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CHAPTER I 

INTRODUCTION 

The Surface Mining Control and Reclamation Act of 1977 (Public 

Law 95-87, 95th Congress) represents a significant effort on the part 

of the Federal Government to establish a nationwide program to protect 

society and the environment from the adverse effects of surface mining 

operations. Among the stated purposes of the 1977 Act ,  the following 

are particularly relevant to mine planning and operation: 

- assure that surface coal mining operations are so conducted 

as to protect the environment; 

- assure that adequate procedures are undertaken to reclaim 

surface areas as contemporaneously as possible with the 

surface coal mining operations; 

- assure that the coal supply essential to the Nation's energy 

requirements, and to its economic and social well-being is 

provided and strike a balance between protection of the 

environment and agricultural productivity and the Nation's 

need for coal as an essential source of energy. 

Several provisions of the Act and the interim regulations deal with 

the protection of environment from surface mining damages. 

Specifically with regard to obtaining a mining permit, a reclamation 

plan must be submitted which shall be of such a detail to demonstrate 

that reclamation can be achieved as required by Federal or State 

programs. Such a plan must cover, among other, the following 

important points with regard to the uses of land: 



- the  uses exis t ing a t  the  t ime of the  application,  and i f  the  

land  has  a h i s t o r y  of p rev ious  mining, t h e  u s e s  which 

preceded any mining; 

- t he  capabi l i ty  of the  land pr io r  t o  any mining t o  support a 

va r i e ty  of uses giving consideration t o  s o i l  and foundation 

charac te r i s t i cs ,  topography, and vegetat ive cover; 

- t h e  u s e  which i s  proposed tobe made of t h e  land f o l l o w i n g  

rec lamat ion ,  i nc lud ing  a d i s c u s s i o n  of t h e  u t i l i t y  and 

c a p a c i t y  of t h e  rec la imed l and  t o  suppor t  a v a r i e t y  of 

a l t e r n a t i v e  uses and t h e  r e l a t i o n s h i p  of such use  t o  

e x i s t i n g  land use p o l i c i e s  and p lans ,  and t h e  comments of 

any owner of t h e  s u r f a c e ,  S t a t e  and l o c a l  governments o r  

agenc ie s  thereof  which would have t o  i n i t i a t e ,  implement, 

approve or authorize t h e  proposed use of t h e  land following 

reclamation. 

- a de ta i led  description of how the  proposed post-mining land 

u s e  i s  t o  be achieved and t h e  necessary  suppor t  a c t i v i t i e s  

which may be needed t o  achieve the  proposed land use; 

- t h e  consideration which has been given t o  making the  surface  

mining and rec lamat ion  o p e r a t i o n s  consistent  with surface  

owner plans ,  and a p p l i c a b l e  S t a t e  and l o c a l  l a n d  use p l a n s  

and programs; 

- t h e  cons ide ra t ion  which has  been given t o  developing t h e  

reclamation plan i n  a manner consis tent  with l oca l  physical, 

environmental, and climathological conditions. 



I n  s h o r t ,  t h e  p l a n n i n g  of s u r f a c e  m i n e s ,  i n  g e n e r a l ,  and  t h e  

reclamation and post  mining uses of land, i n  spec i f i c  have become very 

complex. 

Each i n d i v i d u a l  min ing  p r o j e c t  i s  u n i q u e ,  b u t  most  mine  

developments go through a common g e n e r i c  o rde r  of development by 

s t a g e s  i n  which each succeeding s t a g e  reduces  t h e  u n c e r t a i n t i e s  

inherent i n  the  venture. A s impl i f ied concept of t h i s  generic plan- 

ning process is i l l u s t r a t e d  i n  Figure 1. 

In  t h e  p lanning  process  a wide v a r i e t y  of in format ion  a r e  

ident i f ied,  co l lec ted  and analyzed because various element of t h e  mine 

planning i n t e r a c t  on each o the r  and a l s o  on t h e  environment. This  

re la t ionship  may a l so  vary depending on the  time of mining operation, 

t h e  technology u t i l i z ed ,  the  mining method and plan, and t h e  spec i f i c  

locat ional  and si te charac te r i s t i cs  of t he  area selected. Figure 2 is 

an i n t e r a c t i o n  m a t r i x  t h a t  d e f i n e s  t h e  i n fo rma t ion  need i n  v a r i o u s  

elements of a mine plan, While t h i s  matrix is not al l- inclusive and 

does n o t  r e p r e s e n t  any formal  method of approach, it does s o l v e  a 

d e t i n i t e  purpose i n  i d e n t i f y i n g  d a t a  t h a t  w i l l  be needed f o r  p e r m i t  

applications. In addit ion,  review of ex is t ing  and proposed laws w i l l  

i d e n t i f y  t h e  in fo rma t ion  needed p r i o r  t o  mining t h a t  w i l l  e n a b l e  

planning s u r f a c e  mining ope ra t ions  t o  be i n  compliance. F igure  3 

describes t h e  various provisions of the  OSM regulat ions for permitt ing 

requirements. 
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While t h e  scope of the  present  study does not include a deta i led 

discussion of the  applicable laws and regulations, i den t i f i ca t ion  of 

t h e  r egu la to ry  p r o v i s i o n s  i s  r e l e v e n t  s ince  regulatory programs are 

measures t o  c o n t r o l  and t h u s  m i t i g a t e  damage t o  land, a i r ,  wate r ,  

f i sh ,  w i ld l i f e  and other r e l a t ed  resources a s  a r e s u l t  of mining. 

This research has aimed a t  developing a Manual of Pract ice  (MOP) 

t h a t  w i l l  a s s i s t  mine o p e r a t o r s  and control  personnel i n  developing 

guidelines and means of assessing a l te rna t ives t  i n  t h e  areas  of water 

management, land use  p lanning  and s u r f a c e  mine engineer ing.  The 

spec i f i c  objectives were (i) t o  review of ex is t ing  and proposed laws 

t o  iden t i fy  the  information t h a t  need t o  be developed pr ior  t o  mining; 

(ii) review of e x i s t i n g  t o  i d e n t i f y  t h e  sou rces  and a c q u i s i t i o n  

procedures; and (iii) summarize and recommend a ana lys i s  procedure t o  

convert the  data t o  information needed. I t  has been recognized t h a t  

manual of pract ice  need not  contain the  d e t a i l s  of a l l  the  method for  

assembly and assessing a l l  types of data available,  but merely those 

techniques of co l lec t ing  and manipulating those type of data  per t inent  

t o  t h e  s p e c i f i c  case. To develop t h e  s p e c i f i c  d a t a  type,  t r e a t m e n t  

methods and o t h e r  procedure  neces sa ry  f o r  each s p e c i f i c  d i s c i p l i n e  

r e q u i r e s  however, t h a t  a l l  t y p e s  of da t a ,  a l l  t r e a t m e n t  methods and 

a l l  other procedures possibly applicable s h a l l  have been identif ied.  

The deve lopmen t  of  the f i n a l  M.O.P. h a s ,  t h e r e f o r e ,  been 

i d e n t i f i e d  as dependent on f i v e  supplemental  a r e a s  cover ing  (i) 

geology and hydrology; (ii) surface  mine engineering; (iii) laws and 

r e g u l a t i o n s  ; ( i v )  w a t e r  q u a l i t y  management and  (v) l a n d  u s e  

management. Development of method and analysis  procedure i n  each area 





will identify such type of data and methods for using these data as 

could possibly relate to a specific field. This report has addressed 

in detail, one aspect of this complex problem that of coordinating the 

planning activity of the mining community with that of the land use 

planning agency. A mathematical "Fuzzy Programmingn model has been 

developed for evaluation of landuse planning alternatives. The model 

allows explicit consideration of competing goals at different spatial 

scales. The approach described can simultaneously handle both 

qualitative and quantative information and take into account the 

viewpoints of the different interest groups. The analysis procedure 

developed in this report will provide a standarized procedure to 

determine most desirable post mining landuse plan. 



