p l a i n and p r e d i c t the i n f l u e n c e of waste 

f a c i l i t y impacts on b e l i e f s , a t t i t u d e and o p p o s i t i o n a c t i v i t y 

among r e s i d e n t s . " B e l i e f s " are p i e c e s of f a c t u a l i n f o r m a t i o n 

about s p e c i f i c aspects of the f a c i l i t y t h a t i n d i v i d u a l s b e l i e v e to 

be t r u e , e.g., th a t i n c i n e r a t o r s generate a i r emissions. B e l i e f s 

are c a t e g o r i z e d as "spontaneous" (or s a l i e n t ) i f they are r e a d i l y 

a v a i l a b l e and r e l e v a n t . S a l i e n t b e l i e f s are the f i r s t f i v e to 

seven p o i n t s mentioned about a concept or f a c i l i t y ( F i s h b e i n and 

Ajz e n , 1975). S a l i e n t b e l i e f s can be e l i c i t e d by open ended 

q u e s t i o n s . In c o n t r a s t , respondents r e q u i r e some thought to 

i d e n t i f y l e s s a v a i l a b l e ( s p e c i f i c ) b e l i e f s . " A t t i t u d e " i s , i n 

c o n t r a s t , an o v e r a l l e v a l u a t i o n judgment about the d e s i r a b i l i t y 

of the f a c i l i t y . 

The waste f a c i l i t y generates p h y s i c a l impacts. These impacts 

l e a d to b e l i e f s about waste f a c i l i t i e s among host community 

r e s i d e n t s . The sum of the set of b e l i e f s then determines a t t i t u d e 

about the f a c i l i t y . F i n a l l y , a t t i t u d e i s assumed to cause v a r i o u s 

a c t i o n s depending on r e q u i r e d e f f o r t , p r o b a b i l i t y of success and 

p a y o f f s ( F i s h b e i n and Ajzen, 1975). T h i s model i s accepted here 

as an a p p l i c a b l e s t r u c t u r e to assess p u b l i c b e l i e f s and a t t i t u d e s 

about t e c h n i c a l f a c i l i t i e s (Thomas et a l . 1980). 

In order to e x p l a i n and p r e d i c t the i n f l u e n c e of waste 

f a c i l i t y impacts on host community o p p o s i t i o n , a c t i o n s , the 
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c o n n e c t i o n of the f a c i l i t y impacts (Chapter 4) must be t r a c e d 

through r e s i d e n t s ' s p e c i f i c b e l i e f s t o the r e s u l t i n g o v e r a l l 

a t t i t u d e about the f a c i l i t y (see F i g u r e 5.1). B e l i e f s and 

a t t i t u d e about the f a c i l i t y are r e l a t e d to b e l i e f s and a t t i t u d e 

about the community i t s e l f and, f i n a l l y , with o p p o s i t i o n 

a c t i v i t i e s . 

The r e s u l t s i n d i c a t e the c a u s e - e f f e c t c o n n e c t i o n from waste 

f a c i l i t y impacts through to host community o p p o s i t i o n . Once t h i s 

framework i s e s t a b l i s h e d , methods to enhance acceptance can be 

i d e n t i f i e d . 

Four s e t s of qu e s t i o n s are posed to t e s t the hypothesis of a 

c a u s a l connection between f a c i l i t y impacts, r e s i d e n t s b e l i e f s and 

a t t i t u d e s , and o p p o s i t i o n behavior (see F i g u r e 5.1): 

1. Which f a c i l i t y impacts do r e s i d e n t s c o n s i d e r s i g n i f i c a n t ? 

What i s the r e s u l t i n g o v e r a l l a t t i t u d e about waste 

f a c i l i t i e s ? What l e v e l of o p p o s i t i o n a c t i v i t y occurs? 

The o b j e c t i v e i s to determine l e v e l s of s i g n i f i c a n t 

impact b e l i e f s , a t t i t u d e and types of a c t i o n . 

2. Are th e r e s i g n i f i c a n t a s s o c i a t i o n s between p h y s i c a l 

impacts, media r e p o r t s , and spontaneous b e l i e f s with 

s p e c i f i c b e l i e f s about f a c i l i t y impacts? In other words, 

i s t here evidence to support a c a u s a l connection between 

the f a c i l i t y and the p e r c e p t i o n s about i t ? Are b e l i e f s 

about impacts c o r r e l a t e d with the r e s i d e n t s ' a t t i t u d e ? 

Is the a t t i t u d e a s s o c i a t e d with o p p o s i t i o n behavior? The 

o b j e c t i v e i s to t e s t f o r c a u s a l connections between 

f a c i l i t y impacts and r e s u l t i n g a t t i t u d e s and behavior. 



P h y s i c a l 
Impacts 

Pre-conceived 
B e l i e f s about 
Generic Waste 
F a c i l i t i e s 

Host Community 
C h a r a c t e r i s t i c s 
demographics 
community type 

S p e c i f i c 
B e l i e f s 
about 
F a c i l i t y 
Impacts 

B e l i e f s 
about 
Neighborhood 

1 
A t t i t u d e 
about the 
F a c i l i t y 

A t t i t u d e 
• about the 
Neighborhood 

Behavior 
e x i t 
v o i c e 
l o y a l t y 

F i g u r e 5.1 - S t r u c t u r e and V a r i a b l e s i n B e l i e f A t t i t u d e Study 
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3. Are s p e c i f i c b e l i e f s about f a c i l i t y impacts a s s o c i a t e d 

with b e l i e f s about the host community? Does a t t i t u d e 

about the f a c i l i t y c o r r e l a t e with a t t i t u d e about the 

community? Does a t t i t u d e about the f a c i l i t y or community 

c o r r e l a t e with o p p o s i t i o n behavior? 

These q u e s t i o n s t e s t the i n f l u e n c e of f a c i l i t y b e l i e f s on 

b e l i e f s about the community and t e s t the connection 

between a t t i t u d e s and a c t i o n . 

4. What are the e f f e c t s of waste f a c i l i t i e s on community 

s t a b i l i t y ? Are p r o p e r t y v a l u e s a f f e c t e d ? Do p r o p e r t i e s 

take longer to s e l l ? Do more households move? These 

analyses t e s t f o r s i g n i f i c a n t a v o i d i n g a c t i o n i n the 

host community. 

5.1.2 Methodology and S t r u c t u r e 

Four methods are used to determine the elements i n t h i s 

s e c t i o n ; they are l i s t e d i n Table 5.1. The p h y s i c a l impact 

assessment r e s u l t s are presented i n Chapter 4. A survey among 

host and c o n t r o l community r e s i d e n t s was used to determine b e l i e f s 

about waste f a c i l i t y impacts, a t t i t u d e s about the f a c i l i t i e s and 

o p p o s i t i o n a c t i v i t i e s . A content a n a l y s i s of newspaper a r t i c l e s 

d u r i n g r e c e n t years d e s c r i b e s media coverage of waste f a c i l i t i e s 

and t e s t s f o r the i n f l u e n c e on r e s i d e n t b e l i e f s . F i n a l l y , a r e a l 

e s t a t e a n a l y s i s of s a l e s p r i c e s , time on the market u n t i l s a l e and 

number of s a l e s t e s t s f o r p r o p e r t y value impacts and s i g n i f i c a n t 

r e s i d e n t m i g r a t i o n from host communities. 

The study methods, analyses and r e s u l t s are presented i n the 

f o l l o w i n g sequence: 
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Table 5.1 - Methodology of B e l i e f s , A t t i t u d e and A c t i o n Study 

Community Method 
Host C o n t r o l 

I n d i c a t o r 

Neighborhood B e l i e f s 
and A t t i t u d e s X 

Media Reports 

Impact B e l i e f s 

S a l i e n t 

S p e c i f i c 

A t t i t u d e about 
F a c i l i t y 

Behavior 

Household Moves 

Pr o p e r t y Values 

O p p o s i t i o n 

X 

X 

X 

X 

Survey 

Content 
A n a l y s i s 

Survey 

Survey 

Survey 

B e l i e f and 
A t t i t u d e 
S c a l e s 

Frequency 
of Mention 
of Impacts 

L i s t i n g s 
of i s s u e s 

B e l i e f 
S c a l e s 

A t t i t u d e 
Ratings 

Real E s t a t e Number of 
A n a l y s i s Sales 

Real E s t a t e S a l e s 
A n a l y s i s p r i c e s 

Survey St a t e d 
Opposing 
A c t i v i t i e s 
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1. The survey instrument and process are reviewed. Survey 

q u e s t i o n s , p r e t e s t s and sample s e l e c t i o n are b r i e f l y 

reviewed to address important design f e a t u r e s . 

2. The survey sample i s e x t e r n a l l y v a l i d a t e d through 

comparison of sample demographics with census values and 

through cross-comparison of sample demographics with 

exposure to p h y s i c a l impacts. These t e s t s i n d i c a t e 

whether the surveyed respondents are r e p r e s e n t a t i v e of 

the community and whether they are randomly d i s t r i b u t e d 

over the p h y s i c a l impact f i e l d . The survey responses 

are i n t e r n a l l y v a l i d a t e d by t e s t i n g a s s o c i a t i o n s (with 

c h i - s q u a r e t e s t s ) between s i m i l a r q u e s t i o n s . The answers 

are expected to be c o n s i s t e n t f o r them to be c o n s i d e r e d 

r e l i a b l e . 

3. The ne g a t i v e b e l i e f s about s p e c i f i c impacts are t e s t e d by 

d i f f e r e n c e of p r o p o r t i o n s f o r s i g n i f i c a n t f r e q u e n c i e s and 

are rank c o r r e l a t e d with a t t i t u d e about the f a c i l i t y . 

4. The connec t i o n of spontaneous (or pre-held) b e l i e f s and 

s p e c i f i c n e g ative b e l i e f s , between exposure to p h y s i c a l 

impacts and negative b e l i e f s , and between media coverage 

and n e g a t i v e b e l i e f s are t e s t e d with c h i - s q u a r e t e s t s . 

5. The average a t t i t u d e s about the f a c i l i t y are compared 

between groups by d i f f e r e n c e s of means t e s t s . A summary 

of b e l i e f s and a t t i t u d e s about the f a c i l i t y i s g i v e n . 

6. The a s s o c i a t i o n i s t e s t e d by c h i - s q u a r e of negative 

b e l i e f s about the f a c i l i t y with b e l i e f s about the 

community. S i m i l a r l y , the a t t i t u d e s are r a n k - c o r r e l a t e d 
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to t e s t f o r co n n e c t i o n s . 

7. O p p o s i t i o n behavior i s t e s t e d f o r a s s o c i a t i o n with 

a t t i t u d e s about f a c i l i t y and community by c h i - s q u a r e 

t e s t s . A summary of b e l i e f s about f a c i l i t y and community 

and t h e i r c o r r e l a t i o n with behavior i s g i v e n . 

8. The chapter r e s u l t s are summarized and c o n c l u s i o n s are 

s t a t e d . 

The s t a t i s t i c a l a n a l y s i s comprises f i v e common methods: d i f f e r e n c e 

of p r o p o r t i o n s , d i f f e r e n c e of means f o r comparing i n d i v i d u a l 

v a r i a b l e s between samples, c h i - s q u a r e and F i s h e r exact t e s t s f o r 

t e s t i n g c r o s s t a b u l a t e d data from two v a r i a b l e s i n the same sample 

and Goodman-Kruskal rank-order c o r r e l a t i o n of o r d i n a l ( i . e . , 

ranked) data on two v a r i a b l e s i n the same sample. 

5.2 Survey of Re s i d e n t s ' B e l i e f s and A t t i t u d e s 
i n Host and C o n t r o l Communities 

5.2.1 R a t i o n a l e 

The o b j e c t i v e of the survey i s to o b t a i n a r e p r e s e n t a t i v e s et 

of o p i n i o n s about the f a c i l i t y impacts on communities. The survey 

approach i s a d i r e c t method to o b t a i n p e r s o n a l b e l i e f s and 

a t t i t u d e r a t i n g s from a r e p r e s e n t a t i v e l y s e l e c t e d c r o s s s e c t i o n of 

the host and c o n t r o l communities. The a l t e r n a t i v e method 

c o n s i s t e d of p e r s o n a l l y i n t e r v i e w i n g community l e a d e r s , 

p o l i t i c i a n s , or o p p o s i t i o n spokespersons. Because a l l 

r e p r e s e n t a t i v e s are prone to p e r s o n a l b i a s , t h e i r e v a l u a t i o n of 

the b e l i e f s and a t t i t u d e s among r e s i d e n t s may be l i m i t e d or 

one-sided. T h i s i s e s p e c i a l l y t r u e i n smal l communities, where 

the number of community r e p r e s e n t a t i v e s i s very s m a l l . As a 
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r e s u l t , a survey of randomly chosen respondents was s e l e c t e d , but 

i n depth i n t e r v i e w s with spokespersons were conducted p a r a l l e l to 

the w r i t t e n surveys to a l l o w feedback, to gain d e t a i l s and to 

e x p l o r e the connections and m o t i v a t i o n f o r b e l i e f s . 

5.2.2 Survey S t r u c t u r e and Method 

In order to compare host and c o n t r o l community responses, two 

s e t s of respondents had to be chosen at each s i t e . Furthermore, 

the i n f o r m a t i o n l e v e l of the c o n t r o l r e s i d e n t s about s p e c i f i c 

f a c i l i t y c h a r a c t e r i s t i c s was expected to be lower than among host 

community r e s i d e n t s . F i n a l l y , the r e q u i r e d number of v a l i d 

responses was estimated by the number of e n t r i e s necessary f o r 

c h i - s q u a r e and F i s h e r exact t e s t s i n 2 x 2 c r o s s t a b l e s . A 

minimum of 20 to 25 per group and s i t e are r e q u i r e d i n order to 

get s i g n i f i c a n t v a r i a t i o n and at l e a s t 4 to 5 e n t r i e s i n each 

c e l l . 

The survey contents was s t r u c t u r e d i n s i x s e c t i o n s . The 

qu e s t i o n s progressed from g e n e r a l i s s u e s ( b e l i e f s and a t t i t u d e s 

about the neighbourhood) to s p e c i f i c b e l i e f s about f a c i l i t i e s and 

the s p e c i f i c waste f a c i l i t y , to o p p o s i t i o n a c t i v i t i e s . The l a s t 

s e c t i o n t e s t e d the f a i r n e s s of p r o p e r t y value guarantees as a 

common approach to impact management. A l l respondents r e c e i v e d 

the e n t i r e q u e s t i o n n a i r e c o n t a i n i n g 27 q u e s t i o n s on 17 pages, but 

c o n t r o l group responses to the q u e s t i o n s about s p e c i f i c f a c i l i t y 

impacts were omitted because of the l a c k of s p e c i f i c i n f o r m a t i o n . 

The overview of the b e l i e f - a t t i t u d e survey and of the o b t a i n e d 

responses i s summarized i n Table 5.2; the survey q u e s t i o n n a i r e i s 

i n Appendix 5.A. 
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Table 5.2 - Community B e l i e f - A t t i t u d e Survey S t r u c t u r e 

S e c t i o n Respondents 1 

Community 

Host C o n t r o l 

Purpose 

1. B e l i e f s and a t t i t u d e s about 
neighborhood X X 

2. Household c h a r a c t e r i s t i c s 

5. 

6. F a i r n e s s of p r o p e r t y 
value guarantees 

X 

3. B e l i e f s and a t t i t u d e s about 
f a c i l i t i e s i n the neighbor- X 
hood 

S p e c i f i c impact b e l i e f s and 
a t t i t u d e s about waste 
f a c i l i t y 

S p e c i f i c a c t i o n s i n response 
to the waste f a c i l t y X 

X 

X 

X 

i n t r o d u c t i o n and 
g e n e r a l neighbor
hood e v a l u a t i o n 

demographic data 
f o r e x t e r n a l 
v a l i d a t i o n and 
community 
comparison 

b a s i c b e l i e f s and 
a t t i t u d e s about 
v a r i o u s f a c i l i t i e s 

q u a n t i f i e d impact 
b e l i e f s and 
a t t i t u d e s 

t e s t of 
compensation 
measure 
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A mailed w r i t t e n survey was chosen because of the l e n g t h of 

the document, to a l l o w c o n s u l t a t i o n among persons i n a household, 

and to minimize the r e s e a r c h e r ' s time and e f f o r t i n data 

c o l l e c t i o n . 

5.2.3 Survey Design 

The survey instrument proceeded from g e n e r a l b e l i e f s and 

a t t i t u d e s about the respondent's neighborhood to s p e c i f i c 

q u e s t i o n s about u n d e s i r a b l e f a c i l i t i e s (see the survey instrument 

i n Appendix 5.A). The purpose of the survey as d e s c r i b e d to the 

respondents was to o b t a i n t h e i r o p i n i o n s about t h e i r neighborhood 

and i t s m u n i c i p a l and i n d u s t r i a l f a c i l i t i e s . The q u e s t i o n n a i r e 

d i d not s p e c i f i c a l l y i d e n t i f y the waste f a c i l i t y as the o b j e c t of 

i n t e r e s t . Respondents were asked to c o n s i d e r any f a c i l i t y i n 

t h e i r neighborhood t h a t annoyed, bothered or concerned them. 

Thus, most host community respondents were expected to i d e n t i f y 

the s p e c i f i c waste f a c i l i t y . Other respondents were asked to 

c o n s i d e r the waste f a c i l i t y o n l y i f they d i d not i d e n t i f y another 

f a c i l i t y t h a t bothered or concerned them. 

C r u c i a l q u e s t i o n s about neighborhood and f a c i l i t y b e l i e f s 

were asked i n two or three d i f f e r e n t ways i n order to a v o i d b i a s 

and enhance v a l i d i t y . 

S a l i e n t b e l i e f s about the neighborhood were e l i c i t e d i n open 

ended qu e s t i o n s about the l i k e s and d i s l i k e s about the 

neighborhood: 

5a. What d i d you p a r t i c u l a r l y l i k e about t h i s neighborhood t h a t 
made you decide to move here? 
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6a. When you moved i n to your present neighborhood, what d i d you 
p a r t i c u l a r l y d i s l i k e about the neighborhood you l i v e i n now? 

Respondents were asked to f i l l i n t h e i r answers. The answers were 

coded (see Appendix 5.A). Then, the respondents were presented 

with s p e c i f i c dimensions to r a t e t h e i r neighborhood: 

8. How do you r a t e your neighborhood i n terms of the items i n 
the l i s t below? 

e x c e l l e n t a c c e p t a b l e i n t o l e r a b l e 

Nuisances 

n o i s e 1 2 3 4 5 6 7 

odors 1 2 3 4 5 6 7 
e t c . 

S i m i l a r q u e s t i o n s asked s a l i e n t concerns about and b e n e f i t s from 
waste f a c i l i t i e s i n g e n e r a l : 

17a. A Garbage L a n d f i l l 

P l e a s e assume t h a t a garbage l a n d f i l l to serve the e n t i r e 
m e t r o p o l i t a n area were to be b u i l t w i t h i n 1 m i l e from where 
you l i v e . 

What would annoy, bother or concern you about the garbage 
l a n d f i l l and how would you b e n e f i t by having the f a c i l i t y 
l o c a t e d i n your neighborhood? 

Concerns B e n e f i t s 

Then, the respondents were presented with a complete l i s t of 

hypothesized dimensions, or impacts, which correspond to the l i s t 

of impacts d e r i v e d i n Chapter 2 and i n c l u d e p h y s i c a l , economic, 

s o c i a l and p o l i t i c a l impacts. Respondents were asked to r a t e 

t h e i r b e l i e f s about f a c i l i t y impacts on seven p o i n t s c a l e s of 

" i n t o l e r a b l e " t o " e x c e l l e n t " , with " a c c e p t a b l e " as the mid-point 
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(see q u e s t i o n 1 9 ) : 

1 9 . Pl e a s e f i l l i n the name of the f a c i l i t y you i d e n t i f i e d or 
were asked to c o n s i d e r i n the l a s t q u e s t i o n (q u e s t i o n 1 8 ) : 

a. Does the f a c i l i t y cause nuisances i n the neighborhood? 

No e f f e c t i n t o l e r a b l e a c c e p t a b l e e x c e l l e n t 

n o i s e 0 1 2 3 4 5 6 7 

F i n a l l y , s p e c i f i c f a c i l i t y impacts weRe v e r i f i e d by 

p r e s e n t i n g a l i s t of impact statements to which respondents marked 

t h e i r degree of agreement or disagreement (see q u e s t i o n 2 0 ) : 

2 0 . Pl e a s e t r a n s f e r the name of the one f a c i l i t y you i d e n t i f i e d 
or were asked to c o n s i d e r i n q u e s t i o n 1 8 : 

L a n d f i l l or I n c i n e r a t o r  

P l e a s e c o n s i d e r the f o l l o w i n g statements about t h i s one 
f a c i l i t y and i n d i c a t e to what extent you d i s a g r e e or agree 
with them: 

a. The f a c t t h a t the f a c i l i t y i s l o c a t e d i n the neighborhood 
i s f a i r . 

1 2 3 4 5 

s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

Thus, the c r u c i a l b e l i e f s about f a c i l i t y impacts were o b t a i n e d i n 

three d i f f e r e n t ways with changing s c a l e s and s c a l e d i r e c t i o n s to 

av o i d i d e n t i c a l r a t i n g s across a l l impacts. Questions t h a t 

q u e r i e d f a c t s ( d i s t a n c e s , household c h a r a c t e r i s t i c s ) or f a c t u a l 

e v a l u a t i o n s ( f a m i l i a r i t y ) were asked i n a s t r a i g h t f o r w a r d way. 

Responses were e i t h e r f i l l e d i n or r a t e d on numbered s c a l e s . 

F a c t u a l q u e s t i o n s were used to separate s e c t i o n s of b e l i e f s and 
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a t t i t u d e s ; household c h a r a c t e r i s t i c s were used to separate 

neighborhood and f a c i l i t y s e c t i o n s . 

Survey Instrument P r e - T e s t i n g 

The survey instrument was f i r s t i n f o r m a l l y p r e t e s t e d among 

i n t e r e s t e d c o l l e a g u e s , then twice f o r m a l l y p r e t e s t e d among 

randomly s e l e c t e d respondents around the Premier S t r e e t l a n d f i l l 

i n North Vancouver, with c o n t r o l s i n other suburban - r u r a l 

m u n i c i p a l i t i e s i n the Greater Vancouver Regio n a l D i s t r i c t . 

The p r e - t e s t survey was announced with an i n t r o d u c t o r y 

l e t t e r , f o l l o w e d by the survey package i n c l u d i n g complimentary pen 

and r e t u r n addressed and stamped envelope. One week t h e r e a f t e r , 

f ollow-up phone c a l l s were made to those r e c i p i e n t s who had not 

responded. The r e s u l t s were i n f o r m a l l y reviewed. The f i n d i n g s 

are l i s t e d here: 

- Few respondents gave "across the board" r a t i n g s ; 

most responses v a r i e d and seemed w e l l c o n s i d e r e d . 

- The survey was judged to be long by about 25% of 

respondents; 25% noted they enjoyed the survey, most 

i n d i c a t e d 20 to 30 minutes as the r e q u i r e d time. 

- Although most host-community r e s i d e n t s i n d i c a t e d the 

waste f a c i l i t y as being the f a c i l i t y of concern, few 

respondents seemed to p i c k up on the waste f a c i l i t y 

as the c e n t r a l f o c u s . 

- Response r a t e s were between 50 and 60%. The 

i n i t i a l c o n t a c t l e t t e r and follow-up phone c a l l s 

l i k e l y enhanced the response. 
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Based on these r e s u l t s , the survey sequence f o r the study s i t e s at 

Tacoma and Salem was determined as f o l l o w s to reduce c o s t s : 

1. I n i t i a l c o n t a c t l e t t e r i n t r o d u c i n g the survey, 

s t a t i n g the purpose, and d e s c r i b i n g the p r o c e s s , i n d i c a t i n g 

r e t u r n date and g i v i n g names and phone numbers of the 

r e s e a r c h e r s . 

2. Phone c a l l to screen respondents f o r t h e i r c o r r e c t 

address, understanding of E n g l i s h , and to ask t h e i r 

w i l l i n g n e s s to p a r t i c i p a t e . 

3. Survey packages sent with 10 days allowance f o r r e t u r n . 

4. Phone c a l l s to non-respondents' as f o l l o w up. 

With t h i s procedure, response r a t e s of 60% were o b t a i n e d i n 

Tacoma and 56% i n Salem. In both cases, host community response 

r a t e s were s l i g h t l y higher at 60% to 65% than c o n t r o l community 

r a t e s at 45 to 50%. 

Sampling Procedures 

Host community respondents were s e l e c t e d from a l i s t of a l l 

households w i t h i n 2 k i l o m e t r e s of the Tacoma L a n d f i l l , and w i t h i n 

3 k i l o m e t e r s of the Salem i n c i n e r a t o r s i t e boundaries. S t r e e t 

addresses were compiled from o f f i c i a l s t r e e t maps and the Page 

address d i r e c t o r i e s (1986) f o r Tacoma and Salem. T h i s process was 

adequate i n Salem because the s t a b i l i t y of neighborhoods i s high ; 

i n Tacoma, however, 30 to 50% of the l i s t i n g s were i n v a l i d . As a 

r e s u l t , a second s e t of p o t e n t i a l respondents had to be s e l e c t e d 

i n Tacoma to achieve a t o t a l of 30 respondents i n the Orchard 

neighborhood eas t of the l a n d f i l l . T h i s second s e l e c t i o n c o u l d 
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b i a s the sample by i n c r e a s i n g the p r o p o r t i o n of long-term 

r e s i d e n t s , i . e . , those whose s t r e e t addresses had not changed. 

However, the second set was chosen from the new apartment 

addresses to ensure the percentage of new r e s i d e n t s and reduce the 

i n c r e a s e d p r o b a b i l i t y of s e l e c t i n g long-term r e s i d e n t s . The host 

community sample i s t e s t e d f o r v a l i d i t y on t h i s c h a r a c t e r i s t i c i n 

the next s e c t i o n . 

Two hundred c o n t r o l community r e s i d e n t s each were randomly 

s e l e c t e d from c u r r e n t phone book l i s t i n g s i n Tacoma and Salem 

m e t r o p o l i t a n a r e a s . A l l addresses w i t h i n inner c i t y or d i s t i n c t l y 

urban areas were e l i m i n a t e d i n order to o b t a i n a s e t of suburban 

and r u r a l r e s i d e n t s to match the c h a r a c t e r i s t i c s of the host 

community. The shortened l i s t comprised 100 to 120 addresses at 

each s i t e . These respondents were co n t a c t e d i n the same way as 

the host community r e s i d e n t s . 

T h i s s e l e c t i o n process avoided the d i f f i c u l t y o f , f i r s t , 

choosing s i m i l a r communities by s i m i l a r demographics and, then, 

s e l e c t i n g r e s i d e n t s from these communities. The l i m i t e d s e l e c t i o n 

of neighborhoods and the number demographic v a r i a b l e s made t h i s 

l a t t e r approach unmanageable. 

The chosen method probably p r o v i d e s a wider c r o s s - s e c t i o n of 

o p i n i o n s and a s m a l l e r r i s k of b i a s . The concern about lower 

response r a t e s due to l a c k of i n t e r e s t proved to be unfounded; the 

p r o f i l e of c o n t r o l respondents i s shown i n the f o l l o w i n g s e c t i o n to 

be comparable to t h a t of the host communities on most dimensions. 
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5.3 R e s u l t s 

5.3.1 V a l i d a t i o n of R e s u l t s 

E x t e r n a l V a l i d a t i o n 

The purpose of t h i s s e c t i o n i s to v e r i f y the 

r e p r e s e n t a t i v e n e s s of the sample and to t e s t f o r i n t e r n a l 

c o n s i s t e n c y of the responses. Host community respondent sample 

c h a r a c t e r i s t i c s should compare with host community census 

demographics and with c o n t r o l respondent sample c h a r a c t e r i s t i c s to 

e s t a b l i s h the v a l i d i t y of the sampled responses. 

Si x demographic v a r i a b l e s (time i n community, type of home, 

home ownership, presence of c h i l d r e n , e d u c a t i o n , income) were 

surveyed i n s e c t i o n I I of the q u e s t i o n n a i r e and were compared with 

the a v a i l a b l e 1980 U.S. Census data at each s i t e to v e r i f y the 

e x t e r n a l v a l i d i t y of the samples. 

a. Tacoma Sample V a l i d a t i o n 

The host community of the l a n d f i l l comprises two d i s t i n c t 

sub-areas. The low to middle income Orchard neighborhood extends 

from the e a s t e r n and southern boundaries between the l a n d f i l l and 

Madison S t r e e t , north to Center S t r e e t , south to 56th S t r e e t (see 

F i g u r e 1 .4 i n Chapter 1 ) . F i r c r e s t i s a separate middle c l a s s 

township on the western c i t y l i m i t of Tacoma. Due to the 

d i s t i n c t l y d i f f e r e n t c h a r a c t e r i s t i c s and census t r a c t boundaries, 

the samples from the two areas are v a l i d a t e d s e p a r a t e l y and then 

combined i n t o one host-community sample. 

In Tables 5.3a and b, the two host neighborhoods are 

compared with the r e s p e c t i v e census t r a c t f i g u r e s ; the c o n t r o l 
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Table 5.3a - L a n d f i l l - Survey Sample and Neighborhood 
Demographics f o r Orchard Neighborhood 

Orchard Neighborhood 

C h a r a c t e r i s t i c s 

Time i n Community 
under 5 years 
over 5 years 

Type of home 
s i n g l e f a m i l y 
m u l t i p l e f a m i l y 

Rent/own 
own 
re n t 

C h i l d r e n under 18 
i n household 

yes 
no 

Education 
high school 
c o l l e g e degree 

Income 
under $15,000 
$15 to 30,000 
over $30,000 

Sample 
N = 18 

Pr o p o r t i o n s 

60% 
40% 

53% 
47% 

32% 
68% 

20% 
80% 

87% 
33% 

7% 
53% 
33% 

Census 
T r a c t 
#628 
P r o p o r t i o n s 

69% 
31% 

65% 
35% 

42% 
53.5% 

56% 
44% 

68.2% 
9% 

32.7% 
52.9% 
14.4% 

D i f f e r e n c e 
of P r o p o r t i o n s 
( s i g . at 95% 
confidence) 

non-sig, 
non-sig, 

non-sig, 
non-sig, 

non-sig, 
non-sig, 

sig.S<C* 
sig.S>C* 

sig.S>C* 
sig.S>C* 

sig.S<C* 
no n - s i g . 
sig.S>C* 

Note: Tacoma census t r a c t #628 p o p u l a t i o n equals 6,470 i n 1986 
* S=sample p r o p o r t i o n , C=census p r o p o r t i o n 

f o r example, S>C=sample p r o p o r t i o n i s s i g n i f i c a n t l y 
l a r g e r than census p r o p o r t i o n 
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Table 5.3b - L a n d f i l l - Survey Sample and Neighborhood 
Demographics f o r F i r c r e s t Township 

F i r c r e s t Township 

Sample Census D i f f e r e n c e 
N = 16 T r a c t of P r o p o r t i o n s 

C h a r a c t e r i s t i c s ( s i g . at 95% 
P r o p o r t i o n s P r o p o r t i o n s confidence) 

Time i n Community 
under 5 years 11% 
over 5 years 89% 

Type of home 
s i n g l e f a m i l y 88% 
m u l t i p l e f a m i l y 13% 

Rent/own 
own 87% 
re n t 13% 

C h i l d r e n under 18 
i n household 

yes 12% 
no 88% 

Education 
high s c h o o l 94% 
c o l l e g e degree 50% 

35% sig.S<C* 
64% sig.S>C* 

82% non-sig. 
18% n o n - s i g . 

72% n o n - s i g . 
21% n o n - s i g . 

38% sig.S<C* 
62% sig.S>C* 

89.5% non-sig. 
32% marg.-sig. 

S>C* 

Income 
under $15,000 7% 
$15 to 30,000 29% 
over $30,000 64% 

14% non-sig. 
27% n o n - s i g . 
59% non-sig. 

Note: F i r c r e s t p o p u l a t i o n equals 5,400 i n 1986 
* S=sample p r o p o r t i o n , C=census p r o p o r t i o n 

f o r example, S>C=sample p r o p o r t i o n i s s i g n i f i c a n t l y 
l a r g e r than census p r o p o r t i o n 
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Table 5.4a - Tacoma L a n d f i l l - C a l c u l a t i o n of Host Community 
Survey Sample from Weighted Survey Samples 

Orchard 

F i r c r e s t 

R a t i o 

Number of 
Respondents 

18 

16 

1.125 

P o p u l a t i o n 

6,470 

5,400 

1.198 D i f f e r e n c e i s not 
s i g n i f i c a n t a t 95% 

Table 5.4b - Tacoma L a n d f i l l - Host and C o n t r o l Sample Comparison 

Host 
Sample 
P r o p o r t i o n 
N = 34 

C o n t r o l 
Sample 
P r o p o r t i o n 
N = 27 

D i f f e r e n c e 
of P r o p o r t i o n s 
( s i g n i f i c a n t 
a t 95%) 

C h a r a c t e r i s t i c s 

Time i n Community 
under 5 years 
over 5 years 

Type of home 
s i n g l e f a m i l y 
m u l t i p l e f a m i l y 
t r a i l e r 

Rent/own 
own 
re n t 

C h i l d r e n under 18 
i n household 

yes 
no 

Education 
high school 
c o l l e g e degree 

Income 
under $15,000 
$15 to 30,000 
over $30,000 

36.4% 
63.6% 

68.8% 
31.3% 
0% 

58.1% 
41.9% 

15.6% 
67.2% 

65.5% 
34.5% 

10.3% 
41.4% 
48.3% 

44.4% 
55.6% 

81.5% 
11.1% 
7.4% 

81.5% 
18.5% 

33.3% 
66.7% 

65.4% 
34.6% 

7.4% 
33.3% 
59.3% 

non-sig, 
non-sig, 

n o n - s i g . 
s ig.HOCC* 

s i g COHC* 
s i g HOCC* 

non-sig, 

non-sig, 
non-sig, 

non-sig. 
non-sig, 
non-sig. 

Note: HC = host community sample, CC = c o n t r o l community sample 
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group c h a r a c t e r i s t i c s are then compared with the combined host 

sample i n Table 5.4, whereby the c h a r a c t e r i s t i c s of two host 

neighborhoods are weighted by the r a t i o of t h e i r r e l a t i v e 

p o p u l a t i o n s to the t o t a l host community p o p u l a t i o n . 

Host Community Sample E v a l u a t i o n 

In the Orchard neighborhood, households with no c h i l d r e n , 

higher e d u c a t i o n , and over (US) $30,000 per year incomes are over-

r e p r e s e n t e d i n the sample. 

In F i r c r e s t , long-term r e s i d e n t s , households without c h i l d r e n 

and with higher education are o v e r - r e p r e s e n t a t e d . These f i n d i n g s 

i n d i c a t e t h a t these respondents were more i n t e r e s t e d i n responding 

to the survey and, t h e r e f o r e , p r e s e n t s a s l i g h t sampling b i a s . 

T h i s r e s u l t was expected, though, because s i n g l e f a m i l y households 

with higher educations and incomes tend to be more concerned about 

t h e i r neighborhood, and tend to answer surveys more e a s i l y and 

w i l l i n g l y . 

Orchard and F i r c r e s t samples are then combined i n t o a host 

community sample (Table 5.4a) and are compared with the c o n t r o l 

sample (Table 5.4b). Households i n m u l t i p l e f a m i l y d w e l l i n g s and 

rented u n i t s i n the host sample exceed those i n the c o n t r o l 

sample. Since most d w e l l i n g u n i t s a t the l a n d f i l l boundary are 

r e n t a l apartments, these d i f f e r e n c e s are expected and a c c u r a t e l y 

r e p r e s e n t the c o n d i t i o n s i n the host community. The next t e s t f o r 

e x t e r n a l v a l i d i t y was performed to see i f the d i f f e r e n c e s i n the 

demographic v a r i a b l e s would i n f l u e n c e the r e s u l t i n g responses on 

b e l i e f s about negative impacts. The t e s t f o r c r o s s - a s s o c i a t i o n of 
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sample demographics with impact b e l i e f s shows t h a t s i n g l e f a m i l y 

home owners tend to be more negative about the w i l d l i f e impacts on 

the f i s h b e a r i n g Leach Creek, while low and medium income 

households are more negative than high income households about the 

impact on p r o p e r t y v a l u e s , image and f o r nuisances (see Table 

5.5). But predominantly s i n g l e f a m i l y home owners are c l o s e to 

the w i l d l i f e b e a r i n g stream, while more apartment r e n t e r s are 

exposed to nuisances (see pre v i o u s s e c t i o n 5 ) . 

Although medium income households i n the host community are 

more negative about p r o p e r t y value and development e f f e c t s than 

low or high income households, there i s onl y one s i g n i f i c a n t 

d i f f e r e n c e i n the Orchard area between income i n the survey sample 

and i n census s t a t i s t i c s . Moreover, a c t u a l s h i f t s have o c c u r r e d 

i n the Orchard neighborhood s i n c e the 1980 census because new 

r e s i d e n t i a l development has brought i n more educated people 

( u n i v e r s i t y s t u d e n t s ) . These are b e t t e r r e f l e c t e d i n the sample. 

The p o p u l a t i o n i n F i r c r e s t i s s t a b l e and has t h e r e f o r e aged and 

i n c r e a s e d the number of long-term r e s i d e n t s (over 5 years) s i n c e 

the 1980 census was taken. Thus, the r e s u l t s r e f l e c t the a c t u a l 

s i t u a t i o n . The response sample t h e r e f o r e r e p r e s e n t s the o p i n i o n 

of committed r e s i d e n t s who are exposed to s p e c i f i c impacts. 

C o n t r o l Sample E v a l u a t i o n 

The c o n t r o l sample i s compared with the host sample i n s t e a d 

of with the census f i g u r e s because the census f i g u r e s are 

outdated. F u r t h e r , combining the independently v a l i d a t e d survey 

samples from Orchard and F i r c r e s t communities was judged to be 



287 

Table 5.5 - Tacoma Host Community: Demographic V a r i a b l e s and 
S i g n i f i c a n t l y A s s o c i a t e d Negative Impact B e l i e f s 

Community Demographics A s s o c i a t e d Negative Impact B e l i e f s 

Time i n Community no s i g n i f i c a n t a s s o c i a t i o n with impact 
b e l i e f s 

Type of home s i n g l e f a m i l y d w e l l e r s mention 
w i l d l i f e h a b i t a t e f f e c t s more 
f r e q u e n t l y 

Ownership no s i g n i f i c a n t a s s o c i a t i o n with impact 
b e l i e f s 

C h i l d r e n i n household no s i g n i f i c a n t a s s o c i a t i o n with impact 
b e l i e f s 

E d u c t i o n no s i g n i f i c a n t a s s o c i a t i o n with impact 
b e l i e f s 

Income low income households mention n o i s e 
and odor impacts more f r e q u e n t l y than 
medium or high income households 

medium income households more 
f r e q u e n t l y mention impacts on p r o p e r t y 
v a l u e s , community image, and nuisances 
i n g e n e r a l 

see Table 5 .C5 i n Appendix 
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more a c c u r a t e than combining outdated census s t a t i s t i c s f o r l a r g e r 

a r e a s . The host sample i s l i k e l y to r e p r e s e n t the community 

c r o s s - s e c t i o n . The comparison shows t h a t the c o n t r o l sample 

c o i n c i d e s w e l l with the host sample, except f o r a s u r p l u s of 

m u l t i p l e f a m i l y r e s i d e n t s , and, as a r e s u l t , a l a r g e r p r o p o r t i o n 

of r e n t e r s i n the host sample. The excess of m u l t i p l e f a m i l y 

d w e l l i n g s and r e n t e r s a c c u r a t e l y r e p r e s e n t s the host community. 

Salem-Incinerator-Sample V a l i d a t i o n 

The host community sample i n Salem c o n s i s t s of a group of 34 

households compared with a c o n t r o l sample of 23. Because of a 

simple, w e l l d e f i n e d census t r a c t (#25 i n Salem M e t r o p o l i t a n Area) 

and r e l a t i v e s t a b i l i t y of host and c o n t r o l areas the census t r a c t 

data (see Table 5.6a and b below) are c o n s i d e r e d a c c u r a t e ; both 

samples are compared with these data. Census t r a c t #25 i s , 

however, s u b s t a n t i a l l y l a r g e r than the host community (Brooks). 

Within host and c o n t r o l samples, the same respondent 

s e l f - s e l e c t i o n b i a s towards higher education and income appear. 

Furthermore, the number of long-term r e s i d e n t s i s higher i n the 

host sample. F i n a l l y , the p r o p o r t i o n of respondents l i v i n g i n 

households without c h i l d r e n i s higher i n the host sample. 

O v e r a l l , the s l i g h t sample b i a s e s tend to f a v o r more 

concerned, long-term r e s i d e n t s , and, hence, a sample more l i k e l y 

to oppose an u n d e s i r a b l e development (Madisso, 1985). 

In order to c o n t r o l f o r p o s s i b l e b i a s e s due to sample 

s e l f - s e l e c t i o n i n Salem, the dependence of b e l i e f s and a t t i t u d e s 

on sample demographics was t e s t e d (see Table 5.7). Income l e v e l s 
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Table 5.6a - Salem - Comparison of Host Survey Sample with Census 

Cha r a c t e r i s t i c s 
N = 

Sample 
Proportion 
34 

Census 
Proportion 
Tract 25 

Difference 
of Proportions 
( s i g n i f i c a n t 
at 95%) 

Time in Community 
under 5 years 
over 5 years 

Type of home 
single family 
multiple family 

Rent/own 
own 
rent 

Children under 18 
in household 

yes 
no 

Education 
high school 
college degree 

Income 
under $15,000 
$15 to 30,000 
over $30,000 

33% 
68% 

85% 
15% 

85% 
15% 

27% 
73% 

81.3% 
31.3% 

20% 
37% 
43% 

52% 
48% 

77% 
20% 

81.6% 
18.4% 

43% 
57% 

67% 
29% 

36% 
32% 
33% 

s i g . OS* 
s i g . S>C* 

non-sig, 
non-sig, 

non-sig. 
non-sig, 

sig.S<C* 
sig.S>C* 

sig.S>C* 
non-sig. 

sig.S>C* 
non-sig. 
non-sig. 

Note: * S=sample proportion, C=census proportion 
for example, S>C=sample proportion i s s i g n i f i c a n t l y 

larger than census proportion 
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Table 5.6b - Salem - Comparison of C o n t r o l Sample with Census 

C h a r a c t e r i s t i c s 
N = 

Sample 
P r o p o r t i o n 
23 

Census 
P r o p o r t i o n 
T r a c t 25 

D i f f e r e n c e 
of P r o p o r t i o n s 
( s i g n i f i c a n t 
at 95%) 

Time i n Community 
under 5 years 
over 5 years 

Type of home 
s i n g l e f a m i l y 
m u l t i p l e f a m i l y 

Rent/own 
own 
r e n t 

52% 
48% 

86% 
14% 

86% 
14% 

52% 
48% 

77% 
20% 

81.6% 
18.4% 

non-sig. 
n o n - s i g . 

non-sig, 
non-sig, 

non-sig, 
non-sig. 

C h i l d r e n under 18 
i n household 

yes 
no 

36% 
64% 

43% 
57% 

non-sig. 
n o n - s i g . 

Education 
high s c h o o l 
c o l l e g e degree 

87% 
43% 

67% 
29% 

sig.S>C* 
marg.sig, 

Income 
under $15,000 
$15 to 30,000 
over $30,000 

26% 
30% 
43% 

36% 
32% 
33% 

no n - s i g . 
n o n - s i g . 
n o n - s i g . 

Note: * S=sample p r o p o r t i o n , C=census p r o p o r t i o n 
f o r example, S>C=sample p r o p o r t i o n i s s i g n i f i c a n t l y 

l a r g e r than census p r o p o r t i o n 
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T a b l e 5.7 - Salem Host Community: Demographic V a r i a b l e s and 
S i g n i f i c a n t l y A s s o c i a t e d N e g a t i v e Impact B e l i e f s 

Community Demographics A s s o c i a t e d N e g a t i v e Impact B e l i e f s 

Time i n Community no s i g n i f i c a n t a s o c i a t i o n w i t h impact 
b e l i e f s 

T y p e . o f home s i n g l e f a m i l y d w e l l e r s more f r e q u e n t l y 
mention a i r q u a l i t y impacts and l o s s of 
community c o n t r o l 

Ownership no s i g n i f i c a n t a s s o c i a t i o n w i t h impact 
b e l i e f s 

C h i l d r e n i n h o u s e h o l d no s i g n i f i c a n t a s s o c i a t i o n w i t h impact 
b e l i e f s 

E d u c t i o n no s i g n i f i c a n t a s s o c i a t i o n w i t h impact 
b e l i e f s 

Income low income h o u s e h o l d s more f r e q u e n t l y 
mention view impact 

medium income h o u s e h o l d s more 
f r e q u e n t l y mention impacts on p r o p e r t y 
v a l u e s , community image, and n u i s a n c e s 
i n g e n e r a l 

See T a b l e 5.C7 i n Appendix 
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are a s s o c i a t e d w i t h impact b e l i e f s ; lower income h o u s e h o l d s 

mentioned view impacts more o t h e r g r o u p s , than medium income 

h o u s e h o l d s mentioned p r o p e r t y v a l u e s , image and n u i s a n c e s more. 

No o t h e r demographic v a r i a b l e s w i t h s i g n i f i c a n t d i f f e r e n c e s 

between the sample r e s p o n d e n t s and the census s t a t i s t i c s ( t ime i n 

the community, h o u s e h o l d s w i t h c h i l d r e n , h i g h s c h o o l e d u c a t i o n ) are 

a s s o c i a t e d w i t h any s i g n i f i c a n t d i f f e r e n c e s i n impact b e l i e f s or 

a t t i t u d e s . O n l y a m a r g i n a l l y s i g n i f i c a n t a s s o c i a t i o n i s noted 

between l e n g t h of t ime i n the n e i g h b o r h o o d and the b e l i e f about 

impacts of a i r c o n t a m i n a t i o n , a i r q u a l i t y , c o n f i d e n c e i n the 

e n v i r o n m e n t a l agency , a n d , the a t t i t u d e about the garbage b u r n e r . 

Sample Respondents and P h y s i c a l Impacts 

A f u r t h e r t e s t of the e x t e r n a l v a l i d i t y was to compare 

demographics w i t h the d i s t r i b u t i o n of r e s p o n d e n t s w i t h i n p h y s i c a l 

impact f i e l d s . T a b l e 5.8 c o n t a i n s a summary of r e s u l t s of 

c r o s s - a s s o c i a t i o n s between v a r i a b l e s and p h y s i c a l l y impacted 

r e s p o n d e n t s . 

Some s i g n i f i c a n t demographic d i f f e r e n c e s appear i n both 

l o c a t i o n s . In Tacoma, s h o r t - t e r m r e s i d e n t s a l s o r e n t apartments 

more o f t e n , and e x p e r i e n c e v i e w , o d o r , n o i s e and e x p l o s i o n r i s k 

i m p a c t s , w h i l e more l o n g - t e r m , s i n g l e f a m i l y home owners are 

s u b j e c t t o water q u a l i t y i m p a c t s . A l t h o u g h t h e s e d i f f e r e n c e s 

c o n s t i t u t e b i a s e s i n terms of the sample , c l o s e r s c r u t i n y of the 

impacts and community p a t t e r n s shows t h a t these r e s u l t s a re 

c o n s i s t e n t w i t h the expec ted demographic d i s t r i b u t i o n around the 

l a n d f i l l . R e n t a l apartments a re b u i l t c l o s e to the l a n d f i l l 
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boundaries and t h e r e f o r e experience the p h y s i c a l impacts, while 

the water q u a l i t y impacts a f f e c t the more s t a b l e , owner oc c u p i e d 

s i n g l e f a m i l y homes i n F i r c r e s t (see s i t e map i n Chapter 4). 

I t i s assumed t h a t the o v e r - r e p r e s e n t a t i o n of a f f e c t e d apartment 

r e n t e r s w i l l , i f anything, r e s u l t i n an understatement of 

n e g a t i v e b e l i e f s and a t t i t u d e s , w h ile the excess of water q u a l i t y 

impacted, long-term owners should over-emphasize t h i s impact. These 

p a t t e r n s were checked i n the p a t t e r n of b e l i e f responses i n the 

l a s t s e c t i o n and showed no s i g n i f i c a n t c o n n e c t i o n . Hence the 

sample demographics tend to a c c u r a t e l y r e p r e s e n t c o n d i t i o n s i n the 

host community and sample without b i a s i n g the r e s u l t s . 

The Salem sample shows some d i s c r e p a n c i e s a l s o , but these are 

l e s s c o n s i s t e n t . The e x p l a n a t i o n s are d e r i v e d from comparing 

p h y s i c a l impact f o o t p r i n t s with demographic p a t t e r n s : 

- Time i n the neighborhood 

The o v e r - r e p r e s e n t a t i o n of long-term r e s i d e n t s i n 

view-impact areas may be caused by the b e t t e r v i s i b i l i t y 

beyond 0.5 to 0.8 km. Hence, short-term r e s i d e n t s i n the 

v i l l a g e may be l e s s a f f e c t e d by views because s c r e e n i n g by 

t r e e s and b u i l d i n g s i s more e f f e c t i v e . 

- Income: 

More high-income households l i v e over 1.5 km away from the 

p l a n t , while lower income households predominate under the 

1.5 km d i s t a n c e . Furthermore lower income households are 

o v e r - r e p r e s e n t e d i n the a i r q u a l i t y impacted a r e a s . T h i s 

i s , however, a r e f l e c t i o n of the l o c a t i o n of a mobile home 

park and a church r e t i r e m e n t community about 500 to 1,000 m 
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Table 5 .8a - Tacoma L a n d f i l l Host Community Sample Demographics 
versus P h y s i c a l Impacts 

Demographic 
V a r i a b l e s 

P h y s i c a l Impacts 

Time i n Community s i g n i f i c a n t l y more r e s i d e n t s of l e s s 
than f i v e years are exposed to odor, 
n o i s e , a i r q u a l i t y impacts 

Type of home s i g n i f i c a n t l y more apartment d w e l l e r s 
are exposed to odor, n o i s e , a i r q u a l i t y 
and water q u a l i t y impacts 

s i g n i f i c a n t l y more s i n g l e f a m i l y 
d w e l l e r s are exposed to w i l d l i f e 
h a b i t a t impacts 

Ownership s i g n i f i c a n t l y more r e n t e r s are exposed 
to odors, n o i s e , a i r q u a l i t y and water 
q u a l i t y and w i l d l i f e h a b i t a t impacts 

C h i l d r e n i n household no s i g n i f i c a n t a s s o c i a t i o n with 
p h y s i c a l impacts 

Educa t i o n no s i g n i f i c a n t a s s o c i a t i o n with 
p h y s i c a l impacts 

Income no s i g n i f i c a n t a s s o c i a t i o n with 
p h y s i c a l impacts 

See Table 5 .C8a i n Appendix 
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T a b l e 5.8b - Salem I n c i n e r a t o r Host Community Sample Demographics 
Versus P h y s i c a l Impacts 

Demographic 
V a r i a b l e s 

P h y s i c a l Impacts 

Time i n Community s i g n i f i c a n t l y more r e s i d e n t s of over 
f i v e years are exposed to view impacts 

Type of home no s i g n i f i c a n t a s s o c i a t i o n with 
p h y s i c a l impacts 

Ownership s i g n i f i c a n t l y more r e n t e r s are exposed 
to a i r q u a l i t y impacts 

C h i l d r e n i n household more c h i l d l e s s households are exposed 
to a i r q u a l i t y impacts 

Educ a t i o n no s i g n i f i c a n t a s s o c i a t i o n with 
p h y s i c a l impacts 

Income more low income households are exposed 
to a i r q u a l i t y impacts 

See Table 5.C8b i n Appendix 
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to the n o r t h e a s t of the p l a n t . Since lower income 

households are l i k e l y to express l e s s concern, t h i s p a t t e r n 

has the c o n s e r v a t i v e e f f e c t of de-emphasizing the a i r 

q u a l i t y impact b e l i e f s . 

- Ownership 

The lower r a t i o of p r o p e r t y owners i n the a i r q u a l i t y 

impact zone r e f l e c t s the presence of the mobile home park 

and the r e t i r e m e n t f a c i l i t y . 

The d i s c r e p a n c i e s r e f l e c t a c t u a l p a t t e r n s of impacts and host 

community demographics. However, o n l y income a s s o c i a t e s 

s i g n i f i c a n t l y with impact b e l i e f s (see p r e v i o u s s e c t i o n ) ; but no 

connection of income with b e l i e f s about a i r q u a l i t y impacts i s 

s i g n i f i c a n t . A l l d i s c r e p a n c i e s except the view exposure of 

long-term r e s i d e n t s are expected to d i m i n i s h n e g a t i v e r a t i n g s , 

and, hence, e x e r t a c o n s e r v a t i v e e f f e c t on the r e s u l t s . 

I n t e r n a l V a l i d a t i o n 

The purpose of i n t e r n a l v a l i d a t i o n i s to t e s t the 

e f f e c t i v e n e s s of d i f f e r e n t q u e s t i o n s i n e l i c i t i n g c o n s i s t e n t 

responses, and to i d e n t i f y p o s s i b l e b i a s t h a t r e s u l t s from 

misunderstood or l e a d i n g q u e s t i o n s . 

The primary focus of the survey i s on b e l i e f s and a t t i t u d e s 

about the waste f a c i l i t y . L i m i t s to the l e n g t h of the 

q u e s t i o n n a i r e r e s t r i c t e d the frequent use of redundant q u e s t i o n s 

about these most important and v o l a t i l e i s s u e s . Hence, o n l y very 

b a s i c i n t e r n a l v a l i d a t i o n t e s t s were p o s s i b l e . 

Three q u e s t i o n s are r e l e v a n t f o r t e s t i n g the i n t e r n a l 
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v a l i d i t y of the c e n t r a l i s s u e s : 

- the open-ended l i s t i n g s of s a l i e n t concerns and 

b e n e f i t s of waste f a c i l i t i e s 

- the b e l i e f impact r a t i n g s of f a c i l i t y impacts 

- the agreement-disagreement o p i n i o n s to statements 

about f a c i l i t y impacts. 

Two caveats apply to the f o l l o w i n g comparison. F i r s t , the 

s a l i e n t concerns and b e n e f i t s are not n e c e s s a r i l y r e p r e s e n t a t i v e 

of the b e l i e f s about the s p e c i f i c f a c i l i t y , because the q u e s t i o n 

asks (question 17, see q u e s t i o n n a i r e i n Appendix 5.A) about 

g e n e r i c l a n d f i l l s and i n c i n e r a t o r s . Second, the s p e c i f i c impact 

b e l i e f s r a t i n g s e l i c i t to what degree the respondent b e l i e v e s the 

impact l e v e l s are above or below a c c e p t a b l e l e v e l s , w h i l e , i n 

c o n t r a s t , the impact statements simply e l i c i t agreement.or 

disagreement about the e x i s t e n c e of the impacts. For example, a 

respondent may agree t h a t the f a c i l i t y causes nuisances, but may 

c o n s i d e r the l e v e l of nuisance impacts a c c e p t a b l e . Hence, the 

response to the statement would i n d i c a t e a n e g a t i v e b e l i e f about 

the impact, while the impact r a t i n g would be p o s i t i v e ( i . e . , 

b e t t e r than a c c e p t a b l e ) . Nonetheless, some correspondence i s 

expected between negative impact r a t i n g s ( i . e . , lower than 

"acceptable") and agreement with negative impact statements, 

because any n e g a t i v e change i s more l i k e l y to be c o n s i d e r e d l e s s 

than a c c e p t a b l e . Thus, the respondents are expected to g i v e 

corresponding answers to these two q u e s t i o n s about the same 

impacts. 

Tables 5.9a and c l i s t the s a l i e n t concerns t h a t were 
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mentioned and the impacts t h a t were n e g a t i v e ( l e s s than 

a c c e p t a b l e ) by a s i g n i f i c a n t number of respondents (columns l,and 

2) . Column 3 i n d i c a t e s whether a s i g n i f i c a n t a s s o c i a t i o n between 

the s a l i e n t concerns and the n e g a t i v e impact b e l i e f r a t i n g was 

found. For most nuisances, and f o r g e n e r a l environmental change, 

the s a l i e n t concerns were a s s o c i a t e d with the b e l i e f r a t i n g s . 

These r e s u l t s i n d i c a t e some c o n s i s t e n c y , although not f o r water 

and a i r h e a l t h r i s k s . Furthermore, i n Tables 5.9b and d (columns 

1 and 2) the r e s u l t s of c h i - s q u a r e t e s t s of s i g n i f i c a n t 

a s s o c i a t i o n between impact r a t i n g s and statements are i n d i c a t e d . 

S i g n i f i c a n t a s s o c i a t i o n between responses to two s e t s of q u e s t i o n s 

i s accepted at or above 95% s i g n i f i c a n c e l e v e l f o r c h i - s q u a r e and 

F i s h e r exact t e s t s . 

In both surveys, negative impact r a t i n g s are s i g n i f i c a n t l y 

a s s o c i a t e d with n e g a t i v e statements f o r most impacts (see column 

3) . Negative r a t i n g s are furthermore s i g n i f i c a n t l y a s s o c i a t e d 

with s a l i e n t impact b e l i e f s f o r 5 of 8 s a l i e n t impacts i n Tacoma, 

but show no s i g n i f i c a n t a s s o c i a t i o n i n the Salem host community. 

T h i s d i f f e r e n c e probably occurs because the Tacoma l a n d f i l l 

p h y s i c a l l y p o r t r a y s t y p i c a l l a n d f i l l impacts, whereas the 

respondents i n Salem may not have yet adapted t h e i r s a l i e n t 

b e l i e f s about g e n e r i c waste f a c i l i t i e s to t h e i r s p e c i f i c impact 

b e l i e f s about the i n c i n e r a t o r . As a r e s u l t , the l a c k of 

a s s o c i a t i o n appears between g e n e r a l s a l i e n t concerns and s p e c i f i c 

impact r a t i n g s . 

The c o n t r a s t of s c a r c e mention on one hand of any economic, 

s o c i a l , or p o l i t i c a l impacts among the s a l i e n t b e l i e f s and the 
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Table 5.9a - Tacoma L a n d f i l l - I n t e r n a l V a l i d a t i o n of Negative 
B e l i e f s about F a c i l i t y Impacts: A s s o c i a t i o n of 
S a l i e n t and S p e c i f i c Impact B e l i e f Ratings i n the 
Host Community 

S a l i e n t 
Impact 
B e l i e f s 

N=33 

S p e c i f i c 
Impact 
B e l i e f 
Ratings 

N=33 

A s s o c i a t i o n of 
S a l i e n t Impact 
B e l i e f s with 
S p e c i f i c Impact 
B e l i e f s about the 
Waste F a c i l i t y 
N=19-23 

Nuisances 
(Noise) 
Odor 
T r a f f i c 
B i r d s 

Nuisances 
Noise 
Odor 
t r a f f i c 
animals 
( l i t t e r ) 
view 

s i g n i f i c a n t 
n o n - s i g . 
s i g n i f i c a n t 
s i g n i f i c a n t 
s i g n i f i c a n t 
n o n -sig. 

H e a l t h R i s k s 

water p o l l u t i o n 
a c c i d e n t r i s k s 

Health R i s k s 
a i r p o l l u t i o n 
water p o l l u t i o n 

n o n - s i g . 
n o n - s i g . 

Environmental 
Change 

Environmental 
Change 
a i r q u a l i t y 
water q u a l i t y 
w i l d l i f e 

s i g n i f i c a n t 
n o n -sig. 
n o n - s i g . 
n o n - s i g . 

Economic Impacts 
p r o p e r t y values non-sig, 

S o c i a l Impacts 
Community Image non-sig, 

P o l i t i c a l Impacts 
Loss of C o n t r o l n o n - s i g . 
Loss of co n f i d e n c e non-sig. 
i n l o c a l government n o n - s i g . 

B e n e f i t s 
Convenience non-sig, 

S i g n i f i c a n c e c r i t e r i a : 
S i g n i f i c a n t i f 
p r o p o r t i o n >28% 
Marg. S i g n i f i c a n t 
( i n b r a c k e t s ) 
i f p r o p o r t i o n >18% 

S i g n i f i c a n t i f 
p r o p o r t i o n 38% 
Marg. S i g n i f i c a n t 
( i n b r ackets) 
i f p r o p o r t i o n >23% 

i f 

C hi square and F i s h e r 
Exact t e s t s s i g n i f i c a n t 
i f p<0.05 
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Tabl e 5.9b - Tacoma L a n d f i l l - I n t e r n a l V a l i d a t i o n of Negative 
B e l i e f s about F a c i l i t y Impacts: A s s o c i a t i o n of 
S p e c i f i c Impact B e l i e f Ratings and Impact B e l i e f 
Statements i n the Host Community 

Negative 
Impact 
B e l i e f s 
Ratings 

N=33 

Negative 
Impact 
B e l i e f 
Statements 

N=33 

A s s o c i a t i o n of 
Impact B e l i e f 
Ratings with 
Impact B e l i e f 
Statements 
N=13-20 

Nuisances 
no i s e 
odor 
t r a f f i c 
animals 
( l i t t e r ) 
view 

Nuisances s i g n i f i c a n t 

H e a l t h R i s k s 
a i r emissions 
water emissions 

Health R i s k s s i g n i f i c a n t 

Environmental 
Change 
a i r q u a l i t y 
water q u a l i t y 
w i l d l i f e h a b i t a t 

Environmental 
Change 

s i g n i f i c a n t 

Economic Impacts 
p r o p e r t y v a l u e s 

S o c i a l Impacts 
Community Image 

P o l i t i c a l Impacts 
Loss of C o n t r o l 
Loss of conf i d e n c e 
i n l o c a l gov't. 

Economic Impacts 
p r o p e r t y values 

S o c i a l Impacts 
Community Image 

P o l i t i c a l Impacts 
Loss of C o n t r o l 
Loss of conf i d e n c e 
i n l o c a l Gov't. 

( u n f a i r n e s s ) 
Lack of Information 

s i g n i f i c a n t 

non-sig, 

s i g n i f i c a n t 

S i g n i f i c a n c e c r i t e r i a : 
S i g n i f i c a n t i f 
p r o p o r t i o n >38% 
Marg. S i g n i f i c a n t 
( i n b r ackets) i f 
p r o p o r t i o n >23% 

Chi square and F i s h e r 
Exact t e s t s s i g n i f i c a n t 
i f p<0.05 
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Table 5.9c - Salem I n c i n e r a t o r - I n t e r n a l V a l i d a t i o n of Negative 
B e l i e f s about F a c i l i t y Impacts: A s s o c i a t i o n of 
S a l i e n t Impact B e l i e f s , S p e c i f i c Impact B e l i e f 
Ratings i n the Host Community 

S a l i e n t 
Impact 
B e l i e f s 

N=34 
Nuisances 

Negative 
Impact 
Ratings 

N=34 
Nuisances 

A s s o c i a t i o n of 
S a l i e n t Impact 
B e l i e f s with 
S p e c i f i c Impact 
B e l i e f Ratings 

N=13-22 

noi s e 
odor 
view 
t r a f f i c 

H e a l t h R i s k s 
a i r emissions 

Environmental 
Change 
a i r q u a l i t y 

Economic Impacts 
p r o p e r t y v a l u e s 

(noise) 
(odor) 
(view) 
( t r a f f i c ) 

H e alth Risks 
a i r emissions 

Environmental 
Change 
a i r q u a l i t y 

Economic Impacts 
p r o p e r t y values 

S o c i a l Impacts 
Community Image 

P o l i t i c a l Impacts 
Loss of C o n t r o l 
u n f a i r n e s s 
Loss of co n f i d e n c e 
i n l o c a l Gov't. 
i n owner/operator 
i n e n v i r o n , agen. 

non-sig. 
non-sig, 
non-sig, 
non-sig. 

non-sig, 

non-sig, 

non-sig, 

non-sig, 

non-sig, 
non-sig, 

non-sig, 
non-sig, 
non-sig, 

B e n e f i t s 
b e t t e r d i s p o s a l method 
energy 

S i g n i f i c a n c e 
S i g n i f i c a n t i f 
p r o p o r t i o n >28% 
Marg. S i g n i f i c a n t 
( i n b rackets) i f 
p r o p o r t i o n >18% 

S i g n i f i c a n c e 
S i g n i f i c a n t i f 
p r o p o r t i o n >38% 
Marg. S i g n i f i c a n t 
( i n b rackets) i f 
p r o p o r t i o n >23% 

non- s i g . 
n o n - s i g . 

Chi square and F i s h e r 
Exact t e s t s 
s i g n i f i c a n t i f p<0.05 
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Tabl e 5.9d - Salem I n c i n e r a t o r - I n t e r n a l V a l i d a t i o n of Negative 
B e l i e f s about F a c i l i t y Impacts: Impact B e l i e f Ratings 
and Impact B e l i e f Statements i n the Host Community 

Negative 
Impact 
Ratings 

N=34 

Negative 
Impact 
Statements 

N=34 

A s s o c i a t i o n of 
Impact B e l i e f 
Ratings with 
Impact B e l i e f 
Statements 
N=20-34 

Nuisances 
(noise) 
(odor) 
(view) 
( t r a f f i c ) 

H e a l t h R i s k s 
a i r emissions 

Environmental 
Change 
a i r q u a l i t y 

Economic Impacts 
p r o p e r t y values 

S o c i a l Impacts 
Community Image 

P o l i t i c a l Impacts 
Loss of C o n t r o l 
u n f a i r n e s s 
Loss of co n f i d e n c e 
i n L o c a l Gov't. 
i n owner/operator 

Nuisances s i g n i f i c a n t 

(Health r i s k s ) 
(Health r i s k s ) 

Environmental 
Change 

Economic Impacts 
p r o p e r t y values 

S o c i a l Impacts 
Community Image 

P o l i t i c a l Impacts 
Loss of C o n t r o l 
u n f a i r n e s s 
Loss of conf i d e n c e 

( i n l o c a l Gov't.) 

B e n e f i t s 

l a c k of need 

S i g n i f i c a n c e c r i t e r i a : 
S i g n i f i c a n t i f 
p r o p o r t i o n >38% 
Marg. S i g n i f i c a n t 
( i n b r ackets) i f 
p r o p o r t i o n ) >23% 

s i g n i f i c a n t 
s i g n i f i c a n t 

s i g n i f i c a n t 

s i g n i f i c a n t 

s i g n i f i c a n t 

s i g n i f i c a n t 
s i g n i f i c a n t 

s i g n i f i c a n t 
n o n - s i g . 

non-sig. 

Chi square and F i s h e r 
Exact t e s t s s i g n i f i c a n t 
i f p r o p o r i t o n <0.05 
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frequency and s i g n i f i c a n c e of a s s o c i a t i o n between impact r a t i n g s 

and statements of these impacts on the oth e r , i n d i c a t e s a 

s i g n i f i c a n t d i f f e r e n c e between the concerns about a g e n e r i c waste 

f a c i l i t y and the impact b e l i e f s about a s p e c i f i c f a c i l i t y . T h i s 

d i f f e r e n c e w i l l be f u r t h e r d i s c u s s e d i n the next s e c t i o n . 

The second v a l i d i t y check was performed on the responses to 

two q u e s t i o n s about a t t i t u d e s about the f a c i l i t y as a neighbor i n 

the community. Respondents were asked f i r s t to rank the 

d e s i r a b i l i t y of s i x f a c i l i t i e s , then to r a t e (on a s c a l e of -4 to 

+4) the d e s i r a b i l i t y of each of s i x f a c i l i t i e s as neighbors i n 

t h e i r community. For i n t e r n a l c o n s i s t e n c y , there should appear 

some s i g n i f i c a n t rank-order c o r r e l a t i o n as measured by the 

non-parametric Goodman - K r u s k a l gamma c o r r e l a t i o n f a c t o r (Roscoe, 

1975) . 

Th i s v a l i d i t y t e s t of a t t i t u d e s i s somewhat hampered by the 

few complete responses to both the rankin g q u e s t i o n and to the 

a t t i t u d e r a t i n g q u e s t i o n (Tacoma N = 25 and 23, Salem N = 22 and 

17). The rough v a l i d i t y t e s t i s furthermore hampered by the 

i n c o m p a t i b i l i t y of a rank order and a r a t i n g s c a l e . Although both 

are measured on o r d i n a l s c a l e s , the r a t i n g allows f o r t i e s and 

pr o v i d e s some i n d i c a t i o n of s t r e n g t h i n the d i f f e r e n c e of r a t i n g s . 

T h e r e f o r e , the Goodman - K r u s k a l gamma t e s t was used. The r e s u l t s 

are summarized i n Table 5.10 below f o r the combined samples i n 

Tacoma and Salem by host, c o n t r o l and t o t a l samples. 

The r e s u l t s show s i g n i f i c a n t c o r r e l a t i o n i n the combined 

samples. Thus, respondents appear t o answer s i m i l a r l y the two 

independent q u e s t i o n s about a t t i t u d e towards f a c i l i t i e s . The 
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Table 5.10 - I n t e r n a l V a l i d a t i o n through Rank-order C o r r e l a t i o n 
between A t t i t u d e Ranking and Ra t i n g of F a c i l i t i e s 

C o r r e l a t i o n of Two A t t i t u d e V a r i a b l e s 

Host 

N=37-43 

C o n t r o l 

26-32 

Host and C o n t r o l 

66-75 -

G r a v e l P i t 
L a n d f i l l 
E l e c t r i c a l 
Power P l a n t 
Garbage 
Burner 
Chemical 
P l a n t 
Hazard. 
Waste 
F a c i l i t y 

n on-sig. 
s i g n i f i c a n t 

s i g n i f i c a n t 

s i g n i f i c a n t 

n o n - sig. 

marg.-sig. 

s i g n i f i c a n t 
n o n - s i g . 

marg.-sig. 

s i g n i f i c a n t 

s i g n i f i c a n t 

s i g n i f i c a n t 

s i g n i f i c a n t 
s i g n i f i c a n t 

s i g n i f i c a n t 

s i g n i f i c a n t 

s i g n i f i c a n t 

s i g n i f i c a n t 

Goodman K r u s k a l Gamma s i g n i f i c a n t at 95%, m a r g i n a l l y s i g n . at 90% 
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v a l i d a t i o n i n d i c a t e s t h a t the sample w e l l r e p r e s e n t s the t y p i c a l 

host community but s l i g h t l y over-emphasizes more educated, higher 

income households. These d i s c r e p a n c i e s are not a s s o c i a t e d with 

the p h y s i c a l impact f o o t p r i n t s , and o n l y s l i g h t l y c o r r e l a t e with 

the r e s u l t s on p e r c e p t i o n of impacts. Two separate responses on 

a t t i t u d e about waste f a c i l i t i e s are c o n s i s t e n t f o r the combined 

samples i n Tacoma and Salem. 

The a n a l y s i s of the r e s u l t s proceeds i n the f o l l o w i n g s e c t i o n 

based on these v a l i d a t i o n r e s u l t s . 

5.3.2 Impact B e l i e f s 

Spontaneous B e l i e f s 

Spontaneous b e l i e f s about waste f a c i l i t i e s were coded and 

compiled i n t o impact c a t e g o r i e s f o r host and c o n t r o l respondents 

at each s i t e (see Appendix 5.B.1 f o r coding l i s t ) . The concern or 

b e n e f i t i s s i g n i f i c a n t (at 95% c o n f i d e n c e l e v e l ) i f a t l e a s t 15% 

of the respondents l i s t the impact at a sample s i z e of 30 per 

community group. 

Furthermore, the frequency r a t i o s of host and c o n t r o l group 

s a l i e n t b e l i e f s were analysed f o r s i g n i f i c a n t d i f f e r e n c e s . The 

r e s u l t s are l i s t e d i n Table 5.11 f o r the l a n d f i l l and i n c i n e r a t o r 

s i t e s . L a n d f i l l s generate spontaneous concerns about odors, 

t r a f f i c , b i r d s , water contamination and e x p l o s i o n r i s k s , with 

convenience of d i s p o s a l as a b e n e f i t . I n c i n e r a t o r s cause concerns 

about n o i s e , odors, t r a f f i c , a i r emissions and q u a l i t y with 

b e n e f i t s of energy p r o d u c t i o n and the advantage of being b e t t e r 

than other d i s p o s a l methods. 



Table 5.11 - Spontaneous Concerns and B e n e f i t s about Waste 
F a c i l i t i e s 

a. Tacoma L a n d f i l l 
P r o p o r t i o n of respondents who mention these concerns and b e n e f i t s 

Concerns/ Community 
B e n e f i t s Host C o n t r o l D i f f e r e n c e 

of P r o p o r t i o n s 
Nuisances N=33 N=28 
odor 58% 82% HC<CC s i g . 
noise (<18%) (21%) marg.sig. 
t r a f f i c 33% 43% non-sig. 
b i r d s (20%) 40% HC<CC s i g . 

Health 
water 
emissions 27% 29% non-sig. 
e x p l o s i o n 
r i s k 24% 32% non-sig. 

B e n e f i t s 
convenient 
d i s p o s a l 40% (21%) HOCC s i g . 

b. Salem I n c i n e r a t o r 
P r o p o r t i o n of respondents who mention these concerns and b e n e f i t s 

Community 
Host C o n t r o l D i f f e r e n c e 

of P r o p o r t i o n s 
Nuisances N=34 N=23 
noise 32% (22%) non-sig. 
odor 35% 61% HC<CC s i g . 
t r a f f i c 29% 35% non-sig. 

Health -

a i r 
emissions (21%) 35% non-sig. 

General 
Environment 
a i r q u a l i t y 32% 44% non-sig. 

Economic 
property 
values — (22%) marg.sig. 

B e n e f i t s 
energy - (22%) HC<CC s i g . 
b e t t e r 
method (18%) 26% non-sig. 

Legend: HC=host comunity, CC=control comunity, 
Impacts are s i g n i f i c a n t i f p r o p o r t i o n i s at l e a s t 23%, 
m a r g i n a l l y s i g n i f i c a n t at or over 18% are i n brackets ( ) 
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N o t i c e a b l y , n o n - p h y s i c a l impacts (economic, s o c i a l and 

p o l i t i c a l f a c t o r s ) are not s i g n i f i c a n t l y mentioned at a l l . As 

p r e d i c t e d , the host-community mentions some t y p i c a l impacts 

s i g n i f i c a n t l y l e s s f r e q u e n t l y than the c o n t r o l respondents. But, 

i n g e n e r a l , the s a l i e n t impact b e l i e f s about waste f a c i l i t i e s are 

s i m i l a r among host and c o n t r o l respondents. Odors at i n c i n e r a t o r s 

were not d e t e c t e d , but are a s a l i e n t b e l i e f among host and c o n t r o l 

r e s i d e n t s . 

S p e c i f i c B e l i e f s 

The s p e c i f i c impact b e l i e f s are s e p a r a t e l y i n d i c a t e d by 

r a t i n g s and statements. For the p r o p o r t i o n of ne g a t i v e b e l i e f s to 

be s t a t i s t i c a l l y s i g n i f i c a n t a t the 95% co n f i d e n c e l e v e l and 

sample s i z e s of 25 to 34, at l e a s t 38% of respondents must r a t e 

t h e i r b e l i e f s as n e g a t i v e . To achieve marginal s i g n i f i c a n c e , 23% 

of the respondents must c o n s i d e r the impact n e g a t i v e . T h i s 

s t r i n g e n t c r i t e r i o n was a p p l i e d here to reduce the p o t e n t i a l b i a s 

of a s m a l l f r a c t i o n of u n d i f f e r e n t i a t e d n e g a t i v e r a t i n g s 

throughout the l i s t . The s i g n i f i c a n t s p e c i f i c impact b e l i e f s are 

summarized i n Table 5.12. 

At the l a n d f i l l , nuisances ( n o i s e , odor, view, l i t t e r , 

t r a f f i c and a n i m a l s ) , h e a l t h r i s k s ( a i r and water e m i s s i o n s ) , 

environmental change ( a i r and water q u a l i t y , w i l d l i f e h a b i t a t ) , 

p r o p e r t y v a l u e s , community image and c o n t r o l are p e r c e i v e d to be 

a f f e c t e d by the f a c i l i t y . 

At the i n c i n e r a t o r , odor and view, a i r emissions and q u a l i t y , 

p r o p e r t y v a l u e s , community image, c o n t r o l , f a i r n e s s and c o n f i d e n c e 

i n government, f a c i l i t y owner and environmental agency are 
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T a b l e 5.12a - Tacoma L a n d f i l l - Impact B e l i e f Ratings and 
Connection with A t t i t u d e and Annoyance about the 
Waste F a c i l i t y 

Type of 
Impacts 

N=19-25 

Percentage 
of Respondents 
with Negative 
B e l i e f s 
% n e g a t i v e 

C o r r e l a t i o n 
of Impact 
B e l i e f s on 
A t t i t u d e 
(G-K Gamma) 

N=24 

Ranking 
of c o r 
r e l a t i o n 
S t r ength 

A s s o c i a t i o n of 
Impact B e l i e f 
R atings with 
Annoyance about 
Waste F a c i l i t y 

N=20-26 

Nuisances 
n o i s e 
odor 
view 
l i t t e r 
t r a f f i c 
animals 

(24.2%) 
(30.3%) 
(24%) 
(24%) 
(30%) 
42% 

0.54 
0.56 
non-s i g . 
non-sig. 
non-sig, 
0.69 
0.72 

(2) 
(5) 

(2) 
(1) 

non-sig. 
s i g n i f i c a n t 
n o n - s i g . 
h i g h - s i g . 
n o n-sig. 
n o n - s i g . 

H e a l t h R i s k s 
a i r emissions(33%) 
water 
emissions 52% 

Environmental 
Change 
a i r q u a l i t y (36%) 
water q u a l i t y 39% 
w i l d l i f e 
h a b i t a t (30%) 

non-sig, 

non-sig, 

non-sig, 
non-sig, 

0.57 (3) 

s i g n i f i c a n t 

s i g n i f i c a n t 

n o n - s i g . 
marg.-sig. 

n o n - s i g . 

Economic 
P r o p e r t y 
Values (30%) 0.57 (3) n o n - s i g . 

S o c i a l 

Image 

P o l i t i c a l 

39% non-sig. non-sig. 

Loss of 
C o n t r o l 

U n f a i r n e s s 

(27%) non-sig, 

non-sig, 

n o n - s i g . 

marg.sig, 

S i g n i f i c a n t i f over 
38% n e g a t i v e , 
Marg. s i g n i f i c a n t 
( i n brackets) i f 
over 23% 

Goodman-Kruskal 
Gamma s i g n i f i c a n t 
at 95% 

Chi-square 
s i g n i f i c a n t a t 
95% 
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Table 5.12b - Tacoma L a n d f i l l - Impact B e l i e f Statements 
and Connections with A t t i t u d e and Annoyance 
about Waste F a c i l i t y 

Type of 
Impacts 

P e r c e n t a g e 
of Respondents 
w i t h N e g a t i v e 
B e l i e f s 
% n e g a t i v e 

N=28-29 

Nuisances 66% 

Health r i s k s 45% 

Environmental 
Change 

Pr o p e r t y 
Values 

Image 

Loss of 
C o n t r o l 

( U n f a i r ) 

52% 

41% 

41% 

50% 

(31%) 

Lack of 
Information 41% 

Lack of 
b e n e f i t s 59% 

C o r r e l a t i o n 
of B e l i e f 
Statements 
on A t t i t u d e 
(G-K Gamma) 

N=24 

0.54 

0.53 

0.49 

0.47 

0.56 

n o n - s i g . 

n o n - s i g . 

n o n - s i g . 

n o n - s i g . 

4 5 
Ranking A s s o c i a t i o n of 
of Cor- Impact B e l i e f s 
r e l a t i o n with Annoyance 
Strength about F a c i l i t y 

(2) 

(3) 

(4) 

(5) 

(1) 

N=16-27 

s i g . 

marg.sig. 

n o n - s i g . 

s i g n i f i c a n t 

s i g n i f i c a n t 

s i g n i f i c a n t 

s i g n i f i c a n t 

n o n - s i g . 

s i g n i f i c a n t 

S i g n i f i c a n t i f over 
38% n e g a t i v e , 
m a r g i n a l l y s i g n i f i c a n t 
( i n b r a c k e t s ) 
at over 23% 

Goodman-Kruskal 
Gamma s i g n i f i c a n t 
a t 95% 

Chi-square 
s i g n i f i c a n t a t 
95% 
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a f f e c t e d i n r e s i d e n t s ' b e l i e f s . 

In c o n t r a s t to the focus on p h y s i c a l impacts i n the s a l i e n t 

impact b e l i e f s , the s p e c i f i c impact b e l i e f s comprise elements i n 

a l l p h y s i c a l and n o n - p h y s i c a l c a t e g o r i e s , i n c l u d i n g the economic 

impacts on p r o p e r t y v a l u e s , s o c i a l impacts on community image, 

p o l i t i c a l impacts through l o s s of c o n t r o l and of c o n f i d e n c e , and 

u n f a i r n e s s . 

S p e c i f i c Impact B e l i e f s and A t t i t u d e about the F a c i l i t i e s 

The i n f l u e n c e of the s p e c i f i c b e l i e f s on the a t t i t u d e about 

the waste f a c i l i t i e s were t e s t e d by the Goodman - K r u s k a l rank -

c o r r e l a t i o n a n a l y s i s . Two s e t s of rank - c o r r e l a t i o n t e s t s were 

used to accommodate the d i f f e r e n t f o c i and the d i f f e r e n t s c a l e s 

of the q u e s t i o n s . B e l i e f statement responses were used to t e s t 

c o r r e l a t i o n s of g e n e r a l p h y s i c a l impact c a t e g o r i e s (nuisances, 

h e a l t h , environmental change) and of n o n - p h y s i c a l impacts with 

a t t i t u d e , whereas s p e c i f i c b e l i e f r a t i n g s were used to c o r r e l a t e 

the e f f e c t s of s p e c i f i c p h y s i c a l impacts ( n o i s e , odor, e t c . ) with 

a t t i t u d e . T h i s approach was taken because the s p e c i f i c b e l i e f 

r a t i n g r e s u l t s were l e s s r e l i a b l e . The r e s u l t s are l i s t e d i n 

columns 2 of the Table 5.12 f o r the a t t i t u d e r a t i n g s about each 

waste f a c i l i t y . 

The s t r e n g t h of the rank-order c o r r e l a t i o n i s i n d i c a t i v e of 

the s i g n i f i c a n c e of i n d i v i d u a l b e l i e f s f o r the r e s u l t i n g a t t i t u d e . 

Thus, s i g n i f i c a n t rank order c o e f f i c i e n t s are l i s t e d i n columns 2 

of T a bles 5.12a to d with the rank of t h e i r magnitude (1 f o r the 

h i g h e s t c o r r e l a t i o n , 2 f o r the next, e t c . ) . At the l a n d f i l l , 

image impacts rank h i g h e s t , f o l l o w e d by nuisances, h e a l t h r i s k s , 
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environmental change and p r o p e r t y v a l u e s . At the i n c i n e r a t o r , the 

l o s s of c o n t r o l ranks h i g h e s t , f o l l o w e d by h e a l t h r i s k s , p r o p e r t y 

v a l u e , image impacts, nuisances, u n f a i r n e s s , l a c k of need and 

environmental change. At both s i t e s , n o n - p h y s i c a l ( c o n t r o l and 

image) impacts rank h i g h l y i n c o r r e l a t i o n with the a t t i t u d e about 

the f a c i l i t y . 

F i n a l l y , s i g n i f i c a n t impact b e l i e f s were t e s t e d f o r 

a s s o c i a t i o n with annoyance about the f a c i l i t y (on column 3 of 

Tables 5.12a to d ) . Many s i g n i f i c a n t n e g a t i v e impact b e l i e f s are 

a s s o c i a t e d with annoyance, but more so at the i n c i n e r a t o r s i t e . 

Two c r i t e r i a are c o n s i d e r e d important f o r t e s t i n g a c a u s a l 

connection between impact b e l i e f s and r e s u l t i n g a t t i t u d e : a 

s i g n i f i c a n t percentage of negative b e l i e f s on a t l e a s t one, but 

p r e f e r a b l y on both o p i n i o n and r a t i n g responses, and a s i g n i f i c a n t 

rank - c o r r e l a t i o n with a t t i t u d e . These two c r i t e r i a may 

c o n f l i c t , because s t r o n g l y negative b e l i e f r a t i n g s or a t t i t u d e s 

may be c l u s t e r e d and may t h e r e f o r e not c o n t a i n enough v a r i a t i o n to 

generate a s i g n i f i c a n t r a n k - c o r r e l a t i o n . T h i s may be the reason 

why some of the b e l i e f s with high n e g a t i v e p r o p o r t i o n s do not 

c o r r e l a t e with a t t i t u d e . The s c r u t i n y of the d i s t r i b u t i o n of 

b e l i e f showed no extreme negative skewedness. Hence, the two 

c r i t e r i a do not a c t u a l l y exclude each other i n t h i s case. 

