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To understand properly the impact of electric power production on 
the environment, it is necessary to evaluate more than just the power 
plant; the entire cycle from mining, processing, transportation, and dis­
posal of spent wastes must also be considered. The effects of these proc­
esses on the environment will be discussed under the major headings of 
"Impact on the land," "Impact on the air," "Impact on the water," and 
"Impact on the economy." 

Impact on the land 

The mining of fuels, be it coal, oil, natural gas, or uranium, has 
developed into a major activity and dominates the extractive industry. 
Presently 26 percent of a II energy resour.ces are devoted to the produc­
tion of electrical power, and the annual demand for electricity is increas­
ing at a rate twice as fast as the over-all energy demand. This means 
that by the year 2000 half of our energy production will be used to gen­
erate electricity and the extractive activities will have to increase 
commensurately. 

Both nuclear plants and coal plants require the mining of the fuel and 
both take a considerable amount of land out of service for this purpose. 

The AEC reports that the uranium mining industry currently holds over 
28 million acres of land for mining and exploration, most of this in two 
areas in the northern Rocky Mountains and the Colorado Plateau. Not 
all of this land is going to be devoted to mining, but any mine either 
underground or open pit requires a significant amount of land. Many 
millions of acres of land will be required to fulfill the projected uranium 
requirements. For example, a 1,000 mw nuclear plant would require 
over its 30-year expected I ife about 4050 tons of enriched uranium fuel. 
In order to produce this much fuel, 16,200 tons of natural uranium must be 
used. This requires the mining of about 1,620,000 tons of ore over the 
life of the plant. Most uranium in the United States comes from open-pit 
mines, which as a rule mine about 9 tons of waste rock for 1 ton of ore. 
For the life of the power plant a total of 16 million tons would have to be 
removed, requiring a considerable excavation for this one nuclear power 
plant. Of course, more than 90 percent of this material is returned to the 
excavation and the land can be rehabilitated. 

In addition to mining, the other steps in the fuel cycle - milling, 
refining, enrichment, conversion, fabrication, reprocessing, and radio­
active waste storage - require the construction of large facilities and take 
a great deal of land out of service. Figure 1 illustrates the steps in the 
supply of atomic fuel. 

The transportation and handling of nuclear fuels, especially the spent 
fuels, loom large as a potential environmental hazard. There is currently 
great concern over the packaging, shipping, and storage of the radioactive 
fission product wastes. The isolation and storage of the high-level fission 

200 



,~ , 
- ='---

, 'r ;..,.i ', .... ~ 00:--"' , ~. I , __ c 7" 



product wastes, estimated by the AEC to be 60 million gallons produced by 
commercial reactors by the year 2000, requires large guarded disposal sites. 
In addition to the high-level wastes that must be isolated, there are large 
amounts of low-level wastes such as tailings, a waste product generated 
from the milling of uranium ore. These tailings contain appreciable quan­
tities of radium and other decay products which should be isolated from 
human contact but are present in large piles adjacent to many of the pro­
cessing mills. Each of these uses occupies land, and for the high-level 
wastes this may be for a period of time longer than man's recorded history. 
It is not possible to estimate the amount of land that may be required by 
each generating plant, but it appears to be many times greater than the 
actual power site. 

Fossil fuel generating plants, particularly those fired by coal, require 
a large amount of land for the mine, railroad yards, and coal washing and 
storage facilities. A coal-fired power plant of 1,000 mw, the same size as 
the nuclear plant used in the previous example, would require about 100 
million tons of coal over the life of the plant. With a ratio of 2:1 over­
burden to coal this would amount to the movement of about 300 million tons 
over the life of the plant. Here again the mining operation disrupts the 
land surface, but with rehabilitation the land returns to its natural state. 
Coal-fired electric plants usually require more land for the operational 
facilities than do nuclear plants, but because of the simplicity of the fuel 
cycle coal-fired electric plants do not require the multiple-step processing, 
nor do the waste products require guarded isolation. 

Coal processing is relatively simple: the coal is separated from waste 
rock, washed, and then pulverized and blown directly into the boiler fur­
nace. The fly ash from the burning is collected and used as construction 
material, landfill, or in some instances is put back into the coal mine as 
fill. This procedure is outlined in figure 2. 

