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Fermi 2 site, survey area, and flight line map of color infrared photograph
coverage, 12 August 1992.




2.2 YEGETATION COVER TYPE MAFPPING

Each Ektachrome transparency was separated from the others on
the roll, placed in a protective acetate sleeve, and labelled with
flight line and exposure number. A mirror stereoscope was used, as
described in the 1978 report (TI 1978), to establish each type boundary.
Land use and vegetation cover types were as defined in the same report.
The 1992 cover type map and base map were prepared from optically
reduced and corrected composites of the 1992 CIR photographs, using the
methods described previously (Tl 1978). Areas of each cover type were
measured by dot count method or digitel planimeter from the 1:24,000

scale map (1 inch = 2,000 feet; 1 square inch = 91.82736 acres).

2.3 VEGETATION STRESS

Areas lacking spectral reflectance on the CIR photographs were
interpreted as potentially containing vegetation stressed by morphologi-
cal and/or physiological injuries (e.g., defoliation, limb breakage,
disruption of photosynthesis). Both types of injuries reduce spectral
reflectance from an individual plant, producing differences in the color
of images on infrared photographs. With injury, the reddish photograph-
ic appearance, characteristic of healthy vegetation, grades to pink,
mauve, red-brown, white and yellow as infrared reflectance is progres-

sively lost.

The precise levels of spectral reflectance from a plant,
however, are also influenced by & complex of other factors unrelated to
the degree or type of injury. These factors include age of both the
plant and the foliage, season, and leaf type. For example, species with
compound leaves will produce less spectral reflectance than simple-
leaved species, thus appearing a shade of color different from that of
the adjacent vegetation. The leaves of some species (e.g., cottonwood)
may naturally change color earlier than other species, producing
differences in spectral reflectance that are not necessarily a result of

injury. In addition, many herbaceous species naturally complete their
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life cycle within one or twe years and die soon after flowering.
Consequently, color differences among herbs may simply represent

differences in life-cycle length and not areas of stressed vegetation.

In order to accurately determine areas of stressed vegetation,
several steps were followed. Areas with more than 50 percent of the
plants showing reduced spectral reflectance were delineated by the
photointerpreter as potential aveas of stress. These areas were
delineated on the even-numbered acetate sleeves with a fine-tipped
drafting pen. Areas so delineated were checked during ground truthing
to determine: (1) the species affected, (2) if the reduction in
spectral reflectance represented a species-specific infrared photograph
signature instead of stressed vegetation, and (3) the most probable
causal agent(s) if the vegetation was indeed stressed. Only areas
exhibiting current stress symptoms were identified as stress areas.
Areas of dead vegetation, but with healthy regrowth or regeneration were

assumed to represent areas recovering from previous injuries.

To further document vegetation stress, color photographs were
taken of typical examples of stressed species and of conspicuous causal
agents (e.g., fluctuating lake level). Color photographs were also
taken to document species-specific spectral reflectance signatures that
were tentatively identified as indicative of potential vegetation stress
but later found to represent natural differences in life history or leaf
characteristics. Where identification of plants proved difficult,

epecimens were collected using methods previously described (TI 1980).

Stressed areas delineated in the ground-truthed aerial
photographs were optically transferred to the cover type map, and the

affected areas measured by the dot-count method.



2.4 CROP TYPE MAPPING

The CIR photographs were also used to delineate crop types in
the survey area. Within 30 days of the first overflight, approximately
30% of the land supporting crops was field-checked. Aerial photographs
cannot be used to differentiate among crops of the same morphology, such
as various grains, hay, and other narrow-leaved members of the grass
family (Graminese). Consequently, cover-type categories were used
which represented the greatest degree of differentiation practical for
the study area. The change in cover-typing implemented in the 1987
survey was continued in 1992. This change reflects the federal govern-
ment's Set-Aside Program, effective from 1985 with the passage of the
farm bill of that year. Since then, up to 5% of each farmer's crop
acreage has lain fallow each year, as a means of controlling surplus
production. In many cases it proved difficult to distinguish between a
late-season field in which a small crop species like alfalfa was being
overgrown with robust weeds, and a fallow field grown up to a mixture of
about equal parts corn, hay, soy and pioneer weed species. On the
assumption that much of this heterogeneous growth represented potential
fodder or green manure, it was collectively assigned to the crop type

redesignated as "Hay, other grass crops, pasture and fallow." All plots
greater than five acres and many of the smaller plots were delineated on
the odd-numbered aerial photographs and assigned to type. These areas
were then optically transferred to the same base map used for cover
types, at a 1 inch = 2,000 feet scale (1:24,000). Acreage of each plot
was determined by dot counting (for plots less than 25 acres) and by
digital planimeter (for larger plots). The two methods were cross-
checked and calibrated against areas of known acreage for accuracy and
precision. Errors in the dot counts were found not to exceed five
acres; errors in the digital planimeter were less than five acres for

small parcels and less than 1% for larger plots.






