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71{E VISIBILITY ISSUE 1!4 ‘IllE RCMXYMOINTAINh!EST

by

Ellen M. Leonard, Los Almos Scientific Laboratory
Michncl D. Williams, Consultant, John Muir Institute
J. Paul Mutschlecncr, .Consultant, University of Indianu

ABSTILA(T

Clear, clean air is onc of the naturnl resources
of the Rocky Mountain West. The visibility prcwisions
of the Clean Air Act of 1977 were intcnclcd to protect
this natural rcsourcc in certain Federal class I areas,
for oxamplc, national parks and wilderness arms.

There are anumbcr ofpotcntial issues which arise
duo to thcpossiblc reduction of visibility caused by
emissions from encr~y facilities. A numhcr of these
issues arc briefly discussucl. The issues arc highlightwl
by computer ~~c~”iltd color photographs showing the offrcts
on a clean landscape of scvcrnl coal-fired powor plant
scenarios discusscxl in tho text.

TIIc study sugccsts that visibility may be the
limiting factor in energy fucillty siting in clean air
areas. The unique rncthod of displ:lying the results makes
the visibility calculations comprchcnsil~]c to gcnarnl
audicnccs.

i.”



TABLE OF CONTENTS

1. Introduction . . . . . ...0. . . . . . . . . . . . .0..,..0. . . . . . . . . . . . . . . . . . . 3

11. Issues Related to Visibility Reduction ““”””””””””*””””””””’” 12

A. Indian Lands as Class I Areas . . . ,. . , . . . . . . . . . . . . . . . ,. . . . 12

B. The Effects of Atmospheric Pollution on the Night Sky . . . 14

C. The Effects of Sulfates and Other Particulate . . . . . . . . . . 22

D. The Economic Impacts of Reduced Visibility . . . . . . . . . . . . . . 23

E. Psychological and Sociological Impacts of Visibility . . . . 28

F. Computer Modelling Results . . . . . . . . . . . . . . . . . . . . ● . . . . . . . . . 30

III. Reasons for the Importance of the Visibility Issue . . . . . . . . . . 34

IV. Institutions Affected by the Visibility Issue . . . . . ““”””””””” 3s

v. Groups Who Will Benefit From Resolution of the Visibility
Issue . . . . . . . . . . . . . . . . ● 0 . . . . . . . . . . . . . . . ● , ● . . . . . . . . . . . . . . , #. 36

VI. Other Groups Addressing the Visibility Issue . . . . . . . . . . . . . . . . 3G

VII. Suggested Program of Research to Address These Issues . . . . . . . 36

VIII. Alternative Courses of Action ● * . . . ● *. . . . . . . . . . . . . . . . . . . . . . . . 39

Appendix: PVIS: Pollutant Visualization Program ““””o””””””””””””” 41



THE VISIBILITY ISSUE IN 11~ ROCKYMOUNTAINWIXT

I. INTIUYXIC1’ION

The Rocky Mountain West is characterized by clear, clean air and unique

scenic beauty. Visibility limited only by the cumature of the earth is not

uncommon. Visitors from throughout the country and the world come to this part

Gf the country to experience the awesome sights which cannct be found elsewhere.

Deserts, prairies, colorful canyon lands and snow covered mountain peaks all

combine to produce a

under discussion has

tional Monuments and

Federal primary

spectacle of beauty. For this reason, much of the area

been desikmated as National Parks, National Forests, Na-

Wilderness areas.

and secondary ambient standards for the criteria air pollu-

tants have been established to protect the health and welfare of the population.

Mherencc to these standards can result in a severe degradation in visual range.

For example, a

the town to be

were obscured,

concentrations

recent forest fire near the town of Los Alamos, New Mexico caused

engulfed in smoko for a day. Mountains less than five miles away

yet the air quality monitoring station in town reported particulate

within the federal ambisnt standards. These federal standards

do not. take into account the fact that the tool which most laymen usc to deter-

mine air quality is visibility.

Many urban areas of the country are continually subjected to visibility re-

ducing concentrations of air pollutants. Five miles visibility is considered

quite good in some

areas even without

the Rocky Mountain

vapor in the air.

places. It should be pointed out that the visibility in these

air pollution is considerably less than that expcricncml in

West. This is due primarily to larger concentrations of water

The exceptional visibility in the Rocky Mountain West is a regional rcsourcc

which is not protected and was never mount to be protected by the ambient air

quallty standards. Vi:,ibility h;l!~ been ncknowlcdgcd ns a quantity worthy of
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proteucion by the visibility provisions of the Clean Air Act of 1977. This

act “declares as

of any cxtsting,

which impairment

a national goal the prevention of any

iavpnirment of visibility in mandatory

results from man-made air pollution.”

areas are determined by The Act as follows:

(1) international parks

(2) national wilderness areas exceeding 5000

future, and the rcmc~ying

Class I Federal areas

The mandatory Class I

acres in size

(3) national mcm~rial parks exceeding 5000 acres in size

(4) national parks exceeding 6000 acres in size

(5) all areas previously designated Federal class I areas

Natioral parks and monuments are shown in Figure 1 and Wilderness and primitive

areas in Figure 2. Primitive areas are reviewed periodically to dctennine their

suitability for inclusion into the Wilderness System. Only an act of Congress

can add an area to the System. Under the Prevention of Significant Deterioration

provisions of The Clean Air Act,visibility would not be protected in those areas

which became wilderness areas after enactment of the act.

Figure 3 is a composite of Figures 1 and 2. It show those areas in which

the visibility provision of the Clean Air Act will ham to be met. The primitive

areas have been included in this figure. If thc~e primitive areas are added to

the Wilderness Systcm some time in the future, special nnwndments may be passed

giving these areas visibility protection.

Although mandatory buffer zones around the class I areas arc not required

by the Act, meteorological and terrain conditons will require a certain distance

between sources of pollution and class I ureas.

The

out this

Definition of visibility—— ——

terms visibility ,and visual range will hc

paper tc mean a djstance at which a black

used intcrchangcnbly through-

objcct can be seen against the
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horizon sky. When airport weather observers refer to visibility, they mean the

average prevailing visibility. This is determined by a team of trained obscrrcrs

who look at preselected objects along the entire horizon. Prevailing visibility

is that for which equal or greater values exist over at least half the horizon.

Visual range on the other hand usually refers to runway visual range when

used at an airpo-.t. This is an actual measurement made with a transmissomcter

looking down the runway.

