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SECTIONI o
IN'I‘RODUCTION 2

Two airborne mfrared data surveys of the Hudson R1ver in

)

. the v1c1n1ty of the Indlan Point power plant were performed for the Consoli-
~ - cated Edison Company of New York, Inc. The surveys were undertaken to
' collect data for comp11at1on of 1sothermal maps of. the river surface durmg

__‘_four t1dal cond1t1ons, i.e. 3 low . tlde, high tlde, ebb t1de, and flood t1de

Data were f1rst collected in October 1967 wh11e the Ind1an

‘P01nt power plant was shut down, and agam in April 1968 wh1le the plant was -
'_ 41n operat1on Durmg one of these f11ghts, aerial photographs were taken to
B p’r.ovide a base map for the thermal data The a1rborne data collect1on was d

Ce coordmated with surface measurements observed by John S. Gr1m of North-

‘eastern B1010g1sts, Inc.

-

- Survey results are presented as a set of e1ght 1sothermal maps." A

Sheets l through 4 were comp11ed from the October 1967 data whlle sheets

,5 through 8 show the results of the f11ghts in Apr1l 1968

. " science services division
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| -.:;"bAVTvA C’OLLECT’LQN o
Infrared 1rnagery,' s1‘m.1la.r‘1n appearance to str1p photooraphy,.
_is produced by a series of scan lires perpend1cular to the f11ght d1rect10n.-
Relative radlometrlc temperature dlfferences are represented by d1fferent
gray tones. L1ght tones on a pos1t1ve pr1nt of infrared imagery represent

relatively high radlometrlc temperatures. Dark tones are related to rel-

atively low radiometric temperatu'res'.

The Te:xas Instruments .system produces‘ 1magery in the 8 to
14 m1cron wavelength band wh;ch is not rect1f1ed i.e., the scale alonc the
ﬂ1ght d1rect10n is relatlvely constant,- but the scale perpend1cular to the
fllght direction becomes smaller with. 1ncreased d1stance awa.y from the
centerhne - o o T | |

—

Infrared mappmg systems are de51gned so that electromc s1g-

nal d1sp1acement between hot and cold ob_]ects 1s controlled w1th1n the dynam1c
)

' range of the recording film. The system s thermal baselme contlnually ad-

Justs 1tse1f to the average between hot and cold temperatures of the scanned

area. This compensatlon occurs in the c1rcu1try prior to the glow modulator

wh1ch exposes the recordmg f1lrn Thus, the 1magery contams the effects of

“the rmal bas elme adJus tment.

The Texas Instruments system also monitors the v1deo s1gnal

from the detector at the preampl1f1cat1on stage by a type -A oscﬂloscope The

. bsc1llosc0pe presentatmn of 1nd1v1dual sweeps (smgle scan lines) of the de-

tector are recorded by a 35-mm camera, These A- Sc0pe prof11e data, used

3 «to comp11e isothermal maps, are not affected by system compensat1on and

..can be considered quantitative.

CII-1 - " science services division




ST e Radlometnc temperature refel ences are prov1ded by tempera-
’ ture controlled blackbody baffles nlounted w1th1n the scannmg system s field
b- . . of view. The tempe rature of each reference baffle is closely monltorec_l during

] . \ :_ﬁvflii_ght. The amplitude difference between the two referencel baffle_s: can be
l_ converted to a temperature scale from which temperature values can be as--
] L Asigned,"to ivndividual_points along the A-Scope trace. "C‘o.‘rrelation betw.een'

" A-Scope data and the scanner imagery is supplied by a fiducial system which

b ‘ ’ : : )
1 also provides & means of tyin‘g air_borne data to ground position.
q'v Overflights were made between Croton Pomt a.nd Bear Mountain

J _ Br1dge at altitudes of 5000 and 10,000 ft above the r1ver surface Three

~. S stra1ght segments were flown for each t1da1 coverage because of the meander-
A ing conf1gurat1on of the r1ver in the survey area. The first segment was_ flown
< T - northwestward from Croton P01nt to the vicinity of Tomkins Lake. - Segment 2 -
§ B . covered the area from the town of _Tomk_i_ns Cove to Annsville Creelc. The

. C A ‘ third flightline extended from Peekskill Bay to Bear Mountain Bridge. - ,
s ) - .‘~'.:"H_2' . _$eienoé.se‘rvices division



- "'f SECTION mwo
DATA COMPILATION

. The infrared imagery was examined and compared with ter-

rain features on the aerlal photographs or om ex1st1ng 7-1/2" 'quadrangle ’

| ~maps of the area. The followmg 1nformat1on was thus determmed

© _'True ground track of the aircraft
e Dr1ft angle related to cros swinds

e Start1ng and endlng A Scope trace from each
,segment to be us ed in the map compllatlon

e Distance in feet between adjacent A- Scope
'traces along each f11ght segment

To fac111tate data handhng, the 35 -mm f1lm records of the

' A Sc0pe prof1les were enlarged approx1mately 10 tlmes Each prof1le was

-

o carefully inspected, and a suff1c1ent number of data po1nts were selected to

~

dehneate surface temperature varlatrons The coordmates of these and

‘ | oo other essent1a1 reference pomts were meas ured and keypunched onto data

cards 7

Because the raw proﬁle data represent rad1ated power at the .