SUMMER
PLUME
DRIFT

PLUME
DRIFT
8 ) = SOIL SAMPLING STATION

o = PROJECTED DISSOLVED SOLIDS
DEPOSITION ISOPLETHS
{Ib/acre-year)

-

Figure 2-2. Fermi 2 site, projected dissolved solids deposition isopleths,
and soil sampiing stations.
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TABLE 3-3. SUMMARY OF VEGETATION STRESS AREAS OBSERYED WITHIN THE FRENI 2 SURVEY AKEA. 9-1) SEPTENBER 1992  AREAS 1 ACRE NOT MAPFED. MAP LOCATION
COORDINATES FRON FIG.3-1

COVER NUMBEF TOTA: STRESSH!
TIPE OF AREA: ACRES PLANTS SYNPTONS PROBABLE CAUSES OF STRRSS
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graphs show the early autumn color to be prevalent among most lakeshore
populations of Green Ash (Fraxinus pennsylvanica), whether as stump or

sapling regeneration.

Ground truthing makes it possible to distinguish between those
aerial photogr-aphic images that depict ordinary seasonal effects and
those of an extraordinary nature. For instance, injury to waterlogged
woody growth often takes place in the midst of seasonally browning Reed
Canary Grass (Phalaris arundinacea) (Figures 3-5 and 3-6). In other
cases, the whole plant community appears to be undergoing natural
senescence or co'or change (Figures 3-7 and 3-8). Alternatively, a
whole plant community may appear to be under unusual stress from lake-
level fluctuations that have been more drastic than average in recent

years (Figure 3-9).

Despite the generally favorable climate for growth in 1992,
fencerow vegetation still showed a tendency, noted in other study yeers,
to turn color early, regardless of species composition (Figure 3-10).
The most prominent of these essentially linear features have been
located by the map coordinates of Figures 3-1 and 3-13 and listed in
Table 3-3. However, because of their relatively small number and area,

they do not contribute to the total acreage calculated for Table 3-3.

Starting in 1992, the Pointe Mouillee State Game Area intro-
duced artificial water-level changes to the study area to improve and
incresse habitat for both nesting and migreting waterfowl and shore-
birds, on the rotational schedule described in Section 3.2 (Ainslie
1993). Figure 3-11 records injury to American Lotus (Nelumbo Jutea) as
the result of a late-summer drawdown to stimulate germination of
emergents. The damage was of such recent origin that no sign of it
appeared in the aserial photographs taken the previous month. All future
observations of the study area will probably include examples of this

new source of stress.
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3.2.3 Chemical Factors

The only stress effects likely attributable to chemical
factors occurred in one area where impeded drainage permitted the
accumulation of road de-icing compounds (Table 3-3). While no stress
attributable to chemical by-products associated with the Fermi 2 plant
was noted by the 1992 or previous surveys, continued monitoring is
appropriate. Essentially unchanged since 1988, the scale/deposit
control program currently makes use of Betz 3450, a copolymer of acrylic
acid and hydroxypropylacrylate that acts as a scale inhibitor/
dispersant. Betz 3450 is fed into the cooling wéter to maintain a
concentration of 1-5 ppm. In 1991 and 1992 bromo-chlorodimethylhydan-
toin, an oxidizing biocide, was applied to cooling water for microbio-
logical control. To lower pH and improve biocide effectiveness, this
treatment was reinforced eight times during 1992 by the bulk addition to
cooling water of 16% sodium hypochlorite and 93% sulfuric acid, at 5,000
and 3,000 gallons respectively per dose (Lehmann 1993). None of these
compounds is anticipated to cause measurable impacts beyond the immedi-
ate cooling system environment. Specifically, soil buffering capacity

should be adequate to neutralize the two agents applied in bulk.

3.2.4 Species-specific Signatures

Many of the potential stress areas originally delineated
represented species-specific spectral reflectance signatures rather than
areas of actual injury. Two types of species-specific signatures were

identified by NAI during the 1992 field survey:

(1) Species uniformly exhibiting natural end-of-season color

changes (Figure 3-8).