%’isibility can be quantified in terms of the distance at which a certain

amount of contrast is discernible, usually with respect to a dark object against

the horizon sky. In general the normal observer is assumed to bc able to perceive

a contrast of 2%. The followi]g simple formulation is possible:

(2) c=ce -uR
o #

The contrast ,c, of

B-B’ ‘

B’

where B is the luminance

where c is the contrast between the object and the
horizon sky in the case where scattering and absclrp-
tion of light arc present, and co is the contrast for
the case where there is no scattering or absorption,

where R= visual range or distance to the object which
can bc just barely seen (2% contrast)

u= extinction coefficient

an object against a background is defined as

of the object and D’ is the b~ckground luminance. Lu-

minance can be defined as the lumens per unit area arriving at a receiver divided

1
oy the solid angle definin~ the source region considered.

The extinction cdefflcient, u , depends upon the concentration and the

chemical compositions of the

tribution of the aerosols is

absorbing and scattering species. The size dis-

an important parameter. ‘lnis qucntity takes into
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account both Rayleigh and Mie Scattering. A moro complctc description of this

quantity will be given in the Appendix describing the computer program PVIS.

To get the usual form for the limit of visibility from (1) and (2) it

follows that (taking logarithms cf both sides)

(3) 3.9 w uR

or

R= 3.9
T“

Laser os inverse square law techniques can be used to measure u directly

under certain circumstances.

A plume can appear light or dark depending upon the amount of light

toward the observer relative to the Raylcigh background light. The same

can appear light when viewed from one side and dark from the other side.

scattered

plume

This

is the case for optically thin plumes in which only one scatter occurs within

the plume. Optically thick plumes on the other hand will have the same probabil-

ity of light scatter in either direction since many scatters occur within the

plum.

Optical thickness as it relates to plume darkness is shown in Figure4.

In the final analysis, whether an observer sees a light plume or a dark plume
●

will depend upon the background light scattering. For this reason one often

observes the same plume to be light against certain terrain features, but dark

against a background of blue sky.

The above discussion relates to light scattering only. Light can also be

absorbed in a plume if N02 is present, for instance. Light absorption always

leads to a darkening of the plume , although the darkened plume may still appear

light compared to a darker background.
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The Visibility ISSUC

The nation’s ever-increasing demand for energy combined with stricter

enforcement of air quality standards is resulting in energy

in low population areas where the air is relatively clean.

are a number of power generation facilities in operation or

facility siting

For example, there

in the planning

stage~ in the Rocky Mountain Region which would provide power for Southern

California. California’s own air quality stnndards and rc~ilations make siting

within the state difficult. There is a feeling on the part of some residents

that they m~st

power. on the

nomic activity

suffc”r the effects of air pollution so that Californians can have

other hand the rower plants arc bringing a certain amount of cco-

to the area, the benefits (and dishcnefits) of which are the sub-

ject of much controversy.

It is the pur~ose of this paper to look at visibility as an issue in the

Rocky Mountain West. Visibility, the ability to sce distant objects, is usually

thought to be an aesthetic. consideration and is thcrcforc a good deal harder to

value than something which produces sickness, death, or dirty windows. nigh

enou~h concentrations of visibility-reducing air pollutants will produce quan-

tifiable damage. But we will concern ourselves here with those lesser amomts

which have not keen shown

mcnt. Some indication of

use of the computer model

to cause other than aesthetic dc~radation of the environ-

this aesthctjc degradation will be obtained from the

developed for this purpose.

The computer model utilizes the color capability of the Los Almos Computing

Facility to d~ict the effect of various p]umes on WI otherwise clean landscape.

The computer model is clescribcd in some detail in the appendix and the results

of the cases considered here are discussed in the next section.

It is not the purpose of this paper to make aesthetic judgcmcnts, but

rather to indicate the impacts visibility reduction may have on various nspccts
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Fig. 4. Optically thick and thin plumrs.
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of life in the Rocky Mountain West. Sturlics have been done which iudicatc that

a cost can be associated with loss of visual range. These stuclics will bc

briefly discussed later in this paper. The psychological a.~d sociological effects

oi haze have to our knowledge not been studied cxccpt as a part of more general

studies of the effects of weather as a whole.

Good visibility is an important consideration for people who engage in

certain activities. Photographers will have fe,~er really good days during which

to work. Tourists wanting to get some spectacular photos or enjoy the magnificent

views may be disap~”inted. Recreational pilots may not get as much business on

days when the visibility js poor, and residents

they anticipated from the great outdoors. These

to quantify and it is not apparent that they are

may not get the full enjoyment

and similar effects arc diffucult

entirely separate questions from

the general question of the total economic impacts of visibility reduction.

The effects of visibility on the night sky and how t!tis relates to the

study of astronomy is discussed in sumc detail in tile following section.

II. ISSUES RELATEDTO VISIBILITY REDUCTION

A. Indian Lands as Class I Areas—. .— . . . . ..--

The Indian reservations of the Rocky Mmntain region are indicated in

Figure 5. Under the Clean Air Act Amendments of 1977 (Part C, Sec. 164) the

tribes have the authority to designate their rescrvntions as Class I areas.

This has already been accomplished by the

Native American Indians arc a group whose

set of priorities when it comes to energy

Northern Chcycnnc in Montana. The

culturtil heritage may dictate a different

development as opposed to n pristine

environment. An indication of the importance of visibility was given by Ilcrman

Bcur Comes Out, a Northern Chcycnnc Tribal Councilman. In commenting on the

redesignation of the Northern Chcycnnc Indian Reservation as a class I nrcn, ho
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Fig. 5. Indian Reservations of tho Rocky
Mountain Region.
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said, “NOWwe stand a bctte: chanco ta continuo living on land whcro you can

still see the sky and smell sage and

Indian tribes share his view. TIWe

reservation that development on &ow

pine.”2 It should bc added that not all

is some foollngon the neighboring Crow

tribal lands will be joopmdized because of

the redesignation of the Cheyenne lands.

Ihe traditional clean, clear air enjoyed by his

the Indian. The need for protection from visibility

ancestors is important to

degradqtjon becomes greater

as more energy industries make plans for the Rocky Mountain West. Visibility

protection isnow ificluded in the Clean Air Act for mandatory class I Federal

areas. Mandatory class I Federal areas aro those which were class I at the time

of enactment of the Clean Air Act amendments. It is not unreasonable to assume

that any Indian tribes that do reclassify their lands as class I will demand the

visibility protection enjoyed by thoso Indian lands which were classified before

enactment.

