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GENERAL COMMENTS 

The monitoring program for 1969, reviewed in the annual 

report for that year, was carried out along much the same 

lines as that for 1968, but with several important additions 

to improve the coverage. These were most notable in the 

water monitoring program, with measurements much closer to 

the discharge canal being initiated in several instances. 

Some further strengthening of the program is anticipated 

because of coordination with a research project on cooling

water discharge by the Edison Electric Institute. 

The survey results demonstrate that in 1969, as in 

1968, the monitoring program was adequate to show that the 

St. Croix River area did not receive from the Allen S. King 

Plant any pollution of sufficient impact to damage major 

portions of local aquatic and terrestrial ecosystems. Never

theless, shortcomings can be found in the methodology of the 

program (they are of course inevitable in any scientific 

study), and it is useful to point out such shortcomings for 

several reasons. First, some could be overcome with little 

or no expense by redesigning aspects of the program, or of 

methods for presenting data. Examples might be the taking 

of water temperatures regularly in the vicinity of station 

3A for attached algae, and the graphing of data on algal 

chlorophyll versus water temperature at the site (see Fig. 

1). Second, some shortcomings are sufficiently serious that 

appreciable additional expense ought to be incurred to rectify 

the situation. Examples might be the need to sample zooplankton, 

or to sample invertebrate populations within the zone of heated 

effluent, or to study the possibility of winter fish kills 
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within that zone owing to temperature shock during plant 

shutdowns. Such additional expense could be offset by 

cutting back somewhat on the program of routine water anal

ysis or on the fish studies in some of the areas more remote 

from the King Plant. Third, some redesign ought to be 

undertaken to establish more clearly the very local in

fluence of the King Plant, even though that influence is not 

serious and well within permit specifications. (Electric 

utilities do have some responsibility to establish the 

effects which their operations may have on the environment, 

if only to provide a scientifically sound basis for extra

polation from one site to another.) An example here might 

be the collection of more extensive data on attached algae 

within" the zone of heated effluent in order to establish the 

correctness of the tentative hypotheses of King Plant in

fluence put forward by Prof. Brook on pp. 7-8 of his report 

on attached algae. Fig. 1 shows their response to tempera

ture at stations 3 and 4, but because temperature data are 

not available for station 3A near the discharge canal, it is 

not at all clear whether algal chlorophyll synthesis may have 

been increased in spring or inhibited in summer on account 

of temperature elevation by heated effluent at that site. 

Many more data in the vicinity of the discharge canal would 

be of great interest in this connection, and might help to 

establish whether temperatures beyond 80°F can inhibit 

chlorophyll synthesis. (Average temperatures over the full 

period of exposure would be better than terminal temperatures, 

but perhaps satisfactory data could be obtained by using 

maximum/minimum thermometers at each site.) 
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As a general conclusion after examining the whole report, 

it seems to this reviewer that in spite of a marked improve-

ment of the program, the various persons engaged in monitoring 

(and perhaps other interested parties such as the Minnesota 

Pollution Control Agency) might profitably carry out a joint 

evaluation of the separate and overall objectives of the 

program with a view to further coordination, modification, 

and improvement. 

PARTICULAR COMMENTS 

1. Comparison with 1968 report. Several of the specific 

deficiencies noted in my review (dated 6 November 1969) of 

the annual report for 1968 have been at least partially made 

good, particularly studies in the zone of heated water near 

the mouth of the discharge canal. In most cases this was 

done on the investigator's initiative well before my review 

was written. However, deficiencies remain, notable among 

them the absence of any study of zooplankton. Most of the 

objectives of the initial monitoring program which were 

listed in my earlier review (pp. 3-4) as unfuifilled remain 

so. And once again, insufficient effort has been devoted to 

presenting data in useful graphic form. 

2. Coal pile drainage. The rise in salinity of the coal pile 

drainage, noted in Fig. 2 of my 1969 review, has not continued, 

and 1969 salinities are generally well below those of the 
• 

1968 peak. NSP has carried out studies in more detail than 

formerly, and has attempted to reduce seepage by slag depo-

sition in low spots. 
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3. Water temperature in summer. Three comprehensive surveys 

off the mouth of the discharge canal were undertaken this 

year, and indicated warming of 3°F over about 60-100 acres 

at the surface and 35-70 acres at a depth of five feet. 

Isotherm maps were drawn, but unfortunately were not included 

in the report. The report indicates that many more such 

surveys were planned for the following summer. 

4. Water temperature in winter. Work was initiated on this 

problem, and a valuable survey of ice conditions was under

taken which indicated much less open water than initially 

anticipated near the mouth of the discharge canal. However, 

the survey also indicated considerably more open water down

stream of the railroad bridge well below the King Plant than 

had been the case prior to plant operation, which seems 

likely to be the causative factor according to this report. 

5. Invertebrates. This survey followed the pattern of the 

previous year, and again the major criticism must be that 

sampling was not carried out within the zone of heated 

effluent. 

6. Phytoplankton. Unfortunately this program has been cur

tailed in one direction by omitting measurements similar to 

those of 1968 on algal photosynthesis and chlorophyll con

centrations. However, the program was expanded in another 

direction (and further expansion was contemplated) by 

studying some effects on phytoplankton of passage through the 

condenser cooling system. In 1969, as in 1968, the major 

series of collecting stations over the year did not include 
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any in the zone of heated effluent, which is a serious de

ficiency in the program (as noted in my earlier review). It 

would be of particular interest to examine the phytoplankton 

population in the heated zone through winter and early spring. 

