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PRELIMINARY DATA FROM THE MAY 28, 19Tk
SIMULTANEOUS EVALUATION OF
REMOTE SENSORS EXPERIMENT
By Robert W. Johnson, Carmen E. Batten, David E. Bowker,

Walter E. Bressette, and Gary W. Grew
' . INTRODUCTION

The NASA Langley Research Center is working with the Environmental
Protection Agency (EPA) in a joint program of developing remote sensors and
data analysis techniques to determine synoptie pollution levels and their
distributions. The objectives of the program are (1) to develop and evaluate
remote gensing techniques for the detection and monitoring of substances and
processes which affect water quality, end (2) to develop analytical techniques
which will permit more effective use of remotely sensed data in wabter pollu-
tion monitoring and environmental assessment. .
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Sensors being evaluated in this program include the Multichannel-Ocean
Color Sensor (MOCS), multispectral scanners (MSS), and multispectral photo-
graphy (MSP). The MOCS system is an experimental airborne scanner that has

. been flight tested (e.g. Grew, ref. 1). Multispectral photography from air-

eraft platforms has been studied by Bressette and Lear (ref. 2). Multi-
spectral scanners, which include the sensors on the LANDSAT-I satellite have
been evaluated by Bowker, et al (ref. 3) and Klemas, et al (ref. k). Airborne
miltispectral, scanners have been developed and flight tested by the NASA
Johnson Space Center and Bendix Aerosystems Division. The particulsr multi-
spectral scanner flown on this mission is a Bendix Modular Multispeciral
Scanner (M28). All of these sensors are still in a guasi-operational stage
in terms of water quality monitoring since both the measurement and analysis
techniques are in a state of development. In addition, evalustion of each
of these sensors has been, to date, approached independently; that is, by
comparison with conventionally gathered ground truth measuremenits or aerisal
photographs.

It was one of the purposes of this experiment to simultanecusly collect
data by all of these remote sensors over the same area. Then parallel
enalyses mzy be made and transfer of information used to refine end/or extend
the capebility of each of the sensors. In addition, direct comparisons aid
in formilation of future sensor research programs. Considering the szbove and
the current status of instrument development and data interpretation at the
Langley Research Center, the following mission objectives were esteblished:

l. Gather and enalyze both ground truth and remotely sensed data to
support LaRC sensor and other programs; specifically
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a. Ground truth (sampling and laboratory anelysis)

b. Other sensors such as M2S and LANDSAT

¢, Date analysis capebility to aid in interpretation of sensor
measurements

2, Assess current effectiveness of some remote sensing techniques
aveilable to LaRC to assess water quality parameters.

Investigaetors and their areas of responsibility for this effort were e
as follows: : y

Principal Investigator Dr, Rovert W. Johnson v
M.S. Photography Valter E. Bressette
MOCS Gary W. Grew
MSS (LANDSAT-I) Dr. David E. Bowker
M28 (Aircraft) Dr. Robert W. Johnson
& Ruth I. Whitman
Ground Truth & LaRC Carmen E. Batten

Leboratory Analysis

On May 28, 1974, data were collected using the gbove remote sensors in .
conjunction with concurrent ground truth measurementz. The latter ineluded '
in situ measurement as well as water samples for subsequent lsboratory
enalysis.

It is the purpose of this report to provide a mission overview, a "quick
look" at the deta collected and ar assessment of mission effectiveness. Any
detailed analyses of the data collected will be provided by the individual
investigators on the mission.

»

LOCATION OF EXPERIMENTAL AREAS

The primary experiment areas were the Army Base Sewage Treatment Plant
(ABSTP) outfall in Hampton Roads {Norfolk site) and the upper reaches of the
James River near Hopewell (Hopewell site), as identified in figure 1. In
addition to the two primery sites, remotely sensed data were eollected over
the intermediate James River and the Chickshominy River. Remotely sensed
data were collected using esircraft and satellite platforms. Aircraft were
the NABA, Wallops Flight Center, C-5L (MDOCS and MSP) at 5.3 kilometers
(kM) (17,500 ft) altitude and a Bendix twin engine Beecheraft (M2S) at 2.4 KM
(8000 £t). LANDSAT-I is a satellite platform (700 KM eltitude). Remotely
sensed data collection cccurred from about 1000 to 1150 hours, EDT. Flight
lines and ‘times are shown in figures 1 and 2 and Tables I and II, respectively.

In general, the aireraft started their data-tking in the Norfolk aree * I*
at gbout 1000 hours, flew up the James River so that data-taking in the ; {.___
Hopewell area would approximate the LANDSAT-I overpass {1115 hours). The ;
Wellops aircraft returned to the Norfolk area for an additional run at shoub e
1145 hours.
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Ground truth wes collected by three boats at each of the primary test
sites (by 0ld Dominion University at the Norfolk site and Virginia Institute
of Marine Sciences at Hopewell). Sempling toock place from gbout 0915 to
1235 hours. In addition to the primary sites, data were collected at the
approximate time of the LANDSAT-I overpsss (1115 hours EDT) near Hog Island
and in the Chickahominy River. Ground truth stetion locations and sampling
times are shown in figure 3 and Teble III, respectively.

EXPERIMENTAL, METHOD

Remote sensors that measure electromagnetic radiation in the visible and
near-infrared freguencies were Tlown over the test sites. Frequency ranges
and bands {where applicsble) are shown in Teble IV. In addition to a spectral
range of measurements, remote sensors provide dats over a much greater spatial
area then mey be effectively covered by ground truth sampling methods.

Spatial coverage and remote sensor resolution are listed in Tsbhle V.

Multispectral Photography.- A bank of four Hasselblad camerus (es well as
mapping cameras) were flown at an altitude of 5.3 KM (17,500 £t) on the Wallops
alrcraft. Pertinent information conecerning camerss, film, filters, and
exposure are listed in Teble VI. The spectral transmittance of each filter
is shown in figure 4. Filter-film combinstions were selected to enhance
chlorophyll a, suspended sediment, znd other water quality parameters.

Multichannel Ocean Color Sensor.-— The Multichannel Ocean Color Sensor
(MOCS) unit was flown on the Wallops aireraft with the multispeciral photog-—
raphy cemerass. MOCS is a visible imaging spectroradiometer which performs
multispectral scanning electronically and has no moving parts. It measures
the intensity in 20 spectral bands (15 nanometers {nm) spectral resolution in
a spectral range from LOO-T00 nm) at each of 150 pixels meross the field-of-
view. A schematic of the optieal arrangement in the MOCS and a listing of
its specifications is shown in figure 5.

Multispectral Scanner.~ The Bendix multispectral scanner (M2S) has
10 bands in the visible and near-IR and a thermal band for = total of 1l bands,
Table IV. A block diagram of the unit is shown in figure 6. Ground track
width was gbout 6.8 kilometers (22,000 ft) at the flight altitude of
2.4 kilometers (8000 ft).

LANDSAT .- The LANDSAT-I satellite multispectrazl scanner has four bands in
the visible and near JR, Tables IV and V. The LANDSAT-I overpass of the upper
James River covered only test sites 2 (Hopewell) and 3 (Hog Islend), figure 1.

Ground Truth end Leborabtory Anslyses.- Ground truth measurements in situ
or by water samples with subsegquent laboratory analysis were made for water
Quelity perameters listed in Teble VII at the primary test sites (Norfolk and
Hopewell). Less extensive sampling occurred at test site 3 (Hog Islend).
Ground truth measurements were made at Tixed stations from 0915 to sbout
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1115 hours—--the latber the time of LANDSAT overpass--to obtain a measure of
system stability; then, after the LANDSAT pass, additional stations were
occupied to dbtein spatial coverage.

