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Iowa Electric Light and Power Company 
May 14,'1984 

NG-84-1896 

Mr. Harold Denton, Director 
Office of Nuclear Reactor Regulation 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Subject: Duane Arnold Energy Center 
Docket No: 50-331 
Op. License No: DPR-49 
Additional Information Supporting ETS-30 

Dear Mr. Denton: 

This letter and attachments are submitted as additional information 
to support proposed Environmental Technical Specification change ETS-30, 
submitted on January 26, 1984, NG-84-074. The subject of the proposed change 
is Deletion of Study on the Effects of Cooling Tower Exhaust on Nearby 
Vegetation.  

Please contact this office if additional information is needed 
regarding this subject.  

Very truly yours, 

Richard W. Mc 
Manager, Nuclear Division 

RWM/BWR/dmb* 
Attachments: 1. Letter, D. McDonald to B. Reid 

2. 1982 Ecological Study 
3. 1983 Ecological Study 

cc: B. Reid 
L. Liu 
S. Tuthill 
M. Thadani 
NRC Resident Office Q0 1 
8405210323 640514 
PDR ADOCK 05000331 
P PDR

General flice * P0. B(P\ 351 * Cedar liapids, Iow 52406 * 319/398-4411



Donald B. McDonald, Ph.D.  
Limnologist 

Box 129, Route 1 
Phone 319/645-2155 

Iowa City, Iowa 52240 

25 April 1984 

Mr. Billy W. Reid 
Iowa Electric Light & Power Company 
P.O. Box 351 .  
Cedar Rapids, Iowa 52406 

Dear Mr. Reid: 

This letter is in response to your letter of April 19 relative to the deletion 
of the monthly survey for salt damage from the N.R.C. Environmental Tech Specs.  
I was responsible for the monthly inspections for salt damage through 1978.  
During that period I observed no evidence of salt damage or.other evidence of 
adverse effects of cooling tower operation on the terrestrial vegetation. The 
only effects which were apparent were a slightly delayed development of 
vegetation during the early spring and a slightly advanced rate of plant 
succession downwind of the towers but neither of these effects could be considered 
detrimental.  

Surveys conducted by Ecological Analysts from 1979 through 1982 indicated that 
the vegetation downstream of the towers was healthy and demonstrated no 
significant salt injury problems. Although many symptoms of plant injury were 
observed only a few might be confused with or partially attributed to salt 
injury resulting from cooling tower drift. It is significant to note that in 
most cases symptoms observed in the vicinity of the towers were also found in 
control areas. The studies indicate that salt from the cooling tower drift was 
not the primary factor stressing vegetation in the vicinity of the station 
although drift may have slightly increased the severity of the problem. In any 
event, the impact of salt drift on vegetation, if any, was minimal and confined 
to a limited area around the cooling towers.  

Although possible salt drift damage was reported to soybeans during the summer 
of 1983, it is, in my opinion, unlikely that these effects were due primarily to 
salt damage or could be considered a significant environmental impact. The 
symptoms reported, bifacial necrosis and chlorosis, have been previously observed 
on vegetation in control areas outside of the zone of influence from the cooling 
towers. In any event, the limited area effected and the lack of any significant 
long-term effects observed over the course of the study appear to justify the 
deletion of the vegetation monitoring program from the Tech Specs.  

For your convenience I am enclosing copies of the 1981 and 1982 reports of 
vegetational surveys. If you need any.additional information please let me know.  

Sincerely, 

Donald B. McDonald 

cc: Mr. McPartland w/E 
Mr. Young w/E
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8.0 TERRESTRIAL VEGETATION 

8.1 INTRODUCTION 

The terrestrial monitoring program for 1981 consisted of five visual 

inspections of vegetation in the vicinity of, and down-wind from, the 

cooling towers at the Duane Arnold Energy Center (DAEC). The purpose of 

the inspections was to document any evidence of vegetation injury.  

resulting from salts in the cooling tower drift, as an indicator of 

potential impacts to the terrestrial ecosystem in the site vicinity.  

Vegetation was inspected for both salt injury, and for injury resulting 

from pathological problems, insects, and environmental stresses.  

Chemical analyses would have been conducted to confirm salt injury, had 

significant injury been suspected.  