Lastly, no studies at all have been carried out on nanno

plankton. 

7. Attached algae. In this case one new sampling station 

(3A) was added 350 feet from the mouth of the discharge 

canal. However, no temperature data are available to show 

how much the station is affected by heated effluent. Some 

response of attached algae to thermal effects of the King 

Plant is inferred, but considerably more detailed work (pro

bably including more stations) is necessary to establish this 

point (and apparently is contemplated). In this connection, 

temperature measurements should be made regularly at the 

various sites under study, otherwise conclusions on response 

to thermal effects will be tenuous at best. 

A new index of algal diversity has been employed, but 

has not been applied comparatively to data from previous 

years. 

8. Fish. This year some slight effort was devoted to studying 

fish within the zone of heated effluent, by adding two gill 

net sets there to the other twenty sets elsewhere. The re

sults are not discussed, but the data in Appendix B suggest 

that at that time sauger were proportionally more abundant 

in the heated zone than elsewhere. Gizzard shad were absent 

in the heated zone, although proportionally abundant at most 
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other stations. As noted in my previous review, the in

fluence of the heated zone on fish populations obviously 

deserves much more attention -- at all seasons. Inciden

tally, a limited kill of gizzard shad (a southern species) 

in the discharge canal was observed in February 1969, after 

an emergency plant shutdown. 

This year a statistical examination of year-to-year 

differences in fish catch is included. 

9. Creel census. An improvement this year was the addition 

of a brief survey in the discharge canal between 24 April 

and 3 May. Results were limited, but suggest the desira

bility of further study. 

The report for 1969 indicates that the presence of 

heated effluent has greatly increased the degree of bank 

fishing in section #2 near the King Plant, and not only in 

the winter season. Moreover, the report points out (and 

Fig. 2 shows) that the catch (as lb/acre) in that section 

increased even more (3.1 times) than the fishing pressure 

(2.4 times). Although the report does not point it out, the 

rough-fish catch in section #2 increased in 1969 about 16-

fold over the 1967-68 catch, while the sport-fish catch 

increased less than 3-fold. In 1967-68 rough fish made up 

about 3% of total catch in section #2, while in 1969 they 

made up 16%. (For all sections, rough fish increased from 

7% of total catch in 1967-68 to 11% in 1969). 

10. Air monitoring. Because the methodology has changed 

little this year, many of the criticisms on data presentation 

and other matters which I made in my earlier review still 
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hold. However, there is increasing evidence that the King 

Plant is not a major source of sulfur dioxide pollution as 

compared with other local sources such as space heating. 

This year considerable attention is devoted to the 

study by the Wisconsin Natural Resources Dept. and no mention 

is made of "wide variance from NSP's recorders." 

11. Plant pathology. Again, the major criticisms ln my 

earlier review remain cogent because the monitoring program 

is basically the same despite some additions (e.g. soil 

tests, analysis of conifer needles for sulfur). This year, 

however, as suggested in my earlier review, a paragraph is 

devoted to indicating the levels of sulfur dioxide pollution 

at which damage to plants might be expected, and comparing 

them with maximum concentrations observed at various air

monitoring stations. A lethal concentratilln of 3.5 ppm S02 

is quoted for lichens, together with a range of hourly air 

maxima around the King Plant from 0.10 to 0.24 ppm. Studies 

by Bruce Dreisinger in the Sudbury area of Ontario would 

perhaps be of greater interest, because they indicate that 

for perceptible damage to sensitive higher plants (native 

and cultivated) to occur the concentration of S02 must 

exceed 0.70 ppm for 1 hour, 0.40 ppm for 2 hours, 0.26 ppm 

for 4 hours, or 0.18 ppm for 8 hours (see Gorham, E., 1970, 

The Naturalist, vol. 21, p. 14). 

The conclusion of this section, that power companies 

might collect S02 and convert it to a useful sulfur ferti

lizer, represents an admirable innovation in NSP's series 

of environmental reports! 
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SUMMARY 

The environmental monitoring program for the A. S. King 

Plant on the St. Croix River has shown that in 1969, as in 

1968, substantial pollution damage was not observed anywhere 

in the vicinity of the plant. The program has been improved 

in several ways, and further change is contemplated. How

ever, many additional improvements could yet be made, some 

of them for little or no increase in cost. To that end, a 

joint evaluation of the program by all concerned would seem 

in order at this time. 

Such an evaluation seems to this reviewer especially 

desirable for the following reason. Scientists engaged in 

environmental monitoring of this kind have not only the 

responsibility of testing a company1s compliance with permit 

regulations. They also may be said to have a responsibility 

to the general public, to the scientific community, and to 

themselves -- to design the very best program possible with 

the resources available, i.e., one that will yield the 

maximum of useful ecological information and that will 

stand up to rigorous standards of critical review. The 

present program cannot be said to fulfill this higher re

sponsibility, and to that extent the scientists involved 

have done less than their best with the facilities and 

funding available to them. 
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FIG. 1. Standing crop of chlorophyll ~ in attached algae, 

in relation to water temperature near the site 

80 



-Q) 
I.. 
U 
o 
I.. 
Q) 
Q. 

'" -0 
c 
;:) 

o 
Q. 

J: 
U .... 
~ 
u 
....I 

~ o .... 

40 

30 

20 

10 

o • 
o 10 20 30 40 

FISHING PRESSURE (thousands of man /hrs ) 

o 1966 - 7 0 1967 - 8 .1968 - 9 (triangles 
for range 2 by King plant) 

FIG. 2. The relation between fish catch and 
fishing pressure 
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