RESULTS AND DISCUSSION

Remotely sensed and ground truth meesurements were teken in the Hampton
Roads and James River, Virginis, areas from sbout 0915 to 1235 Hours on
May 28, 19TL. Complete ground truth measurements and rumote sensor flight
information are tabulated in Appendix A. The following sections present
selected examples of data {imegery and photographs) cbitained during the
mission, along with a description of the data format.

Multispectral photogrephy of test site 2 (Hopewell) is shown in figure T.
Bunglint is obviously at least a marginal problem due to the high sun angle
at this time of the year. In addition, the sun image is increased due to
increased water swrface roughness caused by the wind. Sunglint covers up to
about two~thirds of the water and in this extreme case would require sbout
TS5 percent overlapping photography to assure complete water coverage without
sunglint.

Observation of frame 45 indicates suspended sediment and probebly some
bottom effects (by cemparison of the number 12 and 89 B filter photographs) .
Ground truth measurements indicete the gbsence of chlorophyl blooms. Indus-
triusl plent discharge via Baileys Creek (located at right-center) is also
" indicated in this frame.

Bright areas in the center of all the photographs through the B-3 BAIRD-
Atomic optical filters are not caused by sunglint, but are the result of
cverexposure snd development of the center of the photograph. This effect
has been shown in previous work (ref. 2) to be due to off-axis falloff and
is apparently due to the particular filter-camera combination; this effect
can be avoided in future missions by using an F-number c. 5.6 {rather then
the P-4 used in this mission).

Digital data were collected with the MOCS unit over the primery test
sites (Norfolk and Hopewell) es well es the intermediate James River. Results
of preliminery deta analysis in the Hopewell area show industrial effluent and
turbid water as some of the outstanding features slong scan line 41, see
figure 8, Point by point enalyses and identification were mede along line 41
using ratios of bands, figure 9. Specific identifications, which are pre-
liminary, are based on ground truth and photo analysis. Figure 9 is useful
for qualitative sepsration of features such as land, industrial effluent,
end turbid water. Regression analysis may be used to develop quantitative
relationships and to identify spectral signatures.

Screening imsgery developed from the multispectral scanner digital’ datae
is shown in figure 10 for the three test sites. Band 5, 0.58 to 0.62 micron
frequency {yellow spectral region), was used since this shows gross water
circulation patterns using sediment as a natural tracer. In eddition, &s
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was observed in frame 45 of the multispectrsl photography section (see fig. T),
industrial effluent mey be seen flowing from Baileys Creek which is located :
in the lower center of the image. It should be recalled thet since the data :
format from the M2S is digital, computerized data snalysis techniques may be i
used. In addition, spatial registration problems (which occur with micro-
densitometer treatment of photogrephs, for example) are precluded.

LAUDSAYT-I multispectral scanner imegery has the essential features of
1 = the airborne unit except there are only four bands, and resolution is some-
| what iess (about T0 meters for LANDSAT, T meters for M2S) due to the greater
satellite altitude. LANDSAT I imsgery for Band 5 (0.6 to 0.7 microns) is
. shown in figure 11. As has been indicated by a number of investigators (e.g.
" Klemes, et a2l ref. k), sediment patterns are readily observed.

CONCLUDING REMARKS

In general, the May 28, 1974, data collection mission using & number
of remote sensors in conjunction with concurrent ground truth can be con-
gidered successful from the mission planning and operations viewpoint.
Analysis end interpretations of the photographic and digitel data have not
been completed, however, and refinement of techniques will continue.

Results of analyses to date are as follows:

l. From & photogryphic viewpoint the mission altitude was satisfactory.
For the lower reach, Norf.lk, sbout 90 percent of each photograph wes water;
however, in the upper reach. Hopewell, only sbout 50 percent of each photo-
¢ graph was water. (Note tha: the constant 5.3 KM altitude was required by
the MOCS.) '

2. All of the remotely sensed data in the test sites wers essentislly
concurrent with, or bracketed by, ground truth measurements.

3. There is & good deal of sunglint in the photogrephs since parts of
the mission were flown during the sunglint period; however, the 50 percent
: overlapping pictures resulted in acceptable photography for nearly the
LI ¢ complete river area.

k, The P-4 number Ffor the two B-3 BAIRD-Atomic filters {on Hasselblad
cameras) resulted in overexposure of the center portion of each photograph.

Tt is recommended that an F-5.6 number be used in future work with these
filters.

5. BSunglint and other envirommental effects were not significant on
- the spectrometer type sensors.

6. Suspended sediment, thus gross water circulation patterns, are
~ « readily detecteble by all of the remote sensors.




T. The collection of ground truch at fixed stebions until sensor overpass
followed by movement to additional stations appears to be an.effective method
for determining system transients sz well as providing spetial coverage.-
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APPENDIX

See Table III “or times of water sampling and remuie sensing data
collection.



BENDIX FLIGHT 92 LANDSAT~1 IMAGE 16T4-15131 - HALLDPS-FL!GHT'Z76

LOCATICN~-BOAT  TAPE TIME LINE COL  TAPE TIME LINE COL : TIMES :
NURFOLK S1 3406039 1037 7 50% -0 -0 -0 =0 248 1149
SURFACE" © RUM 3 :
TIME {EDT)y HOURS 915 9135 955 1002 1015 1035 1055 1115 1135 1155 1215 1235
SAMPLE DESIGNATION SNL $N1A SM18 sN1 SN1C SN1D SN1E SYLF SNLG SNLH SNLI SN1J
STATION 1 1 1 1 1 1 1 1 1 1 1 i
JEPTH 3.60 3.60 3,60 3469 3. 80 3. 80 4.00 3.50 3460 3.60 3.80 4402
YETERS :
" SECCHE NEPTH ' « 90 -TA 1.10 -390 «92 .99 1.22 «90 1.10 1.20 «BD «99
METERS
" ZHLORDPHYLL A 1.92 1.59 1.95 1.49 1.87 t.82 2475 3.13 2.38" 3.02 2.32 1.61
L MG /M3
ZHLORAPHYLL B .27 «lé «13 .00 .12 02 42 .21 . f2 «03 « 0% «D5
MG/N3
SHLORGPHYILL C 5.43 3430 4400 2475 5.03 3.2% 4,30 .08 4462 2.87 3465 4,13
MG/ M3
SHAEDPHYTINS A 10.00 0.00 0. 00 0400 0.00 0.00 0.00 0.00 D.00 0.00 0.00 0.00
T MG /M3
SAROTENOIDS «07 .05 . 0% « 06 «02 «0% 08 .08 «0T 04 »05 «04
LMG/N3
TURDIDITY ~(1, 00 ~04 00 3. 70 -0.02 -0.09 ~3.20 -0.00 3.50 -0.00 -0.00 -0.00 ~0.00
MBZL
TOTAL SOLIDS 10.82 9,95 11.37 1t.32 10. 80 10.52 1l.48 13.89 9.60 11.16 18.60 12,00
MG /L ‘
INURGANI: sSoL ln'i ‘.39 (‘lll" T« 7B -0a.00 ‘0-00 -0.00 -U-IJU B. 83 "ﬂ. 00 -0e00 "D-DD -IJ-Da
MG /L
 TRANSMITTANCE 1.50 3.00 5.00 1.59 6. 00 5450 S.50 %.00 600 5.00 0.00 1.00
PERCENT .
-HIND SPEED 15.0 16.0 15.0 15.0 12.0 15.0 1640 17.0 16.0 11.0 17.0 19.9
KNOTS : -
AINO DIRECTION 315 315 315 315 315 315 315 315 318 315 315 315

NEBREFS -



BENDLIX FLIGHT 92 LANDSAT-I TMAGE 1674-15131 WALLOPS FLIGHT 2756

LOCATION-BOAT  TAPE - TIME LINE COL  TAPE TIME LINE TOL TIMES
NORFOLK Sl 3406039 1037 7 506 -0 -0 -0 -0 948 1140
SURFACE =~ .~ RUN 3 _

TINE (EOT), HOURS 915 935 955 1002 1015 1035 1055 1115 1135 1155 1215 1235

SAMPLE DES IGNATTION SN1 SN1A SN1B SN1 SN1C SN1D SNLE SN1F SN1G SNiH SNLI SN1J

STATION: _ 1 1 1 1 L 1 1 1 1 1 i 1

CURRENT SPEED: -0.00 -0.00 ~0.00  =0.00 ~0400 -0.00  =0.00 .31 .29 .33 .33 «33
KNGTS . .