8.2 HISTORICAL REVIEW 

Operational surveys to determine phytosociological changes in vegetation 

resulting from operation of the OAEC were reported by Konefes and 

McDonald (1978). They noted considerable change in vegetational 

commffunities over a five-year period that had resulted 
from climate, 

* disease, human activity, and natural 
succession, but no evidence of 

changes resulting from operation of the DAEC were 
found.  

No records of inspections for salt injury prior to 1979 were reviewed, 

but conversations with DAEC staff (Personal Communication 
George Kuehn, 

Jr., 26 August 1980) indicated that letters in DAEC 
files demonstrate no 

salt injury in years prior to 1979.  

Surveys conducted in 1979 and 1980 found vegetation 
to be lush and 

healthy as a result of above-normal rainfall, and demonstrated no 

significant salt injury problem. Pathological and insect related 

problems were common in many species, and it was possible that salt 

accumulation or uptake from cooling tower drift contributed to the 

severity of these problems. Symptoms on cottonwood that appeared similar 

to S02 or oxidant leaf injury might have been caused by H2SO4 in cooling 

tower drift, or by contact herbicides or fungal diseases.  

8.3 FIELD AND ANALYTICAL PROCEDURES 

Field inspections of vegetation at the DAEC were conducted on the 

following dates in 1981: 28 May, 26 June, 24 July, 20 August, and 

22 September. Tree, shrub, and herbaceous foliage were inspected at each 

of the following three areas on the DAEC site (Figure 
1-1, Chapter 1): 

a. Location A - along the west river shore approximately 0.25 miles 

upstream from water quality sampling Location 
2 (northeast of the 

cooling towers), 

b. Location B - along the west river shore adjacent to water quality 

sampling Location 2,
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c. Location C - directly east of the cooling 
towers and immediately 

outside of the fenced area.  

Examples of several species in each stratum were examined 
for symptoms of 

salt injury) and other problems. A record was made of the species 

inspected by location and stratum, of any abnormalities, and of the 

general condition and health ofthe vegetation. 
Any suspected injury was 

photographed for stress symptoms. Because significant salt injury was 

not suspected in the injury noted 
in 1981, analysis for total salts on 

unwashed samples of affected and unaffected foliage was not performed. A 

summary of results from each field trip was presented in the monthly 

progress reports. Visual symptomology followed descriptions 
and photo

graphs presented by Jacobson and Hill (1970), Tibbetts and Olszyk (1975), 

and Applied Science Associates, Inc. (1976).  

8.4 RESULTS AND DISCUSSION 

The vegetation of tie three sampling areas consisted of common 

successional and old field species; Location C was herbaceous old field 

whereas Locations A and B were shrubby 
edge along the river bank.  

Considerable large shrub 
and small sapling vegetation had been 

mechani

cally removed since the 1979 su .rveys,, including all 
of the woody 

vegetation at Location C.  

Vegetation of the sampling area was generally healthy and fully developed 

as a result of adequately distributed precipitation 
throughout the 

growing season. Numerous insect (leaf eating, gall, miners) and 

pathogenic fungi (rusts, leaf spots, powdery mnildew) problems developed 

on most plant species present, in varying levels of severity. f 

Of the many injury symptoms noted on various species, only a few might be 

confused with, or partially attributed 
to, salt injury resulting from 

cooling tower drift. The Lewis Bottom Park, approximately 5 
miles north 

of DAEC, had been used as a control location in 1980 for examination of 

species with suspected symptoms. Most symptoms were found to also occur 

in the control area, although sometimes at lower levels of severity, thus 

indicating that salt might be a secondary rather than a primary factor 

contributing to the injury symptoms observed at DAEC. Symptoms noted in 

1981 are in all cases similar to those noted in 1980.  

Green ash (Fraxinus pennsylvaniCA) exhibited the same bi-facial 

chlorotic/necrotic laf spot that was 
present in 1979 and 1980. The 

symptom was common offsite and at the control location in 1980 s0 it was 

thus attributable to factors other than salt drift.  

