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Abstract: In order to obtain local  and state govern-
ment approvals,  an environmental  impact analys is of the 
mining and rec lamation of a proposed hard rock quarry 
was  requ i red .  H igh  v is ib i l i ty  o f  the  proposed min ing  
area from the adjacent community required a v isual im-
pact analysis in the planning and design of  the project.  
The Visual Analys is def ined design cr iter ia for the min-
ing and reclamation plans to minimize adverse environ-
mental  impacts and encourage long-term benef ic ial  land 
use. Visual  analys is provided an addit ional tool  for the 
citizens, local government, and state government officials 
to evaluate the proposed mining act iv i ty.  

INTRODUCTION 
 

One appl icat ion of visual  analys is is 
as a design tool in s ite specif ic  mining 
and reclamation plans which arm respon-
sive to the surrounding environment.  
Construct ive use of visual analys is was an 
important element in the planning of a pro-
posed mining s ite west of  the Denver Met-
ropol i tan Area. This paper i l lustrates the 
appl icat ion, on a local  scale,  of  a v isual  
analys is process used in planning, design 
and evaluation. The consultant 's ro le was 

 
 
 

the coordinat ion of  studies and preparat ion 
of  plans and documents required for min-
ing  permi ts  to  ext rac t  and process  the  
hard  rock on the si te for use as gravel in 
the  Denver  Met ropo l i tan  Area .  The  s i te  
was  predetermined by the c l ient. The 
ini t ia l  mining concepts involved expansion 
o f  an  ex i s t ing  hard  rock  quarry  a t  the  
base  of  the Front Range of the Rocky 
Mountains. 
 

The  s i te  i s  v i s ib le  f rom a  communi -
ty  o f  approximately 10,000 people and 
several  major regional  transportat ion cor-
r idors. As a result ,  the magnitude of vis-
ib le change, at any t ime, in the natural  
character of  the landscape of the Front 
Range is a cr i t ica l  component in the deci-
s ion  to  a l low or  not  a l low fur ther  min ing  
o f  the area. Any effort to minimize the 
adverse environmental  effects of  the pro-
posed mining act iv ity mandated the use of  
comprehensive visual resource management 
in both the design of  the mining and recla-
mation plans and the local and state govern- 
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ment approval processes.  
 

The need for comprehensive analys is 
and planning, coupled with local  and state 
requirements,  required an environmental 
analys is of the proposed mining act ivi ty.  
The visual  analys is was one part of  the 
environmental impact analys is used to eval-
uate the potential impacts of alternative min-
ing plans. As a result of  the studies, spe-
c i f ic  design cr iter ia were developed to min-
imize the adverse impacts on the geology, 
hydrology, vegetat ion, traf f ic,  a ir  qual i ty, 
etc.  of the s ite and its surrounding vic ini ty.  
The cr iter ia were used to evaluate a lterna-
t ive plans and design the f inal  mining and 
reclamation plans.  
 

The pr inc ipal  object ives of  the over-
al l  study were threefold: 
 

•  to obtain the necessary governmental  
approvals to extract the gravel,  

 
•  to minimize adverse environmental  

impacts on both the land and the 
adjacent community,  and insure the 
benef ic ia l  long-term use of  the land, 
and 

 
•  to aid in responsible government de-

c is ion-making with regard to the is-
suance of approvals and mining permits. 

 
The visual  analys is of the si te helped accom-
pl ish these goals by (1) def ining on-si te de-
s ign cr iter ia for  incorporat ion in al l  phases 
o f  the  min ing  and rec lamat ion  p lans  and 
(2)  analyz ing the of f-s ite visual  impacts on 
the surrounding land and community.  
 
 

VISUAL IMPACT FACTORS 
 

The surface mining process vis ibly 
changes the natural landscape in both landform 
(of a permanent nature) and character (which 
may be  o f  a  temporary  nature) .  The  change 
i s  not from a natural to urban environment. 
In this case, i t  is  a modif icat ion of  the ex-
ist ing landscape and the eventual re instate-
ment of s imi lar  natural  condit ions. Altera-
t ions in the landscape due to gravel mining 
occur in two ways: 
 

•  in the short-term, through constantly 
modif ied landforms result ing from ex- 
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tract ion processes of  mining, and 
•  in the long-term, through the modif i -

cation of the final landform and revege-
tat ion of the land. 

