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ABSTRACT: Rivetine wate! temperature extremes have typically been analyzed using event-based simulations, 
for example the 10-year 7-day low flows, combined with record-high air temperatures and other extreme con- 
ditions relevant to the location (e.g., maximum power generation). Using this combination of extreme conditions, 
one can estimate the maximum water temperature that may occur on the river. However, this method does not 
allow for calculation of, for example, the probability of a given temperature exceedence, or the average duration 
of such an excursion ;vent. Alternatively, long-term continuous simulation using historical and physically rep- 
resentative reconstructed data records provides a large database of realistic events, which can be used to analyze 
the thermal regime of a river and its variability under current and changing conditions. This study applies such 
a procedure to the Missouri River between Gavins Point Dam at Yankton, S.D.. and Rulo. Nebr. Along this 
reach, the thermal regime is influenced by six power installati s. which release heated condenser cooling water 
to the main stem. Several scenarios were simulated numeri. !ly with the one-dimensional (ID) CHARLMA 
model to examine the effects of current power generation, a- well as changing operational, hydrologic, and 
climatological conditions on the river thermal regime. lC1odel simulations revealed that climate change and 
increased power demand may significantly affect the thermal regime of the Missouri River; however, the sce- 
narios simulated in this study did not result in water temperatures that exceed the current temperature standards. 

INTRODUCTION 

The Missouri River along its Iowa border currently supplies 
once-through cooling water to several thermal power instal- 
lations. The purpose of this study is to assess the river's ca- 
pacity to accommodate variable energy production under 
changing climatological, hydrologic, and regulatory condi- 
tions. A trend of tightening environmental regulations has de- 
veloped in recent years in nearly all aspects of water quality. 
Although the main focus has been on conventional chemical 
pollutants associated with agriculture and industry, the grow- 
ing need for power in an industrialized society has threatened 
to alter the thermal regime of rivers, and thus the natural hab- 
itat available to biota. These tightening regulations, combined 
with possible global warming, changes in Missouri River flow 
releases from main-stem reservoirs, and increased power de- 
mand, result in the need for an analysis of the ability of the 
Missouri River to suppon existing and future power installa- 
tions along its Iowa border. 

The water temperature characteristics of an environment are 
very important to the organisms that inhabit it, and largely 
determine the composition of the aquatic community. Organ- 
isms have upper and lower thermal tolerance limits, optimum 
temperatures for growth, preferred temperatures in thermal 
gradients, and temperature limitations for migration, spawning, 
and egg incubation. The temperature of a waterway also de- 
termines its physical characteristics, such as viscosity, degree 
of ice cover, and oxygen capacity. The increased demand for 
cooling water for power stations has threatened to impact the 
thermal regime of waterways, and thus affect their aquatic 
composition. In anticipation of this, environmental conse- 
quences of temperature changes have been considered in as- 
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sessments of water quality requirements for aquatic organisms. 
This has resulted in the establishment of regulatory water tem- 
perature criteria. 

In this study, attention is focused on the temperature s a -  
dards on the Missouri River. Current standards specify tem- 
perature rise criteria. Some standards are not applicable inside 
what the state has defined as a "regulatory mixing zone." In 
the past, power installations on the hlissouri have been con- 
sidered separate entities in the study of the river's thermal 
capacity, i.e., upstream power plants were assumed not to af- 
fect the intake water temperatures at downstream power plants. 
Therefore, power installation design and operation have been 
governed entirely by temperature-rise restrictions in well-de- 
fined, local mixing zones specified in the Iowa Administrative 
Code (567-61, 1990). Also, analyses of the thermal effects of 
the power installations were restricted to near field studies in 
the mixing zones. 

However, in the future it may no longer be possible to op- 
erate the power installations under the assumption of indepen- 
dence from each other. At least one Midwest river is subject 
to cumulative rather than local temperatures (Bradley et  al. 
1998). This change in philosophy dictates that two other fac- 
;. . must kt considered in the analysis of cooling capacity: 
(1) background river temperatures; and (2) meteorological 
conditions that control heat exchange with the atmosphere. 
The analysis of the cooling capacity of a river thus is expanded 
to consider all power installations as a "system," and to con- 
sider that each is affected by the generating schedule of the 
others upstream. In other words, the amount of power gener- 
ation the Missouri can support is related not only to the 
amount of water released from the upstream reservoirs (Gavins 
Point Dam in this study) and short-term (diurnal) meteorolog- 
ical cycles, but also to how individual power plants are op- 
erated in concert to make the best possible use of the available 
dilution capacity of the river and diurnal meteorological cool- 
ing cycles. It may be argued that the power installations "com- 
pete" for the cooling opportunities provided by the hydro- 
meteorological conditions, and thus should be considered 
jointly. 

The goals of this study are the construction of a mathemat- 
ical model and database of hydrology and meteorology, and 
the use of these to analyze the thermal regime of the Missouri 
River from the Gavins Point Dam at Yankton. S.D., to Rulo, 
Nebr. The mathematical model selected is the CHARIMA sim- 
ulation code (Holly et al. 1990). It is capable of simulating 
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