H ackberry (Celtis occidentalis) at Location 
A continued to decline and 

exhibited heavy gall insect infestation, chlorotic leaves, tip 
burn, and 

early leaf loss. Symptoms were limited to a few small individuals, and 

were similar but more severe than those found on hackberry at the control 

location in 1980. The problem appeared to be primarily a result of heavy 

leaf gall infestation, but salt drift could have been a contributing 

factor. Some tip and margin necrosis occurred on other tree species 
as 

leaves were beginning to mature in September, which 
also might be an 

indication of minor salt accumulation.
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Cottonwood (Populus deltoides) at Location B exhibited extensive 

chlorosis and bifacial necrotic stipple on lower leaves of small trees as 

in 1980. The symptoms appeared very similar to SO2  and oxidant injury, 

but can also be caused by contact herbicides, such as paraquat, and by 

leaf spot fungi, such as Cercospora po ulina. Similar symptoms noted 

adjacent to cooling towers at Palisades Nuclear Plant in Michigan were 

attributed to sulfate deposition resulting from tie addition of HS04 to 

the stationns cooling water (Rochow 1978). Sulfuric acid is adde to 

cooling water at DAEC (personal conmmuication, George Kuehn, Jr., 

26 August 1980), and thus is a potential but unlikely causal agent. In 

Septeimmber of 1981, sporanlgia fruiting bodies were found on the lower 

surfaces of affected cottonwood leaves, thus indicating 
leaf rust fungi 

as the probable causal agent. The problem did not occur on mature trees.  

Of the shrub species, grape (itus sp.) was generally healthy throughout 

the season. Poison ivy (Rhus radicans) which was heavily infested with 

gall and other insects, ex ibited con iderable interveinal chlorosi that 

was similar to symptoms at DAEC and the control location in 1980.  

Chlorosis was probably a result of the insects, but salt could have 

compounded the problem by predisposing the plants to stress.  

Herbaceous vegetation was generally healthy, lush, and free of problems 

other than leaf-eating insects. Salt and/or dust accumulation was noted 

on herbaceous leaves at Location C adjacent to the cooling 
tower, but no 

injury was present. Milkweed exhibited some chlorotic mottling with some 

interveinal and tip necrosis that might have been aggravated 
by salt 

uptake. The problem was not severe, as plants completed normal life 

cycles, and only occurred occasionally. Similar symptoms were noted in 

control locations along roadsides.  

None of the various injuries noted at DAEC were indicative of a signi

ficant pathological problem resulting from salt deposition or other 

environmental stress. Vegetation was generally healthy, and most of the 

symptoms described above were relatively isolated or 
low in severity.  

Although cooling tower drift may incrementally decrease the resistance of 

local vegetation to other stress, no major problem was apparent at DAEC.  

8.5 SUMMARY AND CONCLUSIONS 

Vegetation downwind from the cooling towers at DAEC 
was examined monthly 

from May through September 1981 for symptoms of injury resulting from 

salt accumulation. The vegetation was generally healthy and fully 

developed, and there was no evidence of significant salt injury. Leaf 

injury to cottonwood possibly attributed in 1980 to H2SO4 
in cooling 

tower drift was determined in 1981 to have probably been caused by leaf 

rust fungi. A variety of other insect and pathological problems affected 

the vegetation at the sampling locations. The severity of such problems 

might have been increased by salt stress, but salt from cooling tower 

drift was probably not the primary stressing agent in any case.  

Vegetation examined at an offsite control location in 1980 exhibited most 

of the injury symptoms present at DAEC, although in some cases, they were
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less severe. The ecological impact of salt drift at DAEC is minimal and 
insignificant, if present at all.  

8.6 REFERENCES CITED 

Applied Science Associates, Inc. 1976. Diagnosing vegetation injury 
caused by air pollution. U.S. Environmental Protection Agency, 
Washington, D.C.  

Jacobson, J.S. and A.C. Hill (eds.) 1970. Recognition of air pollution 
injury to vegetation: a pictorial atlas. Inform. Rept. No. 1, TR-7 
Agr. Comm., Air Pollution Control Assoc., Pittsburgh.  

Konefes, J. and D.B. McDonald. 1978. An ecological study of terrestrial 
plant communities in the vicinity of the Duane Arnold Energy Center, 
Operational Phase. University of Iowa.  

Rochow, J.J. 1978. Measurements and vegetational impact of chemical 
drift from mechanical draft cooling towers. Envir. Sci. Tech.  
12:1379-1383.  