Figure 6

if all Indian

is a cnmposite of Figures ~ and 5 showing possiblo class I areas

lands in the region aro reclass~fiecl. A significant impact could

be made as energy dcvolopmcnt plans should this case arise.

B. Thc Effects of Atmomhcric Pallu~&n on the Ni&ht.-S~y-.— --——.— —... .

Historically, the apparent brightness of stars has been mcasurod using

the magnitude system. In this systcm stellar brightness dccrcmscs iIs magnitude,

■ , increases. For exemplc, one of the brightest stars, Aldcbarnn, has m=l.1 while

the faintest stars observable with tho naked cyc havo IU=6 approximately; the cxnct

valuo of this limit dopcnds upon the obscrvor’s sight, the darkness of the sky, md

atmsphcric clarity. Stated more exactly tho chnngc in magnitude, Am, bctwcon

any

‘rho

t= stars of brightness B1 and B2 is given by

Ih ml-m2 ■ 2.S log (R2/Bl).

zero point of tho systcm is dctcrmind by a solcctcd set of standard stars
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adopted by international agrccmcnt. The limiting magnitude of stars visible

through a tclescopc of aperaturc D (in inches) is roughly

m= 9.1 + 5 log D.

For example, a typical amateur instrument with 0=6 inches would permit obser-

vation of stars down to about 13th magnitude.

The limit of visibility of stars is set by the diffuse brightness of the

night sky against which a star must show sufficient contrast to be visibilc. It

should be noted that moonlight is omitted in natural sky brightness. The natural
.

night sky brightness has three components:

(1) airglow duc to excited molcculcs in the upper atmosphere,

(2) scattering of sunlight hy interplanetary dust (the zodiacal light is the

brightest component of this), (3) very faint background stars and starlight

scattcrcd by the dust in the earth’s atmosphere. These three components contri-

bute in roughly equal amounts; the total brightness of the night sky at the zenith

is equivalent to about 300 10th magnitude stars pcr square dcgrcc or about

2 x 10-8 lumens/cm2 stcradian.

Atmospheric pollution will affect the visibility of stars in three

distinct ways. First, the starlight. will suffer extinction duc to

Mic extinction by particles an(! Raylcigh scat.tcring by molcculcs. If

the optical thickness

is T, the incrcasc ~n

bc

Am

or

Am

of the pollution ldycr in a particulill’ direction

magnitude of ii star seen through this layer will

❑ 2.5 log (B/lk?-T)

= 1.086 T,

where N is the unaffected stellar brightness. The transparency of the

path t.hroll~h the pollution lnycr is

T ■ &TO
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For example, a dense layer with T=O.5 will give Am = 0.75. Figure 7,

based upon data from 1.andolt-80rnstein3 , shows the extinction due

to dust and molecular scattering in magnitude versus wavialength of light

for a path with a zenith angle of OO. The attenuation increases with

zenith distance since the extinction occurs over a longer slant path

through the pollution layer. This Is illustrated in Figurc8.

The second effect of ntmosphcric pollutionis the reddening of

starlight due to the increasing extinction at shorter wavelength both

by Mic and Rayleigh scattering; this effect is seen in Figure7 . The

redding of sun, moon, and stars is obvious near the horizon of course.

The third effect of atmospheric pollution is an increase in the

brightness of the night sky duc to the greater number of scattering

particles. Some of the incrcasc will result from incrcasod scattering

starlight but in most urban or near-urban areas the increase will

result primarily from greater scattering of artificial lights. The

latter effect has been termed “light pollution” and is generally the

most important cause of night sky deterioration. Light pollution de-

Of

cronses the limiting visual magnitude by decreasing the contrast between

stars and sky. It also dccreascs the limiting photographic magnitude

by producing a fog if exposures are made too long. The extent of thctc

effects will depend upon both the amount of upward dircctcd nrtificizl

., light and the amount of scattering muterials in the pollution layer.

Professional and amateur astronomers have been grcntly conccrncd with de-

gradation of the night sky by light pollution and other effects, not to mention

visitors and residents alike who are denied the breathtaking views cxpcricnccd

in the past. Rxnmplcs of studies me those of,Ricgc14 , Iloag, Schocning, md

Ccuckc5 , Kalinowski, Roosen and Brandt6, and ‘llmmosc7. Turnrosc indicates
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a relatively rcccnt incrcnsc in the brightness of tho night sky at Mount Wilson

Observatory by about two magnitudes over that at Mount Palomar.

One additional influence on the appmrcnt bll~htncss of stars is

the scintillation of a star’s image. This effect is produced by turbulence

in the earth’s atmosphere and is termml “seeing”. Thermal pGllution

accompanying particulate pollution will tend to dcgiadc the seeing

quality but it is unlikely that this will persist for any large

distances from the

As an example”

presents the Orion

pollution source.

of the effects of atmGsphcric pollution Figure 9

region of the sky with the standard visual limit of

about sixth magnitude and with a reduction of the limit to fifth

8 The substantial dccrcase of the richness of the sky ismagnitude .

evident. Thi. lCVC1 of effect, Am=l, could rcsuit for example, from

Mie scattering by aerosol particles having an nc~sumcd cxtjnction

cross section a = 7 x 10-9 cmz and a number density N = 130 cm-g.

We assume the particles to hc distributed uniformly throu~hout the

troposphere which has a height of 10 km and that the observer is at

an altitude of about 1.5 km above sca lCVC1. Then wc usc

T =NuL

with

and

resulting in

or

L= II Scc z

z = 35°,

T = 0.94

Am= 1.0.
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.



. -20-

to zenith

pollution

layer

ii

to star

L“HSCCZ

Fis. 8.



b. -,21- “
.

● 9“ Ml

●

1, \

“,$9-” ●., t“ . ““ .J’ .4\ ““” ● +* ●*.,

%2 l“->”

#

\

#s...-....,.........----*-.------’--” s
W+: ---- T ●

.9 z: “.i+o+e”~+ ------..------”.,

“ ;~,“* “,] ● .+._” r_._4J=\-
●

D ● . .:
ii !“””’ “-

:6W d.j++ @
● ,,=? k.-------”.--
9

1
’10 I +“

i’ 1

o& \ .~.c
rl

● U),
a . . : >:
9 .

~ ~ ● ...”’ -400 “ + \ ●

.O’~.” e ‘~
. ‘:* ● : !..’: y:’. ‘,+ ;

,0‘b ; 9* ;;.

