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ABSTRACT

In situ and remote-sensing techniques for measuring thermal plumes are
compared for five separate occasions. The remote-sensing aspect of the
experiment was done by The University of Wisconsin using a DC-3 as a plat-
form. Thermal scans were made with a Texas Instrument RS-18A scanner in the
8- to 14-um range. The data were recorded on analog tape and later digitized.

The in situ method was used by Argonne National Laboratory, employing
a 5.5-m cathedral-hull fiberglass boat. Temperatures at the surface and at
various depths were measured with fast response thermistor probes. The boat
position was determined with a Motorola Mini-Ranger range positioning system.

Comparison of the plumes from both methods indicates good agreement
with respect to the general plume configuration, areas within isotherms, and
centerline temperature decays. The only exception to this conclusion is
found on one day, June 6, 1973, an exceptionally caliu day with no waves and
extremely low wind and ambient water velocities. Probable reasons for dis-
agreement under such ambient conditions are discussed.

The inherent advantages and disadvantages of each method are discussed
in light -V .he results of the two sets of data. This includes both the
data coy. ting and data analyzing procedures. It is concluded that judi-
cious combination of both methods offers a better picture of thermal plumes
than can be obtained by either technique alone.

Work performed by Argonne National Laboratory under the auspices of the
United States Atomic Energy Commission. Infrared scanning by the University
of Wisconsin jointly sponsored by the State of Wisconsin Department of
Natural Resources and Wisconsin Power and Light, Wisconsin Public Service
Corporation and Wisconsin Electric Power Company.
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1. INTRODUCTION

Condenser waste heat release from steam electric power plants is a
critical aspect of power plant siting and licensing within the USA. Accord-
ing to federal law, waste heat discharged to any body of water should be con-
sidered a pollutant and as such must be regulated. In fact, in accordance
with the mandates of the Federal Water Pollution Control Act Amendments of
1972 in eliminating all pollutant discharges into navigable waters by 1985,
the United States Environmental Protection Agency (EPA) has recommended es-
sentially the total abolishment of open cycle (once-through) condenser cool-
ing in favor of closed cycle methods. The proposed EPA guidelines, which
as of this writing are only recommendations subject to revision, are shown
in Table I. Note that the suggested thermal guidelines allow for variances
to be granted. The 1972 Water Quality Act specifies that variances will be
permitted if it can be shown that the proposed thermal regulations are more
stringent than necessary to ensure the propagation of a balanced, indigenous
population of shellfish, fish and wildlife in and on the body of water into
which the heated discharge is to be made; the onus of proof is on the util-
ity either using or proposing to discharge condenser waste heat.

Clearly, as part of any variance request, soms evidence of thermal plume
behavior, both temporally and spatially, must be provided. For a newly pro-
posed plant or one under construction, the only recourse available is to use
theoretical or hydraulic model studies to provide such information. For
operating power plants, field measurements can be made on actual plumes.

Historically, plume field measurements have been made with possibly one
or more of the following objectives in mind

(a) To assess, and therefore minimize, plume water recirculation between
intake and discharge points, which could reduce plant efficiency.
(b) To help predict possible ecological effects associated with heated
discharges.
(c) To develop better intake and outfall designs to satisfy water quality
standards or, conversely, to demonstrate the viability of such designs for
compliance with such standards.

For some time, the classical technique for measuring plume temperatures
has been to use a boat with in situ temperature-sensing instrumentation; for
spatial resolution, the boat merely negotiates through the plume area. More
recently, in the later 1960's aerial infrared scanning became commercially
available after having been originally developed for remote surveillance by
the military. Both methods are in common usage today for thermal plume mea-
surements; however, except for the obvious advantages and disadvantages of
the methods, little effort has been extended to systematically contrast the
two methods for the purpose of determining other possible significant weak-
nesses or strengths. Since the occurrence of transient phenomena in natural
water bodies is able to continuously distort plume configurations, it is im-
possible to assess the adequacy of each method individually because there is
no standard by which this cpn be done. However, by comparing the data of
both methods acquired essentially simultaneously on a particular plume, it
might at least be possible to demonstrate reasonable agreement between the
methods and thus in a quantitative way indicate something about their via-
bility. Should there be significant disparities between the methods, it
would be difficult to point to the more, or less, accurate method, since there
are many mitigating factors affecting each method which could cast doubts on
any positive conclusions one might be tempted to make. In any event, because
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of the wide use of both methods for determining plume configurations, it was
felt that a systematic program to contrast the techniques should offer valu-
able information to those contemplating future efforts involving these meth-
ods. To this end, Argonne National Laboratory and The University of Wis-
consin undertook a joint investigative effort, each capitalizing on its
respective experience with boat or infrared acquisition methods. In all,
five different thermal plumes were measured nearly simultaneously on four
different dates.