In Tacoma, both c r i t e r i a are met f o r a v a r i e t y of p h y s i c a l 

impacts (nuisances, h e a l t h r i s k s and environmental change), 

p r o p e r t y v a l u e s , and community image. S p e c i f i c p h y s i c a l 

impacts, e.g., n o i s e , t r a f f i c and animals, p r o p e r t y value and 

community image impacts are very s t r o n g . 
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T a b l e 5 .12c - Salem I n c i n e r a t o r - Impact B e l i e f R a t i n g s and 
C o n n e c t i o n to Annoyance about the Waste F a c i l i t y 

Type of 
Impacts 

2 3 4 
Percentage Rank-order Ranking 
of Respondents C o r r e l a t i o n of Cor-
with Negative of B e l i e f r e l a t i o n 
B e l i e f s on A t t i t u d e S trength 
% n egative 

N=23-25 

Nuisances 
n o i s e 
odor 
view 
t r a f f i c 

H e a l t h r i s k s 
a i r emissions 

(32%) 
(33%) 
(40%.) 
( 35%) 

56% 

E n v i r o n m e n t a l 
Change 
a i r q u a l i t y 39% 

Economic Impacts 

60% 
P r o p e r t y 

V a l u e s 

Community 
Image 56% 

P o l i t i c a l Impacts 

L o s s of 
C o n t r o l 

U n f a i r 

64% 

61% 

Lack of 
C o n f i d e n c e 
i n l o c a l g o v t . 65% 
i n owner 50% 
i n e n v i r o n m e n t a l 
agency 58% 

on A t t i t u d e 
(G-K Gamma) 

N=18 

n o n - s i g . 
non-s i g . 
n o n - s i g . 
non-s i g . 

n o n - s i g , 

n o n - s i g . 

n o n - s i g . 

n o n - s i g , 

n o n - s i g . 

n o n - s i g . 

n o n - s i g . 
n o n - s i g . 

n o n - s i g . 

A s s o c i a t i o n of 
Impact B e l i e f s 
with Annoyance 
about F a c i l i t y 

N=20-30 

s i g n i f i c a n t 
s i g n i f i c a n t 
s i g n i f i c a n t 
s i g n i f i c a n t 

s i g n i f i c a n t 

n o n - s i g . 

s i g n i f i c a n t 

s i g n i f i c a n t 

n o n - s i g . 

s i g n i f i c a n t 

n o n - s i g . 
n o n - s i g . 

n o n - s i g . 

S i g n i f i c a n t i f over Goodman-Kruskal C h i - s q u a r e 
38% n e g a t i v e , Gamma s i g n i f i c a n t s i g n i f i c a n t a t 
m a r g i n a l l y s i g n i f i c a n t a t 95% 95% 
( i n b r a c k e t s ) 
a t over 23% 
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Tab l e 5.12d - Salem I n c i n e r a t o r - Impact B e l i e f Statements and 
Connection to Annoyance about the Waste F a c i l i t y 

1 2 
Type of Percentage 
Impacts of Respondents 

with Negative 
B e l i e f s 
% Negative 

N=33-34 

Nuisances 41% 

Heal t h r i s k s (38%) 

Environmental 
Change 39% 

Economic Impacts 

38% 
P r o p e r t y 
Values 

S o c i a l Impacts 

Community 
Image 42% 

P o l i t i c a l Impacts 

Loss of 
C o n t r o l 

U n f a i r 

42% 

44% 

Lack of need, 
b e n e f i t s 56% 

Rank-order Ranking 
C o r r e l a t i o n of Cor-
of B e l i e f s r e l a t i o n 
Statement Strength 
on A t t i t u d e 
(G-K Gamma) 

N=20 

0.69 

0.8 

0.52 

0.78 

0.76 

0.82 

0.68 

n o n - s i g . 

(5) 

(2) 

(8) 

(3) 

(4) 

(1) 

(6) 

A s s o c i a t i o n of 
Impact B e l i e f s 
Statements with 
Annoyance about 
F a c i l i t y 

N=19-30 

h i g h - s i g . 

h i g h - s i g . 

h i g h - s i g , 

s i g n i f i c a n t 

s i g n i f i c a n t 

n o n - s i g . 

s i g n i f i c a n t 

n o n - s i g . 

S i g n i f i c a n t i f over 
38% n e g a t i v e , 
m a r g i n a l l y s i g n i f i c a n t 
at over 23% 

Goodman-Kruskal 
Gamma s i g n i f i c a n t 
at 95% 

Chi-square 
s i g n i f i c a n t a t 
95% 
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In Salem, the f i n d i n g s are somewhat l e s s c o n v i n c i n g because 

many b e l i e f r a t i n g s do not c o r r e l a t e w i t h a t t i t u d e d e s p i t e 

s i g n i f i c a n t n e g a t i v e impact b e l i e f s (see columns 1 and 2 i n T a b l e 

5 .12c and d ) . In c o n t r a s t , most s i g n i f i c a n t s ta tement o p i n i o n s 

c o r r e l a t e w i t h the a t t i t u d e about the garbage b u r n e r . M o r e o v e r , 

heavy i n t e r c o r r e l a t i o n between impact b e l i e f r e s p o n s e s was found 

i n Sa lem. The l a c k of c l e a r d i f f e r e n t i a t i o n among the b e l i e f 

r e s p o n s e s may i n d i c a t e a h a l o e f f e c t among r e s i d e n t s ; t h a t i s , a 

g e n e r a l l y n e g a t i v e a t t i t u d e c a u s i n g a tendency to i n d i c a t e 

n e g a t i v e impact b e l i e f s t h r o u g h o u t . The l a c k of s i g n i f i c a n t 

c o r r e l a t i o n of s p e c i f i c impacts w i t h the a t t i t u d e s u p p o r t s t h i s 

s u s p i c i o n and d i m i n i s h e s the c o n f i d e n c e i n the r e s u l t s i n S a l e m . 

However, the r e s u l t s of both b e l i e f q u e s t i o n s are c o n s i s t e n t and 

the r a n k - c o r r e l a t i o n of the more r e l i a b l e b e l i e f s tatement s e t 

w i t h a t t i t u d e c o n f i r m s some degree of c o r r e l a t i o n f o r p o l i t i c a l 

( c o n t r o l , u n f a i r n e s s , l a c k of c o n f i d e n c e ) , s o c i a l ( image) , 

economic ( p r o p e r t y v a l u e s ) , and p h y s i c a l i m p a c t s . 

R e s p o n d e n t s ' s e l f - r a t e d f a m i l i a r i t y w i t h the waste f a c i l i t i e s 

was measured f o r t h e i r own and f i v e o t h e r types of f a c i l i t i e s . 

The mean and s t a n d a r d d e v i a t i o n v a l u e s are c o n t a i n e d i n T a b l e 

5 . 1 3 a . As e x p e c t e d , hos t community r e s p o n d e n t s ' f a m i l i a r i t y i s 

h i g h e r , w h i l e the s t a n d a r d d e v i a t i o n i s lower than among c o n t r o l 

r e s p o n d e n t s . The d i f f e r e n c e i s more pronounced i n Salem, l i k e l y 

because the t e c h n o l o g y and the f a c i l i t y a r e new. Among none of 

the host or c o n t r o l groups does f a m i l i a r i t y s i g n i f i c a n t l y rank 

c o r r e l a t e ( T a b l e 5.14) w i t h a t t i t u d e about the f a c i l i t i e s . 

S e l f - j u d g e d f a m i l i a r i t y , t h e r e f o r e , i s not a s i g n i f i c a n t i n f l u e n c e 

on hos t - community a t t i t u d e . 
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T a b l e 5.13 - F a m i l i a r i t y and A t t i t u d e about Waste F a c i l i t i e s 

a . Tacoma C i t y L a n d f i l l 

Community D i f f e r e n c e 
Host C o n t r o l of Means 
N=33 N=27 C o n f i d e n c e 

i n t e r v a l a t 
99% 

F a m i l i a r i t y w i t h F a c i l i t y S c a l e from 1 ( u n f a m i l i a r ) to 
7 ( f a m i l i a r ) 

average ( s c a l e 1 to 7) 5.72 5.0 n o n - s i g . 
s t a n d a r d d e v i a t i o n (1 .5) (2 .1) 

A t t i t u d e Ranking on s c a l e of 1 (bes t ) to 6 (worst) 

average 3.48 3.7 . n o n - s i g . 
s t a n d a r d d e v i a t i o n (1 .55) (1 .18) 

R a t i n g on s c a l e of -4 (very u n d e s i r a b l e ) to +4 ( v e r y d e s i r a b l e ) 

average (-4 to +4) - 1 . 6 5 - 2 . 5 7 s i g . 
s t a n d a r d d e v i a t i o n (2 .1) (1 .7) H O C C 

b . Salem I n c i n e r a t o r N=34 N=23 

F a m i l i a r i t y w i t h F a c i l i t y on s c a l e from 1 ( u n f a m i l i a r ) to 7 
( f a m i l i a r ) 
average ( s c a l e 1 to 7) 5.02 3.65 s i g . H O C C 
s t a n d a r d d e v i a t i o n (1 .7) (2 .41) 

A t t i t u d e Ranking on s c a l e of 1 (best ) to 6 (worst) 
average 3.13 3.71 n o n - s i g , 
s t a n d a r d d e v i a t i o n (1.25) (1 .45) 

R a t i n g on s c a l e of -4 (very u n d e s i r a b l e ) to +4 (very d e s i r a b l e ) 
average -0 .53 - 0 . 8 8 n o n - s i g . 
s t a n d a r d d e v i a t i o n (2 .46) (2 .15) 

L e g e n d : HC = host community 
CC = c o n t r o l community 



316 

T a b l e 5.14 - R a n k - o r d e r C o r r e l a t i o n of F a m i l i a r i t y w i t h F a c i l i t y 
and A t t i t u d e about F a c i l i t y 

a . Tacoma 

F a m i l i a r i t y Community G-K Gamma 

Host C o n t r o l s i g n i f i c a n c e a t 95% 

w i t h N=25 20 

A t t i t u d e R a n k - o r d e r c o r r e l a t i o n 

G-K Gammas 

Rank (1 to 6) .164 .254 n o n - s i g . 

N=26 21 

R a t i n g (-4 to +4) - . 075 .161 n o n - s i g . 
b . Salem 

F a m i l i a r i t y Community G-K Gamma 

Host C o n t r o l s i g n i f i c a n c e a t 95% 

w i t h N=22 16 

A t t i t u d e R a n k - o r d e r c o r r e l a t i o n 

G-K Gammas 

Rank (1 to 6) .168 - . 3 9 n o n - s i g . 

N=30 16 

R a t i n g (-4 to +4) .07 .326 n o n - s i g . 
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5 . 3 . 3 P h y s i c a l Impacts and Impact B e l i e f s 

The a s s o c i a t i o n of r e s i d e n t s exposure to o b s e r v e d p h y s i c a l 

impacts (see Chapter 4) on the host community s u r v e y r e s p o n s e s 

would v e r i f y c a u s a l l i n k a g e s between p h y s i c a l impacts and b e l i e f s , 

and would i n d i c a t e c o n n e c t i o n s ( " t r i g g e r s " ) between p h y s i c a l 

impacts and n o n - p h y s i c a l impact b e l i e f s . 

The p h y s i c a l impact l e v e l s were coded a c c o r d i n g to the 

o b s e r v e d p h y s i c a l impacts a t the home l o c a t i o n s of s u r v e y 

r e s p o n d e n t s (see F i g u r e s 4.22 a and b i n C h a p t e r 4 ) . The c o d i n g 

was done l i b e r a l l y by r e c o g n i z i n g a p o s s i b l e impact i n d o u b t f u l 

c a s e s . In p a r t i c u l a r , the view range of the i n c i n e r a t o r was 

extended to d r i v e w a y s and access l a n e s to a r e s i d e n c e . 

The low v a r i a t i o n i n the p h y s i c a l impact codes preempted rank 

c o r r e l a t i o n a n a l y s i s , so the s i m p l e r c h i - s q u a r e and F i s h e r exac t 

t e s t were used to t e s t f o r s i g n i f i c a n t a s s o c i a t i o n s between 

exposure to p h y s i c a l impacts and impact b e l i e f s . S i g n i f i c a n t 

r e l a t i o n s h i p s are l i s t e d i n T a b l e 5.15 f o r the Tacoma and Salem 

s i t e s . Note t h a t the o v e r l a p p i n g impact f i e l d s r e s u l t i n 

m u l t i p l e exposure of c e r t a i n r e s i d e n t s . The r e s u l t i n g c o n n e c t i o n s 

must be i n t e r p r e t e d w i t h c a r e . For example, r e s p o n d e n t s who l i v e 

w i t h i n 1.6 k i l o m e t r e s from the s i t e a r e more l i k e l y to p e r c e i v e 

impacts from n u i s a n c e s , image and l o s s of c o n f i d e n c e . 

The t a b u l a t i o n of r e s u l t s show two p o i n t s : 

1. There i s an unexpected l a c k of c o n s i s t e n t a s s o c i a t i o n 

between p h y s i c a l impacts and p h y s i c a l impact b e l i e f s . 

The dependence of p e r c e i v e d view impacts on p h y s i c a l 
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T a b l e 5.15 - Exposure t o P h y s i c a l Impacts and R e s u l t i n g N e g a t i v e 
Impact B e l i e f s 

a . Tacoma L a n d f i l l 

Exposure to 
P h y s i c a l 
Impacts 

D i s t a n c e 
under 1.6 km 

View 

N o i s e 

Odor 

Impacts t h a t Exposed R e s i d e n t s a r e more l i k e l y to 
p e r c e i v e as N e g a t i v e 

P h y s i c a l 

(rnuisances) 

+view 

+view 

+view 

Economic 

o 

+proper ty 
v a l u e s 

o 

o 

H e a l t h R i s k +view 

b . Salem I n c i n e r a t o r 

S o c i a l 

+image 

o 

o 

P o l i t i c a l 

( r c o n f i d e n c e i n 
l o c a l gov't) 

+loss of f a i r n e s s 

(+loss of 
f a i r n e s s ) 

+ loss of f a i r n e s s 

Exposure to 
P h y s i c a l 
Impacts 

I n d i c a t o r s 

D i s t a n c e 

A s s o c i a t e d R e s i d e n t s ' Negative B e l i e f s 
about F a c i l i t y Impacts 

P h y s i c a l 

(+nuisances) 
under 1.6 km ( + t r a f f i c ) 

View 

Economic S o c i a l P o l i t i c a l 

o o (+loss of 
c o n f i d e n c e i n 

l o c a l g o v ' t 

+ a c c i d e n t o +image +loss of 
r i s k s + c o n f i d e n c e i n 

o w n e r / o p e r a t o r 
(+loss of c o n t r o l ) 

A i r o o o + loss of c o n t r o l 
q u a l i t y + loss of 

c o n f i d e n c e i n 
o w n e r / o p e r a t o r 

+ loss of f a i r n e s s 

C h i - s q u a r e and F i s h e r Exac t T e s t s 
L e g e n d : s i g n i f i c a n t l y a s s o c i a t e d b e l i e f s i f p <or = 0.05 

are marked w i t h a "+" 
m a r g i n a l l y s i g n i f i c a n t l y a s s o c i a t e d b e l i e f s i f 
0.05<p <0.1 a re i n d i c a t e d by (+) 
b e l i e f s w i t h not s i g n i f i c a n t a s s o c i a t i o n a r e 
i n d i c a t e d by " o " 
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v i e w , n o i s e , odor and h e a l t h r i s k s i n Tacoma p r o b a b l y 

o c c u r s because the p h y s i c a l impact b o u n d a r i e s f o r v i e w , 

n o i s e , odor and r i s k c o i n c i d e (see impacts i n F i g u r e 

4 . 2 2 a ) . 

2. There i s a s i g n i f i c a n t a s s o c i a t i o n between p h y s i c a l 

impacts and some n o n - p h y s i c a l impact b e l i e f s , e . g . , 

between view and p r o p e r t y v a l u e s , image, and f a i r n e s s a t 

Tacoma; i n Salem, view and a i r q u a l i t y impacts a r e 

a s s o c i a t e d w i t h l a c k of c o n f i d e n c e , l o s s o f c o n t r o l and 

of f a i r n e s s . 

The r e s u l t s s u p p o r t the c o n n e c t i o n of p h y s i c a l impacts ( t r i g g e r s ) 

w i t h n o n - p h y s i c a l impact b e l i e f s . 

5 . 3 . 4 A t t i t u d e s among Host and C o n t r o l R e s i d e n t s 

The p r e d i c t i o n d e r i v e d from r i s k p e r c e p t i o n (see C h a p t e r 2) 

s t a t e s t h a t h o s t community r e s i d e n t s w i l l t e n d to adapt to the 

f a c i l i t y impacts a n d , hence , be more a c c e p t i n g of the f a c i l i t y 

than c o n t r o l r e s p o n d e n t s , o r , than a hos t community of a d i f f e r e n t 

type of f a c i l i t y . 

T h i s may r e s u l t from s e l f - s e l e c t i o n of l e s s s e n s i t i v e 

r e s i d e n t s who remain i n the host community, w h i l e more s e n s i t i v e 

h o u s e h o l d s move o u t . A l t e r n a t i v e l y , r e s i d e n t s may s h i f t t h e i r own 

b e l i e f - a t t i t u d e s e t to m i n i m i z e the n e g a t i v e impact by a d a p t i n g to 

the f a c i l i t y (see Chapter 3 ) . The a t t i t u d e r a t i n g s and v a r i a n c e s 

among host and c o n t r o l r e s p o n d e n t s a re t a b u l a t e d below ( T a b l e s 

5 .16a and b) f o r both, f a c i l i t i e s . 

The r e s u l t s do not c o n t r a d i c t the p r e d i c t e d p a t t e r n , a l t h o u g h 
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Table 5.16 - A t t i t u d e s about Waste F a c i l i t i e s 

a. Tacoma L a n d f i l l S i t e 

A t t i t u d e R a t i n g on s c a l e of -4 to +4 
of F a c i l i t y 

Community 
L a n d f i l l 
A t t i t u d e 

I n c i n e r a t o r 
A t t i t u d e 

D i f f e r e n c e 
of means 

Host Average (-4 to +4) -1.65 
N=26 Va r i a n c e (4.40) 

C o n t r o l Average (-4 to +4) -2.57 
N=23 Va r i a n c e (2.89) 

D i f f e r e n c e 
of means 

marg.sig. 
(non-sig.) 

-2.04 
(4.84) 

-2.04 
(4.13) 

n o n - s i g . 
(non-sig.) 

n o n - s i g . 
(non-sig.) 

n o n - s i g . 
(non-sig.) 

b. Salem I n c i n e r a t o r S i t e 

A t t i t u d e R a t i n g of F a c i l i t y 

L a n d f i l l 
A t t i t u d e 
( v a r i a n c e ) 

I n c i n e r a t o r 
A t t i t u d e 
( v a r i a n c e ) 

D i f f e r e n c e 
of means 

Host Average (-4 to +4) - 3 . 3 9 
N=30 V a r i a n c e (0 .98) 

-0.53 
(6.05) 

s i g . 
( s i g . ) 

C o n t r o l Average (-4 to +4) - 2 . 5 9 
N=17 V a r i a n c e (5 .13) 

-0.88 
(4.61) 

s i g . 
(non-sig.) 

D i f f e r e n c e 
of means 

marg.sig, 
( s i g . ) 

n o n - s i g . 
(non-sig.) 

D i f f e r e n c e of Means t e s t s i g n i f i c a n t a t 95% 

Boxes i n d i c a t e type of f a c i l i t y i n the host community at t h a t 
l o c a t i o n 



321 

not a l l d i f f e r e n c e s are s t a t i s t i c a l l y s i g n i f i c a n t . Some p o i n t s 

are i n d i c a t i v e t h o u g h : 

1 . Each host community e x p r e s s e s the l e a s t n e g a t i v e a t t i t u d e 

about i t s own f a c i l i t y , (Tacoma-ra tes i t s l a n d f i l l a t 

- 1 . 6 5 , and Salem r a t e s i t s i n c i n e r a t o r a t -0 .53 ) w h i l e 

both are most n e g a t i v e about the o t h e r type of f a c i l i t y 

(Tacoma h o s t r a t e s an i n c i n e r a t o r a t - 2 . 0 4 , w h i l e Salem 

host r a t e s a l a n d f i l l a t - 3 . 3 9 ) . 

2. The n o n - a f f e c t e d communities have the most n e g a t i v e 

a t t i t u d e s about both f a c i l i t i e s , a l t h o u g h the c o n t r o l 

groups may be o n l y s l i g h t l y more n e g a t i v e about t h e i r 

waste f a c i l i t y (Tacoma c o n t r o l r e s p o n d e n t s r a t e a 

l a n d f i l l a t -2 .56 v e r s u s the host g r o u p ' s r a t i n g of - 1 . 6 5 

Salem c o n t r o l r e s p o n d e n t s r a t e an i n c i n e r a t o r a t - 0 . 8 8 

v e r s u s the host group r a t i n g of - 0 . 5 3 ) . 

3. A l t h o u g h h o s t communities a re more p o s i t i v e about t h e i r 

f a c i l i t y than t h e i r r e s p e c t i v e c o n t r o l , the s p r e a d of 

a t t i t u d e s i s wider as i n d i c a t e d by the v a r i a n c e of the 

host (4 .4) v e r s u s c o n t r o l (2.89) i n Tacoma, and host 

(6.05) v e r s u s c o n t r o l (4.61) i n Sa lem. 

5 . 3 . 5 Newspaper R e p o r t s about Waste F a c i l i t i e s and N e g a t i v e 
Impact B e l i e f s among R e s i d e n t s . 

The purpose of t h i s c o n t e n t a n a l y s i s i s to t e s t the i n f l u e n c e 

of media r e p o r t i n g of f a c i l i t y impacts on the impact b e l i e f s among 

r e s i d e n t s . Two i n d i c a t o r s were used to t e s t the i n f l u e n c e of media 

r e p o r t s : 

the number of t imes per week t h a t s u r v e y r e s p o n d e n t s 
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read newspapers and watch news on TV; 

the r a t i o of the frequency of impacts and b e n e f i t s 

mentioned i n newspaper r e p o r t s to the frequency of impact 

b e l i e f s mentioned or r a t e d by r e s i d e n t s i n the survey. 

The f i r s t i n d i c a t o r i s used to t e s t whether newspaper 

contents i s a p o s s i b l e route of o p i n i o n i n f l u e n c e , t h a t i s , 

whether a m a j o r i t y of people read the newspaper f r e q u e n t l y . The 

second i n d i c a t o r i s used to t e s t a p o s s i b l e i n f l u e n c e on impact 

b e l i e f s . Host and c o n t r o l groups' b e l i e f s are not d i f f e r e n t i a t e d 

here, because the s a l i e n t impact b e l i e f s do not s i g n i f i c a n t l y 

d i f f e r ; o n l y the host group's s p e c i f i c impact b e l i e f r a t i n g s and 

statements are c o n s i d e r e d . 

A frequency a n a l y s i s shows that a m a j o r i t y of respondents i n 

both host and c o n t r o l communities r e p o r t r e a d i n g the newspaper 

f i v e or more times per week (Table 5.17a). Thus, newspaper 

r e p o r t s are a probable source of i n f o r m a t i o n t o form impact 

b e l i e f s among r e s i d e n t s . The percentage of respondents who read 

the newspaper and watch TV news more than 5 times per week are 

s i m i l a r f o r a l l groups (see Table 5.17b). Moreover, the c r o s s 

t a b u l a t i o n of newspaper readers and TV news watchers (Table 5.17c) 

shows t h a t about 70 to 87% of frequent TV watchers a l s o f r e q u e n t l y 

read newspapers i n Tacoma and Salem. T h e r e f o r e , newspaper content 

reaches a s u b s t a n t i a l percentage of people i n c l u d i n g a m a j o r i t y of 

those who f r e q u e n t l y watch TV news. Thus by o m i t t i n g the TV 

content a n a l y s i s because of the l i m i t e d time a v a i l a b l e f o r t h i s 

study w i l l not j e o p a r d i z e the s i g n i f i c a n c e of the newspaper 

content a n a l y s i s f o r t e s t i n g media i n f l u e n c e . 
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T a b l e 5.17 - C o n t e n t A n a l y s i s - Waste F a c i l i t y Impacts and 
B e n e f i t s 

a . Newspaper R e a d e r s h i p 

P r o p o r t i o n of R e s i d e n t s 
who r e a d newspaper 
l e s s than more than 
5 t imes 5 t imes 

D i f f e r e n c e 
of p r o p o r t i o n s 
( s i g n i f i c a n t 
a t 95%) 

S i t e / C o m m u n i t y N 

Tacoma Host 29 24.2 % 75.8 % s i g . 

C o n t r o l 24 41.7 % 58.4 % n o n - s i g . 

Salem Host 29 22.7 % 77.3 % s i g . 

C o n t r o l 23 21.6 % 78.3 % s i g . 
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T a b l e 5.17 - C o n t e n t A n a l y s i s 

b . News from Newspaper v e r s u s TV News 

P r o p o r t i o n of R e s i d e n t s 
who per week 
Read paper Watch TV 

D i f f e r e n c e 
of p r o p o r t i o n s 
( s i g n i f i c a n t 

more than 
5 t imes 

more than 
5 t imes 

a t 95%) 

S i t e / C o m m u n i t y N 

Tacoma Host 29 75.8 % 90.0 % n o n - s i g . 

C o n t r o l 23 58.4 % 69.2 % n o n - s i g . 

Salem Host 29 77.3 % 80.7 % n o n - s i g . 

C o n t r o l 25 78.3 % 86.3 % n o n - s i g . 
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T a b l e 5.17 - C o n t e n t A n a l y s i s - Waste F a c i l i t y Impacts and 
B e n e f i t s 

c . C r o s s T a b u l a t i o n of Frequent Paper Readers w i t h F r e q u e n t 
TV News Watchers i n Host Communities 

Tacoma Host Community 

N=29 

TV Watchers 

l e s s than 5 t imes 

more than 5 t imes 

Newspaper Readers 
Frequency per week 

l e s s than 
5 t imes 

0 

7 

more than 
5 t imes 

3 

19 

Salem Host Community 

N=29 

TV News Watchers 

Frequency per week 
l e s s than 5 t imes 

Newspaper Readers 
Frequency per week 

l e s s than 
5 t imes 

more than 
5 t imes 

more than 5 t imes 3 20 



Table 5.18a - Content A n a l y s i s of Newspaper A r t i c l e s about 
L a n d f i l l Comparison of Media Frequency with 
Surveyed Frequency of Impact B e l i e f s 

Mentioned Pro p o r t i o n s of Respondents 
Frequency S i m i l a r to Frequency Mentioned 
% of i n Newspaper A r t i c l e s 
a r t i c l e s 

N= 62 
Nuisances 
- n o i s e 
-odor -
-view -
- l i t t e r 
- t r a f f i c 
-animals 

Health Risks 
- a i r 55% 55% s i m i l a r p r o p o r t i o n 
-water 100% 
- a c c i d e n t 100% 

Environment Change 14.5% 
- a i r q u a l i t y 
-water q u a l i t y 36% 
- w i l d l i f e h a b i t a t 

Economic Impacts 
-property values 52% 
-development -
-employment -
-taxes 
- c o s t s 100% 

48% s i m i l a r p r o p o r t i o n s 

S o c i a l Impacts 
-image 100% 

P o l i t i c a l Impacts 
- c o n t r o l 
- f a i r n e s s 
-confidence 
-owner 
- l o c a l gov't 
- e n v i r o n , agency 

- i n f o r m a t i o n 

23% 

73% 
100% 
33% 

100% 
22% s i m i l a r p r o p o r t i o n s 

B e n e f i t s 
-need/service 27% 
-convenience 
-energy 13% 
- b e t t e r method 

26% s i m i l a r p r o p o r t i o n s 

14 f a c i l i t y impacts are 
f r e q u e n t l y mentioned 

4 of t o t a l 29 impacts are s i m i l a r l y 
f r e q u e n t l y mentioned by respondents 

D i f f e r e n c e s s i g n i f i c a n t at 95% confidence i n t e r v a l 
I n s i g n i f i c a n t f requencies are denoted by -



Table 5.18b 

N= 
Nuisances 
- n o i s e 
-odor 
-view 
- l i t t e r 
- t r a f f i c 
-animals 

Content A n a l y s i s of Newspaper A r t i c l e s about 
I n c i n e r a t o r Comparison of Media Frequency with 
Surveyed Frequency 

Media 
Frequency 
% of 
a r t i c l e s 
161 

Pr o p o r t i o n s of Respondents 
S i m i l a r to Frequency i n Newspaper 
A r t i c l e s 

Health Risks 
- a i r 
-water 
- a c c i d e n t 

37% 23% s i m i l a r frequency 

Environment Change 
- a i r q u a l i t y 
-water q u a l i t y 
- w i l d l i f e h a b i t a t 

18% 

Economic Impacts 
-property values 
-development 
-taxes 
- c o s t s 

24% 
66% 

S o c i a l Impacts 
-image-waste 

- p o l l u t i o n 
48% 

P o l i t i c a l Impacts 
- c o n t r o l 
- f a i r n e s s 21% 
-confidence 
-owner 
- l o c a l gov't 58% 
- e n v i r o n , agency 

- i n f o r m a t i o n 13% 

56% s i m i l a r frequency 

65% s i m i l a r frequency 

B e n e f i t s 
-need/service 22% 
-convenience 
-energy 42% 
- b e t t e r method 16% 
-employment 

18% s i m i l a r frequency 

14 impacts f r e q u e n t l y 
mentioned 

4 of t o t a l 29 impacts are s i m i l a r l y 
f r e q u e n t l y mentioned as negative 
impacts by respondents 

D i f f e r e n c e s s i g n i f i c a n t at 95% confidence i n t e r v a l 
I n s i g n i f i c a n t f r e q u e n c i e s of under 18% are denoted by -
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The second phase c o n s i s t e d of c o m p i l i n g and a n a l y s i n g a l l 

newspaper a r t i c l e s about each waste f a c i l i t y and s i m i l a r 

f a c i l i t i e s i n the l o c a l p r e s s . The time p e r i o d f o r the 

content a n a l y s i s was chosen to cover r e c e n t events up to the time 

of the b e l i e f s and a t t i t u d e survey. 

In Tacoma, the o f f i c i a l l i b r a r y r e c o r ds of the Tacoma News 

Tribune were not a v a i l a b l e ; as a r e s u l t , a t o t a l of 62 a r t i c l e s 

was o b t a i n e d from a p r i v a t e c o l l e c t i o n of Tacoma News Tribune 

r e p o r t s and from a computer search of r e l a t e d S e a t t l e Times 

a r t i c l e s . The a r t i c l e s spanned the p e r i o d of June 1985 to March, 

1987, when the a t t i t u d e survey was completed. 

In Salem, a complete r e c o r d of a l l r e p o r t s i n the Salem 

Statesman - J o u r n a l was copied; 161 a r t i c l e s spanned the e n t i r e 

s i t i n g process from January 1981, to January, 1987, when the 

a t t i t u d e survey was completed. 

The impacts mentioned i n the newspaper a r t i c l e s were coded by 

a r t i c l e . The coding proceeded by i d e n t i c a l c a t e g o r i e s t h a t were 

used to code the s a l i e n t b e l i e f s i n the survey (see Appendix 

5.B1). The p r o p o r t i o n of mentioned impacts was then c a l c u l a t e d by 

d i v i d i n g the recorded f r e q u e n c i e s by the t o t a l number of a r t i c l e s . 

The r e s u l t s show the p r o p o r t i o n (%) of the t o t a l number of 

a r t i c l e s t h a t mention f a c i l i t y impacts. These percentages were 

compared f i r s t , with the p r o p o r t i o n s of s a l i e n t impact b e l i e f s f o r 

combined host and c o n t r o l groups and then with the negative impact 

b e l i e f s r a t i n g s and impact statements among host community 

respondents. The r e s u l t s are summarized i n Table 5.18 below f o r 

those impact and b e n e f i t c a t e g o r i e s that occur i n s i m i l a r 
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f r e q u e n c i e s . The number of s i m i l a r p r o p o r t i o n s ( i n d i c a t e d i n the 

t a b l e s by n o n - s i g n i f i c a n t d i f f e r e n c e s ) between newspaper r e p o r t s 

and impact b e l i e f s p r o p o r t i o n s are summarized below each c o l u m n . 

S i m i l a r p r o p o r t i o n s i n d i c a t e some a s s o c i a t i o n between the 

f r e q u e n c y of mention i n newspaper r e p o r t s and among r e s i d e n t s ' 

impact b e l i e f s . 

In none of the b e l i e f c a t e g o r i e s does the p r o p o r t i o n of 

i n s i g n i f i c a n t d i f f e r e n c e s exceed 25%; the f r e q u e n c y of s i m i l a r 

p r o p o r t i o n s ranges between 15 and 20%. News c o n t e n t and s p e c i f i c 

b e l i e f s a re i n s i g n i f i c a n t l y d i f f e r e n t f o r t h r e e impacts a t each 

s i t e : a i r e m i s s i o n s , p r o p e r t y v a l u e s and l a c k of c o n f i d e n c e i n the 

e n v i r o n m e n t a l agency i n Tacoma, and h e a l t h r i s k s from a i r 

e m i s s i o n s , community image and l a c k of c o n f i d e n c e i n the l o c a l 

government impacts i n Salem. 

T h i s b r i e f a n a l y s i s shows v e r y l i t t l e c o n s i s t e n t c o n n e c t i o n 

between newspaper c o n t e n t and waste f a c i l i t y impacts and the 

p a t t e r n s of impact b e l i e f s among r e s p o n d e n t s i n host and c o n t r o l 

c o m m u n i t i e s . A l t h o u g h news r e p o r t s may exaggerate u n d e r l y i n g 

b e l i e f s , t h i s e f f e c t may have a h i g h l y s e l e c t i v e and i r r e g u l a r 

i n f l u e n c e . The e r r a t i c d i f f e r e n c e s between news c o n t e n t and 

impact b e l i e f s make f u r t h e r a n a l y s i s v e r y d i f f i c u l t w i t h o u t 

s u b s t a n t i a l a d d i t i o n a l t ime and e f f o r t . The r u d i m e n t a r y e v i d e n c e 

p r e s e n t e d here does not i n d i c a t e newspaper coverage t o be 

s i g n i f i c a n t l y a s s o c i a t e d w i t h e i t h e r s a l i e n t or s p e c i f i c b e l i e f s 

about e i t h e r waste f a c i l i t y s i t e . 
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5 . 3 . 6 S u m m a r y - B e l i e f s and A t t i t u d e s about Waste F a c i l i t i e s 

Spontaneous Concerns and B e n e f i t s : 

The spontaneous concerns about waste f a c i l i t i e s i n 

communit ies a re s i m i l a r among host and c o n t r o l c o m m u n i t i e s . The 

c o n c e r n s about l a n d f i l l s i n c l u d e n u i s a n c e s ( n o i s e , o d o r s , t r a f f i c , 

b i r d s ) and h e a l t h hazards (water c o n t a m i n a t i o n and e x p l o s i o n 

r i s k s ) ; b e n e f i t s comprise the c o n v e n i e n c e of d i s p o s a l (see F i g u r e 

5 . 2 , upper r i g h t hand b o x ) . 

The spontaneous b e l i e f s about the garbage burner f o c u s on 

n o i s e , o d o r , t r a f f i c , a i r q u a l i t y i m p a c t s , and on the b e n e f i t s of 

energy r e c o v e r y t see F i g u r e 5 . 3 ) . C o n t r o l - r e s p o n d e n t s v a l u e the 

energy r e c o v e r y from the garbage burner more than the 

h o s t - r e s p o n d e n t s , but the h o s t - r e s i d e n t s near the l a n d f i l l 

r e c o g n i z e the c o n v e n i e n c e o f waste d i s p o s a l more than the 

c o n t r o l s . 

The spontaneous c o n c e r n s were f a i r l y c o n s i s t e n t w i t h o b s e r v e d 

p h y s i c a l e m i s s i o n s , except f o r the c o n c e r n about odor a t the 

garbage b u r n e r , where none was d e t e c t e d . T h u s , t h i s c o n c e r n among 

h o s t - r e s i d e n t s appears to be a remnant of commonly h e l d b e l i e f s 

about odors from waste f a c i l i t i e s . 

Impact B e l i e f s and R e s u l t i n g A t t i t u d e s about F a c i l i t i e s : 

L a n d f i l l : A s i g n i f i c a n t p o r t i o n of host -community r e s i d e n t s 

b e l i e v e s t h a t the l a n d f i l l harms the community image, causes 

s e r i o u s n u i s a n c e s , h e a l t h h a z a r d s , and g e n e r a l e n v i r o n m e n t a l 

d e g r a d a t i o n , and d e p r e c i a t e s p r o p e r t y v a l u e s . The r e s u l t i n g 

a t t i t u d e s depend on the f o l l o w i n g impact b e l i e f s ( i n d e s c e n d i n g 

o r d e r of i m p o r t a n c e , see F i g u r e 5 . 2 ) : 
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Observed Physical Impacts 
at Tacoma L a n d f i l l 

Spontaneous Beliefs about 
Impacts at Generic Landfills 

Odor 
Birds 
Tr a f f i c 

Water Emissions 
Gas Migration 

Odor 
Birds 
Tr a f f i c 

Water Pollution 
Explosion Risks 

+Convenient 
Disposal 

Specific Beliefs about Impacts 
at Tacoma La n d f i l l 

Physical 
Nuisances 
Noise 
T r a f f i c 
View 
Birds 

Environment 
Change 
Wildlife 
Habitats 

2./3./4. 

Economic 
Property 
Value Loss 

Social 
Harm to 
Corimunity 
Image 

La n d f i l l 
Attitude 
Rating 
- 1.65 

(-4 to +4) 

P o l i t i c a l 
Loss of 
Control 
Lack of 
Information 

Benefits 
Lack of 
Benefits 

F i g u r e 5.2 - Tacoma L a n d f i l l - Summary of Impacts, B e l i e f s and 
A t t i t u d e s 
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Observed Physical Impacts 
at Salem Incinerator 

View of Stack and Plume 
(Noise) 

A i r Quality Change 

Spontaneous Beliefs about 
Impacts at Generic Incinerators 

Odors 
Noise 
Tr a f f i c 

A i r Pollution 

+Energy Recovery 

Specific Beliefs about Impacts 
at Salem Incinerator 

Physical 

Nuisances 
View 

Health Risk 
Air 
Quality 

Economic 

Property 
Value Loss 

5./2./8. 

Social 

Harm to 
Community 
Image 

P o l i t i c a l 

Loss of 
Control 

Unfairness 

1./6. 

Benefits 

Lack of 
Need 

Incinerator^ 
Attitude 
Rating 
- 0.52 
(+4 to -4), 

F i g u r e 5.3 - Salem Incinerator-Summary of Impacts, B e l e i f s 
and A t t i t u d e 
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1 . image impact 

2. nuisances (noise t r a f f i c , b i r d s ) 

3. h e a l t h r i s k s (water contamination) 

4. environmental impact ( w i l d l i f e ) 

5. economic impact through p r o p e r t y v a l u e l o s s e s 

Because most r e s i d e n t s moved i n a f t e r the s i t i n g and 

beginning of the o p e r a t i o n 25 years ago, the e f f e c t s of the s i t i n g 

process ( l o s s of c o n t r o l and f a i r n e s s ) are not pronounced any 

more. The absence of s i g n i f i c a n t s i t i n g process impacts i s 

t h e r e f o r e expected. R e s i d e n t s ' b e l i e f s about s p e c i f i c nuisances 

and h e a l t h r i s k s are c l e a r l y i d e n t i f i e d and l i n k e d to p h y s i c a l 

e m i s s i o n s . But b e l i e f s about image and p r o p e r t y v a l u e impacts are 

a l s o a s s o c i a t e d with p h y s i c a l i n d i c a t o r s , i . e . , with view and 

d i s t a n c e from the s i t e . Newspaper content was not shown to 

a s s o c i a t e with r e s i d e n t s impact b e l i e f s . 

I n c i n e r a t o r : R e s i d e n t s ' a t t i t u d e s about the i n c i n e r a t o r 

depend on the f o l l o w i n g impact b e l i e f s about the f a c i l i t y i n 

descending order of importance, (see F i g u r e 5 . 3 ) . 

1 . l o s s of c o n t r o l 

2. h e a l t h r i s k s due to a i r emissions 

3. p r o p e r t y value l o s s e s 

4. image impact 

5. nuisance (view) 

6. l o s s of f a i r n e s s 

7. l a c k of need 

8. environmental change i n a i r q u a l i t y . 

Although p h y s i c a l impacts ( h e a l t h hazards and nuisances) are 

s i g n i f i c a n t , the p o l i t i c a l impacts, along with image and p r o p e r t y 
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v a l u e l o s s e s , a re more i m p o r t a n t a t t h i s new f a c i l i t y . T h i s i s 

l i k e l y due to the v e r y r e c e n t s i t i n g e x p e r i e n c e between 1983 and 

1985. 

The c o n c e r n s about p h y s i c a l e f f e c t s a r e l e s s s p e c i f i c a t the 

garbage burner because t h e r e a r e fewer o b v i o u s n u i s a n c e s , except 

f o r the mere view of the p l a n t . The b e l i e f s about s p e c i f i c 

p h y s i c a l impacts do not depend on the d e t e c t e d p h y s i c a l e f f e c t s 

( r e s i d e n t s who b e l i e v e t h e r e i s a n e g a t i v e view are not 

n e c e s s a r i l y exposed to the a c t u a l v i e w ) , but b e l i e f s about 

n o n - p h y s i c a l i m p a c t s , such as image, f a i r n e s s , l o c a l c o n t r o l , and 

c o n f i d e n c e i n the o w n e r / o p e r a t o r , c o r r e s p o n d w i t h the p h y s i c a l 

view of the f a c i l i t y . Newspaper c o n t e n t d i d not a s s o c i a t e w i t h 

the r e s i d e n t s impact b e l i e f s . 

A t t i t u d e s : H o s t - c o m m u n i t i e s t e n d to r a t e waste f a c i l i t i e s 

h i g h e r than c o n t r o l g r o u p s , but the s p r e a d among h o s t - r e s i d e n t s ' 

a t t i t u d e s i s w i d e r . A l l g r o u p s , except the l a n d f i l l 

h o s t - c o m m u n i t y , r a t e the i n c i n e r a t o r more f a v o r a b l y than the 

l a n d f i l l . However, both f a c i l i t i e s are c o n s i d e r e d u n d e s i r a b l e 

n e i g h b o r s . 

In summary, the r e s u l t s from the a n a l y s i s s u p p o r t the 

f o l l o w i n g c o n c l u s i o n s : 

1 . There i s a c o n n e c t i o n between f a c i l i t y p h y s i c a l impacts 

and r e s i d e n t s ' s a l i e n t and s p e c i f i c b e l i e f s about 

f a c i l i t y i m p a c t s . S a l i e n t impacts comprise o n l y o b v i o u s 

p h y s i c a l i m p a c t s , such as n u i s a n c e s , and h e a l t h r i s k s 

from water and a i r e m i s s i o n s . The s p e c i f i c b e l i e f s , 

however, i n c l u d e the e n t i r e s e t of p h y s i c a l and 
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n o n - p h y s i c a l impacts i n c l u d i n g economic, s o c i a l and 

p o l i t i c a l impacts. Thus, u n d e r l y i n g the obvious and w e l l 

documented impacts i s a l a r g e r s e t of b e l i e f s about waste 

f a c i l i t y impacts t h a t cannot be e n t i r e l y addressed by 

p h y s i c a l methods. 

2. The p e r c e p t i o n of n o n - p h y s i c a l impacts depends on the 

exposure t o obvious p h y s i c a l impacts. Thus, the impacts 

on community image, c o n t r o l , p r o p e r t y values e t c . 

i n c r e a s e i f people are exposed to view, odor, n o i s e e t c . 

Apparent p h y s i c a l impacts t r i g g e r p e r c e p t i o n s of 

n o n - p h y s i c a l e f f e c t s more than they do the d i r e c t 

p e r c e p t i o n of the p h y s i c a l impacts. T h e r e f o r e , r e s i d e n t s 

appear to i n t e r p r e t the p e r c e i v e d p h y s i c a l impacts i n 

terms of t h e i r economic p r o p e r t y v a l u e , s o c i a l (image), 

and p o l i t i c a l ( c o n t r o l , f a i r n e s s ) meaning to themselves. 

T h i s has a powerful i m p l i c a t i o n f o r the use of nuisance 

r e d u c t i o n and s c r e e n i n g to s i m u l t a n e o u s l y reduce 

n o n - p h y s i c a l impact b e l i e f s . 

3. Although a t t i t u d e s about f a c i l i t i e s are c o r r e l a t e d with 

impact b e l i e f s , they are not worse i n the a f f e c t e d host 

community than elsewhere. Hence, some form of a d a p t a t i o n 

may take p l a c e . 
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5 . 3 . 7 E f f e c t s of F a c i l i t y Impact B e l i e f s and A t t i t u d e s 
on Neighborhood B e l i e f s and A t t i t u d e s 

The c a u s a l connection between f a c i l i t y impacts b e l i e f s and 

a t t i t u d e with neighborhood b e l i e f s and a t t i t u d e r a t i n g s can be 

t e s t e d by three c r i t e r i a : 

1. The f a c i l i t y impact b e l i e f s and neighborhood r a t i n g s a re 

measured on the same dimensions. The a s s o c i a t i o n between 

these two b e l i e f s on the same dimensions t e s t s whether 

the b e l i e f s about the neighborhood may be a f f e c t e d by the 

f a c i l i t y . 

2. The r a t i n g of s i g n i f i c a n t n e g a t i v e ( i . e . , unacceptable) 

b e l i e f s about the neighborhood on neighborhood r a t i n g 

dimensions can be t e s t e d by the d i f f e r e n c e s of 

p r o p o r t i o n s between host and c o n t r o l neighborhood 

b e l i e f s . 

3. The rank c o r r e l a t i o n of neighborhood b e l i e f r a t i n g s with 

neighborhood a t t i t u d e i n d i c a t e s an i n f l u e n c e of b e l i e f s 

on a t t i t u d e . 

The second c o n d i t i o n i s the l e a s t i n d i c a t i v e , because 

f a c i l i t y impacts may simply d i m i n i s h neighborhood b e l i e f r a t i n g s 

without making c o n d i t i o n s "unacceptable;" that i s , a l o s s may occur 

without the s i t u a t i o n becoming i n t o l e r a b l e . In f a c t , l e s s than 

a c c e p t a b l e c o n d i t i o n s would c o n s t i t u t e a reason to move f o r some 

r e s i d e n t s and would through s e l f - s e l e c t i o n of l e s s s e n s i t i v e 

r e s i d e n t s r e s u l t i n an o v e r a l l b e t t e r average r a t i n g i n the 

community. The values of these i n d i c a t o r v a r i a b l e s are t a b u l a t e d 

i n T a b les 5.19 and 5.20 f o r the l a n d f i l l s i t e i n Tacoma and i n 

Tables 5 .21 and 5.22 f o r the i n c i n e r a t o r i n Salem. 
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In Tacoma, v e r y few impact d i m e n s i o n s e x h i b i t enough 

a s s o c i a t i o n to c o n f i r m some c o n n e c t i o n : n o i s e , odors and a i r 

q u a l i t y , w i l d l i f e h a b i t a t impacts and l o s s of c o n f i d e n c e come the 

c l o s e s t because they meet c r i t e r i a (1) and (3) ( a b o v e ) . W h i l e 

many n e i g h b o r h o o d r a t i n g s rank - c o r r e l a t e w i t h n e i g h b o r h o o d 

a t t i t u d e , ( n o i s e , o d o r , v i e w , a i r and water c o n t a m i n a t i o n , 

r e s o u r c e s , development , l o s s o f c o n f i d e n c e i n the l o c a l 

government , l o s s of f a i r n e s s and l o s s of i n f o r m a t i o n about 

d e v e l o p m e n t ) , many of these d i m e n s i o n s l a c k a t l e a s t one o t h e r 

c o n n e c t i o n . T h u s , o v e r a l l , the e f f e c t s of l a n d f i l l impact b e l i e f s 

on b e l i e f s and a t t i t u d e s about the h o s t n e i g h b o r h o o d are s m a l l , 

because o n l y odor and a i r q u a l i t y impacts c o n s i s t e n t l y meet ing a l l 

t h r e e c r i t e r i a . T h i s i s c o r r o b o r a t e d by the l a c k of s i g n i f i c a n t 

d i f f e r e n c e i n n e i g h b o r h o o d a t t i t u d e between h o s t and c o n t r o l 

groups and by the l a c k of c o r r e l a t i o n between h o s t community 

a t t i t u d e s about the f a c i l i t y and a t t i t u d e s about the n e i g h b o r h o o d 

(see T a b l e 5 . 2 0 a ) . 

In Salem, complete c o n n e c t i o n s of impact b e l i e f s and 

n e i g h b o r h o o d a t t i t u d e e x i s t f o r a i r c o n t a m i n a t i o n , a i r q u a l i t y , 

employment, n e i g h b o r h o o d image i m p a c t s , l a c k of f a i r n e s s and l o s s 

of c o n f i d e n c e i n the l o c a l government . A l l of these a re 

s i g n i f i c a n t n e g a t i v e impact b e l i e f s among host r e s i d e n t s (see 

T a b l e 5 . 1 2 c ) . 

A l t h o u g h host and c o n t r o l r e s p o n d e n t s r a t e t h e i r a t t i t u d e s 

about t h e i r ne ighborhoods s i m i l a r l y (see T a b l e 5 . 2 3 ) , the h o s t 

r e s p o n d e n t s ' a t t i t u d e about the i n c i n e r a t o r rank - c o r r e l a t e s 

s i g n i f i c a n t l y w i t h t h e i r n e i g h b o r h o o d a t t i t u d e (G-K gamma = 0 .55 , 



Table 5.19 - Tacoma L a n d f i l l - A s s o c i a t i o n of F a c i l i t y B e l i e f s 
with B e l i e f s and A t t i t u d e s about Neighborhood 

Impacts 

Nuisances 

Neighborhood 
B e l i e f s 
(negative) 

N=33 

A s s o c i a t i o n of 
Neighborhood 
B e l i e f s with 
Negative Impact 
B e l i e f s about 
L a n d f i l l 
N=20-23 

Noise 
Odor 
View 
L i t t e r 
T r a f f i c 
Animals 

n . s i g . 
n. s i g . 
n . s i g . 
n . s i g . 
n . s i g . 
n . s i g . 

s i g . (•—) 
s i g . (*—) 
n . s i g . 
n . s i g . 
n . s i g . 
n . s i g . 

Health Risks 

a i r p o l l u t i o n 
water p o l l u t i o n 
a c c i d e n t r i s k s 

n . s i g . 
n . s i g . 
n . s i g . 

n . s i g . 
n . s i g . 
n . s i g . 

Environmental Change 

a i r q u a l i t y 
water q u a l i t y 
w i l d l i f e hab. 

n . s i g . 
n . s i g . 
23% 

s i g . (* ) 
n . s i g . 
s i g . « 

Economic Impacts 

Property Values 
Development 
Employment 
Taxes 

n . s i g . 
n . s i g . 
25% 
23% 

n . s i g . 
n . s i g . 
n . s i g . 
n. s i g . 

S o c i a l Impacts 

Image n . s i g . n . s i g . 

P o l i t i c a l Impacts 

C o n t r o l 
Confidence 
L o c a l Gov't 
F a i r n e s s 
Information 

n . s i g . 

n . s i g . 
n . s i g . 
n . s i g . 

n . s i g . 

s i g . («* ) 
n . s i g . 
n . s i g . 

S i g n i f i c a n c e C r i t e r i a Negative 
P r o p o r t i o n 
>18% at 95% 

Chi square 
s i g n i f i c a n t 
at 95% 

Arrows p o i n t out s i g n i f i c a n t l y a s s o c i a t e d b e l i e f s ; 
Arrows i n brackets are m a r g i n a l l y a s s o c i a t e d . 



Table 5.20 - Tacoma L a n d f i l l - C o r r e l a t i o n of B e l i e f s about 
Neighborhoods with A t t i t u d e s about Neighborhood i n 
Host and C o n t r o l Communities 

Impacts 

Nuisances 

Noise 
Odor 
View 
L i t t e r 
T r a f f i c 
Animals 

Health R i s k s 

a i r p o l l u t i o n 
water p o l l u t i o n 
a c c i d e n t r i s k s 

Environmental Change 

a i r q u a l i t y 
water q u a l i t y 
w i l d l i f e hab. 
resources 

Economic Impacts 

Property Values 
Development 
Employment 
Taxes 

S o c i a l Impacts 

Image 

P o l i t i c a l Impacts 

C o n t r o l 
Confidence 
L o c a l Gov't 
F a i r n e s s 
Information 

S i g n i f i c a n c e C r i t e r i a 

Comparison of 
Host and C o n t r o l 
Community B e l i e f s 
about Neighborhood 

N=33 vs 28 

n . s i g . 
HC<CC 
n . s i g . 
n . s i g . 
n . s i g . 
n . s i g . 

HC<CC 
HC<CC 
n . s i g . 

HC<CC 
HC<CC 
HC<CC 
HC<CC 

n . s i g . 
n . s i g . 
n . s i g . 
n . s i g . 

n . s i g . 

n . s i g . 

n . s i g . 
n . s i g . 
n . s i g . 

D i f f e r , 
of prop. 
P<0.05 

Rank C o r r e l a t i o n 
of Neighborhood 
B e l i e f s with 
A t t i t u d e 

Host 
N=20 

.7 

.74 
,57 
.6 

n . s i g . 
n . s i g . 

0.89 
0.64 
0.47 

0.85 
0.78 
n . s i g . 
0.61 

0.88 
0.44 
n . s i g . 
n . s i g . 

0.63 

n . s i g . 

0.77 
0.77 
0.64 

C o n t r o l 
N=21 

n. s i g 
n . s i g 
0.72 
0.57 
n . s i g 
n . s i g 

n . s i g 
n . s i g 
0.54 

s i g . 
0.64 
n . s i g 
n . s i g 

0.48 
n. s i g 
n . s i g 
n . s i g 

0.64 

n . s i g 

n. s i g 
n . s i g 
n . s i g 

Goodman-Kruskal 
Gamma, p<0.05 

HC = host community, CC = c o n t r o l community 
Arrows p o i n t out s i g n i f i c a n t l y c o r r e l a t e d b e l i e f s , arrows i n 
brackets are m a r g i n a l l y a s s o c i a t e d . 



Table 5.21 - Salem I n c i n e r a t o r - A s s o c i a t i o n of F a c i l i t y B e l i e f s 
with B e l i e f s and A t t i t u d e s about Neighborhood 

Impacts Neighborhood 
B e l i e f s 
(negative) 

A s s o c i a t i o n of 
Negative B e l i e f s 
about the Community 
with B e l i e f s about 
F a c i l i t y Impacts 

Nuisances N=33 N=16-25 

Noise 
Odor 
View 
L i t t e r 
T r a f f i c 
Animals 

n . s i g . 
24% 

n . s i g . 
n . s i g . 
n . s i g . 
n . s i g . 

n . s i g . 
n . s i g . 
n . s i g . 
s i g . 
n . s i g . 
s i g . 

Health Risks 

a i r p o l l u t i o n 
water p o l l u t i o n 
a c c i d e n t r i s k s 

24% 
n . s i g . 
n . s i g . 

marg. s i g . (•* ) 
n . s i g . 
s i g . 

Environmental Change 

a i r q u a l i t y 
water q u a l i t y 
w i l d l i f e hab. 
resources 

21% 
n . s i g . 
n . s i g . 
n . s i g . 

s i g . 
n . s i g . 
n . s i g . 
n . s i g . 

Economic Impacts 

Property Values 
Development 
Employment 
Taxes 

21% 
35% 
48% 
59% 

n . s i g . 
n . s i g . 
s i g . ^ 
n . s i g . 

S o c i a l Impacts 

Image 21% s i g . < 

P o l i t i c a l Impacts 

C o n t r o l 
Conf idence 
L o c a l Gov't 
F a i r n e s s 
Information 

n . s i g . 

36% 
28% 
29% 

n . s i g . 

s i g . < 
s i g . •* 
n . s i g . 

S i g n i f i c a n c e C r i t e r i a Negative Chi square 
P r o p o r t i o n s i g n i f i c a n t 
>18% at 95% at 95% 

Arrows p o i n t out s i g n i f i c a n t l y a s s o c i a t e d b e l i e f s ; 
Arrows i n brackets are m a r g i n a l l y a s s o c i a t e d . 
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T a b l e 5.22 - Salem I n c i n e r a t o r - A s s o c i a t i o n of F a c i l i t y B e l i e f 
w i t h B e l i e f s and A t t i t u d e s about Neighborhood 

Impacts 

N u i s a n c e s 

Comparison of 
B e l i e f s about 
Community i n 
Host and C o n t r o l 
Groups 
Host v s . C o n t r o l 
N=33 23 

Rank C o r r e l a t i o n 
of Neighborhood 
B e l i e f s w i t h 
A t t i t u d e 

HC 
N=25 

CC 
N=17 

N o i s e 
Odor 
View 
L i t t e r 
T r a f f i c 
A n i m a l s 

H e a l t h R i s k s 

> 

> 

n . s i g . 
HC<CC 
n . s i g . 
n . s i g . 
HC<CC 
n . s i g . 

0.46 
0.38 
0.67 
0.4 
0.44 
n . s i g , 

0.75 
0.53 
0.48 
0.9 
0.72 
0.76 

a i r p o l l u t i o n 
water p o l l u t i o n 
w i l d l i f e hab . 

Economic Impacts 

P r o p e r t y V a l u e s 
Development 
Employment 
Taxes 

S o c i a l Impacts 

Image 

P o l i t i c a l Impacts 

C o n t r o l 
C o n f i d e n c e 
L o c a l G o v ' t 
F a i r n e s s 
I n f o r m a t i o n 

— ^ 

— » • 

S i g n i f i c a n c e C r i t e r i a 

HC<CC 
HC<CC 
n . s i g , 

n . s i g , 
HC<CC 
HC<CC 
n . s i g , 

n . s i g . 

n . s i g . 

HC<CC 
n . s i g . 
HC<CC 

D i f f e r e n c e 
o f p r o p o r t i o n s 
P<0.05 

0.56 
0.44 
n . s i g , 

n . s i g , 
n . s i g , 
0.36 
n . s i g , 

0.44 

0.41 

0.51 
n . s i g . 
0.47 

0.71 
0.71 
n . s i i 

n . s u 
n . s i i 
n . s i i 
n . s i i 

0.95 

0.95 

n . s i i 
n . si< 
n . s i i 

Goodman-Kruskal 
Gamma, p<0.05 

L e g e n d : HC = h o s t community, CC = c o n t r o l community 
Arrows p o i n t out s i g n i f i c a n t l y c o r r e l a t e d b e l i e f s , 
arrows i n b r a c k e t s a re m a r g i n a l l y a s s o c i a t e d . 
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T a b l e 5.23 - A t t i t u d e s about Neighborhood and C o r r e l a t i o n w i t h 
A t t i t u d e about Waste F a c i l i t y 

Average r a t i n g s on an a t t i t u d e s c a l e of 1 (worst) to 7 (bes t ) w i t h 
m i d - p o i n t a t 4 . 0 ; s t a n d a r d d e v i a t i o n s i n p a r e n t h e s e s . 

Tacoma L a n d f i l l A t t i t u d e i n the Community 
(on s c a l e from 1 - i n t o l e r a b l e to 
7 - e x c e l l e n t ) 

N = 
Host C o n t r o l D i f f e r e n c e 

33 27 of means 

A t t i t u d e about own 
n e i g h b o r h o o d 

A t t i t u d e about l a s t 
n e i g h b o r h o o d l i v e d 
i n 

A t t i t u d e about o t h e r 
neighborhoods 

average 
s t d . d e v . 

average 
s t d . d e v , 

average 
s t d . d e v . 

5.24 5.63 C O H C s i g , 
(1.32) (0.97) n o n - s i g . 

3.52 4.19 C O H C s i g , 
(1.34) (1.04) n o n - s i g . 

3.64 3.67 n o n - s i g , 
(1.03) (1.07) n o n - s i g , 

C o r r e l a t i o n of A t t i t u d e about F a c i l i t y w i t h A t t i t u d e about 
Community 

N = 25 
Community A t t i t u d e w i t h 
F a c i l i t y A t t i t u d e Rank o r d e r G-K Gamma = 0.33 n o n - s i g . a t 95% 
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T a b l e 5 .23b - A t t i t u d e s about Neighborhood and C o r r e l a t i o n w i t h 
A t t i t u d e about Waste F a c i l i t y -

Average r a t i n g s on an a t t i t u d e s c a l e of 1 (worst) to 7 (bes t ) w i t h 
m i d - p o i n t a t 4 . 0 ; s t a n d a r d d e v i a t i o n s i n p a r e n t h e s e s . 

b . Salem I n c i n e r a t o r A t t i t u d e i n the Community 
(on s c a l e from 1 - i n t o l e r a b l e to 
7 - e x c e l l e n t ) 

Host C o n t r o l D i f f e r e n c e 
N = 33 23 of means 

A t t i t u d e about own 
n e i g h b o r h o o d average 5.24 4.95 n o n . s i g . 

s t d . d e v . (1.06) (1.02) n o n - s i g . 
A t t i t u d e about l a s t 
n e i g h b o r h o o d l i v e d 
i n average 3.59 3.82 n o n - s i g . 

s t d . d e v . (1 .33) (1.15) n o n - s i g . 

A t t i t u d e about o t h e r 
neighborhoods average 3.58 3.48 n o n - s i g . 

s t d . d e v . (1.03) (0 .99) n o n - s i g . 

C o r r e l a t i o n of A t t i t u d e about F a c i l i t y w i t h A t t i t u d e about 
Community 

N = 29 
Community A t t i t u d e w i t h 
F a c i l i t y A t t i t u d e Rank o r d e r G-K Gamma = 0.55 s i g . a t 95% 
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s i g n i f . = 0 .002, N = 29) , w h i l e the c o n t r o l r e s p o n d e n t s ' a t t i t u d e 

about the i n c i n e r a t o r and t h e i r n e i g h b o r h o o d i s not c o r r e l a t e d 

(G-K Gamma = 0 .06 , s i g n i f . = 0 .85 , N = 1 7 ) . I t i s t h e r e f o r e s a f e 

to c o n c l u d e t h a t a c a u s e - e f f e c t l i n k p r o b a b l y e x i s t s between the 

host r e s i d e n t s impact b e l i e f s and a t t i t u d e about the i n c i n e r a t o r 

and t h e i r b e l i e f s and a t t i t u d e s about t h e i r n e i g h b o r h o o d . 

However, the n e g a t i v e a t t i t u d e about the waste f a c i l i t y does not 

d i m i n i s h the a t t i t u d e about the n e i g h b o r h o o d . R e s i d e n t s seem t o 

adapt t h e i r a t t i t u d e to the c o n d i t i o n i n the h o s t community w i t h 

the f a c i l i t y . 

5 . 3 . 8 Awareness , A t t i t u d e and B e h a v i o r a l Response 

The g o a l of t h i s s e c t i o n i s to q u a n t i f y r e s i d e n t s ' a c t i o n s i n 

r e s p o n s e to the f a c i l i t y and t e s t f o r a s s o c i a t i o n s between 

a t t i t u d e and awareness of the f a c i l i t y and the r e s u l t i n g a c t i o n s . 

Two d i f f e r e n t approaches are u s e d ; the f i r s t method 

s t a t i s t i c a l l y a n a l y s e s the r e s p o n d e n t s ' s t a t e d a t t i t u d e , awareness 

and o p p o s i t i o n a c t i v i t i e s , w h i l e the second approach u t i l i z e s r e a l 

e s t a t e s a l e s d a t a to t e s t i f p r i c e s , days on m a r k e t , or number of 

s a l e s a re a f f e c t e d . 

1 . A t t i t u d e , Awareness and A c t i o n s . 

In the l a s t s e c t i o n of the s u r v e y , hos t community r e s p o n d e n t s 

were asked f i v e q u e s t i o n s about t h e i r awareness , the e f f e c t s o f 

f a c i l i t y impacts on t h e i r b e h a v i o r a l d e c i s i o n s , and about t h e i r 

o p p o s i t i o n a c t i v i t i e s . O n l y 22 and 30 complete r e s p o n s e s were 

r e c e i v e d , r e s p e c t i v e l y , i n Tacoma and i n Salem, because r e s p o n d e n t 

f a t i g u e appeared to s e t i n . The q u e s t i o n about r e s p o n d e n t s * 
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o p i n i o n of p r o p e r t y v a l u e e f f e c t s (see q u e s t i o n 24 i n A p p e n d i x 5 .A) 

had a p a r t i c u l a r l y poor r e s p o n s e r a t e (10%); i t i s o m i t t e d from 

the f o l l o w i n g a n a l y s i s . The o t h e r r e s u l t s are t a b u l a t e d ( T a b l e 

5.24) and d i s c u s s e d below. 

Annoyance w i t h the f a c i l i t y i s used here as the i n d i c a t o r f o r 

a t t i t u d e . The p r o p o r t i o n s of annoyed r e s p o n d e n t s a re not 

s i g n i f i c a n t l y d i f f e r e n t at 40 and 60% a t both l a n d f i l l and 

i n c i n e r a t o r s i t e s . Awareness of the f a c i l i t y b e f o r e moving to the 

comunity i s s t r o n g l y i n f l u e n c e d by how l o n g i t has been o p e r a t i n g . 

In Tacoma about 50% of the r e s p o n d e n t s were aware of the f a c i l i t y , 

o n l y 10% were not aware of i t b e f o r e moving i n ; the b a l a n c e moved 

i n b e f o r e the l a n d f i l l . In Salem, 70% l i v e d i n the h o s t community 

b e f o r e the f a c i l i t y was b u i l t two y e a r s ago, w h i l e 17% were aware 

of the i n c i n e r a t o r b e f o r e moving i n and 13% were unaware of i t . 

T h i s d i s t r i b u t i o n i s t y p i c a l of e x p e c t e d c o n d i t i o n s f o r a r e c e n t l y 

s i t e d f a c i l i t y (see Chapter 2 ) . 

F u r t h e r q u e s t i o n s r e v e a l the h o s t community 's b e h a v i o r i n 

r e s p o n s e to the f a c i l i t i e s : 

The f a c i l i t y e f f e c t s a re r a t e d to be as e x p e c t e d by 40% 

i n Tacoma and by 54% i n Sa lem. However, 40% of 

r e s p o n d e n t s i n Salem t h i n k the f a c i l i t y a f f e c t s them l e s s 

than e x p e c t e d , compared w i t h 25% i n Tacoma, whereas 35% 

i n Tacoma s t a t e the l a n d f i l l has a f f e c t e d them more than 

e x p e c t e d compared w i t h o n l y 4% ( i n s i g n i f i c a n t l y d i f f e r e n t 

from zero) i n Salem. 

60% of r e s p o n d e n t s i n Tacoma and 40% i n Salem, would move 

i n t o the community a g a i n d e s p i t e the f a c i l i t y . Whereas 
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T a b l e 5.24 - Awareness , Annoyance and B e h a v i o r a l Response i n 
Host Communities 

Host Community 
P r o p o r t i o n of 
r e s i d e n t s who 
s t a t e they are 

Tacoma 
L a n d f i l l 

Salem 
I n c i n e r a t o r 

N = 33 

Annoyed yes 

42.4% 

yes 

52.9% 

Aware of f a c i l i t y 
b e f o r e moving i n 

N = 
yes 

22 
no moved 

i n 
b e f o r e 

N = 
yes 

28 
no moved 

i n 
b e f o r e 

50% 10% 40% 17% 13% 70% 

Judge how the 
a c t u a l f a c i l i t y 
a f f e c t e d them 
compared t o what 
they e x p e c t e d 

N = 
same 

40% 

24 
more 

35% 

l e s s 

25% 

N = 
same 

55% 

27 
more 

4% 

l e s s 

1% 

Would move i n 
a g a i n 

N = 
yes 

60% 

24 

no 

34% 

n . a . 

6% 

N = 
yes 

40% 

27 

no 

39% 

n . a . 

21% 

Undertook these 
Opposing 
A c t i v i t i e s 

N = 
d i d 

22 
thought 

about 
d i d 
not 

c o n s i d e r 

N = 
d i d 

19-25 
thought d i d 

about not 
c o n s i d e r 

G a t h e r I n f o . 9% 21.7% 69.6% 15.8% 36. 8% 47.4% 

Go to meet ings <10% 5% 76.2% 44% 12% 44% 

C o m p l a i n 13% 7% 75.0% 52% 12% 36% 

L e g a l A c t i o n 5% 10% 90.9% 40% 20% 40% 

Move out - 9% 86.4% (4.2%) 12. 5% 83.3% 
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34% i n Tacoma and 39% i n Salem (no s i g n i f i c a n t 

d i f f e r e n c e ) would not move i n a g a i n . 

O p p o s i t i o n a c t i v i t i e s are commonly s t a t e d i n Salem, but 

c o n s i s t p r i m a r i l y of a t t e n d i n g meet ings (44%) f i l i n g 

c o m p l a i n t s (52%), and t a k i n g l e g a l a c t i o n (40%), w h i l e 

moving out i s , a t b e s t , o n l y c o n s i d e r e d by 12.5% but not 

a c t u a l l y c a r r i e d o u t . At the e s t a b l i s h e d l a n d f i l l i n 

Tacoma, g a t h e r i n g i n f o r m a t i o n (9%) and c o m p l a i n i n g (13%) 

are the o n l y s i g n i f i c a n t a c t i o n s , but moving out i s 

c o n s i d e r e d by 9%, w h i l e about 13 to 24% s t a t e they have 

c o n s i d e r e d g o i n g to m e e t i n g s , c o m p l a i n i n g and g a t h e r i n g 

i n f o r m a t i o n . T h u s , m i l d to s e r i o u s forms of o p p o s i t i o n 

( a t t e n d i n g m e e t i n g s , c o m p l a i n i n g and l e g a l a c t i o n ) a re 

s i g n i f i c a n t l y more f r e q u e n t among i n c i n e r a t o r h o s t 

community r e s i d e n t s , p r o b a b l y because many were t h e r e 

b e f o r e the f a c i l i t y was b u i l t and because the s i t i n g 

happened r e c e n t l y . 

The c o n n e c t i o n s between a t t i t u d e , awareness and a c t i o n s were 

t e s t e d w i t h c h i - s q u a r e of c r o s s - t a b u l a t e d d a t a on annoyance , 

awareness and o p p o s i t i o n a l b e h a v i o r . The s i g n i f i c a n t dependence 

of annoyance and awareness w i t h a c t i o n s a re l i s t e d i n T a b l e 5 . 2 5 . 

N e i t h e r annoyance nor awareness of the f a c i l i t y a re a s s o c i a t e d 

w i t h Tacomans' a c t i o n s . In Salem, however, s t a t e d annoyance 

a s s o c i a t e s w i t h r e l u c t a n c e to move i n t o the n e i g h b o r h o o d a g a i n , 

w i t h c o n s i d e r i n g moving o u t , or m i l d l y o p p o s i n g a c t i v i t i e s 

( c o m p l a i n i n g , g a t h e r i n g i n f o r m a t i o n and a t t e n d i n g m e e t i n g s ) . 
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T a b l e 5.25 - A s s o c i a t i o n of Annoyance , Awareness and A c t i o n i n 
Host Communities 

E x p e c t a t i o n s A s s o c i a t i o n w i t h 
of Impacts Annoyance Awareness 
and ( A t t i t u d e ) of the f a c i l i t y 
A c t i o n s w i t h the f a c i l i t y b e f o r e moving i n 

a . Tacoma L a n d f i l l 

F a c i l i t y E f f e c t s 
more or l e s s than 
e x p e c t e d n . s i g . n . s i g . 

Would not move 
i n a g a i n n . s i g . • n . s i g . 

O p p o s i t i o n A c t i v i t y 

move out n . s i g . 
l e g a l a c t i o n n . s i g . 
c o m p l a i n n . s i g . 
g a t h e r i n f o r m a t i o n n . s i g . 
a t t e n d meet ings n . s i g . 

b . Salem I n c i n e r a t o r 

F a c i l i t y E f f e c t s 
more or l e s s than 

e x p e c t e d n . s i g . n . s i g , 

Would not move 

i n a g a i n s i g . n . s i g , 

A c t i o n 
move out s i g . 
l e g a l a c t i o n n . s i g . 
c o m p l a i n s i g . 
g a t h e r i n f o r m a t i o n s i g . 
a t t e n d meet ings s i g . 

C h i - s q u a r e t e s t s s i g n i f i c a n t a t 95% 
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In summary, m i l d o p p o s i t i o n a c t i v i t i e s such as a t t e n d i n g 

m e e t i n g s , f i l i n g c o m p l a i n t s and t a k i n g l e g a l a c t i o n are r e p o r t e d 

by 40 t o 50% of r e s p o n d e n t s near the newer i n c i n e r a t o r , w h i l e o n l y 

10 to 15% of the r e s i d e n t s near the o l d l a n d f i l l engage i n these 

a c t i v i t i e s . In c o n t r a s t , more p e o p l e i n Salem l i v e d t h e r e b e f o r e 

the f a c i l i t y was r e c e n t l y b u i l t , but v e r y few t h i n k the 

i n c i n e r a t o r has a f f e c t e d them more than e x p e c t e d . An e q u a l 35 to 

40% of hos t community r e s p o n d e n t s a t both l o c a t i o n s s t a t e they 

would not move i n t o the n e i g h b o r h o o d a g a i n i f they had the c h o i c e . 

F i n a l l y , s t a t e d annoyance w i t h the f a c i l i t y s i g n i f i c a n t l y 

i n f l u e n c e s a c t i o n o n l y near the newer i n c i n e r a t o r ; no such 

a s s o c i a t i o n was found i n the o l d e r l a n d f i l l h o s t community. 

Awareness was not a s s o c i a t e d w i t h annoyance or o p p o s i n g a c t i o n 

a n d , h e n c e , seems i r r e l e v a n t to the b e h a v i o r a l r e s p o n s e . 

5.4 The E f f e c t s of F a c i l i t y Impacts on R e s i d e n t i a l R e a l E s t a t e 
i n the Host Community 

5 . 4 . 1 S i g n i f i c a n c e 

R e a l e s t a t e t r a n s a c t i o n s i n the host community may be 

a f f e c t e d i n t h r e e ways by f a c i l i t y i m p a c t s . R e s i d e n t i a l p r o p e r t y 

s a l e s p r i c e s , l e n g t h on the m a r k e t , and the number of s a l e s may 

r e f l e c t r e s i d e n t s r e s p o n s e s to the f a c i l i t y impacts (see C h a p t e r 

2 ) . A l l i n d i c a t o r s may r e f l e c t p h y s i c a l and n o n - p h y s i c a l 

impacts o r s i t i n g events p e r c e i v e d by host community r e s i d e n t s as 

p o t e n t i a l s e l l e r s and by those p o t e n t i a l buyers c o n s i d e r i n g 

p r o p e r t i e s i n the h o s t community. I t i s t h e r e f o r e i m p o r t a n t i n 

the a n a l y s i s to s e p a r a t e the p e r i o d s of a c t u a l p h y s i c a l p r e s e n c e 
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of impacts from events i n the s i t i n g process t h a t cause impact 

a n t i c i p a t i o n . 

Two types of r e a l e s t a t e analyses were conducted: m u l t i p l e 

r e g r e s s i o n to t e s t f o r s i g n i f i c a n t f a c i l i t y impact on p r o p e r t y 

v a l u e s and p r o p e r t y time on the market and comparison of number of 

l i s t i n g s and s a l e s i n host communities (see Table 5.26). 

5.4.2 Data C o l l e c t i o n and A n a l y s i s 

a. M u l t i p l e Regression A n a l y s i s of Sales P r i c e 
and Time on Market 

F i r s t , m u l t i p l e r e g r e s s i o n of housing v a r i a b l e s and f a c i l i t y 

impacts on the s a l e s p r i c e s and the days on the market were 

c a r r i e d out at both s i t e s . M u l t i p l e l i s t i n g s e r v i c e (MLS) records 

were used as data sources f o r housing c h a r a c t e r i s t i c s , s a l e s 

p r i c e s and time on the market (Tacoma-Pierce County Board of 

R e a l t o r s , 1983 to 1986; Salem M u l t i p l e L i s t i n g S e r v i c e , 1982 to 

1987). The number of r e s i d e n t i a l l i s t i n g s and s a l e s i n both host 

communities were compiled f o r MLS data to compare with trends i n 

the m e t r o p o l i t a n area and to r e l a t e to s p e c i f i c s i t i n g and impact 

events. 

In Salem, the 145 l i s t i n g s between the 1st Quarter 1982 and 

the 1st Quarter 1987 i n c l u d e d a l l p r o p e r t y put up f o r s a l e , 

i n c l u d i n g s o l d , e x p i r e d , withdrawn or terminated l i s t i n g s . In 

Tacoma, o n l y p r o p e r t y s a l e s were a v a i l a b l e ; a t o t a l of 665 

o b j e c t s s o l d between the 1st Quarter 1983 and the 4th Quarter 1986 

were coded and i n c l u d e d i n the a n a l y s i s . T h i s l a r g e number was 

c o n s i d e r e d adequate f o r the a n a l y s i s . S p e c i f i c a l l y , e i g h t 

housing c h a r a c t e r i s t i c s , e i g h t impact v a r i a b l e s , and two dependent 
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T a b l e 5.26 - R e a l E s t a t e A n a l y s i s - Methods 

I n d i c a t o r 

S a l e s P r i c e 
and days on 
the market 

Number of p r o p e r t y 
l i s t i n g s and s a l e s 

Method 

M u l t i p l e R e g r e s s i o n 
of h o u s i n g and 
f a c i l i t y impact 
v a r i a b l e s on 
p r i c e and t ime 
on market 
w i t h S P S S - s t e p w i s e 

- C h i - s q u a r e of c r o s s -
t a b l e s o f number of 
s a l e s by q u a r t e r and 
year 

-comparison of number 
of l i s t i n g s and s a l e s 
i n hos t community w i t h 
a r e a l i s t i n g s and s a l e s 
and a f t e r s i t i n g events 

C r i t e r i o n 
B a s i s 

S i g n i f i c a n c e of 
f a c i l i t y impacts 
i n h e d o n i c e q u a t i o n 
f o r p r i c e s and t ime 
on market 

s i g n i f i c a n c e of 
t ime f o r number 
of s a l e s 

a s s o c i a t i o n of 
number of s a l e s 
i n hos t community 
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v a r i a b l e s ( p r i c e and days on market) were l i s t e d f o r each s i n g l e 

f a m i l y r e s i d e n t i a l p r o p e r t y (see T a b l e 5 . 2 7 ) . B u t l e r (1982) shows 

t h a t a r e s t r i c t e d number of h e d o n i c i n d i c e s f o r the m u l t i p l e 

r e g r e s s i o n e q u a t i o n u s u a l l y p r o v i d e s i n s i g n i f i c a n t l y lower 

e x p l a n a t o r y power a n d , hence , a re s u f f i c i e n t f o r the a n a l y s i s . 

The p r i m a r y reason was the i n t e r r e l a t i o n of many v a r i a b l e s , e . g . , 

c o n d i t i o n w i t h n e i g h b o r h o o d r a t i n g , d e n s i t y , e t c . T h u s , f o r 

p r o p e r t y v a l u e a n a l y s i s i n a s i n g l e hos t community the c o n d i t i o n , 

s i z e of l o t and house , age , and a m e n i t i e s (garage , basement and 

f i r e p l a c e ) were c o n s i d e r e d adequate t o r e p r e s e n t much of the 

v a r i a t i o n w i t h i n one community. The a n a l y s i s was done s e p a r a t e l y 

f o r the t h r e e s u b s t a n t i a l l y d i f f e r e n t n e i g h b o r h o o d s i n Tacoma to 

a v o i d l a r g e between- ne ighborhood d i f f e r e n c e s . 

The next s t e p c o n s i s t e d of c o d i n g , f o r each s a l e s p r o p e r t y , 

the p h y s i c a l impacts i n c l u d i n g d i s t a n c e and d i r e c t i o n from the 

f a c i l i t y , n u i s a n c e s , h e a l t h r i s k s , and e n v i r o n m e n t a l change . 

N o n - p h y s i c a l impacts were not i n c l u d e d because t h e i r s p a t i a l 

b o u n d a r i e s c o u l d not be d e t e r m i n e d . 

M u l t i p l e r e g r e s s i o n a n a l y s e s were run w i t h the UBC-SPSSX 

program w i t h s t e p w i s e s e l e c t i o n of independent v a r i a b l e s . 

H i s t o g r a m s and normal p r o b a b i l i t y p l o t s of s t a n d a r d i z e d r e s i d u a l s 

were g e n e r a t e d to check the assumption o f normal d i s t r i b u t i o n , 

w h i l e p l o t s of s t a n d a r d i z e d r e s i d u a l s v e r s u s p r e d i c t e d v a l u e s were 

drawn to check the assumptions of l i n e a r i t y and homogeneity of 

v a r i a n c e , and p l o t s of s t a n d a r d i z e d r e s i d u a l s v e r s u s a l l 

s i g n i f i c a n t independent v a r i a b l e s were used to check f o r 

homogeneity of v a r i a n c e (SPSS G u i d e , 1986) . 
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T a b l e 5.27 - M u l t i p l e R e g r e s s i o n A n a l y s i s of F a c i l i t y Impacts on 
P r o p e r t y V a l u e s i n Host Communities 

Dependent V a r i a b l e s : S a l e s P r i c e 
Days on Market 

Independent V a r i a b l e s : P r o p e r t y C h a r a c t e r i s t i c s 

Number of bedrooms 
Age 
F l o o r s p a c e 
C o n d i t i o n 
A m e n i t i e s - F i r e p l a c e 

- Basement 
- Garage 

L o t S i z e 

F a c i l i t y Impacts 

D i s t a n c e 
D i r e c t i o n 
View 
Odor 
N o i s e 
A i r q u a l i t y 
Water q u a l i t y 
A c c i d e n t r i s k 
W i l d l i f e h a b i t a t 

Hedonic P r i c e E q u a t i o n 
$ p r i c e = Bo + B l * XI + B2 * X2 + +Eo 

i n l i n e a r f o r m : 

B o . . . . B n = C o e f f i c i e n t s to be e s t i m a t e d 

Eo = e r r o r term 
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Comparison and Time Sequence A n a l y s i s of R e s i d e n t i a l 
P r o p e r t y L i s t i n g s and S a l e s i n the Host Community 

The approach was b a s i c a l l y to compare host community 

r e s i d e n t i a l p r o p e r t y l i s t i n g s and s a l e s , b e f o r e and a f t e r the 

f a c i l i t y s i t i n g , w i t h the l i s t i n g s and s a l e s f o r the l a r g e r a r e a 

to d e t e c t any changes i n the host community t h a t may have been 

caused by waste f a c i l i t y i m p a c t s . The l i m i t e d amount of d a t a , 

however, r e s t r i c t e d a complete comparison a t b o t h s i t e s . In 

Tacoma, the l i s t i n g and s a l e s d a t a were not a v a i l a b l e back to 

the s i t i n g date i n the 1 9 6 0 ' s ; the number of s a l e s f o r the host 

community i s t h e r e f o r e compared w i t h area l i s t i n g and s a l e s 

numbers between 1983 and 1987 ( T a c o m a - P i e r c e County Board o f 

R e a l t o r s , 1987) . Two s i g n i f i c a n t f a c i l i t y impacts (water 

p o l l u t i o n and methane gas m i g r a t i o n ) were d i s c o v e r e d d u r i n g t h i s 

p e r i o d . S i g n i f i c a n t changes i n response to these events s h o u l d be 

i n d i c a t e d by the a v a i l a b l e d a t a . The number o f s a l e s i n the h o s t 

community a re t e s t e d w i t h c h i - s q u a r e f o r s i g n i f i c a n t a s s o c i a t i o n 

w i t h s p e c i f i c e v e n t s . 

In Salem, r e s i d e n t i a l p r o p e r t y l i s t i n g s and s a l e s numbers 

were d e r i v e d from the MLS q u a r t e r l y S o l d Books (Salem MLS B u r e a u , 

1982 to 1987) f o r the host community ( w i t h i n 3km's of the 

i n c i n e r a t o r ) , s a l e s a r e a 3 ( n o r t h e r n Salem and K e i z e r ) , and the 

Salem m e t r o p o l i t a n a r e a . These d a t a are c o m p i l e d i n graphs and 

r e l a t e d to s i t i n g e v e n t s , e . g . , s i t e announcement, re ferendum 

v o t e , l a n d use d e c i s i o n a p p e a l s , e t c . The d a t a a re a n a l y s e d by 

c h i - s q u a r e t e s t s f o r a s s o c i a t i o n of numbers of l i s t i n g s and s a l e s 

w i t h s p e c i f i c e v e n t s . 
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5 . 4 . 3 R e s u l t s 

a . Tacoma 

M u l t i p l e R e g r e s s i o n A n a l y s i s of S a l e s P r i c e 
and Days on Market 

The t h r e e a reas i n Tacoma ( O r c h a r d , A r e a N o . 10, F i r c r e s t , 

A r e a No.6 and C o u n t y , A r e a N o . 5 , Tacoma R e a l E s t a t e R e s e a r c h 

Committee , F a l l , 1986) are t r e a t e d as s e p a r a t e ne ighborhoods 

throughout the a n a l y s i s because of t h e i r d i s t i n c t l y d i f f e r e n t ages 

and c h a r a c t e r s . 