CHAPTER 11 

DATANEEDS FOR m L A N N I N G  

Mining a c t i v i t i e s  from exploration through and including proces- 

s ing ,  obviously  can d i s t u r b  t h e  environment. Cur ren t  l e g i s l a t i v e  

c o n t r o l s  and gu ide  l i n e s  ( i n  most S t a t e s )  h e l p  minimize o p e r a t i o n a l  

and post-operational e f f e c t s  from mining; however t h i s  has not always 

been the  case. The results from past  mistakes or lack of control  a r e  

abandoned mine sites. Environmental impacts from these abandoned or 

inact ive  mine sites generally fall i n to  one or more categories: 

(i) Water qua l i t y  degradation 

(ii) Altered landscape 

(iii) Air pol lut ion 

The degree of impac t  i s  dependent on t h e  mining methods u t i l i z e d ,  

phys i ca l  and chemical  c h a r a c t e r i s t i c s  of t h e  m i n e r a l  commodity and 

overburden, along with general hydrology and climatology condition of 

t h e  area. 

In mining areas characterized by the  absence of any formal zoning 

or land use ac t iv i ty ,  the  mining and reclamation operations a re  sub- 

j ec t  t o  the  S t a t e  and Federal laws with regard t o  mining, a i r ,  water 

and land  resources ;  i n  t h e s e  cases ,  t h e  f r e q u e n t l y  determined p o s t  

mining land use is the premining land use although a great  potent ia l  

may e x i s t  t o  c r e a t e  an a l t e r n a t i v e  land  use. R e s t o r a t i o n  of mined 

l ands  and s u r f a c e  wate r  can be achieved f o r  one of t h e  fo l lowing  

categories; its associa ted cos t s  will depend on i n i t i a l  s u i t a b i l i t y  of 

the  disturbed area. 



1. Agricultural 

2. Pasture 

3. Timber and pulp 

4. Rangeland or f o r e s t  

5. Wildlife hab i t a t  

6. Water re la ted  recreat ion 

7. Reservoir 

8. Home development 

9. Indus t r ia l  park 

10.  Commercial building s i t e  

11. Sanitary f i l l  

I n c r e a s e  i n  l and  va lue  a f t e r  rec lamat ion  a r e  pr imari ly  dependent on 

land use category and proximity t o  urban areas. 

Land use "planningm and land use wcontrolw evoke ra ther  d i f f i c u l t  

and emotional questions concerning the  e f f ec t s  on public and pr iva te  

ownership, jobs, county development, taxes and earnings, l oca l  S t a t e  

and Federal economics, and even the  residence of the  au thor i ty  on land 

use dec i s ions ,  I t  is here t h a t  t h e  coopera t ion  between mining 

companies and l and  use  p lanning  a u t h o r i t i e s  become very  important .  

The various in teract ions  t h a t  a r e  necessary between these  two pa r t i e s  

t o  make a reclamation planning process a success must be cognizant of 

t h e  scope and l i m i t a t i o n s  of each of t h e  p a r t i e s .  To do t h i s  job 

e f f i c i en t ly ,  answers must be made avai lable  for t he  following ques- 

t i ons  : 

(i) What kind of ana lys i s  need t o  be done by the  mining company 

t o  s e l e c t  a s u i t a b l e  post-mining land use? 



(ii) What kinds of data a r e  needed for  each analysis? 

(iii) What  o r  where  a r e  t h e  d a t a  s o u r c e s ?  What i s  t h e  

a v a i l a b i l i t y  of these data?  

( i v )  What kinds of in te rac t ion  i s  current ly  taking place or must 

take place between mining company, and the  land use planning 

a g e n c i e s  ( l o c a l ,  S t a t e  and  F e d e r a l )  t o  e n s u r e  t h e  

development of a su i t ab l e  plan? How t h i s  in te rac t ion  can be 

enhanced or achieved respect ively?  , '  

The object ive  of designing and implementing reclamation plan f o r  

mined l a n d  i s  t h e  management of t h e  S t a t e ' s  t o t a l  resources ,  which 

involves abatement of water pol lut ion and res torat ion of t he  land. In 

o r d e r  t o  s u c c e s s f u l l y  complete  such a comprehensive program, a 

s y s t e m a t i c  and l o g i c a l  approach must be u t i l i z e d .  The e x a c t  method 

t h a t  an agency ( l o c a l ,  S t a t e  o r  Fede ra l )  employs w i l l  depend on t h e  

v a r i a b l e s  such a s  f i n a n c i a l  r e sou rces ,  magnitude and d i v e r s i t y  of 

problem i n  t h e  mine s i t e ;  and t h e  socio-economic needs of t h e  

res idents .  

The mine reclamation program must encompass an assessment of an 

a r e a ' s  economic needs and deve lopment  demands i n  e s t a b l i s h i n g  

watershed ranking and r ec l ama t ion  p r io r i t i e s .  Reclamation programs 

may n o t  be  under  t a k e n  s t r i c t l y  f o r  a e s t h e t i c  e n v i r o n m e n t a l  

improvements, but can a l so  at tempt t o  improve u t i l i z a t i o n  of l o c a l  or 

regional  water and land resources f o r  the  general public. Subsequent 

s t imulat ion of an area's economy and other benef ic ia l  effects of such 

program should enhance general well-being of the  ci t izenry.  



C o l l e c t i o n  and analyses of socio-economic in format ion  may be 

a c c o m p l i s h e d  u t i l i z i n g  anyof a number of o p t i o n s ,  d e p e n d i n g  

p r i m a r i l y  on a v a i l a b i l i t y  of S t a t e  human r e sou rce  da t a ,  economic 

needs, developmental  demands and a e s t h e t i c  i n t e r e s t  of t h e  c i t i z e n .  

The complex i ty  of t h e  problem, and l e v e l s  of p lanning involved i n  

mined land planning process can be visual ized with reference t o  Figure 

4, which recognizes the  various a t t r i b u t e s  t h a t  need t o  be considered, 

Necessary t o  t h e  implementat ion of a s u c c e s s f u l  program is 

c a r e f u l ,  through ana lyses  of t h e  v a r i o u s  a v a i l a b l e  recamat ion 

a1 t e r n a t i v e s .  The planning procedure  and its execut ion must e n s u r e  

t ha t  t h e  reclamation process yields t he  highest  possible benef i t  f o r  

every do l l a r  expended. The use of a  s p e c i f i c  and e f fec t ive  s e r i e s  of 

planning phases allow i so la t ion  of l og i ca l ly  re la ted,  interdependent 

a c t i o n s ,  and s imu l t aneous ly  prov ides  a means of e s t i m a t i n g  o v e r a l l  

progress.  The i n t e r a c t i o n  needed f o r  v a r i o u s  a t t r i b u t e s  i n  t h e  

planning process and among va r ious  agenc ie s  can be v i s u a l i z e d  with 

refernce t o  Figure 5. 