The production of electricity from geothermal resources does not require 
excavation as the natural steam is produced from well bores. Because the 
steam cannot be moved more than a mile without serious heat loss, the gen­
erating plant must be located near the steam wells, thereby local izing the 
entire environmental impact to the site where the geothermal field is located. 
Put in its simplest terms, the steam is taken from the ground by wells and 
collected in pipelinesi then it flows by its own energy to the steam turbines 
at a distance of no more than a mile. Using The Geysers field as an example, 
present well-flow information indicates that sufficient steam can be produced 
for a 1,000 mw plant from an area between 4 and 8 square miles. The plants 
themselves are built among wells in the field to make the pipelines as short 
as possible. Figure 3 illustrates the cycle for a geothermal field. 

Since only a small part of the whole field is required for the wells, 
pipelines, and generating plants, the rest can be utilized for other pur­
poses such as farming or grazing. For example, at the Larderello field in 
Italy,where geothermal steam has been utilized for power production for 
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COAL FUEL CYCLE 
MINING POWER PLANT 

FLY ASH DISPOSAL 

Figure 2. Fuel supply cycle for a coal-fired thermal plant. 

GEOTHERMAL CYCLE 
WELL HEAD POWER PLANT 

OVERFLOW RETURNED TO PRODUCING RESERVOIR 

Figure 3. Energy cycle for a natural dry-steam geothermal plant. 

nearly 60 years, an intensive agricultural industry is carried on within the 
steam field, and many vineyards and orchards are interspersed among the 
pipelines and wells. Figures 4 and 5 are photographs of the Larderello steam 
field illustrating the agricultural activities carried on within the field while 
production is going on. 

Impact on the air 

Gases are rejected into the air from each type of thermal power plant. 
Nuclear plants emit radioactive gases which are removed directly from the 
reactor vessel. This gas, mostly tritium, a radioactive isotope of hydrogen, 
finds its way into the atmospheric processes along with other radioactive 
products. 
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Prior to entering the reactor cycle large amounts of rad ioact ive radon 
gas are released from the mining and milling operations. Radon is a doughter 
product produced from the natural decay of uranium. Underground mines 
must be well ventilated at all times to protect the miners from th is dongerous 
gas. In the milling process the uranium is extracted, and the waste roc k is 
sent to the tailings piles where it continues to be radioactive . 

It is at the nuclear fuel reprocessing plants that most of the radioactive 
gases are released. Monitoring of these sites indicates that the amount of 
radioactiv ity escaping is be low hazard levels, but some sc ientists point out 
that as more nuclear plants are bui lt the over-all addition of air-borne 
rad ioac ti vity wi ll increase greatly . 

Fossil fuel plants utilize combustion of coal, o il , or natural gas which 
produce large amount of fly ash, carbon dioxide, nitrogen oxides, and su l­
fur ox ides. This creates vis ible air po ll ution as well as other subtle effects 
and has been the obiect of most of the complaints aga inst fossil fuel plants. 
A great deal of success has been achieved in cutt ing down the amount of 
fly ash from coa l-fi red plants by precipitators and other co llection devices 
before the flue gas lea ves the chimney. Oil - and natural gas-fi red plants 
do not have as great a problem because the petroleum products contain lit ­
tle if any ash. 

Envi ronmental protection rules have caused the foss il fuel plants to 
cut down on the ir emissions of both the visib le fl y ash and the nitrogen and 
sulfur oxides. A part ial solution, at least in urban regions where there is 
a concentrat ion of these a ir po ll utants, is to move the plants out into the 
countryside nearer to the mines. 

An important point to consider in regard to the impact on the air from 
fossil fuel plants is that the effects are localized at the point of pcwer pro ­
duction and with modern plants using low-sulfur coal the effects are short ­
li ved. If an extreme temperature inversion occurs, causing peril to life 
and health, the fossil fuel plant can be shut down and a ll emissions stopped 
on very short notice. 

The geotherma l steam plant operates without combustion and emits no 
appreciable quantities of de leterious products. Using The Geysers as on 
example, the steam has on overage content of 99.5 percent water. This 
leaves only 0.5 percent non - condensable gases present in the steam, of 
wh ich about 90 percent is carbon dioxide with lesser amounts of methane, 
hydrogen sulfide, and trace amounts of other gases. Because of the remote ­
ness of the area these gases have not been a problem. However, now that 
the fie ld is being enlarged methods are being developed to eliminate the 
minor amount of hydrogen sulfide exhausted from the condenser. 