The studies were performed at the Point Beach Nuclear Power Plant
located on the shoreline of. Lake Michigan in the State of Wisconsin. The
Point Beach Plant has two 523-MW(e) pressurized light-water-moderated and
cooled reactors. At full power operation, each unit has a 25-m3/s cooling
water flow rate with a corresponding 10.7 deg C temperature rise across the
condenser. The cooling water is returned to the lake about 50 m offshore
through two (one per unit) 10.7-mwide, 4.2-m deep surface canals. The out-
falls extend into the water in opposite directions at a 60° angle with the
shoreline. The cooling water intake for both units is located 533 m off-
shore.

2. EQUIPMENT, DATA ACQUISITION, AND DATA REDUCTION

2.1. Boat (In Situ)

The boat temperature measurements for this study were taken from a 5.5-m
cathedral-hull fiberglass boat powered by twin 50-horsepower (37.3i kW) out-
board motors. The measurements were acquired from a submerged boom affixed
to the side of the boat having six attached thermistors spaced at 1/2-m in-
tervals from 0.5 to 3 m from the surface. A seventh thermistor was attached
to a 0.75-m long piece of spring strap steel, which was held about 3 m away
from the side of the boat. This thermistor was used for surface temperature
measurements. While the boat is moving, the spring steel allows the thermis-
tor probe to follow the water surface in the presence of waves. The surface
probe is typically located several centimeters below the water surface while
the boat is in motion. Figure 1 schematically shows the survey boat with the
temperature boom and outrigger surface probe in addition to other equipment
to be briefly described below.

When underway, the boat travels at speeds up to 3 m/s, and in a one-hour
time interval, a period typically devoted to plume measurement, the boat
travels about 10 to 11 linear km. Yellow Springs Instrument Series 700 lin-
earized thermistors were used, for this work; the thermistors have a 0.6-s
time constant. Analog information proportional to the temperature from the
seven probes was digitized and then visually displayed and recorded on paper
tape and on magnetic cassette tape. System measurement accuracy is estimated
to be ± 0.2 deg C. Each time the thermistors are sampled, time, water depth,
and range location are also displayed and recorded. The data sampling and
recording interval is selectable by an operator; however, a 4-s period was
used for this study. Thus, 900 known locations will be sampled per hour.

The visual display is used by the boat operator to locate the position
of the plume. The printed paper tape is used as a place to record possible
observations while a plume is being measured and as a backup for the cassette
tape. The data from the cassette are then transcribed to a magnetic tape in
a format suitable for computer processing. The paper printer (Anadex Type
DP650) is capable of writing up to two lines of 21 characters per second.
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The cassette tape recorder is an incremental unit Memodyne Model 201. Depth !
readings are taken from a Datamarine unit modified to provide binary-coded- !
decimal output for interfacing with the boat's data acquisition system. The
location system is a Motorola Mini-Ranger microwave system, which consists j
of two shore-based transponders positioned at known shore locations in addi-
tion to a receiver/transmitter unit and a range console located on board the •
boat. Range information from each transponder is updated about five times
per second; however, the range information is recorded at the system acquisi- '.
tion rate preselected by the instrumentation operator for recording all boat
data. The range information is translated by trilateratio/i into boat posi- i
tion during computer processing. The entire instrumentation system described
is powered by two 12-V lead-acid storage batteries; the system requires nom-
inally 6 A at 24 V. In addition to above measurements, it is routine for the |
boat crew to make ambient water and atmospheric measurements such as wind jj
speed and direction and water current speed and direction. These measure- j
ments are normally taken immediately before and after each boat temperature |
survey. |

The boat crew normally consists of three crew members. One specifically j
handles the boat (the pilot), another operates the instrumentation, and the ij
other member manually depresses the boom to maintain it in a selected posi- y
tion within the water. This is done by means of a depressor bar, shown in
Fig. 1.