Inherent t o  the  planning and evaluation of a su i tab le  reclamation 

program is c o l l e c t i o n  of tremendous amounts of q u a l i t a t i v e  and 

quant i t a t ive  data. I t  is necessary t o  i den t i fy  t he  information needs, 

da t a  s o u r c e s  and a n a l y s i s  procedure  fundamental  t o  a s u c c e s s f u l  

rec lamat ion  plan. A b r i e f  l i s t i n g  of t h e  sou rces  and t y p e s  of 

information needed is provided i n  Table 1. 
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TABLE 1 

SOURCES OF INFORMATION 
OR TECHNICAL ASSISTANCE TYPE OF INFORMATION OR ASSISTANCE 

A. FEDERAL SOURCES 
Office of Surface Mining 

( OSM) 
Bureau of Land Mange- 
ment (BLM) 

U.S. Geological Survey 
(USGS) 

Environmental Protection 
Agency (EPA) 

Department of Energy (DOE) 
U.S. Forest Service (USFS) 

U.S. Bureau of Mines 
(USBM) 

U.S. Fish and Wildlife 
Service 

Soil Conservation Service 
( SCS 1 

Agricultural Stabilization 
and Conservation Service 
(ASCS) 

Water Resources Scientific 
Information Center 

U.S. Census Bureau 

U.S. Bureau of Economic 
Analysis 

National Technical Infor- 
mation Service (NTIS) 

U.S. Weather Bureau 
B. STATE SOURCES 

State Geological Survey 

Department of Community 
Affairs 

Research 

Data on land status and use; land 
use, land ownership, and mineral 
ownership maps. 

Collects and publishes geological 
data; datafinformation systems; 
maps (topographical, planimetric, 
geologic, mineral resources, land 
use, land cover); satellite 
imagery. 

Research; pollution control hand- 
books 

Research 
Research (Wildlife and vegetation); 
geographical based information 
system; aerial photographs 

Collects and distributes statis- 
tical data; research 

Land use and land cover maps 

Soil surveys, aerial photographs 

Aerial photograhs 

Bibliographic retrieval system 

Demographic and economic statis- 
tics; data information system 

Einployment data; data information 
system 

Bibliograhical retrieval system 

Climatological data 

Geographic and resource data bases; 
maps (topographic, planimetric, 
geologic, mineral resources, land 
use, land cover) 

Geographic data base; maps (land 
use and land cover) 



TABLE 1 (cant.) 

SOURCES OF INFORMATION 
OR TECHNICAL ASSISTANCE TYPE OF INFURMATION OR ASSISTANCE 

Department of Natural Geographic and resource data bases 
Resources 

Agricultural Experiment Research 
Station 

Bureau of Mines Resource data base 
Fish and Game Commission Resource data base 
Department of Health Environmental data (air, water, 

solid waste] 
Department of Lands Maps (land and mineral ownership, 

land use, land cover) 
Department of Economic Demographic data and economic fore- 
Planning and Development casts 

Division of Eanployment mployment data 
Security 

Department of Highways Planimetric maps and aerial photo- 
graphs 

C. REGIONAL SOURCES 
(e.g., Missouri River Basin Research and demonstration pro- 
Commission: Applachian Reg- grams; maps (land use and land 
ional Commission; Tennessee cover); aerial photographs; 
Valley Authority; Old West bibliographic retrieval system; 
Regional Commission; mercer planning assistance 
County Energy Dev. Board) 

D. LOCI& SOURCES 
Planning Agency Land use guidelines; master plan; 

demographic and economic data 
Soil Conservation Service Soil surveys, aerial photographs; 

handbooks; advice on erosion and 
sediment control and vegetation 

E. INDUSTRY SOURCES 
( @ . g o ,  Basin Electric Power Demographic data; socioeconomic 
Coop, Montana Dakota impact analysis 
Utilities) 

F. INSTITUTI~AL SOURCES 
Libxaries (local public, Technical reports; government 
universities, state, documents; data; bibliographic 
governmental agencies) retrieval systems 

Universities Extension service 
G. COMMERCIAL 

Consultants Project assistance 
Computer Science firms Bibliographic retrieval system; 

data information systems 
Photogrammetric firms Aerial photographs; remote sensing 



- ' U S E  

Landuse p lanning  i s  predominantly a f u n c t i o n  of governmental 

agencies  concerned w i t h  guiding growth and p reven t ing  landuse 

confl icts .  T h i s  type of planning is known a s  comprehensive planning. 

As s t r i c t e r  environmental control  has developed, however, surface mine 

operators have had t o  devote greater  a t t en t ion  t o  developing su i tab le  

postmining landuse  plans.  The p repa ra t ion  of a l a n d  use  plan f o r  a 

spec i f ic  s i t e  t h a t  meets ce r t a in  environmentalc standards and compli- 

ments surrounding land uses is termed as s i t e  planning. The applica- 

t i o n  of s i t e  p lanning  p r i n c i p l e s  i s  e s s e n t i a l  t o  product ive  and 

beneficial  use of reclaimed land. However, condit ions vary so greatly 

from region t o  r eg ion  t h a t  any s i t e  p lanning  p roces s  must a l low 

maximum amount of f l e x i b i l i t y  t o  be p r a c t i c a l  i n  a l l  cases. The 

planning methodology described herein was f r ee ly  adapted from Ramani 

and Sweigard (1983, a ,  b, c, d l .  It's purpose i s  t o  e s t a b l i s h  basic 

concepts i n  landuse planning and t o  provide the  necessary background 

f o r  t h e  p r e s e n t  work on a v a i l a b l e  m e t h o d o l o g i e s  and v a r i o u s  

approaches. Approaches have been taken t o  t h e  c l a s s i f i c a t i o n  of 

landuse f a c t o r s .  These  f a c t o r s  a re  c l a s s i f i e d  as  either n a t u r a l  o r  

cultural .  Natural landuse fac tors  include, atleast, t h e  geomorphic, 

c l i m a t i c ,  hydrologic ,  s t r a t i g r a p h i c  and s o i l  c h a r a c t e r i s t i c s  of a 

site. Although these  cha rac t e r i s t i c s  can be a l t e r ed  by man, they were 

i n t i a l l y  the  r e s u l t s  of nature. Cultural  factors include all of those 

geographic, demographic, and economic c h a r a c t e r i s t i c s  t h a t  a r e  t h e  

r e s u l t s  of man's a c t i v i t i e s .  The n a t u r a l  and c u l t u r a l  f a c t o r s  a r e  

l i s t e d  i n  Table 2 and 3, r e spec t ive ly .  The r e l a t i v e  importance of 



Table 2. Relative Importance of Natural Factors as  Determinants 
of Land Use S t a b i l i t y  (Clar and Ramani, 1981) 

Relative Importance of Natural Factors as Determinants 
of Land Use S u i t a b i l i t y  (Clar and Ramani, 1981) 

Natural Land Use m e s  
Factors Forestry 

and Recrea- Agri- Resi- In s t i t u -  Com- Indus- 
Wildlife t i o n a l  cu l tu ra l  dent ia l  t i o n a l  mercial t r i a l  

Topographic 2* 
Relief 

Slope 1 

Alt i tude 2 

Exposure 2 

Drainage 1 

Temperature 1 

Precipi ta t ion 1 

Consolidated 2 
Overburden 

So i l s  
-Agricultural 2 

Propert ies 

-Engineering 3 
Propert ies 

*1 - Factor has high degree of influence on s u i t a b i l i t y  of s i t e  f o r  
t h a t  par t i cu la r  land use. 

2 - Factor has moderate degree of influence. 

3 - Factor has low degree of influence. 



Table 3 .  Relative Importance of Cul tural  Factors a s  Determinants 
of Land Use S t a b i l i t y  (Clar and Ramani , 1981) . 

Relative Importance of Natural Factors a s  Determinants 
of Land Use S u i t a b i l i t y  (Clar and Ramani, 1981) 

Cultural  and Use Types 
Factors Forestry 

and Recrea- Agri- Resi- Ins t i tu -  Com- Indus- 
Wildlife t iona l  c u l t u r a l  den t ia l  t iona l  mercial t r i a l  

Location 3* 

Accessibility 3 

Size and Shape 3 
of S i t e  

Surrounding 
Land Uses 

Land Ownership 3 

Type and 
In tens i ty  of 
Use 

Population 3 
Charac te r i s t i cs  

Regulatory 
Constraints  

Company 
Att i tudes  

*1 - Fac to r  has high degree  of i n f l u e n c e  on suitability of s i t e  f o r  
t h a t  par t i cu la r  land use. 