CURRENT DIRECTION -0 -0 -0 -2 -3 -0 -0 116 13% 129 133 131
DEGREES _

TIDE 4, 61 81 88 101 121 141 161 181 201 221 241
MIN. SINCE MHW .

TEMPERATURE 19.70 19. 45 19.70  20.29 19.95 20.40 20.60 20.35 20.95 20.75 20455 20.70
DEGREES €

SALINITY 174590  17.620 17.600 164850 17580 17620 17690 17.590 17.690 17720 174620 17.590
PARTS/1000

JESSOLVED 02 5,80 5.86 6o b4 6a18 639 5ol 6071 6.20 B33 £e7% 7.12 Tel15
MG/L

ACIDITY 7.58 7.58 7. 18 7.37 7.58 7.53 7.51 7.50 7.58 768 7.78 7457
PH - -

INDRGANIC NOZ .0123 L0075 .0102 .0087 L0111 0117 .000% .0087 .0093 .0102 .0075 0093
MG7L ‘

INORGANIS NOB .1158 .0876 L1132 »190% 0801 .1259 L1522 1418 .G915 .1371 .0932 <1618
MG/L :

INDRGANIC PD& .1089 .1012 .0930 «3175 .0518 .3918 »09565 L0949 L0934 .079%  .04&B2 «OT4T
MG/L

FLUORESCENCE 0,00 -0.00 -0.00 -0.00 -0.00  -0.00 ~0.00 -0, 00 -0.00 -0.00 -0.00 -0.00
ME/L .

SDLUBQ URG- GARBUN -000 ""0.0 7.0 -0.':' =00 "OOD “'OCD 4.0 "0.0 -0.0 -DQO "'OQD

© HG/L _
EXTINCTION (DECK] © -0.00  -0.00 -0.00 -0.00 ~0.00 -0.00 ~0.00 -0.00 ~0.00 ~0,00 -0.00 ~0.00

MIC.—AMP/FT-CAND.
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BENDIX FLIGHT
LOCATION-BOAT  TAPE TIME LINE

NORFOLK 51 3406039 1037

~ SURFACE RUN 3

‘TTHE LEDTYy HOURS

SAHMPLE DESIGNATIDN
STATION

EXTINCTIIN {SURF)
MICW=AMP/FT~CAND.

EXTINCTION (.5 #4)
MICo—=ANP/FT-CAND.

EATINGTION (1. M}
MICe~AMP/FT~CAND.

EXTINCTION {1.5M)
MIC«~AMP/FT=CAND.

EXTINCTION (2. M)
MIC.—AMP/FT-CAND.

GURRENT SPEED—1M
KNOTS

CURRENT DIR.-1H
DEGREFS

PARTICLES/MICRO-LTR
(0-.5 MICRON BAND}

PARTICLES/MICRO-LTR
[«5-1 MICRON BAND)

PARTICLES/MICRO-LTR
[1-2, MICRON BAND)

PARTICLES/MICRO-LTR
[2-4. UICRON BAND)

PARTICLES/MICRO-LTR

4=+ MICRON BAND}

PARTICLES/MICRO-LTR
t8-16 MICRON. BAND)

915

SNL

1

-0.00

-0.00

-0.00

~0.00

—O.GG

-0.00

-0

0.000

0.000

37.900

TlL.300

23.500

5.270

92
coL

506

935

SN1A
1

~0a 00

-0.00

=000

-0.,00

~0.00

~0.00

-0

«253

«503

49.000

53.500

27.000

£.830

TAPE

-0 -0

958

N

SN18

1
-0.00
~0.00
-0.00
~0. 00
-0.00
~0.00
-0
0.000
0.000
26,000
50.300
17.900

55.200

-0

1002

SN1

1

~D.02

-0.00

-0.00

-J.00

—-0.00

-0.00

-

0. 000

2.000

256,300

55.200

17.400

4040

LANDSAT-1 THMAGE 1£74-15131
TINE LINE COL

1015
SN1C
1

~0409
~04 00
~0.00
-0.00
-0.00
-0, 00
-0
.503
2.270
54,800
454600
13.400

6,290

Q48

103&

SN1D

1

«2.20

~3.00

-0.00

-0.00

~0e00

~0.00

-0

0. 000

D.GGO

27.000

424100

15,900

2.270

1149

1055

SN1E

1

-0.00

-0.00

~0.00

~0.00

"0.00

~0.00

0.000

51.900

120.000

384400

*9.570

" HALLDPS FLIGHT 276
TEIMES

1115

SV1F
~D.00
-0.00
~0400
~0.00
-0.00
-0.00
-0
.503
.756
46.600
101.00D
42,100

9.570

1135

SN1G

1
~0.00
-3.00
~0.00
-0.00
-0.00
~0.00
-0
0.000
0. 000
25.500
$8.600
20.900

6.050

1155
SN1H

-~0.00
—D'.BD
~0.00

-0.00

~0.00

~0.00

-0

0.000

1.010

*2.100

93.200

30.300

6.290

1215
SN11

-0-00

~0.00

-0«00

~0.00

-0.00

-0.00

-G

0.000

0.000

39.400

73,200

23.700

5. T8O

1235
SN1d

—O.DD

-0a 0d

-0«

"D-DB

~0«00

~D.00

)

O.000

0. 00D

33.300

58.400

24,000

6. 780



BENDIX FLIGHT 92 LANDSAT=1 IMAGE 1L674-15131 HALLOPS FLIGHT 276

;- LOCATION~BOAT  TAPE TEME LINE COL  TAPE TIME LINE COL TIMES
g “b_wdh#ntx o1 3406039 1037 7 506 -0 —=-0 -0 =0 948 1149
THECNEPTH 0 0 RUN. 3 :
TIME [EDTY, HOURS 915 935 955 1018 1038 1055 1115 1135 1158 1215 1235
SAMPLE UES[GNATIDN' DML DN1A DN 18 DN1C DN1D INLE bNLE DN1G DNLH onLY DNLJ
STATION 1 1 1 1. 1 1 1 i 1 1 1
DEPTH "-0.00 -0.00 —-0 Ou -0 00 "0- a0 "a- 00 -0-00 -0.03 -0¢00 "D.DD -UQDD
METERS
‘SECCHI DEPTH -0.00 -0,00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 - -0.00 ~-D.00 -0.00
- HETERS
: CHtDRUPHYLL A 1.93 2.03 1.95 2.05 2.75 2.93 2.97 260 2.82 2.23 363
MG/ M3 , o g
CHLORNPHYLL B .21 «2¢ «20 .16 F1T 2 24 .26 09 .15 - «T1
MG /M3
THLORUPHYLL C 3.58 6.20 4a48 5420 4,58 be53 5.53 3. 88 4,02 3423 &.78
MG /M3
PHAEOPHYTINS A " 0.00 0. 00 0.00 0.02 (.00 3.00 0.00 0.00 D00 0.00 . 0.00
MG/ M3 i
MG/ M3
TURBIDTITY -0.00 -0,00 ~0.00 3.60 -0.00 ~-0.00 4 ttd ~0+ 00 -0.00 ~0.00 -0.00
MG/L
TOTAL SOLIDS 20446 8,08 10.91 7.96 Ba92 13.36 14,52 13.6% 14.0% 16.04% 11.08
MG/L
INORGANIC SOLIDS 13.30 4490 5. 20 —0.00 ~0. 00 -0.00 10.00 -0.00 -D.00 -0.00 -0.00
KGZL
TRANSMEITTANCE -D. 00 -0.00 -0.00 Db -9.ud 3400 -0.00 —ve LD e 00 —0.00 ~0.00
~ PERCENT
I:: ‘IND SPEED -0.0 "0.0 "0.0 -0.0 "0.0 —O-D -0-0 "'D-u "0.0 -0-0 "Dbo
CORNOTS. | -
* WIND DIRECTION -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0

