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Power Plant Cooling Systems: 
Policy Alternatives 

John Z. Reynolds 

The controversy regarding the envi- 
ronmental effects of power plant cooling 
systems has been shaped by many fac- 
tors and events. In retrospect, the con- 
troversy probably has characteristics 
similar to many other public issues. On a 
technical level, erroneous information 
and faulty hypotheses continue to be fac- 
.ored into deliberations and tend to dis- 
tort efforts to balance all available evi- 
dence. On an institutional level, organi- 
zations that were mobilized or developed 
to respond to nebulous or poorly defined 
problems tend to resist conceptual modi- 
r,2ations that could lead to changes in di- 

rection. The "weight of evidence" ap- 
proach to environmental assessment 
could help to rectify this situation by 
providing a clearer perspective of the 
relevant issues. This approach has in- 
creasing validity and utility as the state 
of the art increases and more advanced 
studies are directly responsive to estab- 
lished concerns. The limitations of re- 
sources and widespread skepticism re- 
garding the legitimacy of many environ- 
mental claims, if one considers the rela- 
tive costs and benefits, make it im- 
perative that responses to environ- 
mental concerns transcend inappropriate 
constraints in balancing risks and envi- 
ronmental objectives (1). 

Background 

Conventional steam-electric generat- 
ing stations require water to cool and 
thus condense the steam (2). The quan- 
tities of water necessary for this purpose 
are very large in comparison with most 
other water uses, and the temperature of 
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constructed with once-through cooling 
systems. State pollution control agencies 
were typically given the authority to 
deny water use permits where significant 
environmental degradation would be ex- 
pected to occur. In many instances, the 
maximum allowable temperature of the 
water in the receiving body was pre- 
scribed, with various criteria applied to 
the water in the mixing zone, that is, the 
area of interface between the water being 
discharged and the ambient water. 

Federal oversight of state water quali- 
ty standards was initiated in the late 
1960's (4). One overriding concern was 
introduced into the standard setting pro- 
cess at that time, namely that temper- 
atures in areas where biota may be ex- 
posed should be limited to levels that are 
proved not to be harmful to the subject 
organisms. This narrowly construed pol- 
icy readily became a constraining objec- 
tive to state agencies charged with 
achieving environmental protection and 

the circulated water is typically raised 5? 
to 20?C above the intake temperature. 
For a given plant the total amount of heat 
rejected remains relatively constant, so 
that decreases in the temperature rise 
must be accomplished by increasing the 
flow of the cooling water. 

Cooling systems are classified accord- 
ing to their basic components and types. 

Summary. Policies and pressures emanating from the 1972 Amendments to the 
Federal Water Pollution Control Act favor the installation of cooling towers, or closed- 
cycle cooling systems, in power plants. An assessment of the relative risks of alterna- 
tive cooling system designs indicates that, in general, adverse environmental effects 
associated with cooling towers are more certain, are of larger scale, and are more 
likely to be irreversible than impacts associated with once-through cooling systems 
and cooling reservoirs. Adverse environmental effects associated with once-through 
cooling and cooling reservoirs are largely amenable to mitigation in the context of 
resource management principles. These factors, together with the greater costs asso- 
ciated with cooling towers, indicate that wherever the feasibility is demonstrated and 
there is minimal risk to aquatic ecosystems, once-through cooling systems or cooling 
reservoirs should be preferred. 

The components, common to all types, 
include an intake, pumps, condenser, 
and discharge, all connected in series. 
The basic types are once-through, cool- 
ing lakes or reservoirs, and closed-cycle. 
For closed-cycle systems, cooling tow- 
ers in a recirculating mode are usually 
used, although single-purpose cooling 
impoundments, spray ponds, and other 
systems closely connected with and opti- 
mized for plant operation may also be 
considered closed-cycle. Figure 1 shows 
the percentage of each type of cooling 
system in the United States by incre- 
ments of capacity associated with vari- 
ous time periods since 1970 (3). 

Prior to 1970 most power stations were 

resource management goals in a broad 
context. 

The difficulties this presented in ad- 
ministering state water temperature stan- 
dards were apparently misinterpreted in 
the analysis of regulatory policy that led 
to the 1972 Amendments to the Federal 
Water Pollution Control Act (5). In addi- 
tion to retaining the established format 
for water quality standards, the 1972 
Amendments and subsequent regula- 
tions introduced two new concepts to 
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deal separately with other effects on 
aquatic life that may be caused by cool- 
ing systems. The 316(a) provision recog- 
nized that, in addition to the discharge 
temperature effect, organisms may be 
entrained in the cooling water and other- 
wise be affected by exposure to the pow- 
er plant cooling system. Section 316(a) 
requires that an analysis be made of the 
thermal component of a discharge to as- 
sure that effects will not preclude the 
"protection and propagation of a bal- 
anced, indigenous population (commu- 
nity) of shellfish, fish and wildlife" of the 
subject water body if the use is to be al- 
lowed (6). 

