
Letters 

Geothermal Power Plants: 

Environmental Impact 

Robert C. Axtmann, in his article "En- 
vironmental impact of a geothermal power 
plant" (7 March, p. 795), seems to have 
overlooked the possibility (indeed, proba- 
bility) of the release of radioisotopes to the 
environment. In view of the ever-present 
criticism of nuclear power plants on this 
count, it is worthwhile pointing out that 
"alternate energy" sources can contribute 
to increased environmental radioactivity. 

Although no measurements are in- 
dicated in Axtmann's discussion of the 
Wairakei, New Zealand, geothermal plant, 
groundwater including geothermal water 
typically contains dissolved radium and ra- 
don. For example, groundwaters in Maine 
were reported (1) to have concentrations of 
222Rn plus its daughters through 214Po 

ranging to -106 picocuries per liter, with 
an average concentration of <88,000 pCi/ 
liter for 128 drilled wells. In a study (2) of 
222Rn in water in Britain, it was concluded 
that wells, springs, and boreholes in areas 
where the fundamental geologic formation 
was granite almost never exhibited 222Rn 
concentrations less than 1000 pCi/liter. 
Hot springs in Badgastein, Austria, have 
222Rn concentrations which result in 

--15,000 pCi/liter in the thermal bath- 
water (3). Indeed, measurements of 222Rn 
in the Wairakei geothermal region were 
reported (4) in 1959. Values associated 
with discharges from pools and fumaroles 
ranged from 18,000 to 320,000 pCi/liter of 
gas discharge (mostly carbon dioxide) and 
from 40,000 to 770,000 pCi/liter of liquid 
condensate. 

Thus there is no reason to assume that 
222Rn is not present in the geothermal wa- 
ter and steam employed in the Wairakei 
power plant. If one assumes for the sake of 
discussion a 222Rn content of I00,000 pCi 
per kilogram of discharge, then the 0.8 x 
106 kg/hour of water vapor release implies 
a release of 80 mCi/hour of 222Rn to the 
atmosphere. Furthermore, the aqueous dis- 
charge of about 4.7 x 106 kg/hour implies 
a 222Rn discharge of 470 mCi/hour from 
the plant. A substantial portion of this 
222Rn will subsequently enter the atmo- 
sphere. Any nongaseous radionuclides 
present in the discharge (such as 226Ra) will 
enter the river. In addition to environmen- 
tal releases, radon daughters may build up 
on interior surfaces of power plant equip- 
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ment in a situation analogous to that re- 
cently discovered in natural gas processing 
(5). This potential buildup could result in 
occupational exposure to radiation and ra- 
dioactivity. Radioactivity in geothermal 
power production discharges should be 
measured and human exposure pathways 
evaluated. 
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Axtmann fails to mention that radio- 
nuclides are to be found in both the air and 
water releases of any geothermal installa- 
tion. At the present time there is little data 
available with which to accurately deter- 
mine the environmental significance of 
these releases. Kruger (1) has shown that 
the concentration of radon in air over the 
Geysers power plant in California is less 
than the 0.3 picocurie per liter found in air 
over typical continental landmasses. It re- 
mains to be seen if this measurement can 
be extrapolated to other installations. 
However, the Department of the Interior 
has suggested monitoring of radon at all 
geothermal sites leased from the govern- 
ment (1, 2). 
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Axtmann's analysis of the environmen- 
tal impact of the,-Wairakei power plant is a 
conscientious and honest article, but many 
of the main conclusions are probably mis- 

leading. He points out the waste of hot wa- 
ter which, in very large quantities, is 
poured into the Waikato River and states 
twice that there is no experience of rein- 
jection of hot water in a liquid-dominated 
field. This is not correct; the United Na- 
tions has tested a recharge system for 8 
months in the Ahuachapan field in El Sal- 
vador (1), and reinjection is being carried 
out regularly in the Otake field in Japan 
(2). There is no known case where the re- 
charge of hot water in a hot water field has 
failed. Moreover, the New Zealand au- 
thorities have stated that they "will not be 
using the Wairakei method of waste water 
disposals in other fields to be developed in 
New Zealand" (3). 

Axtmann, generalizing from his obser- 
vations of the Wairakei field, concludes 
that the efficiency of geothermal power 
plants should be improved because, if geo- 
thermal power is widely used, it could 
make too high a contribution to the heat 
balance of the globe. From the Wairakei 
experience, such a conclusion appears rea- 
sonable, but from a world geothermal 
overview, the situation is quite different. 
Much more geothermal energy is used in 
nonelectric applications, such as house- 
heating, crop-drying, industrial processing, 
and so forth, than for the generation of 
electricity, and this multipurpose utiliza- 
tion is increasing. It is only in electricity 
generation that geothermal energy is used 
less efficiently than the electricity in fuel 
stations. Where geothermal hot water and 
steam are used directly for nonelectric ap- 
plications, they have a 40 to 50 percent 
higher energy efficiency than hot water and 
steam produced in a boiler using fuel. It is 
likely, therefore, that the total global use 
of geothermal resources is today more en- 
ergy efficient than the present use of steam 
or hot water produced in boilers (4). 

