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Usutil reu_-anrl}.r the narthwestern stotes of Oregon, 'l'l."um'lngl'm, and ldaha
hove been able o produce swiflcient hydroslectric power for their needs,
But the era of building doms ocross rivers for power purposes Is coming fo
an end ond tha ragion is turning to thermal plants ta provide electricity
far anticipated future demonds,

The use of electricity s expanding ot o greater rote than the we of
any other form of energy . The reasons are that electricity Is easily trans-
ported, s widely availoble, corvenient, ond is clean ot it end=use poinl.
Because of the recent ecolegical owareness by a lorge segment of the popu=
lation, thiz end-use “cleanness® of electricity hos been hagvily exploited
by the marketers of electricity and electrical appliances. Actually, the
production of elaciricity Is not necessarily so "clean," for whenever ther-
mal energy ina fuel is converted to eleciricity waste heot ond weste prod-
vl ore produced.

In order to continue ko produce electricity ot the rote necessary to
maintain our prasent [Iving standard with anticipoted popelotion growth,
certain compromises or "irode-offs" must be mode, ¥ is imperative, there-
fore, that the public be informed of the way the various sources of electri-
cal energy affect the environment ond be oble to chocse the most scceptable
methads for producing electric power in any one region. To that end this
paper will discuss the production of electricity from geothermal ssurces and

compare its Impact on the environment to that of producing eleciricity from
coal and nyclear resources.

Production of Ela-.:lr‘u:it;,.- fram Geathermal Resources

Mexico, fh:hl', Mew Zealand, bapon, Rusio, ond the United Stoles
are producing electricity from natural vndesground reservoirs of sheom and
hat watar. e the United States The Ge}r:ur: field in Sonema l:nunr:,', Col=

ifornin, produces electricity from dry steam os do also the Lerderello fleld
In Ipaly and the Matsukowa field in Jopan., The Walrakel fleld in Mew
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Zealand and the Cerra Prieto field in Mexico utillze hot walar, Since at
present The Geysers is the only operating geethermal field in the United
States, it is necessory 1o study It to understand the environmental Tmpact
af aleckic powear praduction from this source.

The Geysers field hos beean in praduction since 1960, its powar out=
put Tncreasing from 12,500 kw with the first unit to the prosent 192,000 bw,
o mare thon ten-fold growth in 12 years. Presently the develegment at The
Geysers field is sufficTent to supoort an (nstallation of about BOO mw (mega-
wott equals 1,000 kilowares] bui appears bo hove even greater potential . |n
o recent repart to the Stote Senate by the Caolifornla Geothermal Reassurees
Boord, the field wos estimated fo hove an ullimale capacity of fram 1,200
to 4, BO0 mw ,

Anather geathermal field, the Solton Seo area in Imperial County,
Californio has received o grest deal of attention and is being thorough ly
studied in the hope that some of the energy known fo exist in the field can
be developed. The Salton Seo fleld preduces very saline hot water whareos
The Geysers produces steam. Ervironment restrictions on dispesing of the
maling hot water in the Salton Sea oreo hove been o severs that the dis-
eoverers of the field have not o witt been able to produce ony power,

Much mora energy can be converted to electric power from & given
quantity of steam brought to the surfoce than from the same quanfity of
haok waoter.  For this reoson 1 [ the dry steam fields that are the ulfimate
goal of the exploration effert and it is this type of field thot hos the poten=
tial to moke o significant contribution to the powar needs of the West.
For example, at The Geysers ona kilowott of electricity con be generated
by 20 pounds of steam that is run directly from the ground into the turbo=
generatar . O this 20 pounds of steam thot posses through the furbine
approximately 13 pounds fs evaporated in cooling the condenser ond the
remaining 5 pounds, omounting to 2% querts of water, fs injected back
Into the preducing reservoir, For o hot water field to produce one kilowar
of electricity, about B0 to 100 pounds of fluid must be brought o the sr=
face; the steam It separated in o flash chomber, then piped to the turbo-
generator where 0t is utilized the same o dry steam. But in this cose it Ts
necasary b dispose of &3 to B3 pounds of unused water, or about 10 gal-=
lors for each kilowatt of power, Becouse of the larger valume of water in
these fields its dispasition would generally present problems. Raeturning it
to the same reserveir would presumably lower the temperature excessively,
Rejecting it at the swrfoce could add heat and daleterious alements o sur-
foce waoter. Thase netural hot waters are vsvally mineralized, corrying
from less than 1 percent to 30 percent dissolved solids. In the steam felds,
on the ather hand, the steam has been purified by the process of natural
distillation deep within the earth ond corries essenfially no dissolved solids
end less than 0,50 percent of other geses, The vost reservairs of notural
hat water that are known to exist in the West present an engineering chal-
lenge, ond if In the fulure methods can be found 1o succassfully  harness
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the energy from hot water to eleciricol generctors, this resource could
swpply o lorge port of our needed electricity. In the meantime, the dry
steam fleld con be vhilized by the present technology.