I

.43a’’oo. ; ●

4
.,, ● :” J*~,.,, +“ -●--”*

IL&...”.., 4
*! “?

+
.!“...~= ~:

+ i:b’ :.

!“
----- .-.-u.: ..# I 4“ _/-

+’e-~loa ,..,.,,.,., ~ , ;“O ● j. + :“--:--f!---f! <“

‘i
#<nl—-— -.. . . —+

1.
.l—~~” 1 “’l ~-—— ..- .,_- -. ....-. .-.--.-,

“p +;- [
9\\ m

/ Ig;,?--------”-”+--%:..
● \*-e’ 9

!’
I

4

~:;:---- ;-- ,

,0 . .
4‘.. = %

● II:! ●

,@ “\ “;&

-“” --7
T

● *
.

w . . 9’
● J : 7.:;. ;>

~- . . . . --------- . . . . . . . . . . . . . . . . . ----
.-::+:J . . “*

(u

P+--u. Lid ,q,.t,. ,-., , , ~ ●J “,*, , ,< ., LJJ--4 “L-1

~

Attenuation

of Am=l

m *5
vis

.

; 9’
. m i

1
● -----:-------”,---

.“. :. ._

Standard Sigh: Sky

m
vis %6

. .

Figure ~ .



-22-

C. The Effects of Sulfntcs and Other Pnrtjculatcs

There is recent cvidcuce to the effect that sulfates may be responsible

for a good deal more visibility reduction than was previously thought. A number

of Copper Smelters are located in ~hc Southwest. The smelters in Southeast

Arizona alone emitted 5000 tons/day of S02 bsfore J972 when control equipment was

added. S02 is known to convert to sulfate wil]l time, but the rate of conversion

and the particulate size distributions are presently impossible

From July, 196? to March, 1968 there was an industry-wide

which shut down the smelters in the Southwest. A recent studyg

to pledict.

copper strike

looked at SO-,
9

concentrations and visibilitics in the Southwest over many years. I%is study has

revealed a remarkable jncrcasc in visibility even at great distances from the

smelters during this strike. For example, Phoenix showed a total visibility in-

crease of 24% and Tucson an increase of 23% during this

Historical trends were also analyzed as a part of

above. Four urban sites and eight non-urban sites were

period.

tile study rcfcrrcd to

considered. In all but

one case visibility worsened from 1954 to 1971. There was a slight increase in

visibility from the mid 1940’s to the mid 1950’s reflecting the switch From coal

to oil and gas.

Another interesting result of the abo”~e-mrntioncd study has to do with
,

visibility-pollutant relationships. In Phoenix, for instance, 445 of the light

scatter was duc to sulfates, 31% to nitrates, 17% to blue sky scatter and 8% wa~

unaccounted for. These results wore extended to non-urban areas. In the Grand

Canyon 36% was sulfate-caused, 9% nitrat~, 12% other pnrticulatcs and 43% blue

sky scatter. In general 1/3

be attributed to sulfates.

Another study conducted

sulfate particles in the .lu

to 1/2 of the extinction in non-urban areas cm

in ~he St. Louis area led to the conclusion that

1.OP size iangc were the dominant light-scattering

10
aerosol. The authors of that study speculate “llnt these compounds, which

.
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dominatc the Iight-scattering IVLZCSin cast-cm Missouri, may also extend to the

entire Midwest. Such visible, turbid air is noted in summer from perhaps Tcpcka,

Kansas, to the East Coast and from Chicago, Illinois, to Little Rock, Arkansas,

and oJIly really disappears with massive intrusions of Canadian air in Winter.”

Figure 10 indicates the increase in haze over a 26 year period in New York

city. 11 Ilaze is distinguished from fog in that the latter is composed primarily

of water droplets , whereas the as~-osols associated with haze are primarily solids

and other liquid materials emitted into or produced in t;~c atmosphere. It s:lwIc!

be noted in Figure 10 that a poor visibility day is one with lCSS than 7 miles

visibility.

Visibility has been deteriorating rapidly all over the country during the

past 25 years. The East and Midwest have gotten most of the large

but the Rocky Fiountain region has not been immune to the problcm.

Dr. Raymond Chaun a resident of the Los Angeles area who has

scale effczts,

made a nurber

of flights over the Four Corners power plant in Northwest New Mexico commcnte~

that, “This looks so much like the Las Angeles basin th~t it is almost scary.”

The context for this stutemcnt was an afternoon view of Shiprcck immersed in

sm-ke emitted from the Four Corners power plant.

D.

have been

The Economic Impacts of Reduced Visibility

The valuation cf aesthetic preferences

conducted by researchers at New Mexico

is not. an easy task. Surveys

State University
13

and the

University of New Mexico
14

to determine willingness to pay to avoid visual insult

due to power plant plumes and stacks in one’s field of view. The New Mexico State

Study invclved residents and recreationists in the Four Corners Area, while the

University of New Mexico study covered only rccreationists in the Lake Powell

National Recreation Area. In bcth studies the interviewees were shown a series

of photographs and various techniques were used to determine hcw much they would be
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220#-

ol~a #l
34 36 38 4042 44 46 48.50 52 54 56 5’8 CO

1 1 I I 1 I

Year

.0

Fig. 10. Frequency of poor visibility days in Ncw
York City attiil)utable to hn:c and fog.
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willing to pay in order to improve visual conditions.

There are distinctions between the studies as reported. In one ctise the

question was phiased as a willingness to pay to prevent degradation, while in the

other case it was phrased as a willingness to pay to achieve improved air quality.

These differences may alter the response. It is not the purpose of this issue

paper to offer a

a number of very

critique of the economics literatime in this area. There arc

serious problems with the data collected ir. the surveys to date.

It is our purpose only to indicate what is available, and to point out the importance

of a continued effort”to acquire information of this type.