All the data as transcribed from the original cassette tape are fed
into a computer back at the laboratory, along with necessary calibration
data and suitable programming to prepare temperature-position plots. Iso-
therm contouring to this data has been done by hand. Figure 2 shows an ex-
ample of a hand contoured plume with actual temperature values appearing as
barely legible dots within the figure. The temperature data are not legible
because the figure was substantially reduced in size for presentation pur-
poses. It should be noted that the lines formed by the dots represent the
boat path.

It was stated that the boat-acquired isotherms were contoured by hand.
Obviously, some degree of intuitive judgment and latitude in data interpola-
tion must be exercised in drawing the isotherms. Therefore, subjectivity and !•!
error are inherent in the presented contours. There are numerous two-dimen- ]°\
sional computer data interpolation and contouring codes available. Some of H
the most promising codes were previously tested with similar data taken using \\
the present Argonne boat method. These codes invariably misinterpolated the t]
temperature values between two somewhat separated data transects, but did '0<
reasonably well in fitting the data close to the transects themselves. This M
is to be expected, since the codes do not contain the necessary physics i
describing turbulent heat transport, but, rather, generally use a nearest- I]
neighbor algorithm. Such algorithms are more suitable for uniformly or ran- J-1
domly distributed data. L<

Observations on thermal plumes show them to meander and undergo distor- ;'•!
tions with time. This kind of plume behavior is the result of ever-changing h4
wind stresses on the water surface and turbulent motions within the water I
body. Therefore, to gain a reasonably accurate picture of a plume using i}
boat-acquired data, one is faced with the dilemma of gathering the data over
a reasonably short period of time, but yet obtaining sufficient data for iso- 1
therm-contouring purposes. Experience with the present technique has shown i
a one-hour data acquisition period to be nearly optimum if the boat pilot i
initially concentrates his data transects in the near-field region of the !'i
plume (near the discharge), where the temperature gradients are largest, and N
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then progressively works the boat outward from the discharge with increas-
ing separation between transects. A serpentine course through the plume
should be taken, terminating each individual transect, when possible, in
ambient temperature water. Although this is a rather straightforward plan,
it is often hard to follow in the field, since there are too few reference
points in the water or on the land by which a pilot can conveniently gauge
his turns and course for differing sets of plume configurations. The Mini-
Ranger readings are of little value to the pilot in the field because they
yield range, not coordinate, information. Because of this, significant
portions of the pl^ne can be missed entirely by the boat survey method.
This fact can h- discovered in the laboratory only after the data have been
processed by the computer. Furthermore, occasionally a pilot will spend a
great deal of his time on a misdirected course, particularly when a plume
has a complicated structure. These are significant factors that oc-
casionally lead to poor quality or unacceptable plume data. Incorporating
a small desk-top computer and an x-y plotter aboard the boat makes it pos-
sible to minimize such problems. The range information can be converted
immediately to a real time position indication on the plotter. If the in-
strumentation operator marks off on the position plotter selected tempera-
ture information, such as when ambient temperatures are reached along a
given transect, the pilot can better select a course, since everything is
in real time. This capability is presently being designed into the present
Argonne instrumentation package.

2.2. Infrared

The heart of the University of Wisconsin thermal scanning system is a
Texas Instruments (TI) RS-18A thermal scanner employing a liquid nitrogen-
cooled HgCdTe detector. Operated as a single channel system, the RS-18A
detects 8- to 14-ym wavelength radiation emitted from the first few tens of
microns of the water's surface. The field of view of the scanner is 100°
(50° on either side of nadir); its instantaneous field of view (resolution)
is 2.5 milliradians (mr), based on 30% modulation. For real temperature
measurement, 100% modulation is necessary; so the effective resolution of
the RS-18A becomes about 10 mr. [1] The scanner is electronically roll-
stabilized resulting in a lightweight, easily mountable system.

The output of the RS-18A is fed in parallel to an oscilloscope, a film
maker (Honeywell 1856 Oscillograph), and an FM tape recorder (Sangamo SABRE
III). The video and sync signals are monitored with the oscilloscope both
before and after being recorded. The film maker delivers a real time out-
put on Visicorder recording papers enabling the operator to quickly ascer-
tain the nature and scope of the thermal plume. Flight lines can thus be
adjusted to spatially and temporally encompass the most interesting thermal
features.