Although dry steam is known at present in only o few oreas, explora-
tion effact will Tnerecse os soon o the public londs bacome available For
leasing under the new Federal law. Maotural steam explorotion in the United
States is at about the some stoge of development os petroleum exploration
was 0 hundred years ogo. However, geothermal exgploration has the fremen-
dous ndvantage of being oble o utilize the well-developed exploration ond
drilling techniques that have been parfected in oil and gos exploration; this
factor will undoubtedly greatly improve the seccess ratio  In finding new
steam fields, Experts differ widely In their opinions on how many dry steam
flelds will be found in the western United Stotes, but most agree that, con-=
sidering world—wide experience, 5 to 10 percent of the geothermal systems
discoverad will contoin dry steam. If so, this resource could be of condid=
groble magnitede, for in the western United States there ore abour 1200
knewn hot springs, mamy young volconoes, ond numerous recent lava flows
which cover hundreds of square miles. All of this indicotes widespread
areas of high=heat flow and o potential source of geothermal energy .,

Eacently the Ul.5, Geological Survey has clossified 1.8 millicn acres
of land in the western stotes os “known geothermal resource areas” (KGRA]
and arather & million ocres to have prospective value, It is net unreoson-
able to axpect that within this %6 million ocres anather 10 or 20 fields the
size of The Geysers will be Found over the next 50 years, and for ewvery
"glant™ the size of The Geysers there could be 10 Relds with o copacity of
100 to 500 mw . Inarecent article on geothermal energy in the Bulletin
of Atomic Scientists, Or. Robert W, Rex of the University of Cﬂl”ﬂfl‘liﬂ,
Riverside, estimated that o concerted exploration effort over the next 30
year: ihould preve @ geothermal potentiol of between 100,000 ond
1,000,000 mw of electrical capacity. By comparison, the present power
copacity of the United Stotes {s o lintle over 300, 000 mw .

Envirenmental Effects of Producing Eleciricity
from Thermal Souvrcas

The three methods of power production presently under serious con=
sideration in the Pacific Morthwest cre nuclesr reoctors, cool - fired
generators, and geothermal plants, Mew and unfried methods of power
production, such as magnetohydrodynemics, fost breeder reactors, and
fusion reactors are possible methods of producing power somelime In fthe
future. However, they ara only In the preliminary developmental stages
at this fime and connot be regarded as substantlsl sources for at least 20 to
30 years. Powaer plants fueled by oil ond notural gos, althowgh used exten=
sively in other parts of the country, ore not balng considered in the Pocific
Maorthwest becouss of onticipated rising costs ond shartages of these fuels.
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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 all energy resources are devoted to the produc-
tion of electrical power, and the annual demand for electricity is increas-
ing af 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 thisin 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 life 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
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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 localizing 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 pipelines; 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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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 radioactive radon
gas are released from the mining and milling operations. Radon is a daughter
product produced from the natural decay of uranium. Underground mines
must be well ventilated at all times to protect the miners from this dangerous
gas. In the milling process the uranium is extracted, and the waste rock 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
radioactivity escaping is below hazard levels, but some scientists point out
that as more nuclear plants are built the over-all addition of air-borne
radioactivity will increase greatly.

Fossil fuel plants utilize combustion of coal, oil, or natural gas which
produce large amount of fly ash, carbon dioxide, nitrogen oxides, and sul-
fur oxides. This creates visible air pollution as well as other subtle effects
and has been the object of most of the complaints against fossil fuel plants.
A great deal of success has been achieved in cutting down the amount of
fly ash from coal~fired plants by precipitators and other collection devices
before the flue gas leaves the chimney. Oil- and natural gas-fired plants
do not have as great a problem because the petroleum products contain lit=-
tle if any ash.