Another important question is who has the rights. Both of these studies

assume that the utilities have the righvs and the public must pay to maintain or

achieve air quality goals. Hcwever, tile public may choose to acqujrc the rights

through legislation. For example, the Navajos have recently adopted an emission

fee. In this

a given level

to an extent.

says that the

case the question is how ch must the Navajo Tribe be paid to accrpt

of air quality degradation. The Clean Air Act of 1970 also did this

In the case of pollution beyond amhicnt standards the Clean Air Act

public has Ihe right to at least the level of the standards while at

levels below the standards the polluters have the rights. The most recent. mcnd-

rnents alter this pattern. Uniler the most recent legislation the public rirllts have

been extended further particularly in the case of natiunal parks or wilderness areas

and the simpl below or above standards distinction has been blurred. In both

cases however,

Rcccntly

the public has

numbers tend to be somewhat larger than those indicated by the studies reported

above. These two assumptions give the range of economic impacts. The cstimntcs

reported below are based on the willingness to phy studies alone.

some apportionment of the right to visibility has been made,

studies [as yot unpublishcd)15 have been conducted which assume that

the rights and must bc compensated for any degradation. Those



Resource
Area
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Four Corners

Kalparowits

Central Utah

Piceance
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Colorado

Green River-
Washakie

Powder River-
Ilyoming

Powder River-
Central MT

Northern
Gr. Plains
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TABLE I

VISIBILITY DAMAGES IN FULLY DEVELOPCC RESOURCE AkEAS16
(1975 dollars)

{ouseholds
)er plant
n fully
leveloped
legionin
!000.

5500

4400

5800

5000

5200

4100

4000

4100

4000

Total
households
(103)
in fully
kveloped
“egion in
~-’joo

,209

-13

116

10

62

176

200

213

220

~esthetic
lamagc*
kglecting
[ncome
lhanqeto
!000 (from
10 plant to
bpaque
~lume)
($106)

32

2

18

2

10

27

31

,33

34

TOTAL

!ncome
Iffect
[~o~).65

( (4)
[$106)

58

4

32

4

18

49

56

59

61.—

341

Visiting
Part:
J1O’
1974

3060

840

2870

34C

1340

1530

570

410

30

D;ys

2000

7500

2100

7000

830

3300

3700

1400

1000

7U

Recreation
Damage
in 2000
(from no
plant to
opaque
plume)
($106)

20

5*7

19

2.2

8.9

10

3.8

2,7

.2

Overall total $413 million dam~9e

* Aesthetic damam refers to the willinmess of residents of thq CIrcws
to pay to avoid the visual inrult imp;sed by the prcscncc of pGwrr
plants and their plumes.
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The visibility damiigcs

Four Corners and Lake Powell

shown in Table I were calculated using both the

Surveys along with a scenario su]lplicd at onc time

for The National Coal Utilization assessment for

in the year 2000,17 Each of the columns is fairly

f[llly developed rcsourcc regions

self explanatory except perhaps

for

the

new

the one titled “Income Effect”. The OBERS income ratio j% 2.5,and .65 is

income elasticity. This number multiplied by the values in column 4 gives a

value for dcsthetic damage. Note that this is still in 1975 dollars. These

damage figures are very large, comparable in fact to all other air pollution effects

combined.

These numbers arc very approximate. We are arbitrarily extrapolating the

desires of present day residents to those of future residents, many of whom will,

no doubt, be employed by the energy industries. Another point that must be made

is that the damages are small compared to the value of the energy producccl and the

regional income resulting from plant operations. Ilowcvcr, these damages may not

be small compared to the costs of abating the pollution.

The important

control. The trndc

including aesthetic

Four Corners Survey

issue is the det.crmination of the best ICVCI of emission

off betwocn cost of emission control and air pollution damngcs,

damages, must be considered. There is an indication from the

that visual impacts may not viny linearly with the number of

plants built in o region, The first few plmts may saturate the arst.hctic

damage in a particular region leading to a decline in t.hc willin~ncss of pcopl.~

to pay for pollution

In considering

necessary to look at

uirlinc industry due

of r-search has Imcn

abatement from subsequent lJlantS.

the economic impacts of reduced visibility, it is nlso

some of the more conventional items such as 10SSCS to the

to delays resulting from uir pollution cpjsodcs. A good dc~l

done relating fluctuations in rctnil trade to wcnthcr con-

ditions, including air pollution episodes.
18

It is well known that morr people
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go shopping on nice days

There are a number

construction and tourism

this paper is addressing

than go shopping on days when the weather is poor.

of visibility sensitive industries: agriculture, fishing,

to name just a few. But the visibility reduction to which

itself is, as was mentioned previously, of an aesthetic

nature. We are not talking about a pollution episode which will make it difficult

for a surveyor to

look at is this.-

the Grand Canyon,

measure the distance across a road. The question we need to

at what point will the family from Ncw York City decide that

the Painted Desert and Monument Valley no longer offer the

spectacular view which makes it worth their while to drive 3000 miles to scc it?

Tourism then would be the industry most affected by visibility reduction.

Residential property values and city planning cm be suhjecL to change when

visibility dccruascs o~mwhen power plant stacks or

of property over-)ooking a valley will sudclcnly go

its way dom the valley ~aci~ morning.

p]umcs bccmne

down in value

Visible, A piccc

if a plumr ma}.cs

E. Psychological and Socio~ical Impacts of Visibility Reduction—.——. —.. ..——— ——— — —

Research into the sociological and psychological effects of weather has

revolved for the most part around those aspects of tho ~icathrr i;hicl~ cause phy-

~ical discomfort. There seems to he a good correlation hctwecn riots and hil:h

temperature and humidity, for example. The surveys which have hcun condurtrd in

the past in urban environments can not justifiably bc cxtrnpolntcd to the visi-

bility issue as it exists in the Rocky Mountain West. Ilcrc thr concrrn is not

with an air pollution episode which makes it difficult to brc:lthe on one’s wiIy to

the grocery store. For the mo~t part it is a dcsir~ to kcrp some small port of the

planet as a pristinr refuge. It is important to know that there exist places

which nrc untouchrd by

int~ a wilderness area

in the distance.

mm’s polluting activities. Onc ck.ms not want to backpack

only to hc confronted with the view of a power plant plumc
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!’In (lkd’s wilderness lies the hope of the world -- the great
fresh, unbljghtccl, unrccl~cmcd wilderness. The galling ]lar-
noss of civiliztitlon drops off, and the WOUndSheal crc wc
aro aware.” (JGhn Muir, 1838-1914)

I’The richest values of wilderness lio not in the days of
Daniel Boone, nor even in the present, but rather in the
future. ” (Aldo Leopold, 1887-1948)

“In wildness is the preservation of the world.” (Ilcnry David
Thoreau, 1817-1862)

‘rho need to experience the planet earth in her virgin fem. is deep within

“us. Witness the fact that vacation homes arc usually in mcuntains or on the sea-

shore, rarely in th~ downtown area of a large city. The vacation home may bc any-

thing from a terAt to a villa. It may leave no scar at all upon the land, or i.t

may irrcpuirably mar the landscape. Rut one thing that all have in common is

a view of some natural, untouched portion of the planet. As this type of land

becomes more and more costly, it follows thut vacation homes will spring up il-

round man-made natural beauty, such as artificial lakes.