. DEGREES




BENDIX FLIGHY 92  LANDSAT-I IMAGE 1674-15131  WALLOPS FILIGHT 276 : 4%?

LOCATION=BOAT  TAPE® TIME LINE COL  TAPE TIME LINE COL TIMES ‘12;
NORFOLK Dl 3406039 1037 7 506 -8 -0 -0 =0 948 1149
DEPTH -~ RUN 3 )

TIMELEDT), HOURS 915 935 955 1015 1035 1055 1115 1135 1155 1215 1235
SAMPLE DES IGNATION ON1 DN1A DN1B DNIC - DN1D DNLE DN1F DNL1G DNIH pNil DN1J
STATION - 1 1 1 1 1 1 1 1 1 1 1

CURRENT 5PEED —0.00  —0.00 =000  =0.00  =0.00  ~0.00  ~0.03  =0.00 ~-0.00 =0.00  —0.00
KNOTS : .

CURRENT DIRECTION -0 -0 -0 -9 -0 -0 -0 -0 -0 -3 -0
DEGREES '

JTIDE -0 -0 ~0 -0 -0 -0 -0 -0 -0 -0 -0
MIN. STNCE MHW

" TEMPERATURE 20.15 20,48 20.36  20.60 21.35 21.39 21.43  21.41 21.90  21.66  21.33

DEGREES C

SAL INITY 17.560 17.600 17.550 17.560 17.600 17.670 17.660 17.570 17.700 17.620 17640
PARTS/1000. ‘

DISSOLVED 02 5.97 7.01 6.52 Be 42 6. 29 6e12 6435 6482 652 7.25 6466
MG/L

ACEDETY 7.49 7.58 T.54 7.5% 7.56 7.53 748 7.57 7.64 T.74 7.51
PH

INDRGANIC NOZ .0072 0099 0089 .0093 L0087  .0087 L0117 0081 .0093 L0081  ,0D99
MG/L

INORGANIC NO3 .1483 L0818 .1143 .1515 .i516 1378 .1609 W1517 L1833 L0B6C 1125
MG/t

INDRGANIC PO4 .1089 .1105 .1385  .0918 .0933 .0965 0934 .0887  .0778 .0560  .08T2
MG/ L

FLgURESCENCE : ~0.00 —0.00 ~0.00 -0.00  =0.00  ~=0.00  ~=0.00  ~D.00  —0a00  =0a0d  ~=0.00
MG/L

SOLUB. ORG. CARBONM -0 a0 ~040 4.0 ~Deus ~0.0 -0.0 4.0 -9.0 -0.0 -0.0 -0.0
MG/L

EXTINCTION (DECK) -0.00.  -0.00  -0.80 =0.00 =0.00 =0.00 =0.00  —-0.00 ~0.00  -D.00  -0.00

MIC.~AMP/FT-CAND.
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BEMDIX FLIGHT 92 LANDSAT-I IMAGE 1674-15131 WALLOPS FLIGHT 2756 ' -

LOCATIDN~BOAT  TAPE TIME LINE COL  TAPE TIME LINE COL TIMES
' NORFOLK D1 3406039 1037 7 506 -0 =0 =0 =D 948 1149
DEPTH RUN 3
TIME {E€DT)y HOURS 915 935 . 955 1015 1335 1055 1115 - 1135 1155 - 1215 1235
‘SAMPLE NFSIGNATION DAL DN1A BT ONLT DN INLE nN1F DY¥15 DNIH ‘DML DNLJ
CSTATIN _ : 1 1 1 I 1 1 i 1 -1 1 1
EXTINCTION [SURF) -0 00 ~0.00 ~0.00 -0.03 . =0.00 -D400 -0.00 ~D.00 ~0.00 ~0.00 ~0.00
T MIC.—AMP/FET—~CAND.
EXTINCTION (.5 M) ~0. 00 ~0. 00 ~0.00 -0.09 -D. 00 -3.00 ~0.00 ~0.00 ~0.00 -D.00 ~D0+00
MIC.~AMP/FT-CAND, . .
EXTINCYION (1. ™) —0.00 -0.00 -0.00 -0.00 ~0,00 ~-0.00 ~0.00 —D.0 ~0.00 -0 .00 ~0.00
MIC.~AMP/FT-CAND. :
EXTINCTTEN {1.5M1 -0.00 -0.00 ~0.00 ~0403 —-0.06 ~0.00 -0.00 ~0.00 -0,00 -0,00 -0.00
MIC.~AMP/FT-CAND, .
EXT!NCTIDN ‘2. Ml —~0.00 ‘“0.00 -0, 00 -U.Dﬂ "0.00_ =Je 00 ""O-DD -0.00 -0.00 -0.00 -0 00
MIC «~AMP/FT-CAND, ; v
CURRENT SPEED-1M ~0a00 -0.00 ~0. 00 -0.00 -0.00 ~0.00 -0.00 ~0, 00 -D.00 -0.00 -0.00
KNDTS ‘
SURRENT DIR.~IM -0 -0 -0 -3 -0 -0 -0 i -0 -0 -0 -D
DEGREES : A

JARTICLES/MICRO-LTR c.000 0.000 0.000 1.510 0.300 J.000 0.000 0,300 0.000 0.000 c.000
[0-o5 MICRON BAND}

PARTICLES/MICRO-LTR 0.000 0.000 0.000 24020 2530 0.000 »503 1.010 «126 0.000 0.000
{«.5-1 MITRON BaND)

PARTICLESAMICRO-LTR 37,400 E3.300 21.200 44,500 45.300 28.300 364300 52.700 53.500 38.200 8%4.200°
t1-2. MICRON BAND)

PARTICLES/MICRO-LTR  73.600 71,900 42.100 42.100 82.200 44,100 62,500 101.000 94,400 63.300 87.100
[2=4. MIGRON BAND) '

PARTICLES/MICRO-LTR 23,700 30.100 13.400 L6.400  26.500 20,000 22,500 33.100 3T.400  24.500. 28,800
“4~8» MISRON BAND). '

P BARTICLES/MICRO-LTR  5.800 11,100 . 2+270 44040  $.530  5.800  4.780  7.560  9.070  5.800  10.300
“(8-16 MIZRON BANDY = . =