2 - Factor has moderate degree of influence. 

3 - Factor has low degree of influence. 



n a t u r a l  versus  c u l t u r a l  f a c t o r s  i n  determining land use can be argued. 

I n  g e n e r a l ,  h o w e v e r ,  i t  s e e m s  t h a t  n a t u r a l  f a c t o r s  a r e  m o s t  

s i g n i f i c a n t  i n  determining t h e  s u i t a b i l i t y  of a s i te  f o r  a p a r t i c u l a r  

l a n d  use and  t h e  c u l t u r a l  f a c t o r s  d e t e r m i n e s  t h e  p r a c t i c a l i t y  of a 

given use. While both types of f a c t o r s  a r e  important,  f i n a l  dec i s ions  

a r e  o f t e n  based upon c u l t u r a l  f a c t o r s  a f t e r  a review of n a t u r a l  

f a c t o r s  has  e l imina ted  t h e  unsui table  uses. 

Land use f a c t o r s  a r e  not  a l l  of equal  importance i n  determining 

postmining land use. Likewise, a f a c t o r  t h a t  is extremely important  

f o r  one type  of landuse may be r e l a t i v e l y  unimportant with regards t o  

a d i f f e r e n t  l anduse .  An e s t i m a t e  i s  made, concern ing  t h e  r e l a t i v e  

importance of each f a c t o r  i n  d e t e r m i n i n g  t h e  s u i t a b i l i t y  of s e v e r a l  

land uses .  The l a n d  u s e  t y p e s  c o n s i d e r e d  he re :  f o r e s t r y ,  w i l d l i f e ,  

r ec rea t iona l ,  a g r i c u l t u r a l ,  r e s i d e n t i a l ,  i n s t i t u t i o n a l ,  commercia l ,  

and i n d u s t r i a l  use. 

Due t o  t h e  l a c k  of a s u i t a b l e  t e c h n i q u e  l a n d s  use plans a r e  

r a r e l y  based  upon s t r u c t u r e d  d e c i s i o n s .  Data c o l l e c t i o n  may b e  

conducted i n  a r igorous manner and c e r t a i n  analyses may be performed 

on t h e  d a t a ,  however, t h e  d e c i s i o n  t o  p u t  t h e  l a n d  t o  a s p e c i f i c  u s e  

is f i n a l l y  based upon t h e  i n t u i t i v e  judgement of one o r  s e v e r a l  

i n d i v i d u a l .  One o t h e r  r eason  i s  t h a t  l a n d  use  d e c i s i o n s  r e m a i n s  

u n s t r u c t u r e d  i s  s i m p l y  t h e  number of f a c t o r s  t h a t  p o t e n t i a l l y  

i n f l u e n c e  l a n d  use. P u g l i e s e  and o t h e r s  (1979) have i d e n t i f i e d  at- 

l e a s t  135  e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  t h a t  can have an i m p a c t  on 

post mining landuse. The inc lus ion  o r  exclusion of c e r t a i n  f a c t o r s  by 

t h e  p l a n e r  may i n f l u e n c e  t h e  l a n d  u s e  d e c i s i o n .  Also, t h e  r e l a t i v e  



importance of various f ac to r s  mentioned here a r e  not  exhaustive, they 

a r e  presented as t h e  major fac tors  that determines t h e  use of surface 

mined land. I t  should a l s o  be recognized t h a t  s e v e r a l  of these 

landuse f a c t o r s  are g e n e r a l  c a t e g o r i e s  and could  be subdivided i n t o  

many more minor categories. 

The preliminary s tud ies  and data co l lec t ion  of t he  generic plan- 

n ing  process  mentioned e a r l i e r  i s  t y p i c a l l y  t h e  most expensive and 

t i m e  consuming.  Min ing  companies  c a n  e x e r c i s e  d i s c r e t i o n  i n  

de te rmin ing  what i n fo rma t ion  w i l l  be p e r t i n e n t  t o  t h e i r  post-mining 

land use plans but much of the  environmental baseline data col lect ion 

is mandated by Pa r t  779 of t h e  parmanent Regulatory Program. The list 

of baseline data col lec t ion  specif icat ions  which can be required by the 

Regulatory au thor i ty  includes t h e  following: 

- geology descr ipt ion 

- ground water information 

- a l t e r n a t i v e  water supply information 

- climatological  in£ ormation 

- vegi ta t ion inf omat ion  

- f i s h a n d w i l d l i f e  resourceinformation 

- s o i l  resource information 

- landuse information 

I n  a d d i t i o n  t o  t h e  environmental  base l ine  data and premining landuse 

s t u d i e s ,  t h e  mine p lanner  should c o l l e c t  i n fo rma t ion  and ana lyze  

a s p e c t s  of l o c a l  economy, populat ion t rends ,  t ranspor ta t ion network, 

and location of public u t i l i t i e s .  Because of the  expense involved, t he  



p r e l i m i n a r y  s t u d i e s  and d a t a  c o l l e c t i o n  should  be planned very 

c a r e f u l l y  s o  t h a t  on ly  p e r t i n e n t  in format ion  a r e  ga thered ,  Besides 

meeting the  regulatory requirements, it should be emphasized t h a t  the  

data gathered  w i l l  be used l a t e r  i n  t h e  p lanning  p r o c e s s  t o  h e l p  

evaluate a l t e rna t e  post mining landuse plans. 

The d e f i n i t i o n  of l o c a l  goa l  and o b j e c t i v e s  is b a s i c a l l y  a 

f u n c t i o n  of t h e  p u b l i c  planners .  This  i s  an a r e a  where t h e  mine 

planner should i n t e r a c t  w i t h  l o c a l  and regional planners t o  insure  t h a t  

t h e  p o s t  mining landuse  p l an  i s  compat iab le  w i t h  o v e r a l l  p lan  of the 

area. In addition t o  s a t i s fy ing  loca l  goals and object ives ,  the  mining 

company may wish t o  e s t ab l i sh  other goals for  i t s e l f  such a s  improving 

t h e  va lue  of t h e  l and  o r  promoting good p u b l i c  r e l a t i o n s .  I d e a l l y ,  

comprehensive p lanning  should  precede s i t e  p lanning  process.  I t  is 

n o t  uncommon, however, f o r  site planning t o  be conducted i n  an a r e a  

which has no comprehensive plan. In  t he  absence of formalized goals 

and objectives by a planning agency, the  mine planner can e i t he r  rely 

s o l e l y  on company g o a l s  o r  make a l i m i t e d  survey  of goa l s  by 

contacting the community and l o c a l  e lected o f f i c i a l s .  

A number of e v a l u a t i o n  techniques  a r e  a v a i l a b l e  t o  t h e  s i t e  

planner fo r  evaluating a l t e r n a t e  landuse plans. These techniques can 

be d iv ided  i n t o  t h r e e  c a t e g o r i e s :  economic a n a l y s i s ,  environmental  

impact analysis,  and l o c a l  impact analysis. Once again, ca re  should be 

exercised i n  se lec t ing  one or methodologies s ince  complex evaluations 

can r e s u l t  i n  c o n s i d e r a b l e  expense. The l e v e l  of e f f o r t  should be 

p r o p o r t i o n a l  t o  t h e  size of ope ra t ion  and t h e  p o t e n t i a l  f o r  c r e a t i n g  



b e n e f i t s .  Economic a n a l y s i s  of a l t e r n a t e  land uses can range from 

d i s c u s s i o n s  w i t h  informed i n d i v i d u a l s  t o  d e t a i l e d  c o s t -  b e n e f i t  

account ing  o r  e s t i m a t i o n  of r e t u r n s  through inc reased  l a n d  value. 