The need to know of the cxistcncc of wild, untarncd urcns is important to

one’s pcacc of mind. Even if onc never goes to the mo~ntains to get wily fron it

all, one ciin at least tclk about it or clrcam shout it. Ilavjng the option is the

important thing; whether or not the option is cxcrciscd is sccondory.

At this point it might bc infcnnutivc to mention the so-called capsule syn-

drome. ll~c designers of space capsulcs haVC ObSCrVCd that thC tcChlliC~l prol)lc]ns
.

of providing food and air and other physical ncccssitics nrc triviul beside the

problem of keeping the capsule’s inhabitants human. The gr~ilt~st difficulty SCWIS

to bc the stress of confinement. Tho totally man-mdc character of the capzu]c

environment and the inability to cscapc appcnr tc produce unbcnrablc nervous stress.

At pruscnt humanity can still csciIpc from man-mndc cities. Hut when illil]l

assumes rcsponsihi,lity for the whole earth , fllld thC CC)llt?’01 Of every pilrtof it,

a syrklromc comparable to thilt found in the capsule IllilydCVrlOp.”
19
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The unique

senses-- seeing,

day after day in

cha~dcteristics of the wilderness arc the effects on one’s

hearing and smelling. Noise, odor and haze assault one’s senses

tho city. It is no wonder that deviant social behavior is ram-

pant in many large cities. Imagine living one’s life in an environment of street

noise, odors from auto exhaust and garbage, and the all-cncompasing claustro-

phobic haze in which most cities arc immcrseci. The importance of nature and

natural beauty to the WC1l being of a city’s residents is indicated by the

existcncc of parks in every city--largo or small.

The need to be out-of-doors and to cxpericncc the sensation associntcd wjth

20
natural light may be more than psychological. Recent cxpcrimcnts on plants

and nnimals have lCCI to the cliscovcry that the quality of light is of great

importance in certain physical proccsscs such as photosynthesis. These proccsscs

occur most cfficiuntly in the presence of tllc complctc spcclrum of sunl;ght, From

this informiltiotl one cou]d cxtr~po!:lte to the needs of humnn hcings for a complctr

spectrum 0{ dwlight. Visibility impairing m~lscs anJ purticlcs in thr air prc-

fercntjally scaltcr and al)sorl) certain w;ivc )cngths. Thus creating an “unn:ltllral’i

spectrum of light even out-of-doors.

Thus onc could I)ostuliitc n physico] cf-[cct of visibility reduction on humnn

beings. This physicn] effect could nmnircst it.sc]fas v mcnt illdjsordcr s[lch;Is
,

dcprcssim, or L physic:ll disorder such :IsaII jmhalmcc in the cmlocrinc system.

This is a rc ‘:ltivcly Ilcw urcii of scientific inVCStigiltiOll with potcntial]y

far-rcilching collscqlloll~es.

Clean, clear air may bc more than just an ilcsthctiC prcfcrcncc, it mny hc

a real ncctl.

F. Ccq)utcr Mo[lclling Results.— ——. — —..- - ——-

Fivc COmplltCr gCncriltcd color pholafiraph!+

this paper. Sccnc ~1 is the computer reconstruction

ilrc includ~. d :It tilt’ Clld of

()’f ~111ilCtUill 1illl(lS1-:l]lL’. ‘IIIis
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photograph was taken at the Green River Overlook of

looking toward Elatcritc Butte.

Scene R2 depic:s the effect on the landscape

Canyonlands National Park

of a 3000 MWecoal-fired gcn-

erat ing station located as shown in Figure 11. The power plant is equipped with

scrubbers which are 90% and 99.7% efficient for S02 and particulate removal, re-

spectively. The emissions are as follows: 120g/s particulatcs, 500 g/s S02 and

1750 g/s NOX. The particulate size distribution coming out of the stack is derived

from actual measurements.
21

Six particle sizes are considered from .llJ-.6B radius.

The S02 to sulfate conversion half-life is taken to bc 69 hr. and the N02

to Nitrate half-life is 23 hr. Upon formation these particu]ates assume the size

distribution described above.

The atmospheric conditions used for the plume dispersion calculations arc

E stability (st;llllc atl~osphcrc) and 2m/s ~inds.

The effects of thre~ 1000 MN%puwcr plants is dcpir.tcd in the third SCCW.

The pl=cerncnt of the plants is shown in Figure 12. Again each of the plants is

equipped with scrubhcrs with the siimc efficiency chari~cterjstics dcscril~cd earlier.

In this cosc tho emissions of each plant urc SCUICCIby one third with respect to

the previous case.

Comparing scones 2 an(l ? it is apparent thnt the plume is consiclcri[bly

lighter in the case of thr~c dispersed sites. The impact on

in any one direction is lCSS for the dispersed S.[CS, thouRh

over a greater portion of the horizon.

Scenes ~2 and #4 arc analogous cxccpt for the control

An electrostatic precipitator is used instciid of n scrubber.
-.

the lillldSCilllClooking

there Illily Ix! an inpact

technology crnploycxl.

This results in n

different size distriburionzl of the p:lrticlc~. Thc plurnc 111 Ci]sc 4 100ks mow

reddish because onc would expect the :Ibsorption dur to N02 to bc more domhiult

in this caso thnn in case 2.
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plume to be lCSS noticeable in scene 4 than in sccnc ~. This is duc to iI rcduccd

number

on the

in red

of particles of a larger size.

Sccnc !5 superimposes a standard eastern clear day 22 [23 km visibility)

landscape of scene #l. The visuai range is less in blue light am.1 greater

in this case. Plumes

difficult to see under these

Scene S6 is an actual

across the Rio Grande Valley

200 miles (322km].

of the type shown in scenes 2,3 and 4 would bc very

conditons.

panoramic photograph taken from Los Alamos looking

in 1960. The visibility is estimated to be at least

Scene #7 is also an actual photograph of the same scene taken in 1968. This

time. the visibility is approximately 30 miles (48km). There is some dispute as to

the source of this pollution, but it is quite apparent that a reduction in visi-

bility from 200 to 30 miles is significant.

IIT. REASONSFOR Tll~ IMPORTANCEOF Till RISIBILITY ISSUE

The major effect in the immediate future will hc on the siting of power

plants. As stated in the introduction, tha PSD amendments of the Clean Air Act

of 1977 require a maintenance of existing or hcttcr visibility in certain dcsjg-

natcd arcns. This

designated areas.