BENDIX FLIGHT 92 LANDSAT—-I IMAGE 1674-15131 WALLOPS FLIGHT 27%

P,,LD@ATIDN?BD#T TAPE TIME. LINE COL  TAPE TIME LINE COL TIMES
e b
 NORFOLK .2 3406039 1037 17 504 -0 =0 =D -0 948 1149
SURFACE = URUND B : e
TIME (EDT), HOURS 915 935 955 1015 1035 1055 1115 1135 1155 1215 1235
,KSAHPLE‘bESIGﬁATIGN SN2 sN2A 5N2B SN2G SN20 SN2E SN2F SN25 SN2H SN2I  Sn24J
STATION _ 2 2 2 2 . 2z 2 2 BUOY 13 BUJY 12 BUDY 10 BUDY 11
9EPTH © 3,50 3.50 3.50 3.50 3450 3.50 3.50 6.00 5.50 6.10 5.20
METERS ,
‘SECCHI DEPTH' N .85 .89 1,02 -1 1.00 -7 1.06 1.10 .. ..79 -89 .82
METERS o :
CHLORDPHYLL ‘A 2452 2.75 3,23 3.43 1. 65 2.85 2.68 2.68 3.82 175 2.73
HE6/M3 '
CHLOROPHYLL 8 .23 - 0% .51 . 2% 49 .08 .15 e 18 e12 #03 «12
ME/M3 :
SHLARIPHYLL C 6. 02 4a 6 7.13 6.75 7425 3.98 5.30 3.03 ‘6al2 3,40 3497
MG/13
SHAEOPKYTINS: A 0.00 0.00 0. 00 0.00 10.00 3.00 0.00 0.00 0.00 0.00 0.00
' uslus
S AROTENDIDS <04 .04 .08 «06 »06 .07 0% 06 .05 -05 -05
MG/M3
TURETDITY ~0.00 -0 00 5420 ~0402 -0.00 -3.00 360 -0a 00 ~0.00 -0.00 -0,00
‘ HGIL A Co
® .
TOTAL SOLIDS 13.19 11.50 9.30 11.08 8. 80 10.0% 9.13 10.12 17.72 12.24 11.56
COMB/L ‘
TNORGANIC SGLIBS 10.1D 5470 630 ~0.00 -0.00 ~0.00 5.90 -0+00 -0.00 -0.00 -0.00
MG/L
TRAﬂsmITTANcE, o -0, 00 -0.00 -0.00 -0.0u -D.00 ~3.30 -0.00 -0.00 -0.00 ~0.00 ~0.00
PERCENT
WIND SPEED o -0.0 -0.0 =040 -0.0 ~0.0 -D.0 ~0a0 ~0.0 . =0.0 ~0.0 —0a0
KNUTS L . . .
;urnn DIRECTIDN v =0 ~0 -0 -0 -0 -0 -0 -8 -0 -0 -0

DEGREES

o - . . . L mm




. , i BENDIX FLiGHT' 92 LANDSAT~I IMAGE 1674~-1513] HALLO#S FLIGHT 27¢
LOCATION=-BOAT TAPE TIME LINE COL  TAPE TIME LINE Z0OL TIMES

NORFOLK. 2 3406039 1037 17 504 -0 -0 -0 =0 948 1149
SURFACE RUN 3 ‘
TIME (EDT:, Hours 915 935 955 1015 1035 1055 1115 1135 1155 1215 1235
. SAMPLE DESIGNATIDN- SN2 SN2A SN2B sN2C SN2 SNZE SNZE 5NZ2G SN2H SN2 SN2J4
“STATION - 2 2 2 2 2 2 2 3UDY 13 'BIDY 12 BUOY 10 BuOY 11
CURRENT SPEED .19 .21 .21 .10 W12 .16 .35 .35 41 JA6 .58
CKNOTS - :
;cunagnr DIRECTION. 202 142 177 167 167 157 157 157 172 112 202
‘DEGREES = - ,
'-r IDE’ : -0 -0 -0 -0 -2 -0 -0 -0 -0 -0 -0
“MINW SINCE MHY :
frsnpsanruas 19.94 19. 80 19. 50 20410 19.42  19.99 20420 19480 19.38 19,78 19.75
_ DEGREES €
“SALINITY 17560 174630 17.57C 17.560 17«570 LT+610 17.640 17.720 174140 17.050 17.220
PARTS/1000
DISSOLVED 02 652 e 50 6. 29 6427 5,61 7.08 6435 be5% 7.78 5,89 7.20
MG/L
ACIDITY . 7.70 7.5 T T4 7.T0 7.80 7. T4 7.7 T4 7.98 7.91 7.99
“PH
. INDRGANIC NOD2 L0111 .0089 .0087 .0087 .0093 L0123 . 0096 .0087 . 0057 .0072 <0066
HGSL '
INORGANIC NO3 : .1308 .0728 1477 .1015 .1149 .0983 .0978 .1304 .0951 .0916 . .0812
TUMGIL
I'NORGANIG PO& - .1105 -0855 .089% -0.0000 =-0,0000 -~8.0000 =0.0600 -0.0000 =-D.0000 -0.0000 =-0.0000
MBZL :
 FLUORESGCENCE _ -0+ 00 -0.00 ~0.00 ~D.0U ~0 00 ~0.00 -0.00 ~0.00 -0.00 -0.00 ~0.00
MG/L _ _
’ 50LUB. ORG. CARBON =00 -0.0 4.0 -0.0 ~0.0 ~0.0 2.0 -0.0 -0.0 -0.0 ~0.0
MG/L
ExTrNCTxuu tnecxr © 000 ~8.00 -0.00 -0.00 ~0.00 ~0.00 -0.00 ~0, 00 -0.00 ~0.00 -0.00

© MICW.—ANMP/FT-CAND.

e o s e A




9T

' _ BENDIX FLIGHT
LOCATION-BOAT  TAPE TIME LINE

NORFOLK 2 3406039 1037

SURFACE RUN 3
-TIME (EDTY+-HDURS

SAMPLE DES IGNATION

STATION .

EXTINCTION {SURF}
"MIC=AMP/FT~CAND.

EXTINCTION (.5 H)
"MIC,~AMP/FT-CAND,

EXTINCTION (l. M}
“MIC.~AMP/FT-CAND.

CEXTINCTION (L.5M)

MIC.~AMP/FT-CAND.

EXTINCTION (2. M)
MIC.-AMP / FT~CAND.

.CURRENT SPEED-LM

- KNOTS

CURRENT DIR.—1M
DEGREES

PARTTICLES/MICRD-LTR
L0~s5 MICRON BAND}

PARTICLES/MICRO-LTR

{+5=1 MICRON BAND}

PARTICLES/MICRO~LTR

{1-2. MICROW BAND)

“PARTICLES/MICRO-LTR
{2~4., MICRON BAND)

PARTICLES/MICRO=LTR
4~8. MICRON BAND)