Although t r ad i t i ona l  engineering ana lys i s  alone would not  s a t i s f y  a l l  

e v a l u a t i o n  requirements ,  they have a p l a c e  and  should be cons idered  

a long  w i t h  environmental  and l o c a l  imapct  analyses.  There is a l s o  a 

range of complexi ty  i n  e v a l u a t i n g  environmental  and s o c i a l  impac ts  

s t a r t i n g  w i t h  a c h e c k l i s t s  which q u a l i t a t i v e l y  add res s  t h e  v a r i o u s  

impacts of various landuse plans. 

Eva lua t ion  c r i t e r i a  should be s e l e c t e d  and weighted based upon 

t h e  evaluation methodologies chosen. A combination of c r i t e r i a  has  

been which r e f l e c t s  the  economic, environmental, and soc i a l  aspects  of 

t h e  p l a n s  is des i r ab l e .  Economic c r i t e r i a  amy i n c l u d e  a minimum 

p r o f i t a b i l i t y  o r  b e n e f i t  c o s t  r a t i o  which is l e s s  t han  uni ty .  

Environmental  c r i t e r i a  should be d i r e c t e d  towards meet ing v a r i o u s  

performance standards. Social impact c r i t e r i a  are most d i f f i c u l t  t o  

e s t a b l i s h  s i n c e  s o c i a l  impac ts  a r e  d i f f i c u l t  t o  quant i fy .  Var ious  

techniques such as cost  of effect iveness  analysis  have been developed, 

however, which a t t e m p t  t o  s u b j e c t i v e l y  quan t i fy  s o c i a l  impacts.  

Minimum standards can be s e t  based upon one of these techniques. 

A f t e r  t h e  eva lua t ion  m e t h o d o l o g i e s  and c r i t e r i a  have  been 

s e l e c t e d ,  s e v e r a l  s i t e  p l a n s  can be proposed f o r  t h e  r ec l a imed  area. 

C e r t a i n l y ,  one a l t e r n a t i v e  t o  be cons idered  i s  r e t u r n i n g  t h e  l a n d  t o  

its pre-mining use. Only v iab le  scenarios should be evaluated. Plans 

which are unacceptable f o r  economic environmental ,  o r  s o c i a l  r ea sons  

need n o t  be sub jec t ed  t o  a d e t a i l e d  eva lua t ion  process.  S ince  t h e  



premining condit ions and postmining landuse plans most l i ke ly  combine 

two or more land uses, the  number of a l t e rna t ives  t h a t  can be generated 

is l i m i t l e s s ,  The a l te rna t ive  scenarios should be kept t o  a managable 

number, I n  p r a c t i c e ,  by t h e  t i m e  mine p l a n n e r s  begins  f o r m u l a t i n g  

a l t e r n a t e  l anduse  plans i t  should be f a i r l y  obvious t h a t  c e r t a i n  

l a n d u s e s  a r e  u n a c c e p t a b l e  and c e r t a i n  o t h e r s  a r e  p o t e n t i a l l y  

acceptable. 

Once t h e  a l t e r n a t e  s c e n a r i o s  have been completed, t hey  axe 

s u b j e c t e d  t o  t h e  eva lua t ion  methodologies  s e l e c t e d  e a r l i e r .  The 

r e s u l t  of t h i s  p roces s  i s  t h e  s e l e c t i o n  of t h e  d e s i r e d  a l t e r n a t i v e  

e i t h e r  by e l i m i n a t i o n  of l e s s  desirable p l a n s  o r  ranking a l l  t h e  

a l t e rna t ives  i n  order of acceptabil i ty.  The f i n a l  s t e p  of the  process 

is  reviewed by company management and r e g u l a t o r y  personnel. I n  

addit ion t o  the  review by t h e  mine planner and company management up 

u n t i l  the  t i m e  t h a t  the  plan is implemented t o  insure  t h a t  the landuse 

p l a n  i s  s t i l l  workable .  Unfo re seen  c h a n g e s  i n  t h e  economic ,  

environmental or  soc ia l  condit ions,  may r e q u i r e  mod i f i ca t ion  of t h e  

landuse plan before it can be implemented. 

In t h i s  repor t  a proposed model fo r  evaluating postmining landuse 

a l t e r n a t i v e  has  been developed and described i n  t h e  nex t  chapte r .  

Although the  se lec t ion  of landuse a l t e r n a t i v e  u t i l i z e s  a mathematical 

model, t h e  human element and in te rac t ion  remains a basic component i n  

t h e  d e c i s i o n  making p roces s .  The a p p r o a c h  d e s c r i b e d  c a n  

s imu l t aneous ly  handle both q u a l i t a t i v e  and quant i t a t ive  in£ ormation 

and take i n t o  account viewpoints of the  d i f f e r e n t  i n t e r e s t  groups. 



Y SET M E m T t W S  FnR l ?YALUmON OF P O W I N G  -USE - 
From the  preceding discussions, one may very w e l l  recognize t h a t  

the  landuse decis ions  a r e  very complex. The large number of variables 

t o  be considered i n  t he  analyses, t h e  impact of landuse decisions on 

such matters as jobs, housing, taxes and t h e  socio-pol i t ica l  natures 

of the  issues  are t h e  pr inc ipa l  reasons. 

Mention has  been made of a v a r i e t y  of methods of eva lua t ing  

a l t e r n a t i v e  landuse  p l ans ,  f o r  i n s t a n c e  by means of cos t -bene f i t  

a n a l y s i s  o r  c o s t - e f f e c t i v e  ana lys i s .  The b a s i c  problem inhe ren t  i n  

t h e  use of cost b e n e f i t  a n a l y s i s  i s  t h e  f a c t  t h a t  t h e  va lua t ion  of a 

landuse plan or an a l t e rna t ive  must be carried out with respect t o  a 

s i n g l e  m o n e t a r y  u n i d i m e n s i o n a l  c r i t e r i o n .  A l l  e f f e c t s  of an 

a l t e r n a t i v e  p l an  have t o  be p ro j ec t ed  i n t o  one s i n g l e  monetary 

dimension. There i s  a v a s t  amount of i n t e rdependenc ie s  among t h e  

e f f e c t s  of a landuse  p lan ,  the c a l c u l a t i o n  of t h e  b e n e f i t s  of a l l  

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

i n t a n g i b l e s  can ha rd ly  be a s s e s s e d  i n  economic t e rms  w i t h i n  a cos t -  

b e n e f i t  framework s i n c e  a monetary e v a l u a t i o n  of i n t a n g i b l e s  i s  

generally impossible or  otherwise a rb i ta ry  or  biased. 

Cost e t f e c t i v e n e s s  a n a l y s i s ,  on t h e  o t h e r  hand, a t t e m p t s  t o  

es tab l i sh  whether a ce r t a in  landuse planning a l t e rna t ive  is worth its 

cost .  Given t h e  c o s t  of a s e r i e s  of a l t e r n a t i v e  landuse  plans ,  one 

has t o  determine which a l t e rna t ive  is most cos t  e f f ec t ive  i n  a t ta in ing  

a cer ta in  set of goals. By means of a cost effect iveness  chart ,  more 



ins igh t  is obtained i n t o  t he  r e l a t i v e  effectiveness of each al terna- 

tive landuse plan s e p a r a t e l y .  I n  e f f e c t ,  t h e  c o s t - e f f e c t i v e n e s s  

procedure  s t u d i e s  t h e  way i n  which an 'a  p r i o r '  de te rmined  s e t  of 

goals is attained;  the  se lec t ion  c r i t e r i a  is based on the  determina- 

t i o n  ot t h a t  a l t e r n a t i v e  p l an  which possesses  t h e  h i g h e s t  t o t a l  

effectiveness.  