In addition to the nonpermanent Visicorder imagery, the film maker pro-
duces a permanent high quality film image from the tape recorded data. The
tangential image distortion caused by linearly sweeping scans generated at a
uniform angular speed is removed by applying an external tangential sweep
signal to the film maker. The variation in spot size (resolution) with scan
angle is left uncorrected; so the image intensity variation with scan angle
precludes any serious quantitative densitometric efforts. (TI manufacturers
a film maker for about three times the price of the Honeywell, which is de-
signed to compensate for these variations.) The film imagery is a guide to
further data analysis and helps to evaluate and categorize general types of
thermal plumes. [2]
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Obtaining accurate thermal maps from the analog tape data requires high
quality ground truth. Although the RS-18A has a blackbody calibration cap-
ability, atmospheric attenuation effects necessitate surface temperature
measurements. The limiting factor in most thermal scanning efforts has been
the quality of the ground support. For a scanner resolution of 10 mr (100%
modulation), one must have isothermal regions as large as 144 m2 for a typ-
ical flying height of 1200 m. At least two calibration points are neces-
sary, preferably one at either end of the plume temperature range. These
criteria are difficult to attain with shore-based ground truth measurements.

To make a thermal map, the analog data are digitized to 256-level re-
solution. Terrain features on a digital printout are compared to aerial
photographs and maps. A scaled rectilinear map is then produced. Result-
ing spatial coordinates are accurate to better than 5%. The ground truth
locations are identified and temperatures assigned to the digital voltage
levels. Since the scanner responds only to radiant energy in the 8 to 14
vim region, the usual assumption of vadiant energy proportional to I1* is not
completely correct. [1] However, assuming

V = A + BT4 (1)

introduces errors less than 0.04°C over a 30°C temperature range. (V is the
digital voltage level, T is the Kelvin temperature, and A and B are constants.)

At this point, one can produce either a digital temperature map or call
upon a contouring program to draw isotherms. Each technique has inherent
advantages. The contoured isotherm display is much easier to view and is
thus more suitable for all except the most detailed analysis.

Digital tape data of about 6S0 points per scan line and about 400 scan
lines per plume are transferred into a 100 x 200 array using linear inter-
polation. The contouring subroutine then locates the intersections of the
isotherms with the grid lines associated with the array. These points are
passed back to the main program as plotter coordinates. The coordinates are
adjusted to correct for aircraft crab (the angle between the aircraft center-
line and the direction of flight caused by crosswinds). These crab corrected
coordinates are sent back to the contouring subroutine. Smoothing is achieved
by using a running average to generate intermediate plotter coordinates every
1/2 mm. Figure 3 is an example of a contour map with the intake and outfall
structures drawn in by hand for clarity.

A Douglas DC-3, owned and operated by the Wisconsin Department of Natural
Resources, was used as a platform for the thermal scanning. Adequate electric
power is available and is separate from that used for flight instruments.
Two belly holes allow aerial photographs and thermal scanning to be done si-
multaneously. A vertical television monitoring system, adjacent to the scan-
ner and camera wells, allows the pilot to see most of the scanner and camera
fields of view. This greatly increases the accuracy of the flight lines,
which is necessary for low altitude work. An area navigation system allows
precise and reproducible flight lines to be flown.

3. COMPARISON OF BOAT AND INFRARED DATA

3.1. Introduction

Three convenient and widely recognized ways of describing a thermal
plume are:
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(a) Isothermal configurations,
(b) Areas contained within isotherms,
(c) Centerline temperature decay.
With these as a common denominator, the two methods are critically compared.
In addition, point-by-point checks of temperature were made for a number
of locations for two dates.

3.2. Plume Configurations

On May 15, an intensive study was made whereby four infrared and four
boat plume measurements were obtained. Two sets of data were taken, the
first in the early afternoon and the other in the late afternoon. Because
of flight scheduling reasons, each comprised two thermal scans sandwiched
between two boat runs.

Just before the first boat plume measurement, the along shore wind
speed changed from 8.5 to 5 m/s. In addition, the along shore component
steadily decreased throughout the day, then shifted dramatically by 180°
within 15 min of completion of the final boat measurement (1635). Air tem-
perature was 8.3°C, and lake surface conditions were slightly choppy with
0.3-to 0.6-m waves. The ambient c u m nt at noon (1200) was 7 cm/s along
shore in a southerly direction.