If a number

requirement. will

of Indian tribes

as Clnss I, the available number of

lead to siting of energy faciliiivs iIway from

cxcrcisc their option to classify thci.r lillldS

encrCy facility sites will fall rather sh:lrp]y.

Existing facilities may also hc rcquirml to tidd ndditionol control dcvjccs.

In addition to the qilcstion of the PSI) amcndmrnts the scparntc question

of lcg:illy mandated protection of federal rcsourccs may arise. For example, the

National Park Service was conccrnml that the constrlu:tion of the l(:l]p:lrOWitS power

plant would impilir the natural values and the scenic rrsourccs in Ilrycc Canyon



National Park. The Organic Act which establishes each Nationul Park requires

that the Secretary of Interior prntcct these values. Thus it is quite possible

that federal land, water, coal or other rcsourccs could not have been used in

the Kaiparowits project.

In the west much of the coal and water is under some sort of federal

trol , Thus questions similar to those which arose during the Kaiparowits

troversy assume great importance.

con -

con -

There are also other cases in which visibility may pl.,ly a significant role

in siting of power plants. For example a group of water users may control the

wailable water resources in an area. If the users feel that a power plant may

impair values of importance to thcm, they may deny the rcgiona] water to the

facility. A proposed power plant near Victorville, California was denied water

after a local group objected to its air quality impact including its impact on

visibility.

IV. INSTITUTIONS ATI:IXTED BY TIIE VISIBILITY ISSUE

The following are some of the institutions and federal agcncics affcctccl

by this issue.

-..

---

---

---

-..

The Department of Energy will bc considering alternative energy
strategies. Allowable facility siting will be an important con-
sideration.

The Environmcnta] Protection Agency will be required to establish
standardized techniques for monitoring visual rnngc in mandatory
Class I Federal areas. Regulations and modclli.ng guidelines must
also bc issued.

The Department of Interior nnd llurcau of Land Managcrncnt must revise
their Mvjronmcntal Impnct Statement procedures to require an analysis
of the impilcts of the proposed facility on all surrounding C1:LSS I
areas.

The utility comp.anics will bc required to implement ncw procedures
for site dctcrrninatjon such tll:~t visil)ility in surrounding Class T
areas will not. bc affcctcd by their filcillty.

Federal land mana~crs must ascertain under the CIcnn Air Act
amendments, whnthor or tmt a propos(~d faciljt.~ will have nn idv~rsc
effect 0]1air-quality Wl[ltml VIIILICS ill c]ass I iI~CilS.
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V. GROUPSWHOWILL 13ENE1:1TFROMRESOLUTIONOF TIIE VISIBILITY ISSUI!

The recognition of good visibility as a major component of clc:m air

is witnessed by its inclusion in the Clean Air Act of 1977. Certain areas

have been designated (as described in section I) in which good visibility is

considered a resource worth protecting. The following groups will no doubt

benefit from this decision.

--- Recreationists want to hc assured that certain areas will remain
in a pristine state to be enjoyed by present ar.d future generations.

--- Utility companies want to be able to plan for their future power
generation needs. This is easier if the rules arc set out in
advance.

--- All governmental organizations that have as part of tllcir charter
the responsibility for planning the nation’s energy future.

VI. OTHER GROUPSADDRESSINGTIIE VISIBILITY ISSUE

--- Concerned ritizens groups (it. New Mcxjco Citizen’s for Clean Air
and Wat.cr] want to b~ assured that the proper measures wili be taken
now to protect visibility in Class I areas. There will probably
be numcrou~ efforts made to Ilav more areas rcxlcsignatcd as mandatory
Class I areas.

--- GOvcrnmcnt agcncics , consulting firms and university groups arc
developing techniques which Ciiil bc used for determining whether or
not the visibility critcr.ia are being maintained. Among these the
Environmental Protection Agency and the Departrncnts of lntcrior and
~?.mgy will be involved most directly.

VII.SUGGUSTED PROGRAMOF RESliARCll TO ADDRESS‘IllfiSE ISSUIX

Five areas of research must bc pursuccl if this issue is to be resolved

effectively. First, there is a need for more information on the value of

visibility. More studi.cs like the ones at the University of Ncw Mrxico and

New Mexico State arc necessary. These studies should provide a fomdation

for making somc rational decisions as to whether or not to reclassify an area

from class II to class I. Tfie next big area of conflict hetwccn the utilities

and the environmentalists will bc in this arena. A WC1l defined dat:lcollection
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program should be embarked on as soon as possible, since this is the most

expedient way in which to have unbiased data available on which to base re-

classification decisions.

Secondly the capability for reliable mcasurcmont of visual rnngc is currently

lacking. Since the EPA will bc charged with the responsibility of,monitcming

visibility in class I areas, it is necessary that the research effort bc moved

ahead at full speed. There are presently four basic methods for visibility

measurement.

f;j the human observer

(2) photography and the contrast photometer

(3) ncphelometer

(4) laser transmissomcteror invcrso sqtliil~ lawmcthod

The nephelometcr, an instrument which measures visibility at a point, cculd

be used effecti~cly by creating a grid of instruments over a region or along a

line of sight. This is a costly instrument, but has twc things in its favor.

It does not recmirc the presence of a human observer and it C!OCSnot rcqllirc the :

placement of source and receptor points. Other visibility measurement techniques

usually involve a source of light, possibly a laser, and, scme distance away,

a receptor. The amount of light reaching the rcccptor is then compared with the “

amount leaving the source .,~ereby givinE the amount of light transmitted in the

forward direction. Laser transmissometcrs arc used for this purpcse, but that

is also an expensive piece of equipment.

Photography is another technique which can be used. In this case diffcrcnccs

in brightness between the horizon sky and a dark object are obtained from density

differences in the film. A“contrast photometer which measures the diffcrcncc i.n

brightness between two points can also bc used.
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Thc photographic and contrast photometers both give a measure of visi-

bility along a light path.

tico a reliable mcasurcmcnt tcchniquc is sclectcd, a baseline mcasurcmcnt

program must bo undertaken. It will be imp~ssiblc to detcminc whether Class I
8

visibility standards have been violated if the prosant ambient visibility is

unknown .