Once of the  basic problems i n  cost-effectiyeness ana lys i s  is the  

s p e c i f i c a t i o n  of t h e  se t  of g o a l s  t o  be a t t a i n e d  and of t h e  marg ina l  

r a t e  of s u b s t i t u t i o n  between t h e s e  goals.  The s p e c i f i c a t i o n  and 

evaluation of f ac to r s  involved essen t ia l ly  the  same problems a s  t h a t  

i n  cos t  benef i t  analysis ,  a l b e i t  t h a t  the  confrontation of e f f e c t s  and 

t h e i r  eva lua t ion  are  postponded t o  a l a t e r  s tage.  I n  s p i t e  of some 

r e f inemen t s  w i t h  r e s p e c t  t o  cos t -bene f i t  a n a l y s i s ,  t h e  e s s e n t i a l  

d i f f i c u l t y  i n  any d e c i s i o n  procedure,  such a s  t h e  m u l t i p l i c i t y  of 

values, is not completely solved by cost-effectiveness analysis.  

Recently,  many a t t e m p t s  have been undertaken t o  develop new 

evaluation methods which a r e  more based on adequately on t h e  multi- 

d imens iona l i t y  of a d e c i s i o n  problem ( inc lud ing  t h e  i n t a n g i b l e s ) .  

These methods, which are based on weighting systems fo r  t he  decision 

c r i t e r i a  are g e n e r a l l y  denoted a s  m u l t i p l e - c r i t e r i a  methods. The 

genexal  f e a t u r e  ot t h e s e  methods, including goal achievement method 

( H i l l ,  1968; H i l l  and Tzamir; 19741, Fuzzey set analysis  (Saaty, 1974; 

Zadeh, 1965; Bellmand and Zadeh, 1970; Tanaka, Okuda and Asai ,  1974) 

is  t h a t  t h e  project impac t s  are  no t  n e c e s s a r i l y  t rans formed i n t o  

monetary un i t s .  I n s t e a d  a weight ing scheme i s  developed which 



r e t l e c t s  t h e  r e l a t i v e  importance of each of t h e  d e c i s i o n  c r i t e r i a .  

The o b j e c t i v e s  a r e  expressed 'bo th  i n  q u a l i t a t i v e  and q u a n t i t a t i v e  

terms.  The  fuzzy s e t  a n a l y s i s ,  however, s e t s  a framework t h a t  

provides a natural  way of dealing with problems i n  which the  sources 

of impress ion  i n  t h e  absence of s h a r p l y  def ined  c r i t e r i a  can be 

analyzed very effectively. 

I n  t h i s  s e c t i o n  one of t h e  o p e r a t i o n a l  techniques  f o r  d e c i s i o n  

making, i n  fuzzy s e t  analysis  namely using the  method of sca l ing  r a t i o  

and pos i t ive  pairwise comparison matrix (Saaty, 1977) w i l l  be b r i e f l y  

described. A deta i led review of the  mathematics of t h e  fuzzy set is 

con ta ined  e lsewhere  (Zadeh, 1965;  Bellmand and Zadeh, 1970; Saaty ,  

1974; Saaty, 1977; Tanaka, Okuda and A s a i ,  1974). 

CS OF m S E  

The methods of paired comparisons has great  pa rc t i ca l  s implici ty.  

I t  has  been used e x t e n s i v e l y  i n  exper imenta l  situations where 

s u b j e c t i v e  judgements l e n d  t o  q u a l i t a t i v e  comparat ive  responses ,  

s i t u a t i o n s  where quant i f icat ion through measurement is  d i f f i c u l t  or 

i l lusory.  Development of paired comparison techniques fo r  preference 

assessment is re la t ive ly  recent  and has  taken place pr imari ly  within 

t he  pas t  t en  t o  f i f t een  years. 

The fo l lowing  p r e s e n t a t i o n  of t h e  g e n e r a l  mathemat ica l  i d e a s  

behind pairwise comparisons is freely adapted from Saaty (1977). It's 

purpose is t o  es tab l i sh  basic  concepts, terminology and notat ion fo r  

l a t e r  use i n  describing the  methods used i n  t h i s  research. 



Consider n i tems pa i r s  according t o  t h e i r  r e l a t i ve  weights which 

a r e  assumed t o  belong t o  a r a t i o  scale. Denote t h e  items by Al,..,, 

An and t h e i r  a c t u a l  weights  by wl,...,wn. The pa i rwi se  comparisons 

may be represented by a matrix as follows where each matrix element 

a i j  = wi/wj  

Th is  m a t r i x  c o n s i s t s  e n t i r e l y  of p o s i t i v e  e n t i r e s  and s a t i s f i e s  t h e  

r e c i p r o c a l  p rope r ty ,  a i j  = l / a j i  ( f o r  a l l  i and j). Since  the 

r e c i p r o c a l  p r o p e r t y  holds ,  t h e  m a t r i x  i s  complete ly  determined by 

s p e c i f y i n g  a set  of on ly  (n2-n)/2 e l emen t s  such t h a t :  1) none a r e  on 

t h e  main d i agona l  ( t hese  a re  by d e f i n i t i o n  equa l  t o  1.0); and 2) no 

two of which a r e  r e c i p r o c a l  e lements  Q.e. both a i ,  and a j i  a r e  n o t  

members of t h e  s e t ) .  I t  i s  f u r t h e r  t r u e  t h a t  i f  t h e  a c t u a l  weigh ts ,  

wi t  a r e  known, the matrix s a t i s f i e s  the  cardinal  consistency property 

(CCP), a i j a j k  = a i k  and is  c a l l e d  c o n s i s t e n t .  Under CCP, g iven  any 

row of A, one can de te rmine  a l l  o t h e r  e n t r i e s  by t h i s  r e l a t i o n .  I n  

f a c t ,  it can be shown t h a t  under CCP t h e  e n t i r e  m a t r i x  can be 

determined by n-1 r a t i o s  of w i / w ,  where 1) i # j and; 2) no two of 

which are reciprocal  elements. 



Now i f  we mul t ip ly  t h i s  matr ix by t h e  t ranspose  of t h e  vector ,  WT 

= ( W ~ ~ . . . , W ~ ) ,  w e  ob ta in  t h e  vector  i iw.  Therefore: 

If  the a c t u a l  weights,  i7, a r e  unknown but  w e  have t h e  matr ix  A and w e  

want t o  recover G ,  w e  can solve  t h e  system of equations: 

i n  t h e  unknown W. This has a non-zero s o l u t i o n  i f  and only if n is an 

e i g e n v a l u e  of A, i.e. i t  i s  a r o o t  of t h e  c h a r a c t e r i s t i c  e q u a t i o n  of  

A. B u t  A h a s  a rank of  1 s i n c e ,  a s  p o i n t e d  o u t  e a r l i e r ,  every row is 

a c o n s t a n t  m u l t i p l e  of t h e  f i r s t  row. Thus a l l  t h e  e i g e n v a l u e s  of A 

a r e  zero except  one which w e ' c a l l  Amax = n. The vector  of weights, G, 

is t h e  eignevector  corresponding t o  t h i s  eigenvalue. 

Suppose t h a t  w e  are deal ing with a s i t u a t i o n  i n  which t h e  s c a l e  

of measurements  f o r  t h e  a c t u a l  we igh t s ,  i7 is n o t  known b u t  we have 

e s t i m a t e s  of t h e  r a t i o s  i n  t h e  mat r ix .  I n  this c a s e  c o r d i n a l  

c o n s i s t e n c y  of t h e  form, A i  > A j ,  A j  > Ak imply  Ai > Ak (where t h e  A i  

a r e  i n  t h e  rows o f  A ) .  T h i s  s i t u a t i o n  i s  a f a i r l y  r e a l i s t i c  

r e p r e s e n t a t i o n  of t h a t  i n  p r e f e r e n c e  comparison.  Once t h e  (n2-n)/2 

pairwise comparisons are made and t h a t  t h e  rec ip roca l  property a i j  = 

l / a j i  be used  t o  f i l l  i n  a l l  non-diagonal  e l e m e n t s  of t h e  A ma t r ix .  