Figures 4-7 compare the four boat plumes with two representative thermal
scans. All the boat and thermal scanner data for this date indicate that
the plume moved northward as the day progressed, exhibiting a strong correla-
tion with the wind changes. All plumes display a fairly sharp temperature
gradient on their up-current edge. In addition, there is good agreement be-
tween gross plume curvatures on each figure, except for Fig. 4. In this case, the
boat plume exhibits a greater gross southward curvature. Ascribing this
shift to the 44-min delay between the boat and i.r. data is consistent with
the northward-progressing plume.

In view of the differences in measuring techniques and the temporal
variability of the ambient lake and atmospheric environment, which has a
pronounced effect on plume behavior, the general plume configurations agree
quite well. This evaluation is admittedly somewhat subjective.

Figure 8 compares plumes on August 10, 1973. The weather conditions
preceding these plumes were steady with 4.5-m/s offshore winds. Air temper-
ature during the afternoon hours approached 30°C, and the lake was choppy
with 0.3-m waves. The ambient current was northward at 3 cm/s. Although
the i.r. data were taken 1.5 h after the completion of the boat run, the
general configurations between the two plumes are good. Both measurements
show the presence of strong upwelling; the i.r. technique, due to its
m c e intensive coverage, indicates this more pronouncedly.

Figure 9 compares the plumes taken on the morning of June 7, 1973.
There was a 7-m/s offshore wind. The air temperature was 28°C, and the lake
was choppy with 0.3-m waves. Once again, gross plume features agree quite
well.

Figure 10 compares the plumes measured on June 6, 1973. The winds were
0.5-1 m/s along the shore. The skies were clear, and lake conditions were
calm with no waves. Temperature measurements at five depths indicated a
very large floating plume on the surface due to the quiescent lake condi-
tions. The isotherms greater than 13°C agree fairly well. However, away
from the outfalls, agreement was very poor. The i.r. contour show large
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disconnected isothermal regions. This amorphous character of the plume
made contouring the boat measurements extremely difficult.

Several conclusions can be drawn from the above comparisons.
(a) At those times when the driving forces (e.g., wind, lake currents, and
discharge velocities) remain constant for the duration of both measuring
techniques, general plume shapes and characteristics can be expected to
agree. When driving forces vary with time in a known manner (e.g. the wind
variation on May 15, 1974), observed differences can be explained.
(b) A general feature of contour mapping should be pointed out. In regions
of strong gradients, spatial separation of contour lines is small. Thus,
differences in contour lines between the two techniques due to experimental
uncertainties (e.g. calibration) will be minimized. This can be seen near
the outfall, the upcurrent edge, and other regions where strong gradients
occur.
(c) Thermal scanner data exhibit considerably more surface detail than
boat data. On days such as June 6, 1973, when the plume is not well defined,
considerably more boat data would be required before agreement could be ex-
pected. Also, on such calm days, there exists the possibility of solar
heating and evaporative cooling establishing strong temperature gradients
through the first few millimeters below the surface. This would preclude
agreement ever being attained, since the scanner would respond to this ef-
fect much more strongly than the boat measurement.

3.3. Point-by-Point Comparisons

Two dates (May 15, 1974, and June 6, 1973) were selected for point-by-
point comparisons of the thermal scanner data with the boat data. A rec-
tilinear digital map of scanner output voltages was produced, as discussed
previously in section 2.2. Several boat locations were then mapped onto the
display. Due to the inherent time differences in data acquisition, most
points were chosen well outside the central plume region. Most points were
also selected in isothermal areas away from regions of large temperature gra-
dients as indicated by the digital map. The main exceptions were the plume
outfall locations. As long as power plant conditions remained constant,
these regions exhibited constant temperatures over a period of several hours.

Least-squares fits using Eq. 1 were performed for both dates. The re-
sults are shown in Tables II and III. In both instances the constraint of
choosing points outside the plume caused the data to be packed near the low
temperature end, except for the one or two outfall temperatures.

