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THERMAL POLLUTION 
STUDIES OF 
FRENCH CREEK, 
EIELSON AFB, ALASKA 

Terry McFadden 

INTRODUCTION 

The Alaskan Projects Office of the u.s. Army 
Cold Regions Research and Engineering Labora
tory was asked by the Alaskan Air Command to 
assess the possible thermal pollution of French 
Creek. French Creek is a natural stream, which 
drains the hills behind Eielson AFB into the Tanana 
River. During summer months, the cooling water 
from the Eielson power plant is diverted into a 
channel which flows approximately % mile (1.2 
km) before it enters French Creek at a position 1 
mile (1.6 km) from the power plant. This study was 
conducted to determine if the water from the 
power plant has a significant effect on the thermal 
stability of French Creek, and if any thermal pollu
tion could be detected from this warm water input. 

METHODOLOGY 

The study was conducted on 23 and 24 July 
1975. Since the stage of French Creek varies con
siderably due to its short run and quick response to 
rain, no attempt was made to measure the dis
charge of the creek. However, it appeared to be 
between five and seven times as large as the cool
ing water input. The input volume of hot water, 
however, was measured and found to reach a 
maximum of approximately 6200 gal min-1 (391 
m3 min4). The diversion of warm water from the 
power plant at this time had been constant at its 
maximum level for six weeks. The diversion creek 
and its bed were therefore considered to be in 
equilibrium so that the maximum thermal input to 
French Creek would be present at this time. 

Four thermocouples were installed in the area 
where the power plant diversion channel joins 
French Creek (Fig. 1). Thermocouple 1 was in
stalled 110ft (33.5 m) downstream of the entrance 
of the warm water into French Creek. Ther
mocouple 2 was placed approximately 15 ft (4.7 
m) downstream. Thermocouple 3 was installed in 
the diversion channel approximately 25 ft (7.6 m) 
upstream of its entrance into French Creek, and 
thermocouple 4 was located in French Creek ap
proximately 40 ft (12.1 m) upstream of the diver
sion channel entrance. All four thermocouples 
were calibrated and found to be within ± 0.2°C by 
reference to an ice bath. 

The thermocouples were monitored, beginning 
at 1100 hours on 23 July and continuing until 
1700, with a Fluke digital thermocouple bridge. 
On 24 July they were again monitored, beginning 
at 0720 and continuing until 1010. Considerable 
heat stratification existed in French Creek, and the 
warm power plant cooling water remained in a 
stratified layer at the top of the creek for some 
distance. Consequently, the thermocouples were 
placed in the water strata where maximum tem
perature was noted so that the maximum tempera
ture rise would be detected. Water temperatures 
were also spot checked at the beginning of the 
diversion stream, near the power plant cooling 
pond, to determine the temperature drop of the 
water while in the diversion channel enroute to its 
junction with French Creek. Air temperature dur
ing the measurements varied from 16°C to 23°C. 

French Creek was high in stage at the beginning 
of the studies and dropped continually throughout 
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Figure 7. Thermocouple locations. 

the period of measurement. In the 23-hour period 
during which measurements were made, the creek 
level dropped approximately 3 in. (8 cm). As this 
drop occurred, the ther.mocouples were continu
ally repositioned so that they remained in the 
warmest of the stratified water layers in the creek. 
Considerable temperature fluctuation of ther
mocouple 2 was noted. This was due to the turbu
lent eddies of warm and cold water as they mixed 
at this location. 

THERMAL POLLUTION 

Thermal pollution is a difficult entity to define. 
Few definitions exist which specifically state limits 
on temperatures that constitute pollution. This is 
partly because of the large number of variables 
involved, and partly because different circum
stances require different limits. 

Perhaps a safe definition of thermal pollution 
would be: "any thermal input that creates condi
tions which have a negative effect on the natural 
organisms of the stream." This, however, is un
satisfactory since the determination of "negative 
effects" requires extensive study in a wide diversity 
of disciplines. The National Technical Advisory 
CommiUee'l"(1968) recommended that not more 
than a 5°C (9°F) rise in temperature should occur at 
the minimum daily flow conditions of streams. 