The p r i c e and days on market a r e both r e g r e s s e d on year and 

q u a r t e r of l i s t i n g as w e l l as e i g h t h o u s i n g c h a r a c t e r i s t i c s and 

e i g h t p h y s i c a l impact v a r i a b l e s . T a b l e 5.28 l i s t s the 

s i g n i f i c a n t independent v a r i a b l e s and t h e i r p a r t i a l c o r r e l a t i o n 

c o e f f i c i e n t s by n e i g h b o r h o o d a r e a . 

A l l t h r e e m u l t i p l e r e g r e s s i o n e q u a t i o n s a re h i g h l y 

s i g n i f i c a n t and g e n e r a t e s i g n i f i c a n t e x p l a n a t i o n o f s a l e s p r i c e 

v a r i a t i o n w i t h R - s q u a r e d v a l u e s between 0.73 and 0 . 7 7 . In 

c o n t r a s t , e x p l a n a t o r y power f o r days on the market i s low 

( R - s q u a r e d v a l u e s between 0.015 to 0 . 0 7 ) . 

O n l y i n the O r c h a r d area a re any f a c i l i t y impacts ( e x p l o s i o n 

r i s k and a i r q u a l i t y ) s i g n i f i c a n t i n e x p l a i n i n g p r i c e v a r i a t i o n , 

but t h e i r s i g n s a re p o s i t i v e and thus c o n t r a d i c t the e x p e c t e d 

n e g a t i v e e f f e c t of such f a c i l i t y impacts on p r i c e . C l o s e r 

s c r u t i n y r e v e a l e d t h a t about 10 to 15 newer homes were r e c e n t l y 

b u i l t w i t h i n the e x p l o s i o n r i s k and a i r q u a l i t y (and odor) impact 

a reas ( a l o n g 48th and 49th Ave and Gove and M u l l e n S t r e e t s ) . 

These houses s e l l a t $55,000 to $60,000, which i s s u b s t a n t i a l l y 
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T a b l e 5.28 - Tacoma L a n d f i l l - Host Community R e s i d e n t i a l R e a l 
E s t a t e S a l e s , 1983 - 1984 -
M u l t i p l e R e g r e s s i o n A n a l y s i s R e s u l t s 

Dependent 
V a r i a b l e 

S i g n i f i c a n t 
Independant 
V a r i a b l e s 

M u l t i p l e R e g r e s s i o n 
and P a r t i a l 
C o r r e l a t i o n 
C o e f f i c i e n t s 

A r e a 5 - County 
S a l e s P r i c e 

Square f e e t 
Age 
Basement 
Q u a r t e r of S a l e 
C o n d i t i o n 

R = 0.74 s i g n i f i c a n t 
0.69 

-0.51 
-0.28 
-0.21 
-0.21 

Days on Market 
Age 
Year of S a l e 

R = 0.07 s i g n i f i c a n t 
-0.21 
-0.21 

A r e a 6 - F i r c r e s t 
S a l e s P r i c e 

Square f e e t 
Age 
L o t S i z e 
Q u a r t e r of S a l e 
C o n d i t i o n 

R = 0.73 s i g n i f i c a n t 
0.74 

-0.28 
0.25 
0.17 
0.17 

Days on Market 
Square f e e t 
Q u a r t e r of S a l e 
Year of S a l e 

R = 0.067 s i g n i f i c a n t 
0.14 
0.20 

-0.19 

A r e a 10 - O r c h a r d 
S a l e s P r i c e 

Days on Market 

C o n d i t i o n 
Square f e e t 
Age 
F i r e p l a c e 
Number o f bedrooms 
E x p l o s i o n r i s k 
Garage 
A i r Q u a l i t y Impact +0.13 

R = 0.77 s i g n i f i c a n t 
0.67 
0.40 
0.30 
0.37 
0.32 

+0.25 
0.15 

L i s t Date 
R = 0.015 
0.014 

R e s u l t s : No f a c i l i t y impacts w i t h c o r r e c t s i g n s s i g n i f i c a n t l y 
e x p l a i n v a r i a t i o n i n s a l e s p r i c e s o r days on market 

See T a b l e 5 .C25a i n Appendix 5 . C f o r d e t a i l e d r e s u l t s . 
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h i g h e r than the average p r i c e of $42,920 f o r a r e a 10. T h i s new 

development i s t h e r e f o r e l i k e l y to cause the a p p a r e n t , but 

s p u r i o u s e f f e c t o f e x p l o s i o n r i s k and a i r q u a l i t y on s a l e s p r i c e . 

S i n c e no f a c i l i t y impacts a re s i g n i f i c a n t i n e i t h e r of the o t h e r 

a reas 5 and 6, the l a n d f i l l does not appear to a f f e c t p r o p e r t y 

v a l u e s or t ime on the market i n the l a n d f i l l hos t community i n 

Tacoma. 

Time-Sequence Comparison of L i s t i n g s and S a l e s 

The c u r v e s i n F i g u r e s 5.4 a , b , c show the number of 

r e s i d e n t i a l l i s t i n g s and s a l e s i n each a r e a i n the l a n d f i l l 

h o s t - c o m m u n i t y . Two s i g n i f i c a n t l a n d f i l l impact events a re 

i n d i c a t e d on the t ime s c a l e ( d i s c o v e r y of t a i n t e d w e l l water and 

of methane gas m i g r a t i o n a t e x p l o s i v e l e v e l s ) . By comparing these 

c u r v e s v i s u a l l y , t h e r e seems to be no s i g n i f i c a n t d i s c r e p a n c y 

between h o s t community s a l e s t r e n d s and g e n e r a l a r e a l i s t i n g and 

s a l e s t r e n d s . A l t h o u g h A r e a 10 s a l e s i n c r e a s e d u r i n g mid 1986 

when methane gas was d i s c o v e r e d , a s i m i l a r i n c r e a s e d i d not o c c u r 

i n the immediate h o s t community. 

The number of s a l e s i n the host community show s i g n i f i c a n t 

a s s o c i a t i o n w i t h q u a r t e r and year ( c h i square 2 5 . 5 , DF=8, N=621) 

f o r the t h r e e areas combined, but o n l y m a r g i n a l a s s o c i a t i o n f o r 

the O r c h a r d a r e a a l o n e , and no a s s o c i a t i o n f o r F i r c r e s t or County 

a l o n e (see A p p e n d i x 5 . C D . S i g n i f i c a n t f a c i l i t y r e l a t e d events i n 

the second q u a r t e r of 1985 and 1986 do not c o i n c i d e w i t h the 

f l u c t u a t i o n s . I t can be c o n c l u d e d t h a t the Tacoma l a n d f i l l has no 

d e t e c t a b l e e f f e c t on the number of s a l e s i n the host community. 
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Salem 

The m u l t i p l e r e g r e s s i o n of p r i c e and days on market on 

p r o p e r t y c h a r a c t e r i s t i c s , f a c i l i t y impacts and t ime of l i s t i n g was 

c a l c u l a t e d f o r t h r e e p e r i o d s : 

- 1983 to 1987 to i n c l u d e both s i t i n g and o p e r a t i o n a l phases 

t o g e t h e r , - 1983 and 1984 to cover the s i t i n g p r o c e s s 

b e f o r e any c o n s t r u c t i o n or p h y s i c a l i m p a c t s , - and 1985 to 

1987 to c o v e r the c o n s t r u c t i o n and o p e r a t i o n phase 

s e p a r a t e l y . 

The v a l i d i t y of the assumptions o f normal d i s t r i b u t i o n and 

h o m o s c e d a s t i c i t y were t e s t e d f o r the s i g n i f i c a n t v a r i a b l e s . The 

r e s u l t s a re l i s t e d f o r the t h r e e t ime p e r i o d s i n T a b l e 5 . 2 9 . 

E x p l a n a t o r y power of s a l e s p r i c e s i s good w i t h R - s q u a r e d 

v a l u e s a t 0.44 to 0 .54 . V a r i a t i o n i n days on the market i s l e s s 

w e l l e x p l a i n e d w i t h R - s q u a r e d v a l u e s between 0.0153 and 0 . 5 . 

None of the f a c i l i t y impact v a r i a b l e s i s s i g n i f i c a n t i n 

e x p l a i n i n g v a r i a t i o n i n p r i c e s or t ime on the market d u r i n g any 

of the t h r e e s i t i n g p h a s e s . T h u s , s u b j e c t to the assumptions 

of the m o d e l , an i n f l u e n c e of the i n c i n e r a t o r on r e s i d e n t i a l 

p r o p e r t i e s cannot be c o n f i r m e d . 

Time-Sequence Comparison of L i s t i n g s and S a l e s 

The g r a p h i c a l comparison of Salem l i s t i n g s and s a l e s , a r e a 3 

l i s t i n g s , and h o s t community l i s t i n g s by q u a r t e r from 1982 to 1986 

( F i g u r e 5.5) shows a c o n s p i c u o u s jump i n host community l i s t i n g s 

i n the t h i r d q u a r t e r of 1983. T h i s jump i s not r e f l e c t e d i n the 

l i s t i n g s or s a l e s i n the l a r g e r areas and w a r r a n t s f u r t h e r 

i n v e s t i g a t i o n . 
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T a b l e 5.29 - Salem I n c i n e r a t o r - Host Community R e s i d e n t i a l 
R e a l E s t a t e S a l e s , 1983 - 1987 - M u l t i p l e 
R e g r e s s i o n A n a l y s i s R e s u l t s 

Dependent 
V a r i a b l e 

S i g n i f i c a n t 
Independant 
V a r i a b l e s 

P a r t i a l 
C o e f f i c i e n t s 

P e r i o d : S i t i n g to P r e s e n t 2nd Q u a r t e r 1983 to 1s t Q u a r t e r 1987 

.2 
P r i c e 

Days on Market 

Square f e e t 
L o t S i z e 
Number of 

bedrooms 

Garage 

R" = 0.44 S i g n i f i c a n t 
0.30 
0.37 

0.23 
2 

R = 0.07 S i g n i f i c a n t 
- 0 . 2 7 

P e r i o d : C o n s t r u c t i o n and O p e r a t i o n to P r e s e n t - l s t Q u a r t e r 1985 to 
1s t Q u a r t e r , 1987. 

P r i c e 

Days on Market 

L o t S i z e 
Age 

P r i c e 
Basement 
L i s t Date 

R = 0.54 S i g n i f i c a n t 
0.70 

- 0 . 4 2 

R 2 = 0.050 S i g n i f i c a n t 
0.55 
0.50 

- 0 . 4 4 

P e r i o d : S i t i n g - 2 n d Q u a r t e r , 1983 to 4th Q u a r t e r , 1984 

.2 
P r i c e 

Days on Market 

Square f e e t 
L o t S i z e 
Number of 
bedrooms 
L i s t da te 

Garage 
C o n d i t i o n 

R" = 0.52 S i g n i f i c a n t 
0.39 
0.40 

0.36 
- 0 . 2 7 

R 2 = 0.015 S i g n i f i c a n t 
- 0 . 3 5 

0.28 

R e s u l t s : No f a c i l i t y impact s i g n i f i c a n t l y e x p l a i n v a r i a t i o n i n 
S a l e s p r i c e or days on m a r k e t . 

See T a b l e 5.C25b i n Appendix 5 . C f o r d e t a i l e d r e s u l t s . 
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The number of l i s t i n g s by q u a r t e r does not s i g n i f i c a n t l y 

depend on the y e a r , but 1983 and 1984 b o t h show h i g h e r number o f 

l i s t i n g s (33 and 31 v e r s u s 11 to 17 f o r 1982, 1985 and 1986) . The 

3rd q u a r t e r i n 1983, as w e l l as the f i r s t t h r e e q u a r t e r s i n 1984 

show n o t i c e a b l y h i g h e r l i s t i n g f r e q u e n c i e s than the same q u a r t e r s 

i n o t h e r y e a r s (see F i g u r e 5.5 b e l o w ) . The q u a r t e r l y f r e q u e n c i e s 

of l i s t i n g s i n the host community are shown i n F i g u r e 5 . 6 . 

The s i g n i f i c a n t s i t i n g d e c i s i o n s and events a r e e n t e r e d i n t o 

the graph a l s o . Some of the major announcements and d e c i s i o n s 

p r e c e d e q u a r t e r s w i t h h i g h e r l i s t i n g numbers, e . g . , the 

announcement of the l a n d use change a p p r o v a l f o r the i n c i n e r a t o r 

s i t e i n the l a t e second q u a r t e r , 1983 proceeds the l i s t i n g of 18 

p r o p e r t i e s i n the t h i r d q u a r t e r . F i r s t q u a r t e r , 1984 l i s t i n g s are 

h i g h e r than any o t h e r f i r s t q u a r t e r . M o r e o v e r , no o t h e r l i k e l y 

cause f o r the sudden jumps c o u l d be i d e n t i f i e d , because average 

p r i c e s remained f a i r l y c o n s t a n t (see F i g u r e 5.7) t h r o u g h o u t the 

t ime p e r i o d . 

The l i s t i n g f r e q u e n c i e s f o r the same q u a r t e r i n each year 

were t e s t e d f o r s i g n i f i c a n t d i f f e r e n c e s of p r o p o r t i o n s . The t h i r d 

q u a r t e r , 1983 l i s t i n g s a r e s i g n i f i c a n t l y above the t h i r d q u a r t e r 

1985 and 1986 l i s t i n g s , but they are not s i g n i f i c a n t l y d i f f e r e n t 

from the 1982 and 1984 f i g u r e s (at 95% c o n f i d e n c e i n t e r v a l ) . 

F i n a l l y , the f a t e of the l i s t i n g s were e v a l u a t e d to t e s t i f the 

same p r o p o r t i o n s of l i s t i n g s p l a c e d d u r i n g the s i t i n g p r o c e s s 

(1983 and 1984) a c t u a l l y s o l d . A c h i - s q u a r e a n a l y s i s of c r o s s 

t a b u l a t e d date of l i s t i n g s " s o l d " and l i s t i n g s " e x p i r e d , withdrawn 

or t e r m i n a t e d " shows a s i g n i f i c a n t dependence of number of s a l e s 
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F i g u r e 5.5 - Comparison of L i s t i n g s and S a l e s i n Salem and i n the 
Host Community 
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F i g u r e 5 .7 - Salem Average S a l e s P r i c e s of R e s i d e n t i a l P r o p e r t i e s ; w 
S o u r c e : Salem MLS B u r e a u , F e b . 1987 
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T a b l e 5.30 - Salem Host Community R e s i d e n t i a l P r o p e r t y 
L i s t i n g s and Outcomes by Year 

Number of R e s i d e n t i a l P r o p e r t i e s 

Year 

1982 1983 1984 1985 1986 

T o t a l L i s t e d 103 11 33 31 17 11 

Outcome 

S o l d 40 1 7 13 13 6 

E x p i r e d or 63 10 26 18 
T e r m i n a t e d 

C h i square s t a t i s t i c : s i g n i f i c a n t 
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and e x p i r e d l i s t i n g s on the y e a r of l i s t i n g ( T a b l e 5 . 3 0 ) . 

S p e c i f i c a l l y , the number of l i s t i n g s p l a c e d d u r i n g 1983 and s o l d 

i s lower and the number of e x p i r e d l i s t i n g s i s h i g h e r than 

e x p e c t e d . 

The i n d i c a t i o n s from t h i s a n a l y s i s a re t h a t the number of 

r e s i d e n t i a l r e a l e s t a t e l i s t i n g s i n c r e a s e because of s i t i n g 

d e c i s i o n s , but the number of a c t u a l s a l e s do n o t . The l i s t i n g 

f r e q u e n c y i s e l e v a t e d d u r i n g the s i t i n g p r o c e s s i n a n t i c i p a t i o n 

of the f a c i l i t y . However, the l i s t i n g s seem to s t a b i l i z e a f t e r 

the f a c i l i t y i s b u i l t and o p e r a t i n g , t h a t i s , when the p h y s i c a l 

impacts a re p r e s e n t . 

5 . 4 . 4 P r o p e r t y V a l u e Impact - Summary 

P r o p e r t y s a l e s p r i c e s and days on the market appear to be 

independent of l a n d f i l l and i n c i n e r a t o r p h y s i c a l i m p a c t s . In 

Tacoma, no e f f e c t s of the l a n d f i l l on p r o p e r t y s a l e s or l i s t i n g s 

c o u l d be d e t e c t e d . The number of r e s i d e n t i a l p r o p e r t i e s l i s t e d 

f o r s a l e i n the i n c i n e r a t o r hos t community i n c r e a s e i n r e s p o n s e to 

the announcement of the i n c i n e r a t o r s i t e and to the c r u c i a l 

d e c i s i o n s d u r i n g the s i t i n g p r o c e s s . D u r i n g c o n s t r u c t i o n and the 

f i r s t year of o p e r a t i o n the f r e q u e n c i e s of l i s t i n g s and s a l e s seem 

to s t a b i l i z e . 

The r e s u l t s c o n f i r m t h a t waste f a c i l i t i e s have , as p r e d i c t e d , 

i n s i g n i f i c a n t e f f e c t s on p r o p e r t y v a l u e s . The r e s u l t s show o n l y a 

minor b e h a v i o r a l r e s p o n s e , i . e . , through a h i g h e r number of 

p r o p e r t y l i s t i n g s i n response to the announcement of a new 

waste d i s p o s a l f a c i l i t y . 
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5.5 C h a p t e r Summary - B e l i e f s , A t t i t u d e and O p p o s i t i o n to Waste 
F a c i l i t i e s i n R e s i d e n t i a l N e i g h b o r h o o d s . 

F a c i l i t y p h y s i c a l impacts and r e s i d e n t s ' b e l i e f s and 

a t t i t u d e s are combined to t e s t the h y p o t h e s i z e d r e l a t i o n s h i p s 

among the b e l i e f s , a t t i t u d e s and a c t i o n s i n the host community. 

F i g u r e s 5.8 and 5.9 show the v a r i a b l e s and the t e s t e d 

r e l a t i o n s h i p s . The f i n d i n g s are summarized and d i s c u s s e d i n the 

f o l l o w i n g s u b s e c t i o n s . 

5 . 5 . 1 P h y s i c a l Impacts , Newspaper C o v e r a g e , and R e s i d e n t s ' 
B e l i e f s 

The r e l a t i o n s h i p s of p h y s i c a l impacts and newspaper a r t i c l e s 

w i t h r e s i d e n t s ' spontaneous ( s a l i e n t ) and s p e c i f i c b e l i e f s r e v e a l 

the i n f l u e n c e of e x t e r n a l v a r i a b l e s on the b e l i e f s t r u c t u r e . 

P h y s i c a l impacts do not appear to d e t e r m i n e the s a l i e n t 

b e l i e f s e t , a l t h o u g h at the o l d e r l a n d f i l l s i t e (Tacoma) the 

s a l i e n t impact b e l i e f s w e l l r e f l e c t the o b s e r v e d p h y s i c a l impacts 

( n o i s e , o d o r , t r a f f i c , b i r d s , water c o n t a m i n a t i o n , and e x p l o s i o n 

r i s k s ) . At the new i n c i n e r a t o r s i t e i n Salem, the spontaneous 

b e l i e f s ( n o i s e , o d o r , t r a f f i c , a i r q u a l i t y i m p a c t s , p r o p e r t y v a l u e 

impacts ) exaggerate the o b s e r v e d p h y s i c a l impacts (v iew, some 

n o i s e and t r a f f i c and a i r e m i s s i o n s , but no o d o r ) . The 

d i s c r e p a n c y i n Salem may o c c u r because of the s h o r t t ime (about 

one year ) r e s i d e n t s have a c t u a l l y e x p e r i e n c e d the f a c i l i t y . In 

c o n t r a s t , r e s i d e n t s of Tacoma have had 25 y e a r s to grow 

accustomed to the l a n d f i l l . 

A l t h o u g h the spontaneous b e l i e f s e t s i n both h o s t - c o m m u n i t i e s 

r e f l e c t o n l y p h y s i c a l impact e l e m e n t s , the s p e c i f i c b e l i e f s 
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c o m p r i s e p h y s i c a l and n o n - p h y s i c a l i m p a c t s , i . e . , economic , s o c i a l 

and p o l i t i c a l impact b e l i e f s . The d i f f e r e n c e appears to stem from 

an impact b e l i e f s h i f t between s p o n t a n e o u s , g e n e r a l b e l i e f s about 

waste f a c i l i t i e s and the s p e c i f i c b e l i e f s t h a t r e s i d e n t s h o l d 

about the s p e c i f i c f a c i l i t y they are f a m i l i a r w i t h . T h i s b e l i e f 

s h i f t can r e s u l t i n an i n c o m p l e t e or e r r o n e o u s f o c u s o f s i t i n g 

e f f o r t s , because o n l y spontaneous b e l i e f s may be e l i c i t e d ( e . g . , 

i n p u b l i c h e a r i n g s ) , but n o n - p h y s i c a l impacts may be v e r y 

i m p o r t a n t i n d e t e r m i n i n g a t t i t u d e s about the f a c i l i t y . 

S p e c i f i c impact b e l i e f s depend both on p h y s i c a l impacts and 

on spontaneous b e l i e f s a t both s i t e s . P h y s i c a l impacts a s s o c i a t e 

not o n l y w i t h s i m i l a r p h y s i c a l impact b e l i e f s but a l s o 

s i g n i f i c a n t l y w i t h n o n - p h y s i c a l impacts and s p e c i f i c a l l y w i t h 

economic ( p r o p e r t y v a l u e s ) , s o c i a l ( image) , and p o l i t i c a l ( l o s s 

of c o n t r o l , c o n f i d e n c e , and f a i r n e s s ) i m p a c t s . 

P a r t i c u l a r l y o b v i o u s p h y s i c a l i m p a c t s , ( e . g . , n u i s a n c e s , o d o r , 

n o i s e , view) can s t i m u l a t e , or t r i g g e r , economic , s o c i a l or 

p o l i t i c a l impact b e l i e f s , as w e l l as p h y s i c a l impact b e l i e f s . 

These r e l a t i o n s h i p s are shown as s o l i d arrows i n the c a u s e - e f f e c t 

d iagram ( F i g u r e 5.8 and 5 . 9 ) . The t r i g g e r e f f e c t t h e r e f o r e 

c o r r o b o r a t e s the o l d adage of " o u t of s i g h t - out of m i n d . " As a 

r e s u l t , the r e d u c t i o n of o b v i o u s t r i g g e r impacts may be e f f e c t i v e 

i n r e d u c i n g p o s s i b l y more i m p o r t a n t n o n - p h y s i c a l i m p a c t s . 

The c o n t e n t s of newspaper a r t i c l e s about the f a c i l i t i e s do 

not a s s o c i a t e w i t h e i t h e r spontaneous or s p e c i f i c impact b e l i e f s 

a t e i t h e r s i t e . A l t h o u g h the t e s t does not s u p p o r t a s i g n i f i c a n t 

c o n n e c t i o n , the i n f l u e n c e of media r e p o r t i n g cannot be r e j e c t e d . 
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P h y s i c a l 
Impacts 

Spontaneous 
B e l i e f s about 
Waste F a c i l i t i e s 

Host Community 
C h a r a c t e r i s t i c s 

odor 
b i r d s 
t r a f f i c 
water 
c o n t a m i n a t i o n 
gas m i g r a t i o n 

Media 
Reports 

odor 
b i r d s 
t r a f f i c 
water 
c o n t a m i n a t i o n 
gas m i g r a t i o n 
+convenience 

o f d i s p o s a l 

O r c h a r d - b l u e 
c o l l a r - u r b a n 

F i r c r e s t -
m i d d l e income 
suburban 

County - r u r a l 
r e s i d e n t i a l 
w i t h new 
development 

B e l i e f s 
about 
F a c i l i t y 
Impacts 

I 
n o i s e 
t r a f f i c 
v iew 
b i r d s 
w i l d l i f e 
p r o p e r t y v a l u e s 
l a c k o f c o n t r o l 
u n f a i r n e s s 

1 
A t t i t u d e 
about the 
F a c i l i t y 

- 1 . 6 5 
(-4 t o +4) 

\ 
a s s o c i a t i o n 
not s i g n i f i c a n t 

\ 

A s s o c i a t e d B e l i e f s 
about F a c i l i t y 
and Community 
n o i s e \ ^ 
odor 7 
a i r q u a l i t y 
w i l d l i f e 
l a c k o f 
c o n f i d e n c e 
i n l o c a l g o v ' t 

C o r r e l a t i o n 
between A t t i t u d e s 

n o n - s i g n i f i c a n t 
GK Gamma=-0.005 

\ 

B e l i e f s 
about 
Community 

I 
n o i s e 
odor 
l a c k o f 
c o n f i d e n c e 
i n l o c a l g o v ' t 

I 

1 
A t t i t u d e 
about the 
Neighborhood 
5.24 on s c a l e 
o f 1 t o 7 (bes t ) 

a s s o c i a t i o n 
not s i g n i f i c a n t 

O p p o s i t i o n 
A c t i o n 

i n f o r m 8.7% 
c o m p l a i n 12.5% 

F i g u r e 5.8 - Tacoma L a n d f i l l - S u m m a r y of B e l i e f s , A t t i t u d e s and 
O p p o s i t i o n A c t i v i t i e s 
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P h y s i c a l 
Impacts 

view 
a i r 
c o n t a m i n a t i o n 

P r e - c o n c e i v e d 
B e l i e f s about 
Waste F a c i l i t i e s 

odors 
n o i s e 
t r a f f i c 
a i r c o n t a m i n a t i o n 

Host Community 
C h a r a c t e r i s t i c s 

s m a l l u n i n c o r p o r a t e d 
r u r a l community 

+energy 

Media 
R e p o r t s 

B e l i e f s 
about 
F a c i l i t y 
Impacts 

view 
a i r e m i s s i o n s 
p r o p e r t y v a l u e s 
image 
l o s s o f c o n t r o l 
u n f a i r n e s s 
l a c k of 
c o n f i d e n c e i n 
l o c a l g o v ' t 

A t t i t u d e 
about the 
F a c i l i t y 
- 0.52 
(-4 to +4) 

s i g n i f i c a n t 
a s s o c i a t i o n 
between 
a t t i t u d e and 
a c t i o n 

A s s o c i a t e d B e l i e f s 
about F a c i l i t y and 
Community 

f l i t t e r 
l a i r q u a l i t y 

< image 
c o n f i d e n c e i n 
l o c a l g o v ' t 
u n f a i r n e s s 

^employment 

1 
B e l i e f s 
about 

Community 

(odor) 
( l i t t e r ) 
a i r q u a l i t y 
image 
l a c k of 
conf i d e n c e 
i n l o c a l g o v ' t 
l a c k . o f 
i n f o r m a t i o n 

C o r r e l a t i o n of 
A t t i t u d e s about 
F a c i l i t y and Community > 
s i g n i f i c a n t 
GK Gamma=0.55 

A t t i t u d e 
about the 
Community 

5.24 on 
s c a l e o f 

1 to 7 (best ) 

a s s o c i a t i o n 
not s i g n i f i c a n t 

O p p o s i t i o n 
A c t i o n 

i n f o r m 16% 
meet 44% 
c o m p l a i n 52% 
l e g a l a c t i o n 40% 

F i g u r e 5.9 - Salem I n c i n e r a t o r - Summary of B e l i e f s , A t t i t u d e s 
and A c t i v i t i e s 
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T e l e v i s i o n r e p o r t s were not t e s t e d , but c o u l d p l a y a s i g n i f i c a n t 

r o l e . F u r t h e r m o r e , complex i n f l u e n c e s were not t e s t e d i n t h i s 

s i m p l e c o n t e n t a n a l y s i s . But the numerous s i g n i f i c a n t d i f f e r e n c e s 

i d e n t i f i e d here between newspaper impact f r e q u e n c i e s and impact 

b e l i e f f r e q u e n c i e s do not s u p p o r t a s i g n i f i c a n t a s s o c i a t i o n . 

5 . 5 . 2 R e s i d e n t s ' B e l i e f s , and A t t i t u d e s about Waste F a c i l i t i e s 
and B e l i e f s and A t t i t u d e s about N e i g h b o r h o o d s . 

S p e c i f i c n e g a t i v e impact b e l i e f s a t both f a c i l i t i e s comprise 

p h y s i c a l , economic , s o c i a l and p o l i t i c a l e l e m e n t s . C e r t a i n 

s i g n i f i c a n t n e g a t i v e f a c i l i t y impact b e l i e f s i n each c a t e g o r y 

c o r r e l a t e s i g n i f i c a n t l y w i t h r e s i d e n t s ' a t t i t u d e s about the 

l a n d f i l l and the i n c i n e r a t o r . T h u s , these b e l i e f s may a f f e c t the 

r e s u l t i n g a t t i t u d e s . The n e g a t i v e impact b e l i e f s f o r p h y s i c a l 

impacts a re e q u a l a t both s i t e s , but a l l n o n - p h y s i c a l impact 

b e l i e f s are more n e g a t i v e i n Salem than i n Tacoma. The 

c o r r e l a t i o n s o f a l l impact b e l i e f s w i t h a t t i t u d e s are s t r o n g e r i n 

Salem than i n Tacoma. T h e r e f o r e , the much s h o r t e r t ime s i n c e 

s i t i n g and c o n s t r u c t i o n and the u n i q u e p r e s e n c e of the i n c i n e r a t o r 

i n the h o s t community may gener a te the s t r o n g e r c o r r e l a t i o n s i n 

Salem. In c o n t r a s t , the l a n d f i l l i n Tacoma i s much o l d e r and i s 

l o c a t e d i n a community w i t h o t h e r i n d u s t r i a l f a c i l i t i e s . 

The r e s i d e n t s ' a t t i t u d e s i n d i c a t e t h a t both h o s t communit ies 

a re more f a v o r a b l e about t h e i r f a c i l i t y than any o t h e r respondent 

group ( c o n t r o l s from the same a r e a as w e l l as h o s t s and c o n t r o l s 

f rom the o t h e r s i t e ) . M o r e o v e r , both h o s t groups t h i n k the 

o t h e r f a c i l i t y i s l e s s d e s i r a b l e than t h e i r own, i n Salem q u i t e 

s i g n i f i c a n t l y . A l t h o u g h c o n t r o l s a re more n e g a t i v e about the 
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f a c i l i t y than host r e s i d e n t s , c o n t r o l a t t i t u d e s a r e more u n i f o r m , 

whereas h o s t a t t i t u d e s s p r e a d over a w i d e r r a n g e . F i n a l l y , 

d e s p i t e more n e g a t i v e impact b e l i e f s and s t r o n g e r b e l i e f -

a t t i t u d e c o r r e l a t i o n s among Salem h o s t r e s i d e n t s , t h e i r a t t i t u d e 

about the i n c i n e r a t o r i s h i g h e r ( -0 .53 on a s c a l e of -4 to +4) than 

Tacoman host r e s i d e n t s ' a t t i t u d e s about the l a n d f i l l ( - 1 . 6 5 ) . 

A f u r t h e r consequence of waste f a c i l i t i e s may be measured i n 

r e s i d e n t s ' b e l i e f s and a t t i t u d e s about the n e i g h b o r h o o d (see 

F i g u r e s 5.8 and 5 . 9 ) . A s t a t i s t i c a l c o n n e c t i o n between b e l i e f s 

about f a c i l i t y impacts and n e i g h b o r h o o d c h a r a c t e r i s t i c s and 

between a t t i t u d e s about the waste f a c i l i t y and the n e i g h b o r h o o d 

r e i n f o r c e s the p o t e n t i a l f o r a c a u s a l e f f e c t of the waste f a c i l i t y 

on the h o s t r e s i d e n t s ' a t t i t u d e about t h e i r n e i g h b o r h o o d . In 

Salem, t h e s e c o n n e c t i o n s were s i g n i f i c a n t , w h i l e i n Tacoma the 

c o n n e c t i o n of f a c i l i t y impact b e l i e f s to the n e i g h b o r h o o d b e l i e f s 

and to n e i g h b o r h o o d a t t i t u d e were weak. 

R e l a t i v e l y few impact d i m e n s i o n s showed a l i k e l y c o n n e c t i o n 

between f a c i l i t y impact b e l i e f s and c o r r e l a t i o n w i t h n e i g h b o r h o o d 

a t t i t u d e s . In Tacoma, f o u r impact b e l i e f s ( o d o r , a i r q u a l i t y , 

water q u a l i t y , l a n d and r e s o u r c e s ) r e l a t e d to a t t i t u d e about the 

n e i g h b o r h o o d . W h i l e i n Salem s i x impact b e l i e f s ( o d o r , a i r 

c o n t a m i n a t i o n , a i r q u a l i t y , employment, community image, and l o s s 

o f c o n f i d e n c e i n the l o c a l government) a re s t a t i s t i c a l l y c o n n e c t e d 

to n e i g h b o r h o o d a t t i t u d e . These r e s u l t s show a p o s s i b l e pathway 

from f a c i l i t y impacts to n e i g h b o r h o o d a t t i t u d e and emphasize the 

meaning of the f a c i l i t y f o r the h o s t community i n S a l e m . 

M o r e o v e r , the a t t i t u d e about the new i n c i n e r a t o r c o r r e l a t e s 
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w i t h a t t i t u d e about the neighborhood i n Salem, a l t h o u g h the 

a t t i t u d e s do not c o r r e l a t e i n Tacoma. 

5 . 5 . 3 A t t i t u d e and A c t i o n 

The f i n a l se t of i n d i c a t o r s of f a c i l i t y impacts c o n s i s t s of 

o p p o s i t i o n a c t i v i t i e s . Respondents i n both host communit ies 

engage i n m i l d forms of o p p o s i t i o n ( g a t h e r i n g i n f o r m a t i o n , 

a t t e n d i n g m e e t i n g s , and f i l i n g c o m p l a i n t s ) . Salem r e s i d e n t s a r e 

more a c t i v e by a 3 to 1 r a t i o . Moving out i s c o n s i d e r e d i n both 

l o c a t i o n s , but not v e r i f i e d i n the number of s a l e s . L e g a l a c t i o n 

has been under taken at both l o c a t i o n s . In Salem, the l a n d use 

change was t w i c e a p p e a l e d , but both t imes the motion f a i l e d ; i n 

Tacoma c i v i l s u i t s a g a i n s t the c i t y f o r water w e l l c o n t a m i n a t i o n 

and gas m i g r a t i o n a r e p e n d i n g . 

In c o n t r a s t , the p r o p o r t i o n s of n e g a t i v e b e l i e f s and 

c o r r e l a t i o n s to f a c i l i t y a t t i t u d e a r e weaker a t the o l d e r 

l a n d f i l l s i t e ; a c o r r e l a t i o n of a t t i t u d e about the f a c i l i t y and 

a t t i t u d e about the n e i g h b o r h o o d i s a b s e n t . Yet the l a n d f i l l 

c e r t a i n l y g e n e r a t e s more s e r i o u s p h y s i c a l impacts i n the community 

( o d o r , v i e w , n o i s e , e x p l o s i o n r i s k s , water q u a l i t y impacts ) than 

does the i n c i n e r a t o r (v iew, n o i s e , s l i g h t a i r q u a l i t y c h a n g e s ) . The 

p r o p o r t i o n s of enraged r e s i d e n t s a re p r a c t i c a l l y e q u a l f o r the o l d 

l a n d f i l l and the new i n c i n e r a t o r . In Tacoma, t h e r e i s , however, no 

e v i d e n c e to s u p p o r t a c o n n e c t i o n of the r e s i d e n t s ' a t t i t u d e s w i t h 

o p p o s i t i o n b e h a v i o r . In Salem, t h i s c o n n e c t i o n was s i g n i f i c a n t . 

F i n a l l y , n e i g h b o r h o o d a t t i t u d e s do not d i f f e r among h o s t and 

c o n t r o l s as w e l l as among both host g r o u p s . 
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A l t h o u g h the a n a l y s i s c o r r o b o r a t e s a pathway between f a c i l i t y 

i m p a c t s , impact b e l i e f s and r e s i d e n t s a t t i t u d e s , i t shows no 

s i g n i f i c a n t d i f f e r e n c e i n the r e s u l t i n g a t t i t u d e s about the 

c o m m u n i t i e s . Two reasons may cause t h i s r e s u l t . E i t h e r r e s i d e n t s 

adapt to the u n d e s i r a b l e f a c i l i t y over t ime and m o d i f y i t s 

r e l a t i v e importance i n d e t e r m i n i n g t h e i r a t t i t u d e , o r , the more 

s e n s i t i v e r e s i d e n t s move out to be r e p l a c e d by l e s s s e n s i t i v e 

p e o p l e . 

P r o p e r t y v a l u e s are not a f f e c t e d by any p h y s i c a l f a c i l i t y 

i m p a c t s . F u r t h e r m o r e , the r e a l e s t a t e a n a l y s i s does not i n d i c a t e 

a h i g h e r number of s a l e s i n e i t h e r h o s t community i n Tacoma or 

Salem, a l t h o u g h t h e r e i s an i n d i c a t i o n of more f r e q u e n t 

r e s i d e n t i a l p r o p e r t y l i s t i n g s d u r i n g f a c i l i t y s i t i n g i n S a l e m . 

T h u s , h o u s e h o l d moving and replacement does not appear to be a 

s i g n i f i c a n t mechanism to e x p l a i n the a d a p t a t i o n of a t t i t u d e about 

a waste f a c i l i t y , or about the n e i g h b o r h o o d . In c o n c l u s i o n , 

p e r s o n a l a t t i t u d e a d a p t a t i o n to the waste f a c i l i t i e s appears to 

o c c u r a f t e r the f a c i l i t y i s b u i l t . 

There i s a s i g n i f i c a n t and p l a u s i b l e c o n n e c t i o n of f a c i l i t y 

p h y s i c a l impacts t h r o u g h b e l i e f s about f a c i l i t y impacts to 

a t t i t u d e s about the waste f a c i l i t i e s and the neighborhoods to the 

o p p o s i n g a c t i o n s . However, the a t t i t u d e s about the f a c i l i t i e s and 

the n e i g h b o r h o o d s i n the host community i s , i f a n y t h i n g , b e t t e r 

than i n o t h e r c o m m u n i t i e s . T h u s , c o n t r a r y to the e x p e c t e d r e s u l t s 

p e o p l e adapt to the s i t u a t i o n . Based on the r e a l e s t a t e a n a l y s i s , 

t h i s a d a p t a t i o n t a k e s p l a c e w i t h i n the h o s t community and not 

through replacement of the more s e n s i t i v e r e s i d e n t s by l e s s 
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s e n s i t i v e o n e s . 

F i n a l l y , t h e r e i s a c l e a r c o n n e c t i o n between f a c i l i t y 

appearance and the economic , s o c i a l and p o l i t i c a l meaning of the 

f a c i l i t y f o r the host community. P h y s i c a l impacts a re i n t e r p r e t e d 

by t h e i r economic , s o c i a l and p o l i t i c a l meaning . The f i n d i n g s 

show t h a t r e s i d e n t s t r a n s l a t e p h y s i c a l impacts i n t o b e l i e f s about 

p h y s i c a l and non p h y s i c a l (economic , s o c i a l and p o l i t i c a l ) 

e f f e c t s . These b e l i e f s f u r t h e r m o r e c o r r e l a t e w i t h o v e r a l l 

a t t i t u d e about the f a c i l i t y . The a t t i t u d e i s r e l a t e d to 

o p p o s i t i o n a c t i v i t i e s . T h u s , the c a u s e - e f f e c t l i n k a g e i s 

e s t a b l i s h e d between o b j e c t i v e f a c i l i t y impacts to o p p o s i t i o n 

a c t i v i t y i n the host community. The d e s c r i p t i o n and e x p l a n a t i o n 

w i l l be used to d e s i g n e f f e c t i v e impact r e d u c t i o n measures to 

enhance community a c c e p t a n c e i n the next c h a p t e r . 
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CHAPTER 6 - IMPACT REDUCTION MEASURES and 
PRIORITIES FOR FACILITY ACCEPTANCE 

6.1 F a c i l i t y S i t i n g Measures to Enhance A c c e p t a n c e 
D e s i g n , C o s t s and R e d u c t i o n E f f e c t s 

T h i s c h a p t e r t e s t s the t h e o r e t i c a l l y d e r i v e d approach and 

methods f o r o b t a i n i n g host comunity a c c e p t a n c e . Based on the 

f i n d i n g s i n C h a p t e r s 4 and 5 on the i n t e r a c t i o n between f a c i l i t y 

i m p a c t s , r e s i d e n t s ' b e l i e f s , a t t i t u d e and r e s p o n s e , s p e c i f i c 

s i t i n g methods are d e r i v e d i n the c o n t e x t of the t h e o r e t i c a l 

approach to a d d r e s s the host community 's c o n c e r n s about l a n d f i l l s 

and i n c i n e r a t o r s . A se t of measures i s d e s i g n e d to a d d r e s s each 

type of impact u s i n g f o u r methods: p r e v e n t i o n , c o n t r o l , 

m i t i g a t i o n and c o m p e n s a t i o n . The c o s t s and r e d u c t i o n of the 

impacts a re d e t e r m i n e d f o r each measure based on s i t e s p e c i f i c 

c o n d i t i o n s a t the Tacoma l a n d f i l l and the Salem i n c i n e r a t o r . 

S u b s e q u e n t l y , the s i t i n g measures , a l o n g w i t h the c o s t and e f f e c t 

i n f o r m a t i o n , a r e p r e s e n t e d to r e s i d e n t s to t e s t f o r p r e f e r e n c e s 

and to d e t e r m i n e e f f e c t i v e n e s s i n i n c r e a s i n g h o s t community 

a c c e p t a n c e . 

The g o a l of t h i s c h a p t e r i s to t e s t p r e f e r e n c e s about s i t i n g 

measures and to d e t e r m i n e t h e i r e f f e c t on f a c i l i t y a c c e p t a n c e . 

Three s p e c i f i c hypotheses are t e s t e d i n i n t e r v i e w s w i t h r e s i d e n t s 

i n h o s t and c o n t r o l c o m m u n i t i e s : 

- F a c i l i t y impacts d e c r e a s e i n sequence of importance from 

h e a l t h r i s k s to impacts on community image and c o n t r o l , t o 

n u i s a n c e s and p r o p e r t y v a l u e l o s s e s . T h u s , h e a l t h , 

p o l i t i c a l c o n t r o l and s o c i a l s i g n i f i c a n c e are h e a v i l y 
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w e i g h t e d (see T a b l e 6 . 1 ) . 

- Measures t h a t reduce impacts a re p r e f e r r e d o v e r 

c o m p e n s a t i o n . Measures t h a t e l i m i n a t e the cause are 

p r e f e r r e d over those t h a t c o n t r o l the impacts or m i t i g a t e 

the damage. T h u s , the p r e d i c t e d r a n k i n g of s i t i n g measures 

i s f i r s t , p r e v e n t i o n , f o l l o w e d , by c o n t r o l , m i t i g a t i o n and , 

f i n a l l y , c o m p e n s a t i o n . P r e v e n t i v e impact r e d u c t i o n i s 

p r e f e r r e d d e s p i t e h i g h e r c o s t s because i t b e s t reduces the 

l o s s a t the cause or s o u r c e . 

- Measures t h a t reduce i m p o r t a n t impacts w i l l l e a d to a 

b e t t e r a t t i t u d e about the f a c i l i t y a n d , hence , b e t t e r 

a c c e p t a n c e than compensat ion measures , such as p r o p e r t y 

v a l u e g u a r a n t e e s . 

In o r d e r to t e s t these s t a t e m e n t s , s e t s of s p e c i f i c measures 

a r e d e r i v e d i n the f o l l o w i n g s e c t i o n to v a l i d l y r e p r e s e n t the 

c o n d i t i o n s a t each s t u d y s i t e . In the l a s t s e c t i o n , these 

measures are t e s t e d i n host and c o n t r o l c o m m u n i t i e s . 

6 . 1 . 1 Waste F a c i l i t y Impact R e d u c t i o n Methods 

The s e t of methods i s l i m i t e d to the o p t i o n s under c o n t r o l of 

the f a c i l i t y proponent and the l o c a l government r e s p o n s i b l e f o r 

waste d i s p o s a l . Methods t h a t e n t a i l changes t o the b a s i c 

p r o d u c t i o n and consumption p a t t e r n s p r i o r to the d i s c a r d i n g of 

waste m a t e r i a l s a re t h e r e f o r e e x c l u d e d . 

The c h o i c e of r e d u c t i o n methods i s t h e r e f o r e c o n f i n e d to the 

waste d i s p o s a l - h o s t community system as d e f i n e d f o r t h i s s t u d y 

(see F i g u r e 6 . 1 ) . The d e f i n i t i o n s o f o p e r a t i o n a l methods are 
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T a b l e 6.1 - Summary of S i g n i f i c a n t B e l i e f s about F a c i l i t y 
Impacts i n Host Community 

a . L a n d f i l l 

Impacts 

N u i s a n c e s 

H e a l t h r i s k s 

from water e m i s s i o n s 

P r o p e r t y v a l u e l o s s 

Harm to image 

P r o p o r t i o n 
of R e s i d e n t s 
who b e l i e v e 
t h i s impact 
i s p r e s e n t 
(Survey 1) 
N=33 

66% 

52% 

41% 

41% 

Ranking -
S t r e n g t h of 
C o r r e l a t i o n 
w i t h 
A t t i t u d e 
about the 
f a c i l i t y 

3 

4 

1 

b . I n c i n e r a t o r 

N u i s a n c e s 

H e a l t h r i s k s 

from a i r e m i s s i o n s 

P r o p e r t y v a l u e l o s s 

L o s s of C o n t r o l 

Harm to image 

F a i r n e s s 

Survey 
N=34 

41% 

32% 

38% 

42% 

41% 

44% 

2 

3 

1 

4 

6 



Cause Waste Transport Emitter Emission 
Transport 

Waste 
Generators 

Waste 
D isposa l 
Fac i lity 

Impact 
R e c e p t o r 

Host 
Community 

_ft—nH«Bi?,r 2 L M 

C o n t r o l M i t i g a t i o n 
- * » • 

Co m p e n s a t i o n 

F i g u r e 6 . 1 : Impact R e d u c t i o n Methods i n the Waste D i s p o s a l System 00 
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r e p e a t e d here (see C h a p t e r 3 ) : These c o n d i t i o n s are s t i p u l a t e d to 

d e t e r m i n e s p e c i f i c impact measures : 

1 . Each measure f i t s o n l y one d e f i n i t i o n of e i t h e r 

p r e v e n t i o n , c o n t r o l , m i t i g a t i o n or compensat ion as d e r i v e d 

i n C h a p t e r 3. T h i s c o n d i t i o n p r e v e n t s o v e r l a p . 

2. Each measure must p o s i t i v e l y address one s i n g l e type of 

impact to a v o i d i n f l u e n c i n g acceptance through s i d e 

e f f e c t s on o t h e r d i m e n s i o n s ; i n p a r t i c u l a r n o n - s p e c i f i c 

"motherhood" measures and c o n c e p t s , such as " r e c y c l i n g " 

and " p o l l u t i o n c o n t r o l " , a re a v o i d e d . 

3. Each measure i s q u a n t i f e d to the e x t e n t p o s s i b l e i n terms 

of c o s t s and r e d u c t i o n e f f e c t s . 

V a r i o u s case s t u d i e s of f a c i l i t y s i t i n g a t tempts ( O ' H a r e , 1983, 

B e c k e r , 1982, B o y l e , 1982, C a r n e s , 1982, C e n t a u r A s s o c i a t e s , 1979, 

W i s c o n s i n F a c i l i t y S i t i n g B o a r d , 1987) were r e v i e w e d to e s t a b l i s h 

a l i s t of s i t i n g measures . From t h i s l i s t , s e t s of measures to 

s p e c i f i c a l l y a d d r e s s s i g n i f i c a n t f a c i l i t y impacts ( T a b l e 6.1 and 

Chapter 5) were s e l e c t e d a c c o r d i n g to the above s t a t e d t h r e e 

c r i t e r i a . The f i n a l se t of measures i s summarized i n T a b l e 6 .2a 

f o r the l a n d f i l l and 6.2b f o r the i n c i n e r a t o r s i t e . In the 

f o l l o w i n g , these measures are d e s c r i b e d i n d e t a i l . The d e s i g n 

c o s t s and r e d u c t i o n e f f e c t s a p p l y to the s p e c i f i c l a n d f i l l i n 

Tacoma and i n c i n e r a t o r i n Salem. 

For the d e s i g n and c o s t i n g of these measures , the t o t a l per 

c a p i t a m u n i c i p a l s o l i d waste g e n e r a t i o n r a t e o f 600kg per c a p i t a 

per year i s u s e d . E n g i n e e r i n g e s t i m a t e s of c o s t s and r e d u c t i o n 

e f f e c t s on impacts were made where r e l i a b l e d a t a and methods 
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T a b l e 6.2 - Set of S i t i n g Methods and Impact R e d u c t i o n Measures 

a . L a n d f i l l 

R e s p o n s i b i l i t y f o r Change Adaptation s h i f t s to Host Community Residents > 

< R e s p o n s i b i l i t y s h i f t s t o Proponent 

Impact Source Prevent C o n t r o l M i t i g a t e Compensate 

Nuisances 
Noise B i r d s cover more berms 

f r e q u e n t l y 
p u t r e s c i b l e s 

Equipment m u f f l e r s berms 

double-
paned 
windows 

double-
paned 
windows 

10% of 
property 
value 

10% of 
p r o p e r t y 
value 

Odor l a n d f i l l 
gas 

Health Risks 

cover more i n s t a l l gas double- 10% of 
f r e q u e n t l y c o l l e c t i o n paned windows pro p e r t y 

and cap system and a i r value 
c o n d i t i o n i n g 

Water leachate 

Loss of 
Image 

"waste" 
" p o l l u t i o n " 

separate and l i n e and cap monitor and p r o v i d e 
compost organic l a n d f i l l , take remedial a l t e r n a t e 
matter p r i o r c o l l e c t and a c t i o n by water supply 
to l a n d f i l l i n g t r e a t leachate counterpumping from c i t y 

and treatment system 
i f necessary 

Loss of 
C o n t r o l 

Loss of 
F a i r n e s s 

(not applied) 

long-term 
community 
planning 
with r e s i d e n t 
p a r t i c i p a t i o n 

l o t t e r y among 
s u i t a b l e s i t e s 
as f a i r s i t e 
s e l e c t i o n 

design and 
landscape 
the s i t e 
and b u f f e r 
as park 

n e g o t i a t i o n 
o f s i t i n g 
agreement 
with r e s i d e n t 
p a r t i c i p a t i o n 

zone and b u i l d a 
o f f e r 10% - community 
prop e r t y p r i c e c e nter 
r e d u c t i o n t o 
a t t r a c t 
d e s i r a b l e 
development 

monitoring 
committee 
with r e s i d e n t 
p a r t i c i p a t i o n 

d e c i s i o n 
on use of 
f a c i l i t y 
p roperty 
taxes by 
h o s t -
community 

everyone e l s e f r e e d i s p o s a l sewer 
pays more f o r & good neighbor system 
prevention & s e r v i c e s f o r 
c o n t r o l s host community 
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T a b l e 6.2 - Set of S i t i n g Methods and Impact R e d u c t i o n Measures 

b . I n c i n e r a t o r 

Responsibility for Change Adaptation shif t s to Host Community Residents > 
< Responsibility shi f t s to Proponent 

Impact Source Prevent Control Mitigate Compensate 

Nuisances 
View 6 t a c k reduce stack 

plume height and 
plume 

screen stack screen 10% in 
on site with residents property 
trees at home values 

with trees 
Health Risks 

Air stack separate waste additional monitor ambient sewer 
emissions prior to f i l t r a t i o n a i r and reduce system 

burning to re- after baghouse burning rate 
duce compounds to remove i f necessary 
that cause particulate, by 10 to 20% 
emissions cool temperat. 

Community 
Image 

Loss of 
Control 

Loss of 
Fairness 

"waste and not applied 
pollution" 

long-term 
community 
planning 
with resident 
participation 

lottery among 
suitable sites 
as f a i r s i t e 
selection 

design and 
landscape 
site and 
buffer as park 

negotiation 
of s i t i n g 
agreement 
with resident 
participation 

zone area 
and give 10% 
price discount 
to attract 
desirable 
development 
monitoring 
committee . 
with resident 
participation 

community 
center 

decision 
on use of 
f a c i l i t y 
property 
taxes by 
host-
community 

everyone else free disposal sewer 
pays more for & good neighbor system 
prevention & services for 
controls host community 
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p e r m i t t e d , f o r l a n d f i l l groundwater e m i s s i o n s and i n c i n e r a t o r a i r 

e m i s s i o n s , both r e d u c t i o n e f f e c t s and c o s t s were e s t i m a t e d , 

because o b j e c t i v e measures of e m i s s i o n s were a v a i l a b l e to p r e d i c t 

impact r e d u c t i o n e f f e c t s . N u i s a n c e and image impact measures were 

d e s i g n e d and c o s t s were e s t i m a t e d , but the l a c k of o b j e c t i v e 

i n d i c a t o r s p r e c l u d e d d e t e r m i n i n g the r e d u c t i o n e f f e c t s . For o t h e r 

measures to a d d r e s s c o n t r o l and f a i r n e s s i m p a c t s , the c o s t s were 

e i t h e r u n p r e d i c t a b l e or v e r y low a n d , hence , were o m i t t e d . 

E f f e c t s were a l s o not o b j e c t i v e l y p r e d i c t a b l e . 

Groundwater E m i s s i o n s from L a n d f i l l L e a c h a t e 

P r e v e n t i o n of l e a c h a t e i s p a r t i a l l y a c h i e v e d through removal 

o f contaminants p r i o r to d i s p o s a l . The m e c h a n i c a l s e p a r a t i o n 

of the o r g a n i c f r a c t i o n of the waste s t ream d i r e c t l y reduces 

the b i o d e g r a d a b l e f r a c t i o n (BOD) i n the waste s t ream (PLM, 

1986; B i l i t e w s k i , 1985) . Subsequent compost ing of t h i s 

f r a c t i o n c o n v e r t s d e g r a d a b l e o r g a n i c s to b a s i c components 

( C , H , 0 , N , P ) , b i n d s some m e t a l s to the r e s i d u a l o r g a n i c matter 

(Dyer and R a z v i , 1987) and v o l a t i l i z e s some o r g a n i c s d u r i n g 

the exposure to a i r . The p r e v e n t a t i v e s e p a r a t i o n and 

t rea tment thus s u b s t a n t i a l l y reduces the l e a c h a b l e 

c o n t a m i n a n t s p r i o r to the l a n d f i l l . S e p a r a t i o n of o r g a n i c 

mat ter a l s o reduces gas p r o d u c t i o n a n d , p o s s i b l y , n u i s a n c e s . 

Any r e f e r e n c e to these c o r o l l a r y e f f e c t s ( i n the p r e s e n t a t i o n 

to r e s p o n d e n t s ) w i l l be a v o i d e d to f o c u s a t t e n t i o n o n l y on 

the l e a c h a t e r e d u c t i o n e f f e c t . 

The a d d i t i o n a l c o s t per p e r s o n f o r p r i o r s e p a r a t i o n net of 
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p r e s e n t l a n d f i l l c o s t s i s estimated a t $13 per person per 

year. The s e p a r a t i o n of o r g a n i c matter can s a f e l y be 

estimated to reduce l e a c h a t e emissions ( b i o l o g i c a l l y 

degradable matter - BOD, ammonia - NH^, heavy metals, and 

or g a n i c compounds) by 50% (see Appendix 6 . 1 A ) . 

Emission c o n t r o l c o n s i s t s of l i n e r systems at the bottom and 

top of the f i l l e d c e l l s , with c o l l e c t i o n and treatment of the 

l e a c h a t e . Although l i n e r systems are very e f f e c t i v e i n 

i n i t i a l l y r e ducing i n f i l t r a t i o n and c o l l e c t i n g l e a c h a t e , 

systems f a i l u r e s i n c r e a s e s i g n i f i c a n t l y a f t e r 15 to 20 years 

l i f e (Massmann and Freeze, 1987) . Treatment of the c o l l e c t e d 

l e a c h a t e can be designed to remove s p e c i f i c major 

c o n s t i t u e n t s i n the e f f l u e n t . 

The c o n s t r u c t i o n of a le a c h a t e c o l l e c t i o n l i n e r , top cover, 

and l e a c h a t e treatment system i n c r e a s e s the d i s p o s a l c o s t to 

each r e s i d e n t by $16.00 per year. 

The l e a c h a t e emission through designed l e a c h a t e c o n t r o l s i s 

estimated to be 90% i n the f i r s t 15 y e a r s . Due to p o s s i b l e 

r i s k s of lea k s o c c u r r i n g , the r e d u c t i o n e f f e c t drops to 50% 

a f t e r 15 years (see Appendix 6 . A 2 ) . 

M i t i g a t i o n measures comprise m o n i t o r i n g of the compliance 

boundary and pump-and-treat remedial a c t i o n f o r contaminated 

groundwater i f necessary. 

M i t i g a t i o n c a l l s f o r monitoring of up-and downgradient 

l e a c h a t e w e l l s and some downgradient water w e l l s . Assuming 

immediate d e t e c t i o n of l e a c h a t e contaminants i n year 1 

f o l l o w e d by 20 years of treatment with a c t i v a t e d carbon 
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s o r p t i o n , the c o s t s f o r t h i s method come to a p p r o x i m a t e l y 

$1.00 per c a p i t a per year (see A p p e n d i x 6 . A 3 ) . I f r e m e d i a l 

a c t i o n becomes e f f e c t i v e 6 months a f t e r f i r s t d e t e c t i o n at 

the boundary , then an a r e a of about 100m down the f l o w l i n e 

w i l l be e f f e c t e d f o r a p e r i o d of 15 to 20 y e a r s . 

Compensat ion i n k i n d c o n s i s t s of d r i n k i n g water m o n i t o r i n g at 

the r e c i p i e n t w e l l s w i t h s u p p l y of a l t e r n a t e water i f 

c o n t a m i n a t i o n o c c u r s . 

H e r e , the measure c o n s i s t s of m o n i t o r i n g downgradient 

d r i n k i n g w a t e r w e l l s and two u p g r a d i e n t w e l l s t o t e s t the 

b a c k g r o u n d . A f t e r f i v e y e a r s , 20 to 25 d r i n k i n g w e l l s i n the 

plume become t a i n t e d and have to be r e p l a c e d by a l t e r n a t e 

water s u p p l i e s . 

I t i s assumed t h a t d e t e c t i o n o c c u r s b e f o r e e x c e s s i v e h e a l t h 

r i s k s o c c u r ( i . e . , b e f o r e an a d d i t i o n a l r i s k of 1 i n 1 

m i l l i o n has o c c u r r e d ) and t h a t the a l t e r n a t e source i s a t or 

below the o r i g i n a l background l e v e l s i n the t a i n t e d w e l l s . 

T a i n t e d w e l l s c o n t i n u e to be m o n i t o r e d throughout the l i f e of 

the f a c i l i t y . The c o s t s amount to $0.35 per c a p i t a per y e a r . 

L a n d f i l l N u i s a n c e R e d u c t i o n of V i e w , N o i s e , B i r d s 

The c o s t s are e s t i m a t e d f o r t h e s e measures ; the impact 

r e d u c t i o n e f f e c t s were not c o n s i d e r e d a d e q u a t e l y r e l i a b l e and 

p r e d i c t a b l e to be i n c l u d e d f o r n u i s a n c e s . 

P r e v e n t i o n r e d u c t i o n of n o i s e i s a c h i e v e d through use o f 

q u i e t e r equipment and speed l i m i t a t i o n s on a c c e s s roads w h i l e 

v i e w , b i r d s and odors may be somewhat r e d u c e d through 
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frequent c o v e r i n g . A d d i t i o n a l n o i s e c o n t r o l equipment and 

twice d a i l y cover i n c r e a s e s o p e r a t i n g c o s t s per year a t the 

Tacoma l a n d f i l l by $57,750 or $0.20 per c a p i t a per year. 

While equipment nois e l e v e l s may decrease by 6 to 10 dBA, a t 

the source, and the e f f e c t of f r e q u e n t l y c o v e r i n g r e f u s e 

reduces the view of open garbage, the r e d u c t i o n of b i r d s and 

odors i s m a r g i n a l . 

C o n t r o l measures comprise o n - s i t e c o n s t r u c t i o n of berms, and 

p l a n t i n g of v e g e t a t i o n s c r e e n s . Noise and view are thereby 

s u b s t a n t i a l l y reduced, p a r t i c u l a r l y f o r c l o s e r r e s i d e n c e s , 

while odors may be improved through c h a n n e l i n g of a i r f l o w s . 

The l o c a t i o n of the berms and v e g e t a t i o n s screen reduces 

n o i s e by about 11 dBA f o r r e s i d e n t s at 100m d i s t a n c e from the 

s i t e boundary (or 200m from the a c t i v e f i l l a r e a ) . The t r e e 

b a r r i e r screens the s i t e e n t i r e l y f o r a l l r e s i d e n t s except 

those on the c r e s t a t the n o r t h e a s t corner (see map, F i g u r e 

6.2). These people w i l l s t i l l be a b l e to see the a c t i v e f i l l 

a rea over the t r e e tops. The c o s t s per c i t y r e s i d e n t amount 

to $1.20 per year (see Appendix 6.B2) over 20 y e a r s . 

M i t i g a t i o n at the r e c e p t o r s i n c l u d e s double g l a z e d windows to 

reduce n o i s e , a i r c o n d i t i o n i n g to reduce odor, and t r e e s to 

screen views. In c o n t r a s t to the c o n t r o l measures, the t r e e s 

are p l a c e d a t the r e s i d e n t s homes. 

Double g l a z e d windows reduce n o i s e by 5dBA. Trees 

v i r t u a l l y e l i m i n a t e views of the l a n d f i l l . The t o t a l c o s t 

amounts to $1.00 per c a p i t a and year f o r estimated 1,000 

houses and 400 apartments (see Appendix 6.B3). 



F i g u r e 6 . 2 : 

Berms I Q -O — T r e e and V e g e t a t i o n S c r e e n 

L a n d f i l l - N u i s a n c e C o n t r o l Measures 
O J 
CO 
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Compensation of p r o p e r t y v a l u e l o s s e s a t 10% i s d e r i v e d f rom 

common v a l u e s used f o r p r o p e r t y d e p r e c i a t i o n t h r o u g h n o i s e 

impacts a l o n g busy roads ( Z e i s s , 1984b) . 

For an a r e a e q u i v a l e n t to 76 one a c r e p l o t s around the 

c i r c u m f e r e n c e of the l a n d f i l l , 10% v a l u e i s e q u a l to $69,100 

per y e a r , or $0.25 per c a p i t a per y e a r . 

I n c i n e r a t o r A i r E m i s s i o n s R e d u c t i o n 

P r e v e n t i o n o c c u r s through s e p a r a t i o n of the b u r n a b l e f r a c t i o n 

because heavy m e t a l s , c h l o r i d e s and o r g a n i c contaminants a re 

removed as d i s c r e t e p a r t i c l e s and as bound c o n c e n t r a t i o n s i n 

the s c r e e n ( u n d e r s i z e ) r e s i d u e . T h u s , the mass f l u x of 

contaminants i n the b u r n a b l e f r a c t i o n , as the i n p u t i n t o the 

i n c i n e r a t o r , i s reduced and r e s u l t s i n a net r e d u c t i o n of a i r 

e m i s s i o n s . 

The e s t i m a t e d a d d i t i o n a l c o s t s f o r the s e p a r a t i o n systems a t 

$19 per r e s i d e n t per year do not i n c l u d e any c o s t s a v i n g s to 

the i n c i n e r a t o r o p e r a t i o n . A l t h o u g h the o v e r a l l r e d u c t i o n of 

the c o n t a m i n a t i o n i n the f u e l f r a c t i o n e n t e r i n g the 

i n c i n e r a t o r amounts to a t l e a s t 50%, t h i s e f f e c t does not 

c a r r y t h r o u g h to a p r o p o r t i o n a l r e d u c t i o n i n e m i s s i o n s . The 

o p e r a t i o n of a i r f i l t e r s s u b s t a n t i a l l y reduces e m i s s i o n s so 

t h a t the net e f f e c t of s e p a r a t i o n i s e s t i m a t e d to be , a t 

b e s t , 10 to 20% of p r e s e n t ( a l r e a d y low) e m i s s i o n s (see 

Appendix 6 . C I ) . 

C o n t r o l of a i r e m i s s i o n s c o n s i s t s s i m p l y of b e s t a v a i l a b l e 

f i l t r a t i o n between b o i l e r and s t a c k d i s c h a r g e . 
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A second s c r u b b e r i s added to f u r t h e r remove s m a l l 

p a r t i c u l a t e under 5 m i c r o n s , and to f u r t h e r lower 

t e m p e r a t u r e s . These a d d i t i o n a l e f f e c t s w i l l r e s u l t i n 

f u r t h e r removal of heavy m e t a l s and o r g a n i c e m i s s i o n s 

b e c a u s e , a t lower t e m p e r a t u r e s , these c o n s t i t u e n t s w i l l tend 

to condense , s o r b to p a r t i c u l a t e s and be f i l t e r e d out w i t h 

them. An a d d i t i o n a l r e d u c t i o n of 10% of the p r e s e n t e m i s s i o n 

r a t e i s e s t i m a t e d a t a c o s t of $2.50 per p e r s o n p e r year (see 

Appendix 6 . C 2 ) . 

M i t i g a t i o n i s based on m o n i t o r i n g and burn r a t e r e d u c t i o n i f 

n e c e s s a r y . A l t e r n a t i v e l y , s t a c k h e i g h t c o u l d be i n c r e a s e d to 

enhance d i s p e r s i o n , but t h i s o p t i o n may be c o n s i d e r e d a 

c o n t r o l measure a n d , hence , was r e j e c t e d . But the r e d u c t i o n 

of b u r n i n g r a t e s may have s i d e e f f e c t s through r e d u c t i o n of 

t r a f f i c and n o i s e . 

The c o s t s f o r a i r q u a l i t y m o n i t o r i n g and p r o - r a t e d d i s p o s a l 

c o s t i n c r e a s e due to a d e c r e a s e d b u r n i n g r a t e a r e c a l c u l a t e d 

s e p a r a t e l y : 

M o n i t o r i n g c o s t $0.55 per c a p i t a per year 

D i s p o s a l p r i c e i n c r e a s e $2.05 
to $4.61 per c a p i t a per year 

$2.60 
T o t a l c o s t to $5.16 per c a p i t a per year 

The e f f e c t s on a i r e m i s s i o n s a re assumed to be p r o p o r t i o n a l 

to the r e d u c t i o n i n the b u r n i n g r a t e of 10 to 20% (see 

Appendix 6 . C 3 ) . 

Compensation i s o f f e r e d through a guarantee of p r o p e r t y 
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v a l u e s up to 10% of a s s e s s e d p r o p e r t y e q u i v a l e n t to a 

n u i s a n c e compensat ion v a l u e to r e f l e c t the minor e f f e c t s of 

a i r q u a l i t y change . 

T h i s p r o p e r t y v a l u e guarantee extends to the number of 

homeowners who a c t u a l l y s e l l t h e i r p r o p e r t y . Based on the 

number of homes l i s t e d f o r s a l e d u r i n g 1983 to 1986 i n the 

h o s t community i n Salem, i t i s assumed t h a t 100 homes a t a 

maximum p r i c e of $196,660. per home each would be 

compensated. Thus the t o t a l c o s t a t 5% i n t e r e s t r a t e , 

a m o r t i z e d over 5 y e a r s , e q u a l s $448,385 per y e a r , o r $1.45 

per c a p i t a per year (see Appendix 6 . C 4 ) . 

I n c i n e r a t o r N u i s a n c e s : View R e d u c t i o n of the I n c i n e r a t o r 
S tack 

The c o s t s f o r t h e s e measures a re e s t i m a t e s o n l y , b e c a u s e ; the 

view r e d u c t i o n c o u l d not be a c c u r a t e l y d e f i n e d o r d e s c r i b e d . 

Where p o s s i b l e , the e f f e c t s are i n d i c a t e d q u a l i t a t i v e l y . 

View p r e v e n t i o n can be a c h i e v e d through r e d u c i n g the s t a c k 

h e i g h t so i t does not exceed the t r e e l i n e , e s p e c i a l l y f o r 

more d i s t a n t r e s i d e n t s . F u r t h e r , the d e h u m i d i f i c a t i o n of the 

exhaust gas reduces the v i s i b l e steam plume. However, an 

e q u a l v i r t u a l h e i g h t of the s o u r c e w i t h the s h o r t e r s t a c k 

must be a c h i e v e d through h i g h e r exhaust v e l o c i t i e s to o f f s e t 

the e f f e c t of a reduced s t a c k h e i g h t on d i s p e r s i o n . 

F u r t h e r m o r e , the s h o r t e r s t a c k c o n f i g u r a t i o n makes the 

exhaust d i s p e r s i o n more s u s c e p t i b l e to wind v e l o c i t y 

v a r i a t i o n . 

In o r d e r t o e l i m i n a t e the vapor plume under worst case 
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c o n d i t i o n s , the s a t u r a t e d exhaust gas i s c o o l e d and 

d e h u m i d i f i e d i n a heat exchanger (with ambient a i r ) and then 

mixed with the warmed, dry ambient a i r . The mixture can then 

be d i s c h a r g e d i n t o ambient a i r at 0 degrees C e l s i u s and 80 to 

100% r e l a t i v e humidity without plume for m a t i o n . 

The c o s t of t h i s system i n c l u d e s higher energy c o s t s to 

i n c r e a s e stack gas e x i t v e l o c i t y , investment and o p e r a t i n g 

c o s t s f o r the heat exchange system. These c o s t s amount to 

$1.00 per person per year (see Appendix 6.D1). 

View c o n t r o l of a t a l l s t a c k through s c r e e n i n g at the s i t e i s 

v i r t u a l l y i m p o s s i b l e f o r viewers beyond a very s h o r t 

d i s t a n c e . T h i s measure i s t h e r e f o r e very i n e f f e c t i v e f o r an 

o b j e c t i v e impact r e d u c t i o n . I n i t i a l l y , t a l l t r e e s of 9 to 12 

metres w i l l cover o n l y the bottom 1/3 of the b u i l d i n g and 

o n l y 1/10 of the stack and plume. The d i s t a n c e from the s i t e 

boundary e f f e c t i v e l y screened by these t r e e s i s o n l y 6 to 12 

m f o r the stack and 17 to 33 metres f o r the b u i l d i n g (see 

Appendix 6.D2). With a growth r a t e of 0.30m per year, the 

screen d i s t a n c e i n c r e a s e s approximately by 1/3 over 10 y e a r s . 

The o n - s i t e view c o n t r o l with a t r e e screen i s very 

i n e f f e c t i v e because i t covers o n l y ground l e v e l o b j e c t s 

( t r u c k s , equipment), but the c o s t s are higher than f o r 

m i t i g a t i o n because of the u n i t c o s t f o r t a l l t r e e s . The 

t o t a l c o s t amounts to $0.20 per c a p i t a per year (see Appendix 

6.D2). 

View m i t i g a t i o n , however, with t r e e s at the r e c e p t o r s i s more 

e f f e c t i v e , but r e q u i r e s s u b s t a n t i a l l y more t r e e s because t h i s 
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method r e q u i r e s m u l t i p l e s c r e e n l i n e s of i n c r e a s i n g 

c i r c u m f e r e n c e up to 5 km from the s i t e (see Appendix 6 . D 3 ) . 

However, the s c r e e n e d d i s t a n c e i n c r e a s e s d r a m a t i c a l l y w i t h 

the d i s t a n c e of the t r e e s c r e e n from the f a c i l i t y so t h a t 

s h o r t e r (5 to 6m) t r e e s can be used a t $60 per t r e e . The 

c o s t of view m i t i g a t i o n comes to $0.02 per c a p i t a per y e a r , 

or l e s s than o n - s i t e s c r e e n i n g . The s c r e e n e d d i s t a n c e ranges 

from 41m a t 1 km d i s t a n c e to 125m at 3km (see Appendix 6 . D 3 ) . 

Compensat ion of 10% of p r o p e r t y v a l u e i s based on view as a 

n u i s a n c e i m p a c t . An immediate impact f i e l d was d e t e r m i n e d as 

a c i r c l e w i t h an 800m ( £ m i l e ) r a d i u s from the s t a c k . In the 

e a s t e r n h a l f c i r c l e , 78 r e s i d e n t i a l l o t s c a r r y an average 

v a l u e of (US) $46,028 e a c h ; (Salem MLS B u r e a u , 1987) . The 

western h a l f - c i r c l e comprises 243 a c r e s of f a r m l a n d a t (US) 

$2,000 per a c r e ( p e r s . comm. E . F o r r e s t , 1988) . 

Based on t h e s e v a l u e s , the 10% compensat ion amounts to $0.15 

per c a p i t a per year f o r each county r e s i d e n t (see Appendix 

6.D4) . 

N o n - P h y s i c a l Impact R e d u c t i o n Measures 

R e d u c t i o n of L o s s of C o n t r o l over Changes i n the Community 

A d d r e s s i n g the l o s s of c o n t r o l r e q u i r e s t h a t the host 

community p a r t i c i p a t e i n the d e c i s i o n - m a k i n g p r o c e s s , a n d , as a 

c o r o l l a r y , even s t r u c t u r e and d e t e r m i n e the p r o c e s s i t s e l f , as i t 

may a f f e c t the outcome. G e n e r i c approaches to reduce l o s s o f 

c o n t r o l cannot be based on or i m p l y s p e c i f i c outcomes of a 

c o n s u l t a t i o n p r o c e s s . The measures c o m p i l e d here v a r y the t ime of 
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r e s i d e n t i n p u t i n t o the s i t i n g p r o c e s s , a n d , hence , a l s o i n the 

degree of p o s s i b l e i n f l u e n c e on the outcome: 

P r e v e n t i o n of l o s s of c o n t r o l i s a d d r e s s e d through 

p a r t i c i p a t i o n i n a l o n g - t e r m p l a n f o r the f a c i l i t y i n the 

community, thus i n c l u d i n g l o c a t i o n , d e s i g n , c o n s t r u c t i o n and 

o p e r a t i o n a l p h a s e s . 

The p a r t i c i p a t i o n c o u l d be o r g a n i z e d i n a p r o c e s s f o r p u b l i c 

i n p u t i n t o a comprehensive community p l a n . The t ime between 

p l a n n i n g f o r the f a c i l i t y and the b e g i n i n g of c o n s t r u c t i o n i s 

l a r g e , p o s s i b l y f i v e to ten y e a r s . T h i s p r o c e s s a l l o w s a 

broad range of i s s u e s to be a d d r e s s e d and g i v e s the community 

a l o n g p e r i o d f o r a d a p t i n g to the c h a n g e s . A l t h o u g h t h i s 

arrangement c o u l d r e s u l t i n p r o l o n g e d o p p o s i t i o n , the a c t u a l 

d e c i s i o n to l o c a t e the f a c i l i t y i n the community i s assumed 

to have been made i r r e v o c a b l y b e f o r e the p l a n n i n g p r o c e s s 

b e g i n s . 

C o n t r o l measures t o l i m i t the l o s s of c o n t r o l c o m p r i s e s 

n e g o t i a t i o n s over a s i t i n g agreement f o r a s p e c i f i c f a c i l i t y 

and s i t e d e s i g n . 

The p a r t i c i p a t o r y c o n t r o l i s c o n f i n e d to a d d r e s s i n g s p e c i f i c 

measures i n the s h o r t term b e f o r e f a c i l i t y c o n s t r u c t i o n . 

Both the range and t ime frame are l i m i t e d , but s u f f i c i e n t to 

a d d r e s s s p e c i f i c f a c i l i t y d e s i g n , p r o p e r t y v a l u e s , m o n i t o r i n g 

and replacement of water s u p p l i e s , and o v e r v i e w committees 

( W i s c o n s i n F a c i l i t y S i t i n g B o a r d , 1987) . 

M i t i g a t i o n e n t a i l s p a r t i c i p a t i o n i n an o v e r v i e w committee to 

m o n i t o r the o p e r a t i o n . 
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The a c t i v i t i e s c o v e r o n l y m i t i g a t i o n of a c t u a l n u i s a n c e s , 

r e l e a s e s or damages under the g i v e n d e s i g n . Changes to the 

i n i t i a l d e s i g n and o p e r a t i o n are not c o n s i d e r e d by such a 

committee (see W i s c o n s i n F a c i l i t y S i t i n g B o a r d , 1987) . 

Compensation f o r l o s s of c o n t r o l a f t e r the f a c t i s a c h i e v e d 

i n k i n d by a l l o w i n g the h o s t community o n l y to d e c i d e on 

p o s s i b l e uses of a d d i t i o n a l taxes g e n e r a t e d by the f a c i l i t y . 

The c o n t r o l here i s not over the f a c i l i t y but over the funds 

f o r o t h e r s e r v i c e s or improvements . Thus the measure i s a 

compensat ion f o r l a c k of c o n t r o l over the f a c i l i t y through 

c o n t r o l over an a l t e r n a t e good , v i z . the t a x e s . T h i s i s 

t h e r e f o r e a type of compensat ion i n k i n d . 

R e d u c t i o n i n Harm t o the Community Image 

"Image" i s d e f i n e d as the a b s t r a c t image of the community 

which may depend among o t h e r t h i n g s , on the v i s u a l image. 

Changing or i n f l u e n c i n g the a b s t r a c t image of a community 

w i t h i n the scope of the waste agency , however, i s l i m i t e d to 

the p h y s i c a l image. T h u s , a p r e v e n t i v e measure f o r image 

i m p a c t , a p a r t from removing the f a c i l i t y a l t o g e t h e r , c o u l d 

not be f o u n d . As a r e s u l t , the se t of measures i s r e s t r i c t e d 

to c o n t r o l , m i t i g a t i o n and i n - k i n d compensat ion of impacts to 

the p h y s i c a l image a n d , i n consequence , to the a b s t r a c t 

community image: 

C o n t r o l of image impact c o n s i s t s of d e s i g n i n g an a t t r a c t i v e 

s i t e and a b u f f e r zone w i t h d e s i r a b l e f e a t u r e s ( t r e e s , p o n d s , 

e t c . ) . 

The d e s i g n approach i s l i m i t e d to the p u r e l y p h y s i c a l image. 
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L a n d f i l l 

Image c o n t r o l a t the l a n d f i l l comprises the c o n s t r u c t i o n of 

p l a y i n g f i e l d s , a g o l f course with clubhouse, and park a r e a . 

These amenities are planned on the f i l l e d area and 

c o n c e n t r a t e d along the outer perimeter (see F i g u r e 6.B). 

The c o n s t r u c t i o n begins with c i r c u m f e r e n t i a l s c r e e n i n g and 

then f o l l o w s the sequence of l a n d f i l l i n g a c t i v i t i e s with a 

three to f i v e year time l a g to a l l o w f o r s e t t l i n g of the f i l l 

b e fore c o n s t r u c t i o n . A t o t a l area of 120 acres i s used f o r 

p l a y i n g f i e l d s and clubhouse (20 acres) and g o l f course and 

c i r c u m f e r e n t i a l screen (100 a c r e s ) . The c o s t amounts of 

$0.80 per c a p i t a per year (see Appendix 6 . E l ) . 

I n c i n e r a t o r 

The image c o n t r o l a t the i n c i n e r a t o r comprises a 70m wide 

b u f f e r s t r i p around the square, 15 acre s i t e . The b u f f e r 

f a c i l i t i e s are b u i l t with the f a c i l i t y . The c o s t s add to the 

c o n s t r u c t i o n c o s t s . The per c a p i t a c o s t i s t h e r e f o r e 

recovered through equal per c a p i t a payments over the 20 year 

l i f e of the f a c i l i t y e q u i v a l e n t to the p r e s e n t value of 

$917,000 or $0.30 per c a p i t a per year (see Appendix 6 . E l ) . In 

order to s i m p l i f y the survey design by u s i n g a s i n g l e value at 

both s i t e s , the higher c o s t of $0.80 at the l a n d f i l l was 

used. 

M i t i g a t i o n of image impacts occurs through p r o v i d i n g 

i n c e n t i v e s f o r a t t r a c t i v e development immediately around the 

s i t e . Denser zoning and p r o p e r t y p r i c e d i s c o u n t s are 
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i n t e n d e d to p l a n f o r and a t t r a c t d e s i r a b l e d e v e l o p m e n t . 

A l t h o u g h z o n i n g and l a n d v a l u e d i s c o u n t s a re not c e r t a i n to 

a t t r a c t d e s i r a b l e development i n any community, they a re 

l i k e l y to f u n c t i o n i n a t y p i c a l hos t community because of i t s 

advantageous l o c a t i o n r e l a t i v e to the c e n t r a l urban a r e a and 

to access r o a d s . 

T h u s , z o n i n g f o r h i g h p r i c e d s i n g l e f a m i l y homes and a 10% 

p r o p e r t y v a l u e d i s c o u n t a re adapted here as image m i t i g a t i o n 

measures . 

L a n d f i l l 

The l a n d around the c i r c u m f e r e n c e (4,826m) of the l a n d f i l l 

s i t e h y p o t h e t i c a l l y d i v i d e d i n t o 76 one a c r e p l o t s . T h i s 

l a n d i s zoned and o f f e r e d a t 10% reduced p r i c e s to 

d e v e l o p e r s to spur a d e s i r a b l e development ( e . g . , a t t r a c t i v e 

s i n g l e f a m i l y r e s i d e n t i a l ) around the s i t e . The s t r a i g h t 

l a n d v a l u e i s d i s c o u n t e d by 10% f o r a t o t a l v a l u e r e d u c t i o n 

of $859,560 over 20 y e a r s or $0.70 per c a p i t a per y e a r . 

I n c i n e r a t o r 

The i n c i n e r a t o r s i t e i s i n a new host community a n d , 

t h e r e f o r e s t i l l somewhat removed from the urban growth 

b o u n d a r y . F u r t h e r m o r e , the a r e a c a l l s f o r r u r a l r e s i d e n t i a l 

development of l a r g e houses on minimum two a c r e p l o t s . 

T h e r e f o r e , both l a n d and houses are s u b s i d i z e d i n Salem to 

r a p i d l y g e n e r a t e development around the s i t e . In a d d i t i o n t o 

the l a n d v a l u e ($104,000 f o r 32 a c r e s ) , the v a l u e of 16 

houses ($80,000 each) i s s u b s i d i z e d by 10% f o r a t o t a l c o s t 
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of $138,400, or $0.04 per c a p i t a over 20 y e a r s (see Appendix 

6.E2) . 

S i n c e the exact t i m i n g of the development r e l a t i v e to the 

c o n s t r u c t i o n of the f a c i l i t y i s not d e t e r m i n a b l e , a c o s t of $0.70 

per c a p i t a per year i s used f o r t h i s m i t i g a t i o n measure . The 

maximum c o s t w i l l o c c u r i f the development i n c e n t i v e s a r e used i n 

l a t e r s tages (see c o s t a t the l a n d f i l l ) . 

Compensat ion i n - k i n d of the image impact i s o f f e r e d i n - k i n d 

through c o n s t r u c t i o n of a community or r e c r e a t i o n a l h a l l as an 

a l t e r n a t i v e b e n e f i t to boost the community image. Community and 

r e c r e a t i o n c e n t r e s a re c o n s i d e r e d d e s i r a b l e and needed f a c i l i t i e s 

i n s m a l l towns (Hodge and Qadeer , 1983) . T h u s , such a f a c i l i t y 

w i l l l i k e l y add to the community image. As an a l t e r n a t e , 

d e s i r a b l e f a c i l i t y , i t i s a form of i n - k i n d c o m p e n s a t i o n . The 

maximum c o s t i s c a l c u l a t e d w i t h the c o s t of £ a c r e o f l a n d a t 

$56,550 (or $2.60 per square f o o t ) and a 10,000 square f o o t 

b u i l d i n g f o r $1,000,000 ($100 per square f o o t , p e r s . comm. F . 

D e l a - L a n a , 1988) . T h u s , the c o s t per r e s i d e n t and year amounts 

to $0.30 per c a p i t a per y e a r . 

R e d u c t i o n of U n f a i r n e s s of H o s t i n g the F a c i l i t y 

The g o a l of f a i r n e s s measures i s to r e d i s t r i b u t e the " c o s t s " 

of the f a c i l i t y r a t h e r than reduce the l e v e l s of s p e c i f i c impacts 

i n the h o s t community. 