 
Visual  impacts of surface mining re-

sult from both the operat ion of  the on-going 
extract ion process and the short- and long-
term changes in the natural landscape. 
The operat ional  factors which wi l l  affect the 
magnitude of  impacts inc lude 1) the quanti ty 
o f  mater ia l  to  be  extrac ted,  2)  the  amount  
o f  land disturbed at any one t ime and over 
the l i fe of the project,  3) the locat ion and 
vis ib i l i ty of the mining area, the crushing 
equipment, haul roads and conveyor systems, 
4) the rate and phasing of reclamation, etc.  
Addit ional ly, the sequential  use of  the land 
a f te r  min ing w i l l  a l so  a f fec t  the  magn i tude  
o f  impact.  
 
 

SUMMARY OF THE PROCESS 
 

In s impl i f ied terms, the visual analy-
s is process determined the locat ions and 
character ist ics of the most v isual ly s igni f i -
cant port ions of  the proposed mining s ite 
and then developed cr i ter ia for  the mining 
and reclamation plans which least adversely 
af fected those  areas  and the communi ty .  
The  process is out l ined as fo l lows: 
 

•  Def ine the character ist ics and locat ion 
of  the most s igni f icant port ions of the 
proposed mining si te.  

 
•  Develop mining plans to minimize ad-

verse effects on these areas.  
 
•  Develop a reclamation plan to maintain 

the character of th is s ite with the in-
tegr i ty of the surrounding land of  the 
Front Range. 

 
•  Analyze the magnitude of change from 

the exist ing condit ions both dur ing the 
extract ion process and at the comple-
t ion of the f inal reclamation as viewed 
by the adjacent communit ies.  

 
To accomplish these steps the commu-

nity is  f i rst div ided into subareas, cal led 
Rate Areas, and the character ist ics of  each 
area are def ined. The s ite is then div ided 
into smal ler subareas, cal led Site Subareas, 
which are analyzed indiv idual ly in relat ion to 



 
(refer to "a" below), degree and/or 
length of  v isual  exposure to the s ite 
(refer to "b" below),  and average dis-
tance from the si te (refer to "c" below) 
was calculated. 

 
a.  Number of  people (N) 

The  number  o f  peop le  fo r  each  
Rate  Area was calculated for  res i-
dentia l  areas by mult iply ing the 
number  o f  dwe l l ing  un i t s  t imes 
the i r  average populat ion density3,  
or for transportat ion corr idors by 
mult ip ly ing the average dai ly traf-
f ic  count by 1.5 people/car.  

b.  Time of Exposure (T) 
The degree of v isual exposure was 
the antic ipated t ime that the view-
ers with in the area could see the 
s ite or a port ion thereof.  In the 
resident ial  areas the yearly aver-
age dayl ight hours were found for 
the Golden lat i tude and longitude. 
The transportat ion corr idors were 
dr iven at their respect ive speed 
l imits and t imed5. These calcula-
t ions indicated average dai ly t ime 
the viewers with in a rate area 
would be exposed to the s ite.  

c.  Distance from the Site (D) 
Average distance was found by 
drawing a ser ies of ¼ mile con-
centr ic c irc les radiat ing from the 
s ite. Each Rate Area was given 
i ts distance factor according to 
the number of circles it fell within 
and their  d istance from the si te.  

 
The factors result ing from each of  the 
above character ist ics are mult ipl ied to 
produce one "quant i f ier" for each of  

 
 
3 /  Ci ty of Golden Planning and Zoning De-
partment records.  
 
4 /  Average vehic le occupancy rate,  Denver 
Metropol i tan Area, Denver Regional Coun-
ci l  of  Governments.  
 
5 /  The speed l imits of the di f ferent roads 
var ied from 40 to 55 mph. 

 
 
 
 
 
 

337 

the  adjacent  land f rom each Rate  Area.  
The  result is  the identi f icat ion of the loca-
t ion and character ist ics of  the most s igni f i -
cant areas of  the s ite as v iewed from the 
adjacent community.  Mining and reclama-
t ion plans are then evaluated and selected. 
S ince  the  v i s ib i l i ty  o f  each  S i te  Subarea  
has  been documented from each Rate Area, 
the magnitude of visual  change result ing 
from the f inal mining and reclamation can 
be determined. 
 