Through section 316(b) another con- 
straint was introduced into system de- 
sign to provide maximum protection for 
aquatic organisms that might be influ- 
enced by the intake. The highly visible 

aspects of fish impinged on intake 
screens was probably the motivating fac- 
tor. In any event, this section requires 
that "the location, design, construction, 
and capacity of cooling water intake 
structures reflect the best technology 
available for minimizing adverse envi- 
ronmental impact" (7). 

The U.S. Environmental Protection 
Agency (EPA) has issued regulations 
and guidelines to implement these and 
other sections of the 1972 legislation. 
Closed-cycle cooling (cooling towers) 
was selected as "best available tech- 
nology" for thermal effluent control in 
regulations promulgated on 3 October 
1974 (8). (These were subsequently re- 
manded by court action and have not 
been repromulgated to date.) Old units 
(any unit in service before 1 January 
1971, or any unit less than 500 megawatt- 
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Fig. 1. Types of condenser cooling systems in the United States by chronological increments of 
capacity related to milestone dates since 1970 (3). 
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electric in service before 1 January 1974) 
were exempt from this technology re- 
quirement. 

These regulations have tended to ob- 
fuscate rather than clarify the planning 
needs for power plant cooling systems. 
For example, rigid limitations on dis- 
charge temperature may be counterpro- 
ductive to controlling entrainment ef- 
fects or meeting intake design criteria be- 
cause reduced temperatures are most 
readily accomplished by increasing in- 
take flow. In some cases, such as where 
ambient temperatures are near the lower 
thresholds, protection and propagation 
of various desirable species may be en- 
hanced by power plant effects. Such ben- 
efits would not be allowed with the use of 
only hardware-based technology criteria 
developed without consideration of 
local conditions (9). And, although the 
state of the art of hardware development 
can be readily defined at any time, envi- 
ronmental associations are quite variable 
and are less predictable, and thus tend to 
be discounted as the most conjectural as- 
pect of comparative assessments. Ad- 
vances in both technology and assess- 
ment methodology can mean that evalua- 
tions conducted in the early stages of 
planning become outmoded during later 
stages of project development (10). 

Overriding all of these considerations, 
theoretically, is the mandate of the 1969 
National Environmental Policy Act (11). 
This act requires a consideration of all 
available alternatives in the context of 
protecting and enhancing the quality of 
the human environment. If one considers 
the contradictory aspects of the existing 
policy concerning cooling systems, and 
the relatively limited issues emphasized 
therein, it appears that a thorough reas- 
sessment of cooling systems policy in the 
context of this act is necessary. 

The past decade has been a period of 
inquiry, debate, and consternation on 
the part of the electric utility industry and 
others attempting to address a succes- 
sion of criticisms of the conventional 
methods of cooling system design. Re- 
cent annotated bibliographies on the sub- 
jects of thermal effects (12), impinge- 
ment (13), entrainment (14), and chem- 
ical effects (15), list 3950, 657, 607, and 
950 references, respectively, through 
most of 1977, and the bulk of these refer- 
ences are to studies conducted in the 
past 10 years. The resources that have 
thus been committed to studies of the en- 
vironmental aspects of cooling systems 
amount to hundreds of millions of dol- 
lars. Although one may argue that many 
of these efforts were wasteful, poorly de- 
signed, poorly motivated, self-serving, 
or otherwise ill-conceived, they have, 
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nevertheless, provided a substantial the utility to limit usage to the optimum 
storehouse of information on which a level required for biofouling control (18). 
more enlightened perspective may be Although residual toxic effects in water 
based. In the following sections I ad- bodies have not been observed at the 
dress some of the key issues and suggest levels of chlorine currently applied, con- 
an alternative method for interpreting cern about long-term toxicity, perhaps 
the weight of evidence. through the formation of halogenated or- 

ganic compounds, will remain an issue. 
This matter should not, however, weigh 

Water Quality heavily in an evaluation of alternative 
cooling systems. Other approaches are 