Once t h i s  is  done t h e  eigenvalue max, and its assoc ia ted  eignevector,  

ii a r e  ca lcu la ted  by methods of l i n e a r  algebra. 



Since fuzzy set analysis takes account of quantitative and 

qualitative factors, it was recognized that it may constitute a 

realistic methodology for assessing various feasible landuse 

a1 ternatives primarily based on environmental, economical, social and 

political factors. To illustrate the application of the model, four 

landuse planning alternatives are chosen, those are considered to be 

of prime importance in interior Alaska. The other alternatives (Table 

41 are derived from these four alternatives. 

Table 4: A few selected alternatives in landuse planning in Interior 
Alaska 

LAND USE PLANNING ALTERNATIVES SYMBOL 

1. Forestry and wildlife 

2. Forestry 

3. Agricultural Develogment 

4. Recreational Development 

5 .  Combination of Forestry, Wildlife and 
Agricultural Development 

A5 

6 .  Combination of Forestry and Recreational 
Development 

As 

7, Combination of Forestry and Agricultural 
and Recreational Area Developnent 

A7 

8. Combination of Agricultural and Recrea- 
tional Area Developnent 

A8 

9 .  Combination of Forestry, Wildlife and 
Recreational Area Deveopent 

As 

10. Combination of Forestry, Agricultural 
and Recreational Area Developnent 

A1 0 



We chose a few characteristics or factors that are common to all of 

the above alternatives. These factors can be listed as follows. 

FACTORS SYMBOL 

i) Relief F1 

ii) Slope F2 

iii) Altitude F3 

iv) Drainage F4 

V) Exposure F5 

vi) Temperature F6 

vii) Precipitation F7 

viii) Soil characteristics F8 

ix) Consolidated overburden F8 

X) Location F10 

xi Accessibility F11 

xii) Size and shape of the site F12 

xiii) Suxrounding land uses F13 

xiv) Land ownership F14 

xv) Population characteristics F15 

xvi) Regulatory constraints F16 

xvii) Type and intensity of uses F17 

xviii) Water quality F18 

xix) Erosion and sedimentation F19 Legal Factors* 

XX) Slope requirements F20 

xxi) Aesthetic values F21 

xxii Economics F22 Social Factors* 

xxiii) Political F23 

Natural* 
factors 

Cultural 
factors* 



Using t h e  methodology described i n  t he  previous section and using 

a i n t ens i ty  scale of importance (Table 5) t he  r e l a t i v e  importance of j 

is determined t o  f ind  the  value of a i j  i n  matrix A. 

For t h e  problem under c o n s i d e r a t i o n ,  t h e r e  are twenty f o u r  

r n a t r i x s  f o r  wh ich  e i g e n v a l u e s  ('max) and  t h e i r  corresponding 

eignvectors a r e  t o  calculated. For t h i s  a computer program is being 

developed which will c a l c u l a t e  t h e  v a l u e s  o f h  and cor responding  

e igenvec tors .  The fo l lowing  t a b l e s  shows t h e  va r ious  i n t e r a c t i o n  

matrices f o r  t he  f ac to r s  under consideration. 

The matrix formed by the eigenvector provided i n  Table 30 (Matrix 

$25) of size (10 x 23) is m u l t i p l i e d  by t h e  t ranspose  of t h e  v e c t o r  

ob ta ined  from t h e  e igenvector  cor responding  t o  A m a x ,  from Table  6 

(matrix #1) of size (23 x 1). This gives a resu l t ing  column matrix of 

s i z e  (10 x 1). The r e s u l t i n g  m a t r i x  g i v e s  t h e  corresponding v a l u e s  

for  each a l t e r n a t i v e  s t a r t i n g  from A t o  AlO. 

The a l t e r n a t i v e s  can be ranked acco rd ing ly  from the h i g h e s t  

va lues  t o  t h e  l o w e s t  value. We choose t h a t  l and  use planning  f o r  

which t h e  a l t e r n a t i v e  ~i (i = 1, 2, 3 ,  ..... 10)  has  t h e  h i g h e s t  v a l u e  

and is ranked f i r s t .  



Table 5: The Scale  and Its Description (Saaty, 1977) 

Intensi ty  of 
importance Definit ion Explanation 

-- . -. - .. . .. . . 

l* Equal importance 

3 weak importance of 
one over another 

Essent ia l  or  strong 
importance 

Demonstrated 
importance 

Absolute importance 

-2, 4,  6 ,  8 Intermediate values 
between the  two 
adjacent  judgements 

Reciprocals If a c t i v i t y  i has one 
of above of the above nonzero 
nonzero numbers assigned t o  

it when compared with 
a c t i v i t y  j, then j 
has the  reciprocal  
value when compared 
with i 

Rationals Ratios a r i s i n g  from 
the  s ca l e  

Two a c t i v i t i e s  contribute equal- 
l y  t o  the  object ive  

Experience & judgement s l i g h t l y  
favor one a c t i v i t y  over 
another 

~xper ienck '  6 judgement strongly 
favor one a c t i v i t y  over 
another 

An a c t i v i t y  is strongly favored 
and its dominance is demon- 
stra.ted i n  practice.  

The evidence favoring one activ-  
ity over another is of t h e  
highest  possible order of 
a£ f irmation 

When compromise is needed 

I f  consistency were t o  be forced 
by obtaining n numerical 
values t o  span the  matrix 





Table 7: Interaction Matrix of the Factor "Relief" for 
various landuse alternatives 

MATRIX NO: 2 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A10  



Table 8: Interaction Matrix of the Factor "Slopen for  
Various Landuse Alternatives 

MATRIX NO: 3 

Alter- 
natives A l  A2 A3 A4 A5 A6 A7 A8 A9 A10 



Table 9: Interaction Matrix of the Factor "Alti tuden for  
various landuse alternatives 

MATRIX NO: 4 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 Alo 



Table 10: Interaction Matrix of the Factor "Drainagen for 
various landuse alternatives 

MATRIX NO: 5 

ALter- 
natives Al A 2  A3 A4 A5 A6 A7 A8 A9 A10 



Table 11: Interaction Matrix of the Factor "~xposure" for 
various landuse alternatives 

MATRIX NO: 6 

Alter- 
natives Al A2 A3 A4 AS A6 A7 A8 A9 A l O  



Table 12: Interaction Matrix of t h e  Factor "Temperature" for 
various landuse alternatives 

MATRIX NO: 7 

Alter- 
natives A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 



Table 13: Interaction Matrix of the Factor "Precipitation for 
various landuse alternatives 

MATRIX NO: 8 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A10 



Table 14: Interaction Matrix of the Factor "Soil characteristicsn 
for various landuse alternatives 

MATRIX NO: 9 

Alter- 
natives Al A 2  A3 A4 A5 A6 A7 A8 A9 A1 0 



Table 15: Interaction Matrix of the Factor "Consolidated 
Overburden* for various landuse al ternat ives  

MATRIX NO: 10 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A10 



Table 16: Interaction Matrix of the Factor nLocationw 
for various landuse alternatives 

MATRIX NO: 11 

Alter- 
natives AJ. A2 A3 A4 A5 A6 A7 A8 A9 A1 0 



Table 17: Interaction Matrix of the  Factor "Accessibility" 
for  various landuse alternatives 

MATRIX NO: 12 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A10 



Table 18: Interaction Matrix of the Factor "Size and Shape 
of the  S i t e A  for various landuse a l t e r n a t i v e s  

MATRIX NO: 13 

Alter- 
natives Al A2 A3 A4 A!5 A6 A7 A8 A9 A 1  0 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

Alo 



Table 19: Interaction Matrix of the Factor "Surrounding Land 
Uses" for various landuse alternatives 