 

ANALYSIS PROCESS 
 

To def ine appropriate design cr i ter ia 
for the mining and reclamation plans and to 
estimate the potential visual impacts of spe-
c i f ic  plans,  the most sensit ive and/or visu-
al ly s ignif icant port ions of  the s ite must 
f i rst be ident i f ied. The signi f icance of each 
Site Subarea is  determined by the natural 
character ist ics of that port ion of the si te in 
re lat ion to i ts surroundings (herein referred 
to as the qualifier) and characterized by how 
many people can see i t ,  for how long and 
from how far away (herein referred to as 
the quant i f ier).  
 
 

Predominance of  Site Subareas 
 

The exist ing condit ions of  the s ite are 
f i rst evaluated as seen from the surrounding 
land and the adjacent community ( f ig.  3).  
 
1.  Both the s ite and the viewshed are 

div ided into subareas. The s ite is 
divided into subareas using topographic 
change such as ridges and drainages as 
the cr i ter ia for area def in it ion (f ig.  1).  

 
The physical  boundaries of  the v iew-
shed of the si te are also def ined. The 
general land use character ist ics of  the 
v iewshed are def ined and form the cr i-
ter ia for subarea def init ion. In th is 
case there are three residentia l  areas 
and four transportat ion corr idors. 
These areas are referred to as Rate 
Areas,  to minimize confusion with sub-
areas of the s ite (f ig. 2).  
 

2.  To ref lect  object ively, the character is-
t ics of each of the Rate Areas, their 
identifying factors of number of people 
 



 
the seven Rate Areas. 

 
3.  An evaluation of the Site Subareas was 

next conducted. Each of  these Site 
Subareas was evaluated from each 
R a t e  A r e a .  T h i s  w a s  d o n e  t h r ou g h  
an  examinat ion of the e lements that 
create visual prominence in a moun-
tain landscape; vis ib i l i ty,  or ientat ion 
to observer,  color and texture in re-
lat ion to surrounding areas, and r idge-
l ine dominance. "Vis ib i l i ty" def ines 
whether the Site Subarea can be seen 
from that part  of the community; "or i-
entat ion" descr ibes the degree which 
the Subarea faces the observer and 
the seasonal  and/or vegetat ive charac-
ter ist ics which may af fect i ts s igni f i -
cance, i  .  e .  ,  snow accumulat ion. 
"Texture and color" address the var i-
at ion and character ist ics of the vege-
tat ion and rock outcropping in rela-
t ion to the adjacent areas; and "r idge-
l ine dominance" def ines the signi f i -
cance of the r idges based on whether 
they def ine the skyl ine prof i le of  the 
mountain or serve to define topograph-
ic change and overal l  landform. 

 
Because each Site Subarea is  a di f-
ferent s ize, the acreage of each was 
considered another contr ibut ing factor 
in qual i fy ing the s ignif icance of  the 
subarea. Each of  the subject ive 
"qual i f ier" scores was mult ip l ied by 
the acreage to ref lect the s ize dif-
ferent ial  (f ig.  1) and provide a "qual i-
f ier" for each area. 

 
4.  The qual i fy ing score for each si te 

subarea  i s  mu l t ip l ied  by  the  ra te  
a rea quant i f ier  score, giv ing a prom-
inence score.  This is  calculated for 
each  ra te  area.  Each  prominence  
score  i s  added together  to  g ive  a  
Tota l  Prominence Rat ing for the Site 
Subarea. 

 
 

Design Cr iter ia 
 

The process has now documented the 
s ignif icant natural  character ist ics of the 
s ite to be used as important cr i ter ia for 
both the mining and reclamation plans.  
These cr i ter ia included: 
 
 
 
338 

Vegetat ive zones -- 
The extent,  coverage, or ientat ion, 
type, texture and color of areas of  
predominant ly grass vegetat ion, shrub 
vegetat ion, and/or tree vegetat ion, 
inter im revegetat ion potent ials and 
f inal revegetat ion character.  
 