PART ICLES/MICRO-LTR
[8-16 MICRON BANDI

§1§ -

SN2
2
~0.00
-0.00
-0.00
-0.00
~0400
-0.00
-0
1.510
14510
63.800
75.200
2#-300

10.500

92
coL

17 504

‘935

sN2a

2
-0.00
-0.00
~0.00
~0,00
-0.,00
~0. 00
~0
503
4o D40
554800
72.300
20,200

T«320

~0

995

SN2B

~0.00

"0- (114}

=0.00

--0e 00

~Q.00

~-0.00

-0

0.000

0.000

31.300

51.500

15.900

5.030

ME LINE COL

-0 -0 -0
IOiS
SNZC

2
0,00
~0a00
-0.02
-0.00
-0.00
~0.00
-0
0.000
0.06D
36.400
634300

19,700

6,290

LANDSAT-I IMAGE l67@—15131
TAPE TI

1035

SN2D

~0a.00

-0.00

“Ueu

~0a 00

~0.00

~D«00

-0

2503

2.270

53.100

544300

164400

4u D40

WALLDPS
948
1055
SNZE

2
~0.00
-0,00
-2.30
-0.00
~-0,00
-0.00

-0
0.000
0.000
164,400
364400

13.400

5. 800

R R

FLIGHT 27¢

I

TIMES

1149
1135
SN2F

2
~0.00
=0.00
~0,00
-0.00
-0.00
-0.00
-0
0.000
0.000
27.800
37.400

12.100

3o 540

1135
SN26

3uUgY 13
~0.09
~D. 00
~0.00
~0.00
~0.00
-0.00

-o
0.000
0.200

37.400
67400

264300

6,290

1155

SN2H

BUQY 12

~{}.00

~0.00

-0.00

-0.00

—DCOD

-0.00

-0

0.000

0.000

41,300

86.200

31.300

9.850

1215 1235

snzi SN24
BUDY 10 BUOY 11

~0.00 ~0,00

-0.00 "D.DO

-0.00 -0.00
*,

—0.00 —D.OD
=000 ~D.00
-0,00 -0.00
-0 -0

0.000 D.000

0.000 0.000

344400 284500

5B.400 52.700

25.500 18.700

6.540 32.800




i

BENDIX FLIGHT 92 LANDSAT-1 IMAGE 1474-15131 WALLOPS FLIGHT 275

it

LOCATION-BOAT  TAPF TIME LIN® COL  TAPE TIME LINF COL TIMES
NORFNLK 3 80603& 1037 1353 509 -0 -0 -0 -0 948 1149
SURFACE: . RUW 3

TIME {FDT), HOURS 915 938 955 101° 1035 1055 1115 1135 1155 1215 1235

SAMPLE DESTGNATION SN3 SN3A 5N38 Lk $430 SN3E SN3F SN3G SN3H SN3T SN3J

STATION 3 3 3 3 ! 3 3 BUDY 1T BJJY 14  FL 17 BU2Y 17

JEPTH 4,12 4,12 4,12 4.12 4.12 4,12 4,12 11.90  14.80 1000 . 11.60

WETFRS

SECCHI DEPTH .86 .85 .83 1.0 1.09 1e1D 1.11 1.30 .93 1.10 1.1%

YETERS

CHLOROPHYLL A 1.31 1.39 2.28 3.20 1.95 2.08 2.37 2.97 2.90 2437 2.68
MG/ M3

ZHLORNPHYLL B .20 .25 .21 .12 .34 .26 .22 .11 .11 .30 .22
MG/ M3,

“HLOROPHYLL C 2.96 3.28 2.57 3.53 5,62 4202 4,13 3,73 3,27 3.88 5.32
MG/ M3

PHAEOPHYT INS A 0.00 0.00 0. 00 0.00  -10.00 0.00 0.00 0.00. 0.00" 0.00 0.00
MG/ M3

CAROTENOIDS .05 06 .07 .00 .08 .08 .07 W07 .07 .08 .07
MG/M3 '

TURBIDITY -0.00  ~0.00 4,30  -DalJ 000 =D.0D 4.00  -ued0  -0.00  =0.00  =D0.00
MB/L

TOTAL SOLIOS 14,34  10.i7  11.52 8.28 12.03 10.12 9.67 8.63  21.52 9.04 10.96
MG/L :

ENDRGANIC SOLIDS 677 7433 4,03  =0,00 -0.00  -0.00 6291 ~0.00  -0.00 -0.00 -0.00

“MG/L

TRANSHMTTTANCE -0.00 ~0.00 —0.00  =De0u =200 —3420  —0.00  ~0.00  =35.00  =0.00  ~0.00
PERCENT

4IND SPEED -0.0 ~0.0 -0.0 -0.) -0.9 -3.0 -0.0 —3.0 ~0.0 -0.0 —0.0
KNOTS .

JIND DIRECTION -0 -0 -0 -n -0 -0 -0 -0 -0 -0 -0

DEGREES



3 R BENDIX FLIGHT 92
~LDCATINN-BOAT TAPE TIML LINE COL

" SUREACE A
IME {EDT); HOURS

' SAMPLE DESIGNATION
TATION -

ZURRENT SPEED
KNQOTS

CURRENT DIRECTION
DEGREFS

“TINE
MTN. SINCE MHW

' TEMPERATURE
DEGREES C

INORGANTC NO2
LML

. TNDRGANIC -NO3
MG /L

I'NORGANIC P04
‘MG/L )

; FLUORE SCENEE.
NG/L

SALUB. ORG. CARBON
MG/L

£XTINCTION [DECK)

. MIC.=ANP/FT~CAND.

180

<1136
2241
—Ua D
~3.0

=00}

_NDRFOLK 3 806u36 1037 1353 509

933
SN3A

3

«37

180

-0

200 20

17,080

« 0093

<1567

«2428

“Le QU

-0-0

=-0.00

LAMDSAT -1 IMAGE 1474-15131
TAPE TIME LINE ZOL

~Q

20.30

16.940

6.14

7.44

-0078

1525

» 3004

=0 U0

-0.00

-0

- =0
131F 1335
SN3C N30
3 3
.54 .72
18n 180
-y -0
2\’)-2-1 20.5'&!

17,410 16.560

T.01 5.42
7.53 To42
«0393 «J10%

« 1425 « 1007

-0,0003 =-0.0000

~0,00 =0400
-0.3 =00
-0,09 ~0.00

WALLOPS FLIGHT 275
TIMFS

943

135%

SN3E
3

«5%

i80

«3123

+0695

-0.0000

~J.0U

1149

1118
SN3F

24652
17.040
.99
T+49
«Ot11
«0623
-0.0000

~UaeGd

~-0.00

1135
S\N35

BUJY 15
.43

180

-2
20423
17.510
€437
7.61
.0296
.1583

-2.0000

~0«00

115¢

SH3H
BJIY 14

«43

15. 80

17.440

7.35

7.58

« 0078

«0953

-3.3900

-0.00

1215

SN3I
FL 17
« 27

180

Teb3
«9105
;1499

-0.0000
-0.00
~0.0

-0.00

1235
SN34

BJ3Y 17

-1

180

=

20,20

17.5650

6437

7-51

- 0087

«1403

=3+ 0000

'0.00

“D.U

~0+00




BENDIX FLIGHT 92 LANDSAT-T MAGE 1£74-15131  WALLOPS FLIGHT 276 Cee

LOCATION-BOAT  TAPE TIME LINS COL  TAPE TIMF LINE ZOL TIMES
NOREOLK 3 806036 1037 1351 509 I 948 1149
SURFACE RUN 3 .

TIME (EDTLy HOURS 915 935 955 191 1035 1055 1115 ° 1135 1155 1215 1235

SAMPLE DES IGNATION SN3 SN3A SM3B SN3r SN3D SN3C SN3F SN3G SN3H SN31 §N3J

STATION : 3 3 3 3 3 3 3 340v 15 BUIY 16 FL 1T BUDY 17

EXTINCTION (SURF} “0.00  =0.00  =~0.00  ~0.00 =000  ~0.00  -0.00  -0.00  -0.00  -0.00  =G.00
MTC .—AMP / FT=CAND. :

EXTINGTION o5 ") - “0.00  -0.00  —0.00  ~0aDo —0aU)  =Jeud  =0.07  ~0.30  ~0.00  =0,00  -0.08
MICo—AMP/ FT=CAND. , R

EXTINCTION (L. M) “0.00  —0.00  =0.00 =000 =000  ~3.00  =0.00  ~D.00  ~0,00 ~-0.00 -0.00
"MIC . ~AMP /FT-CAND.

EXTINCTION {1.5M) ~0.00  =0.00 ~0.00 =0.00  =0.00 =3.00  =0.00 -0.00  -0.03  =0.00  =0.00
MTC o=AMP /FT~CAND.