Considerations of water quality have available to control biofouling, where 
been prominent in the study of cooling necessary, and the need to control these 
system effects and in the development of growths is common to all systems (19). 
cooling system regulations. When the The control of biofouling of cooling tow- 
first water quality standards were devel- ers is an additional problem, however, 
oped it was recognized that temperature and the need for chemical treatment to 
changes in receiving water bodies could control scaling and corrosion makes the 
have profound effects on physical, chem- question of ultimate disposal of residual 
ical, and biological processes affecting chemicals more difficult for these sys- 
water quality (16). Subsequent studies tems. 
identified possible hazards to aquatic life Closed-cycle systems also result in the 
associated with the release of toxicants concentration of water contaminants 
discharged incidental to the cooling pro- that may be present in the source water 
cess, primarily biocides (normally chlo- body. Evaporation of water in these sys- 
rine) used to prevent fouling of intakes tems commonly results in concentration 
and condensers with organic matter (bio- factors 2 to 10 times above ambient, with 
fouling) and metals associated with cor- the result that many constituents in the 
rosion and erosion of condenser tubes. discharge water may approach or exceed 

One type of water quality effect might the recommended limits (20). This possi- 
be exhibited in dissolved oxygen and to- bility is related to site considerations that 
tal dissolved gas concentrations, be- cannot be controlled by the plant oper- 
cause of the direct effects of temperature ator and, therefore, presents substantial 
on gas saturation values and on biochem- uncertainties in the environmental com- 
ical reaction rates and physical exchange parison of alternative systems. 
processes. Secondary effects would in- 
volve relative differences in chemical 
oxidation states, such as increased oxi- Intake Effects 
dation of ammonia to nitrate. Compre- 
hensive studies have demonstrated, In most instances, on the basis of the 
however, that temperature effects on the relative volumes required one would ex- 
common water quality variables will be pect closed-cycle cooling systems to 
insignificant where the discharge repre- have less impact as a result of water 
sents a relatively small fraction of the re- withdrawal than alternative cooling sys- 
ceiving water volume or flow (17). This is tems. Make-up water volume to replace 
not surprising because, with dilution, the evaporation and other losses in closed- 
resulting water temperatures remain cycle operation is generally more than an 
within the limits of natural variability. order of magnitude less than that re- 

The question of biocides and other quired for once-through cooling (21). Ac- 
toxicant effects is much less certain and cordingly, aquatic life in the source wa- 
involves the introduction of foreign sub- ter is less subject to risk of impingement 
stances. Chlorine gas or chlorine com- or entrainment if the intake volume is 
pounds have commonly been used to minimized. 
prevent biofouling of cooling system sur- The total effect of each of these alter- 
faces that would adversely affect flow or natives is not easy to define, however, 
heat transfer and thus lower plant effi- and must ultimately be considered in 
ciency. The normal practice is to add conjunction with site and plant charac- 
chlorine intermittently, perhaps for 1/2 teristics. For example, entrainment of 
hour per day, with relatively greater organisms in a cooling tower represents 
amounts or frequency of application a 100 percent loss compared to selective 
being required during warm-weather pe- cropping of a lesser percentage of orga- 
riods and in highly productive waters. nisms, typically less than 30 percent, in a 

Regulations now limit the residual once-through system (22). In addition, 
concentrations of chlorine as well as the intake designs are available to control or 
duration of chlorine application, but it is virtually eliminate losses through im- 
in the interest of both the regulator and pingement, although not without sub- 
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stantial cost and possible operational dif- 
ficulties (23). 

Entrainment or impingement of any 
magnitude does not translate directly in- 
to impact on populations, aquatic com- 
munities, or ecosystems. Numerous ap- 
proaches have been used to relate or 
place in perspective the relative signifi- 
cance of potential losses on aquatic re- 
sources (24). Losses of fish food orga- 
nisms have often been compared to total 
available biomass or related to energy 
flow at the intertrophic level. Losses of 
fish have been translated by various pop- 
ulation-production models to effects on 
available stock or harvest. These and 
similar approaches all involve judgments 
and assumptions that depend, at least 
partially, on the state of the art and thus 
soften the degree of objectivity that is 
possible. 

The degree of confidence one may 
place on such assessments, however, is 
not as limiting as a rigorous appraisal of 
the state of the art might suggest. While 
the complexities of ecosystem behavior 
may be beyond our abilities of compre- 
hension, the effects of cooling systems 
can be related to other effects in a re- 
source management context. Models ap- 
plied in this context can provide very 
useful insights into the relative effects of 
power plant interaction and, in particu- 
lar, the relative significance of effects of 
alternatives and the directions of second- 
ary responses. To the extent that con- 
clusions can be thus derived, the need 
for deterministic solutions may be less- 
ened. 