Impact on the waters 

In order for a thermal electric plant to operate at max imum efficiency 
the steam must be condensed after passing through the turbine. This forms a 
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Figure 4. l arderello steom fie ld in Italy showing steam- gathering 
lines. Note the compatibility of extraction of natural steam with 
other types of land uses. (Photo by Ira E. Kle in, U.S. Bureau of 
Reclamation) 

Figure 5. l ardere ll o power plant with steam-gather ing lines pass ing 
through an orchard in the foreground . This site has been used for 
electri c power generation for over 60 years with only min imal 
env ironmental impact. (Photo by Ira E. Klein, U.S. Bureau of 
Reclamat ion) 

205 



""'''''''' wM,h .11ow. , .. ,f>.. ....... ., of ..... __ i", .,,"""" ., ..... 
M .. """ ~..,", i<>«_ ih ,.,. .... ,,..,. H_~ .. " .. """",,,0 oh. 'o,~ ,i., , .... _," ", ..... _ .... ,_ •• U ....... , ....,~ ' .. , • • ~ ..... "" 
O/'OO/ i .. ..... , A ....... _ H"' i •• _i .. _ wil l ,.... 
_. -" ,_ P""'" foo lb ....... ~, ,_,. 

0.. .. Ih. _, . ioo<_ ....... i "~ '''''''''' ... ; .. , oh ..... ' pion" " ,ho, ......, ". <oo' i", ...... i, ..... "". t. , ~ ...... , ..... " ...... .." . 
It ....... ,.., ......... , ..... _ ""' .. i~ __ , _ ..... , W""",,,, 
" ... 1." ... to< • ...., __ ........... '"ho ...... i<o' .... "" • • .I, .. 
,.., '.i", i, .... ....,..th 0/ '.M ......... , • .,.." .. 0/ "" ... ,i, ,'' •. 

Tho 0, ..... ,1 •• ioool". . ..... ,. to "'" ,OO/i ..... ,,' '" ., ,_, 
,001; .. 10'- ","In""", .. "" t •• ~ I ""'" " ,,,,... . , .,Oon 0/. p'" 
0/ ... _" ...... to< ................ of .... ,.."i""" I. boo"""", to '*"." 
1",_ I ..... bofoo. bo ... ""' ...... ,. I ~ _ ... Cool; .. ,_"" '" Ioh • 
.... , .......... , to oft. "", .. ,.,. .. ..,"" ..... ,'" _ ......... """"'t! .. 
0/ ... ,.. '''' __ ".... '" .m""", , , 000 __ II ... , ........ .. 
....... _ • • "' ..... ,., II .. 2\"'111 .... 11 ... 01 ... ' ... ...,. _ .. . 
• """_ ....... pl. ... . bo"""" of '" '''''''''' ....... 1 .m,' .... , .......... ", 
....... "'''''' __ . ...... fo< .... _,.,. ......... ,,, ... . 

Tho ",_it.,. "" ~ _""" 0/ w .... , ............ _ .I tho 
Ii ... " .. foo .... ' , ,ho ,..,." ... 01 ., .. ...,' ....... , ' ... p ..... " .... 10<" 
_,",. _. _, 0I ... ~., " ,,.,, ' ...... , .. Ii • • ,;"""",_ 
....... _01 ....... ............. w.,.., .. _ "_. ~.ij l '" Ih. 1 ... 01 
........ , _ ..... .", _. will """" ....... , .. " ... ohi, '-'''. $; 
_,,,, .... , __ h foo ,,.,Ii,,, _,.. .... to,. '''_ .. " ..... , ,,... 
"",i .............. G.,.,.,..'Ion .... In •• ,,,, ... , C ........ ' h ... " ... _ " 
__ .. " ...... """ ... 1'180 ........ ... 0/ .... __ ,.. ' " ..... i. oh. LW, .. 
1 .. ' .... 11 1 ...... to .... _ ...... ~. ""'''''''no'' ...... hk .... Ih. 
,- 2QI)O. 