P r e v e n t i o n of u n f a i r n e s s i s a c h i e v e d by c a r r y i n g out a f a i r 

s e l e c t i o n of a s i t e through a l o t t e r y to ensure t h a t each s i t e has 

an e q u a l chance of b e i n g s e l e c t e d and hence , one s i t e i s not 
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u n f a i r l y s i n g l e d o u t . A l l s i t e s are assumed p h y s i c a l l y a d e q u a t e . 

T h u s , each s i t e has an e q u a l chance of b e i n g p i c k e d . The c h o i c e 

does not depend on p o l i t i c a l i n f l u e n c e or p e r s o n a l i t i e s of 

d e c i s i o n - m a k e r s . F i n a l l y , the l o t t e r y o c c u r s d u r i n g the s e l e c t i o n 

p r o c e s s , a f t e r p r e l i m i n a r y e v a l u a t i o n of numerous s i t e s , but 

b e f o r e d e t a i l e d d e s i g n of a s p e c i f i c s i t e . The l o t t e r y s e l e c t i o n 

i s t h e r e f o r e p r e v e n t i v e from a host community 's p e r s p e c t i v e . 

C o n t r o l of u n f a i r n e s s r e q u i r e s t h a t a l l waste g e n e r a t o r s o u t s i d e 

the h o s t community pay s l i g h t l y more to reduce impacts and 

p a r t i c i p a t e i n waste (and, hence , impact) r e d u c t i o n . These 

measures o c c u r a f t e r the s i t e s e l e c t i o n a n d , hence , s i m p l y l i m i t 

the degree of u n f a i r i m p a c t - b e n e f i t d i s t r i b u t i o n . The degree of 

u n f a i r n e s s depends on the s p e c i f i c impacts and b e n e f i t s . S i n c e 

t h e s e i n t a n g i b l e s a re d i f f i c u l t to q u a n t i f y , the e f f e c t of c o n t r o l 

on u n f a i r n e s s i s not d e t e r m i n a b l e . However, the f a c t t h a t the 

h o s t community s u f f e r s w h i l e o t h e r waste g e n e r a t o r s b e n e f i t (see 

Kanneman, K n e t s c h and T h a l e r , 1986) i s a d d r e s s e d by the i n c r e a s e d 

c o s t to the b e n e f i c i a r i e s i n o r d e r to reduce i m p a c t s ( c o s t s ) to the 

host community, t h u s , r e d u c i n g the g a i n to one group and the l o s s 

to the o t h e r s i m u l t a n e o u s l y . 

M i t i g a t i o n of the u n f a i r n e s s p r o v i d e s f o r a l t e r n a t e e n v i r o n m e n t a l 

g o o d s . In t h i s c a t e g o r y , a sewer system f o r the h o s t community 

was chosen to reduce the u n f a i r n e s s of e n v i r o n m e n t a l i m p a c t s , by 

i n s t a l l i n g sewer i n f r a s t r u c t u r e to enhance water q u a l i t y . Sewer 

systems a r e , i n g e n e r a l c o n s i d e r e d to be d e s i r a b l e s e r v i c e s i n 

r u r a l communities (Hodge and Qadeer , 1983) . M o r e o v e r , a sewer 

system was s p e c i f i c a l l y promised the host community of Brooks f o r 
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h o s t i n g the i n c i n e r a t o r . A l t h o u g h the promise was l a t e r 

w i t h d r a w n , i t swayed some r e s i d e n t s to s u p p o r t the f a c i l i t y d u r i n g 

the s i t i n g p r o c e s s . 

Compensation of u n f a i r n e s s through f r e e waste c o l l e c t i o n d i s p o s a l 

and good n e i g h b o r s e r v i c e s reduces the r e s i d e n t s ' c o s t s i n 

exchange f o r b e a r i n g the i m p a c t s . T h i s measure i s a form of 

compensat ion through waste d i s p o s a l as the s e r v i c e p r o v i d e d by the 

f a c i l i t y . A l t h o u g h t h i s measure r e d i s t r i b u t e s the c o s t s from the 

host community to o t h e r waste g e n e r a t o r s r a t h e r than 

r e d i s t r i b u t i n g a c t u a l i m p a c t s , t h e r e i s a c l o s e c o n n e c t i o n between 

the d i s p o s a l s e r v i c e and the f a c i l i t y i m p a c t s . 

T h u s , r a t h e r than r e d u c i n g f a c i l i t y impacts through monetary c o s t s 

to the u s e r s , t h i s measure p r o v i d e s a l t e r n a t e b e n e f i t s to the host 

community t h r o u g h c o s t r e d i s t r i b u t i o n . 

6 .1 .2 Summary of S i t i n g Measures 

The s i t i n g measures are l i s t e d by type of impact and type of 

method i n the f o l l o w i n g T a b l e s 6.3a to g . C o s t s a re summarized 

f o r h e a l t h r i s k , n u i s a n c e and image impact measures , where the 

d e s i g n of p h y s i c a l changes p e r m i t t e d e n g i n e e r i n g c o s t e s t i m a t e s . 

The a d d i t i o n a l c o s t s range between $0.03 and $19 per c a p i t a per 

y e a r . The maximum a d d i t i o n a l c o s t of $19 i s e q u i v a l e n t t o a one 

to two p e r c e n t r i s e i n p r o p e r t y taxes or e q u i v a l e n t to an e l e v e n 

to s i x t e e n p e r c e n t i n c r e a s e i n r e s i d e n t i a l garbage p i c k up r a t e s 

i n Tacoma and Salem. T h u s , the a d d i t i o n a l c o s t s f o r s i t i n g 

measures c o n s t i t u t e s m a l l i n c r e a s e s r e l a t i v e to the p r e s e n t 

r e s i d e n t i a l tax and s e r v i c e c h a r g e s . 
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T a b l e 6 .3a - Set of Methods t o A d d r e s s H e a l t h R i s k s from 
Water E m i s s i o n s 

Ways of r e d u c i n g water e m i s s i o n s 
from the l a n d f i l l E f f e c t C o s t to 

i n r e d u c i n g each r e s i d -
e m i s s i o n s ent i n 

taxes per 
p e r s o n 

P r e v e n t i o n 

S e p a r a t e r o t t i n g o r g a n i c matter 50% r e d u c t i o n $13 per year 
from the garbage and t r e a t i t 
b e f o r e p l a c i n g them i n the 
l a n d f i l l to reduce l e a c h a t e 
p r o d u c t i o n 

C o n t r o l 

I n s t a l l bottom l i n e r and top 
c o v e r , c o l l e c t and t r e a t l e a c h a t e 
to reduce e m i s s i o n s to groundwater 

90% i n f i r s t 
15 y e a r s , 
50% a f t e r 
t h a t 

$16 per year 

M i t i g a t i o n 

Under take l e a c h a t e and 
groundwater m o n i t o r i n g on s i t e and 
take r e m e d i a l a c t i o n to pump out 
and t r e a t c o n t a m i n a t e d groundwater 
i f n e c e s s a r y 

groundwater 
i s c o n t a m i n a t e d 
i n a s m a l l 
a r e a f o r 
10 to 15 y e a r s , 
g e t s b e t t e r 
a f t e r t h a t 

$1.00 per year 

Compensation i n - k i n d 

M o n i t o r the water w e l l s and connect 
those houses to o t h e r w e l l s or to 
the c i t y water s u p p l y f r e e i f 
t h e i r w e l l s become c o n t a m i n a t e d 
from l a n d f i l l l e a c h a t e . 

groundwater 
i s c o n t a m i n a t e d 
but d r i n k i n g 
water i s 
s a f e 

$0.35 per year 



T a b l e 6 .3b - Set of Methods to A d d r e s s L a n d f i l l N u i s a n c e s 

Ways to reduce l a n d f i l l n u i s a n c e s C o s t s to each 
r e s i d e n t per 
p e r s o n 

P r e v e n t i o n 

I n s t a l l b e t t e r m u f f l e r s , use q u i e t e r equipment $ 0 . 2 0 / y e a r 
to reduce n o i s e , c o v e r r e f u s e f r e q u e n t l y to 
p r e v e n t b i r d s 

C o n t r o l 

C o n s t r u c t berms on s i t e to s h i e l d houses $ 1 . 2 0 / y e a r 
from n o i s e and view 

M i t i g a t i o n 

I n s t a l l d o u b l e g l a z e d windows, a i r c o n d i t i o n e r s $ 1 . 0 0 / y e a r 
and s c r e e n r e s i d e n t s houses w i t h t r e e s to 
reduce n o i s e , odor and view 

Compensat ion 

Compensate homeowners w i t h the d o l l a r 
e q u i v a l e n t of 10% of p r o p e r t y v a l u e 

$ 0 . 2 5 / y e a r 
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T a b l e 6 .3c - Set of Methods to A d d r e s s H e a l t h R i s k s from 
I n c i n e r a t o r A i r E m i s s i o n s 

Ways of r e d u c i n g 
a i r e m i s s i o n s from the 
garbage burner 

E f f e c t s C o s t to each 
i n r e d u c i n g r e s i d e n t i n 
a i r e m i s s i o n s taxes per 

p e r s o n 

P r e v e n t i o n 

Separa te the garbage and remove 20% r e d u c t i o n $19 per year 
contaminants b e f o r e b u r n i n g to 
reduce the e m i s s i o n s to a i r 

C o n t r o l 

I n s t a l l the b e s t a v a i l a b l e 10% r e d u c t i o n $2.50 per y e a r 
a i r f i l t r a t i o n equipment 
to reduce a i r e m i s s i o n s 
i n the exhaust a i r 

M i t i g a t i o n 

M o n i t o r a i r e m i s s i o n s i n the a i r 10 to 20% $2.60 to 
around the p l a n t and reduce the i f proven $5.20 per year 
amount of garbage t h a t i s burned n e c e s s a r y 
i f the measured e m i s s i o n s are 
s i g n i f i c a n t 

Compensat ion 

Compensate homeowners w i t h the no r i s k to $1.45 per year 
d o l l a r e q u i v a l e n t of 10% of p r o p e r t y 
p r o p e r t y v a l u e p r i c e s 
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T a b l e 6 .3d - Set of Methods to A d d r e s s View 

Ways to reduce the view of the garbage b u r n e r 

C o s t to each 
r e s i d e n t per 
p e r s o n 

P r e v e n t i o n 

Reduce s t a c k h e i g h t and p r e v e n t a v i s i b l e $ 1 . 0 0 / y e a r 
plume from o c c u r r i n g 

C o n t r o l 

S c r e e n s t a c k and plume w i t h h i g h t r e e s around $ 0 . 2 0 / y e a r 
s i t e 

M i t i g a t i o n 

Screen r e s i d e n t s w i t h t r e e s a t t h e i r homes $ 0 . 0 2 / y e a r 

Compensation 
Compensate homeowners w i t h the d o l l a r $ 0 . 2 5 / y e a r 
e q u i v a l e n t of 10% of p r o p e r t y v a l u e 
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T a b l e 6.3e - Set of Methods to A d d r e s s L o s s of C o n t r o l 

Ways of a d d r e s s i n g l o s s c o n t r o l of the community 

P r e v e n t i o n 

E s t a b l i s h a l o n g - t e r m z o n i n g p l a n f o r the f a c i l i t y i n 
the community w i t h p a r t i c i p a t i o n of the r e s i d e n t s 

C o n t r o l 

Make the f a c i l i t y proponent n e g o t i a t e w i t h 
community r e s i d e n t s to r e a c h a s i t i n g 
agreement on d e s i g n , o p e r a t i o n and i m p a c t s , 
o t h e r w i s e b i n d i n g a r b i t r a t i o n w i l l d e c i d e 

M i t i g a t i o n 

Form a m o n i t o r i n g committee of hos t community 
r e s i d e n t s and the o w n e r / o p e r a t o r to m o n i t o r 
the o p e r a t i o n , i n v e s t i g a t e c o m p l a i n t s , and 
a d d r e s s problems and d e c i d e on changes 

Compensat ion 

A l l o w the host community to d e c i d e on the use 
of the e x t r a taxes from the f a c i l i t y 
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T a b l e 6 .3 f - Set of Methods to A d d r e s s Image Impacts 

Ways of a d d r e s s i n g C o s t to each 
harm to the community image r e s i d e n t i n 

taxes per year 

C o n t r o l 

D e s i g n and l a n d s c a p e the s i t e and s u r r o u n d i n g $0.80 per year 
b u f f e r zone as a park w i t h t r e e s , p o n d s , g o l f 
c o u r s e , p l a y i n g f i e l d s , e t c . 

M i t i g a t i o n 

Zone a r e a and p r o v i d e i n c e n t i v e s to encourage $0.70 per year 
a t t r a c t i v e development around the s i t e 

Compensation i n - k i n d 

B u i l d an a t t r a c t i v e 
such as a community 

f a c i l i t y i n the community, 
h a l l or r e c r e a t i o n c e n t e r 

$0.30 per year 



T a b l e 6. 3g - Set of Methods to A d d r e s s U n f a i r n e s s 

U n f a i r n e s s of h a v i n g the f a c i l i t y i n the community 

P r e v e n t i o n 

Ensure a f a i r s e l e c t i o n by l o t t e r y c h o i c e 
of the s i t e from among numerous s i t e s 

C o n t r o l 

Make everyone o u t s i d e the hos t community pay 
s l i g h t l y more f o r the n e c e s s a r y e m i s s i o n c o n t r o l s 

M i t i g a t i o n 

P r o v i d e f r e e waste c o l l e c t i o n and d i s p o s a l , snow 
c l e a r i n g and r o a d maintenance f o r the h o s t community 

Compensation 

P r o v i d e a community h a l l or r e c r e a t i o n c e n t r e 
f o r the hos t community 
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The c o s t s f o r d i f f e r e n t methods do not f i t a c o n s i s t e n t 

p a t t e r n ; w h i l e p r e v e n t i o n i s most e x p e n s i v e f o r r e d u c i n g 

i n c i n e r a t o r a i r e m i s s i o n s ($19 per y e a r ) , i t i s the cheapes t 

method t o reduce l a n d f i l l n u i s a n c e s ($0.20 per y e a r ) . C o n t r o l 

measures range from most e x p e n s i v e ($16 per p e r s o n per year f o r 

l a n d f i l l l e a c h a t e c o n t r o l ) to the second most e x p e n s i v e ($0.20 per 

p e r s o n per year f o r view c o n t r o l a t the i n c i n e r a t o r ) . M i t i g a t i o n 

ranks second most e x p e n s i v e ($2.60 t o $5.16 per p e r s o n per y e a r 

f o r a i r e m i s s i o n s a t the i n c i n e r a t o r ) to cheapes t ($0.02 per 

p e r s o n per year f o r view m i t i g a t i o n a t the i n c i n e r a t o r ) . 

Compensation measures are c o n s i s t e n t l y the cheapes t or second 

cheapest method at $0.15 to $1.45 per y e a r . 

For l a n d f i l l l e a c h a t e , c o n t r o l measures a re o b j e c t i v e l y more 

e f f e c t i v e than p r e v e n t i o n , m i t i g a t i o n and i n - k i n d c o m p e n s a t i o n . 

For r e d u c i n g i n c i n e r a t o r e m i s s i o n s , p r e v e n t i o n i s the most 

e f f e c t i v e measure, f o l l o w e d by m i t i g a t i o n and c o n t r o l . 

Compensat ion e l i m i n a t e s o n l y p r o p e r t y v a l u e l o s s e s f o r both c a s e s . 

The r a n k i n g of c o s t s and e f f e c t i v e n e s s of methods a re 

summarized i n T a b l e 6.4 because these d a t a a re i m p o r t a n t f o r the 

p r e f e r e n c e r a n k i n g of methods i n the f o l l o w i n g s e c t i o n s . For 

l a n d f i l l l e a c h a t e and i n c i n e r a t o r a i r e m i s s i o n s , the c o s t ranks 

c o i n c i d e s w i t h the e f f e c t i v e n e s s rank of the measure . 

6.2 P r e f e r r e d S i t i n g Measures and T h e i r E f f e c t s on A t t i t u d e 
and A c c e p t a n c e 

6 . 2 . 1 I n t r o d u c t i o n 

The o b j e c t i v e of t h i s s e c t i o n i s to e s t a b l i s h p r e f e r e n c e s f o r 

the use of impact r e d u c t i o n measures and t e s t f o r t h e i r e f f e c t on 



410 

T a b l e 6 .4a - Ranking of H e a l t h R i s k Measures by C o s t and 
E f f e c t i v e n e s s 

H e a l t h R i s k L a n d f i l l I n c i n e r a t o r 
R e d u c t i o n Leachate A i r E m i s s i o n s 
Measures 

P r e v e n t i o n 

C o s t E f f e c t C o s t E f f e c t 
Rank Rank Rank Rank 

C o n t r o l 1 1 : 

M i t i g a t i o n 3 3 

Compensat ion 4 4 < 

L e g e n d : e . g . 1 = h i g h e s t c o s t or most e f f e c t i v e 
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T a b l e 6.4b - Ranking of N u i s a n c e Measures by C o s t 

N u i s a n c e L a n d f i l l I n c i n e r a t o r 
Measures 

P r e v e n t i o n 

C o n t r o l 

C o s t C o s t 
Rank Rank 

M i t i g a t i o n 

Compensation 
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T a b l e 6 .4c - Ranking of Community Image Measures by C o s t 

Image C o s t 
Measures Rank 

C o n t r o l 1 

M i t i g a t i o n 2 

Compensat ion 3 
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f a c i l i t y a c c e p t a n c e i n host and c o n t r o l c o m m u n i t i e s . The 

i n t e r v i e w s t e s t t h r e e hypotheses (see the i n t r o d u c t i o n t o t h i s 

c h a p t e r ) : 

the w e i g h t i n g of f a c i l i t y impacts i s h i g h e s t f o r h e a l t h 

r i s k s , f o l l o w e d by c o n t r o l and community image i m p a c t s , 

n u i s a n c e s and p r o p e r t y v a l u e s ; 

- impact r e d u c t i o n i s p r e f e r r e d over m i t i g a t i o n and 

c o m p e n s a t i o n ; 

impact r e d u c t i o n g e n e r a t e s b e t t e r a c c e p t a n c e of waste 

f a c i l i t i e s . 

The d e t a i l e d i n t e r v i e w s were s p e c i f i c a l l y c o n d u c t e d among 

s t r o n g l y o p p o s i t i o n a l and g e n e r a l hos t community r e s p o n d e n t s and 

among random c o n t r o l r e s i d e n t s i n Tacoma WA, and N o r t h V a n c o u v e r , 

B . C . f o r the l a n d f i l l and i n Salem OR, and B u r n a b y , B . C . f o r the 

i n c i n e r a t o r (see T a b l e 6 . 5 ) . There are fewer c o n t r o l community 

r e s i d e n t s i n the samples because of l e s s w i l l i n g n e s s t o 

p a r t i c i p a t e i n the s u r v e y . S t r o n g l y opposed r e s i d e n t s were p i c k e d 

from s m a l l groups of 5 to 10 w e l l i d e n t i f i e d i n d i v i d u a l s who had 

a c t i v e l y opposed the f a c i l i t i e s . G e n e r a l h o s t and c o n t r o l 

r e s i d e n t s were randomly s e l e c t e d from the l i s t of r e s p o n d e n t s f rom 

the f i r s t s u r v e y (Survey 1) of f a c i l i t y impacts i n 1987 (see 

C h a p t e r 5 ) . 

T h i s i n i t i a l t e s t i s a c c o m p l i s h e d w i t h i n t e r v i e w s of hos t and 

c o n t r o l community r e s i d e n t s a t e x i s t i n g s i t e s . A l t h o u g h the s e t 

of impact r e d u c t i o n measures c o n t a i n s s p e c i f i c and a c c u r a t e 

methods, c o s t s and r e d u c t i o n e f f e c t s , the p e r s p e c t i v e of h o s t and 

c o n t r o l communities may d i f f e r . Host communities a l r e a d y have a 

f a c i l i t y a n d , to a d e g r e e , may have a l r e a d y adapted to i t s 
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T a b l e 6.5 - Sample S i z e f o r A c c e p t a n c e Measure I n t e r v i e w s 

Community 

S i t e Host C o n t r o l T o t a l 

L a n d f i l l s 

Tacoma, WA 4 3 7 

N o r t h V a n c o u v e r , B . C . 8 3 11 

T o t a l L a n d f i l l 12 6 18 

I n c i n e r a t o r s 

Salem, OR 7 4 11 

Burnaby , B . C . 8 3 11 

T o t a l I n c i n e r a t o r 15 1_ 22 

T o t a l Survey 27 13 40 



415 

p r e s e n c e . In c o n t r a s t , the c o n t r o l communities a re not even 

c o n f r o n t e d w i t h a r e a l i s t i c p o s s i b i l i t y of h a v i n g to a d d r e s s the 

i s s u e . C o n t r o l g r o u p s , a r e , however, r e p r e s e n t a t i v e of a 

p o t e n t i a l hos t community, because they r e p r e s e n t r e s i d e n t s who 

l i v e on the urban b o u n d a r i e s . 

The i n t e r v i e w c o n t a i n e d m u l t i p l e q u e s t i o n s on each i s s u e to 

e s t a b l i s h impacts p r e f e r e n c e s f o r r e d u c t i o n measures and e f f e c t s 

on r e s u l t i n g a t t i t u d e : 

The f i r s t s e c t i o n ( q u e s t i o n s 1 t h r o u g h 12 i n 

q u e s t i o n n a i r e , Appendix 6F) c o m p r i s e s a se t of q u e s t i o n s 

from the f i r s t s u r v e y ( s u r v e y 1) about f a c i l i t y impact 

b e l i e f s and a t t i t u d e s to e s t a b l i s h r e s p o n d e n t s ' p r e s e n t 

b e l i e f s and a t t i t u d e about the f a c i l i t y and to t e s t f o r 

changes over the l a s t year s i n c e the b e g i n n i n g of 1987. 

The second s e t of q u e s t i o n s (#11 and #12) r e q u i r e a 

r a n k i n g of c o n c e r n s and a swing w e i g h t i n g of methods t h a t 

a d d r e s s d i f f e r e n t t y p e s of i m p a c t s . 

The t h i r d s e t ( q u e s t i o n s 13, 14 and 15) e l i c i t , f i r s t , 

p r e f e r e n c e r a n k i n g of g e n e r a l impact r e d u c t i o n approaches 

T h e n , judgments of the changes i n a c c e p t a b i l i t y ( q u e s t i o n 

15) and p r e f e r e n c e s among s p e c i f i c s e t s of r e d u c t i o n 

measures ( p r e v e n t i o n , c o n t r o l , m i t i g a t i o n , c o m p e n s a t i o n ) , 

to a d d r e s s the most i m p o r t a n t i m p a c t s . S p e c i f i c d o l l a r 

c o s t s and impact r e d u c t i o n e f f e c t s a re p r o v i d e d as a b a s i 

f o r r e s p o n d e n t s ' p r e f e r e n c e s i n q u e s t i o n 15 (see T a b l e 

6 .3a to h ) . 

- The l a s t se t of q u e s t i o n s a d d r e s s e s the changes i n 
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a t t i t u d e about the f a c i l i t y i n c l u d i n g o p t i m a l s i t i n g 

measures to address i m p o r t a n t impacts ( q u e s t i o n s 16 and 

1 7 ) . F i n a l l y , r e s p o n d e n t s a r e asked to r a t e o v e r a l l 

f a c i l i t y a c c e p t a b i l i t y under bes t c i r c u m s t a n c e s , t h a t i s , 

w i t h a f a i r s e l e c t i o n , bes t a v a i l a b l e t e c h n o l o g y and 

r e g u l a t i o n , d e f i n i t e and l i m i t e d f a c i l i t y l i f e , and w i t h 

the t h r e e most p r e f e r r e d impact r e d u c t i o n measures 

( q u e s t i o n 1 9 ) . 

The t e s t i n s t r u m e n t i s i n t e n d e d to a s s e s s impact b e l i e f s and 

a t t i t u d e , e s t a b l i s h impact r e d u c t i o n w e i g h t i n g , e l i c i t 

p r e f e r e n c e s among s p e c i f i c s i t i n g measures w i t h knowledge of 

e f f e c t s and c o s t s , and i n d i c a t e the r e s u l t i n g change i n a t t i t u d e 

about each waste f a c i l i t y . 

6 .2 .2 A c c e p t a n c e Measures - R e s u l t s . 

V a l i d a t i o n 

The sample of i n t e r v i e w r e s p o n d e n t s i s compared w i t h the 

sample of host community r e s p o n d e n t s i n the f i r s t s u r v e y ( s u r v e y 1 

i n C h a p t e r 5) t o v a l i d a t e r e p r e s e n t a t i v e n e s s of the r e s u l t s f o r 

t y p i c a l hos t c o m m u n i t i e s . Household c h a r a c t e r i s t i c s , f a m i l i a r i t y 

w i t h the f a c i l i t i e s , impact b e l i e f s , and a t t i t u d e r a t i n g s about 

the f a c i l i t i e s a re compared. 

Household c h a r a c t e r i s t i c s c o m p r i s e type of home, o w n e r s h i p , 

p r e s e n c e of c h i l d r e n under 18, e d u c a t i o n , and income. The 

p r o p o r t i o n s of these c h a r a c t e r i s t i c s among the combined sample of 

r e s p o n d e n t s a t both l a n d f i l l s i t e s and both i n c i n e r a t o r s i t e s are 

compared w i t h the r e s p e c t i v e host community samples a t the Tacoma 
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T a b l e 6.6 - Comparison of A c c e p t a n c e I n t e r v i e w Sample w i t h 
Community Impact Survey (Survey 1) 
Sample by Demographics 

a . L a n d f i l l 

C h a r a c t e r i s t i c s 

P r o p o r t i o n 
of 
I n t e r v i e w 
Sample 
N=18 

P r o p o r t i o n 
of 
Survey 1 
Sample 
N=33 

T e s t of 
D i f f e r e n c e 
of p r o p o r t i o n s 

Type of Home 

S i n g l e F a m i l y 

Ownership 

own 
r e n t 

C h i l d r e n under 
18 i n h o u s e h o l d 

no 

yes 

E d u c a t i o n 

H i g h s c h o o l g r a d u a t e s 

C o l l e g e g r a d u a t e s 

Income 

under $15,000 

$15,000 to $30,000 

over $38,000 

72% 

89% 
11% 

71% 

29% 

88% 

30% 

12% 

41% 

41% 

69% 

58% 
42% 

67% 

33% 

66% 

35% 

10.3i 

41% 

48% 

not s i g , 

s i g n i f i c a n t 
s i g n i f i c a n t 

not s i g . 

not s i g . 

s i g n i f i c a n t 

not s i g . 

not s i g . 

not s i g . 

not s i g . 
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T a b l e 6.6 - C o n t i n u e d -

b . I n c i n e r a t o r 

C h a r a c t e r i s t i c s 

P r o p o r t i o n 

on 

I n t e r v i e w 

Sample 

N=18 

P r o p o r t i o n 

on 

Survey 1 T e s t of 

Sample D i f f e r e n c e 

N=34 

Type of Home 

S i n g l e F a m i l y 
Other 

Ownership 

own 
r e n t 

C h i l d r e n under 
18 i n h o u s e h o l d 

no 

yes 

E d u c t a t i o n 

H i g h s c h o o l g r a d u a t e 

C o l l e g e g r a d u a t e s 

Income 

under $15,000 

$15,000 to $30,000 

over $30,000 

90.5% 
9.5% 

95.5% 
4.5% 

68.2% 

31.8% 

81% 

33.3% 

10.6% 

37.4% 

52% 

86% 
14% 

86% 
14% 

64% 

36% 

87% 

43% 

26.3% 

30% 

43% 

not s i g . 
not s i g . 

not s i g . 
not s i g . 

not s i g . 

not s i g . 

not s i g . 

not s i g . 

s i g n i f i c a n t 

not s i g . 

not s i g . 
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T a b l e 6.7 - Comparison of F a m i l i a r i t y w i t h Waste F a c i l i t i e s 
among I n t e r v i e w Respondents and the Host Community 

a . L a n d f i l l F a m i l i a r i t y R a t i n g 
(between 1 - u n f a m i l i a r and 7 - f a m i l i a r ) . 

Survey 1 
I n t e r v i e w Host Community T e s t of 
Respondents D i f f e r e n c e 
N=18 N=33 of Means 

Average 5.6 5.72 not s i g , 
S t a n d . D e v i a t i o n 1.34 1.52 

b . I n c i n e r a t o r N=22 N=34 

Average 4.52 5.03 not s i g , 
S t a n d . D e v i a t i o n 1.82 1.7 
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l a n d f i l l and the Salem i n c i n e r a t o r . T a b l e 6.6 shows the s p e c i f i c 

v a l u e s and the r e s u l t s of the d i f f e r e n c e of p r o p o r t i o n s t e s t s as a 

95% c o n f i d e n c e l e v e l . In the l a n d f i l l sample , t h e r e a re 

s i g n i f i c a n t l y more homeowners (89% v e r s u s 58%) and more h i g h 

s c h o o l g r a d u a t e s (88% v e r s u s 66%) then i n the o r i g i n a l hos t 

community sample . A t the i n c i n e r a t o r s i t e s , t h e r e a r e m a r g i n a l l y 

fewer i n t e r v i e w r e s p o n d e n t s i n the lower income (under $15,000 per 

year ) b r a c k e t than i n the f i r s t s u r v e y s a m p l e . These d i f f e r e n c e s 

r e f l e c t the g r e a t e r i n t e r e s t and w i l l i n g n e s s o f homeowners, h i g h 

s c h o o l g r a d u a t e s and m i d d l e income h o u s e h o l d s to express o p i n i o n s 

about t h e i r n e i g h b o r h o o d and the e n v i r o n m e n t . The e f f e c t of these 

noted d i f f e r e n c e s , however, i s to i n c r e a s e the s e n s i t i v i t y and the 

o p p o s i t i o n to f a c i l i t y impacts ( M a d i s s o , 1985) . T h e r e f o r e , the 

sample i s b i a s e d s l i g h t l y n e g a t i v e l y a g a i n s t the f a c i l i t y , as 

e x p e c t e d would o c c u r through the i n c l u s i o n of o p p o s i t i o n a l 

r e s i d e n t s . 

F a m i l i a r i t y w i t h both types of f a c i l i t y o p e r a t i o n and impacts 

was r a t e d by each r e s p o n d e n t . The averages and the r e s u l t s o f the 

d i f f e r e n c e of means ( t - t e s t ) a re l i s t e d i n T a b l e 6 .7a f o r the 

l a n d f i l l and 6.7b f o r the i n c i n e r a t o r . 

The b e l i e f s about n e g a t i v e impacts were measured w i t h the 

same se t of s ta tements about the f a c i l i t y as were used i n the 

f i r s t s u r v e y (see C h a p t e r 5 and Appendix 5 . A ) . The p r o p o r t i o n s of 

s i g n i f i c a n t n e g a t i v e b e l i e f s i n both s u r v e y s a re compared i n t a b l e 

6 .8a and b . P r o p e r t y v a l u e l o s s e s (80% v e r s u s 41%) and harm to 

the community image (100% v e r s u s 41%) are h e l d to be more n e g a t i v e 

by the i n t e r v i e w r e s p o n d e n t s than by the r e s p o n d e n t s i n the f i r s t 
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T a b l e 6.8 - Comparison of B e l i e f s about Waste F a c i l i t i e s 
among I n t e r v i e w Respondents and Survey Respondents 

a . L a n d f i l l 

P r o p o r t i o n of Respondents who t h i n k 
the waste f a c i l i t y has t h e s e impacts 

I n t e r v i e w Survey 1 T e s t of 
N=18 N=33 D i f f e r e n c e 

of p r o p o r t i i 

N u i s a n c e s 80% 66% not s i g . 

H e a l t h r i s k s from 
water e m i s s i o n s 67% 52% not s i g . 

P r o p e r t y v a l u e l o s s 80% 41% s i g n i f i c a n t 

Harm t o image 100% 41% s i g n i f i c a n t 

b . I n c i n e r a t o r 

I n t e r v i e w Survey T e s t of 
N=18 N=34 D i f f e r e n c e 

N u i s a n c e s 32% 41% not s i g . 

H e a l t h r i s k s from 
water e m i s s i o n s 37% 32% not s i g . 

P r o p e r t y v a l u e l o s s 47.4% 38% s i g n i f i c a n t 

Loss of C o n t r o l 49% 42% not s i g . 

Harm to image 63.2% 41% s i g n i f i c a n t 

F a i r n e s s 32% 44% s i g n i f i c a n t 
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T a b l e 6 .9a - Comparison of A t t i t u d e about the Waste F a c i l i t y 
among I n t e r v i e w Respondents and the Host Community 

a . L a n d f i l l A t t i t u d e bout F a c i l i t y on s c a l e of 
- 4 - v e r y u n d e s i r a b l e to +4 v e r y d e s i r a b l e 

Survey 1 
I n t e r v i e w Host Community T e s t of 
Respondents D i f f e r e n c e 
N=18 N=33 of Means 

Average - 3 . 6 < -1 .65 S i g n i f i c a n t 
S t a n d a r d D e v i a t i o n 0.7 < 2.2 S i g n i f i c a n t 

b . I n c i n e r a t o r N=22 N=34 

Average - 1 . 9 1 < - . 5 3 m a r g i n a l l y s i g . 
S t a n d a r d D e v i a t i o n 2.5 2.4 not s i g . 

T a b l e 6 .9b - Comparison of Annoyance w i t h Waste F a c i l i t i e s 
among I n t e r v i e w Respondents and the Host Community 

a . L a n d f i l l 

I n t e r v i e w Host Community T e s t of 
Respondents D i f f e r e n c e 
N=18 N=34 of P r o p o r t i o n s 

A n n o y e d , b o t h e r e d 
or c o n c e r n e d 60% 42% not s i g . 

b . I n c i n e r a t o r N=22 N=34 

A n n o y e d , b o t h e r e d 
or c o n c e r n e d 60% 53% not s i g . 
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survey. T h i s i s p o s s i b l y because a c t i v e l y opposed respondents 

were i n t e n t i o n a l l y s e l e c t e d and i n c l u d e d i n the i n t e r v i e w sample. 

A l l impact b e l i e f s at the l a n d f i l l are more f r e q u e n t l y 

negative (nuisances, h e a l t h r i s k s , p r o p e r t y v a l u e l o s s e s , harm to 

the community image) i n the i n t e r v i e w sample, as are h e a l t h r i s k s , 

p r o p e r t y value l o s s e s , and image impacts a t the i n c i n e r a t o r . 

However, onl y p r o p e r t y value l o s s e s and community impacts i n the 

i n t e r v i e w samples s t a t i s t i c a l l y s i g n i f i c a n t l y exceed the b e l i e f s 

i n the f i r s t survey. 

The p r o f i l e of p e r c e i v e d f a c i l i t y impacts among the i n t e r v i e w 

sample i s s i m i l a r to t h a t of the survey respondents i n both host 

communities but s l i g h t l y more negative about some impacts, 

p a r t i c u l a r l y p r o p e r t y value and community image impacts. 

The a t t i t u d e about the f a c i l i t i e s i s i n d i c a t e d by the average 

r a t i n g score of the f a c i l i t y (from -4 to +4) and by the p r o p o r t i o n 

of respondents who are concerned, annoyed or bothered by the 

f a c i l i t y . In Table 6.9, the comparison and t e s t of d i f f e r e n c e of 

means ( t - t e s t ) and p r o p o r t i o n s i n d i c a t e s no s i g n i f i c a n t 

d i f f e r e n c e s i n the number of annoyed r e s i d e n t s , but, the o v e r a l l 

a t t i t u d e among i n t e r v i e w respondents i s more ne g a t i v e than t h a t of 

the host community sample i n survey 1. The more ne g a t i v e a t t i t u d e 

i s expected due to the i n c l u s i o n of a c t i v e o p p o s i t i o n i n the 

sample. 

The comparison of i n t e r v i e w and survey samples shows among 

i n t e r v i e w respondents c h a r a c t e r i s t i c s of s i m i l a r or s l i g h t l y more 

neg a t i v e b e l i e f s and a t t i t u d e about the waste f a c i l i t i e s . The 

respondents are t h e r e f o r e probably more r e l u c t a n t to accept the 
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f a c i l i t i e s than the host communities i n g e n e r a l . 

R e s u l t s 

The r e s u l t s are presented i n the sequence of the t e s t e d 

i s s u e s : importance of impacts, p r i o r i t i e s f o r methods to reduce 

impacts and the e f f e c t of impact r e d u c t i o n methods on the 

acceptance of the f a c i l i t y . 

The f i r s t s e c t i o n p r e s e n t s r e s u l t s on the importance of 

impacts and p r e f e r e n c e s f o r impact r e d u c t i o n methods. 

6.2.3 Impact Ranking and Reduction P r i o r i t i e s 

The r a n k i n g of impacts f o r a s p e c i f i c f a c i l i t y shows (Table 

6.10a and b) i n descending o r d e r , the importance of s p e c i f i c 

impacts. At the l a n d f i l l , h e a l t h r i s k s from water emissions, 

odors, n o i s e , p r o p e r t y value l o s s e s , and views are most important. 

At the i n c i n e r a t o r , h e a l t h r i s k s from a i r e missions, odors, 

p r o p e r t y value l o s s e s , n o i s e and harm to the community image are 

c o n s i d e r e d important. 

Impact r e d u c t i o n p r i o r i t i e s are determined i m p l i c i t l y i n a 

second procedure t h a t ranks the p r e f e r e n c e s of s p e c i f i c impact 

r e d u c t i o n methods. Respondents are asked to rank the 6 

combinations of each, the p r e v e n t i o n and c o n t r o l measures, f o r 

h e a l t h r i s k , nuisance, p r o p e r t y v a l u e guarantee, c o n t r o l , image 

and f a i r n e s s measures. By t h i s method, the weight a t t r i b u t e d to 

each type of impact i s determined f o r the r e a l i s t i c p o s s i b i l i t i e s 

to address the impacts. 

In the l a n d f i l l sample, the p r i o r i t i e s f a v o r methods t h a t 

address i n d e c r e a s i n g order of importance, l o s s of c o n t r o l , the 
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T a b l e 6.10 - Impact P r i o r i t i e s at A 

a . L a n d f i l l Impact P r i o r i t i e s 

P e r c e n t a g e of r e s p o n d e n t s who ar 
a t the l a n d f i l l 

H e a l t h R i s k s - water e m i s s i o n s 

A c c i d e n t s 

Views 

Odors 

N o i s e 

P r o p . V a l u e s 

C o n t r o l 

Image 

F a i r n e s s 

b . I n c i n e r a t o r Impact P r i o r i t i e s 

P e r c e n t a g e of r e s p o n d e n t s who ar 
the i n c i n e r a t o r 

H e a l t h R i s k s - a i r e m i s s i o n s 

Views 

Odors 

N o i s e 

P r o p . V a l u e s 

C o n t r o l 

Image 

F a i r n e s s 

t u a l F a c i l i t y S i t e s 

c o n c e r n e d about the impacts 

P r o p o r t i o n 
of 

Responses Rank 
% 

25.5 1 

3.9 6 

9.8 4 

23.5 2 

11.8 3 

11.8 3 

3.9 6 

5.9 5 

3.9 6 

c o n c e r n e d about the impacts a t 

P r o p o r t i o n 
o f 

Responses Rank 
% 

27.3 1 

7.3 5 

21.8 2 

9.1 4 

12.7 3 

5.5 6 

9.1 4 

7.3 5 
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h e a l t h r i s k s from water e m i s s i o n s , image, n u i s a n c e s , f a i r n e s s and 

p r o p e r t y v a l u e s . The apparent p r i o r i t y a t the i n c i n e r a t o r f a v o r s 

r e d u c t i o n of h e a l t h r i s k s from a i r e m i s s i o n s , then community 

image, c o n t r o l , p r o p e r t y v a l u e s , a n d , l e a s t p r e f e r r e d , f a i r n e s s 

and n u i s a n c e measures (see T a b l e 6 . 1 1 ) . T h u s , the w e i g h t i n g of 

s p e c i f i c impacts and r e a l i s t i c r e d u c t i o n measures i n d i c a t e s 

p r i o r i t i e s among t y p e s of f a c i l i t y i m p a c t s . A l t h o u g h t h e s e 

p r i o r i t i e s a re not c o n s i s t e n t w i t h s t a t e d n e g a t i v e impact b e l i e f s 

(see s e c t i o n on v a l i d a t i o n i n t h i s c h a p t e r and C h a p t e r 5 ) , they 

r e f l e c t e x p e c t e d p r i o r i t i e s f o r impact r e d u c t i o n a t new f a c i l i t y 

s i t e s . At both s i t e s , h e a l t h r i s k s , c o n t r o l and image impacts are 

top p r i o r i t i e s , f o l l o w e d by n u i s a n c e s a t the l a n d f i l l , p r o p e r t y 

v a l u e l o s s e s and f a i r n e s s . 

6 . 2 .4 P r e f e r e n c e s f o r Impact R e d u c t i o n Methods 

T h i s s e c t i o n p r e s e n t s r e s u l t s to t e s t p r e f e r e n c e s f o r the use 

of p r e v e n t i o n , c o n t r o l , m i t i g a t i o n and compensat ion measures to 

make the waste f a c i l i t i e s more a c c e p t a b l e . 

The r e s u l t s show c l e a r and s t a t i s t i c a l l y s i g n i f i c a n t o r d e r of 

p r e f e r e n c e i n the f o l l o w i n g o r d e r (see T a b l e 6 . 1 2 ) : 

C o s t 
Rank 

1. P r e v e n t i o n 1 

2. C o n t r o l 2 

3. M i t i g a t i o n 3 

4. Compensation 4 

The f r e q u e n c y d i s t r i b u t i o n of p r e f e r e n c e ranks c l e a r l y d i s t i n g u i s h e s 
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T a b l e 6.11 - P r i o r i t i e s f o r Impact R e d u c t i o n f o r a New 
F a c i l i t y 

a . L a n d f i l l 

P e r c e n t a g e of r e s p o n d e n t s who c o n s i d e r r e d u c t i o n of t h i s impact 
a h i g h p r i o r i t y f o r s i t i n g 

P r o p o r t i o n 
of 

Responses Rank 
% 

H e a l t h R i s k s - water e m i s s i o n s 24.1 2 

N u i s a n c e s 13.0 4 

P r o p . V a l u e s 11.1 5 

C o n t r o l 25.9 1 

Image 14.8 3 

F a i r n e s s 11 .1 5 

b . I n c i n e r a t o r s 

P e r c e n t a g e of r e s p o n d e n t s who c o n s i d e r r e d u c t i o n of t h i s impact 
a h i g h p r i o r i t y f o r s i t i n g 

P r o p o r t i o n 
of 

Responses Rank 
% 

H e a l t h R i s k s - a i r e m i s s i o n s 26.6 1 

N u i s a n c e s 4.7 5 

P r o p . V a l u e s 17.2 3 

C o n t r o l 17.2 3 

Image 25.0 2 

F a i r n e s s 9.4 4 
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T a b l e 6.12 - P r e f e r e n c e s f o r G e n e r a l Impact R e d u c t i o n Methods 

Prevention Number of people who p i c k the method 
as t h e i r choice 

F i r s t choice 
Second choice 
T h i r d choice 
Fourth choice 

Percent Count 
of sample 

% 
82.1 32 +XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
15.4 6 +XXXXXX 
2.6 1 +X 
0. 0 + 

The p r o p o r t i o n of respondents who p i c k 
prevention as t h e i r f i r s t choice i s 
s i g n i f i c a n t l y over 50% (at 95% confidence 
l e v e l ) 

C o n t r o l Number of people who p i c k the method 
as t h e i r choice 

F i r s t choice 
Second choice 
T h i r d choice 
Fourth choice 

Percent Count 
of sample 

% 
10.5 4 +XXXX 
65.8 25 +XXXXXXXXXXXXXXXXXXXXXXXXX 

•XXXXXXXX 21.1 
2.6 

8 
1 +X 

The p r o p o r t i o n of respondents who p i c k 
c o n t r o l as t h e i r second choice i s 
s i g n i f i c a n t l y over 40% (at 95% confidence 
l e v e l ) 

M i t i g a t i o n 

F i r s t choice 
Second choice 
T h i r d choice 
Fourth choice 

Number of people who p i c k the method 
as t h e i r choice 

Percent 
of sample 

% 
2.6 

17.9 
69.2 
10.3 

Count 

1 + X 
7 +XXXXXXX 

27 +XXXXXXXXXXXXXXXXXXXXXXXXXXX 
4 +XXXX 

The p r o p o r t i o n of respondents who p i c k 
m i t i g a t i o n as t h e i r t h i r d choice i s 
s i g n i f i c a n t l y over 45% (at 95% confidence 
l e v e l ) 

Compensation Number of people who p i c k the method 
as t h e i r choice 

Percent Count 
of sample 

% 
F i r s t choice 5 3 

Second choice j[g 
T h i r d c h o i c e j 2/5 
Fourth choice j 84.2 

2 +XX 
3 +XXX 
1 +X 

32 +XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

The p r o p o r t i o n of respondents who p i c k 
compensation as t h e i r f o u r t h choice i s 
s i g n i f i c a n t l y over 60% (at 95% confidence 
l e v e l ) 

See t a b l e with corresponding number i n Appendix 6.H f o r d e t a i l e d 
s t a t i s t i c s 
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p r e v e n t i o n as the b e s t method d e s p i t e i t s h i g h e s t c o s t and ranks 

compensat ion as the w o r s t , d e s p i t e the l o w e s t c o s t to each 

r e s i d e n t . T h u s , the p r i o r i t i e s f o r methods f o r impact r e d u c t i o n 

run o p p o s i t e to the o r d e r of the c o s t s . 

The r a n k i n g of s p e c i f i c measures to a d d r e s s h e a l t h r i s k s and 

image impacts was t e s t e d to c o r r o b o r a t e the g e n e r a l p r e f e r e n c e . 

Each method to reduce h e a l t h r i s k s and image impacts i s l i s t e d , 

r e s p e c t i v e l y , i n T a b l e 6.13a and 6.13b a c c o r d i n g to how f r e q u e n t l y 

i t was p i c k e d by r e s p o n d e n t s as the f i r s t t h r o u g h f o u r t h 

p r e f e r e n c e . The d i s t r i b u t i o n of r a n k i n g c h o i c e s shows the 

p r e f e r e n c e f o r p r e v e n t i o n over c o n t r o l over m i t i g a t i o n over 

compensat ion measures . The number of t imes the measures were 

p i c k e d c o r r e s p o n d w i t h the p r e d i c t e d sequence of p r e f e r e n c e , 

because p r e v e n t i o n i s most f r e q u e n t l y chosen f i r s t , c o n t r o l 

s e c o n d , m i t i g a t i o n t h i r d , and compensat ion f o u r t h . T h i s 

p r e f e r e n c e h o l d s f o r both p h y s i c a l impacts ( a i r and water 

e m i s s i o n s ) and f o r n o n - p h y s i c a l impact r e d u c t i o n (community image 

e f f e c t s ) . 

The p r e f e r e n c e s f o r impact r e d u c t i o n to make waste f a c i l i t i e s 

more a c c e p t a b l e c l e a r l y s u p p o r t the p r e d i c t e d p r i o r i t i e s f o r 

p r e v e n t i o n , c o n t r o l and m i t i g a t i o n over c o m p e n s a t i o n , c o n t r a r y to 

the c o s t r a n k s , t h a t would l e a d to an o p p o s i t e p r e d i c t i o n of 

p r e f e r e n c e s e q u e n c e . T h u s , w i t h i n the range of a d d i t i o n a l c o s t s 

from $0.03 to $20 per y e a r , the c o s t s to each r e s i d e n t a re 

u n i m p o r t a n t f o r the p r e f e r e n c e s among measures . 

F i n a l l y , the r e s u l t s show the same b a s i c p r e f e r e n c e f o r 

p r e v e n t i o n at both f a c i l i t i e s and f o r both p h y s i c a l and 
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T a b l e 6.13 - P r e f e r e n c e s f o r S p e c i f i c Impact R e d u c t i o n Methods 

Health Risk Reduction Measures 

F i r s t preference 

Number of respondents who p i c k the 
measure as t h e i r f i r s t c h o i c e 
H I S T V C O U N T 

Prevention 
C o n t r o l 
M i t i g a t i o n 
Compensation 

60.9 14 +XXXXXXXXXXXXXX 
34.B 8 +XXXXXXXX 
4.3 1 +X 
0. 0 • 

The percentage of respondents who p i c k p r e v e n t i o n 
as t h e i r f i r s t choice i s s i g n i f i c a n t l y over 25% a t 
95% confidence l e v e l 

Second preference 

Prevention 
C o n t r o l 
M i t i g a t i o n 
Compensation 

Number of respondents who p i c k the 
measure as t h e i r second choice 
HISTX COUNT 

17.4 4 +XXXX 
43.5 10 *XXXXXXXXXX 
34.8 8 +XXXXXXXX 
4.3 1 +X 

T h i r d preference 

Prevention 
C o n t r o l 
M i t i g a t i o n 
Compensation 

Number of respondents who p i c k the 
measure as t h e i r t h i r d c hoice 
HISTX COUNT 

18.2 4 +XXXX 
22.7 5 +XXXXX 
54.5 12 +XXXXXXXXXXXX 
4.5 1 + X 

The percentage of respondents who p i c k m i t i g a t i o n 
as t h e i r t h i r d choice i s s i g n i f i c a n t l y over 25% a t 
95% confidence l e v e l 

Fourth preference 

Number of respondents who p i c k the 
measure as t h e i r f o u r t h c h o i c e 
H I S T X C O U N T 

Prevention 
C o n t r o l 
M i t i g a t i o n 
Compensation 

0. 0 + 
4.5 1 +x 
4.5 1 +X 

90.9 20 +XXXXXXXXXXXXXXXXXXXX 

The percentage of respondents who pick 
compensation as t h e i r t h i r d choice i s s i g n i f i c a n t l y 
over 50% at 95% confidence l e v e l 

See t a b l e with corresponding number i n Appendix 6.H 
fo r d e t a i l e d s t a t i s t i c s 



T a b l e 6.13 - P r e f e r e n c e s f o r Impact R e d u c t i o n Methods 

b. Community Image Impact Reduction Measures 

F i r s t p r eference 

Number of respondents who p i c k the 
measure as t h e i r f i r s t c h oice 
H I S T X - C O U N T ! 

Prevention Q Q + 

C o n t r o l 84.6 11 +XXXXXXXXXXX 
M i t i g a t i o n 7.7 1 +X 
Compensation 7.7 1 +X 

The percentage of respondents who choose c o n t r o l 
as f i r s t preference i s s i g n i f i c a n t l y over 45% at 
95% confidence l e v e l 

Second preference 

Number of respondents who p i c k the 
measure as t h e i r second choice 

H I S T X C O U N T 

Prevention g. 0 + 
Con t r o l 1 5 [ A 2 + XX 
M i t i g a t i o n 4 6.2 6 +XXXXXX 
Compensation 38.5 5 +XXXXX 

T h i r d preference 

Prevention 
C o n t r o l 
M i t i g a t i o n 
Compensation 

Number of respondents who p i c k the 
measure as t h e i r t h i r d c h o i c e 
H I S T X C O U N T 

0. 
0. 

46.2 
53.8 

0 + 
0 + 
6 +XXXXXX 
7 +XXXXXXX 

See t a b l e with corresponding number i n Appendix 6.H 
f o r d e t a i l e d s t a t i s t i c s 

* No prevention measure was o f f e r e d as a c h o i c e . 
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n o n - p h y s i c a l impacts. 

6.2.5 The E f f e c t s of Acceptance Measures on Acceptance 

The r e s u l t s compare the e f f e c t s on f a c i l i t y acceptance of 

p r o p e r t y value guarantees measures with the e f f e c t s of a 

combination of the t h r e e most p r e f e r r e d r e d u c t i o n measures as 

i d e n t i f i e d by each respondent. 

E f f e c t s of P r o p e r t y Value Guarantee on Acceptance 

The f a i r n e s s of p r o p e r t y v a l u e guarantees as a s i t i n g measure 

was t e s t e d i n host and c o n t r o l communities at the Tacoma l a n d f i l l 

and the Salem i n c i n e r a t o r . The survey q u e s t i o n and the r e s u l t s 

are shown i n Table 6.14. 

The r e s u l t s show t h a t approximately 50% of the respondents 

c o n s i d e r the f a c i l i t y with p r o p e r t y value guarantees a f a i r 

s o l u t i o n . C o n v e r s e l y , however, 50% of the respondents i n host and 

c o n t r o l groups a t both l a n d f i l l and i n c i n e r a t o r do not accept 

p r o p e r t y v a l u e guarantees as f a i r compensation f o r h o s t i n g an 

i n t o l e r a b l e f a c i l i t y . These r e s u l t s do not d i f f e r s i g n i f i c a n t l y 

throughout host and c o n t r o l groups of both s i t e s . 

The o p i n i o n s on f a i r n e s s of p r o p e r t y v a l u e s are 

c r o s s - t a b u l a t e d with the s i g n i f i c a n t n e g a t i v e b e l i e f s about 

f a c i l i t y impacts h e l d by the respondents. At the Tacoma l a n d f i l l 

t h e re appeared no s i g n i f i c a n t a s s o c i a t i o n between p e r c e i v e d 

impacts and o p i n i o n on p r o p e r t y v a l u e guarantees (see Appendix 6.G). 

T h i s i s probably because the f a c i l i t y has been l o c a t e d i n the 

neighborhood f o r 25 y e a r s . In t h i s time, most people have adapted 

to the s i t u a t i o n with the l a n d f i l l and do not experience the 
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T a b l e 6.14 - F a i r n e s s of P r o p e r t y V a l u e Guarantees 

F a c i l i t y o w n e r / o p e r a t o r guarantees a f f e c t e d p r o p e r t y owners 
a s s e s s e d market s l a e s v a l u e . 

Q u e s t i o n : Assume the s i t u a t i o n i n your n e i g h b o r h o o d becomes 
i n t o l e r a b l e because of the waste f a c i l i t y ' s i m p a c t s . 
The o w n e r / o p e r a t o r o f f e r s to compensate you f o r any 
p r o p e r t y v a l u e l o s s e s you may e x p e r i e n c e i n s e l l i n g 
your home. 

Do you c o n s i d e r t h i s o f f e r to be ( p l e a s e mark one) 

C o m p l e t e l y a c c e p t a b l e 
f a i r 

R e s u l t s : 

Tacoma L a n d f i l l 

Somewhat 
u n f a i r 

v e r y 
u n f a i r 

F a i r U n f a i r 

N = 34 Host 44.8% 55.2% 

N = 26 C o n t r o l 46.1% 53.9% 

n o n - s i g . n o n - s i g . 

D i f f e r e n c e 
o f p r o p o r t i o n s 

not s i g . 

not s i g . 

C o m p l e t e l y a c c e p t a b l e 
f a i r 

R e s u l t s : 

Salem I n c i n e r a t o r 

Somewhat 
u n f a i r 

v e r y 
u n f a i r 

F a i r U n f a i r 

N = 33 Host 51.6% 48.5% 

N = 25 C o n t r o l 40.9% 58.7% 

non-s i g . n o n - s i g . 

D i f f e r e n c e 
of p r o p o r t i o n s 

not s i g . 

not s i g . 
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impacts as d i s t i n c t and s i g n i f i c a n t l o s s e s . Put d i f f e r e n t l y , they 

have s h i f t e d t h e i r r e f e r e n c e p o i n t . 

A t the newer i n c i n e r a t o r s i t e , however, the c r o s s - t a b u l a t i o n of 

n e g a t i v e impact b e l i e f s w i t h o p i n i o n of p r o p e r t y v a l u e guarantees 

shows a c l e a r and s t a t i s t i c a l l y s i g n i f i c a n t p a t t e r n (see T a b l e 

6 . 1 5 ) . Respondents i n the Salem host community who are annoyed 

w i t h the f a c i l i t y and those who b e l i e v e the f a c i l i t y causes h e a l t h 

r i s k s , d e p r e s s e s p r o p e r t y v a l u e s , harms the community image, or 

d e c r e a s e s c o n f i d e n c e i n the l o c a l government c o n s i d e r compensat ion 

through p r o p e r t y v a l u e guarantees s i g n i f i c a n t l y l e s s a c c e p t a b l e 

than o t h e r r e s i d e n t s . T h i s means t h a t p r o p e r t y v a l u e g u a r a n t e e s 

tend not to make waste f a c i l i t i e s a c c e p t a b l e to those who a r e most 

o p p o s e d . T h i s a p p l i e s even to p e o p l e who b e l i e v e t h e r e are impacts 

on p r o p e r t y v a l u e s . 

Because p r o p e r t y v a l u e guarantees do not a d d r e s s the p r i m a r y 

impacts ( h e a l t h r i s k s , image i m p a c t s , l o s s of c o n f i d e n c e ) per s e , 

b u t , r a t h e r , reduce c o n s e q u e n t i a l l o s s e s to p r o p e r t y v a l u e s , they 

do not a d d r e s s the cause or source of the o p p o s i t i o n . 

E f f e c t s on A c c e p t a n c e of H e a l t h R i s k and 
Image R e d u c t i o n Measures 

The r e s u l t s i n t h i s s e c t i o n show, f i r s t , the e f f e c t of 

i n d i v i d u a l h e a l t h r i s k and image impact r e d u c t i o n measures on 

a c c e p t a n c e , a n d , s e c o n d , the l e v e l of a c c e p t a n c e of waste 

f a c i l i t i e s w i t h a c o m b i n a t i o n of t h r e e most p r e f e r r e d r e d u c t i o n 

measures . 

The e f f e c t s on accept ance of p r e v e n t i o n , c o n t r o l , m i t i g a t i o n 

and compensat ion measures f o r h e a l t h r i s k s and image impacts were 
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T a b l e 6.15 - E f f e c t s of P r o p e r t y V a l u e Guarantees on A c c e p t a n c e of 
F a c i l i t y Impacts a t a New I n c i n e r a t o r 

Sample N=33 

Host Community R e s i d e n t s P r o p o r t i o n of Respondents who 
c o n s d i e r P r o p e r t y v a l u e s 

f a i r u n f a i r 

Annoyed by F a c i l i t y yes 35.3% 64.7% 

no 68.8% 31.3% 

C h i Square s i g n i f i c a n t 

Respondent b e l i e v e s the P r o p o r t i o n of Respondents 
f a c i l i t y n e g a t i v e l y c o n s d i e r P r o p e r t y v a l u e s 
a f f e c t s guarantees 

f a i r u n f a i r 

P r o p e r t y V a l u e s yes 38.5% 61.5% 

no 85.7% 14.3% 

C h i Square s i g n i f i c a n t 

f a i r u n f a i r 

Comunity Image yes 31.3% 68.8% 

no 64.3% 35.7% 

C h i Square s i g n i f i c a n t 

f a i r u n f a i r 

H e a l t h R i s k s yes 12.5% 87.5% 

no 60.0% 40.0% 

C h i Square s i g n i f i c a n t 

f a i r u n f a i r 

C o n f i d e n c e i n yes 11.1% 88.9% 
L o c a l Government 

no 66.7% 33.3% 

C h i Square s i g n i f i c a n t 
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e v a l u a t e d i n d i v i d u a l l y a t the l a n d f i l l and the i n c i n e r a t o r s i t e s . 

The r e s u l t s a re shown as f r e q u e n c i e s of r e s p o n s e s i n T a b l e 6.16a 

f o r h e a l t h r i s k measures and T a b l e 6.16b f o r image impact 

measures . From i n s p e c t i o n of the f r e q u e n c y d e n s i t i e s i t i s 

apparent t h a t the improvement of acceptance i s much h i g h e r f o r 

p r e v e n t i o n measures and d e c r e a s e s i n the sequence from p r e v e n t i o n 

to c o n t r o l to m i t i g a t i o n to c o m p e n s a t i o n . T h i s f i n d i n g i s 

s t a t i s t i c a l l y v a l i d a t e d by t e s t i n g f o r d i f f e r e n c e of p r o p o r t i o n s 

between the r e s p o n s e s t h a t i n d i c a t e some p o s i t i v e e f f e c t on 

a c c e p t a n c e and t h o s e t h a t i n d i c a t e d no d i f f e r e n c e f o r each 

measure. These i n d i c a t e t h a t p r e v e n t i o n , c o n t r o l and m i t i g a t i o n 

measures have s i g n i f i c a n t p o s i t i v e e f f e c t s on a c c e p t a b i l i t y , w h i l e 

compensat ion was s i g n i f i c a n t l y l e s s or none at a l l . These 

f i n d i n g s show the p o s i t i v e e f f e c t of impact r e d u c t i o n measures on 

a c c e p t a n c e and c o n f i r m the sequence of p r e f e r e n c e of p r e v e n t i o n 

over c o n t r o l over m i t i g a t i o n over compensat ion as was found i n the 

l a s t s e c t i o n . 

By i n t e g r a t i n g the r e s p o n d e n t s ' t h r e e most d e s i r a b l e impact 

r e d u c t i o n measures i n t o the s i t i n g s c e n a r i o , r e s p o n d e n t s ' 

a c c e p t a n c e l e v e l s of the f a c i l i t y w i t h the combined , b e s t 

a v a i l a b l e measures were e l i c i t e d . The s p e c i f i c c o m b i n a t i o n of 

r e d u c t i o n measures r e s u l t e d from each r e s p o n d e n t ' s p r e v i o u s 

s e l e c t i o n and w e i g h t i n g of the measures . The f r e q u e n c y 

d i s t r i b u t i o n of the p r e s e n t e d impacts r e d u c t i o n measures and of 

the r e s p o n d e n t s ' a c c e p t a n c e r a t i n g s are i l l u s t r a t e d i n T a b l e s 

6.17a f o r the l a n d f i l l and i n T a b l e 6.17b f o r the i n c i n e r a t o r 

s c e n a r i o . 
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T a b l e 6.16 - E f f e c t s of R e d u c t i o n Measures on F a c i l i t y A c c e p t a n c e 

a. Health Risk Reduction Measures 

Prevention 
Number of r e s i d e n t s who think the measure makes 
the f a c i l i t y more acceptable 

% count T o t a l % D i f f e r e n c e 
HISTX COUNT o f Proportions 

no d i f f e r e n c e 4 3 1 +X 4% 

s l i g h t l y more 30.4 7 +XXXXXXX 
more 13.0 3 +XXX 96% 
much more 52.2 12 +XXXXXXXXXXXX 

s i g n i f i c a n t 

C o n t r o l 

no d i f f e r e n c e 

Number of r e s i d e n t s who th i n k the measure makes 
the f a c i l i t y more acceptable 

8.7 

count 

2 +XX 

T o t a l % 

9% 

s l i g h t l y more 34.8 
more 17.4 
much more 39.1 

8 +XXXXXXXX 
4 +XXXX 
9 +XXXXXXXXX 

91% 

D i f f e r e n c e 
of Proportions 

s i g n i f i c a n t 

M i t i g a t i o n 

no d i f f e r e n c e 

Number of r e s i d e n t s who th i n k the measure makes 
the f a c i l i t y more acceptable 

21.7 

count 

5 +XXXXX 

T o t a l % 

22% 

s l i g h t l y more 26.1 
more 17.4 
much more 34.8 

6 +XXXXXX 
4 + XXXX 
8 +XXXXXXXX 

78% 

D i f f e r e n c e 
of P roportions 

s i g n i f i c a n t 

Compensation 
Number of r e s i d e n t s who th i n k the measure makes 
the f a c i l i t y more acceptable 

no d i f f e r e n c e 63.6 

count T o t a l % 

14 +XXXXXXXXXXXXXX 64% 

s l i g h t l y more 0. 0 + 
more 13.6 3 +XXX 
much more 22.7 5 +XXXXX 

36% 

D i f f e r e n c e 
of P roportions 

s i g n i f i c a n t 

See t a b l e with corresponding t a b l e i n appendix 6.H 
f o r d e t a i l e d s t a t i s t i c s 
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T a b l e 6.16 - E f f e c t s of R e d u c t i o n Measures on F a c i l i t y A c c e p t a n c e 

b . Community Image R e d u c t i o n Measures 

C o n t r o l 
Number o f r e s i d e n t s who t h i n k the measure makes 
the f a c i l i t y more a c c e p t a b l e 

no d i f f e r e n c e 

% 

7.7 

count 

1 +X 

T o t a l % 

8% 

s l i g h t l y more 23.1 3 + XXX 
more 38.5 5 +XXXXX 
much more 30.8 4 +XXXX 

92% 

D i f f e r e n c e 
o f P r o p o r t i o n s 

s i g n i f i c a n t 

M i t i g a t i o n 

no d i f f e r e n c e 

Number o f r e s i d e n t s who t h i n k the measure makes 
the f a c i l i t y more a c c e p t a b l e 

% 

15.4 

count 

2 +XX 

T o t a l % 

15% 

s l i g h t l y more 38.5 5 +XXXXX 
more 30.8 4 +XXXX 
much more 15.4 2 +XX 

85% 

D i f f e r e n c e 
o f P r o p o r t i o n s 

s i g n i f i c a n t 

Compensation 
Number o f r e s i d e n t s who t h i n k the measure makes 
the f a c i l i t y more a c c e p t a b l e 

% count T o t a l % D i f f e r e n c e 
o f P r o p o r t i o n s 

no d i f f e r e n c e 30.8 4 + XXXX 31% 
not s i g n i f i c a n t 

s l i g h t l y more 3 8 5 5 +XXXXX 
more 23.1 3 +XXX 69% 
much more 7.7 1 +X 

See t a b l e w i t h c o r r e s p o n d i n g t a b l e i n appendix 6 . H 
f o r d e t a i l e d s t a t i s t i c s 
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For both f a c i l i t i e s , the combined a c c e p t a n c e measures 

p o s i t i v e l y a f f e c t a c c e p t a n c e l e v e l s . In the l a n d f i l l g r o u p , the 

p r o p o r t i o n of a c c e p t i n g r e s p o n d e n t s i n the h o s t community r i s e s 

from 50% w i t h p r o p e r t y v a l u e guarantees to 64% w i t h the combined 

measures . A t the i n c i n e r a t o r , the a c c e p t a n c e l e v e l f o r combined 

measures i n c r e a s e s t o over 85%. For the combined h o s t community 

s a m p l e s , these a c c e p t a n c e l e v e l s a re s i g n i f i c a n t l y h i g h e r than the 

50% o b t a i n e d w i t h p r o p e r t y v a l u e g u a r a n t e e s . 

The comparison of accept ance w i t h the annoyed 

r e s p o n d e n t s i s a c h i e v e d by c r o s s t a b u l a t i o n (see T a b l e 6.18a and 

b ) . The t a b l e s show t h a t the measures i n c r e a s e a c c e p t a n c e 

s i m i l a r l y among annoyed and unannoyed r e s i d e n t s , because the 

c h i - s q u a r e measure does not i n d i c a t e a s i g n i f i c a n t dependence on 

annoyance of the e f f e c t of r e d u c t i o n measures . T h u s , the combined 

r e d u c t i o n measures are more e f f e c t i v e than p r o p e r t y v a l u e 

g u a r a n t e e s i n a c h i e v i n g acceptance among i n i t i a l l y annoyed r e s i d e n t s . 

6 . 2 . 6 Summary and C o n c l u s i o n s 

The p r i o r i t i e s f o r impact r e d u c t i o n a t new waste f a c i l i t y 

s i t e s show the r a n k i n g of impacts by i m p o r t a n c e : h e a l t h r i s k s from 

a i r and water e m i s s i o n s are most i m p o r t a n t , f o l l o w e d by l o s s of 

community image and c o n t r o l , p r o p e r t y v a l u e impacts and f i n a l l y , 

n u i s a n c e s and u n f a i r n e s s (see T a b l e 6 . 1 1 ) . T h i s r a n k i n g shows 

t h a t s o c i a l and p o l i t i c a l impacts rank r i g h t below h e a l t h c o n c e r n s 

on a s c a l e of impacts t h a t must be a d d r e s s e d i n a f a c i l i t y s i t i n g 

p r o c e s s . 

The s e t of methods to address f a c i l i t y impacts c o n s i s t s of 
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T a b l e 6.17 - A c c e p t a n c e w i t h Combined A c c e p t a n c e Measures 

a . L a n d f i l l 

Host community 

W i l l i n g to a c c e p t l a n d f i l l w i t h D i f f e r e n c e of 
combined a c c e p t a n c e measures P r o p o r t i o n s 

% of sample Count 

No 36.4 4 + XXXX No s i g n i f i c a n t 
d i f f e r e n c e 

Yes 63.6 7 + XXXXXXX 

C o n t r o l community 

% of sample Count 

No 42.9 3 + XXX No s i g n i f i c a n t 
d i f f e r e n c e 

Yes 57.1 4 + XXXX 

b . I n c i n e r a t o r 

Host community 

W i l l i n g to a c c e p t i n c i n e r a t o r w i t h 
combined accept ance measures 

% of sample Count 

No 14.3 2 + XX S i g n i f i c a n t 
d i f f e r e n c e 

Yes 85.7 1 2 + XXXXXXXXXXXX 

C o n t r o l community 

% of sample Count 

No 50.0 4 + XXXX No s i g n i f i c a n t 
d i f f e r e n c e 

Yes 50.0 4 + XXXX 

See t a b l e w i t h c o r r e s p o n d i n g number i n A p p e n d i x 6.11 
f o r d e t a i l e d s t a t i s t i c s . 
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T a b l e 6.18 - E f f e c t of Combined Impact R e d u c t i o n Measures 
on A c c e p t a n c e 

a . L a n d f i l l 

W i l l a c c e p t the f a c i l i t y w i t h the 
combined impact r e d u c t i o n measures 

Yes No 

Is p r e s e n t l y 
annoyed , b o t h e r e d 
or c o n c e r n e d about 
f a c i l i t y N=15 

Yes 67% 60% 40% 

No 33% 80% 20% 

C h i - s q u a r e = 0 . 6 , not s i g n i f i c a n t a t 95% 

b . I n c i n e r a t o r s 

W i l l a c c e p t the f a c i l i t y w i t h the 
combined impact r e d u c t i o n measures 

Yes No 

Is p r e s e n t l y 
annoyed, b o t h e r e d 
or c o n c e r n e d about 
f a c i l i t y N=19 

Yes 37% 86% 14% 

No 63% 67% 33% 

C h i - s q u a r e = 0 . 8 3 , not s i g n i f i c a n t a t 95% 
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p r e v e n t i o n , c o n t r o l , m i t i g a t i o n and c o m p e n s a t i o n . In t h i s 

sequence , these measures r e f l e c t an i n c r e a s e i n d i s t a n c e or t ime 

from the cause or s o u r c e of the f a c i l i t y impacts to the p o i n t 

where a c t i o n i s taken to reduce the e f f e c t s . I n c r e a s i n g d i s t a n c e 

or t ime f u r t h e r m o r e i m p l i e s an i n c r e a s i n g gap of r e s p o n s i b i l i t y 

between cause and e f f e c t . For example, s e p a r a t i o n removes 

p o t e n t i a l contaminants b e f o r e the waste i s d i s p o s e d o f , w h i l e 

e m i s s i o n c o n t r o l s l i m i t the r e l e a s e o f contaminants on s i t e . 

The c l e a r l y p r e f e r r e d r a n k i n g of these approaches i s i n t h i s 

sequence : . . 

1 . P r e v e n t i o n 

2. C o n t r o l 

3. M i t i g a t i o n 

4. Compensation 

These r e s u l t s s u p p o r t the hypotheses t h a t , f i r s t , r e d u c t i o n of 

impacts i n k i n d i s more e f f e c t i v e than c o m p e n s a t i o n , a n d , s e c o n d , 

t h a t a d d r e s s i n g the impact as c l o s e to the s o u r c e or cause i s 

p r e f e r r e d over c o n t r o l or m i t i g a t i o n (see F i g u r e 6 . 3 ) . T h i s 

c o n f i r m s the p r e f e r e n c e towards r e d u c i n g r e s p o n s i b i l i t y , 

d e c r e a s i n g d i s t a n c e and t ime between cause and impact r e d u c t i o n 

i n t e r v e n t i o n s . 

These p r e f e r e n c e s h o l d t r u e d e s p i t e the h i g h e r c o s t s f o r 

p r e v e n t i o n and c o n t r o l i n the range up to $20 per p e r s o n per y e a r . 

M o r e o v e r , p r e v e n t i o n i s p r e f e r r e d over c o n t r o l measures even when 

c o n t r o l s a re more e f f e c t i v e i n r e d u c i n g the impact on an o b j e c t i v e 

s c a l e ( e . g . , l e a c h a t e e m i s s i o n s from a l a n d f i l l ) . T h u s , s t r o n g 

p r e f e r e n c e f a v o r s e l i m i n a t i n g the cause at the source r a t h e r than 



Cause Waste Transport Emitter Emiss ion 
Transport 

Waste 
Generators 

Waste 
Disposal 
Faci lity 

Impact 
Rece ptor 

Host 
Community 

ri 1A a 

P r e v e n t i o n 

2 L M 

C o n t r o l 
- * 

M i t i g a t i o n 
• * >• 

Co m p e n s a t i o n 

Prevention > Control > Mit igat ion> Compensation 

Preference Rank 1 

F i g u r e 6 . 3 : P r i o r i t i e s f o r Impact R e d u c t i o n i n the 
Waste D i s p o s a l System 
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d e a l i n g with the downstream e f f e c t s . T h i s p r e f e r e n c e holds even 

i n cases where the l a t t e r i s cheaper and more e f f e c t i v e . 

The same ranking of methods i s found when the e f f e c t of 

measures on f a c i l i t y acceptance i s t e s t e d . The most p o s i t i v e 

change i n acceptance occurs with p r e v e n t i o n measures, f o l l o w e d by 

c o n t r o l m i t i g a t i o n and compensation. The e f f e c t of compensation 

on acceptance i s u s u a l l y s m a l l or n e g l i g i b l e . Thus, b e t t e r 

acceptance i s enhanced by the most d i r e c t r e d u c t i o n of the impact 

as c l o s e to the source ( i . e . , the waste generators) as p o s s i b l e . 

F i n a l l y , through combining p r e v e n t i o n and c o n t r o l measures to 

address important impacts i n the best p r a c t i c a l way, the o v e r a l l 

acceptance of the f a c i l i t y can be s i g n i f i c a n t l y i n c r e a s e d to 

approximately 60 to 80% of the host-community. T h i s r e s u l t i s 

s u b s t a n t i a l l y higher than the 50% acceptance achieved with 

p r o p e r t y v a l u e guarantees. These r e s u l t s , too, show the 

e f f e c t i v e n e s s of i n - k i n d r e d u c t i o n over compensation. 

In summary, waste f a c i l i t y acceptance i s best achieved by 

a d d r e s s i n g the impacts r a t h e r than o f f e r i n g compensation ( i n the 

range t e s t e d here) i . e . , as a percentage of p r o p e r t y v a l u e s or 

community a m e n i t i e s . The c l o s e r to the source or c a u s a l o r i g i n 

the impact r e d u c t i o n o c c u r s , the more a c c e p t a b l e the impact, and, 

hence, the more a c c e p t a b l e the f a c i l i t y w i l l become to the 

a f f e c t e d persons. I f the s i t i n g agency i s seen to be u s i n g 

p r e v e n t i o n and c o n t r o l measures to t h e i r best extent and to 

e l i m i n a t e s i g n i f i c a n t h e a l t h r i s k s , then 60 to 80% acceptance 

among r e s i d e n t s of the host community i s p o s s i b l e . 

The r e s u l t s of t h i s chapter show t h a t r e s i d e n t s i n p o s s i b l e 
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host communit ies h o l d d i s t i n c t o p i n i o n s about the importance of 

f a c i l i t y impacts and have c l e a r p r e f e r e n c e s about methods to 

a d d r e s s t h e i r c o n c e r n s . F u r t h e r m o r e , p e o p l e become more a c c e p t i n g 

of the f a c i l i t y i f they are c o n v i n c e d e f f o r t s a r e b e i n g made to 

reduce impacts t h a t c o n c e r n them. 

In summary, t h i s c h a p t e r has e s t a b l i s h e d r e l a t i v e w e i g h t s of 

f a c i l i t y i m p a c t s , a n d , t h e n , d e f i n e d a p r e d i c t a b l e d i m e n s i o n t h a t 

d e t e r m i n e s the e f f e c t i v e n e s s of s i t i n g measures on a c c e p t a n c e . 

T h u s , the r e s u l t s o f f e r a g u i d e l i n e f o r d e s i g n i n g and s i t i n g waste 

d i s p o s a l f a c i l i t i e s f o r a c c e p t a n c e . In the next c h a p t e r , v a r i o u s 

s i t i n g measures are combined i n t o an o p t i m a l s i t i n g a p p r o a c h . 
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CHAPTER 7 - SUMMARY and CONCLUSIONS 

T h i s c h a p t e r summarizes h y p o t h e s e s , and r e s u l t s and draws 

c o n c l u s i o n s f o r the s i t i n g p r o c e s s . The i s s u e s of t y p i c a l s i t i n g 

c o n f l i c t s are d e r i v e d f o r a d e f i n e d urban waste d i s p o s a l s y s t e m . 

T h e n , g o a l , h y p o t h e s e s , and r e s u l t s a re summarized. F i n a l l y , 

c o n c l u s i o n s are drawn f o r the s i t i n g of waste d i s p o s a l f a c i l i t i e s . 

7.1 Waste D i s p o s a l System and S i t i n g S c e n a r i o 

The t y p i c a l urban waste d i s p o s a l system c o n s i s t s of a l a r g e 

urban a r e a as the waste g e n e r a t i n g s o u r c e . The m u n i c i p a l s o l i d 

waste (MSW) i s then t r a n s p o r t e d to a waste d i s p o s a l f a c i l i t y where 

the d i s p o s a l p r o c e s s g e n e r a t e s e m i s s i o n s . The i n t e r a c t i o n of the 

waste f a c i l i t y , as the e m i t t o r , w i t h the h o s t community, as the 

r e c e p t o r , g e n e r a t e s impacts (see F i g u r e 7 . 1 ) . 

R u r a l communities on or beyond the urban growth boundary a r e 

o f t e n s e l e c t e d as hos t communities because they meet t y p i c a l 

s i t i n g c r i t e r i a of low d e n s i t y , i n e x p e n s i v e l a n d , good 

a c c e s s i b i l i t y to the waste g e n e r a t i o n c e n t r o i d . Some 

c h a r a c t e r i s t i c s and b e l i e f s of such p o t e n t i a l h o s t communities 

c o n f l i c t w i t h the p r e s e n c e of a l a r g e urban waste d i s p o s a l 

f a c i l i t y ; the s m a l l r u r a l environment t h a t i s b e l i e v e d to be 

c l e a n , f a m i l i a r , under c o n t r o l , d i v e r s e and s t a b l e i s c o n f r o n t e d 

w i t h a l a r g e , u n f a m i l i a r , p o l l u t i n g , u n c o n t r o l l a b l e s i n g l e l a n d 

u s e r , the urban waste d i s p o s a l f a c i l i t y . 

In r e s p o n s e to the t h r e a t of these c h a n g e s , hos t communit ies 

o f t e n s t r o n g l y oppose a t tempts to s i t e waste d i s p o s a l f a c i l i t i e s 

because of p h y s i c a l , economic , s o c i a l and p o l i t i c a l i m p a c t s . 
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Because the reasons o f t e n appear i r r a t i o n a l , the o p p o s i t i o n i s 

c a l l e d the N o t - i n - M y - B a c k y a r d (NIMBY) Syndrome. As a r e s u l t , 

waste f a c i l i t i e s are o f t e n d e l a y e d or p r e v e n t e d w i t h c o n s i d e r a b l e 

c o s t i n t i m e , e f f o r t , money and s t r e s s to f a c i l i t y p r o p o n e n t , 

waste agency , hos t community, and e n v i r o n m e n t a l agency . 

7.2 T h e s i s G o a l , O b j e c t i v e s and Methods 

The g o a l of t h i s t h e s i s i s to d e v e l o p an approach to more 

e f f e c t i v e s i t i n g of waste d i s p o s a l f a c i l i t i e s . The s p e c i f i c 

o b j e c t i v e s are (1) to d e f i n e a complete s e t of f a c i l i t y impacts 

and b e n e f i t s and e s t a b l i s h an impact model to e x p l a i n and p r e d i c t 

the r e s u l t i n g host community a t t i t u d e and o p p o s i t i o n a c t i v i t i e s , 

and (2) to d e r i v e and t e s t a s y s t e m a t i c approach to g a i n i n g h o s t 

community a c c e p t a n c e . 

The methods c o n s i s t of c o n c e p t u a l a n a l y s e s of the l i t e r a t u r e 

to e s t a b l i s h s p e c i f i c h y p o t h e s e s , p h y s i c a l p r e d i c t i o n , 

measurements and v a l i d a t i o n of p h y s i c a l i m p a c t s , t e c h n i c a l d e s i g n 

and e n g i n e e r i n g c o s t e s t i m a t e s , s u r v e y s and i n t e r v i e w s of 

r e s i d e n t s ' b e l i e f s , a t t i t u d e s , a c t i o n s and p r e f e r e n c e s (see T a b l e 

7.1) . 

The r e s u l t s and c o n c l u s i o n s are p r e s e n t e d s u b j e c t to the 

assumptions and l i m i t a t i o n s of the methods. C r i t i c a l assumptions 

are s t a t e d a n d , when n e c e s s a r y , a re t e s t e d i n the c h a p t e r s where 

the methods are d e s c r i b e d . 
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T a b l e 7.1 - Methodology of T h e s i s R e s e a r c h 

Phase I 

C h a p t e r 1: 

C h a p t e r 2, 

C h a p t e r 3: 

Study S i t e S e l e c t i o n 
and D e s c r i p t i o n 

Set of F a c i l i t y Impacts 

Impact Model 

A c c e p t a n c e C r i t e r i o n 

A c c e p t a n c e Approach 

P r i o r i t i e s f o r 
A c c e p t a n c e Methods 

F a c i l i t y Survey 

L i t e r a t u r e Review 

C o n c e p t u a l A n a l y s i s 

C o n c e p t u a l A n a l y s i s 

C o n c e p t u a l A n a l y s i s 

C o n c e p t u a l A n a l y s i s 

Phase I I 

C h a p t e r 4: 

C h a p t e r 5; 

Phase I I I 

C h a p t e r 6: 

C h a p t e r 7: 

C h a p t e r 8: 

P h y s i c a l Impact 
A n a l y s i s 

B e l i e f s , A t t i t u d e s 
and A c t i o n 

Set of P r a c t i c a l 
A c c e p t a n c e Measures 

P r e f e r e n c e s f o r 
A c c e p t a n c e Methods 
and A c c e p t a n c e 

Summary 
C o n c l u s i o n s 
I m p l i c a t i o n s 

S i t i n g P o l i c y I s s u e s , 
recommendations and 
F u t u r e Research 

P h y s i c a l Measurement 
and V a l i d a t i o n 

W r i t t e n Survey i n Host 
and C o n t r o l Communities 

C o n t e n t A n a l y s i s of 
Media 

R e a l E s t a t e S a l e s 
A n a l y s i s 

T e c h n i c a l D e s i g n of 
P r e v e n t i o n , C o n t r o l , 
M i t i g a t i o n and 
Compensation Measures 

I n t e r v i e w s w i t h Host 
and C o n t r o l Community 
R e p r e s e n t a t i v e s 

D e d u c t i o n from R e s u l t s 
i n P r e v i o u s C h a p t e r s 

D e d u c t i o n from R e s u l t s 
i n Chapter 7 
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7.3 Summary: 

Hypotheses and R e s u l t s 

The f o l l o w i n g summary of h y p o t h e s e s , r e s u l t s and c o n c l u s i o n s 

i s p r e s e n t e d as a b r i e f s y n o p s i s i n t h r e e s e c t i o n s : (1) f a c i l i t y 

impacts and r e s u l t i n g b e l i e f s among r e s i d e n t s , (2) r e s i d e n t s ' 

a t t i t u d e s and o p p o s i t i o n a c t i o n s , and (3) s y s t e m a t i c approach to 

f a c i l i t y a c c e p t a n c e i n the host community. 

7 . 3 . 1 F a c i l i t y Impacts and R e s u l t i n g B e l i e f s among R e s i d e n t s 

Hypotheses 

A . Waste d i s p o s a l f a c i l i t i e s i n t y p i c a l h o s t communit ies 

g ener a te a s e t of p h y s i c a l and n o n - p h y s i c a l i m p a c t s . 

P h y s i c a l impacts comprise h e a l t h r i s k s , n u i s a n c e s and 

g e n e r a l e n v i r o n m e n t a l change ; n o n - p h y s i c a l impacts 

c o n s i s t of economic , s o c i a l and p o l i t i c a l impacts (see 

T a b l e 7 . 2 ) . 

B . R e s i d e n t s ' g e n e r a l b e l i e f s about l a n d f i l l s and 

i n c i n e r a t o r impacts may d i f f e r from h o s t community 

r e s i d e n t s s p e c i f i c b e l i e f s about p a r t i c u l a r f a c i l i t y 

i m p a c t s . 