The State of Alaska water quality criteria prohibit 
thermal inputs to a stream that would raise the 
maximum temperature above lS.6°C (60°F) or 
cause a temperature rise exceeding 2.2°C (4°F) 
(Alaska State Register 1973). 
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Grayl ing were found to avoid entering water 
whose temperature rose above about 18°C (64°F) 
and would seek cooler, more comfortable water 
(Parker and Krenkel 1969). 

It might be concluded from the above that over
all water temperature elevations of 2°C or more 
could be detrimental and 5°C probably would be 
detrimental. In addition, a 2.2°C temperature rise is 
illegal by Alaska State Regulations. Consequently, 
maximum temperatures above 15°C should be 
avoided since lS.6°C is the upper legal limit in 
Alaska, and grayling, one of the predominant in
habitants of French Creek, will seek other envi
ronments if the temperature approaches l8°e. 

RESULTS AND OBSERVATIONS 

The results of the temperature measurements are 
given in Table I and plotted in Figure 2. The 
maximum temperature gradient between ther
mocouple 4, which is upstream from the warm 
water input, and thermocouple 1, which is 110ft 
(33.5 m) downstream from the warm water input, 
is 1.2°e. 

The temperatures at stations 1, 3 and 4 show a 
diurnal variation, which is to be expected during 
warm summer days. Station 4 shows a natural 
diu rnal water temperature increase upstream of the 
diversion input of 1.S°e. However, the difference 
in temperature between thermocouples 1 and 4 
did not show any significant increase throughout 
the observation period, suggesting that the thermal 
influence of the power plant water is probably nil. 



Table I. Temperature measurements on French Creek (Qe). 

Time Thermocouple 7 Thermocouple 2 Thermocouple 3 Thermocouple 4 ~T2·4 ~T7-4 

23 July 1975 

1100 8.9 13.2 20.3 7.9 5.3 1.0 
1110 9.0 13.4 20.5 8.0 5.4 1.0 
1120 9.0 13.4 20.6 8.0 5.4 1.0 
1130 8.9 13.5 20.7 8.0 5.5 0.9 
1140 9.0 13.9 20.8 8.0 5.9 1.0 
1150 9.1 13.9 20.9 8.0 5.9 1.1 
1200 9.0 14.5 21.0 8.0 6.5 1.0 
1340 9.7 14.5 22.3 8.7 5.8 1.0 
1350 9.7 14.4 22.3 8.7 5.7 1.0 
1400 9.8 14.9 22.4 8.7 6.2 1.1 
1410 9.8 13.5 22.4 8.8 4.7 1.0 
1420 9.8 13.5 22:3 8.9 4.6 0.9 
1430 9.9 14.5 22.4 8.9 5.6 1.0 
1440 10.1 14.8 22.5 8.9 5.9 1.2 
1450 10.1 14.7 22.6 9.0 5.9 1.1 
1500 10.2 14.9 22.7 9.0 5.9 1.2 
'1510 10.3 14.8 22.8 9.1 5.7 1.2 
1520 10.3 15.0 22.8 9.2 5.8 1.1 
1530 10.3 14.9 22.9 9.2 4.9 1.1 
1540 10.2 14.2 23.0 9.3 4.9 0.9 
1550 10.4 14.1 23.2 9.2 4.9 1.2 
1600 10.4 13.9 23.4 9.3 5.2 1.1 
1610 10.3 14.5 23.6 9.3 4.9 1.0 
1620 10.3 14.2 23.7 9.3 5.7 1.0 
1630 10.4 15.1 23.9 9.4 5.7 1.0 
1640 10.4 13.9 23.9 9.4 4.5 1.0 
1650 10.3 14.7 23.9 9.4 5.3 0.9 
1700 10.4 15.0 24.0 9.4 5.6 1.0 