Environmental protection rules have caused the fossil fuel plants to
cut down on their emissions of both the visible fly ash and the nitrogen and
sulfur oxides. A partial solution, at least in urban regions where there is
a concentration of these air pollutants, 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 pover pro-
duction and with modern plants using low=sulfur coal the effects are short-
lived. If an extreme temperature inversion occurs, causing peril to life
and health, the fossil fuel plant can be shut down and all emissions stopped
on very short notice.

The geothermal steam plant operates without combustion and emits no
appreciable quantities of deleterious products. Using The Geysers as an
example, the steam has an average content of 99.5 percent water. This
leaves only 0.5 percent non-condensable gases present in the steam, of
which 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 field 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 maximum efficiency
the steam must be condensed after passing through the turbine. This forms a
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lines. Note the compatibility of extraction of natural steam with
other types of land uses. (Photo by Ira E. Klein, U.S. Bureau of
Reclamation)

L LAY L X e : AT,

Figure 5. Larderello power plant with steam-gathering lines passing

through an orchard in the foreground. This site has been used for

electric power generation for over 60 years with only minimal

environmental impact. (Photo by Ira E. Klein, U.S. Bureau of
Reclamation)
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vacuum which ol lows further expargion of the steam passing through the fur=
bine and greatly increoses its power cutput. Howgver, to produce the cold
sink necessary to condense the sheom all thermal plants require lorge omounts
of eoaling water, A turbine operating in @ noncondersing mode will pro=
duce much less power for the same heat input.

Dine of the most vigorews complaints lodged against thermal plants is
that when the cooling water is returned to its sowrce = laoke, river, seean -
it hos been heated several degrees above its normal remperoture,  Warmlng
of surfoce woters moy cowse o chonge [n the ecolagical balance, often
resulting in the growth of less desirable species of aguatic life,

The alternative invelved here is o use cooling towers or o construct
cooling lokes 1f sufficient land is availakble. Thus by evoporation of @ part
of the cooling water the temparature of the rémeinder |5 brought to noor Tts
former |eval bafore being returned to ity source, Cooling fowers or lokes
odd comsiderobly to the cost of power planis and also need large quantities
of water for evoporotion,  An efficient 1,000 mw Fodsll Tuel plant using
cooling towers evaperates 15 to 25 million gallons of water a day, whersas
o nuclear power plont, becouse of its lower thermal efficiency, evaporatas
about 50 percent more water for the same power praduction,

The necessity for lorge quantities of water 1s becaming one of the
limiting factars In the location of thermal generating plants. In the Roclky
Mountains, where most of the country's coal resources lie, there is olready
o shertage of surfoce and ground water for other uses, Adding the lood of
several new thermal plonts will couse o severe strafn en this resource.  So
great are the requirements for cooling water thot ot o recent netional sym-
posivm on "Power Generotion and Envirenmental Change” held in Boston it
was estimated that by 1980 one-sixth of the freshwater runaff in the United
stotes will be used to coel power plants, increasing to one-third by the
year 2000,

& possible salution to the water shortage problem, but ot a greater
copital cost, is to use dry cooling towers. The dry tower Is bosed on the
same principle os the outomobile radiatar; [t isa series of tubes with air
pawsages that tromsfer heat directly to the air. By this methed there is no
loss of water thraugh evoporation, but o times of high embient bempera-
tures tha plant Ts foreed to operate of reduced efficiency, odding 1o the
averall cost,

On the other hond, gecthermal plonts that utilize diy steam de not
require a supplemeniory source of cooling woter. The nofural steam, after
passing through the furbine, is condensed within the circuloting coaling
water and thus provides odditionol water to the cooling towers. By this
process an excess of woter is produced ot The Goysers Field and obout
20 percent of the Fluid brought to the surfoce is returned to the reserveir
where it originated, thus prolonging the useful life of the fiald. A geo-
theemal plont, thus, is the only type of thermal power plant that does not
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compate with other vies of water. Inereasing compaetiton for ouw dimin-
[shing supplies of water I3 probably the single most Importont reason why
our geothermal resources worrant development,

Mo madarn power plant adds any appreciable amount of chemical
cantaminabes b the water supply. However, to get the true plefure of
the impoct on the wobers, the enfire cycle of mining; milling, refining,
arrichment, fobrication, reprocessing, and waste storoge invalved in the
production of both fossil and nuclear fuels must be considered, By compar-
fson, sinca the dry steom geothermal resources are utllized ot the point of
production the danger of adverse effects an the woters (s minfmal and in
the cose of The Geysers field there is none. But before the hot water fields
can coma [nto full production methods for handling the excess Tluids will
howe to ba parfectad.