C . P h y s i c a l impacts cause n o n - p h y s i c a l impacts through 

i n t e r p r e t a t i o n as r e s i d e n t s ' b e l i e f s . There i s a 

c o n n e c t i o n between exposure to p h y s i c a l impacts and 

r e s i d e n t s p e r c e p t i o n of n o n - p h y s i c a l i m p a c t s . 

D. N o n - p h y s i c a l impacts are e q u a l l y i m p o r t a n t as p h y s i c a l 

impacts i n d e t e r m i n i n g r e s i d e n t s ' a t t i t u d e s about waste 

f a c i l i t i e s . 
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T a b l e 7.2 - Waste F a c i l i t y Impacts and B e n e f i t s 

Impacts : 

P h y s i c a l : N u i s a n c e s - N o i s e , o d o r , v iew 

H e a l t h - a i r and water e m i s s i o n s , a c c i d e n t 
and e x p l o s i o n r i s k s 

E n v i r o n m e n t a l Change - a i r and water 
q u a l i t y d e g r a d a t i o n , w i l d l i f e 
h a b i t a t l o s s 

E c o n o m i c : R e s i d e n t i a l p r o p e r t y v a l u e d e p r e c i a t i o n 

R e t a r d a t i o n of r e s i d e n t i a l development 

Taxes f o r I n f r a s t r u c t u r e and S e r v i c e s 

S o c i a l : Stigma to community image due to 
a s s o c i a t i o n w i t h "waste" and " p o l l u t i o n " 

P o l i t i c a l : Loss of c o n t r o l 

U n f a i r n e s s 

Lack of c o n f i d e n c e i n o w n e r / o p e r a t o r , l o c a l 
p o l i t i c i a n s , e n v i r o n m e n t a l agency 

Lack of i n f o r m a t i o n and f a m i l i a r i t y 

B e n e f i t s : Waste D i s p o s a l S e r v i c e 

Convenience 

Energy Recovery 

Employment 

Taxes 
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R e s u l t s 

The o b s e r v e d impacts comprise h e a l t h r i s k s from a i r and water 

e m i s s i o n s , n u i s a n c e s from o d o r , n o i s e , views and a n i m a l s , and 

changes i n a i r and water q u a l i t y . A t l a n d f i l l s , h e a l t h r i s k s from 

groundwater c o n t a m i n a t i o n and a i r e m i s s i o n s a f f e c t downstream 

areas i n the immediate v i c i n i t y , i . e . , w i t h i n 1,000 from the 

s i t e b o u n d a r y . L a n d f i l l gas g e n e r a t e s e x p l o s i o n r i s k s w i t h i n 

100 to 200m from the s i t e and s l i g h t a i r q u a l i t y r i s k s to h e a l t h 

from v o l a t i l e o r g a n i c s up to 1,000 m from the s i t e . O d o r , n o i s e , 

and b i r d s cause n u i s a n c e s w i t h i n 200 to 300m from the s i t e 

b o u n d a r y . 

At the i n c i n e r a t o r , the exhaust gas e m i s s i o n s t h e o r e t i c a l l y 

a f f e c t a i r q u a l i t y i n the p r e v a i l i n g wind d i r e c t i o n s . The e f f e c t s 

a r e , however, n e g l i g i b l e i n terms of h e a l t h r i s k s except a t the 

l o c a t i o n o f maximum ground l e v e l c o n c e n t r a t i o n of 700 to 3,000m 

from the s i t e . At these l o c a t i o n s the e s t i m a t e d a d d i t i o n a l h e a l t h 

r i s k s from the v e r i f i e d e m i s s i o n s are l e s s than 1 i n 1 m i l l i o n . 

Hence , the a i r e m i s s i o n s c o n s t i t u t e m e r e l y an ambient a i r q u a l i t y 

l o s s i n the p r e v a i l i n g wind d i r e c t i o n s f o r a f a c i l i t y w i t h 

p a r t i c u l a t e f i l t r a t i o n , gas s c r u b b i n g and a h i g h s t a c k . N u i s a n c e s 

from view of the s t a c k and vapor plume extend up to 5 k i l o m e t r e s 

i n a l l d i r e c t i o n s . Topography and v e g e t a t i o n s c r e e n the view o n l y 

i f the b a r r i e r s a re c l o s e to the o b s e r v e r . S i g n i f i c a n t n o i s e i s 

c o n f i n e d to an a r e a w i t h i n 100m from the s i t e , but f a c i l i t y n o i s e 

can be d e t e c t e d up to 800m from the s i t e depending on s c r e e n i n g 

and background n o i s e l e v e l . No odor was d e t e c t e d from the p l a n t . 

The p h y s i c a l impacts are summarized f o r t y p i c a l l a n d f i l l s and 
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F i g u r e 7 . 2 a : L a n d f i l l P h y s i c a l Impact F o o t p r i n t 

F i g u r e 7 . 2 b : I n c i n e r a t o r P h y s i c a l Impact F o o t p r i n t 
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i n c i n e r a t o r s i n F i g u r e s 7 .2a and b . 

In the h o s t community, r e s i d e n t s b e l i e v e t h a t l a n d f i l l s 

a f f e c t community image, c r e a t e n u i s a n c e s ( a n i m a l s , o d o r , t r a f f i c , 

n o i s e , v i e w ) , h e a l t h r i s k s from water and a i r e m i s s i o n s , water and 

a i r q u a l i t y changes , and p r o p e r t y v a l u e l o s s e s . 

I n c i n e r a t o r s are p e r c e i v e d by the host community to cause 

l o s s of c o n t r o l , h e a l t h r i s k s from a i r e m i s s i o n s , p r o p e r t y v a l u e 

and image l o s s e s , n u i s a n c e s and u n f a i r n e s s . 

R e s i d e n t s ' spontaneous b e l i e f s about g e n e r i c l a n d f i l l s and 

i n c i n e r a t o r s c o n s i s t of p u r e l y p h y s i c a l i m p a c t s . In c o n t r a s t , 

t h e i r b e l i e f s about impacts from s p e c i f i c , f a m i l i a r f a c i l i t i e s 

i n c l u d e n o n - p h y s i c a l impacts of p r o p e r t y v a l u e l o s s e s , l o s s o f 

community image and c o n t r o l , u n f a i r n e s s . 

A t both l a n d f i l l s and i n c i n e r a t o r s , the b e l i e f s about 

p h y s i c a l and n o n - p h y s i c a l impacts depend on the r e s i d e n t s ' 

exposure to p h y s i c a l i m p a c t s . P e o p l e who can s e e , hear or s m e l l 

the f a c i l i t y h o l d more n e g a t i v e b e l i e f s about f a c i l i t y impacts on 

image, u n f a i r n e s s , p r o p e r t y v a l u e s and n u i s a n c e s than unexposed 

r e s i d e n t s . T h u s , n u i s a n c e s can t r i g g e r or a g g r a v a t e n e g a t i v e 

p e r c e p t i o n s . 

In l a n d f i l l and i n c i n e r a t o r hos t communit ies both p h y s i c a l 

and n o n - p h y s i c a l impacts c o r r e l a t e s i g n i f i c a n t l y w i t h a t t i t u d e 

about the waste f a c i l i t y . 

P h y s i c a l i m p a c t s , r e s i d e n t s ' b e l i e f s and the s i g n i f i c a n t 

a s s o c i a t i o n s are summarized i n F i g u r e s 7 .3a and b . 
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Observed Physical Impacts 
at Tacoma L a n d f i l l 

Odor 
Birds 
T r a f f i c 

Water Emissions 
Gas Migration 

Spontaneous Beliefs about 
Impacts at Generic Landfi l l s 

Odor 
Birds 
T r a f f i c 

Water Pollution 
Explosion Risks 

+Convenient 
Disposal 

Specific Beliefs about Impacts 
at Tacoma L a n d f i l l 

Physical 
Nuisances 

Noise 
T r a f f i c 
View 
Birds 

Environment 
Change 

Wildl i fe 
Habitats 

2./3./4. 

Economic 
Property 
Value Loss 

Social 
Harm to 
Ccrnmunity 
Image 

1. 

L a n d f i l l 
Attitude 

Rating 
- 1.65 

(-4 to +4) 

P o l i t i c a l 
Loss of 
Control 
Lack of ; 
Information 

Benefits 
Lack of 
Benefits 

F i g u r e 7 .3a - L a n d f i l l - Summary of Impacts , B e l i e f s and A t t i t u d e s 
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Observed Physical Impacts 
at Salem Incinerator 

View of Stack and Plume 
(Noise) 

M r Quality Change 

Spontaneous Beliefs about 
Impacts at Generic Incinerators 

Odors 
Noise 
T r a f f i c 

A i r Pollution 

+Energy Recovery 

Specific Beliefs about Impacts 
at Salem Incinerator 

Physical 

Nuisances 
View 

Health Risk 
A i r 
Quality 

5./2./8. 

Economic 

Property 
Value Loss 

3. 

Social 

Harm to 
Community 
Image 

P o l i t i c a l 

Loss of 
Control 

Unfairness 

1./6. 

Benefits 

Lack of 
Need 

Incinerator' 
Attitude 

Rating 
- 0.52 

(+4 to -4), 

F i g u r e 7.3b - I n c i n e r a t o r - Summary of Impacts , B e l i e f s and 
A t t i t u d e s 
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7 .3 .2 R e s i d e n t s A t t i t u d e and O p p o s i t i o n 

Hypotheses 

A . Host community a t t i t u d e about waste f a c i l i t i e s i s most 

n e g a t i v e b e f o r e and d u r i n g f a c i l i t y s i t i n g . T h e r e a f t e r , 

the a t t i t u d e improves e i t h e r through replacement of 

r e s i d e n t s w i t h n e g a t i v e a t t i t u d e s or t h r o u g h p e r s o n a l 

a d a p t a t i o n to the c o n d i t i o n s w i t h the f a c i l i t y . 

B . A t t i t u d e about the f a c i l i t y i s a s s o c i a t e d w i t h o p p o s i t i o n 

a c t i v i t y . O p p o s i t i o n a c t i v i t y as e x i t (moving away) , or 

v o i c e ( g a t h e r i n g i n f o r m a t i o n , a t t e n d i n g m e e t i n g , f i l i n g 

c o m p l a i n t s or t a k i n g l e g a l a c t i o n ) i s e x p e c t e d to be 

s t r o n g e r d u r i n g the s i t i n g p r o c e s s then a f t e r the 

f a c i l i t y i s b u i l t . 

R e s u l t s 

A t t i t u d e s about l a n d f i l l s and i n c i n e r a t o r s are b e s t i n host 

c o m m u n i t i e s ; r e s i d e n t s i n c o n t r o l communit ies a re more n e g a t i v e 

about waste f a c i l i t i e s (see T a b l e 7 . 3 ) . 

A l t h o u g h the l a n d f i l l impacts a re more s e v e r e than the 

i n c i n e r a t o r ' s due to the p r e s e n c e o f h e a l t h r i s k s and o b v i o u s 

n u i s a n c e s , o p p o s i t i o n a c t i v i t y i s s i g n i f i c a n t l y s t r o n g e r i n the 

newer i n c i n e r a t o r h o s t community. Whereas 5 to 10% of r e s p o n d e n t s 

g a t h e r i n f o r m a t i o n , a t t e n d meetings and c o m p l a i n a t the 25 year 

o l d l a n d f i l l , n e a r l y 50% are a c t i v e near the 2 y e a r o l d 

i n c i n e r a t o r . 

E x i t o p p o s i t i o n i s measured by p r o p e r t y v a l u e s , days on the 

market and number of l i s t i n g s and s a l e s i n the h o s t community. 



Table 7.3 - A t t i t u d e s about Waste F a c i l i t i e s 

a. Tacoma L a n d f i l l 

A t t i t u d e R a t i n g on s c a l e of -4 to +4 
of F a c i l i t y -

L a n d f i l l I n c i n e r a t o r 
Community A t t i t u d e A t t i t u d e 

Host N = 26 -1.65 -2.04 

C o n t r o l N = 23 -2.57 -2.04 

b. Salem I n c i n e r a t o r S i t e 

Community 

Host N = 30 

C o n t r o l N = 17 

L a n d f i l l 
A t t i t u d e 

-3.39 

-2.59 

I n c i n e r a t o r 
A t t i t u d e 

-0.53 

-0.88 

Note: Boxes d e s i g n a t e the f a c i l i t y used at the r e s p e c t i v e 
study s i t e s . 
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N e i t h e r l a n d f i l l nor i n c i n e r a t o r impacts have any e f f e c t on 

p r o p e r t y v a l u e s or the days on the market f o r r e s i d e n t i a l 

p r o p e r t i e s . The number of MLS l i s t i n g s was m a r g i n a l l y 

s i g n i f i c a n t l y h i g h e r a f t e r the announcement of the i n c i n e r a t o r 

s i t e , but not d u r i n g c o n s t r u c t i o n and the f i r s t year of o p e r a t i o n . 

The number of s a l e s was not a f f e c t e d at a l l . T h u s , o p p o s i t i o n 

a c t i v i t y i s s i g n i f i c a n t a t the newer i n c i n e r a t o r s i t e d u r i n g 

s i t i n g and c o n s i s t s of m i l d e r forms of v o i c e and e x i t o p p o s i t i o n 

( g a t h e r i n g i n f o r m a t i o n , a t t e n d i n g m e e t i n g s , l i s t i n g of 

p r o p e r t i e s ) . At the o l d e r l a n d f i l l , none of these a c t i v i t i e s was 

n e a r l y as f r e q u e n t . F i n a l l y , the a s s o c i a t i o n of a t t i t u d e about 

the i n c i n e r a t o r w i t h o p p o s i t i o n a c t i v i t y i s s i g n i f i c a n t , w h i l e no 

s i g n i f i c a n t a s s o c i a t i o n i s p r e s e n t i n the l a n d f i l l h o s t community. 

The a d a p t a t i o n to the f a c i l i t y i s r e f l e c t e d i n the peak o f 

o p p o s i t i o n through the p r o c e s s . D u r i n g the s i t i n g p r o c e s s , many 

r e s i d e n t s are a c t i v e i n minor o p p o s i t i o n a c t i v i t i e s , i n c l u d i n g 

i n f o r m a t i o n g a t h e r i n g , f i l i n g c o m p l a i n t s and a t t e n d i n g m e e t i n g s . 

Fewer take l e g a l a c t i o n or c o n s i d e r m o v i n g . A f t e r the f a c i l i t y i s 

i n p l a c e , however, o p p o s i t i o n d i e s down w i t h o u t any s i g n i f i c a n t 

numbers of h o u s e h o l d moves. Nor are t h e r e any s i g n i f i c a n t e f f e c t s 

on p r o p e r t y v a l u e s as a r e s u l t of f a c i l i t y p h y s i c a l i m p a c t s . 

T h u s , most r e s i d e n t s respond by minor a c t i v i t i e s i n the s i t i n g 

p r o c e s s , but do not move or c o n t i n u e a c t i o n when the f a c i l i t y i s 

o p e r a t i o n a l , u n l e s s new events cause major impacts ( s p i l l s , 

a c c i d e n t s ) o c c u r . T h u s , the b e h a v i o r a l r e s p o n s e to waste 

f a c i l i t i e s i s p r e d o m i n a n t l y through v o i c e p r i o r to the 

c o n s t r u c t i o n . 
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7 .3 .3 S y s t e m a t i c Approach to F a c i l i t y A c c e p t a n c e 

Hypotheses 

A . Impact r e d u c t i o n i n k i n d i s a more e f f e c t i v e method than 

compensat ion to i n c r e a s e h o s t community a c c e p t a n c e . 

B . The e f f e c t i v e n e s s of impact r e d u c t i o n measures f o r hos t 

community a c c e p t a n c e d e c r e a s e s i n the f o l l o w i n g o r d e r : 

1 .) p r e v e n t i o n 2.) c o n t r o l , 3.) m i t i g a t i o n , 

4.) c o m p e n s a t i o n . 

R e s u l t s 

R e s i d e n t s i n h o s t and c o n t r o l communities a t l a n d f i l l s and 

i n c i n e r a t o r s s t r o n g l y p r e f e r t h a t the f o l l o w i n g o r d e r of methods 

be used to a d d r e s s f a c i l i t y impacts (see F i g u r e 7.4 and T a b l e 

7.4) : 

1 . P r e v e n t i o n 

2. C o n t r o l 

3. M i t i g a t i o n 

4. Compensat ion 

T h i s p r e f e r e n c e r a n k i n g h o l d s t r u e f o r the g e n e r a l approach and 

f o r s p e c i f i c methods to address p h y s i c a l ( h e a l t h r i s k s ) and 

n o n - p h y s i c a l (image) impacts at l a n d f i l l s and i n c i n e r a t o r s . 

F u r t h e r m o r e , a s i g n i f i c a n t l y l a r g e r p r o p o r t i o n of r e s p o n d e n t s 

t h i n k t h a t impact r e d u c t i o n ( p r e v e n t i o n , c o n t r o l and m i t i g a t i o n ) 

measures make the f a c i l i t y more a c c e p t a b l e than the p r o p o r t i o n o f 

r e s p o n d e n t s who t h i n k compensat ion makes the f a c i l i t y more 

a c c e p t a b l e . 

These p r e f e r e n c e s h o l d t r u e d e s p i t e h i g h e r c o s t s f o r 
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T a b l e 7.4 - P r e f e r e n c e s f o r G e n e r a l Impact R e d u c t i o n M e t h o d s 1 

Prevention Number of people who p i c k the method 
as t h e i r choice 

Percent Count 
of sample 

% 
F i r s t choice 52 1 
Second choice 15.4 
Thir d choice 2.6 
Fourth choice 0. 

32 +XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
6 +XXXXXX 
1 + X 
0 • 

The p r o p o r t i o n of respondents who pick 
prevention as t h e i r f i r s t c h oice i s 
s i g n i f i c a n t at 95% 

Con t r o l Number o f people who p i c k the method 
as t h e i r choice 

F i r s t choice 
Second choice 
T h i r d choice 
Fourth choice 

Percent Count 
of sample 

% 
10.5 4 +XXXX 
65.8 25 +XXXXXXXXXXXXXXXXXXXXXXXXX 
21.1 8 +XXXXXXXX 
2.6 1 +X 

The p r o p o r t i o n of respondents who pick 
c o n t r o l as t h e i r second choice i s 
s i g n i f i c a n t at 95% 

M i t i g a t i o n Number o f people who p i c k the method 
as t h e i r choice 

Fourth choice 

Percent Count 
of sample 

% 
2.6 1 

F i r s t choice 17.9 7 
Second choice 69.2 27 
T h i r d choice 10.3 4 

Compensation 

The p r o p o r t i o n o f respondents who pick 
m i t i g a t i o n as t h e i r t h i r d choice i s 
s i g n i f i c a n t at 95% 

Number o f people who p i c k the method 
as t h e i r choice 

F i r s t choice 
Second choice 
T h i r d choice 
Fourth choice 

Percent Count 
of sample 

% 
5.3 2 +XX 
7.9 3 +XXX 
2.6 1 +X 

84.2 32 +XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

The pr o p o r t i o n o f respondents who pick 
compensation as t h e i r f o u r t h choice i s 
s i g n i f i c a n t at 95% 
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p r e v e n t i o n and c o n t r o l measures of up to ( C a n . - 1988) $20 per 

p e r s o n per y e a r . 

F i n a l l y , 70% accept ance i s a c h i e v e d i n host communities by 

i n c o r p o r a t i n g p r e v e n t i o n and c o n t r o l measures to a d d r e s s the 

r e s p o n d e n t s ' t h r e e major c o n c e r n s about the f a c i l i t y . In 

c o n t r a s t , o n l y 50% accept ance i s a c h i e v e d w i t h p r o p e r t y v a l u e 

g u a r a n t e e s o n l y . However, among c o n t r o l r e s p o n d e n t s , p r e v e n t i o n 

and c o n t r o l measures a c h i e v e 50% a c c e p t a n c e , a p p r o x i m a t e l y the 

same l e v e l as f o r p r o p e r t y v a l u e guarantees o n l y . 

As a g e n e r a l a p p r o a c h , the r e d u c t i o n of impacts i s a more 

e f f e c t i v e way than compensat ion of damages ( e . g . , as p r o p e r t y 

v a l u e guarantees ) to make the f a c i l i t y a c c e p t a b l e . O p t i m a l l y , 

impacts s h o u l d i n f i r s t p r i o r i t y be p r e v e n t e d b e f o r e they o c c u r , 

then c o n t r o l l e d at the s i t e , then m i t i g a t e d , a n d , f i n a l l y , 

compensated o n l y i f the p r e v i o u s methods are e x h a u s t e d . G e n e r a l l y 

s t a t e d , a measure i s more e f f e c t i v e the e a r l i e r i n the s i t i n g 

p r o c e s s and the f u r t h e r away from the host community i t can be 

implemented . T h i s g e n e r a l r u l e h o l d s t r u e f o r p h y s i c a l ( h e a l t h 

r i s k s ) and n o n - p h y s i c a l (community image and l o s s o f c o n t r o l ) 

impacts ( F i g u r e 7 . 3 ) . 

T h u s , the e m p i r i c a l t e s t s c o n f i r m two b a s i c p r i n c i p l e s f o r 

s i t i n g : 

1. P e o p l e are g e n e r a l l y not w i l l i n g (or a b l e ) to t r a d e o f f 

changes ( i . e . f a c i l i t y impacts ) to t h e i r p r e s e n t q u a l i t y 

of l i f e f o r o t h e r b e n e f i t s (money or i n - k i n d 

c o m p e n s a t i o n ) . T h e r e f o r e , compensat ion i s i n f e r i o r to 

impact r e d u c t i o n f o r f a c i l i t y s i t i n g . T h i s i s c o n s i s t e n t 
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w i t h the p r o s p e c t t h e o r y which s t a t e s t h a t the v a l u e of 

l o s s e s loom l a r g e r than the v a l u e of e q u a l g a i n s . 

2. Methods f o r r e d u c i n g impacts are not e q u i v a l e n t . Methods 

t h a t p r e v e n t impacts ( l o s s e s ) f rom o c c u r r i n g a r e 

p r e f e r r e d over methods t h a t c o n t r o l or reduce the impact 

damage. T h u s , a s t r o n g emphasis on a v o i d i n g any change 

r e q u i r e s the r e s p o n s i b l e waste agency or waste g e n e r a t o r s 

to take r e s p o n s i b i l i t y as c l o s e to the source as p o s s i b l e 

to e l i m i n a t e impacts i n o r d e r to enhance t o l e r a n c e f o r 

waste f a c i l i t i e s i n h o s t c o m m u n i t i e s . 

An o p t i m a l s e t of p r e v e n t i o n and c o n t r o l measures to a d d r e s s 

the t h r e e major concerns g a i n s a c c e p t a n c e from 70% of the h o s t 

community r e s i d e n t s and from 50% o f the c o n t r o l r e s i d e n t s . 

A l t h o u g h , t h i s c o m b i n a t i o n of measures may not a c h i e v e complete 

a c c e p t a n c e , as d e f i n e d by the absence of major o p p o s i t i o n , i t i s 

more e f f e c t i v e i n h o s t communities than a s i m p l e compensat ion 

approach w i t h p r o p e r t y v a l u e g u a r a n t e e s . 

7.4 C o n c l u s i o n s f o r Waste F a c i l i t y S i t i n g 

The c o n c l u s i o n s f o r waste f a c i l i t y s i t i n g are drawn here 

based on the r e s u l t s of t e s t i n g hypotheses a t the two s t u d y s i t e s 

w i t h the a v a i l a b l e methods. T h u s , the c o n c l u s i o n s are v a l i d but 

s u b j e c t to the l i m i t a t i o n s and assumptions t h a t a p p l y t o the s tudy 

s i t e s and methods. 

The c o n c l u s i o n s are p r e s e n t e d i n t h r e e p a r t s t h a t c o r r e s p o n d 

w i t h the s e c t i o n s f o r hypotheses and r e s u l t s : (1) P h y s i c a l impacts 

and Host Community B e l i e f s , (2) A t t i t u d e and A c t i o n , and (3) 
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A c c e p t a n c e Approach and Methods . 

7 .4 .1 Overview 

The s t u d y shows a pathway f o r the e f f e c t s of m u n i c i p a l s o l i d 

waste f a c i l i t i e s f rom p h y s i c a l e m i s s i o n s through h o s t community 

b e l i e f s and a t t i t u d e s to o p p o s i t i o n a c t i o n . The r e s u l t s thus 

c o n f i r m a r a t i o n a l system f o r i n t e r p r e t i n g the p h y s i c a l p r e s e n c e 

o f the f a c i l i t y i n t o m e a n i n g f u l b e l i e f s and a t t i t u d e s i n the h o s t 

community. The e x i s t e n c e of a r a t i o n a l e i n the h o s t community to 

e v a l u a t e and p r o c e s s the s i t i n g of a waste f a c i l i t y i s i m p o r t a n t 

because i t a l l o w s the waste agency and the proponent to take 

p r e e m p t i v e a c t i o n w i t h p r e d i c t a b l e r e s u l t s of making n o x i o u s 

f a c i l i t i e s more a c c e p t a b l e . 

7 .4 .2 F a c i l i t y Impacts and Host Community B e l i e f s 

F a c i l i t i e s g e n e r a t e b e l i e f s about p h y s i c a l , economic , s o c i a l 

and p o l i t i c a l e f f e c t s on t y p i c a l h o s t c o m m u n i t i e s . The c o n c e r n s 

about p r o p e r t y v a l u e s , community image, c o n t r o l and f a i r n e s s are 

e q u a l l y i m p o r t a n t as h e a l t h r i s k s and n u i s a n c e s to the h o s t 

community. F u r t h e r m o r e , n o n - p h y s i c a l impacts s t r o n g l y a f f e c t the 

a t t i t u d e about the f a c i l i t y . T h e r e f o r e , the s i t i n g p r o c e s s must 

a d d r e s s n o n - p h y s i c a l (economic , s o c i a l and p o l i t i c a l ) impacts w i t h 

the same p r i o r i t y as p h y s i c a l i m p a c t s . 

Spontaneous , g e n e r i c b e l i e f s about l a n d f i l l s and i n c i n e r a t o r s 

f o c u s on common, p h y s i c a l impacts of n u i s a n c e s , h e a l t h r i s k s and 

e n v i r o n m e n t a l q u a l i t y , w h i l e s p e c i f i c b e l i e f s i n host communit ies 

i n c l u d e a more complex se t of p h y s i c a l and n o n - p h y s i c a l 

(economic , s o c i a l and p o l i t i c a l ) i m p a c t s . 



466 

T h u s , s p e c i a l e f f o r t and c a r e are r e q u i r e d to i d e n t i f y a 

complete s e t of c o n c e r n s because s p o n t a n e o u s l y mentioned c o n c e r n s 

do not r e v e a l the t r u e u n d e r l y i n g b e l i e f s t h a t may d e t e r m i n e 

a t t i t u d e about the f a c i l i t y . S i m p l e , open-ended q u e s t i o n s about 

c o n c e r n s w i l l not g a t h e r a complete se t of b e l i e f s . R e s i d e n t s 

must a t l e a s t be g i v e n the o p p o r t u n i t y to i d e n t i f y n o n - p h y s i c a l 

impacts i n a l i s t . 

Awareness of n o n - p h y s i c a l impacts i s t r i g g e r e d by r e s i d e n t s ' 

exposure to o b v i o u s p h y s i c a l impacts ( e . g . , v i e w , n o i s e , o d o r ) . 

T h i s i s c o n s i s t e n t w i t h the n o t i o n of the f a c i l i t y as the cause of 

p h y s i c a l impacts t h a t , however, are i n t e r p r e t e d as economic , 

s o c i a l and p o l i t i c a l terms by the h o s t community. T h u s , the 

r e d u c t i o n of a p p a r e n t p h y s i c a l i m p a c t s , e s p e c i a l l y n u i s a n c e s , can 

be used to reduce the l e v e l of impact p e r c e i v e d by h o s t 

c o m m u n i t i e s . In e s s e n c e , "out of s i g h t , out of m i n d " works f o r 

waste f a c i l i t i e s . 

In s i t i n g a waste f a c i l i t y , the host c o m m u n i t i e s ' r a t i o n a l e 

of i n t e r p r e t i n g the p h y s i c a l p r e s e n c e of the f a c i l i t y i n t o 

economic , s o c i a l and p o l i t i c a l impacts s h o u l d be u n d e r s t o o d . In 

o r d e r to g a i n b e t t e r a c c e p t a n c e , a f u l l range o f s p e c i f i c 

u n d e r l y i n g c o n c e r n s must be e l i c i t e d ; s i m p l e q u e s t i o n s about 

concerns w i l l ge t f l a t r e s p o n s e s e t s of o b v i o u s , p h y s i c a l i m p a c t s . 

The t r i g g e r c o n n e c t i o n of o b v i o u s p h y s i c a l impacts ( n u i s a n c e s ) 

w i t h n o n - p h y s i c a l impacts a l l o w s the proponent to reduce 

o p p o s i t i o n w i t h s i m p l e s c r e e n i n g and n u i s a n c e r e d u c t i o n . 
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7 .4 .3 A t t i t u d e and O p p o s i t i o n A c t i o n 

Community a t t i t u d e about waste f a c i l i t i e s i s worst b e f o r e the 

f a c i l i t y i s b u i l t . A t t i t u d e and a c t i o n are c l e a r l y a s s o c i a t e d 

d u r i n g the s i t i n g p h a s e . The n e g a t i v e a t t i t u d e r e s u l t s i n 

o p p o s i t i o n . However, a t t i t u d e improves and a c t i o n s u b s i d e s as the 

community adapts to the new s i t u a t i o n . The a c c e p t a n c e p r o c e s s 

e n t a i l s s e v e r a l s tages ( d i s b e l i e f , a n g e r , b a r g a i n i n g , d e p r e s s i o n , 

acceptance) and causes s t r e s s . T h e r e f o r e , s i t i n g e f f o r t s must 

at tempt to h e l p the community adapt through s t r e s s r e d u c t i o n . 

By i n c o r p o r a t i n g some community c o n t r o l over the t y p e , s i z e , 

r a t e and s c h e d u l e of the f a c i l i t y i m p a c t s , by m i n i m i z i n g i m p a c t s , 

and by acknowledging c o n c e r n s , the proponent can reduce s t r e s s and 

h e l p the community a d a p t . Methods of t a n g i b l e impact r e d u c t i o n 

and c o p i n g s u p p o r t to d e a l w i t h change a d a p t a t i o n a r e both 

i m p o r t a n t . S p e c i a l e f f o r t s must be made i n the s i t i n g p r o c e s s to 

f i r s t , reduce the s i z e of the change, a n d , s e c o n d , to ease the h o s t 

community through the s tages of a c c e p t i n g change . 

7 .4 .4 A c c e p t a n c e Approach and Methods 

R e d u c t i o n of s p e c i f i c f a c i l i t y impacts i s more e f f e c t i v e than 

compensat ion f o r g a i n i n g host community a c c e p t a n c e . T h u s , the 

community i s more c o n c e r n e d about c u t t i n g the l o s s e s than about 

i n c r e a s i n g g a i n s , as p r e d i c t e d by a p p l y i n g the p r o s p e c t t h e o r y . 

The p r e f e r e n c e s show t h a t the c a u s a l c o n n e c t i o n s (see F i g u r e 

7.2) are r e l e v a n t f o r p r e d i c t i n g the e f f e c t of impact r e d u c t i o n 

methods on a c c e p t a n c e . A c c e p t a n c e i s enhanced by c h o o s i n g methods 

by the f o l l o w i n g c r i t e r i a : 
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1 . Methods s h o u l d be as c l o s e to the s o u r c e , i . e . , as f a r 

o u t s i d e the d i s p o s a l f a c i l i t y h o s t community as p o s s i b l e 

or as l o n g b e f o r e the s i t i n g as p o s s i b l e ; 

2. Impact r e d u c t i o n s h o u l d o c c u r i n the j u r i s d i c t i o n and 

under r e s p o n s i b i l i t y of the waste g e n e r a t o r s . 

The p r e f e r e n c e r a n k i n g f o r a c c e p t a n c e i s h a r d l y a f f e c t e d by c o s t 

d i f f e r e n c e s i n the range of $20 per p e r s o n per y e a r , nor does i t 

s t r i t l y f o l l o w o b j e c t i v e e n g i n e e r i n g e s t i m a t e s of impact r e d u c t i o n 

e f f e c t . 

T h u s , the e f f e c t i v e n e s s of u s i n g the b a s i c i n t u i t i v e 

c a u s e - e f f e c t c o n n e c t i o n f o r p r e d i c t i n g and g a i n i n g a c c e p t a n c e i s 

v e r y s t r o n g . Combined p r e v e n t i o n and c o n t r o l measures to a d d r e s s 

major c o n c e r n s s i g n i f i c a n t l y i n c r e a s e a c c e p t a n c e i n host 

c o m m u n i t i e s . 

7 .4 .5 Summary and C o n t r i b u t i o n 

The r e s e a r c h e s t a b l i s h e s a se t of i m p o r t a n t waste f a c i l i t y 

p h y s i c a l and n o n - p h y s i c a l i m p a c t s . The r e s e a r c h i d e n t i f i e s and 

p r i o r i z e s s p e c i f i c t y p i c a l impacts and d e t e r m i n e s t h e i r i n f l u e n c e 

on a t t i t u d e and o p p o s i t i o n . The l e v e l and a d a p t a t i o n of a t t i t u d e 

and o p p o s i t i o n are d e t e r m i n e d and r e l a t e d to the s i t i n g p r o c e s s 

and f a c i l i t y i m p a c t s . 

The r e s u l t s connect p h y s i c a l impacts w i t h host community 

b e l i e f s , a t t i t u d e s and o p p o s i t i o n a c t i o n to show a r a t i o n a l 

framework of r e l a t e d elements t h a t i n f l u e n c e the o p p o s i t i o n l e v e l . 

The impact model combines f a c i l i t y impacts i n o r d e r to d e f i n e the 

c r i t e r i o n f o r a c c e p t a n c e . 
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A c c e p t a n c e i s d e f i n e d by the absence of s i g n i f i c a n t 

o p p o s i t i o n e f f o r t . The approach to a c c e p t a n c e i s t h e o r e t i c a l l y 

d e r i v e d and r e q u i r e s impacts to be e f f e e t i v e l y , r e d u c e d to below 

the t o l e r a n c e l e v e l of a hos t community, r a t h e r than compensat ing 

f o r impacts w i t h o t h e r b e n e f i t s . T h u s , a r a t i o n a l g u i d e l i n e f o r 

g a i n i n g a c c e p t a n c e i s d e f i n e d f o r a d d r e s s i n g p h y s i c a l and 

n o n - p h y s i c a l i m p a c t s . 

By a p p l y i n g t h i s p r i n c i p l e to the waste d i s p o s a l sys tem, f o u r 

s p e c i f i c methods of a d d r e s s i n g f a c i l i t y impacts a re i d e n t i f i e d : 

p r e v e n t i o n , b e f o r e the f a c i l i t y c o n t r o l a t the f a c i l i t y , 

m i t i g a t i o n o u t s i d e the f a c i l i t y , compensat ion of l o s s e s . 

E m p i r i c a l t e s t s show t h a t impact r e d u c t i o n are more e f f e c t i v e then 

c o m p e n s a t o r s . A c c e p t a n c e d e c r e a s e s w i t h measures i n the above 

o r d e r , t h a t i s , remedies c l o s e s t to the source or cause a r e most 

e f f e c t i v e . T h u s , the c a u s e - e f f e c t mechanism and the l o c a t i o n of 

the impact r e d u c t i o n remedy on d i s t a n c e and t ime s c a l e r e l a t i v e to 

the s o u r c e , o r , c o n v e r s e l y to the r e c e i v i n g h o s t community 

d e t e r m i n e the e f f e c t on f a c i l i t y a c c e p t a n c e i n absence o f a c u t e 

h e a l t h r i s k s and w i t h i n the range of c o s t s (up to $20 per p e r s o n 

per y e a r ) . The c o n t r i b u t i o n of t h i s t h e s i s t o s c i e n t i f i c r e s e a r c h 

l i e s i n the d e f i n i t i o n of c o n c e p t s and t e s t i n g of r e l a t i o n s h i p s 

t h a t e x p l a i n the complex i n t e r a c t i o n of p h y s i c a l changes from 

t e c h n i c a l works w i t h the human e n v i r o n m e n t . 

The q u a l i t a t i v e model and e m p i r i c a l t e s t s p r o v i d e the b a s i s 

f o r i d e n t i f y i n g and p r e d i c t i n g e f f e c t s of p o l i c i e s and methods t o 

make noxious f a c i l i t i e s more c o m p a t i b l e and a c c e p t a b l e . The 

p r i n c i p l e and s p e c i f i c methods to o b t a i n a c c e p t a n c e are 
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t h e o r e t i c a l l y d e r i v e d and v a l i d a t e d . 

The e x p l a n a t i o n s are f o r m u l a t e d so as to p r o v i d e p r e d i c t i v e 

d i m e n s i o n s f o r s e l e c t i n g s p e c i f i c a c c e p t a n c e measures . The 

p r e d i c t a b i l i t y f o r g a i n i n g a c c e p t a n c e i s u n i q u e and v e r y i m p o r t a n t 

f o r e n g i n e e r s who d e a l w i t h the e f f e c t s of t e c h n i c a l works on 

c o m m u n i t i e s . 
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CHAPTER 8 - TOWARDS a POLICY f o r WASTE FACILITY SITING -
ISSUES, RECOMMENDATIONS and FUTURE RESEARCH 

T h i s c h a p t e r summarizes the s i t i n g s c e n a r i o to i d e n t i f y 

p r i n c i p a l s i t i n g i s s u e s , then c o m p i l e s the c o n c l u s i o n s i n t o 

recommendations f o r a s i t i n g p r o c e s s a n d , f i n a l l y , o u t l i n e s 

r e s e a r c h p e r s p e c t i v e s . 

8.1 Waste F a c i l i t y S i t i n g P o l i c y I ssues 

The f o l l o w i n g o u t l i n e of c o s t s and b e n e f i t s (see T a b l e 8.1) 

l a y s out the i n t e r e s t s of the main a c t o r s i n the s i t i n g p r o c e s s : 

the f a c i l i t y proponent and the host community. A l o c a l government 

and a p r i v a t e f a c i l i t y proponent have s i m i l a r i n t e r e s t s and are 

t r e a t e d s i m i l a r l y here f o r reasons e x p l a i n e d b e l o w . E x c e p t i o n s 

to t h i s assumption are n o t e d . 

8 . 1 . 1 D i s c r e p a n c y between Proponent and Host Community C o s t s 
and B e n e f i t s . 

The main b e n e f i t of waste d i s p o s a l f a c i l i t i e s c o n s i s t s of the 

d i s p o s a l of urban s o l i d waste and the p r e v e n t i o n of p u b l i c h e a l t h 

d e t e r i o r a t i o n . T h i s b e n e f i t i s u n d i s p u t e d l y l a r g e and a c c r u e s to 

s o c i e t y as a w h o l e . 

T h u s , the g o a l of the r e s p o n s i b l e waste agency i s to p r o v i d e 

the d i s p o s a l s e r v i c e c o s t - e f f e c t i v e l y to the r e s i d e n t s i n i t s 

j u r i s d i c t i o n . S i n c e the l a r g e m a j o r i t y of b e n e f i c i a r i e s (waste 

g e n e r a t o r s ) f a r outweighs the p e o p l e i n a t y p i c a l , r u r a l hos t 

community, the i n c e n t i v e i s h i g h f o r the f a c i l i t y proponent to 

s i t e , b u i l d and o p e r a t e waste d i s p o s a l f a c i l i t i e s a t l o w e s t c o s t . 

F u r t h e r m o r e , once the f a c i l i t y i s s i t e d , i t becomes 



T a b l e 8.1 - Comparison of Consequences to Proponent and 
Host Community f o r C o n v e n t i o n a l and 
A l t e r n a t i v e S i t i n g Approaches 

S i t i n g Approach 
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Conventional Approach 
with Required Emission 
C o n t r o l s 

A l t e r n a t i v e Approach 
with Impact Reduction 
through Prevention and 
C o n t r o l 

Outcome S i t e d a g a i n s t o p p o s i t i o n 
r e s u l t s i n delay 

F a c i l i t y Old, o b s o l e t e waste f a c i l i t y 
Proponent operates longer over 
Costs c a p a c i t y , continues to 

p o l l u t e 

S i t i n g c o s t s and e f f o r t 
high r i s k of l o s i n g i s 
high 

P u b l i c image l o s s 
r e g a r d l e s s of outcome 

Chance of having to move 
to suboptimal s i t e with 
higher t r a n s p o r t and 
impacts c o s t s 

B e n e f i t s Low r i s k income f o r 
20 years 

I n c r e a s i n g l y v a l u a b l e 
asset i n d i s p o s a l c a p a c i t y 

S i t e d with l e s s delay 

Old i n f e r i o r f a c i l i t i e s 
c l o s e sooner and reduce 
o v e r a l l impacts 

S i t i n g c o s t s and 
e f f o r t lower 

f a c i l i t y c o s t and 
o p e r a t i o n higher 

p u b l i c image b e t t e r 

b e t t e r chance of 
g e t t i n g p h y s i c a l l y 
optimal s i t e 

low r i s k income 
over 20 years 

i n c r e a s i n g l y v a l u a b l e 
s i t e stays more 
v i a b l e over time 

Low money d i s p o s a l c o s t 

Host Community 
Costs 

Large o p p o s i t i o n e f f o r t and 
c o s t 

l e s s e f f o r t and c o s t s 

chance of f a c i l i t y imapcts lower f a c i l i t y impacts 

B e n e f i t s 

d e m o r a l i z a t i o n l o s s i s 
l a r g e r i f f a c i l i t y i s 
s i t e d over o p p o s i t i o n 

More r e s i d e n t s a f f e c t e d 
over time a f t e r 
development occurs 

Chance of preventing 
f a c i l i t y impacts to avoid 
change 

Community c o n t r o l and 
bond 

l e s s d e m o r a l i z a t i o n 
due to lower change 
acceptance, 

more c o n t r o l and 
f a i r n e s s 

more r e s i d e n t s 
a f f e c t e d , but a t lower 
impact l e v e l s 

higher d i s p o s a l c o s t s 

Lower d i s p o s a l c o s t s 
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p o t e n t i a l l y a c o n s t a n t source of income and an i n c r e a s i n g l y 

v a l u a b l e a s s e t to the waste agency a n d / o r the f a c i l i t y proponent 

due to the i n c r e a s i n g s c a r c i t y v a l u e of s i t e d waste f a c i l i t i e s . 

The lower the a c t u a l c o s t of the f a c i l i t y , the l a r g e r the 

p o t e n t i a l s c a r c i t y r e n t to the owner (Dunbar and Berkman, 1987) . 

In c o n t r a s t , the host community sees the f a c i l i t y m a i n l y as a 

se t of impacts or l o s s e s w i t h v e r y s m a l l b e n e f i t s . From t h i s 

p e r s p e c t i v e , t h e r e i s no i n c e n t i v e to accommodate the f a c i l i t y , 

because waste d i s p o s a l i s e n s u r e d . T h u s , h o s t i n g a r e g i o n a l waste 

f a c i l i t y i s s i m p l y t a k i n g a l o s s . 

M o r e o v e r , the host community a l s o l i k e l y sees from i t s 

p a r o c h i a l p e r s p e c t i v e o n l y the f a c i l i t y impacts and e n t i r e l y 

d i s c o u n t s p o s s i b l e g a i n s t h a t o c c u r e lsewhere due to the use of 

money saved through cheaper waste d i s p o s a l o p e r a t i o n s . W h i l e 

a d d i t i o n a l p r o p e r t y taxes may a c c r u e to the l o c a l government from 

development as a r e s u l t of a d d i t i o n a l s e r v i c e s p r o v i d e d w i t h c o s t 

s a v i n g s , t h i s a d d i t i o n a l revenue does not n e c e s s a r i l y b e n e f i t the 

host community. T h u s , the w i d e r view of the l o c a l government may 

f o c u s away from the v a l u e of the l o s s e s to the host community. 

F i n a l l y , the waste agency may p e r c e i v e a d d i t i o n a l waste 

f a c i l i t y c o s t s as l a r g e sums of money, w h i l e hos t community 

r e s i d e n t s may p e r c e i v e the c o s t s as s m a l l per c a p i t a sums. A $20 

per year per c a p i t a c o s t i n c r e a s e t r a n s l a t e s i n t o $4,000,000 per 

year f o r a m u n i c i p a l i t y of 200,000 r e s i d e n t s . 

8 . 1 .2 D i s p a r i t y of V a l u e s 

A l t h o u g h waste a g e n c i e s acknowledge f a c i l i t y impacts i n the 
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h o s t community, t h e y , a t b e s t , a c t as agents f o r the host 

community, because they are not p e r s o n a l l y a f f e c t e d . T h e r e f o r e , 

as a g e n t s , waste a g e n c i e s w i l l v a l u e l o s s e s i n a hos t community 

and g a i n s e lsewhere i n t h e i r j u r i s d i c t i o n more e q u a l l y than the 

p e r s o n a l l y a f f e c t e d h o s t community r e s i d e n t s (see Chapter 3, 

Kahneman and T v e r s k y , 1979, and M a r s h a l l e t . a l . , 1986) who weigh 

l o s s e s more h e a v i l y than g a i n s . M o r e o v e r , the c o s t s f o r impact 

r e d u c t i o n may be framed as a w i l l i n g n e s s - t o - p a y v a l u e f o r waste 

agency d e c i s i o n makers , which i s n e c e s s a r i l y s u b s t a n t i a l l y lower 

than the compensat ion demanded v a l u e the h o s t community a t t r i b u t e s 

to f a c i l i t y impacts as l o s s e s . T h i s v a l u e d i s c r e p a n c y i s 

i l l u s t r a t e d by the d i f f e r e n c e between the two v a l u e c u r v e s i n 

F i g u r e 8 . 1 . 

T h e r e f o r e , h o n e s t l y c o n c e r n e d waste a g e n c i e s and f a c i l i t y 

p r o p o n e n t s w i l l s t i l l u n d e r v a l u e f a c i l i t y impacts i n comparison to 

the l o s s v a l u e e x p e r i e n c e d i n the h o s t community. M o r e o v e r , 

b e n e f i t s g e n e r a t e d by u s i n g money saved on waste d i s p o s a l to 

p r o v i d e o t h e r m u n i c i p a l s e r v i c e s w i l l be v a l u e d more p o s i t i v e l y by 

a l o c a l government than by the host community. 

8 . 1 . 3 M o t i v e s f o r S t r a t e g i c B e h a v i o r i n S i t i n g P r o c e s s e s 

As a r e s u l t of the d i f f e r e n t v a l u e s and the d i f f e r e n t 

p e r s p e c t i v e s , the f a c i l i t y proponent w i l l t e n d to d i s c o u n t 

f a c i l i t y impact v a l u e and emphasize the o p p o r t u n i t y c o s t s of more 

e x p e n s i v e waste f a c i l i t y o p e r a t i o n s , w h i l e the host community 

tends to f o c u s e n t i r e l y on the l o s s v a l u e of f a c i l i t y i m p a c t s . 

I f the l o s s of p u b l i c image due to the s i t i n g approach of the 
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waste agency i s c o n f i n e d to a s m a l l hos t community, then the 

agency w i l l a t tempt to a c h i e v e s i t i n g by d o w n p l a y i n g f a c i l i t y 

impacts and e m p h a s i z i n g the o p p o r t u n i t y c o s t s of d e l a y i n g an 

o p t i m a l s i t e i n o r d e r to a c h i e v e the minimum l e v e l of a c c e p t a n c e 

at the l o w e s t c o s t s . C o n v e r s e l y , the host community w i l l 

exaggerate the f a c i l i t y impacts i n o r d e r to p r e v e n t the f a c i l i t y 

a t the s i t e o r , as second b e s t , to o b t a i n b e t t e r impact c o n t r o l s . 

These s t r a t e g i c p o s i t i o n s tend to d i v e r g e . Hence, the outcome of 

the s i t i n g p r o c e s s o f t e n h i n g e s on the l e g a l e n t i t l e m e n t (as f o r 

the Salem i n c i n e r a t o r ) . T h u s , the waste agency w i t h p r o p e r 

s t a t u t o r y powers i s o f t e n l e g a l l y a l l o w e d i n i t s own j u r i s d i c t i o n 

to e x p r o p r i a t e l a n d , rezone l a n d u s e , c o n s t r u c t and o p e r a t e the 

f a c i l i t y over the h o s t community o p p o s i t i o n and w i t h o u t 

compensat ion f o r f a c i l i t y impacts p r o v i d i n g the f a c i l i t y meets 

h e a l t h r e g u l a t i o n s . T h i s c o n s t i t u t e s a l e g a l e n t i t l e m e n t to the 

f a c i l i t y proponent by the l i a b i l i t y r u l e s (see C h a p t e r 3, 

C a l a b r e s i and Melamed, 1972) . 

The two d i f f e r e n t p o s i t i o n s c o n v e n t i o n a l l y r e s u l t i n a 

l e n g t h y and d i v i s i v e s i t i n g p r o c e s s . The c o s t s i n t i m e , e f f o r t 

and money to both s i d e s i s s i g n i f i c a n t , but the major c o s t to 

s o c i e t y of the d e l a y may be i n the c o n t i n u e d use of an o l d e r , 

i n f e r i o r waste d i s p o s a l f a c i l i t y beyond i t s o r i g i n a l c a p a c i t y , o r , 

a l t e r n a t i v e l y i n the h i g h e r t r a n s p o r t c o s t s f o r h a u l i n g waste to a 

more d i s t a n t a l t e r n a t i v e s i t e . 

8 .1 .4 E f f i c i e n t L e v e l s of Impact R e d u c t i o n f o r Waste F a c i l i t y 
S i t i n g 

In the f a c e of the r e s u l t s of t h i s r e s e a r c h , the c o n v e n t i o n a l 
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s i t i n g approach seems to f o c u s too much on money c o s t m i n i m i z a t i o n 

r a t h e r than on the o v e r a l l waste and e m i s s i o n r e d u c t i o n . 

The p r e f e r e n c e s among host .and c o n t r o l communit ies f a v o r more 

e x p e n s i v e p r e v e n t i o n and c o n t r o l measures t h a t reduce impact over 

cheaper compensat ion t h a t o f f s e t s l o s s e s w i t h a l t e r n a t i v e g a i n s . 

In e s s e n c e , t h i s p r i o r i t y r e f l e c t s a p r e f e r e n c e to have the p a r t y 

r e s p o n s i b l e f o r the cause of the impacts i n t e r n a l i z e as f a r as 

p o s s i b l e the e x t e r n a l c o s t s ( i . e . , the impacts ) of waste d i s p o s a l , 

a n d , o p t i m a l l y , to the p o i n t where impacts ( l o s s e s ) to the host 

community a r e z e r o . 

On one hand, the o p p o s i n g p o s i t i o n s over waste f a c i l i t y 

impacts may be caused by the d i s p a r i t y o f broad v e r s u s p a r o c h i a l 

p e r s p e c t i v e s and of w i l l i n g n e s s - t o - p a y v e r s u s compensat ion 

demanded v a l u e s a p p l i e d by waste agency and h o s t community 

r e s p e c t i v e l y . The e f f i c i e n t a l l o c a t i o n o f waste f a c i l i t y impacts 

t h e r e f o r e h i n g e s on the comparison of impact r e d u c t i o n c o s t s w i t h 

impact c o s t s ( l o s s e s ) . A g r a p h i c a l i l l u s t r a t i o n of the v a l u e s and 

impact ( r e d u c t i o n ) l e v e l s i s shown i n F i g u r e 8 . 2 . 

The p r e s e n t q u a n t i t y of waste f a c i l i t y impacts i s i n d i c a t e d 

w i t h Qp. The c o s t o f the impacts to a h o s t community i s i n d i c a t e d 

by the compensat ion demanded m a r g i n a l v a l u e c u r v e ( C D - H C ) , w h i l e 

s o c i e t y v a l u e s waste f a c i l i t y impacts by the w i l l i n g n e s s - t o - p a y to 

p r e v e n t impacts (WTP-S) . The e n g i n e e r i n g impact r e d u c t i o n c o s t s 

are i n d i c a t e d by the curve IRC which i n c r e a s e s from r i g h t to l e f t 

w i t h d e c r e a s i n g e m i s s i o n s , or i n c r e a s i n g e m i s s i o n c o n t r o l 

q u a n t i t y . The p r e s e n t impact l e v e l (Qp) f o r o l d , i n f e r i o r waste 

d i s p o s a l f a c i l i t i e s i s i n e f f i c i e n t , because i t g e n e r a t e s e x c e s s i v e 
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Marginal cost of 
impact or reduction 

F i g u r e 8 . 2 : D i f f e r e n c e of V a l u e s and the O p t i m a l L e v e l o f 
Impact R e d u c t i o n f o r Waste F a c i l i t i e s 
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impact l o s s e s , e q u i v a l e n t to the a r e a between the m a r g i n a l impact 

r e d u c t i o n c o s t s (IRC) and the s o c i a l impact c o s t (WTP-S) , and even 

l a r g e r l o s s e s r e l a t i v e to the host community 's compensat ion 

demanded l o s s v a l u e (CD-HC) c u r v e . T h u s , r e d u c i n g e m i s s i o n 

q u a n t i t i e s l e a d s to a more e f f i c i e n t s t a t e d e s p i t e h i g h e r impact 

r e d u c t i o n c o s t s . The e f f i c i e n t l e v e l of impact ( o r , c o n v e r s e l y , 

the amount of impact r e d u c t i o n ) , however, i s not c l e a r l y d e f i n e d . 

The minimum l e v e l of e m i s s i o n r e d u c t i o n i s d e f i n e d by the 

i n t e r s e c t i o n of the impact r e d u c t i o n c o s t c u r v e and the s o c i a l WTP 
* 

m a r g i n a l c o s t s (WTP-S) c u r v e a t Q g . However, i n o r d e r to 

implement waste f a c i l i t i e s a t new s i t e s i n host c o m m u n i t i e s , the 

community 's CD l o s s v a l u e i s r e l e v a n t to o b t a i n a c c e p t a n c e and 

a v o i d o p p o s i t i o n . T h u s , the d i s c r e p a n c y i n s o c i a l and h o s t 

community v a l u e s may s t i l l p r e v e n t the d e t e r m i n a t i o n of an o p t i m a l 

impact r e d u c t i o n l e v e l f o r waste f a c i l i t i e s . T h i s d i s c r e p a n c y 

between h o s t community and s o c i e t y ' s v a l u e s may be v e r y s m a l l , as 

i s i n d i c a t e d by the f a c t t h a t c o n t r o l community r e s p o n d e n t s h o l d 

more s t r o n g l y n e g a t i v e b e l i e f s about waste f a c i l i t y impacts and 

express p r e f e r e n c e s f o r p r e v e n t i o n and c o n t r o l measures a t h i g h e r 

c o s t s over compensat ion f o r waste f a c i l i t y i m p a c t s . However, the 

c r u c i a l i n e f f i c i e n c y of waste d i s p o s a l a t o b s o l e t e f a c i l i t i e s 

h i n g e s on s o c i e t y ' s v a l u e of e n v i r o n m e n t a l impact l e v e l s . I f 

p e o p l e i n s o c i e t y , a l t h o u g h not a f f e c t e d p e r s o n a l l y , p e r c e i v e 

f a c i l i t y impacts as l o s s e s , then the h i g h e r compensat ion demanded 

v a l u e may a p p l y . O t h e r w i s e , lower WTP v a l u e s may d e t e r m i n e the 

e f f i c i e n t l e v e l of impact r e d u c t i o n . T h u s , the s o c i a l and h o s t 

community c u r v e s may be v e r y c l o s e or a c t u a l l y c o i n c i d e , as 
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i n d i c a t e d by the d a t a i n C h a p t e r 6. 

The r e s u l t s of t h i s t h e s i s i n d i c a t e t h a t p r e v e n t i o n and 

c o n t r o l measures are the most e f f e c t i v e ways of r e d u c i n g CD l o s s 

v a l u e i n the host community a n d , f u r t h e r m o r e , t h a t t h e s e methods 

are a l s o p r e f e r r e d by u n a f f e c t e d c o n t r o l r e s i d e n t s ( s o c i e t y a t 

l a r g e ) i n the same (WTP) c o s t range of up to $ 2 0 . - per p e r s o n per 

year (see C h a p t e r 6 ) . T h u s , w i t h i n the c o s t r a n g e , h o s t community 

and g e n e r a l p o p u l a t i o n p r e f e r e n c e s f o r impact r e d u c t i o n methods 

c o i n c i d e and i n d i c a t e t h a t more impact r e d u c t i o n i s d e s i r e d to 

make f a c i l i t i e s more a c c e p t a b l e . 

R e s i d e n t s a t the l a n d f i l l and i n c i n e r a t o r s i t e s f e e l t h a t the 

l o s s v a l u e of the f a c i l i t y impacts exceeds the v a l u e of the e x t r a 

impact r e d u c t i o n c o s t s . T h e r e f o r e , the l e v e l of impact r e d u c t i o n 

i s too l o w ; by i n c r e a s i n g the " q u a n t i t y of impact r e d u c e d " (see 

r i g h t to l e f t h o r i z o n t a l a x i s i n F i g u r e 8.2) the o p t i m a l p o i n t 

would be r e a c h e d at the i n t e r s e c t i o n of CD-HC and I R C . 

F u r t h e r m o r e , because waste f a c i l i t i e s g e n e r a t e many types of 

i m p a c t s , i t i s e f f i c i e n t to i d e n t i f y and a d d r e s s p a r t i c u l a r l y 

i m p o r t a n t o n e s . 

Most e f f e c t i v e , however, i s the use of impact r e d u c t i o n 

methods t o a d d r e s s n o n - p h y s i c a l c o n t r o l , f a i r n e s s and image 

i s s u e s , because the WTP c o s t f o r t h e s e measures i s v e r y low 

compared, f o r example, to t e c h n i c a l e m i s s i o n p r e v e n t i o n and 

c o n t r o l measures , w h i l e t h e i r impact ( l o s s ) r e d u c t i o n e f f e c t i n 

the host community i s h i g h . The h i g h s i g n i f i c a n c e of the 

n o n - p h y s i c a l impacts f o r the h o s t - c o m m u n i t y ' s s e l f - i m a g e a l l o w s 

the waste agency to use f i n a n c i a l l y i n e x p e n s i v e c o n t r o l , f a i r n e s s 
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and image c o n t r o l measures to s u b s t a n t i a l l y reduce the impact 

v a l u e i n the h o s t community. 

The measurement of s o c i e t y and host community r e f e r e n c e 

p o i n t s and demand c u r v e s c o u l d be a c h i e v e d w i t h c o n t i n g e n t 

v a l u a t i o n methods or w i t h p r e f e r e n c e r a n k i n g of s p e c i f i c s e t s of 

measures , as used f o r t h i s r e s e a r c h . The e f f o r t to o b t a i n 

complete s e t s of d a t a , f o r m u l t i p l e d i m e n s i o n s and the " l u m p i n e s s " 

of impact r e d u c t i o n c o s t s makes a pure approach somewhat 

d i f f i c u l t . The approach of p u t t i n g f a c i l i t i e s out f o r b i d (O'Hare 

e t a l . , 1983) w i t h subsequent n e g o t i a t i o n s f o r compensat ion 

packages e s t a b l i s h e s the l e a s t c o s t l y i n t e r s e c t i o n of CD-HC w i t h 

IRC and overcomes the problem of e s t a b l i s h i n g complete demand 

c u r v e s and l u m p i n e s s . 

T h u s , w i t h o u t p r e d i c t i n g the exac t l e v e l of o p t i m a l c o n t r o l , 

the r e s u l t s i n d i c a t e t h a t by c l e a r l y i d e n t i f y i n g the host 

community 's c o n c e r n s about p h y s i c a l and n o n - p h y s i c a l i m p a c t s , 

s m a l l a d d i t i o n a l e x p e n d i t u r e s c o r r e c t l y used f o r p r e v e n t i o n and 

c o n t r o l w i l l be v e r y e f f e c t i v e i n a c h i e v i n g i n i t i a l hos t community 

a c c e p t a n c e and t h e r e b y a l l o w a s o c i a l l y more e f f i c i e n t l e v e l to be 

a c h i e v e d . 

The c e n t r a l i s s u e r e m a i n s , however, t h a t the s i t i n g of a 

waste f a c i l i t y may be c o n s i d e r e d a l o s s to a new, s e n s i t i v e h o s t 

community. The f a c t t h a t a new f a c i l i t y w i l l cause lower impact 

l e v e l s than an o l d e r f a c i l i t y and t h a t h o s t communit ies t e n d to 

adapt to the p r e s e n c e of the f a c i l i t y over t ime have no e f f e c t on 

the p e r c e p t i o n of the l o s s from the p e r s p e c t i v e of a new h o s t 

community. The new host community 's s e n s i t i v i t y to t a k i n g a l o s s 
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t h e r e f o r e p r e v e n t s s o c i e t y from moving towards o v e r a l l l e s s c o s t l y 

waste d i s p o s a l . S i n c e t h e r e i s a net s o c i a l b e n e f i t from 

d i s c o n t i n u i n g o l d , i n f e r i o r waste d i s p o s a l i n f a v o r o f new 

f a c i l i t i e s , t h e r e are i m p o r t a n t reasons f o r the waste agency to do 

more than i n the p a s t to overcome the i n i t i a l sense of l o s s i n the 

host community. S p e c i f i c measures to a c h i e v e a c c e p t a n c e a r e 

summarized i n the f o l l o w i n g s e c t i o n . 

8.2 Recommendations f o r S i t i n g Measures 

The o r d e r of recommendations f o l l o w s the e s t a b l i s h e d sequence 

of e f f e c t i v e n e s s . F i r s t , the r e q u i r e m e n t s of a b a s i c l e g a l 

e n t i t l e m e n t are i d e n t i f i e d , then l o n g - t e r m , p r e v e n t i v e measures 

are d e s c r i b e d , f o l l o w e d by s h o r t - t e r m , s p e c i f i c i t e m s . 

8 . 2 . 1 E n t i t l e m e n t and P r o t e c t i o n R u l e s 

The e n t i t l e m e n t e s t a b l i s h e s the d i s t r i b u t i o n of l e g a l r i g h t s . 

In the case of a waste f a c i l i t y , e n t i t l e m e n t p e r t a i n s to the 

p r o p o n e n t ' s r i g h t s to b u i l d and o p e r a t e a f a c i l i t y t h a t may cause 

e x t e r n a l impacts and to the host community 's r i g h t s to be f r e e of 

f a c i l i t y i m p a c t s . E n t i t l e m e n t s can be p r o t e c t e d by r u l e s t h a t 

d e t e r m i n e the remedies a v a i l a b l e to the harmed p a r t y . 

E n t i t l e m e n t s can be s e t i n many d i f f e r e n t ways, e . g . , by common 

law or s t a t u t o r y l a w , c o n t r a c t u a l agreement c o n v e n t i o n . In the 

f o l l o w i n g , i t i s assumed t h a t the p o l i t i c a l body r e s p o n s i b l e f o r 

l a n d use and e n v i r o n m e n t a l l e g i s l a t i o n s e t s the e n t i t l e m e n t as 

s t a t u t o r y l a w . T h u s , waste agency , f a c i l i t y p r o p o n e n t , h o s t 

community and e n v i r o n m e n t a l a g e n c i e s would be l e g a l l y bound. 

The f o r e g o i n g a n a l y s i s i l l u s t r a t e s t h a t the o r i g i n a l 
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e n t i t l e m e n t may d e t e r m i n e the outcome of a s i t i n g p r o c e s s because 

i t may g i v e the proponent the r i g h t to p r o c e e d w i t h o u t adequate 

impact r e d u c t i o n , or i t may g i v e the host community the r i g h t to 

p r e v e n t the f a c i l i t y u n l e s s a l l impacts a re e l i m i n a t e d r e g a r d l e s s 

of c o s t . T h u s , i t i s i m p o r t a n t to s e t the e n t i t l e m e n t to a c h i e v e 

an o p t i m a l , or e f f i c i e n t outcome. T h i s g o a l c o m p r i s e s two 

o b j e c t i v e s . 

F i r s t , the e n t i t l e m e n t must be s e t to e l i m i n a t e i n c e n t i v e s 

f o r s t r a t e g i c b e h a v i o r by the proponent and the host community. 

W h i l e the proponent may down-play the f a c i l i t y impacts and 

exaggera te impact r e d u c t i o n c o s t s i n o r d e r to a c h i e v e a lower c o s t 

s o l u t i o n , the h o s t community r e s i d e n t s may exaggerate the impacts 

and the c o s t s and downplay impact r e d u c t i o n i n o r d e r to r e n d e r the 

p r o j e c t a t the s i t e more c o s t l y a n d , p o s s i b l y , p r e v e n t the p r o j e c t 

from p r o c e e d i n g at the s i t e i n t h e i r community. The o r i g i n a l 

e n t i t l e m e n t must be s e t so t h a t both p a r t i e s (and any o t h e r 

i n v o l v e d p a r t i e s ) w i l l have no i n c e n t i v e f o r s t r a t e g i c b i a s e s i n 

i d e n t i f y i n g and v a l u i n g the impacts and r e d u c t i o n measures . Some 

u s e f u l i n s i g h t s and g u i d e l i n e s f o r the use of l e g a l r u l e s to a v o i d 

s t r a t e g i c b e h a v i o r a re g i v e n by Brady (1988) . B r a d y ' s r e q u i r e m e n t 

t h a t s e q u e n t i a l d e c i s i o n s by a c t o r (proponent) and v i c t i m (host 

community) be e l i m i n a t e d i s met by the n e g o t i a t i o n of a s i t i n g 

agreement b e f o r e f a c i l i t y c o n s t r u c t i o n , because the i m p a c t s , 

r e d u c t i o n measures , c o r r e c t i v e and r e m e d i a l a c t i o n f o r f o r e s e e a b l e 

events and damage a r e agreed on p r i o r to the p r o p o n e n t ' s a c t i o n . 

F u r t h e r , the p o s s i b i l i t y of s t r a t e g i c b e h a v i o r i n 

n e g o t i a t i o n s must be r e d u c e d . T h i s can be a c h i e v e d i f the r i g h t s 
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of proponent and h o s t community are c l e a r l y d e f i n e d i n the 

o r i g i n a l e n t i t l e m e n t and some mechanism i s d e f i n e d f o r d e c i d i n g 

c o n t r o v e r s i a l i s s u e s . For example, W i s c o n s i n law r e q u i r e s t h a t 

both s i d e s p r e s e n t s u b m i s s i o n s to b i n d i n g a r b i t r a t i o n i f impasses 

cannot be r e s o l v e d ( W i s c o n s i n F a c i l i t y S i t i n g B o a r d , 1987) , 

w i t h o u t , however s p e c i f i c a l l y d e f i n i n g the e n t i t l e m e n t r u l e to be 

used i n the a r b i t r a t i o n . 

The second o b j e c t i v e of e n t i t l e m e n t i s , t h e r e f o r e , to 

s p e c i f i c a l l y s e t the d i s t r i b u t i o n of r i g h t s and the p r o t e c t i o n 

r u l e t h a t w i l l l e a d to e f f i c i e n t outcomes . From an economic 

s t a n c e , t h i s r u l e s h o u l d r e q u i r e t h a t the waste f a c i l i t y 

e x t e r n a l i t i e s ( impacts ) on the host community be r e d u c e d to the 

p o i n t where m a r g i n a l c o s t s f o r impact r e d u c t i o n be made e q u a l to 

the m a r g i n a l v a l u e of a v o i d e d i m p a c t s . As d e r i v e d i n the p r e v i o u s 

s e c t i o n , the d i s p a r i t y of proponent and host community v a l u e s and 

the c o n c e n t r a t i o n of impacts i n the host community make 

i m p o s s i b l e the s i m p l e a p p l i c a t i o n o f t h i s economic p r i n c i p l e . 

T h u s , the economic p r i n c i p l e c o u l d be i n t e r p r e t e d q u i t e 

d i f f e r e n t l y by d i f f e r e n t a r b i t r a t o r s and c o u l d r e s u l t i n w i d e l y 

d i f f e r i n g outcomes. An o p e r a t i o n a l e n t i t l e m e n t must t h e r e f o r e 

d e f i n e which and whose v a l u e s a re r e l e v e n t . 

F i n a l l y , the e f f e c t i v e n e s s of an e n t i t l e m e n t r u l e must be put 

i n t o p e r s p e c t i v e . A l t h o u g h a r u l e may d e t e r m i n e the o b j e c t i v e 

outcome, e . g . , by a l l o w i n g a f a c i l i t y to be b u i l t , and o p e r a t e d , 

i t w i l l not n e c e s s a r i l y l i m i t the sense of l o s s and the r e s u l t i n g 

o p p o s i t i o n b e h a v i o r i n the host community. As E l l i c k s o n (1987) 

shows i n the case of c a t t l e c o n t r o l l i a b i l i t y i n S h a s t a C o u n t y , 
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C a l i f o r n i a , the s o c i a l c o n t r o l over c a t t l e r a n c h e r s puts the 

burden of r e s p o n s i b i l i t y c l e a r l y on the r a n c h e r s f o r p r e v e n t i n g 

c a t t l e f rom b r e a k i n g out and e a t i n g farm c r o p s d e s p i t e an e x p l i c i t 

l e g a l e n t i t l e m e n t r u l e t o the o p p o s i t e . 

S o , t o o , i n the case of waste f a c i l i t y i m p a c t s , the 

p r e f e r e n c e s among a f f e c t e d host community r e s i d e n t s and u n a f f e c t e d 

c o n t r o l r e s i d e n t s f a v o r the i n t e r n a l i z a t i o n of impact r e d u c t i o n 

r e s p o n s i b i l i t y and c o s t s by the waste agency and f a c i l i t y 

p r o p o n e n t . Waste r e d u c t i o n and r e c y c l i n g programs, and the more 

f r e q u e n t use of s t r i c t l i a b i l i t y r u l e s f o r waste f a c i l i t y impacts 

i n d i c a t e t h i s tendency among p o l i c y makers and l o c a l governments 

(see e . g . , CERCLA L e g i s l a t i o n , 1980) . 

T h u s , hos t community a c c e p t a n c e may h i n g e on the degree to 

which the r e s p o n s i b l e waste agency i s a b l e and w i l l i n g to 

i n t e g r a t e impact r e d u c t i o n measures to r e a c h impact l e v e l s w e l l 

below the l e v e l d e t e r m i n e d by m a r g i n a l w i l l i n g n e s s to pay of the 

f a c i l i t y proponent i n o r d e r to match the host community 's 

compensat ion demanded v a l u e . 

There i s s i m p l y no i n c e n t i v e f o r any community to take a l o s s 

through h o s t i n g a waste f a c i l i t y . M o r e o v e r , the d i s t r i b u t i o n a l 

u n f a i r n e s s and l o s s of c o n t r o l add to the p e r c e i v e d l o s s which 

o c c u r s i n h o s t i n g a f a c i l i t y to s e r v e a l a r g e m e t r o p o l i t a n 

p o p u l a t i o n . T h i s l o s s p e r c e p t i o n may d e t e r m i n e o p p o s i t i o n 

a c t i v i t i e s more than a f o r m a l e n t i t l e m e n t r u l e ( E l l i c k s o n , 1987) . 

T h i s r e s e a r c h i n d i c a t e s some d i r e c t i o n s f o r a s s i g n i n g e n t i t l e m e n t s 

t h a t w i l l l e a d to more e f f e c t i v e s i t i n g and a more e f f i c i e n t end 

s t a t e . 
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New f a c i l i t i e s must be a l l o w e d to p r o c e e d i f they reduce 

o v e r a l l i m p a c t s , thus making them p r e f e r r e d o v e r o l d e r f a c i l i t i e s . 

However, to implement impact p r e v e n t i o n , t h e r e must be a p r i o r i 

r e s p o n s i b i l i t y f o r impact r e d u c t i o n . The degree of r e q u i r e d 

impact r e d u c t i o n h e a l t h and n u i s a n c e s t a n d a r d r e q u i r e m e n t s i s not 

d e f i n e d . Host community r e s i d e n t s seem w i l l i n g to a c c e p t impacts 

i f the waste agency and f a c i l i t y proponent a re seen to be d o i n g 

t h e i r b e s t t o a d d r e s s community c o n c e r n s . T h u s , a r e q u i r e m e n t f o r 

u s i n g b e s t a v a i l a b l e p r e v e n t i o n and c o n t r o l measures would be an 

e f f e c t i v e c o n d i t i o n f o r e n t i t l e m e n t . 

Some r e s i d e n t s t e n d to i n t e r p r e t a n e g a t i v e change, such as a 

waste f a c i l i t y , as the i n d i c a t i o n of worse changes and t h e r e f o r e 

a t t a c h more weight to the e v e n t . T h i s f e a r seems to be j u s t i f i e d 

by urban growth p a t t e r n s (see C h a p t e r 2) t h a t r e s u l t i n the 

c l u s t e r i n g o f n o x i o u s f a c i l i t i e s . T h e r e f o r e , to c o u n t e r t h i s 

f e a r , the f a c i l i t y o p e r a t i o n s h o u l d be l i m i t e d to the l e v e l a t the 

t ime of s i t i n g and not be a l l o w e d to expand or d e t e r i o r a t e w i t h o u t 

e x p r e s s e d a c c e p t a n c e . F u r t h e r m o r e , the f a c i l i t y l i f e s h o u l d be 

d e f i n e d and l i m i t e d so t h a t i t cannot be extended w i t h o u t 

community a s s e n t . F i n a l l y , the r u l e s h o u l d r e q u i r e a f a i r 

d i s t r i b u t i o n o f waste f a c i l i t i e s among waste g e n e r a t i n g 

c o m m u n i t i e s . B a s i c a l l y t h i s means t h a t each community s h o u l d be 

r e q u i r e d to h o s t one waste f a c i l i t y f o r a c e r t a i n t ime p e r i o d . 

The proponent s h o u l d be a l l o w e d e n t i t l e m e n t to p r o c e e d w i t h 

the f a c i l i t y i f b e s t a v a i l a b l e p r e v e n t i o n and c o n t r o l i s used t o 

reduce f a c i l i t y i m p a c t s . C o n v e r s e l y , the host community i s 

e n t i t l e d to l o w e s t p o s s i b l e l e v e l s of impacts and to be f r e e from 
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changes to the o r i g i n a l c a p a c i t y or d u r a t i o n . The p r o t e c t i o n r u l e 

i s through the l i a b i l i t y of the proponent to o p e r a t e the f a c i l i t y 

o n l y w i t h bes t a v a i l a b l e impact r e d u c t i o n measures . The 

a d d i t i o n a l c o s t s a re c a r r i e d by a l l waste g e n e r a t o r s e q u a l l y . 

However, community a d a p t a t i o n over t ime may a l l o w the waste 

agency to expand scope or l i f e of the f a c i l i t y i f the h o s t 

community i s c o n v i n c e d of the t o l e r a b l e impact l e v e l . However, a 

p r i o r i , the e n t i t l e m e n t a l l o w s no c h a n g e s , except i f approved 

by the host community. 

8 . 2 . 2 Waste Management P l a n 

W e l l b e f o r e the c u r r e n t d i s p o s a l s i t e s r e a c h c a p a c i t y , a 

waste management p l a n f o r the m e t r o p o l i t a n a r e a s h o u l d be 

e s t a b l i s h e d . The p l a n s h o u l d i d e n t i f y s o u r c e - b a s e d waste 

r e d u c t i o n o p t i o n s t h a t f o c u s o n , f i r s t , the r e d u c t i o n of p o t e n t i a l 

c o n t a m i n a n t s , e . g . , b a t t e r i e s , (mercury , cadmium) h o u s e h o l d 

s p e c i a l wastes ( p e s t i c i d e s , s o l v e n t s , p a i n t s , e t c . ) i n the waste 

s t r e a m . F u r t h e r , the volume of waste s h o u l d be a d d r e s s e d through 

c o n v e n t i o n a l source s e p a r a t i o n of p a p e r , c a n s , and b o t t l e s . Waste 

r e d u c t i o n programs s h o u l d p r o g r e s s i v e l y i n c r e a s e the removed 

m a t e r i a l s over the p e r i o d u n t i l new d i s p o s a l f a c i l i t i e s a r e 

r e q u i r e d . 

R e d u c t i o n g o a l s of 10% to 20% by volume are a c h i e v a b l e over 

t h r e e to f i v e y e a r s ( p e r s . comm. B . P i a t t , 1988) . Methods f o r 

t rea tment of the r e m a i n i n g c o l l e c t e d waste s t r e a m , such as 

m e c h a n i c a l s e p a r a t i o n and compost ing w i t h e s t i m a t e s of c o s t s and 

r e d u c t i o n e f f e c t s s h o u l d be i n c o r p o r a t e d i n the p l a n . F i n a l l y , 
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the needs f o r d e d i c a t e d waste d i s p o s a l f a c i l i t i e s s h o u l d be 

i d e n t i f i e d , but the c h o i c e of s p e c i f i c s i t e s s h o u l d be a v o i d e d . 

R e s i d e n t p a r t i c i p a t i o n i n e s t a b l i s h i n g the p l a n s h o u l d be 

encouraged and f a c i l i t a t e d . 

The g o a l of the p l a n i s to implement p r e v e n t i v e measures and 

demonstrate a commitment to p r o g r e s s i v e l y a v o i d i n g waste , 

e m i s s i o n s and f a c i l i t y i m p a c t s . T h u s , p r e v e n t i o n of impacts and 

l o s s of c o n t r o l i s to be put i n p l a c e as c l o s e to the waste 

g e n e r a t i n g source and w e l l b e f o r e the a c t u a l s i t i n g p r o c e s s . 

8 . 2 . 3 Community P l a n s 

L o n g - t e r m p l a n n i n g i n p o t e n t i a l hos t communities s h o u l d be 

c a r r i e d o u t . Through an i n i t i a l s c r e e n i n g p r o c e s s to i d e n t i f y 

s u i t a b l e a r e a s , a l a r g e s e t of hos t communit ies f o r s p e c i f i c 

f a c i l i t i e s s h o u l d be i d e n t i f i e d . A r e a s s h o u l d be s c r e e n e d f o r 

p h y s i c a l c h a r a c t e r i s t i c s and f o r s i m i l a r , e x i s t i n g l a n d u s e s , 

such as i n d u s t r i a l and noxious f a c i l i t i e s . 

P o t e n t i a l h o s t communities s h o u l d be o f f e r e d funds and 

s u p p o r t to e s t a b l i s h community p l a n s i f they are w i l l i n g to 

i n c o r p o r a t e waste f a c i l i t y s i t e s and b u f f e r zones i n s u i t a b l e 

a r e a s . Community p a r t i c i p a t i o n and i n p u t are a p r e - r e q u i s i t e . 

E x t e n s i v e i n f o r m a t i o n to the h o s t community about the p l a n and 

l o n g - t e r m impact r e d u c t i o n measures are e s s e n t i a l . The community 

commits o n l y to p r o p e r l y z o n i n g a s i t e i n c o m p a t i b l e a n d , i n the 

l o n g - t e r m , w e l l p r e p a r e d a r e a s . The a c t u a l a p p r o v a l , however, i s 

s u b j e c t to s p e c i f i c n e g o t i a t i o n s and d e s i g n f e a t u r e s . 
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8 .2 .4 S i t i n g P r o c e s s 

At l e a s t two y e a r s b e f o r e the c o n s t r u c t i o n i s to b e g i n , 

r e p r e s e n t a t i v e s from the p o t e n t i a l hos t communities s h o u l d be 

c o n t a c t e d . The f a c i l i t y proponent s h o u l d propose to i n i t i a t e 

n e g o t i a t i o n s w i t h r e p r e s e n t a t i v e s f rom the d i r e c t l y a f f e c t e d host 

community. The g o a l f o r these n e g o t i a t i o n s i s t o e s t a b l i s h an 

agreement over a package of s p e c i f i c p r e v e n t i o n , c o n t r o l , 

m i t i g a t i o n and compensat ion measures to a d d r e s s hos t community 

c o n c e r n s . The a l l o t t e d t ime frame s h o u l d be a t l e a s t 4 to 6 

months . Funds to o b t a i n t e c h n i c a l and l e g a l e x p e r t i s e s h o u l d be 

made a v a i l a b l e to the host community. F u l l d i s c l o s u r e of s t u d y 

r e s u l t s and a d e f i n e d , l i m i t e d l i f e f o r each f a c i l i t y a re o f f e r e d 

as s t a r t i n g p o i n t s f o r the n e g o t i a t i o n s . F u r t h e r m o r e , the 

f a c i l i t y e m i s s i o n s must be guaranteed to meet or exceed h e a l t h and 

a e s t h e t i c r e q u i r e m e n t s . The n e g o t i a t i o n s can i n c l u d e any s u b j e c t 

r e l a t e d to the f a c i l i t y . I f no agreement can be r e a c h e d w i t h i n 

s i x months, then the d e c i s i o n i s made by b i n d i n g a r b i t r a t i o n based 

on s u b m i s s i o n s by both s i d e s . 

The n e g o t i a t i o n of s p e c i f i c c o n d i t i o n s and impact r e d u c t i o n 

measures g i v e s the h o s t community some c o n t r o l over the f a c i l i t y . 

The p r o c e s s f u r t h e r p r o v i d e s i n f o r m a t i o n and t ime to e n a b l e the 

host community 's a d a p t a t i o n . F i n a l l y , the s i t i n g agreement can 

i n s t i t u t e a s u p e r v i s o r y committee w i t h h o s t community 

p a r t i c i p a t i o n to o v e r s e e the o p e r a t i o n , i n v e s t i g a t e c o m p l a i n t s , 

and d e c i d e on changes . T h u s , a s i t i n g agreement can i n s t i t u t e an 

element of o n - g o i n g c o n t r o l by the h o s t community over the 

f a c i l i t y . 
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8 .2 .5 Waste D i s p o s a l System Measures 

As a f i r s t p r i o r i t y , the d i s p o s a l system must i n c o r p o r a t e 

p r e v e n t i v e measures to s e p a r a t e and t r e a t the waste s tream to 

reduce the waste volume and the amount of p o t e n t i a l contaminants 

d e l i v e r e d to the d i s p o s a l f a c i l i t y . T h i s i s e s s e n t i a l to address 

the h e a l t h r i s k and community image c o n c e r n s , as shown i n C h a p t e r 

6. 

M e c h a n i c a l s e p a r a t i o n p l a n t s i n c o n j u n c t i o n w i t h compost ing 

f a c i l i t i e s reduce the mass f l o w s of p o t e n t i a l contaminants to 

i n c i n e r a t o r s and reduce waste volume and amounts of m o b i l e 

c o n t a m i n a n t s i n l a n d f i l l s (see C h a p t e r 6 ) . A c h i e v a b l e waste 

volume r e d u c t i o n s range up to 60% to 70%, w h i l e contaminant f l u x e s 

can be reduced by a p p r o x i m a t e l y 50%. In a d d i t i o n , however, the 

s e p a r a t i o n f a c i l i t i e s must be a c c e p t a b l y s i t e d . Because 

s e p a r a t i o n p l a n t impacts are s i m i l a r to l i g h t i n d u s t r i a l 

f a c i l i t i e s ( i n t r a f f i c ) , the use of p r o p e r c o n t r o l s a t these s i t e s 

i s e s s e n t i a l t o g a i n a c c e p t a n c e . 

F a c i l i t y D e s i g n Measures 

E m i s s i o n c o n t r o l i n the f a c i l i t y i s o f t e n the most e f f e c t i v e 

way to reduce p h y s i c a l i m p a c t s . However, the f a c t t h a t t h i s 

approach does not reduce the cause (waste and contaminants ) p r i o r 

to t h e i r e n t e r i n g the host community makes the e m i s s i o n c o n t r o l 

approach l e s s d e s i r a b l e than p r e v e n t i o n . N o n e t h e l e s s , e m i s s i o n s 

can be reduced below u n c o n t r o l l e d l e v e l s by up to 90 to 95% w i t h 

s p e c i a l c o n t r o l s y s t e m s . 
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H e a l t h R i s k s 

The c r u c i a l c r i t e r i o n f o r f a c i l i t y a c c e p t a n c e i s how much 

e m i s s i o n s must be r e d u c e d (below r e g u l a t o r y h e a l t h s t a n d a r d s ) to 

become a c c e p t a b l e . O b v i o u s l y , from the h o s t community 's 

p e r s p e c t i v e , zero e m i s s i o n s are r e q u i r e d , w h i l e from a t e c h n i c a l 

p e r s p e c t i v e , the proponent must make a t r a d e o f f between c o s t and 

e m i s s i o n l e v e l w i t h o u t ever b e i n g a b l e to c o m p l e t e l y e l i m i n a t e 

e m i s s i o n s . S i n c e zero e m i s s i o n s cannot be a t t a i n e d , i t seems 

i m p o s s i b l e f o r the proponent to g a i n a c c e p t a n c e . The m i t i g a t i n g 

f a c t o r i n t h i s dilemma i s the e f f e c t on the h o s t community 

a t t i t u d e o f u s i n g b e s t a v a i l a b l e t e c h n o l o g y . 