As do many others, Axtmann regards 
the release of carbon dioxide to the atmo- 
sphere as a possible danger. However, agri- 
culture researchers see in the availability of 
CO2 the opportunity to increase produc- 
tion of plants and fibers. It has been sug- 
gested (5) that the CO2 content of crop- 
growing atmospheres be increased from 
the present level of approximately 330 
parts per million to as much as 1000 parts 
per million. It should not be assumed that 
any release of CO2 is a negative factor until 
proper research has settled the issue. 

Two minor points in Axtmann's article 
should also be corrected. He states that 
aquifer pressures and deep water temper- 
atures have decreased in the Wairakei 
field, but in an official New Zealand gov- 
ernment statement (3), we read: "It is im- 
portant to note that temperatures below 
saturation level have not fallen." Axtmann 
also implies that a geothermal plant needs 
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an "adequate source of cooling water." 
However, a geothermal power station can 
use its own water production for cooling, 
as is done in the Geysers field in California. 

Most important, Axtmann appears not 
to realize that if a geothermal field is devel- 
oped for electricity generation only, as in 
the case of Wairakei, its lack of efficiency 
represents a failure of government policy; 
such one-dimensional development is not a 
necessary feature of the use of geothermal 
energy. Private interests in New Zealand 
have developed hot water fields for use in 
timber processing, air-conditioning, house- 
heating, and so forth. Axtmann's study 
would have been tremendously improved if 
he had compared the narrow, one-sided, 
and, I believe, least economic kind of de- 
velopment typified by the Wairakei field 
with the multipurpose development of 
other areas in New Zealand. 

Axtmann does not note that geothermal 
energy is perhaps the only natural resource 
which pollutes the environment if left un- 
developed (Yellowstone releases more than 
100 tons of arsenic per year). He mentions 
that the development of the Wairakei field 
has reduced or stopped a number of hot 
springs which released both heat and pollu- 
tants. He should, therefore, have measured 
the environmental effects of these surface 
emanations and calculated the net or addi- 
tional pollution created by the Wairakei 
field-with all its shortcomings in devel- 
opment. 
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My failure to consider radioactive re- 
leases was a serious omission. I forwarded 
the recommendations of Gesell and Adams 
to my New Zealand colleagues only to 
learn that they had begun such a program 
earlier this year (1). As of now however, 
Belin's results (2) appear to be the only 
ones available that might have even mar- 
ginal relevance to the Wairakei effluents. 

In the meantime Stoker and Kruger re- 
port (3) that they have measured radon 
concentrations at several geothermal reser- 
voirs-presumably in the United States. 
They conclude that "the environmental 
impact of radon release to the atmosphere 

330 

appears to be small and indistinguishable 
from the release of radon by natural ema- 
nation from the surrounding land mass." 

The Wairakei situation might be very 
different from that described by Stoker 
and Kruger if (i) the estimate by Gesell and 
Adams of the 222Rn content of the geofluid 
turns out to be accurate and (ii) any signif- 
icant fraction of the corresponding source 
(about 5000 Ci/year) becomes airborne. A 
rough computation, based on methods for 
estimating 222Rn doses from piles of urani- 
um mill tailings (4), indicates that the 
downwind radon dose rate at 1 kilometer 
from the Wairakei plant could be greater 
than 100 mrem/year. Radon transport 
through the environment and 222Rn dosim- 
etry are extremely complex and difficult 
subjects (4), however, and a few measure- 
ments would be worth scores of rough 
computations. 

Barnea makes an eloquent case for the 
multipurpose utilization of geothermal re- 
sources. Although my article was on a dif- 
ferent subject (he seems to argue that I 
chose the wrong subject), I certainly agree 
that nonelectrical uses are important. 

I cannot agree, from Barnea's evidence, 
that "many of the main conclusions are 
probably misleading." The major con- 
clusions are listed in the summary of the 
article; Barnea makes no comment on any 
of them. He does attack a number of mi- 
nor points with a dazzling display of falla- 
cious reasoning. My favorite is a textbook 
example of ignoratio elenchi (5): he sug- 
gests that I should not be concerned with 
rising atmospheric CO2 levels because they 
could have a salubrious effect on agricul- 
ture. His argument implies that there 
would be a trade-off between melting the 
polar ice caps and producing a better cot- 
ton crop. There would not. 

Barnea then "corrects" two minor 
points with straightforward non sequiturs 
and plunges on to a superb secundum quid. 
He reveals that my "most important" 
transgression was not scoring my New 
Zealand hosts for their "failure of govern- 
ment policy." At this point I could plead 
gentlemanly diffidence, but there are im- 
portant historical, technical, and economic 
facts that Barnea ignores when he insists 
that the Wairakei plant should be produc- 
ing electrical power, industrial process 
heat, and domestic heating and cooling. 