Tibbetts, T.W. and D.M. Olszyk. 1975. Herbaceous plant injury studies, 
pp. 56-63. In D.E. Willard (ed.) Documentation of environmental change 
related to the Columbia Electric Generating Station. Fifth semi-annual 
Report, IES Rept, 46, Univ. Wisconsin, Madison.
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8.0 TERRESTRIAL VEGETATION 

8.1 INTRODUCTION 

The terrestrial monitoring program for 1982 consisted of five visual 
inspections of vegetation in the vicinity of, and down-wind from, the 
cooling towers at the Duane Arnold Energy Center (DAEC). The purpose of 
the inspections was to document any evidence of vegetation injury 
resulting from salts in the cooling tower drift, as an indicator of 
potential impacts to the terrestrial ecosystem in the site vicinity.  
Vegetation was inspected for both salt injury, and for injury resulting 
from pathological problems, insects, and environmental stresses.  
Chemical analyses would have been conducted to confirm salt injury, had 
significant injury been suspected.  

8.2 HISTORICAL REVIEW 

Operational surveys conducted in 1977 to determine phytosociological 
changes in vegetation resulting from operation of the DAEC were reported 
by Konefes and McDonald (1978). They noted considerable change in 
vegetational communities over a five-year period that had resulted from 
climate, disease, human activity, and natural succession, but no evidence 
of changes resulting from operation of the DAEC were found.  

No records of inspections for salt injury prior to 1979 were reviewed, 
but conversations with DAEC staff (Personal Communication, George Kuehn, 
Jr., 26 August 1980) indicated that DAEC files demonstrate no salt injury 
in years prior to 1979.  

Surveys conducted in 1979, 1980, and 1981 found vegetation to be 
generally healthy as a result of above-normal rainfall, and without 
manifest salt injury problems (Hazleton Environmental Sciences Corp.  
1980; Ecological Analysts, Inc. 1981, 1982). Pathological and insect 
related problems were common in many species, and it was possible that 
salt accumulation or uptake from cooling tower drift contributed to the 
severity of these problems. Cottonwood had symptoms that appeared 
similar to SO2 or oxidant leaf injury might have been caused by H2SO4 in 
cooling tower drift, or by contact herbicides or fungal diseases.  

8.3 FIELD AND ANALYTICAL PROCEDURES 

Field inspections of vegetation at the DAEC were conducted on the 
following dates in 1982: 27 May, 23 June, 26 July, 18 August, and 22 
September. Tree, shrub, and herbaceous foliage were inspected at each of 
the following areas in the vicinity of the DAEC site (Figure 1-1, Chapter 
1): 

a. Location A - along the west river shore approximately 0.25 miles 
upstream from water quality sampling Location 2 (northeast of the 
cooling towers), 

b. Location B - along the west river shore adjacent to water quality 
sampling Location 2,
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I: 
_____________________________

c. Location C - directly east of the cooling towers and immediately outside of the fenced area, 

d. Control Area - Lewis Bottom Access, approximately four miles north-northeast of DAEC.  

Examples of several species in each stratum were examined for symptoms of salt injury, and other problems. A record was made by location of the species inspected and any abnormalities noted. A variety of leaf specimens exhibiting chlorotic or necrotic areas were inspected by a plant pathologist. Because significant salt injury was not suspected among the injuries noted in 1982, analysis for total salts on unwashed samples of affected and unaffected foliage was not performed. A summary of results from each field trip was presented in the monthly progress reports. Visual symptomology followed descriptions and photographs 
presented by Jacobson and Hill (1970), Tibbetts and Olszyk (1975), and Applied Science Associates, Inc. (1976).  

8.4 RESULTS AND DISCUSSION 

Readily detectable cooling tower drift (i.e., drift that could be seen or felt) was noted to fall within approximately 175-200 feet downwind of the cooling towers. Within this area vegetation and ground were occasionally wetted by drift. Wistrum and Ovard (1973) And Taylor et al. (1976) reported thatof the drift from mechanical drift cooling towers that does not stay airborne, approximately 50% falls out within the first 150 feet with the remainder falling within the next 300 feet or so. Even with the most adverse conditions, all droplets that will reach the ground will do so within 1000 feet of the towers.  