Bes t a v a i l a b l e t e c h n o l o g y must reduce e m i s s i o n s below known 

s t a n d a r d s f o r h e a l t h r i s k s . F u r t h e r r e d u c t i o n not o n l y d e c r e a s e s 

r i s k s f u r t h e r , but conveys the c o n c e r n by the proponent f o r the 

host community. T h u s , c o n f i d e n c e i s enhanced i f the proponent i s 

seen as " d o i n g h i s or her b e s t " to a d d r e s s c o n c e r n s beyond the 

minimum r e q u i r e d . 

" D o i n g o n e ' s b e s t " i s not a d e f i n i t i v e c r i t e r i o n . M o r e o v e r , 

the t o l e r a n c e f o r r e s i d u a l impacts depends on the s c i e n t i f i c 

c e r t a i n t y and p e r s o n a l f a m i l i a r i t y w i t h the i m p a c t s . T h u s , more 

c e r t a i n and b e t t e r known impacts r e q u i r e l e s s e x t e n s i v e e f f o r t s to 

reduce impacts beyond r e q u i r e d l e v e l s than do u n c e r t a i n impacts 

( e . g . , d i o x i n s ) . 

F o r t u n a t e l y f o r the p r o p o n e n t , r e s i d e n t s i n h o s t and c o n t r o l 

communities are v i r t u a l l y i n d i f f e r e n t to the h i g h e r c o s t s ( w i t h i n 

the range of up to $25 per p e r s o n per year ) f o r b e s t a v a i l a b l e 

e m i s s i o n c o n t r o l s as l o n g as the c o n t r o l s a re n e c e s s a r y to address 
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a c o n c e r n . T h u s , the a d d i t i o n a l c o s t s f o r b e s t a v a i l a b l e e m i s s i o n 

c o n t r o l s a re a c c e p t a b l e . 

Community Image and N u i s a n c e s 

The f a c i l i t y impact on the community image i s a s s o c i a t e d w i t h 

the p h y s i c a l image of the f a c i l i t y as p o r t r a y e d t h r o u g h n u i s a n c e s . 

The e l i m i n a t i o n of o b v i o u s s i g n s of "waste" and " p o l l u t i o n " i s the 

p r e f e r r e d measure t o a d d r e s s image impacts (see Chapter 6). T h u s , 

a t t r a c t i v e d e s i g n of b u f f e r zones and s c r e e n s w i t h c a r e f u l 

o p e r a t i o n of the f a c i l i t y to p r e v e n t n u i s a n c e s w i l l be e f f e c t i v e 

i n enhancing a c c e p t a n c e . 

The c o n s t r u c t i o n of park l i k e b u f f e r zone and s c r e e n i n g 

s h o u l d o c c u r s h o r t l y b e f o r e the f a c i l i t y i s b u i l t so t h e s e 

measures are framed as i n t e g r a l g a i n s to the h o s t community. 

M o n i t o r i n g and M i t i g a t i o n 

M o n i t o r i n g programs f o r e m i s s i o n s and ambient a i r and water 

q u a l i t y a re the l a s t l e v e l of p r o t e c t i o n a g a i n s t i m p a c t s . 

F u r t h e r , c o n t i n g e n c y response to p o s s i b l e events must be p l a n n e d 

and b u d g e t e d . 



493 

8 . 2 . 6 Summary 

The recommendations f o r a s i t i n g approach range from d e f i n i n g 

b a s i c l e g a l e n t i t l e m e n t s to se t the r u l e s f o r the s i t i n g p r o c e s s 

through the use of l o n g - t e r m waste management and community 

p l a n n i n g to p r e v e n t i m p a c t s , to recommending s p e c i f i c measures f o r 

the s i t i n g p r o c e s s and f a c i l i t y d e s i g n . The p r i n c i p l e i s s i m p l y 

to make changes i n the waste d i s p o s a l system p r i o r to the f a c i l i t y 

s i t i n g and o u t s i d e the h o s t community to reduce the impacts on the 

h o s t community. 
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8.3 F u t u r e Research 

8 . 3 . 1 S e t t i n g of E n t i t l e m e n t s f o r Waste F a c i l i t y S i t i n g 

F a c i l i t y s i t i n g c o n f l i c t s a re p r o l o n g e d i n p a r t because 

of c o n f l i c t i n g or u n c l e a r e n t i t l e m e n t s . W h i l e the f a c i l i t y 

proponent c o n s i d e r s the c o n s t r u c t i o n and o p e r a t i o n of a waste 

f a c i l i t y l e g a l l y t h e i r r i g h t , hos t communities o f t e n h o l d the 

o p p o s i n g view t h a t they are e n t i t l e d to be f r e e of waste 

f a c i l i t i e s . 

S i n c e waste f a c i l i t i e s a re n e c e s s a r y , some form of 

e n t i t l e m e n t s h o u l d be s p e c i f i e d to p r o t e c t h o s t c o m m u n i t i e s ' 

and p r o p o n e n t s ' r i g h t s and to se t r u l e s f o r n e g o t i a t e d s i t i n g 

agreements so t h a t s i t i n g p r o c e s s e s can p r o c e e d . T h u s , the 

e n t i t l e m e n t s must a c h i e v e e f f i c i e n t outcomes and p r e v e n t 

s t r a t e g i c a l l y b i a s e d b e h a v i o r by the n e g o t i a t i n g p a r t i e s . 

8 . 3 . 2 G e n e r a l i z a t i o n s of the Impact Model 

The impact model and the a c c e p t a n c e c r i t e r i o n can be 

g e n e r a l i z e d and e v a l u a t e d f o r o t h e r types of f a c i l i t i e s . The 

spect rum of impact c o m b i n a t i o n s ranges from pure p h y s i c a l impacts 

w i t h o u t s o c i a l s t i g m a or u n c e r t a i n t i e s to p h y s i c a l l y 

n o n - r e d u c i b l e , h i g h r i s k f a c i l i t i e s . The w e i g h t s and magnitudes 

of impacts can be t e s t e d and i n c o r p o r a t e d i n t o a v a l i d a t e d 

a c c e p t a n c e model and c r i t e r i o n . 

8 . 3 . 3 P r e d i c t i v e A c c e p t a n c e Model 

F u r t h e r work i s needed to a c c u r a t e l y , o p e r a t i o n a l l y , and 

r e l i a b l y d e f i n e the accept ance c r i t e r i o n and d e t e r m i n e w e i g h t s and 
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v a r i a b l e s i n a q u a n t i f i e d p r e d i c t i v e model to f i n d c o m b i n a t i o n s 

f o r a p r i o r i a c c e p t a n c e . The q u a l i t a t i v e and q u a n t i t a t i v e 

s i g n i f i c a n c e of a c c e p t a n c e measures must be f u r t h e r e v a l u a t e d . 

1 . P o s s i b i l i t i e s f o r T r a d i n g o f f L o s s e s f o r A l t e r n a t i v e 
B e n e f i t s . 

As a p r e r e q u i s i t e , the p o t e n t i a l f o r t r a d e - o f f s of 

e n v i r o n m e n t a l goods (or l o s s e s due to impacts ) w i t h o t h e r 

types of b e n e f i t s must be examined. I f the l o s s ( e s ) 

o c c u r on c e r t a i n d i m e n s i o n s or v e c t o r s , then the 

c o m p a r t m e n t a l i z a t i o n of a c c o u n t s (see Chapter 3) r e q u i r e s 

t h a t compensat ion through o t h e r goods w i l l not a d d r e s s 

the l o s s . However, w i t h i n a narrow b a n d , s i m i l a r 

o f f s e t t i n g goods may be e f f e c t i v e , i f they are c l o s e 

enough i n k i n d to the o r i g i n a l l o s s d i m e n s i o n . A 

s y s t e m a t i c e v a l u a t i o n of a range of d i f f e r e n t 

compensat ion goods t h a t a re v a r i e d i n s i z e and i n k i n d 

w i l l r e v e a l the d i f f e r e n c e s i n o f f s e t t i n g an o r i g i n a l 

type and s i z e of l o s s ( i m p a c t ) . 

2. Host C o m m u n i t i e s ' R e f e r e n c e P o i n t f o r E v a l u a t i n g G a i n s 
and L o s s e s 

The net impact of waste f a c i l i t i e s depends on the host 

community 's r e f e r e n c e p o i n t . A l t h o u g h the s t a t u s quo 

b e f o r e the f a c i l i t y s i t i n g i s a l i k e l y r e f e r e n c e p o i n t 

f o r the h o s t - c o m m u n i t y , the c o n d i t i o n i n o t h e r 

communities c o u l d i n f l u e n c e r e s i d e n t s e x p e c t a t i o n s . The 

l o c a t i o n of the r e f e r e n c e p o i n t i s n e c e s s a r y to d e t e r m i n e 

how f a r impacts must be r e d u c e d i n o r d e r to g a i n 

a c c e p t a n c e . 



496 

3. A c c e p t a n c e C r i t e r i a 

A c c e p t a n c e r e q u i r e s f u r t h e r d e f i n i t i o n i n o r d e r to be 

used i n a p r e d i c t i v e m o d e l . F u r t h e r , a t o l e r a n c e range 

f o r a c c e p t a b l e changes needs to be d e t e r m i n e d , so change 

increments can be managed w i t h i n the t o l e r a n c e r a n g e . 

8 .3 .4 I m p l i c a t i o n s f o r S i t e S e l e c t i o n 

The c o n c l u s i o n s of t h i s r e s e a r c h are to be t r a n s l a t e d i n t o 

r e q u i r e m e n t s f o r s i t e s e l e c t i o n p r o c e s s w i t h the g o a l of f i n d i n g 

p h y s i c a l l y o p t i m a l s i t e s t h a t a re or can be made a c c e p t a b l e to the 

community. 

In more s p e c i f i c t e rms , the s i t e must be s e l e c t e d so t h a t the 

l o s s v a l u e of the impacts to the h o s t community w i l l be low and so 

t h a t use of impact r e d u c t i o n measures w i l l be e f f e c t i v e i n 

r e d u c i n g the net impact ( i n c l u d i n g change r e s i s t a n c e ) to m i n i m i z e 

the net l o s s to the h o s t community. T h u s , the s i t e s must be 

d e s i g n e d to accommodate impact r e d u c t i o n r a t h e r than compensat ion 

a p p r o a c h e s . 

P r e v e n t i v e and c o n t r o l impact r e d u c t i o n , however, reduces the 

s i g n i f i c a n c e of s i t e - s p e c i f i c f e a t u r e s f o r the a t t e n u a t i o n of 

e m i s s i o n s ( e . g . , s o i l s to p r e v e n t l e a c h a t e m i g r a t i o n ) . T h u s , 

impact p r e v e n t i o n may i n c r e a s e the a v a i l a b i l i t y of p h y s i c a l l y 

s u i t a b l e s i t e s w h i l e r e d u c i n g the s i z e and number of r e q u i r e d 

s i t e s f o r u l t i m a t e d i s p o s a l ( e . g . , f o r l a n d f i l l i n g of r e s i d u e s ) . 

T h e r e f o r e , the s i t e s e l e c t i o n may f o c u s more on n o n - p h y s i c a l 

i s s u e s such as f a i r n e s s and s o c i a l image, r a t h e r than on p h y s i c a l 

s i t e c r i t e r i a . In e s s e n c e , both p h y s i c a l and n o n - p h y s i c a l s i t e 

s e l e c t i o n c r i t e r i a and i n d i c a t o r s must be i d e n t i f i e d t o m i n i m i z e 
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host community s e n s i t i v i t y to f a c i l i t y impacts and to make impact 

r e d u c t i o n most e f f e c t i v e . 

N a t u r a l impact a t t e n u a t i o n f e a t u r e s ( s o i l s , t o p o g r a p h y , 

p r o x i m i t y to w a t e r , wind d i r e c t i o n s , e t c . ) a re n o r m a l l y taken i n t o 

a c c o u n t , but some n o n - p h y s i c a l impacts may be m i n i m i z e d i n the 

s i t e s e l e c t i o n as w e l l . F a i r n e s s i s enhanced by s e l e c t i n g s i t e s 

w i t h i n the p o l i t i c a l b o u n d a r i e s of the waste g e n e r a t i n g s o u r c e . 

F u r t h e r , the image impacts can be m i n i m i z e d by s e l e c t i n g areas of 

s i m i l a r l a n d u s e . P r e f e r a b l y , the a r e a w i l l a l r e a d y be d e v e l o p e d 

and s t a b l e . W h i l e i n c i n e r a t o r s may f i t w e l l i n t o urban i n d u s t r i a l 

a r e a s because of t h e i r s i m i l a r i t y , l a n d f i l l s a r e u n i q u e i n 

o p e r a t i o n and a p p e a r a n c e , except i n comparison to such a c t i v i t i e s 

as g r a v e l p i t s . However, the p r e s e n c e of g r a v e l l a y e r s e x c l u d e 

l a n d f i l l s i n these a r e a s . Because of l o w , g r o u n d - o r i e n t e d 

o p e r a t i o n s , l a n d f i l l s ' l e n d themselves to image c o n t r o l t h r o u g h t 

p a r k - l i k e l a n d s c a p i n g and s c r e e n i n g as w e l l as to r e c r e a t i o n a l end 

u s e s . T h u s , p r o p e r d e s i g n and management of image c o n t r o l 

measures can a c h i e v e c o m p a t i b i l i t y . T h e r e f o r e , the s i t e s e l e c t i o n 

must i d e n t i f y a reas where t h i s approach i s p o s s i b l e and d e s i r a b l e . 

F u r t h e r m o r e , the b e n e f i c i a l use of energy and b y - p r o d u c t s f rom 

waste may i n f l u e n c e the l o c a t i o n . I f energy or p r o d u c t s can be 

used i n the h o s t community economy, then the need f o r the f a c i l i t y 

w i l l i n c r e a s e . 
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APPENDICES 

The f o l l o w i n g a p p e n d i c e s are numbered a c c o r d i n g 

to the c h a p t e r s they r e f e r t o . F o r example, A p p e n d i 

1 p r o v i d e s s u p p o r t i n g m a t e r i a l r e f e r r e d to i n Chapte 

1 . Because C h a p t e r s 2 , 3 , 7 and 8 r e q u i r e no 

a d d i t i o n a l m a t e r i a l s , the a p p e n d i c e s w i t h these 

numbers are o m i t t e d . 
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Appendix l . A - L a n d f i l l Survey - L i s t of R e s p o n s i b l e 
Waste A g e n c i e s and L a n d f i l l S i t e s 

Waste Agency 

C i t y of C a l g a r y , 
C a l g a r y , A l b e r t a 

C i t y of Edmonton, 
Edmonton, A l b e r t a 

C i t y of Eugene 
Eugene, OR. 

C i t y S a n i t a r y S e r v i c e 
M c M i n n v i l l e , OR. 

K i n g C o u n t y , WA 
Department of P u b l i c Works 
S e a t t l e , WA 

D i s t r i c t of N o r t h Vancouver 
N o r t h V a n c o u v e r , B . C . 

Metro P o r t l a n d 
P o r t l a n d , OR. 

C i t y of R e g i n a 
R e g i n a , Saskatchewan 

Township o f Richmond 
Richmond, B . C . 

Roseburg C o u n t y , OR. 
E n v i r o n m e n t a l H e a l t h D e p t . 
R o s e b u r g , OR. 

C i t y of Spokane, 
Spokane, WA. 

D i s t r i c t of S u r r e y 
S u r r e y , B . C . 

C i t y of Tacoma 
Tacoma, WA. 

T h u r s t o n County H e a l t h D e p t . 
O l y m p i a , WA. 

C i t y of Vancouver 
V a n c o u v e r ; B . C . 

L a n d f i l l S i t e s 

E a s t C a l g a r y L a n d f i l l 
West C a l g a r y L a n d f i l l 

C l o v e r Bar L a n d f i l l 

L a n d f i l l 

Y a m h i l l County L a n d f i l l 

Cedar H i l l s L a n d f i l l 

P r e m i e r S t r e e t L a n d f i l l 

R e i d e l Waste D i s p o s a l 
L e i c h n e r L a n d f i l l -
V a n c o u v e r ; WA 

Regina S a n i t a r y L a n d f i l l 

Richmond L a n d f i l l 

Roseburg L a n d f i l l 

S o u t h s i d e L a n d f i l l 
N o r t h s i d e L a n d f i l l 

P o r t Mann L a n d f i l l 

Tacoma C i t y L a n d f i l l 

T h u r s t o n County L a n d f i l l 

Burns Bog L a n d f i l l 
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C i t y of Winnipeg 
W i n n i p e g , M a n i t o b a 

Brady Road S a n i t a r y 
L a n d f i l l 
Summit Road S a n i t a r y 
L a n d f i l l 
K i l c o n a Park S a n i t a r y 
L a n d f i l l 

Alameda County 
O a k l a n d , C A . 

C i t y of Sacramento 
Sacramento, C A . 

(Alameda County L a n d f i l l ) 

(28th S t r e e t L a n d f i l l ) 

V e n t u r a R e g i o n a l S a n i t a t i o n 
D i s t r i c t 
V e n t u r a , C A . 

(Santa C l a r a L a n d f i l l ) 
( T o l a n d Road L a n d f i l l ) 

( ) - n o n - p h y s i c a l c h a r a c t e r i s t i c s o n l y i n c l u d e d i n d a t a . 



520 

Q U E S T I O N N A I R E 
A p p e n d i x l . B 

West C o a s t Waste D i s p o s a l F a c i l i t y Survey 

A . F a c i l i t y C h a r a c t e r i s t i c s 

1. F a c i l i t y name 

2. Type M u n i c i p a l Waste L a n d f i l l 
(mark one) 

M u n i c i p a l Waste I n c i n e r a t o r 

Hazardous Waste L a n d f i l l C l a s s 

3 . Age y e a r s 

4 . C a p a c i t y p e r y e a r a t p r e s e n t 000 t o n n e s / t o n s p e r y e a r 

5. Remaining c a p a c i t y o r l i f e a p p r o x i m a t e l y y e a r s 

6. Depth o f t h e F i l l e d A r e a m/ f e e t i n l a y e r s 

7. Waste Stream C o m p o s i t i o n domest i c garbage 
( p l e a s e mark one) 

s l u d g e s 

sewage 

i n d u s t r i a l 

gypsum b o a r d 

o t h e r 

8. Source o f t h e Waste Stream 

own m u n i c i p a l i t y 

own and n e i g h b o r i n g m u n i c i p a l i t i e s 

own m u n i c i p a l i t y and l a r g e c i t y 

own and n e i g h b o r i n g m u n i c i p a l i t i e s 
and a l a r g e c i t y 
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B . E n v i r o n m e n t a l C o n t r o l s 

- L a n d f i l l 

1. L e a c h a t e c o l l e c t i o n system ( p l e a s e mark a p p l i c a b l e d e s i g n ) 

d e s i g n e d s y n t h e t i c o r c l a y l i n e r 

n a t u r a l i m p e r v i o u s l a y e r 

p l e a s e g i v e s o i l t y p e 

c o l l e c t i o n p i p e o r d i t c h system 

c i r c u m f e r e n t i a l 

g r i d under l a n d f i l l 

2. L e a c h a t e Treatment ( p l e a s e mark one) 

- on s i t e 

by ( p l e a s e mark one) - r e c i r c u l a t i o n onto l a n d f i l l 

- s p r a y i r r i g a t i o n 

- l a g o o n o r a e r a t i o n ponds 

- o t h e r ( l i s t ) 

- pumped t o sewage treament p l a n t 

( p l e a s e mark one) p r i m a r y secondary 

- d i s c h a r g e d i n t o s u r f a c e water 

- no t r e a t m e n t o r d i s c h a r g e 

3. Gas C o l l e c t i o n ( p l e a s e mark a p p l i c a b l e d e s i g n ) 

s u r f a c e f l a r e s 

deep c o l l e c t i o n w e l l s o r h o r i z o n t a l 
c o l l e c t i o n p i p e system w i t h f l a r e s 

deep w e l l c o l l e c t i o n and gas u t i l i z a t i o n 
f o r energy p r o d u c t i o n 
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4. V i s u a l S c r e e n i n g 
n a t u r a l i n s t a l l e d / p l a n t e d 

B a r r i e r s 

T r e e s 

G r a s s and shrubs 

5. End use - has an e n d - u s e been d e t e r m i n e d f o r the s i t e 

a f t e r c l o s u r e yes no 

what i s t h e d e t e r m i n e d end-use o f the f a c i l i t y ? 

C . S i t e 

1. topography 
(mark one) 

h i l l y 

f l a t 

r a v i n e 

2. f o r e s t a t i o n woods 

shrubs and h i g h g r a s s 

low g r a s s 

3. d i s t a n c e t o c l o s e s t s u r f a c e water 

% o f c i c u m f e r e n c e 

% " " 

% " 

m / f e e t 

4. groundwater d e p t h m / f e e t below f i l l bottom 

5. s o i l under s i t e r e l a t i v e l y permeable impermeable 

6. c l i m a t e 

a n n u a l p r e c i p i t a t i o n 

annual e v a p o t r a n s p i r a t i o n 

mm/ i n c h e s p e r y e a r 

mm/inches p e r y e a r 



Host Community 

L a n d - u s e s i m m e d i a t e l y next t o the f a c i l i t y 

a . p l e a s e g i v e t h e p e r c e n t a g e o f the s i t e c i r c u m f e r e n c e s u r r o u n d e d 

by t h e f o l l o w i n g l a n d - u s e s ( a p p r o x i m a t e l y ) 

r e s i d e n t i a l % o f the s i t e c i r c u m f e r e n c e 

i n d u s t r i a l % o f the s i t e c i r c u m f e r e n c e 

a g r i c u l t u r a l % o f t h e s i t e c i r c u m f e r e n c e 

undeveloped % o f t h e s i t e c i r c u m f e r e n c e 

b . p l e a s e g i v e t h e approximate d i s t a n c e s from the s i t e boundary 

r e s i d e n t i a l m / f e e t from the s i t e boundary 

i n d u s t r i a l m / f e e t from the s i t e boundary 

C-. -*••]««- *• r, > i ^ r n n t . I I • i 1 I I I I i . 1 ill in 1 1 -i w/j-j m / fpg-fc 

d . approximate number o f d w e l l i n g s w i t h i n 1.5 kms o r 1 m i l e 

- t y p e o f d w e l l i n g s s i n g l e f a m i l y owner o c c u p i e d % 

s i n g l e f a m i l y o r duplex r e n t a l % 

condominium - owner o c c u p i e d % 

r e n t a l apartments % 

e. approximate v a l u e o f s i n g l e f a m i l y d w e l l i n g s , $ 

C h a r a c t e r o f t h e h o s t - c o m m u n i t y ( p l e a s e mark one) 

o r i g i n a l p r e s e n t 

- a g r i c u l t u r a l / r u r a l 

- r u r a l r e s i d e n t i a l _ _ _ _ _ _ _ 

- suburban r e s i d e n t i a l 

- i n d u s t r i a l 

- o t h e r ( p l e a s e l i s t ) 

D i s t a n c e o f t h e h o s t - c o m m u n i t y from the 

n e a r e s t c i t y o r town kms / m i l e s 
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4 . Host -community income l e v e l s lower t o lower m i d d l e 

( p l e a s e mark the one t h a t b e s t lower m i d d l e t o m i d d l e 
c h a r a c t e r i z e s t h e community) 

m i d d l e t o upper m i d d l e 

upper m i d d l e t o h i g h 

5. Is t h e r e any a c t i v e o p p o s i t i o n t o t h e f a c i l i t y ? 

yes no 

Has l e g a l a c t i o n been taken? yes no 

grounds 

Number o f c o m p l a i n t s / y e a r o r month 

p l e a s e l i s t reasons 

Do you keep a c o m p l a i n t f i l e ? yes 

no 

6. Was t h e r e any p u b l i c p a r t i c i p a t i o n when the s i t e was chosen? 

yes , no 

Comments 

Name and T i t l e 

Thank you f o r y o u r t i m e and e f f o r t . 
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Appendix 4.A. 

View Impact Screening 

i f y1 = 110m 

and = 10m 

and x x = 2,000m 

then x„ = 181 metres 

at 2,000m, the tree screen must be within 180 metres of the 

observer. 

Or, conversely, i f a 10m tree i s within d distance of the 

stack and plume (H = 110m), then the screened distance behind the 

tree i s x~ = d 10m = d 0.1 
* llOm-lOm — " 

that i s , one tenth of the distance to the stack. 
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Appendix 4 .B 

N o i s e Impact Measurement 

N o i s e measurements were c o n d u c t e d w i t h a CEL Model CEL-393B 

p r e c i s i o n sound meter w i t h a f r e q u e n c y a n a l y s e r and CEL-177 

c a l i b r a t o r . The sound meter was mounted on a t r i p o d at 1.5 m 

above ground l e v e l . B e f o r e each measurement s e s s i o n , the b a t t e r y 

v o l t a g e and the c a l i b r a t i o n were c h e c k e d . The d i s t a n c e was 

measured w i t h a r a n g e f i n d e r a t each measurement l o c a t i o n . The 

l o c a t i o n , t o p o g r a p h y , v e g e t a t i o n and o b s t a c l e s were documented 

w i t h photographs a t each l o c a t i o n . 

Measurements were u s u a l l y taken over 20 to 30 minute p e r i o d s 

i n i n t e r v a l s of 5 m i n u t e s . Unusual background d i s t u r b a n c e s such 

as p l a n e o v e r f l i g h t s , t r a i n s , c o n v e r s a t i o n s w i t h c u r i o u s b y - p a s s e r s 

were i d e n t i f i e d and e x c l u d e d . The r e s u l t s were s t o r e d and r e a d 

out a t the end of the s e s s i o n . Three v a l u e s were r e g u l a r l y 

o b t a i n e d : 

- range of d i s t a n t slow A - w e i g h t e d sound p r e s s u r e l e v e l s 
(dBA) 

- e q u i v a l e n t sound p r e s s u r e l e v e l s (Leq) i n 5 minute 
i n t e r v a l s . 

- impact peaks 

F r e q u e n c i e s were measured w i t h l i n e a r l y w e i g h t e d sound p r e s s u r e 

l e v e l s i n a range of f r e q u e n c y bands from 32Hz to 8 kHz (see 

F i g u r e 4 . 3 ) . 

The measurement c o n d i t i o n s comprise l o c a t i o n ( d i s t a n c e and 

t o p o g r a p h y ) , weather c o n d i t i o n s ( p r e s s u r e , wind d i r e c t i o n and 

s p e e d , h u m i d i t y , and t e m p e r a t u r e ) , and t ime ( f a c i l i t y o p e r a t i o n s 

and background n o i s e ) were s e l e c t e d to o b t a i n r e p r e s e n t a t i v e 
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r e s u l t s f o r the f a c i l i t y : 

L o c a t i o n 

The e x p e c t e d shape of the n o i s e impact a r e a was q u a l i t a t i v e l y 

e s t i m a t e d based on e n g i n e e r i n g judgment. Three or f o u r l o c a t i o n s 

were chosen at the s i t e boundary to o b t a i n source l e v e l s . An 

e q u a l or l a r g e r number of l o c a t i o n s were chosen i n the 

hos t - community i n d i r e c t i o n s t h a t c o r r e s p o n d e d to the s i t e 

boundary l o c a t i o n s . The measurement l o c a t i o n s are i n d i c a t e d on 

F i g u r e s 4.4 and 4.5 i n the t e x t . 

Weather 

N o i s e measurements were c a r r i e d out under t y p i c a l weather 

c o n d i t i o n s f o r w i n t e r and summer s e a s o n s . The t y p i c a l wind 

d i r e c t i o n s and wind speeds (see c i t e c l i m a t e d e s c r i p t i o n s , S e c t i o n 

1.2) were u s u a l l y p r e s e n t and were v e r i f i e d w i t h o n - s i t e 

measurements. B a r o m e t r i c p r e s s u r e was r e c o r d e d , but was not 

c o n s i d e r e d i m p o r t a n t as a c r i t e r i o n f o r n o i s e measurements . The 

weather c o n d i t i o n s a r e compared i n T a b l e 4.B1 (below) w i t h t y p i c a l 

c o n d i t i o n s . 

Time 

O p e r a t i o n a l r o u t i n e s and background n o i s e f l u c t u a t i o n s 

r e q u i r e d t h a t the sound l e v e l s be measured a t d i f f e r e n t t imes 

d u r i n g the d a y . E a r l y morning (5 to 7 am), l a t e morning (10:30 to 

n o o n ) , a f t e r n o o n (3 to 5 pm) and n i g h t (11 pm to 1 am) were the 

u s u a l t i m e s . The l a n d f i l l o p e r a t i o n was b u s i e s t a t 10 am and 2 

pm, when the m u n i c i p a l v e h i c l e s completed t h e i r r o u t e s . The f l o w 
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of v e h i c l e s a t the i n c i n e r a t o r was u s u a l l y v e r y s t e a d y t h r o u g h o u t 

the d a y . A l t h o u g h the i n c i n e r a t o r o p e r a t e s a t c o n s t a n t n o i s e 

l e v e l s throughout 24 hours a d a y , measurements had to be taken 

d u r i n g the day t o i n c l u d e o u t s i d e o p e r a t i o n s and ash h a n d l i n g as 

w e l l as d u r i n g the n i g h t to get the p l a n t n o i s e w i t h m i n i m a l 

background n o i s e . A s i g n i f i c a n t d i f f e r e n c e i n n o i s e l e v e l s 

between day and n i g h t a t the s i t e boundary would i n d i c a t e t h a t 

background l e v e l s are c l o s e to and may a f f e c t the p l a n t n o i s e ; the 

n o i s e r e a d i n g s would then have to be c o r r e c t e d to s u b t r a c t the 

background component. Background n o i s e l e v e l v a r i a t i o n d i d not 

s i g n i f i c a n t l y a f f e c t the s i t e boundary measurements (SI and S 2 ) , 

but d i d expand t h r e s h o l d b o u n d a r i e s d u r i n g l a t e n i g h t h o u r s . 

S i n c e the o b j e c t i v e was to o b t a i n n o i s e measurements t h a t 

would r e p r e s e n t a t y p i c a l waste f a c i l i t y on a f l a t p l a n e , a l l 

l o c a t i o n s were chosen to a v o i d s i g n i f i c a n t r e f l e c t i o n s by a) 

p l a c i n g the microphone as c l o s e to the s o u r c e as p o s s i b l e , but 

s t a y i n g o u t s i d e a r a d i u s of t w i c e the l e n g t h of the l a r g e s t s o u r c e 

d i m e n s i o n to a v o i d d i r e c t i o n a l r a d i a t i o n e f f e c t s of s h o r t waves 

(Beranek, 1971) i n o r d e r to t r e a t the f a c i l i t y as a u n i f o r m p o i n t 

s o u r c e , and b) by l o c a t i n g the n o i s e meter away from any l a r g e 

r e f l e c t i n g o b j e c t s t h a t d i d not i n h e r e n t l y b e l o n g to the waste 

f a c i l i t y . 

The photographs below ( F i g u r e s 4.B1 and 4.B2) show the s i t e 

boundary measurement l o c a t i o n s f o r l a n d f i l l and i n c i n e r a t o r . 

T a b l e 4.B2 compares the l o n g e s t s o u r c e d i m e n s i o n w i t h the 

d i s t a n c e s to s i t e boundary measurement p o i n t s . The c a l c u l a t i o n of 

wave l e n g t h s g i v e s the range o f f r e q u e n c y sounds t h a t may be 
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F i g u r e 4.B1 L a n d f i l l Noise Measurement 
L o c a t i o n s on S i t e Boundary 
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F i g u r e 4.B2 - I n c i n e r a t o r Noise Measurement 
L o c a t i o n s on S i t e Boundary 
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Table 4.B1 - Weather C o n d i t i o n s f o r Noise Measurements 

a) Tacoma C i t y L a n d f i l l 

L o c a t i o n Date Wind Speed Noise C o n d i t i o n s 
1987 D i r e c t i o n M/S L e v e l 

S i t e (L ) eq 
dBA 

Wl Feb. 24 NNE 5 61-65 busy 
Feb. 24 NNE 5 54-57.5 q u i e t 
Feb. 25 NE 3.5 58-64 busy 
Mar. 7 NNE 4.5 59-71 Saturday, wet 

roads. 
Mar. 7 NNE 4.5 60-65 busy, 10-25 

veh./minute 
Mar. 8 00 0.0 54.5-58.3 

47-48 
b i r d s o n l y 
background o n l y 

Aug. 25 w 3.0 52-56 q u i e t 
W2 Feb. 24 NNE 5.0 63-66.5 b i r d s alone 

Feb. 25 NE 3.5 66-70 plane over 
f l i g h t s 

Feb. 25 W 3.5 60-70 plane range 
42.5 to 73.5 

W3 Feb. 24 NNE 5 56.5-66 
Feb. 25 NE 3.5 62.5-64 plane over 

f l i g h t s 
Aug. 25 W l i g h t 51.5-53.5 range 48 -

.5'6' dBA 
background 
47-48 dBA 

Community 

Feb. 25 NE 3. 5 51-55.5 
Mar. 6 SW 3. 0 56-63 
Mar. 8 SSE 3- 4.0 49-54 
Aug. 26 W 3 <38 dBA background o n l y 
Aug. 26 W 3 50-73 cover m a t e r i a l 

h a n d l i n g 
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Table 4.B1 - Weather C o n d i t i o n s (Cont.) 

L o c a t i o n Date Wind Speed Noise C o n d i t i o n s 
Di r e c t ion M/S L e v e l 

S i t e 

C2 Mar. 10 N/NE 1 ig h t 53 background. 
48-50.5 t r a f f i c 

C3 Mar. 6 W-WSW 3 - background o n l y 
50-55 
( c o n s t r u c t i o n ) 

Mar. 10 N/NE l i g h t 53.4-57.2 q u i e t -
background -
5 0.4 dBA 

Aug. 25 W/NW 1 i g h t 49.5 44.5-51.5 
Aug. 26 W 3 <42-47 background only 

C4 Mar. 6 SW 4-6 54-56.5 without t r a f f i c 
= 50 dBA 

Mar. 8 SSE 3-4 44.5-47 Sunday -
p r i v . r eh. only 

Aug. 26 W 3 <39 background on l y 



Table 4.B1 - Weather Conditions (Cont.) 

Location 

Site 

Date Wind 
Direction 

Speed 
M/S 

Noise 
Level 

C2 Mar. 10 N/NE l i g h t 53 

C3 Mar. 6 W-WSW 3 -

Mar. 10 N/NE l i g h t 53.4-57 

C4 

Aug. 
Aug. 
Mar. 

25 
26 
6 

W/NW 
W 
SW 

l i g h t 
3 
4-6 

49.5 
<42-47 
54-56 

Mar. 8 SSE 3-4 44.5-47 

Aug. 26 W 3 <39 

Conditions 

background. 
48-50.5 t r a f f i c 
Background only 
50-55 
(construction) 
quiet -
background -
50.4 dBA 
44.5-51.5 
background only 
without t r a f f i c 
=50 dBA 
Sunday -
p r i v . reh. only 
background only 



T a b l e 4.B1 - Weather C o n d i t i o n s f o r N o i s e Measurements 

b) Salem I n c i n e r a t o r 

L o c a t i o n SI D i s t a n c e from S o u r c e : 90 m 

Season W 
Wind D i r . / S p e e d N N E / 1 . 5 N/Calm S S E / 1 . 5 - N N E / 3 . 3 Calm to W S W / l i g h t 
Date 21 .1 .87 2 2 . 1 . 8 7 8 .2 .87 1 1 . 2 . 8 7 23 .3 .87 2 4 . 3 . 8 7 
Time 7 am 12 pm l lpm-12am 11:30am 4pm l lam-12pm 

Leq 5 6.4 dBA 62 dBA 58-59 60 61.5 55-57 

Range 55-57 dBA 57-60 58-60 56-70 52-62 

Background t r a f f i c t r a i n t r a f f i c box car t r a f f i c 
compressors 

Season Summer 
Wind D i r . / S p e e d N / 5 . 3 S / 1 . 3 calm 
Date 1 9 . 8 . 8 7 20 .8 .87 27 .8 .87 

Time 4:30pm 12:45 pm 5:45 am 

D i s t a n c e 80 m 80 m 

Leq 45-46(53) 43-46.5 56.4 

Range 43-37 42-53 55-58 

Background t r a i n - 6 0 t r a f f i c - t r a f f i c -
dBA low low 

OJ 



Location S2 Distance - 60m 

Season w w w 
Wind D i r . / V e l . NNE/1.5 SSE/3.1 N/Light - calm NNE/3.3 SSE/1.5 

Time 7:45am 7:30am 12:45pm 11:30am 1pm 4:30pm 11pm 

Date 21.1.87 9.2.87 22.1.87 11.1.87 24.3.87 23.3.87 8.2.87 

Leq 64.4 64.6 61.0 69.0 62.5 62.0 63.5 

Range 61-65 69-70 60-69 61-63 62-64 

Background 
noise 

t r a f f i c box car 
compressors 
high 

t r a f f i c - l o w 

Season 
Wind Dir./Speed 

- summer 
calm 

6 am 

27.8.87 

63.4 

53.5-56.5 

S/1.5 

12:45pm 

20.8.87 

52.5 

50-54 

N/3.3 

4:30pm 

19.8.87 

52-54 

50-57 



L o c a t i o n CI CI C2 

Season S S 

Wind D i r . / V e l . Calm N / 3 . 3 WSW/1.5 

Temperature 
D i s t a n c e 200m 200m 500m 

Time 6 am 6 pm 6:45pm 

Date 27 .8 .87 1 9 . 8 . 8 7 20 .8 .87 

Leq 55 40 .3 -43 .4 no p l a n t 
n o i s e 

Range 5 3 . 5 - 5 6 . 6 37-44 38-42 

Background t r a f f i c t r a f f i c t r a f f i c 
n o i s e t r u c k s 

S / 1 . 5 S /1 .5 

13:30 13:30pm 

20 .8 .87 20 .8 .87 

s l i g h t no p l a n t 
n o i s e 

36-37 <39 



L o c a t i o n C3 

Season W i n t e r 

Wind D i r . / V e l . Calm NNW/3.3 

Temperature 
D i s t a n c e 300m 

Time 5:30am 16:40pm 

Date 24 .3 .87 23 .3 .87 

Leq 52.5 55 .5 -56 .0 

Range 4 9 . 5 - 5 5 . 5 53-62 

Background 
n o i s e 

Summer 

Wind D i v . / S p e e d 
m/s 

S / 1 . 3 

6:45am 

S / 1 . 3 

1:30pm 

20 .8 .87 20 .8 .87 

48-52 39-40 

t r a f f i c t r a f f i c 

C4 

Winter 

calm 

200m 

6am 

24 .3 .87 

54.0 

51 .5 -55 .0 

t r a f f i c 

Summer 

S / 1 . 3 S / 1 . 3 calm S / 1 . 3 

2:10pm 6:45am 5:30am 7:10pm 

20 .8 .87 20 .8 .87 10 .8 .87 20 .8 .87 

39-40 48-53 55.0 38.45 

t r a f f i c t r a f f i c t r a f f i c 



L o c a t i o n C5 

Season Summer 

Wind D i r . / V e l . m / s Calm S / 1 . 3 S / 1 . 3 . 5 S / 1 . 3 

Temperature 

Time 6:25am 7:15am 1:30pm 7:10pm 

Date 27 .8 .87 20 .8 .87 20 .8 .87 20 .8 .87 

Leq no p l a n t 
n o i s e 

s l i g h t no p l a n t 
n o i s e 

s l i g h t 

Range 54-56 44-46 39-41 36-38 

Background 
n o i s e 

t r a f f i c t r a f f i c t r a f f i c t r a f f i c 

Wind D i r . / S p e e d 
m/s 

C6 
Summer 
S / 1 . 3 

6:45am 

C7 
Summer 
ca lm 

6:35am 

S / 1 . 3 

7am 

S / 1 . 3 

13:30pm 

20 .8 .87 27 .8 .87 20 .8 .87 20 .8 .87 

s l i g h t 
GB n o i s e 

s l i g h t 
GB n o i s e 

no GB 
n o i s e 

no GB 
n o i s e 

<43 dBA 
t r a f f i c 

53-55 42-46 36-40 



L o c a t i o n 

Season 

Wind D i r . / V e l . 

Temperature 

Time 

Date 

Leq 

Range 

Background 
n o i s e 

C8 

W 

WSW/l ight 

12pm 

24 .3 .87 

46 .5 -50 .0 

t r a f f i c 

C9 

W 

WSW/light 

12pm 

24 .3 .87 

44-46 
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Table 4.B2 - Noise Measurement L o c a t i o n s 

Tacoma L a n d f i l l 
L a r g e s t Source 
Dimension Object 

Distance 
Boundary 
L o c a t i o n 

to S i t e 
Measurement P o i n t s 
D i s t a n c e M u l t i p l e 

max. 10 m Trucks 
Compactor 

Wl 

W2 

- 90 m 9x 

60 m 6x 

W3 5 5 m 5.5x 

Salem I n c i n e r a t o r D i s t a n c e 
from c e n t r e 

max. 70 m South s i d e 
of 
i n c i n e r a t o r 
b u i l d i n g 

SI 

S2 

18 3 m 2. 6m 

- 152 m 2.2x 
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a f f e c t e d by o b j e c t s w i t h s m a l l d imensions ( e . g . t r e e s , c a r s , e t c ) . 

The low f r e q u e n c i e s up to 1 KHz are predominant from waste 

f a c i l i t i e s . F o r f r e q u e n c i e s above 500 H z , t h e r e i s c l e a r l y a 

s t r o n g p o s s i b i l i t y of r e f l e c t i o n on t r e e s , p o l e s , e t c . The 

measurement l o c a t i o n s were chosen to a v o i d t h e s e o b j e c t s . 

F u r t h e r m o r e , the main n o i s e f r e q u e n c i e s of waste f a c i l i t i e s were 

under 1,000 H z . T h e r e f o r e , o n l y m a r g i n a l i n f l u e n c e from 

r e f l e c t i n g o b s t a c l e s i s p r e s e n t . 

The sound p r e s s u r e l e v e l p2 a t d i s t a n c e r2 can be e s t i m a t e d 

from a measured sound l e v e l p i at d i s t a n c e r l by the f o l l o w i n g 

g e n e r a l r e l a t i o n s h i p (Mestre and Wooten, 1980) : 

20 l o g r_2 - Ae (4 .1) 
r l 

Wave Excess 
d i v e r g e n c e a t t e n u a t i o n 

The f i r s t term r e p r e s e n t s the measured sound p r e s s u r e l e v e l , 

the second term i s the r e d u c t i o n of sound l e v e l due t o d i v e r g e n c e 

of the sound waves f rom a p o i n t source over a h e m i s p h e r i c a l 

s u r f a c e on a f l a t r i g i d s u r f a c e w i t h i n c r e a s i n g d i s t a n c e r a t i o of 

r l / r 2 , and the t h i r d term r e p r e s e n t s a t t e n u a t i o n by a t m o s p h e r i c 

and e n v i r o n m e n t a l c o n d i t i o n s . Only excess a t t e n u a t i o n from 

v e g e t a t i o n and b a r r i e r s are i n c l u d e d i n these rough e s t i m a t e s , 

because a t m o s p h e r i c wind and temperature g r a d i e n t s a re not 

c o n s t a n t , w h i l e a i r , r a i n and f o g a t t e n u a t i o n a r e s m a l l f o r low 

f r e q u e n c i e s at r e l a t i v e l y s h o r t d i s t a n c e s . F o r a f r e q u e n c y of 500 

H z , a t 200 m and 80% h u m i d i t y , the excess a t t e n u a t i o n due to a i r 

p2 p i 

Sound Sound 
p r e s s u r e l e v e l 
a t r2 a t r l 
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i s c a l c u l a t e d : 

A i r Excess A t t e n u a t i o n (4 .2) 

2 -8 
Ae = 7.4 f r x 10 

$ 

f = f r e q u e n c y = 500 Hz 

r = d i s t a n c e = 200 m 

O = r e l a t i v e h u m i d i t y = 80% 

Ae = 0.05 dB i s v e r y s m a l l and t h e r e f o r e n e g l e c t e d . 

V e g e t a t i v e a t t e n u a t i o n i s g i v e n by the e m p i r i c a l f o r m u l a . 

Ae v = (0 .18 l o g f - 0.31) r f o r g r a s s and s h r u b s . (4 .3) 

Ae v = 0.01 f 1/3 * r f o r t r e e s (4 .4) 

B a r r i e r a t t e n u a t i o n i s g i v e n by the d i f f e r e n c e i n p a t h 
l e n g t h s d i v i d e d by the wavelength to g i v e the F r e s n e l number: 

d e l t a = A + B - C i n m 

N = d e l t a = A + B - C (4 .5) 
lamba wave l e n g t h 

F o r an i n f i n i t e b a r r i e r , a t t e n u a t i o n i s c h a r t e d i n M e s t r e and 
Wooten (1980, page 4-23) from e x p e r i m e n t s . 

By a p p l y i n g these a t t e n u a t i o n c a l c u l a t i o n s to t h e s i t e 
measurements, v e r i f i c a t i o n of community n o i s e l e v e l s are o b t a i n e d 
f o r a m i d - r a n g e f r e q u e n c y of 250 Hz i n T a b l e 4.B3 

C o n v e r s e l y , the d i s t a n c e to background n o i s e l e v e l can be 
e s t i m a t e d by assuming f o r g e n e r a l s i t e c o n d i t i o n s , t h a t o n l y wave 
d i v e r g e n c e reduces sound l e v e l s w i t h d i s t a n c e : 

Formula f o r N o i s e A t t e n u a t i o n by Wave D i v e r g e n c e O n l y . 

Lb = Ls - 20 log^f|J (4 .6) 

Ls - Lb = log(f|) j L s - L b ] f| 
20 V 7 10 I 20 J= r S 

rb = 10 exp L s - L b * r s D i s t a n c e to background l e v e l 
20 n o i s e due to wave d i v e r g e n c e . 

The r e s u l t s a r e shown i n T a b l e 4 .B4 . 
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T a b l e 4.B3 

a . Tacoma L a n d f i l l - N o i s e A t t e n u a t i o n from S i t e to Community 
D i s t a n c e s t o W C 
F a c i l i t y 100m 140m 

Wave 
D i v e r g e n c e -2 .92 dB 

V e g e t a t i o n 
Shrubs and t r e e s -3 .65 t o - 4.87 dB 

B a r r i e r s none  
T o t a l - 6 . 5 7 to - 7.8 

D i s t a n c e s to W2 C2 
F a c i l i t y 60m 300m 

Wave d i v e r g e n c e -14 dB 

V e g e t a t i o n n e g l i g i b l e 

B a r r i e r b a r e l y 

i n t e r e s e c t s l i n e -5 to - 7 dB 
of s i g h t -19 t o - 21 dB 

T o t a l -19 to - 21 dB 

D i s t a n c e s to W3 C3 
the F a c i l i t y 60m 400m 

Wave d i v e r g e n c e -16 .5 dB 

V e g e t a t i o n -
low g r a s s n e g l i g i b l e 

B a r r i e r s 
T o t a l 

none 
- 1 6 . 5 dB 
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T a b l e 4.B3 

b . Salem I n c i n e r a t o r 

D i s t a n c e s to SI C8 C9 
Waste F a c i l i t y 90m 350m 800m 

Wave D i v e r g e n c e - 1 1 . 8 dB -19 dB 

V e g e t a t i o n n e g l i g i b l e 

B a r r i e r s none none 
T o t a l - 1 1 . 8 dB - 1 9 . dB 

D i s t a n c e s S2 C4 C I C3 C2 

60m 200m 200m 300m 550m 
Wave D i v e r g e n c e -10 .5 - 1 0 . 5 -14 -19 .25 

V e g e t a t i o n n e g l i g i b l e - e l e v a t e d s o u r c e 

B a r r i e r s -

T o t a l -10 .5 - 1 0 . 5 -14 -19 .25 

D i s t a n c e s to S2 C7 
Waste F a c i l i t y 60m 200m 

Wave d i v e r g e n c e -10 .5 

V e g e t a t i o n n e g l i g i b l e - e l e v a t e d s o u r c e 

B a r r i e r s - 1 row 
houses does not n e g l i g i b l e 
c o v e r e l e v a t e d 
s o u r c e 

T o t a l - 10 .5 dB 



T a b l e 4.B4 - D i s t a n c e s from S i t e Boundary to Background 
N o i s e L e v e l s due to Wave D i v e r g e n c e 

L a n d f i l l 

L o c a t i o n 
and D i s t a n c e 

Wl 

W2 

W3 

100m 

60m 

55m 

I n c i n e r a t o r 

51 100m 
South 

52 60m 
n o r t h 
eas t 

S2 60m 
e a s t 

Measured 
F a c i l i t y 
N o i s e 

dBA 

61 

65 

61 

60 

62 

62 

Background 
N o i s e 
L e v e l s 

dBA 

47 

47 

47 

D i s t a n c e 
Backgrour 

500m 

475m 

275m 

46 500m 

4.5 425m 

4.5 425m 
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Appendix 4 . C I - L a n d f i l l Gas Impacts 

The d i s p e r s i o n of l a n d f i l l gas from the ground l e v e l e m i s s i o n 

a r e a i s assumed to f o l l o w a G a u s s i a n model of the eddy d i f f u s i o n 

p r o c e s s . The l a n d f i l l i s assumed to be an i n f i n i t e l y wide s o u r c e 

so edge d i s p e r s i o n e f f e c t s a re i g n o r e d . S i n c e the range of 

i n t e r e s t i s o n l y about 200 m and the s i d e s of t h e l a n d f i l l a r e up 

to 1.6 km l o n g , edge e f f e c t s a re bound to be s m a l l . 

For a l i n e a r s o u r c e , the c o n c e n t r a t i o n i s g i v e n by (Mestre 

and Wooten, 1980) : 

C(x,z) = . . ̂  =~ ex/> z <r * (4 .7) 

w i t h C ( x , z ) = c o n c e n t a t i o n of r i g h t a n g l e d i s t a n c e x to l i n e 
s o u r c e i n g/m3 

q = p o l l u t a n t f l u x per u n i t l e n g t h of the s o u r c e 
i n g / s - m 

U = wind speed i n m/s 
Gi. = v e r t i c a l s t a n d a r d d e v i a t i o n 
H = v i r t u a l h e i g h t 

Z = h e i g h t of r e c e p t o r above ground 

The source e m i s s i o n f l u x was approximated by the mass o f 

p o l l u t a n t p r e s e n t i n a box of 1 m w i d t h and 0.1 m h e i g h t and a 

l e n g t h e q u a l to the wind speed i n m e t e r s . The p o l l u t a n t mass i n 

t h i s u n i t e m i s s i o n box i s c a l c u l a t e d from the s u r f a c e l e v e l 

c o n c e n t r a t i o n of a p p r o x i m a t e l y 1% of the l a n d f i l l gas 

c o n c e n t r a t i o n measured i n gas w e l l s . F u r t h e r m o r e , the s o u r c e i s 

assumed at g r o u n d l e v e l , whereas the c e n t r o i d o f the e m i s s i o n box 

i s a t 0.05 m h e i g h t ; t h i s i n a c c u r a c y i s d i s r e g a r d e d h e r e , because 

the r e s u l t i n g e r r o r i n the e s t i m a t e d c o n c e n t r a t i o n i s l e s s than 

5%. 

C o n c e n t r a t i o n r e d u c t i o n due to e l e v a t e d s o u r c e a t H(m) of an 

exagera ted v a l u e of 0.5 m to t e s t the e f f e c t : 



547 

- 1 
2 

r 
H 
<3?z 

R e d u c t i o n f a c t o r : exp 

at F S t a b i l i t y 
1 at H = 0.5m (4 .8) 

X = 100m 200m 
6z = 1. 5m 3m 
exp 0.95 0.99 

The r e s u l t i n g r e d u c t i o n i s l e s s than 5%. Hence the box 
h e i g h t assumption w i l l not s e r i o u s l y a f f e c t the r e s u l t i n g 
c o n c e n t r a t i o n e s t i m a t e s . 

The f o r m u l a can be s i m p l i f i e d f u r t h e r f o r a g r o u n d l e v e l 

r e c e p t o r because the exponent term becomes u n i t y f o r a h e i g h t o f 

z e r o . C a l c u l a t i o n o f the v a l u e s of t h i s term f o r 1.5 m h e i g h t at 

100 and 200 m f o r A , D and F s t a b i l i t y a re l i s t e d b e l o w : 

2 
Exp - 1 

2 C z 
at z = 1.5 m (4.9) 

100m 200m 

A s t a b i l i t y 1.0 1.0 

D s t a b i l i t y 0.96 0.98 

F s t a b i l i t y 0.61 0.88 

The r e s u l t s show l e s s than 5% e f f e c t of the 1.5 m r e c e p t o r 

e l e v a t i o n f o r d i s t a n c e s over 100 m and f o r a l l but the most s t a b l e 

(F) c o n d i t i o n s . 
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Table 4.C1 - Key To S t a b i l i t y Categories 

Day Night 

Incoming Solar Radiation Cloud Cover 

Surface Wind Strong Moderate Slight Mostly Mostly 
Speed at 10m Overcast Clear 

(m/s) 

Class a (1) (2) (3) (4) (5) 

< 2 A A-B B E F 
2-3 A-B B C E F 
3-5 B B-C C D E 
5-6 C C-D D D D 
> 6 C D D D D 

Source: D.B. Turner. Workbook of Atmospheric Dispersion 
Estimates. Washington, D.C: HEW, 1969. 

Note: The : neutral c l a s s , D, should be assumed for overcast 
conditions during day or night. Class A i s the most 
unstable and class F i s the most stable, with class B 
moderately unstable and class E s l i g h t l y stable. 



L a n d f i l l Emission Model 
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Figure 4.C.2. 

Under these assumptions, the s i m p l i f i e d , ground l e v e l 

concentration formula i s 

C (x,o,o) = (4.10) 

The ground l e v e l concentrations are calculated for distances of 

100, 200 and 300 m from the emission source, i . e . (the l a n d f i l l 

boundary) and for four s t a b i l i t y classes. Table 4.C below 

summarizes the data and r e s u l t s . 
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T a b l e 4 . C I - S t a n d a r d D e v i a t i o n s and C o n c e n t r a t i o n per U n i t 
E m i s s i o n ( l g / s - m ) f o r a L i n e a r Ground L e v e l Source 

S t a b i l i t y 
C l a s s 

D i s t a n c e s 
100m 200m 300m 

S t d . 
Dev. 
[ 1 

C o n e . 
g/m3 

S t d . 
Dev. 

C o n e . 
g/m3 

S t d . 
D e v . 

Cone . 
g/m3 

z 
[m] 

C z C z C 

A 15 5 . 4 x l 0 ~ 3 30m 2 . 7 x l 0 ~ 3 55m 1.5x10 -3 

C 7.5 l . l x l O - 2 15m 5 . 4 x l 0 ~ 3 22.5m 3.5x10 -3 

D 4.5 1 . 8 x l 0 ~ 2 8.5m 9 . 4 x l 0 ~ 3 13m 6.0x10 -3 

F 1.5 5 . 3 x l 0 ~ 2 3.0m 2 . 6 x l 0 ~ 2 4.5 1.8x10 -2 

S t a b i l i t y 
C l a s s 

D i s t a n c e s 
500m 000m 

S t d . 
Dev. 
[ ] 

C o n e . 
g/m3 

S t d . 
Dev. 

Cone . 
g/m3 

z 
[m] 

C z C 

A 110m 7 . 3 x l 0 ~ 4 400m 2 . 0 x l 0 ~ 4 

C 33m 2 . 4 x l 0 ~ 3 65m 1 . 2 3 x l 0 ~ 3 

D 19m 4 . 2 x l 0 - 3 32m 2 . 5 x l 0 ~ 3 

F 7. 5m l . l x l O " 2 14m 5 . 7 x l 0 ~ 3 

N o t e s : S t a n d a r d d e v i a t i o n s 
Warner , 1980. 

are from T u r n e r , 1969 i n Wark : and 

The r e s u l t s a re p l o t t e d i n F i g u r e 4 . 8 . 
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T a b l e 4.C2 - Tacoma L a n d f i l l - Methane C o n c e n t r a t i o n s i n L a n d f i l l 
Gas Probes 

Methane C o n c e n t r a t i o n i n % 
Probe No. Depths of W e l l s 

1.8m 6. lm 12.2m 18.3m 

1 0 0 0 0 
2 0 0 0 0 
3 0 0 0 0 
4 0 0 0 0 
5 0 0 0 0 
6 0 0 0 55 
7 2 0 
8 2 20 55 0 
9 0 45 48 0 
10 0 0 0 0 
11 0 2 0 0 
12 0 15 5 2 
13 20 0 0 50 
14 20 50 55 55 
15 5 50 50 
16 15 58 7 35 
17 0 0 0 0 
18 0 0 0 0 
19 0 0 0 
26 0 0 0 
27 0 0 0 0 
28 0 0 0 
29 0 0 0 
30 0 0 0 
31 0 0 0 
32 35 38 0 
35 33 0 33 33 
36 53 53 20 45 
37 45 55 55 
38 45 50 55 45 
40 50 50 0 
41 5 35 0 0 
42 25 55 55 50 
44 18 25 0 5 
45 2 45 50 40 
46 20 30 
47 7 17 
49 50 40 45 0 
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T a b l e 4.C2 - Tacoma L a n d f i l l - Methane C o n c e n t r a t i o n s i n L a n d f i l l 
Gas Probes - C o n t i n u e d 

Methane C o n c e n t r a t i o n i n % 
Probe No. Depths o f W e l l s 

1.8m 6. lm 12. 2m 18.3m 

52 50 45 40 
53 0 57 55 50 
54 50 55 55 45 
55 38 45 52 0 
56 50 55 55 27 
57 55 60 60 60 
58 55 2 0 0 
59 27 60 60 63 
60 17 10 3 0 
60A 0 55 50 0 
61 15 45 8 3 
62 2 25 50 47 
65 0 15 32 38 
66 25 38 35 38 
67 0 3 0 2 
70 0 0 0 0 
71 0 0 
72 0 0 0 
73 0 0 0 0 
74 5 20 20 30 
75 0 0 0 0 
76 A50 B50 C55 D55 
77 10 55 55 45 

L - l 30 25 
L - 2 0 2 23 
CC-1 0 5 55 
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Appendix 4 .C2 - L a n d f i l l Gas E m i s s i o n Rate and C o n c e n t r a t i o n 

L a n d f i l l gas c o n c e n t r a t i o n s i n the l a n d f i l l a re d e t e r m i n e d w i t h 

the measured c o n c e n t r a t i o n s of methane and V O C ' s a t the f l a r e 

i n l e t (average of two, B l a c k and V e a t c h , 1987) : 

Gas i n L a n d f i l l 
C o n c e n t r a t i o n 
M i c r o g/m3 

Benzene 1,750 

E t h y l b e n z e n e 18,500 

T o l u e n e 100,000 

Methylene C h l o r i d e 40,000 

V i n y l C h l o r i d e 12,000 

1.1 D i c h l o r o e t h e n e 100 

1.2 - t r a n s - d i c h l o r o -
ethene 19,500 

methane ( i n gas probes 
see T a b l e 4 .C3) 10-50% 

For a p r e l i m i n a r y e s t i m a t e , the e m i s s i o n r a t e o f a l l l a n d f i l l gas 

components a t the l a n d f i l l s u r f a c e i s assumed to be p r o p o r t i o n a l 

to the maximum e m i s s i o n r a t e s measured a t the s i t e f o r t o t a l 
2 

hydrocarbons between 1.5 and 3,700 mg/min-m . 

U s i n g Young and P a r k e r ' s (1984) d i l u t i o n v a l u e o f 1:100 

l a n d f i l l to s u r f a c e d i l u t i o n r e s u l t s i n the gas c o n c e n t r a t i o n i n 

the lowest l a y e r of a i r above the l a n d f i l l . By assuming a 

windspeed of 3 m/s and a l a n d f i l l s u r f a c e l a y e r e m i s s i o n "box" of 

0.1m h e i g h t by lm w i d t h a c r o s s an average s t r i p of 413m l e n g t h 

( l a n d f i l l w i d t h ) , the t o t a l e m i s s i o n r a t e per m w i d t h i s 

c a l c u l a t e d b y : 



Mg = U m/s * 0.1m * lm * C or 0.3 m3 * C (g/m3) 

s 

Using methane at 0.5% as the indicator concentration, the t o t a l 

emission rate is estimated: 

Mm =0.3 m3/s * 3.26g/m3 = 0.98g/s-m width 

Calculated backwards, the unit surface emission rate i s estimated 
2 2 M = 0.98 g = 2.37 mg/s-m or 140 mg/min-m of methane 

413m 413ms 

This i s within the range of measured unit surface emission 
2 

rates in hot spots of (1.5 to 3,700 mg/min-m ) during gas 

extraction and f l a r i n g . Thus, since without gas extraction the 

surface emissions may have been s i g n i f i c a n t l y higher, the assumed 

emission rates are reasonable to assess the impacts p r i o r to as 

well as aft e r the i n s t a l l a t i o n of the extraction system. 

F i n a l l y , the mass balance of emitted methane at 140 mg/min-m 
2 

over the l a n d f i l l surface of 177 acres (716,850m ) i s equivalent 

to 100.4 kg/min. methane. This measured value compares with an 

estimated l a n d f i l l gas production of one to two cfm/per well per 

foot depth for one well per acre (Schumacher, 1983). Assuming an 

average depth of 10m (33 f e e t ) , the t o t a l l a n d f i l l gas production 

is therefore: 
M T„ = 177 wells * 33 feet depth * 2 cfm gas/foot depth 

L G 
3 

= 11,682 cfm, or 5.56 m /s of l a n d f i l l gas 

at 50% concentration, this equals 1.81 kg methane/s. 

or 108.8 kg methane per minute. 

The assumed surface emission rate i s therefore consistent 

with t o t a l gas production. 
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Appendix 4 .D - A i r Q u a l i t y Impact M o d e l l i n g f o r Salem I n c i n e r a t o r 

1. Wind Speed a t Stack H e i g h t o f 80m from Measured Wind 

Speeds a t 10m H e i g h t . 

The average wind speed a t the s t a c k h e i g h t o f 78.64m, or 

about 80 m e t r e s , can be e s t i m a t e d from the measured average wind 

speed o f 3 to 4 m/s a t 10 metres h e i g h t w i t h the r e l a t i o n s h i p 

(Wark and Warner ; 1980) to r e f l e c t the wind speed p r o f i l e : 

U = / — L ^ w i t h p = _ n i n a r u r a l s e t t i n g (4 .11) 
u i Uy 2-n 

and n = f u n c t i o n of the s t a b i l i t y 

f o r a moderate i n v e r s i o n 
n = 0.33 p = 0.2 

f o r a s t r o n g i n v e r s i o n 

n = 0.50 p = 0.33 

In the l o n g - t e r m , moderate i n v e r s i o n c o n d i t i o n s a re the 

most f r e q u e n t and c o n s i s t e n t s c e n a r i o : 
U80m = 3 , 0 m / s * ( ^ l 0 n ) ° * 2 = 4 - 5 m / s a t 8 0 m h e i g h t . (4 .12) 

A d i f f e r e n c e i n wind v e l o c i t y due to h e i g h t may reduce the 

e f f e c t i v e s o u r c e h e i g h t (see Appendix S e c t i o n 2 ) , but a l s o reduces 

the maximum ground l e v e l c o n c e n t r a t i o n s because of i n t e n s i f i e d 

eddy d i f f u s i o n . The magnitude of these p o t e n t i a l l y o f f s e t t i n g 

e f f e c t s i s checked by comparing the r e s u l t s f o r maximum 

c o n c e n t r a t i o n s at 3 m/s and 5 m/s wind s p e e d s : 

Wind Speed U ^m^ 3 5 

E f f e c t i v e h e i g h t H (m) 110m 98m 

Maximum C o n c e n t r a t i o n •> 
a t s t a b i l i t y c l a s s C 4.0x10 2 . 6 x l 0 ~ 
[mg/m3 per g / s e m i s s i o n ] 

R e l a t i v e C o n c e n t r a t i o n % 100 65 
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The d i f f e r e n c e of 35% i s s i g n i f i c a n t , y e t f o r the d i s p e r s i o n 

m o d e l , c o n s t a n t wind speed i s assumed (Wark and Warner , 1980) . In 

o r d e r to o b t a i n c o n s e r v a t i v e c o n c e n t r a t i o n e s t i m a t e s , a wind speed 

of 3 m/s i s s e l e c t e d as the base case f o r d i s p e r s i o n e s t i m a t e s . 

2. V i r t u a l S t a c k H e i g h t 

The complex form of the plume a f t e r e x i t i n g the s t a c k i s 

s i m u l a t e d by a v i r t u a l s o u r c e on the c e n t e r l i n e of the plume, 

b e h i n d the s t a c k so t h a t the plume becomes r o t a t i o n a l l y 

s y m m e t r i c a l around the c e n t e r l i n e a x i s through the v i r t u a l s o u r c e . 

The h e i g h t o f the v i r t u a l source i s e q u a l t o t h e s t a c k h e i g h t p l u s 

the r i s e of the plume. The plume r i s e i s caused by the momentum 

and the temperature buoyancy . 

H o l l a n d ' s f o r m u l a (Wark and Warner, 1980) was o r i g i n a l l y 

c h o s e n , because i t r e q u i r e s the l e a s t d a t a and g i v e s good 

e s t i m a t e s f o r t a l l s t a c k s : 

The data a re o b t a i n e d from the A i r D i s p e r s i o n r e p o r t f o r the Salem 

i n c i n e r a t o r ( S e t o n , O d e l l , Johnson 1984) : 

V = s t a c k gas e x i t v e l o c i t y = 19.02 m/s 

(4.13) 

s 
s t a c k e x i t d i a m e t e r combined = 1.72m 

u wind speed a t s t a c k h e i g h t = 3 m/s 

116 deg C 

Q heat e m i s s i o n r a t e = m C ( T - T ) 
s a h P 
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w i t h m = v * p = 44.42 m / s * 1,013 mb (4.14) 
4 RT 3 

s 1 ,102.4 mb m / k g 

m = 44.42 * 0.92 = 40.87 k g / s 

Q = 4 0 . 8 7 k g / s * 1.2 K J / k g - d e g C * (389-288) 
h 

= 4953.4 K J / s 

With t h i s heat e m i s s i o n r a t e , the plume r i s e w i t h H o l l a n d ' s 

f o r m u l a ( e q u a t i o n 4 .7) becomes 

at u=3 m / s : 2 
d e l t a - h = 32.71 m/s * 2.95 = 32.16m 

3 m/s 

at u=5 m/s 2 
d e l t a - h = 32.71 m/s * 2.95 = 19.30m 

However, two o t h e r plume r i s e c a l c u l a t i o n s r e v e a l 
d i f f e r e n t r e s u l t s : 

C a r s o n and Moses 

at 3 m / s : V * d 
d e l t a - h = -0 .029 _ s + 2.62 * f o l / u = 61.43m (4.15) 

u sJ h 

at 5 m / s : 

d e l t a - h = 36.89m 

Yet another method was d e v e l o p e d by Concawe: 

at u = 3 m / s : IQ 
d e l t a - h = 4.71 S h = 95.5m (4.16) 

( » A 0.694 
(u) 

at u = 5 m / s : 

d e l t a - h = 67.7m 

D i s c r e p a n c i e s i n t h i s o r d e r are not e x c e p t i o n a l (Wark and Warner , 

1980) . The c h o i c e of the method s h o u l d r e f l e c t worst case 

c o n d i t i o n s and can be v e r i f i e d by o n - s i t e o b s e r v a t i o n s . For these 

c a l c u l a t i o n s , the H o l l a n d model i s u s e d , but i n f u l l awareness of 
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the c o n s e r v a t i v e n a t u r e of t h i s a s s u m p t i o n . However, t a k i n g a 

p o s s i b l y h i g h e r wind v e l o c i t y i n t o account ( e . g . 5 m / s ) , the chosen 

heat r i s e of 30 m would be a r e a s o n a b l e compromise of a l l m o d e l s . 

The e f f e c t i v e h e i g h t i s the s t a c k h e i g h t p l u s the heat r i s e , 

or s t a c k h e i g h t of 79 m p l u s 30 m e q u a l s 109 m. T h i s h e i g h t i s 

then used to d e t e r m i n e maximum c o n c e n t r a t i o n s f o r normal 

c o n d i t i o n s w i t h A t o C s t a b i l i t i e s and f o r t r a p p i n g c o n d i t i o n s 

w i t h s t a b i l i t i e s o f D to F . 

3. E m i s s i o n D i s p e r s i o n 

Gaseous D i s p e r s i o n 

The G a u s s i a n d i s p e r s i o n model f o r an e l e v a t e d e m i s s i o n s o u r c e 

and g r o u n d l e v e l r e c e p t o r superimposes two c o n c e n t r a t i o n c u r v e s to 

r e p r e s e n t r e f l e c t e d c o n c e n t r a t i o n s a f t e r the plume impinges at 

g r o u n d l e v e l . The two c u r v e s have c e n t e r s a t H , the v i r t u a l 

h e i g h t , and - H , f o r the r e f l e c t e d c o n c e n t r a t i o n . F o r g r o u n d l e v e l , 

c e n t e r l i n e c o n c e n t r a t i o n s (y=0, z=0), the f o r m u l a s i m p l i f i e s t o 

the f o l l o w i n g (Wark and Warner, 1980) : 

a 
c(x,o,o) = —z 3 — - — — e 1^ U gy l l ^ V (4-17) 

Q = e m i s s i o n r a t e 

u = wind v e l o c i t y 

H = v i r t u a l h e i g h t 

(s> x , y , z - s t a n d a r d d e v i a t i o n s as f u n c t i o n s of x , y , z 

For t r a p p i n g c o n d i t i o n s , the i n v e r s i o n l a y e r a c t s as a l i d which 

l i m i t s the r i s e of the upper plume b o u n d a r y . A t d i s t a n c e x L the 

upper plume edge i s r e f l e c t e d downward u n t i l , a t d i s t a n c e 2 x L , 
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complete m i x i n g between the i n v e r s i o n l a y e r and the ground has 

taken p l a c e . Up to x L , the s t a n d a r d d i s p e r s i o n c o n c e n t r a t i o n i s 

a p p l i c a b l e . Beyond 2x^, the c o n c e n t r a t i o n becomes s i m p l y a 

f u n c t i o n of y : 

C ( x , y , 0 ) = 
a 

2. (4.18) rz<F &y L U 
Between x L and 2x^, a s t r a i g h t l i n e p l o t between the r e s p e c t i v e 

c o n c e n t r a t i o n s i n a l o g - l o g p l o t of c o n c e n t r a t i o n v e r s u s d i s t a n c e 

i s a sugges ted a p p r o x i m a t i o n ( T u r n e r , 1969) . 

The r e s u l t s a re shown i n the l o g - l o g graph o f c o n c e n t r a t i o n s per 

u n i t e m i s s i o n mass p e r t ime and d i s t a n c e (see C h a p t e r 4 ) . 

P a r t i c u l a t e D i s p e r s i o n 

The p a r t i c u l a t e d i s p e r s i o n e q u a t i o n i s m o d i f i e d to r e f l e c t the 

s e t t l i n g v e l o c i t y of p a r t i c l e s . The g r o u n d l e v e l , c e n t e r l i n e 

c o n c e n t r a t i o n f o r m u l a i n c l u d e s a term f o r the s e t t l i n g m o t i o n : 

C ( x , 0 , 0 , H ) = ex (4.19) 

Qp = p a r t i c u l a t e e m i s s i o n r a t e i s g / s e c 

V = t e r m i n a l s e t t l i n g v e l o c i t y of a p a r t i c l e s i z e 

D e p o s i t i o n i s t h e r e f o r e g i v e n by the c o n c e n t r a t i o n t imes the 

s e t t l i n g v e l o c i t y V f c : 

W = (4.20) 

In o r d e r to f i n d the t o t a l d e p o s i t i o n r a t e , the s e t t l i n g v e l o c i t y 

i s w e i g h t e d by the mass f r a c t i o n s i n f o u r p a r t i c l e s i z e ranges of 

the p a r t i c l e s i z e d i s t r i b u t i o n (Hahn et a l . , 1987) and s e t t l i n g 

v e l o c i t y c u r v e s f o r p a r t i c l e s (Wark and Warner , 1980) : 
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35% at an average diameter of 1.0 m i c r o n s and V f c = 0.014 cm/s 

39% a t an average diameter of 2.5 m i c r o n s and V f c = 0.09 cm/s 

18% at an average diameter of 9.0 m i c r o n s and V = 0.25 cm/s 

8% at an average diameter of 14.0 m i c r o n s and V f c = 0.6 cm/s 

T h i s d i s t r i b u t i o n r e s u l t s i n a weighted average s e t t l i n g v e l o c i t y 

V f c of 0.13 c m / s . 

T h i s v a l u e i s a p p l i e d i n the p a r t i c u l a t e d i s p e r s i o n model to 

d e t e r m i n e p a r t i c u l a t e c o n c e n t r a t i o n s and d e p o s i t i o n r a t e s . 

4. H e a l t h R i s k s from I n c i n e r a t o r E m i s s i o n s - S e n s i t i v i t y A n a l y s i s 

R e s u l t i n g h e a l t h r i s k s are c a l c u l a t e d f o r v a r i o u s s c e n a r i o s 

i n T a b l e 4 .22 , ( i n t e x t ) : 

Base case - wind speed u = 3 m/s 

l o n g - t e r m average c o n c e n t r a t i o n = l h average 

no VOC e m i s s i o n s 

Wind-Speed wind speed u = 5 m/s 

l o n g term average c o n c e n t r a t i o n = l h average 

no VOC e m i s s i o n s 

Long term wind speed u = 3 m/s 

l o n g term a v e r a g e s : 1. e q u a l s 3h average a t 
0.9 * l h average 
e q u a l s 8h average a t 
0.75 * l h average 
e q u a l s 24h average a t 
0.4 * l h average 

2. 

3. 

no VOC e m i s s i o n s 

VOC E m i s s i o n s p r e s e n t : 

- wind speed u = 3 m/s 

- l o n g term average c o n c e n t r a t i o n = 1 h average 
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- VOC e m i s s i o n s p r o r a t e d from T o r o n t o t e s t s 

The c o n c e n t r a t i o n s of PCB and benzo (a) p y r e n e s are 

d e t e r m i n e d by p r o r a t i n g the c o n c e n t r a t i o n r a t i o s o f PCB p l u s 

c h l o r o b e n z e n e s (CB) p l u s c h l o r o p h e n o l s (CP) f rom T o r o n t o to the 

Salem c o n c e n t r a t i o n s . 

D e r i v a t i o n of P o s s i b l e V o l a t i l e O r g a n i c Compound C o n c e n t r a t i o n s i n 
I n c i n e r a t o r E m i s s i o n s 

E m i s s i o n C o n c e n t r a t i o n s ( O z v a c i c et a l . , 1985) 

T o r o n t o - I n c i n e r a t o r Average o f 3 T e s t s 

Refuse 
n g / g % 

E m i s s i o n 
C o n c e n t r a t . 
ug/Nm3 
9.55 

Emiss i o n 
F a c t o r s 
mg/tonne % 
r e f u s e PCB + CB + CP 

PCB 
CB 
CP 

611 
39 

355 

61% 
4% 

35% 

1 
35 
83 

1% 
29% 
70% 

SWARU 

PCB + CB + CP 30.0 

PCB 
CB 
CP 

116 18% 
8 1% 

529 81% 

18.3 7% 
181.3 71% 

56.0 22% 
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I n c i n e r a t o r E m i s s i o n F a c t o r ( P e t e r s o n , 1987) 

C P ' s 25 ug/MJ at 8,000 M J / t o n n e = 200 mg/tonne 

C B ' s 10 ug/MJ at 8,000 M J / t o n n e = 80 mg/tonne 

A p p r o x i m a t i o n of P o s s i b l e VOC E m i s s i o n s 

Approximate E m i s s i o n C o n c e n t r a t i o n Rate 
P e r c e n t a g e s Rate per microgram/Nm.3 g / s 

energy u n i t 

PCB 20% 5-10 mg/MJ 7.5-15 2 . 5 - 5 . 0 x l 0 ~ 4 

CP 60% 10-25mg/MJ 19-39 6 . 3 x l 0 ~ 4 

to 1.3x10 

CB 20% 5-10Mg/MJ 7.5-15 2 . 5 - 5 . 0 x l 0 ~ 4 

T o t a l CP + CB + PCB 34-69 
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Appendix 4 . E - Water Q u a l i t y Impacts - Groundwater Contaminant 

T r a n s p o r t M o d e l l i n g 

The b a s i c t r a n s p o r t model c o n s i s t s of the a n a l y t i c a l s o l u t i o n to 

the boundary v a l u e problem i n a one d i m e n s i o n a l f l o w f i e l d w i t h a 

l i n e a r source a c r o s s a f l o w f i e l d w i t h p a r a l l e l f l o w l i n e s . The 

s o l u t i o n i s the r a t i o of the c o n c e n t r a t i o n a t d i s t a n c e x from the 

source a t t ime t , g i v e n f l o w v e l o c i t y V (V f o r r e t a r d e d f l o w ) , 

d i s p e r s i v i t y a l p h a s = 0.1 to 100 m f o r the s t r a t a , and d i f f u s i o n 

c o e f f i c i e n t f o r the contaminant i n water D. The r e s u l t i n g 

a n a l y t i c a l s o l u t i o n t a k e s the form of ( F r e e z e and C h e r r y , 1979) : 

C ( x , t ) 
= 1 

Co 2 
e r f c x - V . t - , + exp V.x . e r f c / x +Vt 

2JD^TT" D * fcjrrjF 
>> 

= o ' i f x >>200 
D * 

(4 .21) 

The model can accomodate contaminant decay and r e t a r d a t i o n i n the 

s o i l due to i o n exchange, a b s o r p t i o n , v o l a t i l i z a t i o n , b i o l o g i c a l 

d e c a y , o x i d a t i o n e t c . V o l a t i l i z a t i o n i s the most s i g n i f i c a n t 

r e t a r d a t i o n mechanism f o r most v o l a t i l e o r g a n i c s f rom s o l u t i o n 

(USEPA, 1979 and C a l l a h a n , 1979) , but i n a deep a q u i f e r , the pore 

spaces may become s a t u r a t e d . C o n v e c t i v e t r a n s p o r t o f the gas 

phase i s u n l i k e l y because bouyancy f o r c e s and t e m p e r a t u r e 

g r a d i e n t s are s m a l l . F o r the c o n s e r v a t i v e t r a n s p o r t m o d e l , 

v o l a t i l i z a t i o n i s not c o n s i d e r e d a major removal mechanism f o r 

d i s s o l v e d o r g a n i c s i n a deep a q u i f e r . S o r p t i o n , however, may be a 

r e t a r d a t i o n f a c t o r , depending on the o r g a n i c c o n t e n t of the s o i l . 

The range of s o i l o r g a n i c c o n t e n t s i s r e p o r t e d between 0.02 f o r 

s u b s u r f a c e and 0.7% f o r t y p i c a l s u r f a c e s o i l s i n USEPA (1987) . 
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T i l l s may c o n t a i n such o r g a n i c m a t t e r . T h e r e f o r e , s o r p t i o n 

r e t a r d a t i o n i s i n c l u d e d i n the model f o r 0.1% and 1% o r g a n i c 

c o n t e n t i n the s o i l , w h i l e i o n exchange, o x i d a t i o n and b i o l o g i c a l 

decay are o m i t t e d , because they are not l i k e l y removal p r o c e s s e s 

f o r v o l a t i l e o r g a n i c s i n groundwater . 

R e t a r d a t i o n due to s o r p t i o n i s m o d e l l e d as a r e d u c t i o n i n 

contaminant v e l o c i t y by the f o l l o w i n g f o r m u l a ( F r e e z e a and C h e r r y , 

1980) : 

V rho 
_ = 1 + b k = R r e t a r d a t i o n f a c t o r due to (4.22) 
V n d s s o r p t i o n 

c 

The p a r t i t i o n i n g c o e f f i c i e n t k^ i s taken as t h e o c t o n o l -

carbon p a r t i t i o n i n g f a c t o r K * f ^ 3 oc c 

The r e s u l t i n g contaminant t r a n s p o r t v e l o c i t y V i s _ 
c R 

the r e t a r d e d v e l o c i t y . T h i s v e l o c i t y i n p l u g g e d i n t o the 

a n a l y t i c a l s o l u t i o n . 
V e r t i c a l Contaminant T r a n s p o r t from the L a n d f i l l to the 
Groundwater T a b l e . 

In o r d e r to e s t i m a t e the range of t r a n s p o r t t imes t h r o u g h 

m u l t i p l e l a y e r s of s t r a t a w i t h d i f f e r e n t c o n d u c t i v i t y v a l u e s , a 

h y d r a u l i c a l l y e q u i v a l e n t , homogenous, a n i s o t r o p i c l a y e r i s 

c a l c u l a t e d ( F r e e z e and C h e r r y , 1980) : 

d ( t o t a l ) 
Kz = d i = t h i c k n e s s o f l a y e r i (4 .23) 

^ K i d i K i = c o n d u c t i v i t y of l a y e r i 

w i t h l a y e r s : t h i c k n e s s c o n d u c t i v i t y 

1 . Vashon t i l l 3.6 m 1 X I O ' 8 m/s 

2. Vashon Outwash 7.8 m 5 X I O " 5 m/s 

3. C a l v o s Sand 7.8 m 5 X I O ' 4 m/s 
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maximum c o n d u c t i v i t y w i t h complete t i l l l a y e r : 
19.2 m 

Kz max. = = 5.33 * 10 m/s f o r complete 
3.6 * 10 m/s t i l l l a y e r 

minimum c o n d u c t i v i t y w i t h o u t t i l l l a y e r , but assuming same 
o v e r a l l t h i c k n e s s : 

19.2 m 
Kz m i n . = = 7.88 * 10 m/s f o r no t i l l 

2.43 * 1 0 " 3 m/s 

For h y d r a u l i c heads o f u n i t y f o r v e r t i c a l downward movement, 

— 8 
d i s c h a r g e s q range between 5.33 * 10 m/s w i t h a complete t i l l 

_5 

l a y e r , to 7.88 * 10 m/s w i t h o u t the t i l l l a y e r . 

I t f o l l o w s from the f o r m u l a f o r f l o w v e l o c i t i e s (v = q / n ) , 

t h a t w i t h p o r o s i t i e s n between 0.2 and 0 .4 , the r e s u l t i n g 
-7 -4 v e l o c i t i e s range between 1.33 * 10 and 3.94 * 10 m/s f o r the 

r e s p e c t i v e c o n f i g u r a t i o n s w i t h and w i t h o u t the t i l l l a y e r (see 

T a b l e 4.24 i n t e x t ) . 

Mass F l u x of V i n y l C h l o r i d e i n Groundwater 

In o r d e r to check the p l a u s i b i l i t y of l a n d f i l l l e a c h a t e 

c o n t a m i n a t i o n of downgradient w e l l s , the amount r e q u i r e d to 

contaminate groundwater a q u i f e r and the amount d i s c h a r g e d a c r o s s 

the l a n d f i l l boundary per day are d e t e r m i n e d and compared: 

A . Mass r e q u i r e d to contaminate a q u i f e r v o l u m e : 

3 

. Assume a volume of 10m i n the l a n d f i l l s a t u r a t e d w i t h w a t e r , 

and l e a c h a t e s a t u r a t e d w i t h w i n y l c h l o r i d e : 

10 m 3 (say) 0.5 p o r o s i t y = 5,0001 

at 2,670 mg/1 e q u a l s 13.35 kg v i n y l c h l o r i d e 
2 

. Assume a lm column from bottom of l a n d f i l l to groundwater 

t a b l e w i t h r e s i d u a l s a t u r a t i o n of (say) 20%, s a t u r a t e d w i t h 
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v i n y l c h l o r i d e : 
2 

lm * 20m d e p t h a t n = 0.3 and 20% r e s i d u a l 

e q u a l s 1,2001 a t 2,670 mg/1 e q u a l s 3.204 kg 

. Assume the e n t i r e a q u i f e r ( o l d e r g r a v e l ) depth i s 

c o n t a m i n a t e d w i t h h i g h e s t o b s e r v e d c o n c e n t r a t i o n (80 ug/1) of 

v i n y l c h l o r i d e over d i s t a n c e from the l a n d f i l l c e n t e r l i n e to 

lm b e f o r e the t a i n t e d w e l l s , say over 1,000m: f o r a s t r i p of 

a q u i f e r lm w i d t h , 15.24m deep, 1,000m l o n g , and w i t h a 

p o r o s i t y of n = 0 . 3 , the volume i s g i v e n : 

lm * 15.24m * 1,000m * 0.3 = 4 ,575m 3 

or 4.575 * 1 0 6 1 a t 80 ug/1 = 366 g / m - w i d t h of a q u i f e r . 