In suggesting the resource manage- 
ment approach, it is assumed that the 
water bodies potentially affected are al- 
ready significantly perturbed by develop- 
ment, water use, or some level of re- 
source exploitation or management. Rel- 
atively pristine and remote water bodies 
would not normally be considered as 
likely candidates for cooling system wa- 
ter use in any case. 

The resource management approach 
to evaluating the significance of environ- 
mental effects is not new and has consist- 
ently been applied in matters affecting 
terrestrial habitat and wildlife popu- 
lations. Preference for a more determi- 
nistic, and normally more rigorous ap- 
proach for evaluating the significance of 
aquatic effects is difficult to justify in 
view of the relative refinement of the 
available assessment methodologies 
(25). 

One might argue that a minimal impact 
approach is preferable for highly utilized 
waters in the belief that within a reason- 
able period natural populations will be 
reestablished and virtually any unnatural 
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perturbation would cause an undesirable 
shift. For most water bodies, however, 
this notion is untenable because of the ir- 
reversible nature of changes that have 
occurred and the improbable likelihood 
that, even under favorable, abiotic habi- 
tat conditions, any preexisting popula- 
tion structure could be restored. A posi- 
tive approach, of course, could work to 
enhance the resource toward some de- 
sired condition. 

Although there may be some theoreti- 
cal basis for advocating the necessity to 
keep impingement and entrainment to a 
minimum, because incremental cropping 
may place finite populations at risk, 
zones of thermal effect and habitat modi- 
fication cannot be considered in this con- 
text. 

Thermal and Habitat Effects 

The relative significance of thermal 
and habitat effects, because they involve 
artificial changes and perhaps result in 
the introduction of new populations, is 
related in substantial measure to func- 
tions of the scales of comparison. The 
many studies that have been conducted 
on thermal effects and habitat changes 
indicate that the resultant impacts are, in 
general, neither incompatible with the 
maintenance of existing populations nor 
likely to cause effects beyond localized 
areas (26). Such a sweeping general- 
ization requires some qualification, and 
many scenarios can be described to dra- 
matize adverse effects. The term sce- 
nario is used advisedly because, some- 
what in the context of rare events, the 
sequence of effects, the duration of the 
offending conditions, and the probability 
of their occurrence are such that wide- 
spread repercussions are unlikely. 

This is especially true when one con- 
siders thermal effects. Motile aquatic or- 
ganisms, such as fish, are attuned to en- 
vironmental temperature gradients and 
actively avoid adverse conditions and re- 
spond positively to conditions that are 
preferred. Whether or not this may be 
detrimental to the affected organism with 
regard to such factors as abnormal me- 
tabolism and reproduction, disease, 
predators, biocide exposure, and vulner- 
ability to rapid temperature fluctuations, 
has been extensively debated. That such 
effects may occur has been demon- 
strated by controlled experiments, but 
the effects have rarely been observed in 
field studies, indicating that within the 
limits of field monitoring programs ad- 
verse effects in the natural environment 
may be difficult to identify. 
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Because individual aquatic organisms 
will be adversely affected under some 
conditions, and because habitat modifi- 
cations may produce undesirable 
changes on a local scale, it is necessary 
to evaluate the potential impacts in the 
context of the resource base. Even 
though it may be possible to demonstrate 
that the effects of the power plant are rel- 
atively insignificant compared with other 
factors, the effects can be mitigated, if 
necessary, by operational changes, de- 
sign modifications, or direct manage- 
ment intervention. The most efficacious 
approach is clearly dependent on site 
and plant conditions. 

Cooling Reservoirs 

In the foregoing discussion I alluded to 
certain aspects of laboratory and field 
studies that may be applied to the docu- 
mentation of cooling system effects. 
Field studies involving relatively large 
water bodies and migratory populations 
are not practical for measuring impacts 
or quantitatively validating cause-effect 
relationships. Cooling lakes or reser- 
voirs, in contrast, provide convenient 
field laboratories for examining effects 
that are impractical to investigate any 
other way. Many cooling lakes are suffi- 
ciently large to exhibit characteristics of 
typical lake ecosystems, but are self- 
contained to the point where population 
characteristics can be well-defined and 
interactions within and among trophic 
levels identified. 