There is excellent agreement in the May 15, 1974, comparison, except
for one point that shows a 0.7°C deviation. This point was taken intention-
ally within the plume to indicate the problems one faces. On the other hand,
the June 6, 1973, comparison showed fairly large deviations, although all
points were well outside the central plume region. As discussed in the pre-
ceding section, these differences could be ascribed to either

(a) solar heating and thermal boundary layer effects,
(b) time variability of the far field region, or
(c) a combination of both.
Insufficient experimental data were obtained to separate these effects. Both,
however, are caused by quiescent lake conditions.
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3.4. Areas Contained Within Isotherms and Center line Temperature Decay

Figure 11 is a plot of the areas within given isotherms for the early
afternoon runs, May 15, 1974 Figure 12 is a similar plot for the late
afternoon runs. The agreement among all four sets of data is very good.
The primary cause for deviations in the boat plumes is the subjective inter-
polation required when drawing the plumes.

Even though the plumes were shifting with time throughout the day and
changing shape, the area within a given isotherm remained relatively con-
stant.

Figures 13 and 14 represent the centerline temperature decay of the
plumes. Again, the agreement is very good, not only between the two meth-
ods but also with time.

Figure 15 shows the area contained within isotherms for August 10, 1973.
Both nuclear units were operating, producing two distinct plumes (except for
the isotherms near ambient, which result from interference between the two
individual plumes). The lower i.r. data set in this figure (circles and
squares) resulted from calibration with the University of Wisconsin ground
truth. This consisted of a measurement at the edge of the south discharge
structure and one near the shore south of the outfall. Calibrating with
ground truth obtained from the boat shifted the data set (triangles and
hexagons) to agree much better with the data obtained from the boat.

Figure 16, showing the centerline temperature decay of the two plumes
for August 10, 1973, agree well. The areal extent of the higher temperature
isotherms on June 7, 1973 (Fig. 17), agree wel], but larger deviations are
seen for the lower temperature isotherms. The same is true of the center-
line temperature decay, although deviations at the low end are not as great
(Fig. 18).

No attempt was made to ascertain the areal extent or centerline temper-
ature decay for the June 6, 1973, data since agreement between the boat and
i.r. plumes was so grossly different, except for the higher temperature iso-
therms near the outfalls, as mentioned previously.

4. DISCUSSION

Thermal scanning measures temperatures within only few tens of microns
of the surface, whereas the boat method has the option of measuring at a
number of different depths. Surface conditions are usually rough enough so
the infrared measurements are representative of the surface temperature.
Occassionally, however, very calm conditions can cause surface skin effects
which tend to mask the infrared detection of representative surface temper-
atures. This phenomenon has apparently also been observed by another uni-
versity group. [3] In regions proximal to an outfall, the mechanical tur-
bulence generated by the discharge momentum causes sufficient mixing to
destroy this effect, and the scanning is therefore expected to be accurate.

Thermal scanning offers the capability of generating two orders of
magnitude more data in about l/100th the time required for boat measurements.
The aerial infrared monitoring offers a truly synoptic detailed picture of
the surface temperature, whereas the boat technique offers a time distorted
picture of the plume. The distortion is a function of the s.ampling course
chosen by the boat and the environmental conditions influencing the plume.
Furthermore, the limited amount of data generated by the boat technique neces-
sitates exercising interpolative judgment to generate isotherms. On those
days when a thermal plume displays an unusually amorphous character, con-
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touring boat data becomes extremely difficult (e.g. June 6, 1973). It is
speculated this would occur on very quiescent days, which can also cause
problems for the infrared technique.

From the results of this and other work, it has been found that atmo-
spheric attentuation effects demand ground truth for good thermal scanner
calibration. [1] Some proponents of thermal scanning claim sufficient ac-
curacy can be obtained using internal scanner calibration; we do not feel
this to be true.

In view of all the problems inherent to each technique, the results
of this paper indicate quite good agreement between the two methods for all
but one of the dates considered. This includes comparison of general plume
configuration, centerline temperature decay, areas contained within iso-
therm, and point-by-point comparisons.

For routine monitoring of surface plumes, both the infrared and boat
techniques are viable. However, with respect to the speed of acquisition
and extent of coverage, the infrared method is superior. For those situa-
tions in which three-dimensional temperature data are required or when
simultaneous in situ measurements of other physical, chemical, and biological
parameters with temperature are needed, clearly the in situ method is the
only feasible one to use at present. By judiciously combining the two meth-
ods, a better total picture of thermal plumes can be obtained.
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TABLE I. Summary of Effluent Limitations Guidelines and Standards for Heat

Type of Unit

La-ge Base-Load

Construction completed
after July 1, 1977

Construction completed
before July 1, 1977

. 500 MW(e) and larger

. 300-499 MW(e)