' 1nfrared detector relat1ve to scan angle, a temperature and ground dlstance
conversmn is required. This is accomphs hed by a computer program wh1ch

corrects the scale of the lmagery and plots a temperature value for each pre-"
_- selected data point at 1ts true ground p051t1on and at the des1red map scale.

o These data are contoured manually in prel1m1nary form, followed by f1na1

| '- 1nke d draftlng

- , ’ Survey results (TableIII 1) are presented as a set of elght iso-
l ) thermal maps at a scale of 1:18, OOO (1 in. _1500 ft). A contour interval of --
1° F was used throughout most of the map-compilation However, intervals

lv' SR of 0.5°F or 5°F were used where: requlred by e1ther very low or extremely

I‘ o h1gh tempcraturc grad1ents '

CoIe1l . . ... 'science services division




7 Table INI-1

- ' DATA SUMMARY

___Set

VDa.ta Collection -

. Date

Time

Tide

Remé}ks

W N~

0~ O\

10/28/67

4/6/68

0848-0903
1225-1235
. .1506-1525
1930-1947

0834-0847

. 1205-1217
1638-1650
1936-1949

High
Ebb
Low

Flood

Ebb
Low
Flood

High

Indian Point plant

shut down during
Set 1 (sheets 1
through_4)

Indian Point' p_l'ént
in Qperati‘qn dur-

ing Set 2 (sheets -
-5 through 8) ‘
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" SECTION IV
' DATA ‘ANALYSIS

Sheets 1 through 4. were comp11ed from data collected in

o . October 1967. The 1sotherma1 maps 1nd1cate that durmg this per1od the Hud- -
.:.son Rlver was warm relat1ve to the temperatuze of the small lakes, ponds,

: and tr1butary streams Th1s is part1cu1arly well illustrated on Sheet 2 taken
durmg ebb t1de The dlscharge from Annsv111e Creek and Cedar Pond Brook
'1s several degrees cooler than the main part of the Hudson River. The relal-
:;';_t1vely cool surface runoff appears to keep the river surface cool along the

shorelme, compared to the relat1vely warm m1dstream area.

The change in the surface thermal pattern during each tidal

| condition is' indicated by the contours The ‘the rmal d1scharge from the

-

E -Lovett power plant on the west side of the river varies. cons1derab1y in shape
and dlrectlon from one map to the next. The h1ghest temperature (about 8 F
: “‘above river temperature) is 1nd1cated on Sheet 2. The mapped arnphtude

s varlatlons of this thermal d1scharge are related to the mterval at. wh1ch

quantltatlve data were collected, approxunately 1.5 sec or about 300 ft on

. the ground: at-normal fhght speeds This 1nterval is su1table for mappmg
"—fgeneral surface thermal variations but is not adequate to observe on each -
“',_fvoverﬂlght a small target s'uch as a d1svcharge chann_el. On Sheet 4, for ex“- :
‘mample,. the effluence from the Lovett poWer plant ivs not only restrlcted in
v'area because of the current/t1de 31tuat1on but 1s mapped as only a2°F ther-'
mal anomaly Durmg this overﬂlght the d1scharge channel falls between two |

: A -Scope prof1les thus, the true temperature of the thermal dlscharge was

not measured

" secience services division




Sheets 5 through 8 were complled from data collected in Apr1l

_lv968 Durmg thlS perlod the surface runoff from the tr1butary streams was |

- _warm relative to the Hudson Rwer. All of the maps of the second set show o
., that the central portion ofj the river is cool. relative to the wa.rmvmar"ginal |
7‘._.z_one‘:s. ‘ | :

.”The.mapped thermal effluence from the Lovett povver plant

_- also varies in amplitude on the secﬁ'ond set due .to the data collectlon interval.
However, a maximum temperature of 52 ¥ was ‘recorded on two of the maps,
1nd1catmg that the water temperature at the dlscharge channel was about 9 F

I

- above the river temperature.

The Indian P01nt power plant thermal dlscharge var1es in

I
]
1
.

P
o

temperature, but the max1mum value of 52 F on Sheets 6 and 7 agrees well

- w1th the observed surface data.

L S It is 51gn1f1cant that the hlghest temperatures recorded in the

-
L~

' second set of data are related to the dlscharge from Annsville Creek and
from chkey Brook, which enters. the Hudson R1ver at Lents Cove.; Indus-

tr1a1 or sewage disposal plants may contnbute to the re]atlvely hlgh tem-

perature of these creeks. However, the 1magery and A- Sc0pe data durmg

- some of the overflights indicate that the small lakes and ponds in the area

T

have a hlgh surface temperature, probably due to solar heatmg Thus, the

] 'alrborne data suggest that at certain parts of the year a cons1derab1e volume
“of warm water entering the Hudson R1ver‘may be due. to solar heating of =
shallow surface vvater.; s R |

‘e
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| SECTION v
SUMMARY AND CONCLUSIONS

. - : : R T3

] -, S R T_he‘ r,ésults of the airborne infrared survey' demonstrate ‘the
!
j
!

.usefulness of remote sensing methods in mapping surface therrnal', pat-tern"s.

Each map sheet represents the thermal patterns at the r1ver
surface under almost static cond1t1ons because of the relat1ve1y short data
'collectwn time period. Mappmg in such deta11 from the surface (such as in

. a boat) would be 1mpos s1b1e because of the constantly changmg r1ver con-

-, ditions.

Contour maps and 1nfrared 1magery 1nd1cate that the thermal §

patterns at the surface are extremely complex. Contrlbutlng factors are the

~ 1nteract10n of river current,s and t1dal cond1t1ons, combined w1th natural and
industrial dlscharges at various temperatures, and comphcated by the rlver

-~

fvchannel conf1gurat1on and the shape of the bottom surface. TheoSurvey data |

N
A
I

g I E should prov1de a useful bas1s for future stud1es in th1s area.

{ it

e

T oy
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