EXTINCTION (2. M} ~0.00  =0.00  =0.00  -.Us ~0aUu  =0eJ0  =uel =508  -=0.00  =0.00  =0.00
MiCa~AMP/FT~CAND. - : _

CURRENT SPEED—~IM ~0,00  =0.00 =0.00  =0.00  =0.00  =0.00  ~0.00  ~0.00  ~0,00 =0.00  =0.Q0
KNOTS

CURRENT DIR.-1M -0 -0 -0 -3 -0 -0 -0 -0 -0 -0 -0
DEGREES .

PARTICLES/MICRO-LTR 04000 0,000  0.000  3.20J W253  4.200 0,002 «253 0,000  0.000 0,000

{0=-.5 MICRON BAND)

PARTIGLESIMICRh—LTR 0.000 0.000 0.000 2.530 3.7%0 1.770 0.000 « 756 0.000 1.010 2.270
[«5=1-MICRON BAND)

PAPTICLES/MICRC-LTR  60.100 - 18.900 40.800 41.300 59,700 60.500 50.700 36.100 47.400 35.400 31.600
{1-2. MICRGM BAND}

PARTICLFS/MICRQ“LTP 1244000 31.1Gu 85.0u0 B7aluo  131.3U0uv 119,030 116.000 | 7&.%00 90.300 71.140 T7.200
(2-4. MICRON DAND]

PARTiCLESIMICRD-LTR 43,300 144400 35.400 28.50) 40.800 41.300 32.400 25.200 35.900 23.200 264300
F¢~&. MICRON BAND) ' .

{EPARTTGLESIMICRHFLTR 144200 3,840 10.100 6,290 11.400 12.100 8.050 & 780 10.500 7320 T.560
{8=16 MIZRUN BAND) ’



o

i BENDIX FLTGHT 92 LANDSAT~1 IMAGE 1A474-15131 WALLDPS FLIGHT 276
LOCATION-OCAT TAPE TIME LINF COL TAPE TIME LINF COL TIMES

| HOPEWFLLSL 3415049 1113 782 507 6741313 1115 1491 463 1036 -0
CSURFACE - RUN €
TIME (EDT) . HOURS 955 1015 1035 1055 1115 1135 1155 1215 1235
'SAMPLE DESIGNATION SH1B SHIC SH1D SHIE SH1F SHIG . SHIH S41T SH1J
STAT ION ~ BUDY R104BUDY R10EBUDY R106BUDY RIO¢BUOY R1063JOY R106PUOY RIOOBJIY RNSERJDY RNOE
JEPTH 850 8450 8. 50 8.55 7.90 7.90 7.30 8. 20 8420
HETERS
SECCHI DEPTH .42 .42 W43 .47 .49 .61 .37 L .39 .41
METERS :
CHLORGPHYLL A 13467 17441  1B8.85  16.54  17.46  15.61  15.78 19450  19.50
MG/ M3
~HLORORHYLL B 3,60 3,02 1.38 W10 1.75 .38 4,09 .52 e
ME/M3. |
SHLOROPHYLL C 815  Lue4T 3.99 1.57 6029 2.55 .55 4a70 5,79
HG/H3 -
PHAEDPHYTINS A 0.00 0.00 0.00 0.00 0.00 .39 0.03 0.00 0.00
HG/ M3
CAROTENOIDS ~0.00  =0.00  ~0.00  -0.09  ~0.00  -0.00  -0.00  -0.00  -0.00
MG /M3
TURBIDITY “0.00  18.00  ~0.00  =UsOu 17460 =000 =000  -usd0 =000
HG/L : -
TOTAL SOLIDS ' 36,40 26,60 29,20 23,80 28,20  31.80  31.60 24440  47.60
MG/L .
INORGANIC soL1PS 26,60  22.60 20460  18.40  21.60  26.6C 26,40 34,00  39.20
MG/L : _
TRANSHITTANCE 20200 =0.00  =G.00  ~0.01  =0.00  -3.00  -0.00  -0.00  =0.00
PERGENT _ v : :
U dIND§PEEDT ~0.0 ~0.0 -0.0 -0.0 -0.0 -0.0 -0.0 ~3.0 -0.0
L KRNOTS: S ' '
LTND anuTmN o - - . -0 - -2 -0 -0 -J -0
CDEGREFS :
s
3 *®




BENDTX FLIGHT 92 LANDSAT-T IMAGE 1474-1%5131 WALLOPS FLIGHT 27%

. LOCATTON=-BNAT °© TAPF TIME LINE COL  TAPE TIME LINF ZOL Truss
HOPEMELLS1 3415049 [113 782 507 AT41313 1115 1491 463 1026 -0
SURFACE = RUN 6
TIME LEDT1, MOURS © < 955 1015 103§ 1957 1115 1135 1155 1218 1235
5AMPLE;DESIGNﬁTIGN T OBMIR SHIC  SHID SHIF SHIF SH1G SH1H SH11 SHLJ
STATION 7. BUDY RLOGBUNY RLOSBUNY R1J68UOY RIGABUOY R1ULBJOY R106BUDY RIUOBJIY RY96BJ3Y RN4
SHRRENT SPEED - T L4z .32 .62 80 .99 .80 1.50 1.80 1.59
RNOTS : L
CURRENT DIRECTION 190 265 190 213 195 250 280 265 . 270
‘DEGREFS -
TIDE- _ 5 25 45 6& 85 105 125 145 165
 MIN. SINCE MHM
 TEMPERATURE 22.50 22.50 22.40 22.60 22,60  22.8B0  22.40 22.50 22.60
. DEGREES €
SALINITY 2116 »0'87 104 .09 .097 .106 -094 «0B82 “082
BARTSZ1000 ,
DISSOLVED 02 6.17 6.05 ~  5.99 6.0 5.89 5.79 5.69 £, 89 623
MGAL :
ACIRTTY - . 6.90 6490 6a 00 5. 50 5450 5.70 5.60  5.40 £.70
pH. D
TNOR GANTC. NO2 23,2700 2.9700  3.1200 2.8700  2.86uu  2,0B00  3.UB00 2.9400 3.1200
HG/L R : : :
TNDRGANIC NO3 23,6500 2041600 23,8800 23,4700 21.7300 22,2700 22.0300 22.5700 23.1800
MGsL
THORGANIC PO& «3300° L2600 .1900  .6300 .2200 .0700 .0700  0.0000 D.000D
HG/L .
FLUORESCENCE - 17.72 17.22 12.32 12.66 12.79 12.41 10.63 15. 20 14,31
MG/L - _
SOLUBw ORG. CARBON. -3W0 £u0 -0.0 -0.0 6.0 ~3.0 -0.0 3.0 ~0.40
| EXTTNGTION (DECKD. 12.20  12.55 12,80 13,75  16.50  15.00  15.00  15.5)  15.50

MIC.~AMP/ET-CAND,



BENDIX FLIGHT 92  LANDSAT-I IMAGE 1674-1$13 WALLDPS FLIGHT 275

LOCATION-BOAT TARPE TIME LINF COL TAPE TIME LINE COL TIMES .
. 1
HOPEWELLSL 3415049 1113 782 507 6741313 1115 1491 463 123¢& -2
SURFACE RUN &

;TIHE;LEBT}i HAURS 955 1015 1635 -~ lUsE 1115 1135 1155 1215 1235
SAMPLE DESIGNATION SH1B SHIC SH1D SH1E SH1F SH1G SHIH S411 SH1J
STATION BUDY RLIO6BUDY RIO6RUNY RLOGBUOY RIOQ6BUDY R1O6BUNY RIQ6BUOY R100BYIY =N96BIOY RNI4
EXTINCTION {SUPF} 2800. 00 9200400 1000000 9BUJ.Ov BBIud TBII.O0D 1000060 1000u.00 10030400

MIC«~AMPZFT~CAND.