. all other

Small Base-Load

Cyclic

Peaking

Best Practicable Control
Technology Currently Available

to be met no later than
July 1, 1977

No Discharge

No Limitation
No Limitation
No Limitation

No 'imitation

No Limitation

No Limitation

Best Available Technology
Economically Achievable
to be met no later than

( )

No Discharge (July 1, 1980)

No Discharge (July 1, 1978)
No Discharge (July 1, 1979)
No Discharge (July 1, 1980)

No Discharge (July 1, 1983)

No Discharge (July 1, 1983)

No Discharge (July 1, 1983)

Large means units in plants over 25 MIV(e) and in systems over 150 Mv'(e).
No limitation for any unit with a remaining service life of six years or less.
No limitation on onc<?-through house service water for nuclear units.
No discharge excludes blowdown, which is limited to a temperature not exceeding the temperature

of water returned to the condenser.
Variations can be granted on a case-by-case basis where sufficient land is not available and

(for best practicable control technology currently available, only) where neighboring land
loses would be impacted by saltwater drift, provided (for both land availability and salt-
water drift) alternative technologies are not practicable.

Standard of performance for new sources is no discharge of heat (except for blowdown) for all
units, without exception.

CO

<£>



TABLE II. Least-Squares Results for Point-by-Point Comparison:
May 15, 1974, Late Afternoon"

Calculated Temperature, Temperature Deviation
l£ deg C

7.1 -0.1

7.4 -0.3

8.3 0.1

8.3 -0.1

8.5 0.0

8.9 0.1

8.8 . -0.2

9.0 0.0

11.2 0.7

17.2 -0.2

Scanner Level

3.9

4.3

5.5

5.5

5.8

6.4

6.3

6.5

9.8

19.0

Boat Temperature,
°C

7.2

7.7

8.2

8.4

8.5

8.8

9.0

9.0

10.5

17.4

I
M
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Scanner Level

12.5

12.0

4.5

4.9

2.7

2.7

4.6

4.9

4.5

3.2

Boat Temperature,
°C

17.7

17.4

11.7

11.6

10.9

10.6

12.3

11.8

11.8

11,3

June 6, 1973

Calculated Temperature,
°C

17.7

17.3

11.9

12.2

10.5

10.5

12.0

12.2

11.9

10.9

Temperature Deviation
deg C

0.0

-0.1

0.2

0.6

-0.4

-0.1

-0.3

0.4

0.1

-0.4

I

oo
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RECEIVER/TRANSMITTER
FOR RANGE/RANGE SYSTEM

SUBSURFACE
THERMISTORS (6)

DEPTH
SOUNDER

DATA ACQUISITION SYSTEM
AND RANGE DISPLAY CONTROL UNIT
FOR RANGE/RANGE SYSTEM

Fig. 1 Survey Boat Equipped with Temperature Measuring and Range/Range
Equipment.
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Fig. 2 Boat Thermal Contour Mapping.



17

Fig. 3 Infrared Thermal Contour Mapping.
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Fig. 4 Comparison of Boat (1045-1150) and Infrared (1234) Thermal
Mappings on May 15, 1974.
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;ig. 5 Comparison of Boat (1245-1345) and Infrared (1234) Thermal
Mappings on May 15, 1974.
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Fig. 6 Comparison of Boat (1450-1545) and Infrared (1600) Thermal
Mappings on May 15, 1974.
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Fig. 7 Conparison of Boat (1555-1650) and Infrared (1600) Thermal
Mappings on May 15, 1974.
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Fig. 8 Conparison of Boat (1416-1500) and Infrared (1630) Thermal
Mappings on August 10, 1973.
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Fig. 9 Comparison of Boat (1102-1230) and Infrared (1048) Thermal
Mappings on June 7, 1973.



Fig. 10 Comparison of Eoat (1120-1255) and Infrared (1300) Thermal
Mapnings on June 7, 1973.
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Fig. 13 Comparison of Centerline Temperature Decay on May 15, 1974,
Early Afternoon.
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Fig. 15 Conparison of Areas Within Isotherms on August 10, 1973.
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Fig. 16 Conparison of Centerline Temperature Decay on August 10, 1973.
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Fig. 17 Comparison of Areas Within Isotherms on June 7, 1973.
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Fig. 18 Comparison of Centerline Temperature Decay on June 7, 1973.