Land forms -- 
The  s ize ,  s lope ,  or ienta t ion ,  shape,  
and character of  the landforms, r idges,  
and drainages both dur ing the extrac-
t ion phases and at complet ion of rec-
lamation. 
 
Rock outcroppings -- 
The  s ize ,  locat ions ,  shape,  s lope ,  
mass  texture  and overa l l  appearance  
o f  rock outc ropp ings  and/or  rock  
faces.  
 
The  e f fec ts  o f  l i ght  or  seasona l  
changes on the s ignif icance of the 
subarea. 
 
As  each  phase  o f  the  min ing process  

i s  determined the affected areas and result-
ing  landforms are  ident i f ied ,  and the  of f -
s i te  visual  appearance of the s i te 's subareas 
can be evaluated. Design changes and/or 
operat ional changes can then be made to 
minimize the adverse visual effects seen 
from the community and surrounding land. 
These design and operat ional  guidel ines con-
sist of such th ings as 1) l imit ing the amount 
of land disturbed at any one t ime, 2) ident i-
f icat ion of areas,  landforms, vegetat ive 
character to be preserved, and/or replaced, 
t h e  l o c a t i on  a nd  d e s i g n  o f  h au l  r o ad s ,  
t h e  character and extent of  area of  re-
vegetat ion and rock outcropping to maintain 
the  v i sua l  cont inu i ty  o f  the  s i te  in  re la t ion  
to  the Front Range vic ini ty,  5) revegetat ion 
and soi l  stabi l izat ion procedures and sche-
dules, 6) topsoi l  stockpi l ing and redistr ibu-
t ion, and 7) def ini t ion of areas where per-
manent buffer ing and/or screening of the 
operat ion are desirable.  Al l  of  these and 
many other design and operat ional  cr i ter ia 
are essent ia l  considerat ions in minimiz ing 
the potent ia l ly adverse impacts of  surface 
mining. 

 
 

Visual  Impact on the Community 
 
The visual impacts of  al ternat ive min-

ing plans,  their inter im phases,  and their  
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result ing rec lamation potent ia ls can then be 
evaluated. This is accomplished by deter-
mining the magnitude of  increased visual 
impact in re lat ion to the exist ing condit ions. 
The magnitude of change consists of var ia-
t ions in the amount of exposed land, number 
of  people exposed to the operat ion, and the 
nature of their exposure.  
 

The potentia l  v iewshed for each alter-
nat ive is  def ined to establ ish the var iat ions 
in the area exposed to the mining project.  
The changes in the number of  people,  dis-
tance and durat ion of exposure to the opera-
t ion are then documented. The vis ib i l i ty,  
character,  and or ientat ion of the 1) land 
disturbed dur ing var ious phases of  the pro-
ject, the physical  extent of the mining op-
erat ion, 2) the areas of  revegetat ion and 
rock outcropping, 3) a l l  aspects of the min-
ing operat ion,  such as the locat ion and type 
of equipment and the processing and trans-
portat ion of  mater ia ls,  and 4) the reclama-
t ion phasing schedule in re lat ion to the ex-
tract ion schedule,  etc.,  must al l  then be 
documented to further def ine the magnitude 
of  change. This informat ion is mapped on 

the same base map or overlayed over the 
exist ing visual impact map to i l lustrate 
graphical ly those changes (f ig.  4).  The re-
sult is  an analysis of  the var iat ions in the 
v i sua l  impact  o f  a  proposed min ing  p lan  
and reclamation plan on the surrounding 
community. 
 
 

The Value of Visual Analysis 
in Decis ion-making Processes 

 
The c it izen and/or government deci-

s ion-maker is  af forded an instrument to 
ana lyze  the  charac te r i s t i cs  and resu l ts  o f  
a  proposed act ion, and weigh them in rela-
t ion to the overal l  pol ic ies and goals of  
the i r  ju r i sd i c t ion .  A l so,  the  author i t ies  
who govern mining operat ions can then 
issue permits based on an evaluation of  a 
proposed act ion. This evaluat ion inc ludes 
the short- and long-term visual  impl icat ions 
of  the mining act iv ity.  This information 
should be used by the c l ient, planner, con-
sultant, citizen and/or government decision-
maker to develop detai led mining and recla-
mation plans which wi l l  benef it  the commu-
nity and i ts environment.  