A _i", o>I"i ... to ................ _ ..... '_, .... or . ..... ... 
""" .. , , .... "to "'" .. , ,""'i .. _ .. ,. T ... .. , _ .. " ....... .... 
_ " ',,,IpI, " oh, "'_,. ""'''''; "i,. ",i" 01 ..... w ' oh.~ 
,.._ ... , . . ......... ' .. ,..", to ... _". " Ohi. _ ........... 10 ... 
,-0/ ... ,,, .. _ •• i : ,,; .... boo .. ,"_ .I fM .......... " i '0 ' 

........... 10 .. ,.""" .... __ .. .. ........... HI, '"",. '00; ........ 

..... 11 ...... 

0" ""' orf>.. hootI. '-"",,1 .... " .... , ,ti ll .. <*, ...... do .... 
,_"" .....,._....,. .... " .I ".I ... w ..... , Th .... , ... 1 ,_, _ .. " 
..... , ............ th, ........ ".. , ......... , ... w, .. , ..... ,"""Ia!i", ",Ii", -,..."" ...... ,.,.." ...... ,""",-,.."' ... ''''' ... _ .... "'., ~ 
__ .. "', ... .I _"' ,. """""' .... Th. G.,.... II.,. """ ..... , 
2() ",,<0" 0/ oh. II", ... "" .... '" , h, """"." "M"" to .... , ......... , 
....... 10 "".'''' ................ ' ............ 1i ... 1 oh. ",'~. A_· 
....... , ....., ...... " lb, 001, "po ......... , _"' ...." .... _ not 



,_ ... ,"' ..... _ .. ,.. .... , ......... -"" .. , ..... .... -
' ''''' ...... , .... . .... ".,-, ... ~ .. I. _, ,_ .... , ..... "", ...... ,,--1 ,-.," ...... ".'-n,. 

No -. .... " ............ _" ...... _ .. do .... ... 
,--""' ... " ............. ,. -............. " ......... .. .... ,-, .............. , " ....... . , ..... .......... ""' ... , .. "' ... . ... ,.0-. _ ........ ' .............. __ ''''''"'''' , ..... 
f"<>do< , ...... "" .. ".,11 . .. _ ,_ f ..... ........ _""... ly _ -
..... ~"' ..... . , ,,_ -""'mol , ___ " ... ,,", ............ , .. .r 
f"<>do<';.., .... _ ...... " ... ffo<, ............... , . .. .. _, .... , • 
.... ..... .r , >.0 ~. nolo ...... ' ................................ fi ... .. 
__ ' ..... 11 "' ........... , , .. ....,' .. tIt. ""_ fr., •• ", .... ,. ... _ .... . 
, .... ,,. .. ... """""'I 

~, ... ~ , ...... ..."" .. , ,-" ............. "".." " ... 
of f"<>do<' .... , .. ~ ' '''' __ ••• ~~ "" .-. .... ... ",,,,,,,,,,.,. ..... 
.... '" _ <e . T_ ...... "'..,.., . ..". _ '" ... ~ .. ".;1; .. _ 
tI .. _ ""'" . ,,, .. , ',,. _" '"" .... " '_,,", ......r,," 10M .. 
, .. -.. ... , ......... _." tIt. , .. ~ _ Th • • "".u' ...." fl _ 
_ .... ,, ;. tIt. _,. I .. ,'M .... ...,..... .... 'Y"_ " .. 1F..-;.,.j, " """' .. """' .. _, .. - ,-0 ............. ';.., of ..... " ,,.,.. ". 
,." ", ... ".. "'_. nO ~, •• _ ............... , .. .. OU' .. ' of 
...... ,<0. ""01"""11,, .. ...... .. _, .... ,ot k p."""" ... .... ....., 
__ .. __ " Tho 0.,-. """" ........... .... , .... ....,. ..... 