B . F l u x 

. A q u i f e r d i s c h a r g e at l a n d f i l l boundary 

q = V * n = 0.61 m/day *0 .3 = 0.18m/day w i t h o u t r e t a r d a t i o n 
2 

over e n t i r e c r o s s s e c t i o n of a q u i f e r 15.24m 

15 .24m 2 * 0.18m/day = 2 .79m 3 /day = 2,790 1 /day 

at 80 u g / 1 = 223.1mg/day - m w i d t h v i n y l c h l o r i d e 

maximum f l u x : 223.1 mg/day v i n y l c h l o r i d e 

a t 2,670 mg/1 c o n c e n t r a t i o n i n l e a c h a t e , o n l y 0.08 1 o f 

l e a c h a t e i s r e q u i r e d . 

. A r e a r e q u i r e d f o r v e r t i c a l l e a c h a t e d i s c h a r g e to groundwater 

T a b l e : 

Assume no t i l l l a y e r , then v e r t i c a l v e l o c i t y e q u a l s 7.88 * 

1 0 - 5 m / s 

-5 

10 m/s and p o r o s i t y n = 0 . 3 , then d i s c h a r g e i s : 

g = 7.88 * 1 0 " 5 m/s * 0.3 = 2.36 * 10~ 5 m/s 

T h e r e f o r e to get about 0.1 1/day l e a c h a t e d i s c h a r g e , r e q u i r e s 
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an a r e a o f 

0.1 1 /day * 2,039 1/day = 5 * 10~ 5 m 2 . 

T h u s , i t i s d e f i n i t e l y p o s s i b l e t h a t s m a l l l e a c h a t e d i s c h a r g e s to 

the a q u i f e r can c o n t a m i n a t e the a q u i f e r to the o b s e r v e d l e v e l s . 
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Appendix 4 . F - H e a l t h R i s k Assessment Methodology 

The method f o r d e t e r m i n g h e a l t h r i s k s f o l l o w s the USEPA 

(1986) S u p e r f u n d P u b l i c H e a l t h Assessment Manual w i t h minor 

adjustments f o r exposure d u r a t i o n . 

The method r e q u i r e s d a t a of maximum and l o n g - t e r m p o l l u t a n t 
3 

c o n c e n t r a t i o n s ( i n mg/m or mg/1) a t exposure l o c a t i o n s f o r a i r 

and w a t e r . These c o n c e n t r a t i o n s are c o n v e r t e d to S u b - c h r o n i c and 

C h r o n i c D a i l y I n t a k e s (SDI , C D I , i n mg/kg-body weight ) through 
3 

average uptake r a t e s of 20 m / d a y f o r a i r i n h a l a t i o n and 2 1 /day 
water consumption f o r an average bodyweight of 70 k g , or 0.29 

3 

m / k g - bodyweight of a i r and 0.029 1 /kg - bodyweight of w a t e r . 

H e r e , exposure t ime r a t i o s are p l u g g e d i n t o the a n a l y s i s to 

reduce d a i l y uptake r e s u l t s . For example, p r e v a i l i n g winds at the 

i n c i n e r a t o r s i t e l a s t 10 months of a y e a r , hence the exposure 

f a c t o r i s 10/12 = 0.83 which l i n e a r l y reduces the average d a i l y 

uptake over the y e a r . 

F i n a l l y , c a r c i n o g e n i c r i s k s and n o n - c a r c i n o g e n i c r i s k s a re 

e s t i m a t e d s e p a r a t e l y . C a r c i n o g e n i c r i s k s a re d e t e r m i n e d by 

m u l t i p l y i n g C D I ' s ( i n mg/kg) w i t h r e s p e c t i v e p o t e n c y f a c t o r s 

(kg/mg) and ( f o r low r i s k s ) summing a l l r i s k s . T h i s l i n e a r 

c o m b i n a t i o n d i s r e g a r d s a l l p o s s i b l e a n t a g o n i s t i c or s y n e r g i s t i c 

e f f e c t s v a r i o u s c a r c i n o n g e n s may have . N o n - c a r c i n o g e n i c compounds 

are s e p a r a t e d and t h e i r s u b - c h r o n i c and c h r o n i c c o n c e n t r a t i o n s a re 

d i v i d e d by e s t a b l i s h e d a c c e p t a b l e i n t a k e s (AIS and AIC) l e v e l s . 

The r e s u l t i n g q u o t i e n t s are summed s e p a r a t e l y . I f e i t h e r t o t a l 

exceeds u n i t y , then a n o n - c a r c i n o g e n i c h e a l t h r i s k i s assumed 

p r e s e n t . 



Questionnaire 
Your Neighborhood and m s F a c i l i t i e s 

lour Neighborhood 

In yeneral, do you favor or oppose more r e s i d e n t i a l development 
in your neighborhood? 

I am (please mark one) 
t o t a l l y somewhat i n d i f f e r e n t somewhat t o t a l l y 
opposed opposed i n favor i n favor 

o v e r a l l , what i s your attitude towards your neighborhood? 

Please mark one of the points below: 

When did you move into your neighborhood? 

Month Year 

klease l i s t the name of your neighborhood and your street 
name and number (to the closest hundred): 

Neighborhood 

Street 

Number (to the closest hundred) 

> 
•a 

5a. What did you p a r t i c u l a r l y l i k e about this neighborhood (D 
that made you decide to move here? 5 

Oi 

X 

— — • • on 
> 

bb. Has anything changed since you moved i n to make you l i k e Sj CU O 
l i v i n g here better? pi 3 O 

CO D J 3 
rf § 
( D O C 
*0 3 

C O H -
H " 0 rr 
cn in 

6a. When you moved in to your present neighborhood, what *r\ rt-" / " i 
did you p a r t i c u l a r l y d i s l i k e about the neighborhood you jj| 2 
l i v e i n now? £ g ^ . 

M 3 3 
H. 

oj > O 
£1) Q 3 
O rt-
H - H - cn 
M O C 
K - 3 n 

6b. Has anything changed since you moved i n to make you more rt" <3 
d i s l i k e l i v i n g here ? H - H » (D 

It 3 ^ 
CO 

50 
CD 
CO I <v 
o to 
3 CD 

7a. How does your present neighborhood compare to the l a s t one „ 
you l i v e d in? (please mark one) ^ 

(D 
much s l i g h t l y about s l i g h t l y much rt- ^ 
better better same worse worse Q u) > 

r+ 
7b. How does your neighborhood compare with other neighborhoods rf 

i n your area? (please mark one) (-•• 
<+ 

much s l i g h t l y about s l i g h t l y much C 
better better same worse worse Cb 

CD 
CO On 

CM 
VO 



B. How do you r a t e y o u r n e i g h b o r h o o d i n ' t e r m s o f t h e items 
i n t he l i s t below'/ 

Nuisances 

n o i s e 

odors 

v i s u a l i m p r e s s i o n 

l i t t e r 

t r a t f i c 

s c a v e n g i n g a n i m a l s 

H e a l t h Hazards 

a i r c o n t a m i n a t i o n 1 

water c o n t a m i n a t i o n 1 

r i s k s o f i n d u s t r i a l a c c i d e n t s , 1 
e x p l o s i o n s , t i r e s , e t c . 

G e n e r a l E n v i r o n m e n t a l Q u a l i t y 

a i r q u a l i t y 1 

water q u a l i t y 1 

w i l d l i f e h a b i t a t s 1 

a v a i l a b i l i t y o f l a n d 
and n a t u r a l r e s o u r c e s 1 

Economic F a c t o r s 

p r o p e r t y v a l u e s 

development p o t e n t i a l 

employment 

taxes 

o t h e r 

[ c o n t i n u e } (question b . i 

How do you r a t e y o u r n e i g h b o r h o o d i n terms o f t h e items 
i n t h e l i s t below? 

Community R e p u t a t i o n 

community image 

c o n t r o l o v e r development 

c o n f i d e n c e i n t h e l o c a l 
government 

f a i r t r e a t m e n t o f r e s i d e n t s 

i n f o r m a t i o n a b o u t development 
i n the n e i g h b o r h o o d 

q u a l i t y o f m u n i c i p a l s e r v i c e s 

l o c a t i o n r e l a t i v e t o j o b , 
shopping, downtown, s c h o o l s , 

o t h e r ( l i s t ) 

I I . Your Home and Hou s e h o l d 

9. P l e a s e mark the t y p e o f home you l i v e i n . 

s i n g l e f a m i l y house townhouse 

duplex condominium 

apartment t r a i l e r 

o t h e r ( p l e a s e f i l l i n ) 

lid. Do you own o r r e n t y o u r home? 

own r e n t 

11. Do any c h i l d r e n (under IB) l i v e i n you r h o u s e h o l d ? 

yes 

no 
tn 
O 



12a. How many times per week do you get to read the paper, l i s t e n 
to the news on the radio or watch the news on IV? 

read paper times per week 

watch news on 'jV timeB per week 
b- Which local newspaper(s) do you read regularly ? 

c. Which IV channel!s) do you watch the news on7 

Please f i l l i n the channel, s t a t i o n l e t t e r s , or the newscaster's 

name: 

13a. What business or profession do you usually work in or have you 
usually worked in? 

b. What i s the t i t l e of your job? 

c. What was the name and type of the school, and the last year 
you attended? (including trade school, vocational school, etc.) 
School , th year 

What i s the most recent degree or diploma you received? 

d. Which range best represents your household's t o t a l yearly income 
from a l l sources for last year (before taxes and deductions)? 
Please include a l l sources of income and everyone i n the 
household that works in your estimate. 

a. up to $9,999 
b. $ 10,000 to $ 14,999 
c. S 15,000 to $ 19,999 
d. 5 20,000 to $ 29.999 
e. 5 30,000 to $ 49,999 
f. over 5 50,000 

3 

111. f a c i l i t i e s i n Your Neighborhood 

This section asks questions about your opinion about the 
industries and municipal f a c i l i t i e s needed to support the 
residents in large urban areas. 

14. Are any of the six f a c i l i t i e s ( l i s t e d below) or any other municipal, 
i n d u s t r i a l or government f a c i l i t i e s (including highways and major 
roads, railway l i n e s , a i r p o r t s , plants, etc.) located in your 
neighborhood or close to where you l i v e ? 

Please mark any that are located close to you and estimate 
the s t r a i g h t l i n e distance from your home: 

no yes If yes, how far from 
your home? 

a gravel p i t miles 

a garbage f i l l miles 

an e l e c t r i c a l 
power plant miles 
a garbage burner miles 
(incinerator) 
a chemical plant miles 
a hazardous waste 
disposal f a c i l i t y miles 

Please l i s t any other f a c i l i t i e s that are located in your 
neighborhood or close to you: 

f a c i l i t y distance 
(please mark units) 

_____________________ miles 

_____________________ miles 

miles 



15. How f a m i l i a r a r e you w i t h '.he s i x l i s t e d f a c i l i t i e s and w i t h 
o t h e r f a c i l i t i e s t h a t may be l o c a t e d c l o s e t o you? 

P l e a s e r a t e your f a m i l i a r i t y on a s c a l e o f t o t a l l y f a m i l i a r 
(7) t o t o t a l l y u n f a m i l i a r (1) t o r each t y p e o f f a c i l i t y on 
the l i s t ana f o r any f a c i l i t y you may have l i s t e d i n the 
l a s t q u e s t i o n . 

a g r a v e l p i t where g r a v e l 

i s dug up 1 2 3 4 5 6 7 

a garbage f i l l where 
garbage i s f i l l e d and c o v e r e d 1 2 J 4 5 b 7 
an e l e c t r i c a l power p l a n t 
t h a t burns o i l t o g e n e r a t e 

e l e c t r i c i t y 1 2 3 4 5 6 7 

a garbage b u r n e r t h a t burns 

garbage and p r o d u c e s energy 1 2 3 4 b 6 7 

a c h e m i c a l p l a n t t h a t 
produces p e s t i c i d e s 1 2 3 4 5 6 7 
a hazardous waste d i s p o s a l 
f a c i l i t y where c h e m i c a l wastes 
ar e t r e a t e d and b u r i e d 1 2 3 4 5 6 7 
P l e a s e l i s t and r a t e the f a c i l i t i e s c l o s e t o you ( from t h e l a s t 
q u e s t i o n 14): 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

4 

16. Assuming t h a t any one o f the f a c i l i t i e s l i s t e d below were 
to be b u i l t i n y o u r neighborhood; t h a t i s , w i t h i n 1 m i l e 
from where you l i v e . In each c a s e , the f a c i l i t y w i l l be 
l a r g e enough t o s e r v e t h e e n t i r e m e t r o p o l i t a n a r e a you 
you l i v e i n o r c l o s e t o . 

P l e a s e rank how d e s i r a b l e you c o n s i d e r each t y p e o f 
f a c i l i t y t o be i f i t were b u i l t i n y o u r n e i g h b o r h o o d 

Mark a "1" n e x t t o the most d e s i r a b l e f a c i l i t y and a "2" 
n e x t t o t h e n ext most d e s i r a b l e f a c i l i t y and so on u n t i l you 
have gone t h r o u g h the l i s t and a s s i g n e d t h e l e a s t d e s i r a b l e 
f a c i l i t y t h e h i g h e s t number. I f t h e r e a r e any f a c i l i t i e s c l o s e 
t o you b u t not on the l i s t , p l e a s e add them i n the empty 
spa c e s a t the end and rank them t o o : 

- a g r a v e l p i t 

- a g arbage f i l l 

- an e l e c t r i c a l power p l a n t 

- a g arbage b u r n e r 

- a c h e m i c a l p l a n t 

- a c h e m i c a l waste d i s p o s a l 
f a c i l i t y 

O t h e r f a c i l i t i e s c l o s e t o you: 

U l 



17a. A Garbage L a n d f i l l 

Please assume that a garbage l a n d f i l l to serve the entire 
metropolitan area were to be b u i l t within 1 mile from where 
you l i v e . 

What would annoy, bother or concern you about the garbage l a n d f i l l 
and how would you benefit by having the f a c i l i t y located i n your 
neighborhood? 

Concerns Benefits 

17b. A Garbage Burner 

Please assume that a garbage burner to serve the entire 
metropolitan area were to be b u i l t within 1 mile from where 
you l i v e . 

What would annoy, bother or concern you about the garbage burner 
and how would you benefit by having the f a c i l i t y located i n your 
neighborhood? 

Concerns Benefits 

17c. A Hazardous Waste Disposal F a c i l i t y 

Please assume that a hazardous waste f a c i l i t y to serve the ent i r e 
metropolitan area were to be b u i l t within 1 mile from where 
you l i v e . 

What would annoy, bother or concern you about the hazardous waste 
disposal f a c i l i t y and how would you benefit by having the f a c i l i t y 
located in your neighborhood? 

Concerns Benefits 

5 

18. Does any one of the f a c i l i t i e s close to you annoy, concern, 
or bother you i n p a r t i c u l a r ? 

Yes , i f yes please f i l l i n the name of the f a c i l i t y 
and proceed to the next question: 

Please consider t h i s one f a c i l i t y i n the next questions I 

No , i f no, please consider the one f a c i l i t y that i s 
highlighted i n orange on the l i s t of six below: 

- a gravel p i t where gravel i s dug up 

- a garbage f i l l where garbage i s f i l l e d and covered 

- an e l e c t r i c a l power plant that burns o i l to 
generate e l e c t r i c i t y 

- a garbage burner that burns garbage and produces 
energy 

a chemical plant that produces pesticides 

- a hazardous waste disposal f a c i l i t y where chemical 
wastes are treated and buried 

Please assume this f a c i l i t y were located in your neighborhood 
and consider t h i s one f a c i l i t y i n the next questions I _____ > 

LO 



19. Please f i l l i n the name of the f a c i l i t y you i d e n t i f i e d or were 
asked to consider i n the last question (question lb)t 

Please consider in d e t a i l the s p e c i f i c e f f e c t s of this one 
f a c i l i t y on your neighborhood. 

a. Does the f a c i l i t y cause nuisances i n the neighborhood ? 

noise 

odors 

unpleasant views 

l i t t e r 

t r a f f i c 

birds and animals 

^ V* 
9 $ 

y $ 

4 

4 

4 

4 

4 

4 

b. Loes the f a c i l i t y create any health hazards i n the neighborhood 

health Hazards due to 

ai r contamination 

water contamination 

risks of accidents, 
explosions, f i r e s , etc. 

c. Does the f a c i l i t y a f f e c t the general environmental q u a l i t y i n 
the neighborhood? 

General Environmental Quality 

a i r quality 0 1 2 3 4 5 6 7 

ground or surface 

water quality 0 1 2 3 4 5 6 7 

quality of 

w i l d l i f e habitats 0 1 2 3 4 5 6 7 

a v a i l a b i l i t y of land 
and natural resources 0 1 2 3 4 5 6 7 

d. Does the f a c i l i t y influence the economic factors in the neighborhood? 

Economic Factors i' -S" -c-* *-* d> **" 

property values 0 1 2 3 4 5 6 7 

development po t e n t i a l 0 1 2 3 4 5 6 7 

employment 0 1 2 3 4 5 6 7 

taxes 0 1 2 3 4 5 6 7 

e. Loes the f a c i l i t y a f f e c t these neighborhood issues? 

Neighborhood Issues 

neighborhood image 0 1 2 3 4 5 6 7 

local control over 

development 0 1 2 3 4 5 6 7 

confidence i n the l o c a l 

government 0 1 2 3 4 5 6 7 

f a i r treatment of residents 0 1 2 3 4 5 6 7 

confidence in the owner/ 
operator of the f a c i l i t y 0 1 2 3 4 5 6 7 
q u a l i t y of municipal services 0 1 2 3 4 5 6 7 
confidence i n the 
environmental protection 
agency 0 1 2 3 4 5 6 7 

other ( l i s t ) 

Ul 
—I 



Please transfer the nat.ie of the one f a c i l i t y you i d e n t i f i e d 
or were asked to consider i n question 18i 

Please consider the following statements about this one f a c i l i t y 
and indicate to what extent you disagree or agree with themi 

a. The fact that the f a c i l i t y i s located i n the neighborhood 
is f a i r . 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

b. The f a c i l i t y depresses the property values i n the neighborhood. 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

c. The f a c i l i t y operators are doing t h e i r best to 
protect the neighborhood from negative impacts. 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

d. The mere presence of the f a c i l i t y harms the image 
of the neighborhood regardless of the physical impacts. 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

e. The neighborhood needs the f a c i l i t y . 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

f. The environmental agency prevents any environmental damage, 
harm to human health and nuisances from occurring 
in our neighborhood. 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

7 
The f a c i l i t y i s a nuisance (noise, odors, unpleasant views, 
l i t t e r , t r a f f i c , etc.) for the neighborhood. 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

The best available technology i s being used at the f a c i l i t y 
to prevent any impacts on the neighborhood. 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

The f a c i l i t y constitutes a health hazard for the neighborhood. 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

The residents m the neighborhood are well informed 
about the f a c i l i t y and i t s operation. 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

The f a c i l i t y degrades the general environmental q u a l i t y 
(air q u a l i t y , ground or surface water quality, w i l d l i f e 
habitats, a v a i l a b i l i t y of land and natural resources) i n 
the neighborhood. 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

The f a c i l i t y generates s i g n i f i c a n t benefits (taxes, jobs, 
development potential) i n the neighborhood. 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

. The l o c a l government i s doing i t s best to protect 
the neighborhood. 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree 

The residents i n the neighborhood v o l u n t a r i l y accept 
the f a c i l i t y . 

1 2 3 4 5 
strongly not strongly 
disagree disagree sure agree agree Ln 

cn 



o. The f a c i l i t y g e n e r a l l y g e n e r a t e s p o l l u t i o n and waste 
i n the neighborhood. 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e s u r e a g r e e a g r e e 

p. The f a c i l i t y i s l o c a t e d i n the e n v i r o n m e n t a l l y b e s t 
a v a i l a b l e s i t e . 

1 2 3 
s t r o n g l y not 
d i s a g r e e d i s a g r e e s u r e agree 

s t r o n g l y 
agree 

q. The f a c i l i t y enhances the l e v e l o f m u n i c i p a l s e r v i c e s 
i n the neighborhood. 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e s u r e agree agree 

21. C o n s i d e r the s i t u a t i o n where each o f t h e f a c i l i t i e s l i s t e d below 
were t o be l o c a t e d near you, t h a t i s w i t h i n 1 m i l e o r 1.6 k i l o m e t r e s 
from where you l i v e . I n each c a s e , the f a c i l i t y w i l l be l a r g e 
enough t o serve the m e t r o p o l i t a n a r e a you l i v e i n . 

How d e s i r a b l e o r u n d e s i r a b l e a r e t h e s e f a c i l i t i e s t o you i f 
they a r e l o c a t e d i n your neighborhood ? 

V 6 

g r a v e l p i t +4 +3 +2 • 1 0 -1 -2 -3 -4 

garbage dump +4 + 3 +2 + 1 0 -1 -2 -3 -4 

garbage b u r n e r +4 +3 +2 + 1 0 -1 -2 -3 -4 

e l e c t r i c a l power p l a n t +4 +3 + 2 + 1 0 -1 -2 -3 -4 

c h e m i c a l p l a n t +4 + 3 + 2 + 1 0 -1 -2 -3 -4 

hazardous waste d i s p o s a l 
f a c i l i t y +4 +3 + 2 + 1 0 -1 -2 -3 -4 

P l e a s e l i s t o t h e r f a c i l i t i e s near you and r a t e them t o o : 

+4 + 3 +2 +1 0 -1 -2 -3 -4 

+4 + 3 + 2 +1 0 -1 -2 -3 -4 

b 

P l e a s e answer t h e q u e s t i o n s i n 
t h i s column o n l y i f you l i v e 
c l o s e t o t h e f a c i l i t y you 
i d e n t i f i e d i n Q u e s t i o n 18: 

I f you do not l i v e c l o s e 
t o a f a c i l i t y , s k i p f o r w a r d 
t o Q u e s t i o n 27 on t h e next 
page (page 9) > > 

22. Were you aware o f the f a c i l i t y when you d e c i d e d t o move i n ? 

Yes No Moved i n a f t e r t h e f a c i l i t y 

23. Has the f a c i l i t y a f f e c t e d you more o r l e s s t h a n you expected? 

much 
l e s s 

l e s s s l i g h t l y 
l e s s 

about as 
e x p e c t e d 

s I i g h t l y 
more 

much 
more 

24. Were you a b l e t o p u r c h a s e o r r e n t your home f o r l e s s because 
the f a c i l i t y was t h e r e ? 

yes 
15 - 20* 
l e s s 

yes 
10 - 15% 
l e s s 

yes 
5 - 10% 
l e s s 

no, 
no 
l e s s 

don' t 
know 

25. G i v e n what you know now about the f a c i l i t y and i t s o p e r a t i o n , 
would you buy o r r e n t y o u r home and move i n t o t h i s n eighborhood 
a g a i n i f you were f a c e d w i t h t h e d e c i s i o n now ? 

ye s , y e s , don't not d e f i n i t e l y 
f o r Bure p r o b a b a l y know l i k e l y not 

2ba.Did you c o n s i d e r o r t a k e a c t i o n t o oppose t h e f a c i l i t y 
i n y our neighborhood? 

Yes, 
I d i d 

I i n t e n d 
t o 

I c o n 
s i d e r e d 
i t 

D i d not 
c o n s i d e r 
t h i s o p t i o n 

Move o u t 

Take l e g a l a c t i o n 

C omplain 

G a t h e r i n f o r m a t i o n 

A t t e n d M e e t i n g s 

Ignore the f a c i l i t y 
and not l e t i t b o t h e r 
me 

Move o u t 

Take l e g a l a c t i o n 

C omplain 

G a t h e r i n f o r m a t i o n 

A t t e n d M e e t i n g s 

Ignore the f a c i l i t y 
and not l e t i t b o t h e r 
me 

Move o u t 

Take l e g a l a c t i o n 

C omplain 

G a t h e r i n f o r m a t i o n 

A t t e n d M e e t i n g s 

Ignore the f a c i l i t y 
and not l e t i t b o t h e r 
me 

Move o u t 

Take l e g a l a c t i o n 

C omplain 

G a t h e r i n f o r m a t i o n 

A t t e n d M e e t i n g s 

Ignore the f a c i l i t y 
and not l e t i t b o t h e r 
me 

Move o u t 

Take l e g a l a c t i o n 

C omplain 

G a t h e r i n f o r m a t i o n 

A t t e n d M e e t i n g s 

Ignore the f a c i l i t y 
and not l e t i t b o t h e r 
me 

Move o u t 

Take l e g a l a c t i o n 

C omplain 

G a t h e r i n f o r m a t i o n 

A t t e n d M e e t i n g s 

Ignore the f a c i l i t y 
and not l e t i t b o t h e r 
me 



2bb. I f you Cook any a c t i o n , p l e a s e d e s c r i b e b r i e f l y what you d i d 
and what r e s p o n s e o r r e s u l t s you o b t a i n e d ! 

> S k i p t o here i f t h e r e i s no f a c i l i t y c l o s e t o you 

The l a s t q u e s t i o n i s f o r a l l r e s p o n d e n t s : 

27. Assume t h a t the s i t u a t i o n i n y o u r n e i g h b o r h o o d becomes 
i n t o l e r a b l e because o f a f a c i l i t y ' s i m p a c t s . The o w n e r / o p e r a t o r 
o f f e r s to compensate you f o r any p r o p e r t y v a l u e l o s s e s you 
may e x p e r i e n c e by s e l l i n g y o u r house i f you d e c i d e t o move 
w i t h i n t h r e e months. 

Do you c o n s i d e r t h i s o f f e r t o be ( p l e a s e mark one)? 

c o m p l e t e l y a c c e p t a b l e somewhat v e r y 
f a i r u n f a i r u n f a i r 

Why? 

Thank you v e r y much f o r your time and e f f o r t . 

P l e a s e make comments about t h e q u e s t i o n n a i r e i t s e l f i n t h e s p a c e 
below: 

Was the q u e s t i o n n a i r e too long? t o o complex? Were t h e q u e s t i o n s 
i n t e r e s t i n g o r c h a l l e n g i n g ? 

I M P O R T A N T 

P l e a s e put the completed s u r v e y form i n t h e e n v e l o p e and d r o p 
i t i n the m a i l by Monday, F e b r u a r y 16, 1987. 

Thank you a g a i n f o r y o u r time and e f f o r t . Your o p i n i o n s o r e a 
v a l u a b l e c o n t r i b u t i o n t o the r e s e a r c h . 

9 
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Appendix 5.B1 - F a c i l i t y Impact C o d i n g L i s t f o r Open-Ended 
Survey Q u e s t i o n s about N e i g h b o r h o o d B e l i e f s 
and F a c i l i t y C o n c e r n s , and f o r Newspaper 
C o n t e n t A n a l y s i s 

Impact C o d i n g Impact C o d i n g 

N o i s e 01 L o c a t i o n / a c c e s s 40 
Odor 02 job 41 
Views 03 s h o p p i n g 42 
L i t t e r 04 s c h o o l s 43 
T r a f f i c 05 access to downtown 44 
A n i m a l s b i r d s 06 a c c e s s to highway 45 

r a t s 07 Neighborhood 50 
i n s e c t s 08 o l d / e s t a b l i s h e d 51 

G e n e r a l E n v i r o n m . Q u a l . 10 new 52 
a i r q u a l i t y 11 d e n s i t y / s p a c e / p r i v a c y 53 
water q u a l i t y 12 h o m e / h o u s e / d w e l l i n g 54 
l a n d / s o i l 13 n e i g h b o r s / r e l a t i v e s 55 
energy 14 c r ime 56 
r e s o u r c e s 14. 5 o t h e r h o u s e s / u p k e e p 57 
w i l d l i f e h a b i t a t s 15 l a n d - f a r m - z o n i n g 58 
H e a l t h / S a f e t y 16 New development 60 
a i r p o l l u t i o n 17 m u l t i f a m i l y / r e n t a l 61 
water p o l l u t i o n 18 shops 62 
a c c i d e n t s , e x p l o s i o n s 19 s c h o o l s 63 
Economic f a c t o r s 20 l a n d f i l l 64 
p r o p e r t y v a l u e s 21 i n c i n e r a t o r 65 
mortgage r a t e s 22 cannery 66 
development p o t e n t i a l 23 r a i l r o a d 67 
employment 24 g r a v e l p i t 68 
taxes 25 a i r b a s e 69 
d i s p o s a l c o s t s 26 q u a l i t y of m u n i c i p a l 
u t i l i t y r a t e s 27 s e r v i c e s 70 
revenues 28 roads 71 
Community image 30 need f o r waste d i s p o s a l 72 
r u r a l image 30. 5 b e t t e r method 73 
"garbage , waste" 31 c o n v e n i e n c e 74 

" i m p l i c i t 31. 1 p r e s s u r e on 
" p o l l u t i o n , c o n t a m i n . " 32 i n f r a s t r u c t u r e 75 

" i m p l i c i t 32. 1 need f o r r e s i d u a l d i s p . 76 
" r i s k , d i s e a s e " 33 g e n e r a l o p p o s i t i o n 80 

" i m p l i c i t 33. 1 would move 81 
waste r e d u c t i o n 34 j u s t knowing i t t h e r e 82 
r e s o u r c e r e c o v e r y 34. 5 b e n e f i t s 83 
T e c h n i c a l c o n t r o l 35 P o l i t i c a l impacts 90 
R e g u l a t i o n 35. 5 l o s s of c o n t r o l 91 
M i t i g a t i o n 36 c o n f i d e n c e owner 92 
M o n i t o r i n g 36. 5 c o n f i d e n c e l o c a l g o v t . 93 
C o m p e n s a t i o n - p r o p . v a l u e 37 c o n f i d e n c e e n v i r o n m . a g . 94 
C o m p e n s a t i o n - i n - k i n d 38 F a m i l i a r i t y i n f o r m a t i o n 95 
C o m p e n s a t i o n - o t h e r 39 unknown or u n c e r t a i n 96 

l o n g - t e r m 97 
u n f a i r 98 
t e c h n o l o g y or s i t e 99 
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Appendix 5 . C - Community O p i n i o n Survey 1 -

T a b l e s of D e t a i l e d S t a t i s t i c s R e s u l t s 

The f o l l o w i n g t a b l e s are numbered so as to c o r r e s p o n d w i t h 

t a b l e s i n C h a p t e r 5 . For example, T a b l e 5 .C5 i n the appendix 

s u p p o r t s T a b l e 5.5 i n Chapter 5. 
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T a b l e 5.C5 - Tacoma Host Community C h i - S q u a r e T e s t o f Demographics 
i n Survey Sample v e r s u s Impact B e l i e f s 

N=18-24 
Time Type Rent 
i n Nh of own 

home 
S i g n i f i c a n t Impact R a t i n g s 

N o i s e n . s . 

Odor n . s . 

View n . s . 

T r a f f i c n . s . 

A n i m a l s n . s . 

A i r P o l l . n . s . 

Water p o l . n . s . 

A c c i d e n t s n . s . 

A i r Q u a l . n . s . 

Water Q u a l . n . s . 

W i l d l i f e n . s . 

P r o p e r t y 
V a l u e s 

Image 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

s i g . 
SF>Apt. 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

S i g n i f i c a n t Impact Statements 
Nuisance n . s . n . s . n . s 

E n v i r o n . 
Change 

Image 

C o n t r o l 

F a i r n e s s 

Lack of 
Informat , 

Lack of 
Need 

n . s . 

n . s . 

n . s , 

n . s , 

n . s , 

n . s , 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

C h i l d r e n E d u c a t i o n Income 
i n home 

n . s . 

n . s . 

n . s . 

marg, 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

s i g . 
low> h i g h 
s i g . 
low> h i g h 
n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

s i g . 
med.> low 

m a r g . s i g . 
med.> low 

s i g . 

med>high 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

C h i - s q u a r e and F i s h e r E x a c t t e s t s s i g n i f i c a n t i f p<0.05 
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T a b l e 5 .C7 - Salem Host Community C h i - S q u a r e T e s t o f Demographics 
i n Survey Sample v e r s u s Impact B e l i e f s 

N-16-26 
Time Type Rent 
i n Nh of own 

home 
S i g n i f i c a n t Impact R a t i n g s 

View 

T r a f f i c 

A i r P o l l . 

A i r Q u a l . 

P r o p e r t y 
V a l u e s 

Image 

n . s 

n . s , 

n . s , 

n . s , 

n . s , 

n . s , 

n . s . 

n . s . 

n . s . 

s i g . 
SF>Apt. 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

C o n t r o l n . s . s i g . n . s . 

SF>other 

F a i r n e s s n . s . n . s . n . s . 

S i g n i f i c a n t Impact Statements 
N u i s a n c e 

H e a l t h 
R i s k s 

E n v i r o n . 
Change 

P r o p e r t y 
V a l u e s 

Image 

C o n t r o l 

F a i r n e s s 

Lack of 
Need 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

C h i l d r e n E d u c a t i o n 
i n home 

Income 

n . s . n . s . 

m a r g . s i g . n . s . 
n o n e > c h i l d r e n 

n . s . n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

s i g . 
low> h i g h 
n . s . 

n . s . 

n . s . 

s i g . 
med.> low 

m a r g . s i g . 
med.> low 

n . s . 

n . s , 

s i g . 

med>high 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

C h i - s q u a r e and F i s h e r E x a c t t e s t s s i g n i f i c a n t a t 95% 
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T a b l e 5 .C8a - Tacoma L a n d f i l l - Survey Sample Demographics 
v e r s u s P h y s i c a l Impacts 

View Odor N o i s e A i r Water A c c t . A i r Water W i l d -
P o l l . P o l l . R i s k Q u a l . Q u a l . l i f e 

Time i n 
Neigh 
borhood n . s . s i g s i g s i g n . s . n . s . s i g n . s . h . s i g 

<5> <5> <5> 

E d u c a t i o n n . s . n . s . n . s . n . s . n . s . n . s . n . s . n . s . n . s . 

Income n . s . n . s . n . s . n . s . n . s . n . s . n . s . n . s . n . s . 

Type of 
home n . s . h . s i g s i g h . s i g n . s . n . s . h . s i g s i g s i g 

apt apt apt apt apt sf>apt 
>sf >sf >sf >sf >sf 

Rent or 
own m . s . s i g s i g s i g n . s . n . s . s i g s i g s i g 

rent> rent> rent> rent> rent> rent> 
own own own own own own 

C h i l d r e n 
i n h o u s e 
h o l d n . s . n . s . n . s . n . s . n . s . n . s . n . s . n . s . n . s . 

C h i - s q u a r e and F i s h e r exac t t e s t s s i g n i f i c a n t i f p<0.05 
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T a b l e 5 .C8b - Salem I n c i n e r a t o r - Survey Sample Demographics 
v e r s u s P h y s i c a l Impacts 

N= 26-34 

Impacts 
View Odor N o i s e A i r Water A c c t . A i r Water W i l d -

P o l l . P o l l . R i s k Q u a l . Q u a l . l i f e 

Time i n 
Neigh 
borhood n . s . s i g n . s . n . s . n . s . n . s . n . s . n . s . n . s , 

over 5 y e a r s 
under 5 y e a r s 

E d u c a t i o n n . s . n . s . n . s . n . s . n . s . n . s . n . s . n . s . n . s . 

Income s i g . n . s . n . s . h . s i g . n . s . n . s . n . s . n . s . n . s . 
h i g h 
> low 

low> 
h i g h 

Type of 
home n . s . n . s . n . s . n . s . n . s . n . s . n . s . n . s . n . s . 

Rent or 
own n . s . n . s . n . s . n . s . n . s . n . s . s i g n . s . n . s . 

rent> 
own 

C h i l d r e n 
i n h o u s e 
h o l d n . s . n . s . n . s . m . s i g n . s . n . s . n . s . n . s . n . s . 

no 
c h i l d 
> c h i l d . 

C h i - s q u a r e and F i s h e r exac t t e s t s s i g n i f i c a n t a t 95% 
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T a b l e 5 . C l 6 a - C o n t e n t A n a l y s i s of Newspaper A r t i c l e s about 
L a n d f i l l Comparison of Media F r e q u e n c y w i t h 
S u r v e y e d Frequency 

M e n t i o n e d D i f f e r e n c e o f P r o p o r t i o n s to 
Frequency 
% of S a l i e n t B e l i e f B e l i e f 
a r t i c l e s B e l i e f s R a t i n g s Statem* 

N= 62 61 23 29 
N u i s a n c e s <sig 
- n o i s e - <sig <sig n . a . 
- o d o r — <sig <sig n . a . 
- v i e w — <sig <sig n . a . 
- l i t t e r - <sig <s ig n . a . 
- t r a f f i c - <sig <s ig n . a . 
- a n i m a l s - <sig <sig n . a . 
H e a l t h R i s k s <sig 
- a i r 55% >sig 55% n . a . 
-water 100% >sig >s ig n . a . 
- a c c i d e n t 100% >sig >s ig n . a . 

Environment Change : 14.5% 10% n . a . <sig 
- a i r q u a l i t y - <sig <sig n . a . 
-water q u a l i t y 36% <sig <s ig n . a . 
- w i l d l i f e h a b i t a t — <sig <sig n . a . 

Economic Impacts 
- p r o p e r t y v a l u e s 52% >sig 48% 41% 
-development - - <sig n . a . 
-employment - - - n . a . 
- t a x e s - - - n . a . 
- c o s t s 100% >sig >sig n . a . 
S o c i a l Impacts 
- image 100% >sig >s ig >s ig 

P o l i t i c a l Impacts 
- c o n t r o l 23% >sig <sig >s ig 
- f a i r n e s s - - - -
- c o n f i d e n c e 

-owner 73% >sig >s ig >s ig 
- l o c a l g o v ' t 100% >sig >s ig >s ig 
- e n v i r o n , agency 33% >sig 22% 24% 

- i n f o r m a t i o n 100% >sig >sig >sig 

B e n e f i t s 
- n e e d / s e r v i c e 27% 26% n . a . <sig 
- c o n v e n i e n c e - <sig n . a . n . a . 
- e n e r g y 13% >sig >s ig n . a . 
- b e t t e r method - - - — 
Not s i g n i f i c a n t l y 2 of 23 3 of 20 2 o 11 
d i f f e r e n t =8% = 15% = 18% 
Legend 
< s i g = b e l i e f f r e q u e n c y s i g n i f i c a n t l y l a r g e r than newspaper f r e q , 
>sig=newspaper f r e q u e n c y s i g n i f i c a n t l y l a r g e r than b e l i e f f r e q 
D i f f e r e n c e s s i g n i f i c a n t i f p<0.05 
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T a b l e 5 . C l 6 b - C o n t e n t A n a l y s i s of Newspaper A r t i c l e s about 
I n c i n e r a t o r Comparison of Media F r e q u e n c y w i t h 
S u r v e y e d Frequency 

Media 
Frequency 
% of 
a r t i c l e s 

161 

D i f f e r e n c e of P r o p o r t i o n s to 

N= 
N u i s a n c e s 
- n o i s e 
- o d o r 
- v i e w 9% 
- l i t t e r 
- t r a f f i c 11% 
- a n i m a l s 
H e a l t h R i s k s 
- a i r 37% 
-water 
- a c c i d e n t 

Environment Change 18% 
- a i r q u a l i t y 5% 
-water q u a l i t y 
- w i l d l i f e h a b i t a t 

S a l i e n t 
B e l i e f s 

57 

<sig 

<sig 

29% 

12% 
<sig 

B e l i e f 
R a t i n g s 

23 

<s ig 

<s ig 

<s ig 

B e l i e f 
Statements 

33 
<sig 
n . a . 
n . a . 
<sig 
n . a . 
n . a . 
n . a . 

24% 
n . a . 
n . a . 

n . a . 
<sig 
n . a . 
n . a . 

Economic Impacts 
- p r o p e r t y v a l u e s 1% 
-development 
- t a x e s 24% 
- c o s t s 66% 
S o c i a l Impacts 
- image-waste 48% 

- p o l l u t i o n 8% 
P o l i t i c a l Impacts 
- c o n t r o l 
- f a i r n e s s 21% 
- c o n f i d e n c e 

-owner 11% 
- l o c a l g o v ' t 58% 
- e n v i r o n , agency 10% 

- i n f o r m a t i o n 13% 

B e n e f i t s 
- n e e d / s e r v i c e 22% 
- c o n v e n i e n c e 
- e n e r g y 42% 
- b e t t e r method 16% 
- employment 10% 

<sig 

>sig 
>sig 

>sig 
<sig 

>sig 

>sig 
>sig 
>sig 
>sig 

>sig 
>sig 
>sig 

18% 
18% 

<sig 
<s ig 

>s ig 

56% 
<sig 

<sig 

<sig 
65% 

<sig 
<sig 

n . a . 
n . a . 
>s ig 
n . a . 
>s ig 

<sig 
n . a . 
n . a . 
n . a . 

49% 
<sig 

<s ig 

18% 
>sig 
<sig 
<sig 

<s ig 
<s ig 
n . a . 
n . a . 
n . a . 

Not s i g n i f i c a n t l y 4 of 17 2 o f 16 3 of 16 
d i f f e r e n t = 24% = 13% = 19% 
Legend 
< s i g = b e l i e f f r e q u e n c y s i g n i f i c a n t l y l a r g e r than newspaper f r e q , 
>sig=newspaper f r e q u e n c y s i g n i f i c a n t l y l a r g e r than b e l i e f f r e q , 
D i f f e r e n c e s s i g n i f i c a n t i f p<0.05 
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Table 5.C25a - Tacoma L a n d f i l l - Host Community Residential 
Real Estate Sales, 1983 - 1988 Multiple Regression 
Results 

Variables P a r t i a l 
C o r r e l . 
Coeff. 

P a r t i a l Signif 
F 

Assumptions 

Area 5 - University Place 
Dependant: Sales Price - R squared = 0 .74 
on 78.8 0 .0000 
Square feet 0.69 10.7 0 .0000 
Age -0.51 -6.8 0 .0000 
Basement -0.28 -3.3 0 .0011 
Quarter 
of Sale -0.21 -2.5 0 .0133 
Condition 0.21 2.5 0 .0153 

Dependant: Days on Market-R squared= 0 .07 
on 
Age -0.21 -2.5 0 .0139 
Year of Sale -0.2 -2.4 0 .0190 

Area 6 - F i r c r e s t 
Dependant: Sales Price - R squared = 0 .73 
on 98.9 0 .0000 
Square feet 0.74 14.5 0 .0000 
Age -0.28 -3.9 0 .0002 
Lot size 0.25 3.4 0 .0009 
Quarter of 
Sale 0.17 2.3 0 .0210 
Condition 0.17 2.3 0 .0214 

Dependant: Days on Market-R squared = =0 .067 

Square feet 0.14 1.8 0 .0734 
Quarter of 
Sale 0.20 2.8 0 .0063 
Year of Sale -0.19 -2.6 0 .0106 

Area 10 - Orchard 
Dependant: Sales Price -R squared=0.77 143. 
on 143.3 0 .0000 
Condition 0.67 16.5 0 .0000 
Square feet 0.40 8.1 0 .0000 
Age 0.30 -5.8 0 .0000 
Fireplace 0.37 7.4 0 .0000 
Bedrooms 0.32 6.3 0 .0000 
Risk 0.25 4.8 0 .0000 
Garage 0.15 2.8 0 .0047 
Air Quality 0.13 2.4 0 .02 

Normality good 
Const. Var. good 

f a i r 
" moderate 

" good 
" moderate 

Normality poor 

poor 
moderate 

Normality moderate 
Const. Var. poor 

" moderate 
" moderate 

moderate 
poor 

Normality poor 

Const. Var. f a i r 

f a i r 
f a i r 

3 Normality good 

Const. Var. f a i r 
good 
moderate 

moderate 

Dependant: Days on Market-R squared=0.015 
on 6.1 0.014 
L i s t date -0.13 -2.5 0.014 

N o r m a l i t y poor 

poor 
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T a b l e 5.C25b - Salem M u l t i p l e R e g r e s s i o n R e s u l t s 

V a r i a b l e s P a r t i a l 
C o r r e l . 
C o e f f . 

P a r t i a l S i g n i f 
F 

T e s t of 
A s s u m p t i o n s 

2 . Q . 1983 - l . Q . 1987 

Dependant : S a l e s P r i c e -
on 
Square f e e t 0.30 
Lot s i z e 0.37 
Bedrooms 0.23 

R squared = 0.44 
24.2 0.0000 

2.92 0.0045 
4.67 0.0000 
2.16 0.0338 

Dependant : Days on M a r k e t - R squared = 0.073 
on 
Garage - 0 . 2 7 -2 .62 0.0104 

l . Q . 1985 - l . Q . 1987 

Dependant : S a l e s P r i c e - R squared = 0.54 
on 15.16 0.0000 
Lot s i z e 0.70 4.57 0.0002 
Age - 0 . 4 2 -2 .19 0.0393 

Dependant : Days on M a r k e t - R squared=0.50 
on 7.0 0.0020 
P r i c e 0.55 2.98 0.0071 
Basement 0.50 - 2 . 6 7 0.0144 
Year of S a l e - 0 . 4 4 -2 .22 0.0375 

Dependant : 
on 
Square f e e t 
L o t s i z e 
Bedrooms 
L i s t date 

2 . Q . 1983 - 4 . Q . 1984 

S a l e s P r i c e - R squared=0.52 
17.2 0.0000 

0.39 3.2 0.0024 
0.40 3.3 0.0016 
0.36 2.9 0.0061 

- 0 . 2 7 - 2 . 1 0.0371 

Dependant : Days on M a r k e t - R squared=0.153 
on 0.0082 
Garage - 0 . 3 5 - 2 . 8 0.0062 
C o n d i t i o n 0.28 2.2 0.0321 

N o r m a l i t y poor 
C o n s t . V a r . moderate 

" poor 
" moderate 

N o r m a l i t y poor 

N o r m a l i t y poor 
C o n s t . V a r . poor 

" poor 

N o r m a l i t y poor 
C o n s t . V a r . poor 

" poor 

N o r m a l i t y poor 
C o n s t . V a r . f a i r 

" poor 
" moderate 
" poor 

N o r m a l i t y poor 
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Appendix - Impact R e d u c t i o n Measures - C o s t E s t i m a t e s and 
R e d u c t i o n E f f e c t s 

Note on C a l c u l a t i o n of A n n u a l i z e d , per C a p i t a C o s t s 

C a p i t a l i n v e s t m e n t s are a n n u a l i z e d by c a p i t a l r e c o v e r y , at 5% 

r e a l i n t e r e s t per y e a r compounded a n n u a l l y over 20 y e a r s , hence 

the c a p i t a l r e c o v e r y f a c t o r i s C * 0.08024 per y e a r . 

M o b i l e equipment c o s t s a re a n n u a l i z e d by c a p i t a l r e c o v e r y a t 

5% r e a l i n t e r e s t per year compounded a n n u a l l y o v e r 5 y e a r s , w i t h a 

r e s u l t i n g c a p i t a l r e c o v e r y f a c t o r of C * 0 . 2 3 . I n f l a t i o n i s 

o m i t t e d because i t i s assumed to be c o n s t a n t and c o n s i s t e n t f o r a l l 

measures . Hence, t h e r e are no d i f f e r e n c e s i n t h e c a l c u l a t e d 

c o s t s . 

T o t a l a n n u a l i z e d c o s t s are e x p r e s s e d as u n i t c o s t s per m e t r i c 

tonne ($/m tonne) and c o n v e r t e d to c o s t s per y e a r p e r c a p i t a by 

m u l t i p l y i n g u n i t c o s t s per tonne by the s o l i d waste g e n e r a t i o n r a t e 

of 0.6 m t o n n e / c a p i t a - y e a r . Thus f o r 170,000 m tonnes per y e a r 

d i s p o s a l c a p a c i t y , the c o s t s are s p r e a d over 283,335 r e s i d e n t s . 
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Appendix 6 .A1 

PREVENTION of LANDFILL LEACHATE EMISSIONS 
THROUGH SEPARATION and COMPOSTING of ORGANIC FRACTION 

System D e s c r i p t i o n 

The p r o c e s s a b l e waste w i t h o u t b u l k i tems i s s h r e d d e d and 

b a l l i s t i c a l l y c l a s s i f i e d by p a r t i c l e s i z e and d e n s i t y i n t o a 

l i g h t , m a i n l y paper and p l a s t i c f r a c t i o n (40% by w e i g h t ) , a wet , 

m a i n l y o r g a n i c f r a c t i o n (43% by weight) and a r e s i d u a l (15%) 

f r a c t i o n . F e r r o u s m e t a l s (2%) are removed m a g n e t i c a l l y . The 

l i g h t f r a c t i o n i s b a l e d and l a n d f i l l e d ; the r e s i d u e i s d i r e c t l y 

l a n d f i l l e d . The wet , m a i n l y o r g a n i c f r a c t i o n i s composted on s i t e 

to reduce the r e a d i l y d e g r a d a b l e b i o l o g i c a l c o n t e n t to more s t a b l e 

o r g a n i c (humic and f u l v i c ) a c i d s . In the compost p r o c e s s , a 

weight l o s s of 33% o c c u r s through e v a p o r a t i o n of water and 

d e g r a d a t i o n of o r g a n i c mat ter (see f l o w c h a r t i n f i g u r e 6 . A . 1 ) . 

The f l o w c h a r t below ( f i g u r e 6 . A . 1 ) shows the waste f l o w s t h a t 

produce a mass f l o w o f 170,000 m e t r i c tonnes per y e a r e q u a l to raw 

waste mass p l a c e d i n the l a n d f i l l a t p r e s e n t . The mass l o s s o f 

about 10% i n the compost ing p r o c e s s i s compensated by a l a r g e r raw 

waste s t r e a m . 

S e p a r a t i o n and Composting C o s t s 

A b a s i c c o s t model was c o n s t r u c t e d to p r e d i c t the s e p a r a t i o n 

c o s t s . Some assumptions were made to c a l c u l a t e c o n s e r v a t i v e l y 

h i g h c o s t s f o r urban s i t e c o n d i t i o n s i n C a n a d a : 
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F i g u r e 6 . A 1 : S e p a r a t i o n and Composting o f O r g a n i c F r a c t i o n 
t o Reduce L e a c h a t e E m i s s i o n s from L a n d f i l l 
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A s s u m p t i o n s : 

O p e r a t i o n 

C a p a c i t y 60 t o n n e s / h o u r 
E f f i c i e n c y 83% 

C a p i t a l C o s t 

Land and B u i l d i n g $ 5 . 5 - 1 0 6 (AEC, 1988) . 

M a c h i n e r y $19 -10 6 (AEC, 1988) . 

M a t e r i a l s H a n d l i n g 
Equipment ( b i n s , t r a c t o r s , l o a d e r s ) 

$ 1 . 8 - 1 0 ° ( F i n n i n g 
T r a c t o r , 1 9 8 8 ) 

O p e r a t i n g and Maintenance C o s t s 

P e r s o n n e l - 10.0 per s h i f t i n p l a n t (AEC, 1988) . 
1.5 per s h i f t a t compost 
1.0 per s h i f t a t s c a l e s 

12.50 per s h i f t f o r 2 s h i f t s = 25.00 

management and o f f i c e = 2.50 
T o t a l 27.50 

A d m i n i s t r a t i o n and taxes - 1.5% of a n n u a l c a p i t a l c o s t 

Insurance - 1.5% of a n n u a l c a p i t a l c o s t 

B u i l d i n g maintenance - 1.0% of b u i l d i n g c o s t 

M a c h i n e r y maintenance - 4.0% of m a c h i n e r y c o s t 

Energy - r e q u i r e d 32 kWh/tonne (PLM, 1986) 

- e l e c t r i c i t y c o s t $0.025/kWh ( B . C . H y d r o , 1986) 

R e s i d u a l and b u l k d i s p o s a l $ 2 5 . - / t o n n e 

(as f o r p r e s e n t waste d i s p o s a l ) 

Revenue - F e r r o u s M e t a l s $ 6 0 . - / t o n n e ( p e r s . comm. P a c i f i c 
M e t a l s , 1988) . 

The summary of the r e s u l t s f o l l o w s . 
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Compost Separation Plant PLM B r i n i System 

Waste Stream tonnes/year 

Bulk items in % of WS 10.00 

Process Waste tonnes/year 

Days per year operating 

Unit capacity 6.00 

Hours per s h i f t 

E f f i c i e n c y % 

Shifts per day required 

Shift s run average 

200000.00 

20000.00 

180000.00 

300.00 

60.00 

8.00 

83.00 

1.50 180000.00 

2.00 

Products in % of the Processable Waste 

RDF 

Organic 

Ferrous 

Paper 

Fuel 

Fraction 

Metals 

Low Grade 

High Grade 

Corrugated 

Residual 

% (% of 
t o t a l waste) 

40.00 36.00 

43.00 38.70 

2.00 1.80 

0 0 

0 0 

0 0 

85.00 76.50 
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Compost S e p a r a t i o n P l a n t 

C a p i t a l Investment 

B u i l d i n g p l u s l a n d $ 5 ,500 ,000 . -

M a c h i n e r y $19 ,000 ,000 . -

$24 ,500 ,000 . -

A n n u a l C a p t i a l Recovery (0.0802) $ 1 ,970 ,000 . -

M a t e r i a l s H a n d l i n g Equipment $ 1 ,800 ,000 . -

A n n u a l C a p i t a l Recovery (0.23) $ 410,000.-

T o t a l c a p i t a l c o s t s per year $ 2 ,380 ,000 . -

0 + M C o s t s 

P e r s o n n e l - 27.5 p o s i t i o n s at $ 4 0 , 0 0 0 / y e a r $ 1 , 1 0 0 , 0 0 0 . -

A d m i n i s t r a t i o n - 1.5% of c a p i t a l i n v e s t m e n t $ 3 6 7 , 0 5 0 . -

I n s u r a n c e - 1.5% of c a p i t a l i n v e s t m e n t $ 3 6 7 , 0 5 0 . -

Maintenance - B u i l d i n g - 1% of c o s t $ 5 5 , 0 0 0 . -

- M a c h i n e r y - 4% of c o s t $ 7 6 0 , 0 0 0 . -

Energy - 32 KWh/mt t imes $0.025/KWh $ 1 9 2 , 0 0 0 . -

R e s i d u e d i s p o s a l a t $ 2 5 . - / m tonne $ 3 , 8 2 5 , 0 0 0 . -

T o t a l 0 + M C o s t s $ 6 , 6 6 6 , 1 0 0 . -

Revenues 

F e r r o u s M e t a l a t $60m/tonne $ 2 1 6 , 0 0 0 . -

T o t a l P l a n t C o s t s l e s s Revenues $ 8 , 8 3 0 , 1 0 0 . -

P l u s B u l k Waste D i s p o s a l a t $25/m tonne $ 5 0 0 , 0 0 0 . -

T o t a l C o s t s per year $ 9 , 3 3 0 , 1 0 0 . -

C o s t s per tonne $ 4 6 . 6 5 . -

C o s t s per c a p i t a per year $ 2 8 . 0 0 . -



594 

The t o t a l c o s t f o r s e p a r a t i o n and compost ing amounts to $46.65 per 

tonne of waste s t r e a m . From t h i s amount, the p r e s e n t l a n d f i l l i n g 

c o s t of $25. - per tonne must be s u b t r a c t e d : 

U n i t s e p a r a t i o n and compost ing c o s t $46.65 

P r e s e n t u n i t l a n d f i l l i n g c o s t $25. -

$ 2 1 . 6 5 / t o n n e 

At 0.6 tonne per c a p i t a per year waste g e n e r a t i o n , the 

a d d i t i o n a l c o s t i s t h e r e f o r e $ 1 3 . 0 0 / c a p i t a 
= = ~ p e r year 

Cost Model V a l i d a t i o n 

I n d i v i d u a l e lements and v a l u e s are o b t a i n e d from the PLM 

s y s t e m ' s Canadian r e p r e s e n t a t i v e (Advanced E c o l o g y C o r p o r a t i o n , 

L t d . ) and d i r e c t l y knowledgable sources ( B . C . H y d r o , P a c i f i c 

M e t a l s ) . 

The p r e d i c t e d p r o c e s s i n g c o s t r e s u l t s f rom t h i s model ( Z e i s s , 

1986) were compared w i t h updated r e s u l t s f rom a d i s p o s a l c o s t 

a n a l y s i s from Germany (see f i g u r e 6.A2 U B A - F . R . G . 1982, a f t e r 

L u d w i g , 1984) . Because the graph shows c o s t s net of energy 

r e v e n u e s , the energy v a l u e of 8GJ a t $ 1 . 5 0 / G J i s s u b t r a c t e d from 

the e s t i m a t e d s e p a r a t i o n c o s t to make them commensurate: 

E s t i m a t e d s e p a r a t i o n c o s t $46.65 

l e s s 12. - Energy V a l u e 

$34.65 per t o n n e . 

F i n a l l y , the s e n s i t i v i t y a n a l y s i s shows the s e p a r a t i o n c o s t s t o be 

most s e n s i t i v e to waste s t ream tonnage a n d , s e c o n d l y , c a p i t a l c o s t 

(see f i g u r e 6 . A 3 ) . Because these two f a c t o r s a r e w e l l d e f i n e d w i t h 

r e l i a b l e c o s t v a l u e s , the model r e s u l t s are l i k e l y f a i r l y a c c u r a t e . 



Disposal Costs 
net of revenues 

$/mtonne 
k 

$150 

$100 

$50 MBG Incinerator 

L a n d f i l l i n g 

100 200 300 400 

j Mechanical Separation 

^ Capacity 
500 i n 000's m tonnes/year 

Legend: 1 - Separation of Organic Fraction and Composting 
2 - Separation of RDF (fuel) Fraction 

F i g u r e 6.A2 - D i s p o s a l C o s t V a l i d a t i o n w i t h G e n e r a l D i s p o s a l 
C o s t s : a f t e r UBA-FRG M a t e r i a l i e n , 1982. 
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F i g u r e 6 . A 3 : S e n s i t i v i t y A n a l y s i s f o r M e c h a n i c a l S e p a r a t i o n P l a n t 
C o s t s 
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R e d u c t i o n of L e a c h a t e E m i s s i o n s to Water t h r o u g h S e p a r a t i o n 

P o t e n t i a l l e a c h a t e contaminants c o n s i s t of BOD/COD, N H ^ , 

heavy m e t a l s (Fe , Mn, C d , C r , C u , P b , N i , Z n ) , v o l a t i l e o r g a n i c s 

( e . g . v i n y l c h l o r i d e ) , and p o l y c y c l i c a r o m a t i c h y d r o c a r b o n s ( P A H ' s , 

e . g . benzo (a) p y r e n e , e t c . ) . The e f f e c t on l e a c h i n g of 

s e p a r a t i o n and compost ing of the o r g a n i c f r a c t i o n i s d e s c r i b e d 

b r i e f l y . 

O r g a n i c M a t t e r 

The s e p a r a t i o n and a e r o b i c d e g r a d a t i o n o f o r g a n i c mat ter (40% 

by weight of the waste s tream w i t h 50 to 70% o f p u t r e s c i b l e 

mat ter ) e l i m i n a t e s l e a c h a b l e o r g a n i c mat ter by c o n v e r s i o n to 

energy (heat) and to more s t a b l e and b e t t e r bound forms (humic and 

f u l v i c a c i d s ) . N i t r o g e n and phosphorous are used s i m u l t a n e o u s l y 

i n the growth p r o c e s s to the p o i n t where t h e s e n u t r i e n t s may be 

the l i m i t i n g f a c t o r s i n the compost p r o c e s s . N i t r o g e n i n excess 

of a carbon to n i t r o g e n r a t i o of 15-30 to 1 i s removed t h r o u g h 

ammonia v o l a t i l i z a t i o n . With a f o u r to s i x month c o m p o s t i n g 

p e r i o d , the temperature of composted s o i l d e c r e a s e s and i n d i c a t e s 

the c o m p l e t i o n of b i o l o g i c a l a c t i v i t y ( B i l i t e w s k i , 1985) . T h u s , a 

s i g n i f i c a n t r e d u c t i o n of e a s i l y l e a c h e d o r g a n i c mat ter i n the 

l a n d f i l l r e s u l t s f rom t h i s p r o c e s s . S i n c e the o r g a n i c f r a c t i o n 

c o n t a i n s most o f the e a s i l y d e g r a d a b l e o r g a n i c m a t t e r ( f o o d , y a r d 

w a s t e s ) , a 50% r e d u c t i o n of o r g a n i c matter and o f a v a i l a b l e 

n i t r o g e n and phosphorus i s assumed. 
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Heavy M e t a l s 

M e t a l s (except cadmium) i n the waste s t ream t e n d to 

c o n c e n t r a t e i n the s m a l l e s t p a r t i c l e s i z e ranges of the o r g a n i c 

and r e s i d u e f r a c t i o n (Edner , 1985, B i l i t e w s k i , 1985, K r a u s s , 

1985) . T h u s , s e p a r a t i o n e n r i c h e s the compostable f r a c t i o n w i t h 

meta ls (except cadmium). F u r t h e r m o r e , m e t a l c o n c e n t r a t i o n s t e n d 

to i n c r e a s e m a r g i n a l l y d u r i n g compost ing t h r o u g h weight l o s s of 

the compost f r a c t i o n . U s i n g m e t a l c o n c e n t r a t i o n s i n the compost 

s i m i l a r to those r e p o r t e d i n B i l i t e w s k i (1985) and K r a u s s (1985) , 

a c t u a l l e a c h a t e t e s t s (Dyer and R a z v i , 1987) show a m e t a l 

r e t e n t i o n of 96.8% of a p p l i e d meta ls a t 100% compost s o i l c o n t e n t 

a f t e r a p p l i c a t i o n of 60 i n c h e s (1.5m) of w a t e r . The m e t a l 

c o n c e n t r a t i o n s i n the l e a c h a t e were shown to be below D r i n k i n g 

Water S t a n d a r d s . F u r t h e r m o r e , v e r y low amounts of the m e t a l s a re 

taken up by p l a n t s . The o b s e r v e d r e t e n t i o n of m e t a l s i n the s o i l 

i s e x p l a i n e d by the a s s o c i a t i o n of meta ls w i t h c o l l o i d a l 

p a r t i c l e s , and the entrapment of c o l l o i d a l p a r t i c l e s i n the s o i l . 

pH c o n t r o l , however, i s i d e n t i f i e d as a major f a c t o r i n 

m a i n t a i n i n g the m e t a l r e t e n t i o n i n the s o i l . 

Assuming over 50% c o n c e n t r a t i o n of l e a c h a b l e m e t a l s i n the 

compost f r a c t i o n ( B i l i t e w s k i , 1985) and t o t a l m e t a l l e a c h a b i l i t y of 

under 4% from t h i s f r a c t i o n , a 50% r e d u c t i o n i n heavy m e t a l l e a c h i n g 

s h o u l d r e s u l t from the s e p a r a t i o n - c o m p o s t i n g waste t r e a t m e n t . 

V o l a t i l e O r g a n i c s and PAH's 

Low c o n c e n t r a t i o n s of V O C ' s were measured i n m u n i c i p a l wastes 

i n the range of 10 to 1,600 mg/g r e f u s e f o r c h l o r o p h e n o l s , 
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c h l o r o b e n z e n e s , P C B ' s , and d i o x i n s and f u r a n s ( O z v a c i c e t . a l . , 

1985) . In the compost ing p r o c e s s , a c o n t i n u o u s heat and m o i s t u r e 

t r a n s f e r o c c u r s from i n s i d e to o u t s i d e of the windrows ; the p i l e s 

a re t u r n e d f r e q u e n t l y a t the b e g i n n i n g of the p r o c e s s . M i x i n g and 

exposure to a i r a t temperatures up to 6 0 ° C o v e r 3 t o 6 months a re 

h i g h l y l i k e l y t o e l i m i n a t e m a t e r i a l s w i t h v o l a t i l i z a t i o n 

h a l f - l i v e s of under 5 to 6 hours from aqueous s o l u t i o n s (USEPA, 

1979) . 

PAH's have been shown to be reduced by f a c t o r s o f two to f i v e 

t imes over a t h r e e t o s i x month composting p e r i o d ( B i l i t e w s k i , 

1985) and by 50% i n Hagenmeier (1983) . S i n c e burn t e s t s show a 

s u b s t a n t i a l r e d u c t i o n (by 97%) of PAH e m i s s i o n s i n s e p a r a t e d RdF 

compared w i t h raw w a s t e , i t i s l i k e l y t h a t P A H ' s a r e c o n c e n t r a t e d 

i n the o r g a n i c f r a c t i o n . T h u s , the PAH r e d u c t i o n i n the compost 

f r a c t i o n i s l i k e l y to reduce the o v e r a l l PAH c o n c e n t r a t i o n s i n the 

l a n d f i l l by 50%. 

These r e d u c t i o n e f f e c t s are e s t i m a t e s o n l y . F u r t h e r 

r e d u c t i o n by s e p a r a t e placement i n the l a n d f i l l and s p e c i a l 

l e a c h a t e c o l l e c t i o n and t reatment i s p o s s i b l e , but not i n c l u d e d 

h e r e . F u r t h e r m o r e , the volume r e d u c t i o n t h r o u g h p r o c e s s i n g of a 

g i v e n waste s t ream i s d i s r e g a r d e d . 
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Appendix 6.A2 

L a n d f i l l - L i n e r , C o v e r , Leachate Treatment System t h r o u g h 

i n s t a l l a t i o n of a d o u b l e l i n e r , s i n g l e c o v e r , l e a c h a t e c o l l e c t i o n 

system and t r e a t m e n t i n a e r a t e d l a g o o n s . 

A . L e a c h a t e Flows 
Maximum Flow 

Use 25 year max. 24h p r e c i p i t a t i o n ( U S - F e d e r a l R e g i s t e r , 

1982) . T h i s i s c o n s i s t e n t w i t h d e s i g n b a s i s f o r l i n e r s y s t e m . 

For Tacoma L a n d f i l l , use S e a t t l e Tacoma A i r p o r t d a t a : 3.74 

i n c h e s / 2 4 h (NOAA, 1985) = 95mm/24h, a t 30% i n f i l t r a t i o n , 

l e a c h a t e p r o d u c t i o n i s 28.5mm/24 hours o v e r 170 a c r e s (at 

2 2 4,043 m / a c r e ) e q u a l s 687,370m maximum. T h i s r e s u l t s i n a 
3 

maximum l e a c h a t e g e n e r a t i o n of 19,590m / d a y or 5 . 3 6 7 - m g a l / 

d a y . 

T h i s peak f l o w i s r e l e v a n t f o r the h y d r a u l i c d e s i g n of the s y s t e m . 

I t i s assumed t h a t the f l o w can be s t o r e d i n the l i n e r and 

c o l l e c t i o n s y s t e m . The t reatment system i s d e s i g n e d f o r the 

average f l o w i n the h i g h e s t month w i t h a s e c u r i t y f a c t o r of a t 

l e a s t 2. The averages of maximum monthly p r e c i p i t a t i o n a t S e a - T a c 

A i r p o r t o c c u r s i n December a t 6.33 i n c h e s per month. T h i s v a l u e 

t r a n s l a t e s i n t o 160.8 mm p r e c i p i t a t i o n and w i t h an i n f i l t r a t i o n 

r a t e of 30%, i n t o 48.25 mm/month l e a c h a t e p r o d u c t i o n . Over the 
2 

l a n d f i l l s u r f a c e of 170 a c r e s or 687,370 m , the average maximum 
3 

d a i l y f l o w of 1,106 m / d a y i s o b t a i n e d , e q u i v a l e n t t o 

a p p r o x i m a t e l y 307,220 U . S . g a l l o n s per d a y . 
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T o t a l a n n u a l p r e c i p i t a t i o n i n Tacoma i s 37 to 38 i n c h e s / y e a r 

or 940 to 965mm/year. 

E v a p o t r a n s p i r a t i o n = 1 0 . 2 " / y e a r , or 260mm/year. 

I n f i l t r a t i o n i s 30% of p r e c i p i t a t i o n ( B l a c k and V e a t c h , 

1987) , 
2 

or 282mm/year over 687,370m , r e s u l t s i n an average l e a c h a t e 
3 3 p r o d u c t i o n of 193,840m / y e a r or 531m / d a y , e q u a l s 147,500 

US g a l / d a y a v e r a g e . 

Leachate C o l l e c t i o n , Double Bottom L i n e r and Top Cover 

The c o s t s f o r a l i n e r , cover and l e a c h a t e c o l l e c t i o n system 

are e s t i m a t e d f o r the Tacoma l a n d f i l l s i t e as a new i n s t a l l a t i o n . 

The c o s t s are then v a l i d a t e d by comparison w i t h the USEPA c o s t 

e s t i m a t e s f o r l a n d f i l l l i n e r systems ( U . S . F e d e r a l R e g i s t e r , 

1982) . 

The d e t a i l e d l a n d f i l l l i n e r c o s t s a re based on a b a s i c d e s i g n 

c o m p r i s i n g 24 c e l l s of 10m depth and a p p r o x i m a t e l y 7 a c r e s s u r f a c e 

e a c h . The c o n s t r u c t i o n i s assumed to o c c u r a t the r a t e of one 

c e l l per year over the l i f e of the l a n d f i l l . 

The c o s t s a re summarized here f o r the b a s i c d e s i g n shown i n 

F i g u r e 6.A1 and based on r e c e n t u n i t c o s t s i n G l e b s (1988) : 

$(1988) 
S i t e E x c a v a t i o n 

2 

average 2m deep over e n t i r e s i t e (687,370m ) 

a t $ 5 . - / m 3 $ 6 , 8 7 3 , 7 0 0 . -

C l a y bottom l i n e r -
1.5m t h i c k over e n t i r e s i t e 

c l a y h a u l e d i n and p l a c e d at $10/m 3 $ 1 0 , 4 1 0 , 5 5 0 . -



0 C ^ 1 " 

• STORM SEWER WITH 
SEWER S(ZE AND 
n.ow DIRECTION 

• SAN IT ART SCWCR WITH 
SEWER SIZE A NO 
FLOW DIRECTION 

LEACHATE LINES 
APPROXIMATE LOCATION 

F i g u r e 6.A1 - L e a c h a t e C o l l e c t i o n System o 
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S y n t h e t i c bottom l i n e r -

80 m i l HDPE a t $ 1 5 . 5 / m 2 

over e n t i r e s i t e w i t h 25% e x t r a 

f o r s i d e s l o p e s $ 1 3 , 3 1 8 , 0 0 0 . -

Top S y n t h e t i c L i n e r -

60 m i l HDPE o v e r e n t i r e s i t e a t $15 .50 /m 2 $ 1 0 , 6 5 4 , 2 4 0 . -

Sand B l a n k e t 
3 

30cm t h i c k o v e r e n t i r e s i t e at $12.35/m $ 2 , 5 4 6 , 7 0 6 . -

C e l l L e a c h a t e c o l l e c t i o n p i p e 

6" o v e r l e n g t h o f c e l l (170m x 24 c e l l s ) 

a t $9/m $ 3 6 . 8 2 0 . -

Trunk c o l l e c t i o n p i p e 

12" to 24", t o t a l 3,520m a t 

$18/m $ 6 3 , 3 6 0 . -

D i t c h i n g f o r Trunk l i n e s 

3,520m a t $6.75/m $ 2 3 , 7 6 0 . -

Manholes and pumps 

10 at $ 3 3 , 0 0 0 . - each $ 3 3 0 , 0 0 0 . -

L y s i m e t r e s 

1 f o r each c e l l a t $1,560 each x 24 c e l l s $ 3 7 , 4 4 0 . -

S t o r a g e tanks 

1 each f o r 10,000 US g a l l o n s per c e l l x 24 

at $20,500 each $ 4 9 2 , 0 0 0 . -

T o t a l C a p i t a l Investment $ 4 4 , 6 8 6 , 4 7 0 . -

Over 20 y e a r s , the y e a r l y c a p i t a l inves tment ( w i t h o u t i n f l a t i o n ) 

i s e q u a l to $ 2 , 2 3 4 , 3 2 5 . - or $13.15 per m e t r i c t o n n e , or $7.90 per 
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capita per year. 

In comparison, the i n s t a l l a t i o n cost for a l a n d f i l l l i n e r 

system for a capacity of 170,000m tonnes per year i s extrapolated 

from US Fed. Register (1982) at (US-1982) $10/m tonne, and 

converted at 5% annual i n f l a t i o n and 1.3 exchange rate to Canadian 

1988 $17.50/m tonne, or $10.50 per capita per year. 

The former estimate i s made for s i t e s p e c i f i c design and 

recent actual bid costs (Glebs, 1988). However, to be 

conservatively safe, the l a t t e r , higher value of $10.50 per capita 

per year w i l l be used. 

Leachate Treatment 

The system comprises treatment steps to eliminate VOC's 

through activated carbon f i l t r a t i o n , followed by aerated lagoon 

removal of BOD and ammonia. 

A granula f i l t r a t i o n step preceeds the carbon f i l t r a t i o n to remove 

solids that may clog the system. 

• • E f f l u e n t 

Granular 
Media 
F i l t r a t i o n 

Granular 
Activated 
Carbon 
F i l t r a t i o n 

Aerated Lagoon 
Treatment 

Figure 6.A2 - Leachate Treatment System 
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Leachate Treatment C a l c u l a t i o n 

For an a e r a t e d l a g o o n d e s i g n , t y p i c a l l e a c h a t e 

c h a r a c t e r i s t i c s and c o m p l e t e l y mixed-no r e c y c l e d e s i g n e q u a t i o n s are 

used to v e r i f y the c a p a c i t y f o r 90% removal e f f i c i e n c y f o r BOD and 

ammonia: 

T y p i c a l C h a r a c t e r i s t i c 

Leachate Sewage 

BOD 5 (new) 9000 mg/1 220 mg/1 

NH 4 +-N ( o l d ) 500 mg/1 25 mg/1 
5 

K i n e t i c C o e f f i c i e n t s - BOD (Wong and M a v i n i c , 1984) 

K 1 . 1 2 / d a y 5 . 0 / d a y 

Ks 63.8 mg/1 60 mg/1 

Y 0.51 mg/mg 0.6 mg/mg 

K d 0 .018 /day 0 . 0 6 / d a y 

Temperatures 
W a s t e - w i n t e r 1 0 ° C 1 5 ° C 

( N a t i o n a l Weather S e r v i c e , 1986) . 
A i r 

- w i n t e r 5 C 

-summer 1 5 ° C 

In o r d e r to use c o s t e s t i m a t e s (USEPA, 1984 f o r a e r a t e d lagoons f o r 
domest ic sewage, the r a t i o s of impor tant system c h a r a c t e r i s t i c s 
f o r l e a c h a t e and sewage systems are e s t i m a t e d . 
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Assume a d e s i g n r e t e n t i o n time of 7 days f o r sewage, and 20 days 

f o r l e a c h a t e to a l l o w f o r n i t r i f i c a t i o n to o c c u r . 

T h e n , f o r 90% removal e f f i c i e n c y , 

L e a c h a t e 

So = 9,000 mg/1 

Se = 900 mg/1 

= 20 days 

Sewage 

220 mg/1 

22 mg/1 

7 days 

Biomass 

X = 3,000 to 3,500 mg/1 MLUSS 

Lagoon volume 

l , 1 0 6 m 3 / d a y x 20 days = 22,112m 3 

Lagoon s u r f a c e a t 3m depth 

22,112m 3 = 7 ,371m 2 

3m 

75 to 81 mg/1 

1,106m / d a y x 
7 days = 7,742m' 

7 ,742m 3 = 2 ,581m 2 

3m 
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R e s u l t i n g Treatment Temperatures 

Tw = A * f * T a + Q * T i 
A * f + Q 

Q = l , 1 0 6 m 3 / d 

f = 0.5 ( M e t c a l f and E d d y , 1979) 

2 2 A = lagoon s u r f a c e , l e a c h a t e = 7,371m ; sewage = 2,581m 

Tw - w i n t e r = 6 ° C 9 . 6 ° C 

Tw - summer = 1 4 ° C 1 5 ° C 

Temperature c o u l d have a s i g n i f i c a n t e f f e c t on t r e a t m e n t 

e f f i c i e n c i e s . S i n c e no a c t u a l data i s a v a i l a b l e , s a f e t y f a c t o r s 

w i l l be c a l c u l a t e d f o r the sys tem. 

E f f i c i e n t Q u a l i t y J e ~ 

Se d e s i g n = 8.62 mg/1 BOD 5 4 . 4 m g / l 

Minimum r e t e n t i o n t ime to meet 90% e f f i c i e n c y 

1 = Y k - k , 
— d 0 min 

Q min = 1 
Y k - k , d 

0 min = 1.81 days 0.34 days 

SF = & d e s i g n = 1 1 = 2 .1 
c> min 

In both s y s t e m s , a l a r g e s a f e t y f a c t o r f o r BOD removal i s d e s i g n e d 

i n t o the s y s t e m . 

For the l e a c h a t e s y s t e m , ammonia removal i s of major c o n c e r n , 

p a r t i c u l a r l y f o r " o l d e r " l e a c h a t e s . 
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The ammonia removal e f f i c i e n c y of 90% i s checked here f o r the 

l e a c h a t e system o n l y . The v o l a t i l i z a t i o n o f ammonia a c c r o s s the 

s u r f a c e i s i g n o r e d h e r e , but adds to the removal e f f i c i e n c y . 

No = 500 mg/1 - w i t h 90% e f f i c i e n c y = Ne = 50mg/l 

0 = 20 days 

Assume maximum s p e c i f i c growth r a t e ^ym) = 0 . 3 / d a y 

( M e t c a l f and E d d y , 1979, T a b l e 1 2 - 9 ) . 

T = 6 ° C DO = 1 . 5 m g / l pH = 7.0 K„„ = 1 . 3 
m i n . 

c o r r e c t e d f o r t e m p e r a t u r e , DO, p H : 

, 0 .008T-15 
Jfxfx = (J?m) * e * DO + DO [1+0.833 ( 7 . 2 - p H ) ] 

K 02 

j?m = 0.17 

Jc' = yCtnt assume y (min) = 0.1 

k l = 0.17 = 1 . 7 / d a y k , = 0.04 
0.1 a 

Hence, minimum r e q u i r e d r e t e n t i o n t i m e . 

6 min = 1 = 1_ = 7 . 7 days at 6 ° C 

Yk - kd 0.13 

S a f e t y f a c t o r = 20 days = 2.6 
7.7 days 
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Oxygen r e q u i r e m e n t s : 

0 9 k g / d = Q(So-Se) - 1.42 Px + 4.57 Q(No-Ne) 
Z f 

BOD f o r s o l u b l e BOD c o n v e r s i o n w i t h f = 0.68 x BODT = BOD c 

L D 

L e a c h a t e Sewage 

l f 1 0 6 m 3 / d * 8 ,975g /m 3 = 14,591 k g / d a y 1,106 * 210q/m 3 = 342 k g / d 
0.68 0.68 

B i o l o g i c a l s o l i d s wasted Px = X * Q 

3,400 g / m 3 * l , 1 0 6 m 3 / d a y = 3,761 k g / d * 8 1 g / m 3 * l , 1 0 6 m 3 / d = 90kg/d 

N i t r i f i c a t i o n 

4.57 * l , 1 0 6 m 3 / d * 450g/m 3 4.57 * l , 1 0 6 m 3 / d * 2 2 . 5 g / m 3 

= 2 ,275kg/day = 114 k g / d . 

T o t a l 0 2 r e q u i r e m e n t s : 

O 2 k g / d = BOD - 1.42 pX + 4.57 Q (No-Ne) 

= 11,525 k g / d a y = 328 k g / d a y 
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Oxygen Power Requirements 

CL = 1.5 mg/1 C S a t . (T = 1 4 ° C ) = 8 . 8 m g / l 
= 0.6 f o r l e a c h a t e , x 0.85 f o r sewage 
= 0.9 f o r l e a c h a t e , 1.0 f o r sewage 

C o r r e c t i o n f a c t o r f = /3 * C s a t - CL * 1.024 T ~ 2 0 * 0( 
9.17 

L e a c h a t e Sewage 

0.36 0.71 

F i e l d t r a n s f e r r a t e 

N = No * f 

No = 2.0 kg0 2 /KWh 

N = 0 .73kg 0 2 / k W h * 24h/d N = 1 .42kg 0_/kWh * 24h/d 

= 1 7 . 5 k g 0 2 / k W * d = 34.1 kg 0_/kW * d 

Energy r e q u i r e d 
l l , 5 2 5 k g / d 328kg/day 
17 .5kg 0 2 / k W d 3 4 . 1 k g 0 2 / k W d 

= 659 KW = 10KW 
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M i x i n g Requirements 

L e a c h a t e Sewage 

Volume = 22,110m 3 7 ,742m 3 

a t 15KW/l ,000m 3 ( M e t c a l f e and Eddy, 1979) a t 15KW/1, OOOirf 

= 332 KW - 116 KW 

Comparison of t rea tment d e s i g n f a c t o r s 

L e a c h a t e Sewage R a t i o 

Leachate / sewage 

Volume 22,110m 3 7 ,742m 3 2 .9x 

Energy 659 KW 116 KW 5.7x 

(C>2 s u p p l y ) (mixing) 

T h e r e f o r e , a r a t i o o f 3 x w i l l be used f o r c a p i t a l c o s t s and a 

r a t i o of 6x w i l l be used to e s t i m a t e o p e r a t i n g c o s t s f o r a e r a t e d 

lagoon t r e a t m e n t of l e a c h a t e over domest i c sewage. 
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Equivalent Flows for Cost Calculation 

Capital 

Operator 

Leachate Ratio 

l,106ni /d * 3 

Equivalent Sewage 

= 3,318m3/d 

= 922,000 US gal/d 

1,106m /d * 6 

w i l l use 

equals (say) lm gal/day 
3 = 6,636m /d 

1,843,350 US gal/day 

Aerated Lagoon Costs (USEPA, 1984): 

Capital investment 

Operating 

Total per year 

per m tonne 

per capita 

US (1980)-$ 

300,000 

per year = 

$52,000 

Can. (1988) $ 

$600,000 

$ 48,150.-

$104,000.-

$152,150.-

$0.90/m tonne 

$0.54/capita-year 



Granular Media F i l t r a t i o n 

US (1980)-$ 

Capital $850,000.-

per year 

Operating $ 50,000.-

Total 

per m tonne 

per capita per year 

Granular Activated Carbon System 

Capital $1,000,000. 

per year 

Operating $ 110,000.-

Total per year 

per m tonne 

per capita per year 

Sewer Discharge Costs (Gleb, 1988): 

Total annual leachate generation 

of 194,000m3/year at 

$4/m3 

per m tonne 

per capita per year 
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Can. (1988) $ 

$1,700,000 

$ 136,410.-

$ 100,000.-

$ 236,410.-

$1.40/m tonne 

$0.85/capita-year 

$2,000,000 

$ 160,500.-

$ 220,000.-

$ 380,500.-

$2.25/m tonne 

$1.35/capita-year 

$776,000/year 

$4.56/m tonne 

$2.74/capita year 
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Leachate L i n e r , C o l l e c t i o n and Treatment C o s t Summary 

T o t a l s - per c a p i t a per year 

L i n e r , C o l l e c t i o n System $ 1 0 . 5 0 / c a p i t a - y e a r 

Leachate Treatment $ 2 . 7 5 / c a p i t a - y e a r 

D i s c h a r g e c o s t s to sewer $ 2 . 7 5 / c a p i t a - y e a r 

$16.00 per c a p i t a - y e a r 
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Removal E f f i c i e n c y 

Based on e m p i r i c a l l y e s t a b l i s h e d t r e a t m e n t c o e f f i c i e n t s , the 

expec ted removal e f f i c i e n c i e s f o r most l e a c h a t e c o n t a m i n a n t s 

(BOD/COD, T S S , N H 3 , F e , Mn, Zn) are over 90% ( U l o t h and M a v i n i c , 

1977, Graham and M a v i n i c , 1979, Z a p f - G i l j e and M a v i n i c , 1981, 

Keenan e t . a l . , 1984, R o b i n s o n , 1985) . 

T h e r e f o r e , a minimum removal e f f i c i e n c y o f 90% i s a p p l i e d 

here f o r the s t a n d a r d p o l l u t a n t s . S i n c e the V O C ' s a r e o f c o n c e r n 

h e r e , the r e d u c t i o n due to v o l a t i l i z a t i o n d u r i n g a e r a t i o n l i k e l y 

to e f f e c t i v e l y reduce c o n c e n t r a t i o n s i s e s t i m a t e d : 

Use v o l a t i l i z a t i o n o n l y -

H a l f l i v e s of Benzene, Toluene i n aqueous s o l u t i o n (USEPA, 

1979) : 

t i = 5 hours 

Assume F i r s t - o r d e r r e a c t i o n 

dC = -\c w i t h X = 0.692 
d t ~ t | 

hence Ln Co = X t , 
C 

t = r e s i d e n c e t i m e 

f o r 90% r e m o v a l , Co 
C 

= 10 

and (USEPA, 1979) 

hence , 

2.3 = 0.14 * t 

t r e q u i r e d f o r 90% removal = t = 2.3 = 16.62 hours 
0 . 1 4 / h o u r 

o r , the s a f e t y f a c t o r w i t h a h y d r a u l i c r e t e n t i o n t ime of 

20 days = 480 hours 

i s SF = 480 hours = 29x 
16.62 hours 

T h u s , over 90% removal r a t e i s h i g h l y p r o b a b l e . 
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Appendix 6.A3 

M o n i t o r i n g and Treatment at L a n d f i l l Boundary 

- Frequency depends on groundwater v e l o c i t y = 

— 6 

Maximum v e l o c i t y (unre tarded) - = 7.06 x 10 m/s 

1 Month = 2 . 5 9 2 . 1 0 6 s 

T r a v e l d i s t a n c e per month = 18.3m 

Judgment to m o n i t o r w e l l s a t l a n d f i l l p e r i m e t e r (17) and 4 

m u n i c i p a l w e l l s e v e r y month, to a l l o w maximum m i g r a t i o n 

o u t s i d e the boundary of 18.3m between s a m p l i n g . 