In most studies of cooling lakes the in- 
vestigators have concentrated on assess- 
ing the status of fish stocks. Power plant 
operations have been shown to result in 
shifts in relative abundance of some spe- 
cies, but the net effect in projects de- 
signed to accommodate a fishery has 
usually been an enhancement of fish pro- 
duction (27). Comprehensive studies of 
cooling lakes have similarly shown shifts 
in species abundance at other trophic 
levels, but structural and functional as- 
pects of the systems remain intact, in rel- 
ative conformity to conditions in non- 
cooling lakes (28). 

Evaluation of cooling lake ecosystems 
under a variety of design and operating 
conditions, with differing relative in- 
tensity of use for power plant cooling, 
can provide data for extrapolation to 
once-through cooling water bodies. Con- 
ceptually, it can be argued that because 
cooling lake populations will experience 
all of the insults associated with once- 
through cooling, effects of a comparable 
plant on similar populations in a larger 

natural water body would be no greater 
than those observed in the cooling lake. 

Any assessment of the impact on a 
cooling reservoir must also take into ac- 
count other effects associated with site 
development. If a stream is flooded, the 
existing terrestrial and aquatic popu- 
lations will be replaced or modified in ac- 
cordance with the new habitat. These ef- 
fects are commonly offset by provisions 
being made for the "resource" used for 
other purposes. In a recent survey of 108 
cooling reservoirs in existence, under 
construction, or planned, the following 
multiple purpose features were identi- 
fied: public access (70 percent), public 
recreation (63 percent), shoreline devel- 
opment (30 percent), municipal water 
supply (20 percent), industrial water sup- 
ply (9 percent), irrigation supply (5 per- 
cett), flood control (20 percent), and hy- 
droelectric power (8 percent) (29). Thus, 
to a large extent, cooling reservoirs can 
be designed and managed to accomplish 
many socioeconomic and resource en- 
hancement objectives. 

Terrestrial Impact 

Of the various cooling system alterna- 
tives, cooling reservoirs clearly require 
the largest areas of land. Typically, for 
multipurpose developments, at least 1 
acre of land must be inundated for each 
megawatt of electric capacity. The im- 
portance of this requirement is a function 
of individual site characteristics, and 
highly productive agricultural land and 
unique habitats are obviously valued dif- 
ferently than less productive areas. 

The effects of cooling tower systems 
on land resources may also be sub- 
stantial. The area required for construc- 
tion may be as great as for other plant 
features and the material requirements 
for construction of towers, visual im- 
pact, and noise are not trivial. And, in- 
frequently, damage to surrounding vege- 
tation may occur as a result of chemicals 
in cooling tower drift and icing effects 
(30). 

The use of cooling towers does not 
necessarily preclude development of a 
reservoir, because in many areas mini- 
mum stream flows are too low to allow 
continuous withdrawal for make-up, and 
storage must be provided for substantial 
periods. The reservoir design, again, 
would be a function of site- and plant-re- 
lated characteristics, but the implica- 
tions for environmental impact and ef- 
fects on other entities may be com- 
parable to a case involving a cooling res- 
ervoir. 
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Once-through cooling systems normal- 
ly would require the least amount of 
land, that used being incidental to intake 
and discharge structures and related ap- 
purtenances. 

Water Consumption 

Water conservation is a theme that is 
gaining increasing prominence nation- 
wide in the review of water-related proj- 
ects and activities. As water develop- 
ment possibilities become more limited 
and competing demands more intense, 
the areas of the country considered "wa- 
ter-short" expand accordingly. Net wa- 
ter loss, or water consumption, has thus 
become an important consideration in 
the evaluation of cooling system alterna- 
tives. 

All wet cooling systems ultimately rely 
on transfer of waste heat to the atmo- 
sphere. While once-through cooling sys- 
tems and relatively large cooling reser- 
voirs may reject but 40 percent of the ex- 
cess heat through evaporation, cooling 
towers lose approximately 80 percent 
through evaporation (31). One must also 
take into account, however, water losses 
associated with natural evaporation, in- 
cluding those from storage reservoirs, in 
any comparison of site alternatives. 

Energy Use and Generation Capability 

The higher rates of heat dissipation 
through evaporation in closed-cycle sys- 
tems are achieved through greater inputs 
of energy. Subsequent losses in efficien- 
cy caused by these greater energy inputs 
may also be reflected in losses in genera- 
tion capability. Two principal factors ac- 
count for these losses: auxiliary power 
requirements (pumps and fans, for ex- 
ample) and higher turbine backpressures 
(caused by the generally greater temper- 
ature of recirculated cooling tower water 
compared to once-through intake water). 