'-~-" "' '''''~ -'' ''''''''-''''''''''~ -, .. I .. " .....-.01 _ " ..... , _,Ie .... "" .. , •• " ....... '" ,.-100-.." ... ,,,,,'" " .... """ """ ........... 4>yt'_ "" k _ " ,. _H ...... ' 
.... ""tof .. ,,;_ l>", __ .... .-, ... ,"" , ... ,,. ...... , 
.. , .. "' ...... ,,"' .. """ of . .. ,"" • • ,"',. ""_" .. __ , 

......... " ,"," of! ",_ .. II, ... _ ted I"" _II, "" .. ", ..... - " .... ,... 
Tho " ...... , ""'OM 01 .... " ........ " .. ..... . "" "- r.oI. '-

.... . . 11 ....... ,"- ... "" _ _ '" _ , ..... , 1M G.,.." 
fl ............. _ ' , .., _, .. _,_, ~_ II" ....... '10 fl ..... 
'''',. _M.II .. ... _ .' 4 .11 ...... ;_ " , __ " ". -"' ...... ,."'_ .. _,,, .......... -"" ..... .... , ..... 
f ... ' ........ ' .. .... _ ' ...... '" 0 '-" ..... '""'. -' '''' ' '''' __ ".,,, "J,.~. ' ... , .... _1_ "_ .. ,, ....... ,_, ..... ~.r __ , ..... """' ... _ ... 1_""', ....... , ...... 11_". -.... .... , ....... -,,, ....... -. ~, ... , .......... ""' ... 
""~ '" . "", _ .... ~.,. Ow" ... " .. _ .. . ".,,, ... ' .. _ .... 
1_ "- ... ,f .... of ...... ,_ "" ... ~ '-" .... , .... _ ...... ,.,. 



"fixed charges" - that is, the part of the cost of electricity based on pay­
ing off the cost of the plant, taxes, etc. - can be lower, thus reducing the 
over-all cost of the electricity. 

Summary 

The development of geotherma I resources has been delayed in the 
United States for several reasons: the ready availability of low-cost fossil 
fuels, the general remoteness from load centers of geothermal areas, and 
more recently the illusion that nuclear power plants would provide all our 
needed power at a low cost and with no environmental hazards. Signifi­
cant, also, is the fact that until a leasing act was passed in 1970 all Fed­
eral lands, amounting to nearly half of the land in the Western States, were 
withdrawn from geothermal exploration. 

A major change of values within a large segment of the population 
has forced the electric utilities to re-evaluate their present and planned 
power-plant siting criteria. This re-evaluation, along with the passage 
of the Federal leasing law in late 1970, combined with the demonstrated 
success of The Geysers field, has made geothermal resources much more 
economically attractive. Leasing of private and state lands is now underway 
in many parts of the West and plans are being made for the drilling of 
exploratory wells. At the same time, however, stringent zoning regula­
tions are being proposed that would effectively ban drilling and develop­
ment of geothermal wells in even the very remote regions of the states. If 
such regulations are adopted we will have to pay a much higher price for 
our electricity, both monetarily and environmentally, than if geothermal 
power is developed to its full potential. 
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WORLD MONETARY SYSTEM 

It is anticipated that during forthcoming talks in London regarding the world 
monetary system key nations will advance a simple arrangement to follow 
the current period of floating currency; namely, devalue the dollar against 
gold and make that devaluation part of a broad package of currency adjust­
ments, mainly upward revaluations of other currencies, and lift the U.S. 
import surcharge. However, President Nixon's economic package was partly 
designed to force other nations with strong currencies to revalue their cur­
rencies upward against the U.S. dollar which would have the same effect 
as a dollar devaluation. It is the desire of many countries in the Common 
Market and elsewhere to downgrade or replace the U. S. dollar as a reserve 
since President Nixon suspended the exchange of each ounce of gold for 
$35, which had made the dollar "as good as gold." Mario Ferrari -Aggradi, 
Italian minister of the treasury, said, "The long-term solution that we desire 
is the creation of a new international standard not dominated by any currency, 
whatever the importance of the issuing country." 

France and some other countries have long advocated increasing the 
price of gold and strengthening its role in international finance as a solution 
to the problem. Nations and international agencies hold about $41-billion 
in gold in their reserves and many would benefit considerably from a rise in 
the price of gold. The U.S. has insisted, however, it will not increase the 
gold price. 

Experts warn that unti I the dollar is either strengthened or replaced 
as a major component of international liquidity, periodic bouts of uncer­
tainty may well plague the world monetary system. 