The Wairakei plant was originally con- 
ceived to provide electricity for New Zea- 
land and heavy water for the United King- 
dom. Late in the design stage the United 
Kingdom's thirst for heavy water dis- 
appeared (or was quenched), the British 
government withdrew from the project, 
and the plant was completed as a central 
station power source (6). 

It is important to note that both the elec- 

trical and heavy water sections would have 
employed live steam and not the waste wa- 
ter discharge which is produced at approxi- 
mately 100?C in the flashing process. As I 
mentioned in my article and have discussed 
more extensively elsewhere (7), the diffi- 
culty is that the discharge is supersaturated 
in amorphous silica. When the latter pre- 
cipitates on heat exchanger surfaces, it 
fouls them and prevents utilization of the 
waste heat. The New Zealand Department 
of Scientific and Industrial Research 
(DSIR) has worked vigorously on this 
problem for a number of years. In May 
1975 two DSIR scientists announced a 
possible solution: treating the supernatant 
fluid to precipitate the silica before it 
reaches a heat exchanger (8). In short, it 
may now be possible to use some of the en- 
ergy whose waste Barnea (and I) so de- 
plore. 

If, that is, there is a market for the ener- 
gy. The Wairakei reservoir is in a sparsely 
populated region, so that selling district 
heating is not a viable proposition. A 
meat-freezing plant using absorption re- 
frigeration might sound attractive if there 
were nearby sheep stations, a railroad, or 
(forgive me, Kiwis) decent roads. There are 
not. Water at 100?C would be of little use 
to a pulp mill. 

During the past decade the New Zea- 
land government has sponsored many re- 
search and development projects that are 
aimed at better utilization and higher effi- 
ciency at the Wairakei plant. On the 
former front the results have not been too 
encouraging except, perhaps, for the silica 
treatment process (8). 

One point in Barnea's letter is correct. I 
was unaware, when I wrote the article, that 
waste water is routinely reinjected at the 
Otake field in Japan. The journal which 
announced this encouraging news (9), 
while carrying a 1974 date, was published 
in 1975. It arrived in Princeton on 17 
March 1975-just about the time Barnea 
wrote his letter. 
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Citation Analysis Studies 

Citation analysis reflects the real world 
of science, not a fantasyland where all sci- 
entists' work is equally valuable, where 
there is no scientific elite and no medi- 
ocrity, or where scientific results are direct- 

ly proportional to money spent. 
It is ironic that Nicholas Wade, in his 

otherwise excellent article on citation anal- 

ysis (News and Comment, 2 May, p. 429), 
neglected to cite any of the relevant litera- 
ture. It is equally ironic-and significant- 
that subsequent critics of citation analysis 
(Letters, 13 June, p. 1064) ignore the 
wealth of published information on cita- 
tion analysis (1), in which each of their 

points has already been assessed. 
Those who read this literature will find 

that citation analysis is not without its pit- 
falls, but that anomalies or abuses have a 

very small effect. Statistical routines have 
been developed to deal with derogatory 
and self-citations, multiple authorships, 
the stature of the journal in which an ar- 
ticle appears, and unusual techniques pa- 
pers. In addition, a confidence statement 

appropriate to statistical indicators is usu- 

ally included in citation analyses. 
Original, informed criticism of citation 

analysis is welcome. 
EUGENE GARFIELD 

Institute for Scientific Information, 
325 Chestnut Street, 
Philadelphia, Pennsylvania 19106 
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Independent consumer studies continue to confirm that 
TIAA life insurance costs substantially less than policies 
sold through life insurance companies that serve the 
general public. 

These days, when it's more important than ever to squeeze 
the most from every dollar, it makes more sense than 
ever for college employees and other eligible persons to 
look to TIAA for the new life insurance they need. By the 
way, TIAA policies include the unique "Cost of Living" 
provision to help prevent inflation from nibbling away the 
purchasing power of the death protection. 

While TIAA offers plans to meet different situations, and 
a free advisory service to help select the right plan, most 
educators with TIAA policies prefer Term insurance 
because with Term they can easily afford to carry the 
high level of family protection they need. 
For example: $100,000 of decreasing Term insurance 
costs only $184 at age 30. 

Here are illustrative cost figures for different ages: 
$100,000 20-Year Home Protection Policy 

Age at Issue 25 30 35 40 

Annual Premium 
(Payable only 16 years) $268 $318 $413 $580 

Cash Dividend 
End of First Year* 123 134 154 192 

First Year 
Net Premium $145 $184 $259 $388 

*Based upon the current dividend scale, not guaranteed. 
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Cash Dividend 
End of First Year* 123 134 154 192 

First Year 
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*Based upon the current dividend scale, not guaranteed. 
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employees of colleges, universities, and certain other 
nonprofit educational institutions that qualify for TIAA. 
If you are eligible, complete and send the coupon so 
we can mail the Life Insurance Guide and a personal 
illustration of TIAA policies issued at your age. TIAA is 
nonprofit and employs no agents. 
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730 Third Avenue, New York, N.Y. 10017 
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