Energy and capability losses for 
closed-cycle systems vary substantially, 
depending on cooling component design 
(for example, mechanical as opposed to 
natural draft tower), plant type (for ex- 
ample, base load as opposed to peak, 
fossil as opposed to nuclear), and wheth- 
er the cooling system is retrofitted to an 
existing plant or optimized in plant de- 
sign. Estimates of energy losses are in 
the range of less than 1 percent for new 
fossil unit alternatives to more than 4 
percent for retrofitting a nuclear plant. 
Capability losses range from about 1.5 
percent for new fossil unit alternatives to 
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nearly 5 percent for retrofitting a nuclear 
plant (32). 

On a percentage basis these penalties 
may appear insignificant, but together 
the impacts are substantial. For ex- 
ample, if one assumes 2 percent average 
energy and capability losses for a total 
affected capacity of 200,000 MWe, about 
150,000 barrels per day of additional oil 
equivalent would be required and one 
complete unit would be needed for every 
50 equivalent units constructed with 
closed-cycle cooling, simply to com- 
pensate for energy and capability losses. 
Environmental and socioeconomic ef- 
fects associated with this additional en- 
ergy use and plant construction are not 
trivial factors in weighing the policy al- 
ternatives. 

Policy Assessment 

The foregoing sections provide a cap- 
sulated view of how issues surrounding 
cooling system policy have developed. A 
suitable framework for assessing policy, 
in which the different risks of affecting 
the environment may be appropriately 
balanced, has been lacking. One ap- 
proach might be to consider for each 
cooling system type, on a relative basis, 
the types of effects, the likely scale of ef- 
fects, the certainty of impacts, and the 
probable irreversibility of impacts or 
lack of mitigation opportunities. 

Cooling towers have, with a relatively 
high level of certainty, the greatest im- 
pact on water quality, water consump- 
tion, energy use, and loss of generation 
capability, with little potential for mitiga- 
tion within the scale of site development. 
Cooling reservoirs have, also with a rela- 
tively high level of certainty, the greatest 
impact on terrestrial habitat, but the ef- 
fect is confined to the local area. The rel- 
ative impact of cooling reservoirs on 
aquatic life is less certain, but opportuni- 
ties for mitigation and reversibility of im- 
pact are available and have been demon- 
strated. 

The only area in which once-through 
cooling systems show a relatively high 
potential level of impact is that associat- 
ed with aquatic effects. And, in spite of 
numerous studies, the relative uncer- 
tainty of impact on some aquatic popu- 
lations will remain high, simply because 
of the complexity of ecosystem inter- 
actions. It is somewhat ironic that the 
lower the probability of significant im- 
pact, the more difficult it is to detect 
change; this leads to greater monitoring 
and study effort being required to mea- 
sure smaller and more trivial levels of 

impact. In general, however, it has been 
shown that, where the relative water use 
is small, the probable impacts are readily 
reversible or can be mitigated, and the 
scale of effect can be defined in relation 
to the water body resource and natural 
variability of that resource (33). 

The trends in cooling system installa- 
tions are obviously not consistent with 
this appraisal (Fig. 1). Current policy im- 
peratives are directed to the installation 
of closed-cycle systems and, in addition 
to the environmental trade-offs, are hav- 
ing substantial ancillary impacts on pow- 
er plant development and resource man- 
agement questions. For example, lack of 
acceptance of once-through cooling con- 
tributes to consolidation of capacity in 
large complexes because the economy of 
dispersed siting on natural water bodies, 
where once-through cooling may be fea- 
sible, is negated. Also, the inability to 
develop multipurpose cooling reservoirs 
means that the benefits they would con- 
tribute to other users may need to be 
provided by other resource management 
programs and facilities. 

When one considers the multitude of 
site-related factors involved in the selec- 
tion of cooling system alternatives, it is 
unlikely that rigid national policy can be 
responsive or fully responsible. National 
policy could, however, ensure that risks 
to environmental values are appropriate- 
ly considered and that decisions reflect a 
balancing of these risks. The National 
Environmental Policy Act could provide 
an initiative for these types of assess- 
ments. 

Present trends indicate that the weigh- 
ing of risks is heavily prejudiced against 
balanced development of cooling system 
alternatives, with great potential cost in 
terms of water quality, water consump- 
tion, aquatic resources, energy, and cap- 
ital. Correction of this imbalance will re- 
quire policy imperatives that favor once- 
through cooling and cooling reservoirs 
where site conditions are reasonably 
amenable to these types of systems. 
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