(Nevada Mi ni ng Assoc. News Letter, Sept. 15, 1971) 

k * * * * 
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Arrow on this photo of the moon po ints to sliver of lava from Devil's 
lake near Send , Oregon. 
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CENTRAL OREGON ROCK RESTS ON THE MOON 

Ph i IF. Broga n 

There is a bit of rock from Central Oregon on the bright moon these nights 
as the orb circles the earth. It was placed there by NASA Astronaut James 
B. Irwin, who, with David R. Scott and Alfred M. Worden, was aboard 
Apollo 15 on the highly successful mission to the moon this past summer. 

The story of how the Oregon rock, a splinter from a chunk of dacite 
near Devils Lake on the Cascade Lakes Highway west of Bend, found an 
eternal resting place on the moon starts with a dinner honoring the 16 astro­
nauts who were guests of Bend in 1966. 

Various Bend residents were hosts to the astronauts at a welcoming 
party at the Bend Golf Club. Floyd E. Watson, Bend building inspector, 
was host to Irwin and during the evening got well acquainted with him. 

In time, Watson forgot the astronauts' dinner. Then in July, 1971, 
in the list of astronauts for the Apollo 15 mission to the moon was Irwin, 
graduate of the u.S. Naval Academy and University of Michigan. 

Watson immediately wrote to Irwin, congratulating him on his 
appointment to the Apollo 15 command, adding "I am sending you a small 
sliver of Central Oregon lava which I hope you will be able to deliver to 
the moon for me. I have five grandchildren who would be eternally grate­
ful to you." One of the grandsons hopes someday to enter the space pro­
gram and fly to another planet. 

Watson little expected to hear from the busy astronaut. Then came 
a letter from Irwin, who had toured the base of the Apennine Mountains 
on the moon, rode with Commander Scott over rugged moonscape, drove an 
$8 million "moon buggy" to the brink of an awesome rill, and studied bil-
I ion-year-ol d rocks. 

The letter was brief: "I did carry your sl iver of lava to the moon and 
left it there. I took a picture of the location and will send it to you as soon 
as it has been properly mounted." 

The picture, autographed by Astronaut Irwin, had an arrow pointing 
to a small black object on the silvery lunar dust. That object was from a 
tongue of lava which ages ago flowed to the edge of the Devil's Lake basin. 
Irwin dropped the bit of rock on the moon on July 31, 1971. 

The story of the Oregon rock that found its way to the moon aboard 
Apollo 15 may not be at an end. The Devil's Lake area is in the Bend Dis­
trict of the Deschutes National Forest. Ranger Jack R. Krieger is consid­
ering marking the spot, adjacent to the highway, with a roadside sign. That 
sign, if approved, might read: 

"A piece of rock from this site was placed on the moon in July, 1971, 
by Apollo 15 astronauts." 

(The Bulletin, Bend, Oregon, October 2, 1971) 

211 



KLAMATH MOUNTAINS GEOLOGY AND GO LD DEPOSITS OUTLINED 

"Geology of lode Gold Districts in the Klamath Mountains, California and 
Oregon," by Preston E. Hotz, has been published by the U.S. Geologicol 
Survey as Bulletin 1290. The 91-poge bulletin includes a multi-colored 
geolog ic map and a distribution-production map of the lode gold deposits. 
8ulletin 1290 is for sole by the Superintendent of Documents, U .S . Gov­
ernment Printing Office, Washington, D.C. 20402. Price is $1.50. 

* * * * * 

BASALT AQU IFERS OUTLI N ED IN NORTHEAST OREGON 

"Hydrology of Basa lt Aquifers in the Hermiston-Ordnance area, Umatilla 
and /lkrrow Counties, Oregon," by J. H . Robison, has been issued by the 
U .5. Geolog ical Survey as Hydrologic Investigat ions Atlos HA- 387. 

The Atlos is in two sheets: a geologic map and a hydrologic mop, 
both ot a scale of 1:1 25,000. It gives informotion on stratigraphy, struc­
ture, chemical analyses, and radiocarbon da tes of the ground water , and 
the author's conclusions on the reason for the lowering of water levels in 
deep we ll s. 

Atlas HA-387 is for sale by the U.S. Geological Survey, Denver 
Center, Denver, Colorado 80225 for $1 .25. 

* * * * * * * * * * * * * * * * * * * * * * * * 
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