(2) Herbeceous species naturally terminating their life
cycles (Figure 3-7).
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studies grew up to wheat for eventual harvest the following summwer.

With the current low expectation of favorable growing conditions through
at least the middle of 1993, farmers were apparently choosing no-tillage
or conservation tillage options as provided for in the 1985 Farm Bill.
These in combination with the usual set-aside option no doubt account
for the relatively greater proportion of the miscellaneous Hay cover
type and the relstively lower proportion of Earth in the 1992 aerial
imagery.

3.4 SOIL DESCRIPTIONS AND ANALYTIC RESULTS

Soils selected for sampling belong to the Lenawee and the
Toledo series, both silty clay loams with restricted drainage. These
two soil series have many properties in common (NAI 1983). Both scils
are very fine-grained, level, and often wet, with mottles in the
subsoils. The land capability classification of Lenawee soils is IIW;
that of Toledo soils 1IIW. These correspond to moderate and severe
limitations, respectively, that reduce the choice of crop plants due to
wetness, or that require conservation practices. These soils are
derived from lacustrine deposits of fine particles, carried by the
continental glacier, which settled in still, ponded water during the
Wisconsin glaciation (SCS 1981). These soils are typically underlain by
bedrock of limestone, dolomite, and gypsum, which help to buffer the
soils and provide dissolved ions of calcium (Ca®"), magnesium (Mg®*),
bicarbonate (HCO;”) and sulfate (50,¥") in the surface and groundwater
(NUS Corporation 1974).

Results from the 1992 sample analysis varied within acceptable
limits (Teble 3-5). Values for pH ranged from 5.61 at Sample Station 3
to 7.00 at Sample Station 5. When the six sample station pH values were
averaged as pairs by zone of predicted deposition intensity (Table 3-6),
the range narrowed considersbly, from & mean of 6.26 in the zone of
highest predicted intemsity to & mean of 6.91 in the zone of intermedi-
ate predicted intemsity. The fact that all three mean pH values lie
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MEAN VALUES* FOR SOIL PARAMETERS FROM BACE SAMPLING STATION. 1990, 1988, 1987 AND 1983 DATA IN PARENTEESES CHRONOLOGICALLY ORDERED BELOW

PROJECTED
DISSOLYED SOLIDS PERCENT WATER-SOLUBLE CONCENTRATIONS IN mg/kg
DEPOSITION ORGANIC
SANPLE RATE (1b/ac/yr) CONDUCTIVITY LOSS ON CALL SULFATE CELORIDE
NO DURING PLANT OPERATION SOIL TYPE | mmho/c IGRITION ¢ 50, ° e
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TABLE 3-6. NEAN VALUES* FOR SOIL PARANETERS BY DEPOSITION 20ME. FIGURES IN PARENTEESES ARE THE POUR-YEAR MEANS OF PREVIOUS DATA POR EACE

SANFLE STATION.
PIICII: WATER-SOLUBLE CONCENTRATIONS IN mg/kg

BONE OF PREDICTED CONDUCTIVITY LOSS ON CALCIUN SULEATE CHLORIDE
DEPOSITION INTENSITY Pl unho/ca 1GNTTION Ca®* 50, %" a-
lov 6.80 188 14.%0 Q.20 8.15 7.63
1.13) 3n (14.16) (30.21) (20.64) 12.73)

Moderate 6.91 250 12.40 58.55 (R E 4.98
(1.25) (388) a1.m (39,93) (26.86) (9.36)

High 6.26 198 15.83 4.3 418 6.08
(6.91) (333) (14.73) (37.83) (46.94) (8.33)

*Mean based on two sample stations per zone.
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CROP PLANT RESPONSE TO SALINITY*

A | 8 c 0 E
1.0 ~
J -l
§ 08 o
100 SATURATION PERCENTAGE —’7/ =
z 7~
~ 08 = -
<
w —
—
04 -
& >
O .
& o2
& 4
01 // -
] 4,000 8.000 12.000 16.000 > 16.000

CONDUCTIVITY OF SATURATION EXTRACT
(Micromhes/cm at 25°C)

>

Negiligible Effects on Yields
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Figure 3-14.. Rewution of the percent sait in the soil to the electrical conductivity of the
saturation extract and to response (in the conductivity ranges designated
bykm&B.C.D.E).%mgsmrdmdmmpmpombyuhmty
scale, after Richards, 1954, p. 9).
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Figure 3-15. Monthly thermal capacity factor values at the Fermi 2 Power Plant for 1991 and 1992,
expressing percentage of full power production
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