Impact on the econamy

Blong with the envirenmental Impact related to the different methods
of producing electrical power, we must also consider the reliokility of the
energy source, Todoy when so mony diverse uses in our complex civiliza-
tlen depend upon electricity, power Follures ore domaging, cousing loss of
favanide and incorvenience af the least. The geotharmal plant Figures
imporfantly in this respect, Becouse the geothermal system is self-confoined,
it neads ne outslde wpport te malntain the production of eleckrieity, no
railroads nor mines, no complex processing plonts that con be put out of
sarvice. The rellability of neture's own baller is poramount and bas been
wiad to advantage ot The Geysers where, becouse of the constancy of the
steam supply,; the plants con be operated automatically. This requires
fewer personnal ond In actual proctice the plont Is attended by regulor
mai ntapance erews only during the B<hour daytime shift. |t is vnotended
the rest of the time but monitored by o contact station locoted saveral
milas distant. |n the event of o fallure within the generating machinery

the plant 1s shut off automatically and started later manuwally when the
problem is lecoted.

The econamic success of poaer |:|1'|:||:|u1:+i|:|n from o ﬂ-rr steam field has
bean wall proven from the 12=yeors cperaling experfence ot The Geysers
field, and from nearly &0 years of experience from the Larderells field in
ltoly, Becouss all of the steam-generating equipment is inherent in the
aarth there s no need to condtruct 1t on the sdte. The furnace, boiler ond
fusli=hondling eguipment required in o fossil fuel plant, ond the reactor-
heat exchanger loop in the nuclear plont, ore the most expensive parts of
thoee operotions. 'With the geothermal plant only gathering pipelines ore
needed bo deliver the steam fo the furbines. &Achmal plant construetion
cosis are obout two=thirds to three-fourths those of o fossil fuel plant aond
less than half that of o nuclear plant. & lower plant cost means that the
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"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 geothermal 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 until 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 Mining Assoc. News Letter, Sept. 15, 1971)



Arrow on this photo of the moon points to sliver of lava from Devil's
Lake near Bend, Oregon.
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CENTRAL OREGON ROCK RESTS ON THE MOON
Phil F. Brogan

There is a bit of rock from Central Oregon on the bright moon these nights
as the orb circles the earth. |t was placed there by NASA Astronaut James
B. lrwin, 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 "l am sending you a small
sliver of Central Oregon lava which | hope you will be able to deliver to
the moon for me. | 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-
lion-year-old rocks.

The letter was brief: "I did carry your sliver of lava to the moon and
left it there. | 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 lrwin, 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)
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BASALT AQUIFERS OUTLINED IN NORTHEAST OREGON
The Atlas is in two sheets: a geologic map and a hydrologic map,

both at a scale of 1:125,000. It gives information on stratigraphy, struc-
ture, chemical analyses, and radiocarbon dates of the ground water, and

the author's conclusions on the reason for the lowering of water levels in

deep wells.
Atlas HA =387 is for sale by the U.S. Geological Survey, Denver

and Morrow Counties, Oregon," by J. H. Robison, has been issued by the
Center, Denver, Colorado 80225 for $1.25.

Survey as Bulletin 1290. The 91-page bulletin includes a multi-colored
U.S. Geological Survey as Hydrologic Investigations Atlas HA-387.

geologic map and a distribution-production map of the lode gold depos

"Geology of Lode Gold Districts in the Klamath Mountains, California and
Bulletin 1290 is for sale by the Superintendent of Documents,

KLAMATH MOUNTAINS GEOLOGY AND GOLD DEPOSITS OUTLINED
Oregon, " by Preston E. Hotz, has been published by the U.S
"Hydrology of Basalt Aquifers in the Hermiston-Ordnance area, Umatilla
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