Visibility wdcling is the third area of Smportancc. l’here arc present.ly

no acceptable nmdcl~ for predicting the reduction of visual range around a

source of pollution. The primary reason for this deficiency in the modeling

capabilities is the lack of nccossary data. This brings us to the fourth area

in which rcseurch is raquircd. II-I order YO ~ffcctivcly predict light scatter-

ing from aerosols it is noccssmy to bc able to predict their size distribu-

tion nna chcmlcal composition.

particle conversion ~iltCS under

mind.

In ordrr to do this

vnrious atmospheric

the upprapri;ltc

conditions must

A gnct dcul Of basic research rcmilin~ to bc done in the arc:is

chcmicn] oxid:mt formation, wet and dry dcposi[.ion raics, determination of

gas to

bc dctcr-

uf photo-

❑ ass extinction wcfficicnrs, and a wI101c host of plLImo chemistry question:;
#

involving rcnction rate determinations among other things. The chemistry

questions and light scnttcring and absorption (ll~tcrminations which onc fi]ccs

in calnulnting visibility arc in addition to the nir dispersion modc]ing

which onc must do in ordor to dctczminc where the plumo will go. Air dis-

persion nmdcling itself is stil] nt a point where ca]cu]ntions in raugll iIIILl

mountainous tcrxain arc in their infancy. In addition to this, the mrtcoro-

logical data nccnssnry to run thn existing models is generally not avi]ilnhl(m

for wst remote sites In the Nocky hkwntaln West.
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To be truly effective, an effort in modolling and measuring para-

meters must be carried on simultaneously. Numerous groups across the country

are presently engaged in these activities, but efforts seem to Lc fragmented

and uncoordinatctl. The EPA is attempting to pull things together (incdclling

and measurement) in their St. Louis area study, but the problcm is extremely

complex.

The fifth suggested program of research would bc a regional study to look

at the effects of the’ visibility provisions of the Clean Air Act on the siting

of coal-firod!power plants and o.thcr energy facilities.

VIII. A1.TERNATIVECOURSJISOF ACHON

There arc essentially three courses of action which Lhc ncw Department of

Energy could take oTi this issue. No action whatsoever on IxX’S part would

leave the entire ballgamc in the hands of the EPA and the other agcncics which
.

must evaluate proposed plant sites and tuko part in the writing of impi]ct stilt~-

ments. This is not a rcasontiblc ultcrnativc since DOE’S role in the ar:as of

energy policy and oncrgy priority considerations require up-to-dutc know]cdgc

of all areas which could affect choice of facility type and sites.

The second course of action would be to undertake no ncw research efforts

in these areas, but to kcop very close tabs on nll research

and all decisions made by EPA and the other agcncios rcgarcl

thorough literature search into thoso areas of concern list

a necessity if this courso of action is selected.

which is on-~oi,ng

ng siting. A

:1 in VII would hc

The third course of acticn wou]d bc n combination of the recommcndul course

of action described above nnd those parts of section VII which itrc not presently
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recciving proper attention, specifically it~ms onel thrco ~nd five: visibility

valuo studies, visibility modeling and a rcgjonal siting study. Numerous

organizations are currently engaged in various mcasurcmcnt programs, including

DOE to some extent. These activities will hnvc to pick up speed by virtue of

the rcquircmcnts of the ncw provisions of the Clean Air Act regarding visibility.

Item I, the ncccl for more information on the

and visitors, may fall by the wayside iri the

moment. As was pointed out previously, this

important in making decisions regarding long

In the area of modeling, DOE should hiJvc its

value of visibility to residents

rush to meet the demands of the

type cf information will bc very

range fil(ility siting 5triltc~ics.

work done by otli~~s in the field should bc used,

already clcvclcpcd should not bc ncglcctcd. This

mcdclin~ Capill)ility. Although

the in-house cnpnhilitics

modclinu Cil])ill)ility ShOUld bC

used to give some indication cf the effects of energy fil~:ilit~siting on tlwsc

Class I areas jn which visibility is to bc protcctcd. This COUld I)cilI)il]ttof

a regional study which con~idcrs the effects on energy dcvclopmcnt in the h’cst

of both 1’S1)and “~isibility provisions of the Clcnn .Iir Act.

Clearly, this third ccursc of action is rccommm.lcd.
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APPENDIX

PVIS: Pollutant Visualization Program

The production of the data for a single picture requires the opcrilticn

of 3 codes. The first code (LEG1) calculates the Lcgcndrc cccfficicnts for

❑io scattering associated with particles of radii .1, .2, .3, .4, .5, and .6

microns for the wavelengths of light chosen. The second
*

radiation transfer problem for the background atmospllcrc

providos the Fourier coefficients of the phase functicns

COdC SOIVCS the

and in addition

to bc used in the

plume visibility ccdc. It then provides the sky brightness WIUCS required

by the plume visibility code.

The plume visibility ccdc uscs G:lussian djspcrsion rclution: to dcscribc

the distribution of contaminants in the

butions arc used to prcclict the chilll~cs

scattering. Light scattcrcd toward the

atrnosphcrc. ‘1’hcsc Contilminnnt distri-

in light transuli.ssion and in light

observer comes from skylight and

direct sunlight. The phase functions arc USCCIt.o cu]culut.c how much of the

scattorcd light trnvcls in any one direction. Construction Of a @Ott)gril])h

requires that a scpnrutc complctc cycle bc run for wavelengths ilppropriiltc

to rcd light, green light and bluo light, Trilnslation bctwccn t.hc film ilnd

the computor codes is obtuincd by rclatinE tho film dcnsit.y corrcspondinn

to n

Code

used

onto

portion of tho sky to the bri[;htncss calculiltcd by the radiation trilnsfcr

for the some portion of tho sky.

The image enhancement subroutine librury dcvclopcd ilt. LAS], (IAIIIIX) Wils

to superimpose pcllutant data, CbtilinCd from the pr9grilIll dcscrilxxlahuvc,

a digitized imngc cf an unpolluted landscnpo.

me resulting output is a computer gcncratcd pic.turc of the Oril:inill

landscape on which the calculated air pollution is superimposed.
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A fcw more words should bc acldcd about the extinction cocfficicnt, a,

mentioned earlier. The extinction coefficient is the SLlmof the scnttcring

and absorption coefficients. The scattering coefficient is the result of

aerosols and is a function of the size distribution and index of rcfractjon

of the material. The principal scattering spccics in this paper arc fly

ash, particulate nitrates and particulate sulfates. Aerosols muy also ilbsorb

light; however, we have USCCIonly pure scatterers in this treatment. In this

work the only absorber is the gas nitro~cn dioxiclc which cffcctivcly absorbs

blue light.
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