P r i v a t e w e l l s a r e m o n i t o r e d e v e r y 3 months i n a d d i t i o n . 

- E lements to a n a l y s e 

p H , c o n d u c t i v i t y , T S S . , BOD/COD, N H ^ - N , M e t a l s (Fe , Mn, Pb , 

H g ) , CI , o r g a n i c s ( v i n y l c h l o r i d e , methylene c h l o r i d e , 

t r i c h l o r e t h y l e n e , benzene, t o l u e n e , 1,2 - d i c h l o r o e t h e n e , 1,2 

- t r a n s - d i c h l o r o e t h e n e ) . 

- W e l l s : D o w n g r a d i e n t : T L - 1 ( A , B , C ) , T L - 4 , T L - 8 ( A , B , C ) , 

T L - 9 , ( A , B ) , T L - 1 1 , L l , L 2 , L3 = 13 w e l l s 
U p g r a d i e n t : T L - 1 2 , T L - 1 5 , T L - 1 7 , = 4 w e l l s 

LW-1, 

- 4 m u n i c i p a l w e l l s = 4 w e l l s 
21 w e l l s e v e r y 

month p l u s e v e r y 3 months f o r V O C ' s 

- 17 p r i v a t e w e l l s = 17 w e l l s e v e r y 

3 months 

- M o n i t o r i n g C o s t s 

Per w e l l - b a s i c c o s t i n c l u d i n g p r e p a r a t i o n and 

a n a l y s i s $ 1 2 2 . - / s a m p l e 

- o r g a n i c s ( - p u r g e - t r a p - G C / M S ) $ 2 0 0 . - / s a m p l e 

S o u r c e : p e r s . comm. A . Maynard, A S L , I n c . , 1988. 



617 

- 13 d o w n g r a d i e n t , 4 u p g r a d i e n t , 4 m u n i c i p a l 

=21 w e l l s - 12 * / y e a r a t $122 = $ 3 0 , 7 4 4 . - / y e a r 

P r i v a t e = 17 w e l l s - 4 * / y e a r at $122 = $ 8 , 2 9 6 . - / y e a r 

20 w e l l s - 4 * / y e a r a t $200 . - = $ 1 6 , 8 0 0 . - / y e a r 

M o n i t o r i n g $ 5 5 , 8 4 0 . - / y e a r 

Sampl ing 1 p e r s o n - 24 d a y s / y e a r $ 3 , 0 0 0 . - / y e a r 

$ 5 8 , 8 4 0 . - / y e a r 

Or $0.21 per 
c a p i t a per y e a r . 

- C o u n t e r - p u m p i n g and Treatment 

Assume d e t e c t i o n i n year 0 and pump 20 y e a r s - c o s t per 

m e t r i c tonne ( U S - F e d . Reg. 1982) i s between $0.50 to $1.0 per 

m e t r i c t o n n e , use (US) $0.75 (1982) per m e t r i c tonne 

to 1988 C a n . $ = $0.75 * 1.74 = $1.31/m tonne 

C o s t s - M o n i t o r i n g $ 0 . 2 1 / t o n n e 

C o u n t e r pumping 

and t r e a t m e n t $ 1 . 3 1 / t o n n e 

$ 1 . 5 2 / t o n n e 

or $0.88 per c a p i t a per y e a r 

R e d u c t i o n E f f e c t s 

I f d e t e c t i o n i s immediate and r e m e d i a t i o n a c t i o n r a p i d , then 

p o l l u t a n t s can be r e d u c e d through pumping, i . e . d i s s o l u t i o n from a 

s e p a r a t e phase w i t h i n 15 to 20 years (USEPA, 1987) . T h u s , a s m a l l 

volume of the a q u i f e r remains u n u s a b l e f o r t h i s p e r i o d . 
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Appendix 6 . A . 4 

I n - K i n d C o m p e n s a t i o n : M o n i t o r i n g of d r i n k i n g water w e l l s and 
A l t e r n a t e Water S u p p l y 

- M o n i t o r i n g 

4 m u n i c i p a l w e l l s and 17 d o m e s t i c w e l l s p l u s 2 background 

w e l l s e q u a l s 23 w e l l s once monthly 

23 w e l l s * 12 months * $322/sample = $ 8 8 , 8 7 2 . - / y e a r 

- A l t e r n a t i v e Water S u p p l y 

f o r 17 w e l l s $82,000. - i n year 5 ( B l a c k and V e a t c h , 1987) 

e q u i v a l e n t to a PV of $ 6 4 , 2 5 0 . - i n year 1 

or (A $64,250, 5%, 20) = $ 5 , 1 6 5 . 7 0 / y e a r 

T o t a l per y e a r : $ 9 4 , 0 3 7 . - / y e a r 

or $0.55 per m e t r i c tonne 

or $0.35 per c a p i t a per y e a r . 
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Appendix 6.B1 

L a n d f i l l N u i s a n c e P r e v e n t i o n 

- Equipment n o i s e c o n t r o l 

2 Compactors " D e t r o i t " Model 71 and 92 

N o i s e l e v e l s a t 15m to r e a r : 87dBA 

The i n s t a l l a t i o n of improved i n t a k e and c o o l i n g f a n 

s i l e n c e r s , e n c l o s u r e of engine b l o c k and c a s i n g s , and 

improved m u f f l e r s reduce the n o i s e l e v e l s a t s o u r c e by 6 to 

lOdBA ( M i l l e r , 1980), down to 77 to 81dBA. 

The added c o s t s c o n s i s t of r e t r o f i t t e d equipment (about 

$1 ,150 . - , f rom M i l l e r , 1980), and a d d i t i o n a l f u e l and 

maintenance c o s t s , f o r a t o t a l c o s t s o v e r the l i f e of the 

equipment (5 y e a r s ) of $8 ,937 . - ( M i l l e r , 1980) , or $0.01 per 

c a p i t a per y e a r . 

- F r e q u e n t l y c o v e r r e f u s e 

Assume t w i c e d a i l y c o v e r - d o u b l e s amount of r e q u i r e d f i l l 

m a t e r i a l , t h e r e f o r e a t a d a i l y c a p a c i t y o f 490m tonnes and a 
3 

d e n s i t y of 0.5m tonne/m i n 10m l i f t , need c o v e r m a t e r i a l f o r 
2 2 

two f a c e s of 100m e a c h , or 200m and 15cm (6 i n c h ) 
3 3 t h i c k n e s s , or 30m more per d a y . At $5 .50/m f o r m a t e r i a l , 

h a u l i n g and t i p p i n g , the e x t r a c o s t i s $ 1 6 5 . - / d a y f o r 350 

d a y s / y e a r = $ 5 7 , 7 5 0 . - / y e a r or $0.34 per m e t r i c t o n n e , or $0.21 

per c a p i t a per y e a r . 



Appendix 6.B2 

L a n d f i l l - N u i s a n c e C o n t r o l 

Berms, T r e e s and V e g e t a t i o n around L a n d f i l l (see F i g u r e 6.2) 

- Berms 

T o t a l l e n g t h of 2,900m 

c r o s s - s e c t i o n : 9m h i g h w i t h 2 to 1 s l o p e s , 2 m wide c r e s t 

T o t a l Volume: 180 m 3 * 2,900m = 522,000m 3 

m 

T o t a l s u r f a c e : 42.2 m 2 * 2,900m = 122,380m 2 

m 
3 

M a t e r i a l h a u l i n g and t i p p i n g a t $5 .5 /m = $ 2 , 8 7 1 , 0 0 0 . -
3 

g r a d i n g , smoothing at $2. /m = $ 1 , 0 4 4 , 0 0 0 . -
2 

V e g e t a t i o n on Berms a t $2/m = $ 2 4 4 , 7 6 0 . -
T o t a l Berms $ 4 , 1 5 9 , 7 6 0 . -

- T r e e s 

Double row of 5 to 6m t a l l t r e e s on o f f s e t 8.5m c e n t r e s 

r e q u i r e s 2900m 8.5 = 342.0 t r e e s per row t imes 2 rows 

= 684 t r e e s at $ 6 0 / t r e e = $ 4 7 , 0 4 0 . -

- T r e e s and heavy v e g e t a t i o n on NE s l o p e : 

Double row of 5 to 6m t r e e s on 8.5m c e n t r e s 

a l o n g 700m 8.5m = 83 * 2 = 166 t r e e s 

at $ 6 0 / t r e e = $ 9 , 9 6 0 . -

p l u s shrubs and bushes over 700m 

by 4.25m s t r i p a t $21 .50 /m 2 = $ 6 3 , 9 6 3 . -

T o t a l t r e e s and v e g e t a t i o n on s l o p e $ 7 3 , 9 2 3 . -

Cash F l o w : 

Assume n u i s a n c e c o n t r o l would be b u i l t a t b e g i n n i n g of a 20 

year l i f e and a m o r t i z e d over 20 y e a r s , h e n c e : 
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(A/P, 5%, 20) = $4,274,723 * 0.0804 = 343,881.-/year 

or $2.03 per metric tonne 

or $1.21 per capita per year. 

Noise Attenuation by Berms 

_ 

see graph pg: 4-23 Rau & Wooten, 

1.36m 

Attenuation = 11 dBA 

Incinerator Nuisance Control: 

Tree Screen with one row of 9 to 12m trees and 

two rows of 5 to 6m trees. 

Site Circumference: 1,030m 

T a l l trees: 100 on 10m centres at $5,000/tree = $500,000.-

Medium trees: double row on 8.5m centres over 1,030 m 

equals 122 times 2=244 trees at $60/tree = $ 14,640.-

$514,640.-

or $ 41,325.-/year 

or $0.25 per m tonne 

or $0.15 per capita 
-year 
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Appendix 6.B3 

L a n d f i l l N u i s a n c e M i t i g a t i o n 

- N o i s e and odor r e d u c t i o n i n homes w i t h d o u b l e - p a n e d windows 

and a i r c o n d i t i o n i n g 

- View c o n t r o l w i t h t r e e s on r e s i d e n t s ' p r o p e r t y 

Per house - 2,000 square f e e t w i t h 3 bedrooms and 10 windows 

Double paned windows i n s t a l l e d - $3,000 

A i r c o n d i t i o n i n g i n s t a l l e d - $1,000 

T r e e s - 10 per home a t $ 6 0 / t r e e - 600 

T o t a l $4,600 - per home 

Three rows of 304 houses on 76 a c r e s a d j o i n i n g the l a n d f i l l 

a t 4 u n i t s per a c r e e q u a l s 1,000 houses p l u s 400 apartments 

a t \ c o s t e q u a l s a t o t a l m i t i g a t i o n c o s t of $ 5 , 5 2 0 , 0 0 0 . -

Cash f l o w : 

I n s t a l l a t i o n s p r e a d over 20 y e a r s at $ 2 7 6 , 0 0 0 . - per y e a r 

or $1.63 per m e t r i c t o n n e , 

or $1.00 per c a p i t a per y e a r . 

N o i s e r e d u c t i o n : 

N o i s e r e d u c t i o n through an a d d i t i o n a l window pane i s 

e s t i m a t e d a t 5dBA's (CMHC, 1981) , assuming r e s i d e n c e s a r e 

exposed on one e x t e r i o r w a l l , c o n s i s t i n g of t h r e e e l e m e n t s : 

- windows of 25% of f l o o r s p a c e 

- e x t e r i o r w a l l of 65% of f l o o r s p a c e 

- e x t e r i o r door of 15% of f l o o r s p a c e 

T h u s , by r e p l a c i n g a s i n g l e , 2 pane w i t h d o u b l e g l a x e d (3mm + 

3mm) windows a t 20mm i n t e r s p a c e s p a c i n g , the A I F i s i n c r e a s e d 

by 5 dBA. 
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Appendix 6.B4 - Compensation for L a n d f i l l Nuisances with 
10% of Property Values 

Affected area: 76 plots of 1 acre each 

at $2.60 per square foot 

1 acre (43,500 sq. feet) i s valued at $113,100.-/acre 

10% of value i s $11,310.-/acre 

for 76 acres i s equal to $859,560.-

at 5% r e a l interest over 20 years equals $69,100.-/year 

or $0.41 per metric tonne 

or $0.25 per capita per year 
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Appendix 6 . C I 

P r e v e n t i o n of I n c i n e r a t o r A i r E m i s s i o n s Through S e p a r a t i o n 
of Refuse D e r i v e d F u e l 

System D e s c r i p t i o n 

The p r o c e s s a b l e waste s tream ( i . e . w i t h o u t b u l k i tems) i s 

shredded and b a l l i s t i c a l l y c l a s s i f i e d i n t o a r e f u s e - d e r i v e d f u e l 

(RDF) f r a c t i o n of 60% by w e i g h t , an o r g a n i c f r a c t i o n of 30%, a 

r e s i d u e f r a c t i o n o f 8% and f e r r o u s meta ls of 2% (see f i g u r e 6 C . 1 ) . 

The waste s t ream i n t o the s e p a r a t i o n p l a n t i s d e t e r m i n e d so 

the t o t a l heat v a l u e i n t o the i n c i n e r a t o r i s c o n s t a n t : 

P r e s e n t : 170,000 m t / y r a t 8 GJ/mt = 1 . 3 6 . 1 0 6 G J / y e a r 

RDF: Need t o t a l 1 .36*10 6 G J / y e a r 

RdF u n i t heat v a l u e (say) 12 to 13 GJ/mt 

RdF mass f l o w : 105,000 to 113,300 m t / y e a r 

i f 60% RdF e q u a l s 110,000 m t / y e a r , then 

t o t a l waste s t ream e q u a l s 110,000 m t / y e a r = 183,300 m t / y e a r 

0.6 

use a raw p r o c e s s a b l e waste s tream of 180,000 m t / y e a r . 

The RdF i s burned d i r e c t l y i n the i n c i n e r a t o r and produces 

15% (of the RdF mass) ash by w e i g h t . The ash i s l a n d f i l l e d . The 

o r g a n i c f r a c t i o n i s assumed to be composted and l a n d f i l l e d as 

cover m a t e r i a l . The r e s i d u e (8%) i s d i r e c t l y l a n d f i l l e d . Hence , 

the mass b a l a n c e of l a n d f i l l e d m a t e r i a l w i t h s e p a r a t i o n p r i o r to 

b u r n i n g i s as f o l l o w s . 
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L a n d f i l l e d Mass ( b a s i s raw waste s t ream = 100%) 

I n c i n e r a t i o n RDF S e p a r a t i o n 

Bulk 10% 10% 

Ash 33% 9% 

Compost 20% 

R e s i d u e 8% 
43% 47% 

The somewhat h i g h e r weight of l a n d f i l l e d m a t e r i a l w i t h s e p a r a t i o n 

may be o f f s e t by the use of compost s o i l as c o v e r m a t e r i a l , thus 

r e q u i r i n g l e s s c o v e r m a t e r i a l to be h a u l e d i n . The e f f e c t s of the 

l a n d f i l l e d m a t e r i a l on l e a c h a t e q u a l i t y and c o n t r o l a r e 

acknowledged h e r e , but are o u t s i d e the scope o f t h i s t h e s i s . 

S e p a r a t i o n and Compost ing C o s t s 

A b a s i c c o s t model was c o n s t r u c t e d to p r e d i c t the s e p a r a t i o n 

c o s t s . Some assumptions were made to c a l c u l a t e c o n s e r v a t i v e l y 

h i g h c o s t s f o r urban s i t e c o n d i t i o n s i n C a n a d a : 

A s s u m p t i o n s : 

O p e r a t i o n 

C a p a c i t y 60 t o n n e s / h o u r 

E f f i c i e n c y 83% 

C a p i t a l C o s t 
g 

Land and B u i l d i n g $5 .5-10 

M a c h i n e r y $19 * 1 0 6 (AEC, 

1988) . 
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M a t e r i a l s H a n d l i n g 

Equipment ( b i n s , 
g 

t r a c t o r s , l o a d e r s ) $1 .8 .10 ( F i n n i n g 

T r a c t o r , 1988) . 

O p e r a t i n g and Maintenance C o s t s 

P e r s o n n e l - 10.0 per s h i f t i n p l a n t (AEC, 1988) . 

1.0 per s h i f t of s c a l e s 

11.50 per s h i f t f o r 2 s h i f t s = 23.0 

p l u s - management and o f f i c e = 2.5 

T o t a l - = 25.50 

A d m i n i s t r a t i o n and Taxes - 1.5% o f a n n u a l c a p i t a l c o s t 

Insurance - 1.5% of a n n u a l c a p i t a l c o s t 

B u i l d i n g maintenance - 1.0% of b u i l d i n g c o s t 

M a c h i n e r y - 4.0 % of m a c h i n e r y c o s t 

Energy - r e q u i r e d 32. kWh/tonne (PLM, 1986) 

- e l e c t r i c i t y c o s t $0.025/kWh ( B . C . H y d r o , 1986) 

R e s i d u a l and b u l k d i s p o s a l $ 2 5 . - / t o n n e 

(as f o r p r e s e n t waste d i s p o s a l ) 

Revenue - F e r r o u s M e t a l s $ 6 0 . - / t o n n e ( p e r s . comm. P a c i f i c 

M e t a l s , 1988) . 

The summary o f the r e s u l t s f o l l o w s . 
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RDF S e p a r a t i o n P l a n t PLM B r i n i System 

Waste Stream t o n n e s / y e a r 

B u l k items i n % o f WS 10.00 

P r o c e s s Waste t o n n e s / y e a r 

Days per year o p e r a t i n g 

U n i t c a p a c i t y 5.00 

Hours per s h i f t 

E f f i c i e n c y 

S h i f t s per day r e q u i r e d 

S h i f t s run average 

198000.00 

19800.00 

180000.00 

300.00 

50.00 

8.00 

83.00 

1.80 180000.00 

2.00 

P r o d u c t s i n % of the P r o c e s s a b l e Waste 

RDF 

O r g a n i c 

F e r r o u s 

Paper 

F u e l 

F r a c t i o n 

M e t a l s 

Low Grade 

High Grade 

C o r r u g a t e d 

R e s i d u a l 

% (% of 

t o t a l waste) 

60.00 54.00 

30.00 27.00 

2.00 1.80 

0 0 

0 0 

0 0 

33.00 29.70 
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RDF S e p a r a t i o n P l a n t 

C a p i t a l Investment 

B u i l d i n g p l u s l a n d $ 2 , 7 0 0 , 0 0 0 . -

M a c h i n e r y $ 1 9 , 0 0 0 , 0 0 0 . -

T o t a l $ 2 1 , 7 0 0 , 0 0 0 . -

A n n u a l C a p t i a l Recovery (0.0802) $ 1 , 7 4 5 , 0 0 0 . -

M a t e r i a l s H a n d l i n g Equipment $ 1 , 8 0 0 , 0 0 0 . -

A n n u a l C a p i t a l Recovery (0.23) $ 4 1 0 , 0 0 0 . -

T o t a l a n n u a l i z e d c a p i t a l c o s t s $ 2 , 1 5 5 , 0 0 0 . -

0 + M C o s t s 

P e r s o n n e l - 26.0 p o s i t i o n s a t $ 4 0 , 0 0 0 / y e a r $ 1 , 0 4 0 , 0 0 0 . -

A d m i n i s t r a t i o n - 1.5% of c a p i t a l i n v e s t m e n t $ 3 2 5 , 5 0 0 . -

Insurance - 1.5% of c a p i t a l i n v e s t m e n t $ 3 2 5 , 5 0 0 . -

Maintenance - B u i l d i n g - 1% o f c o s t $ 2 7 , 0 0 0 . -

- M a c h i n e r y - 4% o f c o s t $ 7 6 0 , 0 0 0 . -

Energy - 32 KWh/mt t imes $0.025/KWh $ 1 9 2 , 0 0 0 . -

R e s i d u e d i s p o s a l at $ 2 5 . - / m tonne $ 1 , 4 8 5 , 0 0 0 . -

T o t a l 0 + M C o s t s $ 4 , 1 5 5 , 0 0 0 . -

Revenues 

F e r r o u s M e t a l a t $60m/tonne $ 2 1 6 , 0 0 0 . -

T o t a l P l a n t C o s t s l e s s Revenues per year $ 6 , 0 9 4 , 0 0 0 . -

per m e t r i c tonne $ 31.00 

per c a p i t a per year $ 18.60 
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The t o t a l c o s t f o r RDF s e p a r a t i o n compost ing amounts to 

$31.00 per tonne of waste s t r e a m . 

A d d i t i o n a l c o s t s f o r h a u l i n g and d i s p o s a l of o r g a n i c f r a c t i o n 

and r e s i d u e are assumed to be o f f s e t by lower ash h a u l i n g . 

In computing the net c o s t d i f f e r e n c e f o r s e p a r a t i o n s h o u l d 

c o n s i d e r a l l o p e r a t i o n a l advantages of b u r n i n g RdF r a t h e r than raw 

waste : 

1. More homogeneous f u e l g e n e r a t e s h i g h e r combust ion 

e f f i c i e n c y ; 

2. S t o r a b i l i t y t o p e r m i t energy p r o d u c t i o n t o f o l l o w the 

energy demand ( h i g h i n w i n t e r , low i n summer) r a t h e r than 

the waste g e n e r a t i o n (high i n s p r i n g and l a t e summer, low 

i n w i n t e r ) ; 

3. lower e m i s s i o n s r e q u i r e l e s s f i l t r a t i o n o p e r a t i n g c o s t s 

4. lower ash c o n t e n t reduces ash h a n d l i n g c o s t s . 

These f a c t o r s c o u l d l e a d to a r e d u c t i o n i n i n c i n e r a t o r 

o p e r a t i n g c o s t s , but are i g n o r e d here to o b t a i n a c o n s e r v a t i v e l y 

h i g h s e p a r a t i o n c o s t e s t i m a t e : 

U n i t RDF s e p a r a t i o n c o s t $ 3 1 . 0 0 / t o n n e 

At 0.6 tonne per c a p i t a per year waste g e n e r a t i o n , the 

a d d i t i o n a l c o s t i s $ 1 8 . 6 0 / c a p i t a 
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A i r E m i s s i o n R e d u c t i o n through RdF s e p a r a t i o n 

P o t e n t i a l contaminants i n i n c i n e r a t o r e m i s s i o n s c o m p r i s e 

a c i d i c gases ( H C l , H F , SOx, NOx) , heavy m e t a l s (Cd , C r , C u , F e , 

Hg, Mn, N i , Pb , Z n ) , V O C ' s ( P C B ' s , c h l o r o p h e n o l s , O z v a c i c e t a l . 

1985) , P A H ' s (benzo (a) p y r e n e s , d i b e n z o d i o x i n s and f u r a n s , 

e t c . , B i l i t e w s k i , 1985) . 

The s e p a r a t i o n p r o c e s s reduces the mass f l u x of a l l p o t e n t i a l 

contaminants i n t o the i n c i n e r a t o r , a n d , hence , r e d u c e s the 

e m i s s i o n s to a i r : 

- T o t a l c h l o r i n e and s u l f u r c o n t e n t i n RDF i s r e d u c e d to 

under 50% of the c o n t e n t per u n i t heat v a l u e i n the raw 

waste a t s l i g h t l y lower c o n c e n t r a t i o n ( B i l i t e w s k i , 1985) . 

T h u s , s l i g h t l y more than the p r o p o r t i o n a l amount of 

c h l o r i n e and s u l f f t r are removed w i t h s e p a r a t i o n of the 

o r g a n i c f r a c t i o n . T h u s , a t 40 to 45% o f the t o t a l c h l o r i n e 

and s u l f e r , r e m a i n i n g i n the RdF, a r e d u c t i o n of 50% mass 

f l u x i n t o the i n c i n e r a t o r i s a c h i e v e d . The e m i s s i o n 

c o n c e n t r a t i o n s of HCl are shown to d r o p from 700 to 800 

3 3 mg/Nm down to 400 to 500mg/Nm as a r e s u l t o f s e p a r a t i n g 

p r i o r to b u r n i n g RdF i n MGB i n c i n e r a t o r s ( E d n e r , 1985) . 

- Heavy m e t a l c o n c e n t r a t i o n s are shown t o be r e d u c e d by 23% 

to 80% t h r o u g h RdF s e p a r a t i o n (Edner , 1985, B i l i t e w s k i , 

1985) . On the b a s i s of heat c o n t e n t , the r e d u c t i o n f a c t o r 

i s even g r e a t e r (35% to 87%). The h i g h e s t r e d u c t i o n 

e f f e c t s are found f o r m e r c u r y , z i n c and c o p p e r , the lowest 

f o r chrome and l e a d . 

O v e r a l l , a r e d u c t i o n of 50% i n heavy m e t a l f l u x per u n i t 
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heat c o n t e n t i s f e a s i b l e . 

- W h i l e c h l o r o p h e n o l and c h l o r o b e n z e n e e m i s s i o n s of RdF 

combust ion i n MBG i n c i n e r a t o r s are a t b e s t m a r g i n a l l y 

reduced i n the combustion p r o c e s s , the r e d u c t i o n of 

c h l o r i n e c o n t e n t and the exposure to a i r i n the o p e n i n g , 

s h r e d d i n g and c l a s s i f y i n g p r o c e s s a re l i k e l y to reduce 

V O C ' s i n the RDF as r e p o r t e d i n O z v a c i c e t a l . (1985) . 

A l t h o u g h d i o x i n and f u r a n c o n c e n t r a t i o n s i n the RdF f e e d 

and i n the s t a c k e m i s s i o n s i n O z v a c i c e t a l . a re r e p o r t e d 

h i g h e r than f o r raw r e f u s e , B i l i t e w s k i (1985) and Edner 

(1985) r e p o r t s u b s t a n t i a l l y lower PAH s t a c k e m i s s i o n s from 

RdF by a f a c t o r of 10 to 100. T h i s r e d u c t i o n i s p r o b a b l y 

due to the more homogeneous b u r n i n g c h a r a c t e r i s t i c s of RDF 

t h a t r e s u l t i n b e t t e r , more c o n s i s t e n t t e m p e r a t u r e and 

combust ion c o n t r o l . 

T h u s , a r e d u c t i o n of 50% i n e m i s s i o n s t h r o u g h s e p a r a t i o n i s 

a r e a s o n a b l e v a l u e . The r e d u c t i o n o f p o t e n t i a l 

contaminants i n t o the i n c i n e r a t o r c o u l d t h e o r e t i c a l l y 

p r o p o r t i o n a t e l y reduce the e m i s s i o n r a t e s . The h i g h 

e f f i c i e n c y (90 to 95%) of the e x i s t i n g f i l t r a t i o n s y s t e m , 

however, m i t i g a t e s the net e f f e c t of c o n t a m i n a n t 

r e d u c t i o n s i n the f u e l . 

T h u s , the s e p a r a t i o n i s assumed to r e s u l t i n a 20% r e d u c t i o n 

of p r e s e n t a i r e m i s s i o n r a t e s w i t h d r y - l i m e a d d i t i o n and a 

baghouse f i l t e r . 
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Appendix 6.C2 

C o n t r o l of A i r E m i s s i o n s through Best A v a i l a b l e 
I n c i n e r a t o r Exhaust F i l t r a t i o n 

An a d d i t i o n a l f i l t r a t i o n s tep to i n c r e a s e the removal of 

p a r t i c u l a t e , a c i d gases and bound m e t a l s and o r g a n i c s i s i n s t a l l e d 

a f t e r the p r e s e n t quench r e a c t o r - bag house c o n f i g u r a t i o n . The 

suggested system c o m p r i s e s a s c r u b b e r w i t h s p e c i a l l i q u i d 

a t o m i z i n g n o z z l e s and c e n t r i f u g a l f a n s e p a r a t o r (see F i g u r e 6 . C 2 ) . 

The f i l t r a t i o n e f f e c t i s caused by the a b s o r p t i o n o f p a r t i c l e s and 

gases i n t o the v e r y f i n e d r o p l e t s through a l a r g e s u r f a c e a r e a . 

A d d i t i o n a l c o o l i n g f u r t h e r enhances s o r p t i o n of m e t a l s and 

o r g a n i c s to p a r t i c u l a t e and a l l o w s f u r t h e r f i l t r a t i o n (see e . g . 

V e l z y , 1985) . A f i n a l heat exchange a l l o w s d e h u m i d i f i c a t i o n . 

The c o s t s f o r t h i s system are based on p r e l i m i n a r y e s t i m a t e s 

from the m a n u f a c t u r e r ( T u r b o t a k , 1988) and an o p e r a t i n g c o s t s f o r 

wet f i l t r a t i o n p r o c e s s e s (LMRP, 1985) . 
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C a p i t a l Investment 

A d d i t i o n a l S c r u b b e r 

and i n s t a l l a t i o n $ 1 , 0 0 0 , 0 0 0 . -

Heat exchange system $ 1 , 6 4 0 , 0 0 0 . -

$ 2 , 6 4 0 , 0 0 0 . -

a m o r t i z e d over 20 y e a r s amounts to $ 2 1 2 , 0 5 6 . - / y e a r 

O p e r a t i n g C o s t s 

S c r u b b e r ( c h e m i c a l s , power p e r s o n n e l ) 

a t $ 2 . 3 0 / t o n n e $ 3 9 4 , 4 0 0 . - / y e a r 

Heat exchanger o p e r a t i n g c o s t s $ 9 5 , 0 0 0 . - / y e a r 

$ 4 8 9 , 4 0 0 . -

T o t a l a n n u a l i z e d c o s t s $ 7 0 1 , 4 5 6 . - / y e a r 

or $4.15 per m e t r i c tonne 

or $ 2 . 5 0 / c a p i t a - y e a r . 
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F l u e -
Gas 

S e p a r a t o r 
Fan 

Quench 
R e a c t o r 

Baghouse A d d i t i o n a l 
F i l t e r R e a c t o r 

S tack 

E x i s t i n g New 

F i g u r e 6.C2 - I n c i n e r a t o r Exhaust - A d d i t i o n a l F i l t r a t i o n Step 



636 

Emission Reduction 

Although the present f i l t r a t i o n system removes over 90% of 

a i r contaminants, the subsequents scrubber process i s designed to 

remove p a r t i c l e s below 10 micron, which accounts f o r approximately 

90% of the r e s i d u a l p a r t i c u l a t e . S p e c i a l emphasis i s p l a c e d on 

the f i n e p a r t i c l e s because sorbed metals and o r g a n i c s are present 

i n t h i s s i z e range. Through the a d d i t i o n a l c o o l i n g more gaseous 

contaminants w i l l tend to condense onto the remaining p a r t i c u l a t e 

( V e l z y , 1985). Thus, through removal of the p a r t i c u l a t e , more 

sorbed metals and o r g a n i c s w i l l be removed too. F i n a l l y , a c i d 

gases are f u r t h e r reduced with an a d d i t i o n a l c a u s t i c s crubbing 

s t e p . 

Although s p e c i f i c t e s t r e s u l t s f o r the e f f e c t of the added 

system are not a v a i l a b l e to e m p i r i c a l l y demonstrate the r e d u c t i o n , 

contaminant r e d u c t i o n i s c o r r e l a t e d with p a r t i c u l a t e removal and 

lower temperatures (EPS, 1986). T h e r e f o r e , a 10% r e d u c t i o n i n 

p a r t i c u l a t e , a c i d gases, heavy metals and o r g a n i c s i s p r e d i c t e d 

f o r the m o d i f i e d system. 
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A p p e n d i x 6.C3 

A i r Q u a l i t y Impact R e d u c t i o n t h r o u g h A i r Q u a l i t y M o n i t o r i n g 
and R e d u c t i o n of B u r n i n g Rate 

L o c a t i o n and Frequency 

Ambient c o n c e n t r a t i o n maxima o c c u r a t 700 to 1,500 metres 

a n d , i n the l o n g - t e r m , a t 18 and 30km d i s t a n c e i n p r e v a i l i n g wind 

d i r e c t i o n s (N and S / S E ) . Because of the a c c u r a c y of d i s p e r s i o n 

m o d e l l i n g , two l o c a t i o n s a t each modeled maximum i n each of the 

two wind d i r e c t i o n s are m o n i t o r e d . 

Hence, a t o t a l of 8 l o c a t i o n s a r e p e r i o d i c a l l y m o n i t o r e d on 

the N a t i o n a l A i r P o l l u t a n t m o n i t o r i n g c y c l e of e v e r y s i x d a y s . 

Two c o n t i n u o u s m o n i t o r i n g s t a t i o n s are i n s t a l l e d at the s h o r t - t e r m 

maxima l o c a t i o n s . One measures background and one the downwind 

c o n c e n t r a t i o n s of NO2, CO, SOx, and O ^ -

P o l l u t a n t s and Sampling 

TSP and heavy meta ls ( C d , C r , C u , Mg, Mn, Pb and Zn) a re 

c o l l e c t e d w i t h a h i g h volume p a r t i c u l a t e f i l t e r . Gaseous 

p o l l u t a n t s ( N 0 2 r CO, S02f 0^) a re m o n i t o r e d c o n t i n u o u s l y and 

r e c o r d e d at two s t a t i o n s . HC1 and HF a r e c o l l e c t e d i n a 24 hour 

i m p i n g e r t r a i n , exchanged e v e r y 6 days (as f o r p a r t i c u l a t e 

sampling) and a n a l y s e d i n the l a b . 
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M o n i t o r i n g C o s t s 

Equipment ( p e r s . comm. M. M e n n e l l , GVRD, 1988) 

8 - High volume a i r samples a t $ 1 , 8 0 0 . - / p c . = $ 1 4 , 4 0 0 . -

16 - Impinger t r a i n s a t $ 3 , 1 0 0 / p c . = $ 4 9 , 6 0 0 . -

2 - C o n t i n u o u s m o n i t o r i n g s t a t i o n s 

a t $ 1 7 5 , 0 0 0 . - / p c . = $ 3 5 0 , 0 0 0 . -

$ 4 1 4 , 0 0 0 . -

Sampling and S u p p l i e s 1 0 , 0 0 0 . - / y e a r 

A n a l y t i c a l 

- T S P and Heavy M e t a l s 

8 samples/week-52 weeks = 416 s a m p l e s / y e a r 

P r e p a r a t i o n $ 1 2 . -

A n a l y s i s $ 2 5 . -

P b / C d $ 1 8 . -

$ 5 5 . - / s a m p l e * 416/ = $ 2 2 , 8 8 0 . - / y e a r 

s a m p l e s / y r 

- H C 1 / H F and O r g a n i c s 

HC1/HF a n a l y s i s $ 1 6 . / s a m p l e * 416 s a m p l e s / y e a r $ 6 , 6 5 6 . - / y e a r 

O r g a n i c s - 2 samples/week = 104 s a m p l e s / y e a r * 

$200 . - per sample $ 2 0 , 8 0 0 . - / y e a r 

$ 6 0 , 3 3 6 . - / y e a r 

T o t a l - E q u i p m e n t investment a m o r t i z e d over 

5 y e a r s 

( A / 4 1 4 , 0 0 0 . - , 5%,5) = 4 1 4 , 0 0 0 . - * 0.23 =$ 9 5 , 6 2 4 . -

- A n n u a l Sampling C o s t s 6 0 , 3 3 6 . -

$ 1 5 5 , 9 6 0 . -

T o t a l c o s t s of 1 5 5 , 9 6 0 . - per year and e q u a l to $0.92 per 

m e t r i c tonne o r $0.55 per c a p i t a - y e a r . 
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b . I n c i n e r a t i o n c o s t i n c r e a s e due to b u r n i n g r a t e d e c r e a s e of 

10%, from 170,000mt to 153,000mt per y e a r . 

Assume C a p i t a l inves tment f o r i n c i n e r a t o r i s 

(US-1985) $50 M i l l i o n (Marion C o u n t y , 1985) 

e q u a l s C a n . $ $65 M i l l i o n 

Assume o p e r a t i o n c o s t s e q u a l to energy r e v e n u e s , (LMRP, 1985) 

t h u s , p r o r a t e d per t o n n e , the 

c a p i t a l c o s t s c o n s t i t u t e the c o s t d i f f e r e n c e 

f o r a r e d u c e d b u r n i n g r a t e : 
g 

$65 * 10 a m o r t i z e d over 20 y e a r s : 

(A/$65 * 1 0 6 , 5%, 20) = $ 5 , 2 2 6 , 0 0 0 . - / y e a r 

T o t a l c o s t per y e a r i s d i v i d e d i n t o the t o n n a g e : 

a t 170,000 m t / y e a r = $30.74/m tonne 

C o s t i n c r e a s e p r o p o r t i o n to a 10% r e d u c t i o n i n waste volume 

i s e q u i v a l e n t to 153,000 m t / y e a r = $34.16/m tonne 

D i f f e r e n c e f o r 10% r e d u c t i o n = $ 3 .42/m tonne 

or at 0.6 m t / c a p - y r = $ 2 . 0 5 / c a p - y e a r . 

20% r e d u c t i o n i s e q u i v a l e n t 

to 135,000 m t / y e a r $38.43/m tonne 

D i f f e r e n c e f o r 20% r e d u c t i o n = $ 7 .69/m tonne 

or a t 0.6 m t / c a p i t a per year = $ 4 . 6 1 / c a p i t a per year 

T o t a l m o n i t o r i n g and 10 to 20% burn r a t e r e d u c t i o n c o s t s 

10% 20% 

m o n i t o r i n g c o s t s $0.55 $0.55 

i n c i n e r a t i o n c o s t 
i n c r e a s e $2.05 $4.61 

$2.60 to $5.16 
per c a p i t a per y e a r . 
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Appendix 6.C4 

Compensat ion t h r o u g h P r o p e r t y V a l u e Guarantees a t the I n c i n e r a t o r 

. 88 r e s i d e n t i a l homes a c t u a l l y l i s t e d d u r i n g 1983 to 1986 

. w i l l use 90 homes a t maximum v a l u e of $196,660. 

. 10% per home = $19,666 * 90 homes = $ 1 , 7 6 9 , 9 4 0 . -

. Compensation c o s t o c c u r s a t b e g i n n i n g o f p r o j e c t and i s 

a m o r t i z e d over 5 y e a r s at 5% 

A / $ l , 7 6 9 , 9 4 0 , 5%, 5 y e a r s = $ 4 0 3 , 5 4 6 . - / y e a r 

or $2.37 per m e t r i c tonne 

or $1.42 per c a p i t a per y e a r . 
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Appendix 6.D1 

I n c i n e r a t o r View R e d u c t i o n 

View P r e v e n t i o n through Stack H e i g h t R e d u c t i o n 
and Plume P r e v e n t i o n 

Stack h e i g h t r e d u c t i o n by 30m to 50m: 

1. V i r t u a l plume h e i g h t must remain a t 110m to ensure 

d i s p e r s i o n : 

S o l v i n g H o l l a n d ' s f o r m u l a f o r e x i t v e l o c i t y a t a heat 

r i s e (h) of 110m-50m = 60m i n s t e a d of 30m: 

r e s u l t s i n the f o l l o w i n g r e s u l t : 

Vsd f l . 5 + 0.0096 Q h 

Vs =(& h-0 .0096 Qh ) x u 
\ uj 1 . 5d 

V d s 

w i t h h = 60m ( r e q u i r e d f o r d i s p e r s i o n ) 

Qh = mCp ( T s - T a ) = 87.12 k g / s * 1.36 k J / N m 3 - ° C * 
(344-288) K 

= 6 ,586.27 K J / S 

u = 3m/s 

d = 1.72m 

R e q u i r e d v e l o c i t y V = (60m - 21.08m) * u = 45.26 m/s 
1 .5d 

I n c i n e r a t o r View R e d u c t i o n 

2. Check Stack Diameter and d e t e r m i n e Reynolds Number f o r 
P l u m e l e s s O p e r a t i o n . 

F l u e gas mass f l o w : 44 m 3 / s a t 1 1 5 ° C 
3 

a t d e n s i t y of 0.99 kg/m e q u a l s 43.56 k g / s 
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Temperature w i t h Heat exchanger = 7 0 ° C 
3 

hence d e n s i t y = 1.11 kg/m 

dynamic v i s c o s i t y (at 7 0 ° C ) = 20.4 x 1 0 ~ 6 N - s / m 2 ( f rom 
t a b l e s ) 

Mass f l o w w i t h heat exchange and 1:1 ambient a i r m i x i n g 
3 

e q u a l s 2 t imes 43.56 k g / s = 87.12 k g / s a t 1.11 kg/m at 

7 0 ° C , volume f l o w i s 78.5 m 3 / s hence f o r V = 45m/s, the 

r e q u i r e d s t a c k d i a m e t e r i s 1.5m. 

R e y n o l d s number 

Re = 1.11 k g / m 3 * 45m/s * 1.5m = 3.67 * 1 0 6 

20.4 * 1 0 " 6 N - s / m 2 

F r i c t i o n Loss i n S h o r t S t a c k : 
L f = f * L * V 2 

D 2g 

f o r Moody f r i c t i o n f a c t o r f : 

s t a c k i n s i d e c l a d d i n g i s welded s t e e l , e = 0.003 

at 1.5m d i a m e t e r r e s u l t s i n a r e l a t i v e roughness e 
D 

of 0 .006, which 

w i t h Re = 3.67 * 10 r e s u l t s i n a Moody f a c t o r f 

of 0 .018 . 

A d d i t i o n a l Power R e q u i r e d f o r S h o r t S t a c k : 

R e q u i r e d Power = W = m ^ ^ V . 2 - V 2J + g ( Z 1 ~ Z 2 ) - g * L f )J 

Hence, f o r the e x i s t i n g s t a c k : m = 43.56 k g / s 

v^ = 6 m/s Z^ = 3m 

V 2 = 19 m/s Z 2 = 78m 

L f = 16.6m 

Wp = 46,222 kpm = 453.15 KW 
s 

For the s h o r t s t a c k : m = 87.12 k g / s 
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V 1 = 6 m/s Z1 = 3m 

V 2 = 45 m/s Z 2 = 50m 

L f = 37.1m 

Wss = 87.12 k g / s * 1,820 m 2 / s 2 = 158,569 kp m/s 

= 1,554 KW 

D i f f e r e n c e i n power r e q u i r e d = 1,554-453 KW = 1,101 KW 

D e h u m i d i f i c a t i o n through heat exchange and ambient a i r 

m i x i n g : 

F i l t e r e d f l u e gas a t t = 1 2 6 ° C 

M o i s t u r e = 0.17 k g / k g a i r 

i s p a s s e d through a heat exchanger w i t h ambient a i r to 

c o o l and remove m o i s t u r e . The ambient a i r ( w i t h low 

m o i s t u r e c o n t e n t ) i s then mixed on a 1 :1 r a t i o w i t h the 

d e h u m i d i f i e d f l u e gas (see diagram 6 . D 1 ) . 

The p r o c e s s i s shown i n the p s y c h o m e t r i c d i a g r a m (6.D2) 

b e l o w . 

F l u e gas = t f a i a t 1 2 6 ° C and 0.17 k g / k g a i r . 

Ambient a i r a t t ^ ; = 5 ° C and 90% h u m i d i t y 

or 0.00043 k g / k g a i r 

Passage through heat exchangers a t a 1 :1 mass f l o w r a t i o 

r e s u l t s i n an e f f i c i e n c y of exchange of 77% (Watson C o . , 

1988) . 

e = C i g ( A ; - ) = 77% 

C^g = 1.407 K J / N m 3 - d e g . C 

C a i r = 1.298 K J / N m 3 - d e g . C 

O p e r a t i n g energy f o r f a n at 1 .3 " WC P r e s u r e drop 

r e q u i r e s 25,473 kpm = 250 KW. 
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Legend: t ^ = flue gas entering heat exchange1 

t^ o = flue gas after heat exchange 

c i 

co 

= ambient a i r at 5 deg.C. and 00% 
r e l . humidity 

- ambient.air after heat exchange 

t_^x= 50/50% flue gas/ambient a i r -mix 

F i g u r e 6.D2 - Diagram o f Heat Exchange 
and Exhaust - Ambient M i x i n g P r o c e s s 
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A f t e r heat exchange, the r e s u l t i n g f l u e gas t e m p e r a t u r e 

a t e x i t i s 4 0 . 0 5 ° C and 0.043 k g / k g a i r m o i s t u r e c o n t e n t 

( t h ) . Heated ambient a i r a t 98.2 deg C and 0.0043 k g / k g 

m o i s t u r e ( t ) i s then mixed w i t h the f l u e gas t o a co 3 

m i x t u r e a t 71 deg C and 0.0215 k g / k g m o i s t u r e c o n t e n t 

( t e x ) . 

T h i s m i x t u r e can be exhausted to the atmosphere under 

worst case c o n d i t i o n s (say) 0 ° C and 90% r e l a t i v e h u m i d i t y 

w i t h o u t c o n d e n s a t i o n , a n d , hence w i t h o u t a plume f o r m i n g . 

T h i s can be v e r i f i e d i n the diagram by drawing a m i x i n g 

l i n e from t the m i x i n g p o i n t of f l u e gas and heated 

ambient a i r to o u t s i d e a i r at t . . 
c i 
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C o s t s 

3 P o l y v i n y l c o a t e d aluminum c o u n t e r f l o w 

heat exchangers of 50,000 cfm each 

$ 1 5 6 , 0 0 0 . -
( T u r b o t e k , 1988) . 

A d d i t i o n a l d u c t w o r k , frames 

f a n and i n s t a l l a t i o n $ 2 6 , 0 0 0 . -

$ 1 8 2 , 0 0 0 . -

A m o r t i z e d over 20 y e a r s = $ 1 4 , 6 3 3 . - / y e a r 

A d d i t i o n a l o p e r a t i n g c o s t s : 

e n e r g y : s t a c k fans 1,101 KW 

heat exchanger 250 KW 

1,351 KW a t 0.9 e f f i c i e n c y 

e q u a l s 1,501 KW 

f o r 7,000 h o u r s / y e a r 

e q u a l s 10.5 * 1 0 6 KWh 

at $0.025/KWh e q u a l s $ 2 6 2 , 6 7 5 . - / y e a r 

T o t a l c o s t s : $ 2 7 7 , 3 0 8 . - / y e a r 

or $1.63 per m e t r i c tonne 

or $1.00 per c a p i t a per y e a r . 
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Appendix 6.D2 

I n c i n e r a t o r - View C o n t r o l 

T r e e Screen on I n c i n e r a t o r S i t e Boundary-

I n c i n e r a t o r - S tack h e i g h t = 80m 

Stack and Plume = 110m 

B u i l d i n g = 30m 

S i t e C i r c u m f e r e n c e : 1,030m 

T r e e s - 9-12 metres on 8 metre c e n t r e s 

130 t r e e s a t $ 5 , 0 0 0 . - $ 6 5 0 , 0 0 0 . -

Cash Flow - T r e e S c r e e n 

E x p e n d i t u r e i s p a r t of o r i g i n a l c a p i t a l i n v e s t m e n t and i s 

a m o r t i z e d over 20 y e a r s : 

( A / P , 5%, 20) = $ 6 5 0 , 0 0 0 . - * 0.0804 = 5 2 , 2 9 0 . - / y e a r 

or $0.31 per m e t r i c tonne 

or $0.18 per c a p i t a per y e a r . 
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S c r e e n D i s t a n c e 

F a c i l i t y O b j e c t 
and h e i g h t 

Stack H O m 
and Plume 

Stack H O m 
and Plume 

B u i l d i n g 30m 

B u i l d i n g 30m 

i s t a n c e Screen h e i g h t 

100m 10m 

50m 10m 

100m 10m 

50m 10m 

Screen D i s t a n c e 

10m 

5m 

50m 

25m 
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Appendix 6.D3 

I n c i n e r a t o r View M i t i g a t i o n 

Tree Screen of View Impact Areas (see View Map, f i g u r e 4.2). 

Estimated r e q u i r e d l e n g t h of view s c r e e n i n g equals 19,560m 

Assume 25% of t o t a l circumference i s exposed to r e s i d e n c e s r e s u l t s 

i n l i n e a r exposed d i s t a n c e of 4,890m rounded to 5,000m. 

Tree screen of s i n g l e l i n e of 5 to 6m t r e e s on 6 metre c e n t r e s 

r e q u i r e s 5,000m 6m = 835 t r e e s 

835 t r e e s at $60.-/tree equals $50,100.-

Cash flow - s i n g l e expenditure as i n i t i a l c a p i t a l investment, 

amortized over 20 y e a r s : 

(A/$50,100, 5%, 20) = $4,030.- per year 

or $0.02 per c a p i t a per year 

Screen E f f e c t 

F a c i l i t y 
H e i g h t 

D i s t a n c e 
to s c r e e n 

Screen 
(Tree) 
Height 

Screen D i s t a n c e 
at 1.5m viewer h e i g h t 

110m 1,000m 6m 5.8m 

110m 2,000m 6m 115m 

110m 3,000m 6m 173 
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Appendix 6.D4 

I n c i n e r a t o r - Compensation f o r View and A i r Q u a l i t y Impact . 

10% o f V a l u e of P r o p e r t y w i t h i n 800m (1/2 m i l e ) : 

. R e s i d e n t i a l L o t s - assume p o t e n t i a l of 

78 l o t s w i t h i n 800m 

at average p r i c e of (US) $ 4 6 , 0 2 8 . - (Salem M u l t i p l e 

L i s t i n g A r e a 3 ) . 

T o t a l V a l u e : (US) $ 3 , 5 9 0 , 1 8 4 . -

10% V a l u e : $ 3 5 9 , 0 1 8 . -

. Farmland - A r e a of h a l f c i r c l e w i t h r a d i u s 800m 

= 1.005 x 1 0 6 m 2 = 250 a c r e s 

l e s s £ of s i t e = 7 a c r e s 

243 a c r e s 

V a l u e : US $ 2 , 0 0 0 . - per a c r e ( p e r s . com. E . F o r r e s t 

C a l d w e l l - B a n k e r , 1988) 

T o t a l V a l u e : US $ 4 8 6 , 0 0 0 . - US $ 4 8 6 , 0 0 0 . -

10% V a l u e : US $ 4 8 , 6 0 0 . -

Compensation V a l u e : US $ 4 0 7 , 6 1 8 . -

US $ * 1.3 = C a n . $ 5 2 9 , 9 0 3 . -

C a n . $ 5 3 0 , 0 0 0 . -

Cash Flow - S i n g l e e x p e n d i t u r e as i n i t i a l c a p i t a l 

i n v e s t m e n t , a m o r t i z e d over 20 y e a r s : 

(A/$530 ,000 , 5%, 20) = 4 2 , 6 0 5 . - / y e a r 

or $0.25 per m e t r i c tonne 

or $0.15 per c a p i t a per y e a r . 
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A p p e n d i x 6 . E l 

Image C o n t r o l 

a . L a n d f i l l - G o l f c o u r s e , c l u b h o u s e and p l a y i n g f i e l d s b u i l t 
over the c o u r s e of the l a n d f i l l l i f e 

Approximate c o s t i n g f o r these image c o n t r o l s uses t h r e e 

e l e m e n t s : v e g e t a t i v e s c r e e n i n g w i t h t r e e s , low d e n s i t y l a n d s c a p i n g 

and g r a s s , and h i g h d e n s i t y l a n d s c a p i n g : 
2 

1. 20 a c r e s (87,080m ) - p l a y i n g f i e l d s and c l u b h o u s e 
2 

- e n t i r e a r e a - b a s i c l a n d s c a p i n g a t $ 2 . - / m = $ 1 7 5 , 0 0 0 . -
2 

- 1/3 a rea i n t e n s i v e l a n d s c a p e a t $20/m = $ 5 8 0 , 0 0 0 . -

- Clubhouse of 10,000 sq f t a t $60 /sq f t = $ 6 0 0 , 0 0 0 . -

$ 1 , 3 5 5 , 0 0 0 . -
2 

2. 100 a c r e s (435,400m ) - g o l f c o u r s e 
2 

- e n t i r e a r e a - b a s i c l a n d s c a p i n g at $2/m = $ 8 7 0 , 8 0 0 . -
2 

- 20% green a r e a (87,080m ) - i n t e n s i v e 
2 

l a n d s c a p i n g a t $30/m = $ 2 , 6 1 2 , 4 0 0 . -

$ 3 , 4 8 3 , 2 0 0 . -

3. S c r e e n of t r e e s a l o n g 2,900m c i r c u m f e r e n c e i n two rows 

at 8.5m c e n t r e s : 

- 684 t r e e s of 5 to 6m h i g h a t $ 6 0 / t r e e = $ 4 1 , 0 4 0 . -

T o t a l $ 4 , 8 7 9 , 2 4 0 . -

A f t e r the i n i t i a l t r e e s c r e e n around the c i r c u m f e r e n c e , the 

c o n s t r u c t i o n sequence f o l l o w s the l a n d f i l l i n g . T h e r e f o r e , the 

c o s t s a re e q u a l l y d i s t r i b u t e d throughout the l i f e of the f a c i l i t y 

w i t h an i n i t i a l 3 to 5 year l a g f o r s e t t l i n g of the f i r s t c e l l 

(see f i g u r e 6 . E l ) : 
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i 

20 

r 
* 

Trees Club Landscaping 
House 

r 
4 / 5 6 

F i g u r e 6 . E l - Cash Flow P r o f i l e f o r L a n d f i l l Image C o n t r o l 
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The p r e s e n t v a l u e i s e s t i m a t e d u s i n g a r e a l i n t e r e s t r a t e of 5%. 

The p r e s e n t v a l u e of the c o s t i s l e v e l i z e d and d i s t r i b u t e d over 

the l i f e of the f a c i l i t y ; the e q u i v a l e n t c o s t t o each r e s i d e n t i s 

c a l c u l a t e d a t a y e a r l y waste c o n t r i b u t i o n of 600kg per c a p i t a . 

P r e s e n t V a l u e ( P / F , 5%, N) 
-n (1+0.05) 

Item C o s t Year PV 

T r e e s $ 41,000 0 $ 41,000 

C l u b h o u s e $600,000 4/5 $ 4 8 1 , 8 6 8 . -

L a n d s c a p i n g $282 ,550 /year 6 to 20 $ 2 , 2 9 3 , 5 0 5 . -

T o t a l PV $ 2 , 8 1 4 , 4 2 1 . -

L e v e l i z e d U n i t C o s t 

( A / $ 2 , 8 1 4 , 4 2 1 , 5%, 20 y e a r s ) = $2 ,814,421 * 0.0804 

$226,288. - / y e a r 

or $1.33 per m e t r i c tonne 

or $0.80 per p e r s o n per year 

b . I n c i n e r a t o r - park l i k e b u f f e r zone of 70 m w i d t h around s i t e 

A b u f f e r zone of 70m w i d t h i s u s e d . 
2 

The t o t a l a r e a of the b u f f e r zone i s 89,600m , or 

a p p r o x i m a t e l y 22 a c r e s . Here p l a y g r o u n d s , a p u t t i n g g r e e n , and 

s p o r t s t r a c k are s e t i n a park l a n d s c a p e : 
2 

1. 22 a c r e s (89,600m ) b a s i c l a n d s c a p i n g 

a t $2 /m 2 = $ 1 8 0 , 0 0 0 . -

2. 1/3 of a r e a (30,000m 2 ) s p e c i a l 
i n . . / 2 = $ 6 0 0 , 0 0 0 . -l a n d s c a p m g at $20/m ' 

3. L i g h t i n g , s p r i n k l e r s = $ 7 5 , 0 0 0 . -



Land v a l u e - 22 a c r e s a t $ 2 , 0 0 0 / a c r e = $ 44,000 

T r e e s - 1280m c i r c u m f e r e n c e - 2 rows a t 

8.5m c e n t r e s r e q u i r e s 300 t r e e s 

a t $ 6 0 / t r e e = $ 18,000 

T o t a l c a p i t a l investment $917,000 

C a p i t a l Recovery per year $ 73,580 

or $0.45 per m e t r i c tonne 

or $0.30 per c a p i t a / y e a r 
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A p p e n d i x 6.E2 

Community Image M i t i g a t i o n 

I n c e n t i v e s to g e n e r a t e d e s i r a b l e development through 10% 

p r o p e r t y v a l u e d i s c o u n t , 

a . L a n d f i l l 

T o t a l a r e a of 76 a c r e s (64m wide s t r i p ) around l a n d f i l l a t 

$ 1 1 3 , 1 0 0 . - / a c r e e q u a l s $ 8 , 5 9 5 , 6 0 0 . -

b . I n c i n e r a t o r 

16 p a r c e l s of 2 a c r e s each a t US $ 2 , 5 0 0 / a c r e (C$ 3250/acre) 

10% of v a l u e e q u a l s $ 8 5 9 , 5 6 0 . -

a m o r t i z e d over 5 y e a r s e q u a l s $195 ,980 /year 

e q u a l s $1.15 per m e t r i c tonne 

or $ 0 . 7 0 / c a p i t a per year f o r 5 y e a r s . 

e q u a l s a t o t a l v a l u e of (C$) $ 1 0 4 , 0 0 0 . -

p l u s 16 houses a t $80,000 each $ 1 , 2 8 0 , 0 0 0 . -

V a l u e $ 1 , 3 8 4 , 0 0 0 . -

10% e q u a l s $ 1 3 8 , 4 0 0 . -

at 5% f o r 20 y e a r s $ 1 1 , 1 3 0 . - per year 

or $0.07 per m e t r i c tonne 

or $0.04 per c a p i t a per year 
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Appendix 6 .E3 

Image Compensation - Compensation i n - k i n d w i t h a Community H a l l -

R e c r e a t i o n C e n t r e 

Land - 1/2 a c r e a t $2.60 per square f o o t 

e q u a l s $ 5 6 , 5 5 0 . -

B u i l d i n g - 10,000 square f e e t a t $100 per 

s q . f o o t e q u a l s $ 2 , 0 0 0 , 0 0 0 . -

PV = 1 , 0 5 6 , 5 5 0 . -

( A / P , 5%, 20) = P 0.13 = P*0.0802 = $ 8 4 , 7 3 5 . - / y e a r 

1.65 

or $0.50 per m e t r i c tonne 

$0.30 per c a p i t a per year over 20 y e a r s . 
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P l e a s e r a t e how w e l l informed you are about the f a c i l i t y , i t s 
o p e r a t i o n and impacts on the s c a l e o f t o t a l l y 
f a m i l i a r (7) to t o t a l l y u n f a m i l i a r ( 1 ) : 

a . a garbage f i l l where h o u s e h o l d garbage i s f i l l e d and covered? 

t o t a l l y t o t a l l y 
f a m i l i a r u n f a m i l i a r 

7 6 5 4 3 2 1 

b . a garbage burner t h a t burns garbage and produces energy? 

t o t a l l y t o t a l l y 
f a m i l i a r u n f a m i l i a r 

3a . P l e a s e assume t h a t a garbage l a n d f i l l t o serve the e n t i r e 
m e t r o p o l i t a n area were t o be b u i l t w i t h i n 1 m i l e from where 
you l i v e . 

What would annoy, b o t h e r , o r c o n c e r n you about the garbage 
l a n d f i l l and how would you b e n e f i t by h a v i n g the f a c i l i t y 
l o c a t e d i n your neighborhood? 

Concerns B e n e f i t s 

3b. P lease assume t h a t a garbage b u r n e r t o serve the e n t i r e 
m e t r o p o l i t a n area were t o be b u i l t w i t h i n 1 m i l e from where 
you l i v e . 

What would annoy, b o t h e r , or c o n c e r n you about the garbage 
burner and how would you b e n e f i t by h a v i n g the f a c i l i t y 
l o c a t e d i n your neighborhood? 

Concerns B e n e f i t s 
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I I . Your Home and Household 

4. P lease mark the type o f home you l i v e i n . 

s i n g l e f a m i l y house townhouse 

duplex condominium 

apartment t r a i l e r 

o ther ( p l e a s e f i l l i n ) 

5. Do you own or r e n t your home? 

own r e n t 

6. Do any c h i l d r e n (under 18) l i v e i n your household? 

yes 

no 

7a . What b u s i n e s s or p r o f e s s i o n do you u s u a l l y work i n o r have you 
u s u a l l y worked i n ? 

b . What i s the t i t l e o f your job? 

c . What was the name and type o f the s c h o o l , and the l a s t year 
you at tended? ( i n c l u d i n g t r a d e s c h o o l , v o c a t i o n a l s c h o o l , e t c . ) 

School _ , t h year 

What i s the most r e c e n t degree o r d i p l o m a you r e c e i v e d ? 

d . Which range b e s t r e p r e s e n t s your h o u s e h o l d ' s t o t a l y e a r l y income 
from a l l sour c es f o r l a s t year ( b e f o r e taxes and d e d u c t i o n s ) ? 
Please i n c l u d e a l l sources o f income and everyone i n the 
household t h a t works i n your e s t i m a t e . 

up to $9,999 
$ 10,000 t o $ 14,999 
$ 15,000 t o $ 19,999 
$ 20,000 t o $ 29,999 
$ 30,000 t o $ 49,999 
over $ 50,000 



8. P lease c o n s i d e r the Burnaby 

a . Does t h i s f a c i l i t y annoy, 

I n c i n e r a t o r s p e c i f i c a l l y , 

b o t h e r or concern you? 
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yes no 

I f y e s , why? 

b . Does t h i s f a c i l i t y annoy, b o t h e r o r c o n c e r n you more o r 

l e s s than when i t was f i r s t b u i l t o r when you f i r s t moved i n ? 

The f a c i l i t y b o t h e r s me 

much l e s s about more much 
l e s s same more 

9. P l e a s e c o n s i d e r the Burnaby I n c i n e r a t o r and the community 
where i t i s l o c a t e d as you know them. 

P l e a s e i n d i c a t e to what e x t e n t you d i s a g r e e o r agree w i t h these 
s t a t e m e n t s : 

a . The f a c t t h a t the f a c i l i t y i s l o c a t e d i n the neighborhood 
i s f a i r . 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

b . The f a c i l i t y d e p r e s s e s the p r o p e r t y v a l u e s i n the ne ighborhood , 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

c . The f a c i l i t y o p e r a t o r s do t h e i r b e s t t o p r o t e c t 
the neighborhood from n e g a t i v e i m p a c t s . 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 
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d . Regardless o f the p h y s i c a l i m p a c t s , the mere presence 
o f the f a c i l i t y harms the image o f the n e i g h b o r h o o d . 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

e. The e n v i r o n m e n t a l agency p r e v e n t s any e n v i r o n m e n t a l damage, 
harm to human h e a l t h and n u i s a n c e s from o c c u r r i n g 
i n our n e i g h b o r h o o d . 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

f . The f a c i l i t y c r e a t e s odors i n the n e i g h b o r h o o d . 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

g . The f a c i l i t y c r e a t e s n o i s e i n the ne ig hbo rho o d , 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

h . The f a c i l i t y c r e a t e s u n p l e a s a n t views (open garbage , b i r d s , 
s tack ) i n the neighborhood 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

i . The f a c i l i t y c o n s t i t u t e s a h e a l t h h a z a r d f o r the neighborhood 
through a i r p o l l u t i o n . 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

j . The f a c i l i t y c o n s t i t u t e s a h e a l t h h a z a r d f o r the neighborhood 
through water p o l l u t i o n . 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 



Q u e s t i o n 9 c o n t i n u e d : 

9k. The f a c i l i t y degrades the g e n e r a l e n v i r o n m e n t a l q u a l i t y 
( a i r q u a l i t y , water q u a l i t y , w i l d l i f e h a b i t a t s ) i n the 
neighborhood w i t h o u t n e c e s s a r i l y c a u s i n g h e a l t h h a z a r d s 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

1. The f a c i l i t y g e n e r a t e s s i g n i f i c a n t b e n e f i t s ( t a x e s , job 
energy, development) i n the n e i g h b o r h o o d . 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

m. The l o c a l government i s d o i n g i t s b e s t t o p r o t e c t 
the n e i g h b o r h o o d . 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 

n . The f a c i l i t y c r e a t e s r i s k s o f e x p l o s i o n s and a c c i d e n t s 
i n the n e i g h b o r h o o d . 

1 2 3 4 5 
s t r o n g l y not s t r o n g l y 
d i s a g r e e d i s a g r e e sure agree agree 
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10a. Do you f a v o r any type o f development i n your community? 

yes no 

b . I f y e s , what k i n d ? 

I f no, what k i n d do you l e a s t oppose ? 
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11. Knowing what you now know about the [ f a c i l i t y ' s ] i m p a c t s , 
which ones o f these are you most concerned about ? 

[ l a y out c a r d s ] 
P l e a s e p i c k out the impacts i n the o r d e r you are concerned 
about them. 

1 

2 

3 

4 

5 

6 

12. C o n s i d e r the p o s s i b i l i t y t h a t the [ f a c i l i t y ] were 
t o be l o c a t e d now a t the same s i t e . C o n s i d e r i n g what you 
now know about the [ f a c i l i t y ] , which o f these measures 
[ l a y out c a r d s ] would you most want y o u r l o c a l government 
or the f a c i l i t y owner t o do? 

Then w h i c h , then which? P l e a s e o r d e r the c a r d s i n the sequence 
you would want them r e d u c e d . 

1 

2 

3 

4 

5 

6 

What was your reason f o r p i c k i n g [1] over the o t h e r s . 



Q u e s t i o n l £ : P l e a s e read the s c e n a r i o : 

Assume t h a t the c a p a c i t y a t the p r e s e n t waste d i s p o s a l 
f a c i l i t y i s r u n n i n g o u t . Your l o c a l government has 
l o c a t e d a new s i t e i n your community. The new f a c i l i t y 
i s , however, l i k e l y t o become o f f e n s i v e because 
o f t r a f f i c , v i e w , o d o r s , as w e l l as r i s k s from a i r 
and water e m i s s i o n s . Your l o c a l government has f o u r 
ways o f a d d r e s s i n g the p r o b l e m . 

Which method do you p r e f e r ? 

P l e a s e rank the b e s t method w i t h a " 1 " , the 
next b e s t w i t h a "2 " , e t c . 

Methods t o Reduce F a c i l i t y Impacts : 
C o s t t o you Rank 
p e r y e a r i n 
taxes p e r 
p e r s o n 

Compensation o f impacts by 
p a y i n g money f o r damages 

$ 3 t o 5 

b . C o n t r o l o f e m i s s i o n s by 
t e c h n i c a l methods a t the 
f a c i l i t y s i t e 

c . C l e a n up o f impacts 
o r replacement o f damages 
t h a t a c t u a l l y o c c u r 

$ 10 t o 15 

$ 5 t o 10 

d . P r e v e n t i o n o f the impacts by 
e l i m i n a t i n g the cause o f 
the problem b e f o r e i t o c c u r s 

$ 15 t o 25 
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14. C o n s i d e r the s i t u a t i o n where the [ f a c i l i t y ] i s a g a i n 
going to be b u i l t 

HC: a t i t s s i t e i n y o u r n e i g h b o r h o o d . 

C C : a t i t s p r e s e n t l o c a t i o n . 

You mentioned t h a t [ 1 . impact i n Q.13] was o f c o n c e r n t o y o u . 
Here are some methods t o address t h a t i m p a c t . 
I f these changes were made and b u i l t i n t o the f a c i l i t y , 
would they make the [ f a c i l i t y ] more a c c e p t a b l e t o you? 

P l e a s e c o n s i d e r each change and mark the one answer t h a t 
b e s t f i t s your o p i n i o n . 

—> 2 separa te impact method sheets f o r each respondent 

15. You i n d i c a t e d you are concerned about [ 1 . i m p a c t ] . Here 
are f o u r ways t h i s k i n d o f impact c o u l d be a d d r e s s e d . 
P l e a s e read the d e s c r i p t i o n s o f c o s t s and e f f e c t s c a r e f u l l y 
and p i c k the method you p r e f e r t o have done most , then 
the next a l t e r n a t i v e , then the next by r e a d i n g out the 
the l e t t e r s . 

[Then rep eat f o r 2. impact ] 

Impacts 1. 2. 

Methods 1. 1. 

2. 2. 

3. 3 . 

4. 4. 

Why do you p r e f e r 1. over t h e o t h e r s ? 



A i r contamination from the garbage burner 668 

Here are some ways to address a i r p o l l u t i o n from the garbage burner. 
Please consider each one separately. 

Method 1: Separate out contaminants from the garbage 
before burning i t to reduce emissions 

Would th i s method make the a i r contamination from the garbage burner 
more acceptable to you? 

much more somewhat no 
more more difference 

Method 2: I n s t a l l the best available a i r f i l t r a t i o n equipment 
to reduce a i r emissions i n the exhaust a i r 

Would T_his method make the a i r contamination from the garbage burner 
more acceptable to you? 

much more somewhat no 
more more difference 

Method 3 : Monitor a i r emissions i n the a i r around the plant 
and reduce the amount of garbage that i s burned 
i f the measured emissions are s i g n i f i c a n t 

Would th i s method make the a i r contamination from the garbage burner 
more acceptable to you? 

much more somewhat no 
more more difference 

Method 4 : Compensate homeowners with the d o l l a r equivalent 
of 10% of property value 

Would this method make the a i r contamination from the garbage burner 
more acceptable to you? 

much more somewhat no 
more more difference 
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16. C o n s i d e r the s i t u a t i o n where the f a c i l i t y i s a g a i n 
t o be b u i l t a t i t s p r e s e n t s i t e . The f a c i l i t y 
o p e r a t o r , however, d e c i d e s t o i n c l u d e the f o l l o w i n g 
measures i n the d e s i g n r e g a r d l e s s i f they are 
demanded o r r e q u i r e d : 

SEE CARDS 

a . With these changes t o the f a c i l i t y as you know i t , how would 
you r a t e your a t t i t u d e about the f a c i l i t y ? 

My a t t i t u d e would be 

much worse about same b e t t e r much 
worse b e t t e r 

b . With these changes , how d e s i r a b l e o r u n d e s i r a b l e would the 
f a c i l i t y be t o you as as a n e i g h b o r ? 

The f a c i l i t y w i t h the changes would be 

v e r y so v e r y 
d e s i r a b l e so u n d e s i r a b l e 

+4 +3 +2 +1 0 -1 -2 -3 -4 

Would the f a c i l i t y w i t h these changes annoy, b o t h e r or 
concern you more o r l e s s than i t does now? 

I would be 

much more about l e s s much 
more annoyed same annoyed l e s s 

annoyed annoyed 
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17. Please read the f o l l o w i n g s c e n a r i o and then answer the q u e s t i o n : 

Assume that the present waste d i s p o s a l f a c i l i t y i s running 
out o f c a p a c i t y . So your l o c a l government e s t a b l i s h e s a l i s t 
of seven s u i t a b l e s i t e s i n c l u d i n g one i n your neighborhood, 
t h a t i s , w i t h i n 1/2 mile of where you l i v e . 

The l o c a l government conducts a f a i r l o t t e r y among the seven 
s i t e s and the s i t e i n your neighborhood i s chosen f o r 
a p e r i o d of 10 y e a r s . 

The p r o v i n c i a l environmental p r o t e c t i o n agency p l a c e s and 
enforces s t r i c t requirements on the f a c i l i t y owner 
to use best a v a i l a b l e emission c o n t r o l equipment and 
operate the f a c i l i t y s a f e l y and c l e a n l y r e g a r d l e s s 
of c o s t . As a r e s u l t , a l l h e a l t h r i s k s are reduced 
below s i g n i f i c a n t l e v e l s , although some u n c e r t a i n t y 
remains about s l i g h t long-term e f f e c t s . 

Your l o c a l government and the f a c i l i t y owner ask 
you about your concerns i n a survey q u e s t i o n n a i r e , 
take note of your views and address the impacts 
through these measures: 

As a r e s u l t , the impacts are reduced as f a r as p o s s i b l e , 
but s l i g h t e f f e c t s may remain. 

Under these circumstances do you c o n s i d e r the s i t i n g o f the 
f a c i l i t y i n your neighborhood t o be (please mark one): 

SEE CARDS 

completely 
acceptable 

b a r e l y 
acceptable 

somewhat 
unacceptable 

very 
unacceptable 

Why? 
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Thank you f o r your time and e f f o r t . 

T h i s i s the end of the formal i n t e r v i e w . You may r e s t assured 
t h a t your o p i n i o n w i l l be kept c o n f i d e n t i a l . Please put your 
answer sheets i n the p l a i n envelope a f t e r you have made any comments 
about the i n t e r v i e w i t s e l f . 

Do you have any comments about the i n t e r v i e w ? Was anything important 
l e f t out? Were the questions slanted? 

Thank you f o r p a r t i c i p a t i n g ! You may keep the pen as a token o f 
our a p p r e c i a t i o n . 
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A p p e n d i x 6 .G - Tacoma L a n d f i l l - F a i r n e s s of P r o p e r t y V a l u e 
Guarantees and B e l i e f s about F a c i l i t y Impacts 

N e g a t i v e B e l i e f s A s s o c i a t i o n w i t h A t t i t u d e 
about F a c i l i t y Impacts About P r o p e r t y V a l u e Guarantees 

as F a i r S i t i n g Measure 

N u i s a n c e s 
view 
odor 
n o i s e 
t r a f f i c 

not s i g n i f i c a n t 

H e a l t h R i s k s 
water e m i s s i o n s 
a i r e m i s s i o n s 
a c c i d e n t s 

E n v i r o n m e n t a l Change 
water q u a l i t y 
a i r q u a l i t y 
w i l d l i f e h a b i t a t harm 

P r o p e r t y V a l u e s " " 

Harm to Community Image " " 

Loss of C o n t r o l " " 

U n f a i r n e s s " " 

C o n f i d e n c e i n Owner /Operator m a r g i n a l l y s i g n i f i c a n t 

C h i square or F i s h e r E x a c t t e s t 
s i g n i f i c a n t a t p <0.05, 
m a r g i n a l l y s i g n i f i c a n t a t p <0.1 
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Table 6.H12 - Preferences for General Impact Reduction Methods 

Choice Proportion of Respondents who choose th i s 
measure as th e i r preference; 

PREVENT MISS FIRST SECOND THIRD 

N= 39 1 32 6 1 
MARG% 82.1 15.4 2.6 
CUM% 82.1 97.4 100.0 
LOWER 63.0 4.6 .0 
UPPER 93.9 33.9 16.3 

CONTROL MISS FIRST SECOND THIRD FOURTH 

N= 38 2 4 25 8 1 
MARG% 10.5 65.8 21.1 2.6 
CUM% 10.5 76.3 97.4 100.0 
LOWER 1.9 44.3 7.5 .0 
UPPER 29.0 83.4 41.7 17.4 

MITIGATE MISS FIRST SECOND THIRD FOURTH 

N= 39 1 1 7 27 4 
MARG% 2.6 17.9 69.2 10.3 
CUM% 2.6 20.5 89.7 100.0 
LOWER .0 5.7 48.1 1.9 
UPPER 17.0 37.8 85.8 28.3 

COMPENSA MISS FIRST SECOND THIRD FOURTH 

N= 38 2 2 3 1 32 
MARG% 5.3 7.9 2.6 84.2 
CUM% 5.3 13.2 15.8 100.0 
LOWER .3 1.0 .0 64.4 
UPPER 21.6 25.4 17.4 95.6 
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T a b l e 6.H13 - P r e f e r e n c e s f o r S p e c i f i c Impact R e d u c t i o n Measures 

a . H e a l t h R i s k R e d u c t i o n Measures 

C h o i c e P r o p o r t i o n o f Respondents who choose 
t h i s measure as t h e i r c h o i c e : 

78'. 

H . F I R S T MISS PREVEN CONTRO MIT I G A 

N= 23 2 14 8 1 
MARG% 60 . 9 34.8 4.3 
CUM% 60 . 9 95.7 100.0 
LOWER 34. 3 13.5 .0 
UPPER 83.4 6 1 . 6 2 6 . 3 

H.SECOND MISS PREVEN CONTRO MI T I G A COMPEN 

N= 23 2 4 10 8 1 
MARG% 17.4 4 3 . 5 34.8 4.3 
CUM% 17.4 60.9 95.7 100.0 
LOWER 3.3 19.0 12.9 .0 
UPPER 4 4 . 5 7 0 . 5 62.6 2 7 . 3 

H.THIRD MISS PREVEN CONTRO MITIGA COMPEN 

N= 22 3 4 5 12 1 
MARG% 18.2 22.7 5 4 . 5 4.5 
CUM% 18.2 40.9 9 5 . 5 100.0 
LOWER 3.4 5.5 2 7 . 3 .0 
UPPER 46.1 51.2 8 0 . 0 28.4 

H. FOURTH M I S S CONTRO MIT I G A COMPEN 

N= 22 3 1 1 20 
MARG% 4.5 4.5 9 0 . 9 
CUM% 4.5 9. 1 100.0 
LOWER .0 .0 6 6 . 2 
UPPER 27.3 27.3 99.4 
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T a b l e 6.H13 - P r e f e r e n c e s f o r S p e c i f i c Impact R e d u c t i o n Measures 

b . Community Image Impact R e d u c t i o n Measures 

C h o i c e P r o p o r t i o n of Respondents who choose 
t h i s measure as t h e i r c h o i c e : 

82.I.SECOND CONTRO MITIGA COMPEN 

N= 13 11 1 1 
MARG% 84.6 7.7 7.7 
CUM% 84.6 9 2 . 3 100.0 
LOWER 48.4 .1 .1 
UPPER 9 8 . 9 4 2 . 3 4 2 . 3 

8 3 . I . T H I R D CONTRO MITIGA COMPEN 

N= 13 2 6 5 
MARG% 15.4 4 6 . 2 38.5 
CUM% 15.4 6 1 . 5 100.0 
LOWER 1.1 15.3 10.6 
UPPER 51.6 79.4 73.5 

84.I.FOURTH MITIGA COMPEN 

N= 13 6 7 
MARG% 4 6 . 2 53.8 
CUM% 4 6 . 2 100.0 
LOWER 19.2 25.1 
UPPER 74.9 80.8 

Note - No P r e v e n t i o n measure was o f f e r e d as a c h o i c e . 
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T a b l e 6.H16 - E f f e c t s of Impact R e d u c t i o n Measures on A c c e p t a n c e 

a . H e a l t h R i s k R e d u c t i o n Measures 

Measure P r o p o r t i o n of Respondents who t h i n k t h i s measure 
would make them a c c e p t the f a c i l i t y : 

ONEWAY TABULATIONS STRAT=IMPACT1:HEALTH 
WITH .9500 CONFIDENCE INTERVAL 

68 .PREVENT 1 MISS NODIFF SLMORE MORE MMORE 

N= 23 2 1 7 3 12 
MARG% 4.3 30.4 13.0 52.2 
CUM% 4.3 34.8 47.8 100.0 
LOWER .0 10. 1 1.7 25.9 
UPPER 2 7 . 3 58.4 39. 3 77.6 

69 . CONTROL 1 M I S S NODIFF SLMORE MORE MMORE 

N= 23 2 2 8 4 9 
MARG% 8.7 34.8 17.4 39 . 1 
CUM% 8.7 43. 5 60.9 100.0 
LOWER .5 12.9 3.3 15.9 
UPPER 33.6 62.6 4 4 . 5 66.6 

70 .MITIGATE M I S S NODIFF SLMORE MORE MMORE 

N= 23 2 5 6 4 8 
MARG% 21.7 26. 1 17.4 34.8 
CUM% 21.7 47.8 65.2 100.0 
LOWER 5.3 7.6 3.3 12.9 
UPPER 49.4 54.0 4 4 . 5 62.6 

71 . . C0MPENS1 M I S S NODIFF MORE MMORE 

N= 22 3 14 3 5 
MARG% 63.6 13.6 22.7 
CUM% 63.6 7 7 . 3 100.0 
LOWER 36.3 1.9 5.9 
UPPER 85.8 39.6 5 0 . 1 
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T a b l e 6.H16 - E f f e c t s of Impact R e d u c t i o n Measures on A c c e p t a n c e 

b . Community Image Impact R e d u c t i o n Measures 

Measure P r o p o r t i o n of Respondents who t h i n k t h i s measure 
would make them a c c e p t the f a c i l i t y : 

7 4 . C 0 N T R 0 L 2 NODIFF SLMORE MORE MMORE 

N= 13 
MARG% 
cum 
LOWER 
UPPER 

1 
7.7 
7.7 
.0 

43.8 

3 
2 3 . 1 
30.8 
3.0 

6 1 . 0 

38 
69 
9 

74 

5 
.5 
,2 
9 
6 

4 
30.8 

100.0 
6. 1 

68. 2 

7 5 . M I T I G A T E NODIFF SLMORE MORE MMORE 

N= 13 
MARG% 
CUM% 
LOWER 
UPPER 

2 5 4 2 
15.4 38.5 30.8 15.4 
15.4 53.8 84.6 100.0 

.9 9.9 6.1 .9 
53.0 74.6 6 8 . 2 5 3 . 0 

76.COMPENS2 NODIFF SLMORE MORE MMORE 

N= 13 
MARG% 
CUM% 
LOWER 
UPPER 

4 5 3 1 
30.8 38.5 23.1 7.7 
30.8 6 9 . 2 9 2 . 3 100.0 
6.1 9.9 3.0 .0 

6 8 . 2 74.6 6 1 . 0 43.8 
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T a b l e 6H.17 - Acceptance of Waste F a c i l i t i e s with Combined 
Pre v e n t i o n and C o n t r o l Impact Reduction Measures 

a. L a n d f i l l - Host Community 

P r o p o r t i o n o f Respondents who s t a t e they 
w i l l accept a f a c i l i t y w i t h Combined Measures 

ACCEPT NO YES 

N= 11 4 7 
MARG% 36.4 63.6 
CUM% 36.4 100.0 
LOWER 10.9 30.8 
UPPER 6 9 . 2 8 9 . 1 

b. I n c i n e r a t o r - Host Community 

P r o p o r t i o n o f Respondents who s t a t e they 
w i l l accept a f a c i l i t y w i t h Combined Measures 
2 0 0 . ACCEPT NO YES 

N= 14 2 12 
MARG% 14.3 85.7 
CUM% 14.3 100.0 
LOWER 1.8 57. 2 
UPPER 4 2 . 8 9 8 . 2 

c. L a n d f i l l - C o n t r o l Community 

P r o p o r t i o n o f Respondents who s t a t e they 
w i l l accept a f a c i l i t y w i t h Combined Measures 

2 0 0 . ACCEPT NO YES 

N= 7 3 4 
MARG% 42.9 57.1 
CUM% 42.9 100.0 
LOWER 9.9 18.4 
UPPER 81.6 9 0 . 1 

d. I n c i n e r a t o r - C o n t r o l Community 

P r o p o r t i o n o f Respondents who s t a t e they 
w i l l accept a f a c i l i t y with Combined Measures 

200.ACCEPT NO YES 

N= 8 4 4 
MARG% 50 . 0 50.0 
CUM% 5 0 . 0 100.0 
LOWER 15.7 15.7 
UPPER 8 4 . 3 8 4 . 3 
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T a b l e 6.H17 - A c c e p t a n c e of Waste F a c i l i t i e s w i t h Combined 
P r e v e n t i o n and C o n t r o l Impact R e d u c t i o n Measures 

e . L a n d f i l l - T o t a l 

P r o p o r t i o n of Respondents who s t a t e they w i l l 
a c c e p t a f a c i l i t y w i t h Combined Measures 

200.ACCEPT 

N= 18 
MARG% 
CUM% 
LOWER 
UPPER 

NO 

38 
38 
17 
64 

7 
9 
9 
3 
3 

YES 

11 
61 . 1 

100.0 
35.7 
82.7 

f . I n c i n e r a t o r - T o t a l 

P r o p o r t i o n of Respondents who s t a t e they 
w i l l a c c e p t a f a c i l i t y w i t h Combined Measures 

200.ACCEPT NO YES 

N= 22 
MARG7. 
CUM?. 
LOWER 
UPPER 

27 
27 
10 
50 

6 
.3 
3 
,7 
,2 

16 
72.7 

100.0 
49.8 
8 9 . 3 

Host Community - T o t a l 

2 0 0 . A C C E P T NO YES 

N= 25 
MARG% 
CUM% 
LOWER 
UPPER 

6 
2 4 . 0 
2 4 . 0 
9.4 

4 5 . 1 

19 
7 6 . 0 

100.0 
54.9 
9 0 . 6 

h . C o n t r o l Community - T o t a l 

2 0 0 . A C C E P T NO YES 

N= 15 
MARG% 
CUM% 
LOWER 
UPPER 

46 
46 
21 
73 

7 
7 
7 
3 
4 

8 
5 3 . 3 

100.0 
26.6 
78.7 