24 July 1975 

0720 9.9 15.1 15.8* 8.8 6.3 1.1 
0730 9.9 15.6 19.6 8.9 6.7 1.0 
0740 9.8 15.3 19.6 8.9 6.3 0.9 
0750 9.9 15.4 19.6 8.9 6.5 1.0 
0800 9.9 16.0 19.7 8.9 7.1 1.0 
0810 10.0 16.4 19.7 8.9 6.5 1.1 
0820 9.9 15.5 19.8 9.0 6.5 0.9 
0830 9.9 15.1 19.7 8.9 6.2 1.0 
0840 9.8 16.1 19.8 9.0 7.1 0.8 
0850 9.9 15.8 19.8 9.0 6.8 0.9 
0900 9.9 15.2 19.8 9.0 6.2 0.9 
0910 10.0 15.2 19.8 9.1 6.1 0.9 
0920 9.8 16.0 19.8 9.1 6.9 0.7 
0930 10.0 15.8 19.8 9.1 6.7 0.9 
0940 10.2 15.8 19.9 9.1 6.7 1.1 
0950 10.0 16.2 20.0 9.1 7.1 0.9 
1000 10.1 . 15.7 20.0 9.2 6.5 0.9 
1010 10.1 16.0 20.0 9.2 6.8 0.9 

* Thermocouple out of water. 
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Figure 2. Temperature vs time of day at locations on French Creek and on the 
fielson AFB power plant diversion creek. 

Likewise, the maximum temperature rise of 1.2°C 
from upstream of the diversion input to down
stream probably is not cause for concern, particu
larly since this difference is between the tempera
ture of a stratified surface layer of warm power 
plant cooling water and the natural temperature of 
French Creek. The diurnal temperature, therefore, 
is greater than the overall temperature rise of water 
in French Creek due to the thermal input. 

It is interesting to note that very little cooling 
takes place in the %-mile (1.2 km) run before the 
water enters French Creek. Temperatures mea
sured at the beginning of the diversion channel, 
next to the power plant cooling pond, show 23.3°C 
at 1200 hours on the 23rd. At 1320 on that same 
day the temperature of thermocouple 3, just 25 ft 
(7.6 m) before this water enters French Creek, was 
22.3°C, a drop of only 1°C. At 0705 on the morn
ing of the 24th the temperature at the input to the 
diversion channel was 23.1°C; at 0730, 25 min 
later, the temperature at thermocouple 3 was 
19.6°C, inicating a 3.5°C temperature drop over 
the course of the diversion channel at this time. 

The progress of mixing as the warm water enters 
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the creek follows a very typical pattern. Ther
mocouple 2, just 15 ft (4.6 m) downstream from 
the input of warm water, shows considerably more 
fluctuation than any of the other thermocouples. 
(This, as noted before, is due to the turbulent mix
ing of the eddies of warm and cold water that pass 
by the thermocouple.) However, the temperature 
difference between thermocouples 4 and 2 (LH2-4) 

shows a low of 4.6°C and a high of 7.1°C. This 
could be construed as thermal pollution in this 
area, were it not that this mixing process is a sur
face phenomenon which has little if any effect on 
the total thermal regime of French Creek itself. This 
7.1°C temperature difference has dropped to a 
1.1 DC difference by the time the mixing process 
has proceeded to the position of thermocouple 1, 
110 ft (33.5 m) downstream. Since the mixing 
processes are surface phenomena (the lighter 
warm water tends to stay on the surface until mix
ing and cooling integrate it into the rest of the 
creek), the rise in temperature of French Creek due 
to the warm water from the power plant is, there
fore, less than the 1.2DC maximum measured dif
ference between thermocouples 1 and 4. 



CONCLUSIONS 

Since the diurnal variation is as much as 1.5°C, 
and the average rise recorded from above the 
input to below was only 1.0°C, it would appear 
that no significant thermal impact on the natural 
state of French Creek is evident. In support of 
this, grayling were noted in French Creek dur
ing the measurement period, and there was no 
evidence of increased algal growth in the area bf 
the warm water input. Since the measurement 
period covered only two days during one sea
son, it cannot be conclusively stated that ther
mal pollution arising from the power plant cool
ing water input is absent. However, the mea
surement period was selected to coincide with a 
warmer-than-average period of the summer 
season (when waters are at their highest tem
peratures for the year), and conditions in the 
creek should have been in equilibrium. Con
cern could be expressed that the winter impact 
might be more severe, due to the normally 
lower temperatures in the creek. However, 
cooling water is not dumped into the diversion 
channel during cold weather. If thermal pollu
tion by any of the above definitions existed, it 
was only in the immediate vicinity of the diver
sion channel input and was confined to such a 
small area as to be negligible at this time. 
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