MATRIX NO: 14 

Alter- 
natives Al A2 A3 A4 AS A6 A7 A8 A9 A 1  0 



Table 20: Interaction Matrix of the Factor "Land Ownership" 
for various landuse alternatives 

MATRIX NO: 15 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A 1  0 



Table 21: Interaction Matrix of the Factor "Population 
Characteristicsm for various landuse alternatives 

MATRIX NO: 16 

Alter- 
natives A l  A2 A3 A4 A5 A6 A7 A8 A9 A1 0 



Table 22: Interaction Matrix of the Factor "Regulatory 
Constraints* for various landuse alternatives 

MATRIX NO: 17 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A10 



Table 23: Interaction Matrix of the Factor "Type and In t ens i t y  
of Usesu for various landuse alternatives 

MATRIX NO: 18 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A1 0 



Table 24: Interaction Matrix of the Factor "Water Quality" 
for various landuse alternatives 

MATRIX NO: 19 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A1 0 



Table 25: Interaction Matrix of the Factor "Erosion and 
Sedimentation* for various landuse alternatives 

MATRIX NO: 20 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A10 



Table 26: Interaction Matrix of the Factor "Slope Require- 
ment" for various landuse a l ternat ives  

MATRIX NO: 21 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A10 

- 



Table 27: Interaction Matrix of the Factor "Aesthetic Valuesm 
for various landuse alternatives 

MATRIX NO: 22 

Alter- 
natives Al. A2 A3 A4 AS A6 A7 A8 A9 A1 0 



Table 28: Interaction Matrix of the Factor "Economics" 
for various landuse alternatives 

MATRIX NO: 23 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A1 0 



Table 29: Interaction Matrix of the Factor nPolitical" 
for various landuse alternatives 

MATRIX NO: 24 

Alter- 
natives Al A2 A3 A4 A5 A6 A7 A8 A9 A1 0 



TaUe 30r Matr ix  P o d  by the Eigenvectors (with respect to the m a w h a m  eigenvaluea) 
that are abtained frm menty Thee Interaction Matrices for the factora. 

Psctor n K? F4 Ps F6 F7 P8 P9 P10 Fll F12 F13 F14 F1S F16 P17 F'l8 F19 FZ0 F21 F22 F23 



CHAPTER IV 

SUMMARY 

Landuse p r i o r i t i e s  i n  much of Alaska a r e  not c l e a r l y  established,  

although some information on land resources is ava i lab le  fo r  planning 

p u r p o s e s ,  and  c e r t a i n  uses f o r  l a r g e  a r e a s  a r e  i m p l i c i t  i n  

j u r i s d i c t i o n a l  p a t t e r n s .  For i n s t a n c e ,  e x t e n s i v e  b l o c k s  a r e  

designated as national  parks, w i l d l i f e  refuges, and m i l i t a r y  s i t e s ,  or 

a r e  reserved  a s  a petroleum resources .  Vast s t r e t c h e s  of t h e  s t a t e  

i n c l u d i n g  v i r t u a l l y  a l l  l a n d s  u n d e r l a i n  by coa l ,  a r e  s i m p l y  

undesignated wilderness area. Based on predominant vegetation, these 

a r e  most ly  i d e n t i f i e d  i n  c u r r e n t  i n v e n t o r i e s  e i t h e r  as  f o r e s t  o r  

rangeland,  but  n e i t h e r  ca t ego ry  i s  now e x p l o i t e d  commercia l ly  f o r  

those purposes. More than 20 mil l ion acreas of po ten t ia l  farmland a r e  

a l s o  recognized but only 70,000 acres  a r e  farmed, (National Research 

Council, 1980). 

The lack of des igna t ed  l anduses  -- indeed, t h e  g e n e r a l  lack of 

apparent signs of ac t ive  use could be misleading. The land of Alaska 

is valued i n  many ways even though l i t t l e  of it is  i n t e n s i v e l y  used. 

Alaskan land  is an  e s s e n t i a l  component of N a t i v e  S u b s i s t e n c e  

economies; it provides a biological  refuse of worldwide importance; it 

has ex t ra  ordinary recreat ional  value; and it is an unspoiled segment 

of the earth's s u r f a c e  that can be preserved f o r  f u t u r e  genera t ions .  

Thus, a policy is needed by which t o  es tab l i sh  t h e  fu ture  uses of the  

land. Without such a policy or  landuse goals, the  post  mining use of 

reclaimed land cannot be object ively  resolved. Surface coal  mining, 

i f  it is t o  be managed with regard for public goals for land use, must 



be preceded by agreements on what g o a l s  are .  Coordinated l anduse  

plans a r e  means by which goal a r e  t rans la ted  i n t o  real actions. With 

r e g a r d s  t o  min ing ,  a l a n d u s e  p l a n  i s  t h e  p r i m a r y  bas is  f o r  

es tabl ishing reclamation objectives,  a t  least t o  the degree t h a t  the 

objectives concern postmining landuse. 

Decis ion about  mining i n v o l v e  long  term landuse commitments. 

Trade-offs a r e  necessary w i t h  r e s p e c t  t o  p o s s i b l e  uses  of the post 

mining rec la imed land. Such d e c i s i o n s  a r e  most d e s i r a b l y  made i n  a 

framework i n  which t h e  f e a s i b l e  uses of most a r e a s  a r e  i d e n t i f i e d  

beforehand. For instance, pre-mining planning phase can involve not  

only  an assessment  of mining p l a n s  b u t  also an understanding of 

set t lement  pat terns ,  demographic trends,  economic forces, employment 

o p p o r t u n i t i e s ,  maintenance of renewable  resources ,  and many o t h e r  

factors. Information about such var iab les  is  compiled, evaluated, and 

balanced by t h e  planning process.  P lans  f o r  post-mining l anduses  

should recognize  no t  only t h e  p o s s i b l e  impact  of mining i t s e l f ,  b u t  

a l s o  t h e  impacts of a n c i l l a r y  f a c i l i t i e s ,  as w e l l  a s  t h e  r e g i o n a l  

impacts on biological  resources, soc i a l  and economic conditions. One 

purwse of such planning could be t o  iden t i fy  the various a l t e rna t ives  

i n  post-mining landuse planning. 

Furthermore,  a u se fu l  and f l e x i b l e  nonquan t i t a t i ve  technique ,  

such as a fuzzy  set  approach, may c o n s t i t u t e  a r e a l i s t i c  medium f o r  

a s s e s s i n g  many t ypes  of f e a s i b i l i t i e s  f o r  va r ious  a l t e r n a t e  post- 

m i n i n g  l a n d u s e  p l a n s .  Because t h e  fuzzy s e t  methodology  i s  

s p e c i f i c a l l y  designed t o  r e f l e c t  many of t h e  imprec i s ions  and 

ambiguties present  i n  t h e  r e a l  world. 



- 
One major c r i t e r i o n  of the work i n  p r o g r e s s  is  t o  make t h e  

technique as r e a l i s t i c  and simple a s  possible, for handling r e a l  world 

problems. As a f i r s t  step, a deta i led questionnaire is being prepared 

t h a t  w i l l  be used t o  e s t a b l i s h  t h e  post-mining landuse goa ls ,  t h e  

i n f l u e n c e  of t h e  v a r i o u s  factors i n  t h e  p r e f e r e n c e  ma t r ix  and t h e  

subjective values or the  coef f ic ien ts  of the in te rac t ion  matrices. In 

t h i s  way t h e  r e l a t i v e  importance of various . f a c t o r s  in a l t e r n a t i v e  

landuse plans w i l l  be developed, taking i n t o  account t he  viewpoints of 

var ious  i n t e r e s t  groups. The second s t e p  of t h i s  work is t o  d e t a i l  

t h e  a p p l i c a t i o n  of t h e  methodology us ing  c o l l e c t e d  in format ion  and 

sunnuarize t h e  analysis procedure for other geographical areas, 
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