The vegetation of the three sampling areas consisted of common successional and old field species; Location C was herbaceous old field, whereas Locations A and B along the river bank were shrubby edge.  Considerable large shrub and small sapling vegetation had been mechanically removed since the 1979 surveys, including all of the woody vegetation at Location C.  

One species of note was foxtail barley (Hordeum jubatum); this species was quite abundant within approximately 200 feet of the cooling towers.  When it was noted at other locations, it was very much less abundant.  This species is cited as an indicator of moderate soil salinity which may be caused by either chloride or sulfur ions (Ungar 1974). DAEC adds sulfuric acid (H SO4) to cooling tower water to control sealing, and the sulfate concentration of the cooling tower water is usually much higher than the upstream riverwater (see Chapter 2). The abundance of foxtail barley close to the cooling towers (where drift deposition is greatest) may indicate a buildup of sulfate in the soil.  

Vegetation of the sampling areas was generally healthy and fully developed; however, many symptoms of plant injury were readily apparent.  In all cases, symptoms were similar to those reported in 1980 and 1981..  Of these symptoms, only a few might be confused with or partially attributed to salt injury resulting from cooling tower drift. Symptoms noted at the DAEC sampling areas were also found at the control area, 
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although sometimes at lower levels of severity, thus suggesting that if 
cooling tower drift was the cause of the observed injury, it would be as 
a secondary rather than primary factor.  

Leaf-eating, gall-producing, and leaf-mining insects produced the most 
readily diagnosed injury which would not be confused with or related to 
drift-induced injury. General chlorosis or interveinal chlorosis of some 
specimens, occasionally resembling salt injury, may have resulted from 
Insect or fungal injury.  

Necrotic tissue was frequent on the leaves of many species. It occurred 
as bifacial stippled, flecked, or mottled areas, and as tip burn or 
marginal scorch. Close inspection of necrotic tissue that occurred as 
stippling, flecking or mottling almost always revealed that, as evidenced 
by the presence of hyphae or conidia, the plant was injured through 
fungal infection. Anthracnose fungal types were the most common cause.  
Colonization by rust and mildew fungi was also common.  

Occurrence of fungal problems at DAEC may be increased in response to 
cooling tower drift. The Boyce Thompson Institute for Plant Research 
(1980) reports that anthracnose pathogens require free moisture or very 
high humidity during inoculation, incubation, and sporulation; foliar 
rust fungi require high humidity and free moisture during germination and 
penetration of the host; and downy mildews require high moisture levels 
during incubation and sporulation. Fungal propagules have longer 
survival rates with higher moisture conditions, and individual phases of 
life cycles of some fungi are completed within a matter of hours. Thus, 
if the drift alters the environment of the leaf surface for a short 
period of 4 to 6 hours, the incidence of foliar diseases could be 
altered.  

Marginal scorch and tip burn were the only symptoms present that 
resembled salt injury that did not appear to be insect- or 
fungus-related. This was noted most prominently on hackberry and 
occurred at both the sampling area and the control area. August and 
early September were very dry, and this symptom was probably related to 
drought stress. Soils at DAEC may have been made physiologically drier 
by high ionic concentrations, thus exacerbating drought stress. However, 
the relatively large distance of hackberry from the cooling towers 
lessens this likelihood.  

8.5 SUMMARY AND CONCLUSIONS 

Vegetation downwind from the cooling towers at DAEC was examined monthly 
from May through September 1982 for symptoms of injury resulting from 
salt accumulation. The vegetation was generally healthy and fully 
developed, and there was no manifest salt injury. However, the abundance 
of foxtail barley only very near the cooling towers suggests the possible 
presence of relatively saline soils in that area. A variety of insect 
and pathological problems affected the vegetation at the sampling 
locations. The severity of such problems, particularly fungal problems, 
might have been increased by cooling tower drift, but salt from cooling 
tower drift was probably not the primary. stressing agent in any case.  
Vegetation examined at the offsite control area exhibited the injury 
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symptoms present at DAEC, although in some cases, they were less severe.  
The ecological impact of DAEC salt drift on vegetation was minimal and 
probably limited to an area within 500-1000 feet of the cooling towers.  
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