EXTINCTION (.5 M) B00. 00 1600.00 2080.00 2320.07 2000.00 223).99 2400.00 1400.00 1530.00
MIC —AMP/FT-CAND. .

EXTINCTION (1. M) 205.00 300.00 340.00 350,00 250400 250.00 400.00 200,00 150.00
EXTINCTION (1L.5M) 12.00 20.00 20.00 12,04 1o 00 15.00 20.00 %o 50 6e50
MIC «~AMP/FT—CAND.

EXTINGTION (2. M) « 50 3. 50 2.50 2.20 . 1.70 1.50 1.00 « 50 1.00
- MIC s—AMP/FT-CAND,

CURRENT SPEED~-1M - 24 «22 «80 «B6 1.0% l.00 1.60 1,580 1.60
KNOTS

CURRENT DIR.~1H 200 350 220 213 210 240 200 279 265
DEGREFS

2ART ICLES/MICRO-LTR -0.000 ~0.000 -0.000 -0.000 ~0.000 ~0.000 -0.000 -0.300 -0.000
(0—~e5 MICRON BAND)

PARTICLES/MICRO-LTR ~0.000 ~0.000 -0.000 =13.002 -0.000 =-0,000 -0.000 =0.000 =0, 000
{«5=1 MICRON BAND) .

PARTICLES/MICRD-LTR 72.000 T2.000 752000 70.000 T7.0u0 67.000 60,000 754300 50,000
{1—~2 MICRON BAND)

?ARTEﬁLESIHICRU-LTR '98.000 91.000 110.000 92.000 132.000 109.000 104.000 91.300 83.000
(2-6, MICRON BAND)

PARTICLES/MICRO-LTR  32.000  32.000 35.000 29.000 42.000 35.000 36.000 31.000 28.000
14-8. MICRON BAND)

. PARTICLES/MICRO-LTR  T.000 10.000 12.000  B.000 35,000 9,900  8.006  9.000  9.000
© {B-16 MICRON BAND)
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BENDIX FLIGHY 92 - LANDSAT-I IMAGE 157415131 WALLDPS FLIGHT 275

LOCATION-BOAT  TAPF TIME LINF COL TAPE TIMF LINF ZOL TIUES
HOPEWELLDL 3415049 1113 782 507 6741313 1115 1491 463 1036 -0
“DEPTH RUN A

TIME (FDT)y HOURS 955 1015 1035 1055 1115 1135 1155 1215 1235

SAMPLF DESIGNATION pH18 DH1C DH1D HEES NH1F DH1G DH1H DALl DH1J

STATION BUOY RID&BUCY R1OGBUOY RIODGBUDY PL0SBUCY R1063U3CY {106BUCY RIOOBUIY RVY96BJOY RN94L

DERPTH ~D. 00 ~0.00 -0.00 -0.07) =04 00 =2.790 ~0.00 -0.00 -H.00

YETERS .

SECCHI DEPTH -0.00 =f1,00 -0.00 -0.07 —0.00 -0,00 ~0.00 ~0.00 -0-00

METERS

SHLORDPHYLL A -0.00 14.29 16.82 17.5% 17.92 16495 ~0.00 2ua B4 21.70
MG/ M3

CHLOROPHYLL B -0,00 1.98 1.43 1.20 1.63 1,50 ~0,00 1.54 «99
MG/ M3 .
MG /M3

DHAEOPHYTINS A a.00 0.00 0.00 .00 0.00 J. 00 0.00 ue 00 D00
MG/ H3 .

CARDTENDIDS -0,.00 ~0.00 ~0.00 -0.00 -0.00 -2.20 -0.00 ~0.00 -0.00
MG/ M

TURBIDTTY -0.00 18.00 -0.00 -0.090 20,00 ~-0.00 —~0.00 -0.00 ~0.0D
ME/L

TOTAL SOLIDS 31.80 26.80 28.20 30.24 2%.u0 35.20 28.20 40. 60 45.00
MG/ L

INODRGANTC SOLINS 25.80 23. 40 20. 80 22.00 23.80 2600 21.00 35.20 35.60
HG/L

TRANSMITTANCE -0,00° =0.00  -0.00 ~0.0) -0.00  -0.00  -0.00  -D.00  -0.00
PERCENT

. T

AIND SPEED © =040 -3 o0 -0 .0 “Jed ~0.0 ~0.0 ~0a0 =Je 0 -0e0
KNDTS .

ATIND NIAFCTION -0 ~0 -0 «3 =) T =0 -0 -0 -0

NEGREFS ' i



BENDIX FLIGHT 92 LANDSAT-I IMAGE 1674-16131 WALLOPS FLIGHT 275

LOCATION-BOAT TAPE TINME LINE COL TAPE TIMF L INE COL TIUES
e HOPFUWELLDY 3415049 1113 782 507 6741313 1115 1491 463 1035 -0

DEPTH RUN &

TIME {FDT). HOURS 95¢ 1015 1035 1055 1115 1135 1155 1215 1235

léﬂﬁbLF DESIGNATION DH1E DH1C DHID DHIT DHIF DH1G nRlv DHiT OH1lJ

STATION : BUOY R1N63UNY R106BUTY RLUGBUOY R1G:BUDY R1063J0GY R106BUDY RIDORJIY RNGEBUOY RNSL

CURRENT -SPEED -0.,00 ~0.00 ~0.00 ~0.00 -0.00 =0, 00 -0.00 =0.00 -0.00
KNOTS

ZURRENT DIRFCTION -0 -4 =0 =3 -y -0 -0 - -0
DEGREES

TIDE 5 25 45 - 65 85 135 125 145 165
MINe. SINCE HMHW

TEMPERATURE -0,00 -0.00 =0.00 -0.00 -0.00 -0.00 ~0.00 ~0+ 00 =000
DEGREEFS C

SALINLTY «087 «106 «087 = JRS «0B7 «0%86 « 094 «JB8% =082
DARTS/1000

DISSOLVED 02 £.05 5. 85 £.19 6.19 5.59 579 5.85 b.09 5.93
MG/ L

ACTDITY -0.00 -0.00 -0.00 -0.00 =0, 00 -0.0G0 -0.00 =0.00 =-D.00
PH

INORGANTC NO2Z 3.0600 3.1100 3.3500 3.0300 2.9300 2.7500 2.3500 3.06000 3. 1900
MG/L

INORGANIC NO3 25.T1u0 23,2300 24.0100 21.950) 21.7500 23.1100 23,8000 20.5900 20.4800
MG/ L

INORGANIC PO%4 «2200 «1900 + 5300 « 2700 «1500 -0900 - 0600 J.0000 «~1000
4G /L

FLUDRESCENCE -0.00 13.42 13.93 12.75 13.67 14.94 ~0+00 15J57 16.20
MG/L

SOLUB. ORG. CARBON =0.0 -0.0 -0.0 ~0.0 -0.0 -0.0 ~0.92 ~J.0 =0.0
HG/L

EXTINCTION (DECK) ~0.00 4.00 ~-0.00 ~-0. 00 5. 00 -0.00 =3.00 -0.0232 ~0.00

HICQ'“MP/FT“CAND-



€z

BE
~OCATION-BOAT TAP
HOPEWELLD]
DEPTH

34150
RUN
TIME (EDT), HOURS

SAMPLE DESIGNATION
STATION

EXTINCTION (SURF}
MEC 4~ AMP /FT~CAND,.

EXTINCTION {5 M}
MIf +—~AMP /FT~CAND,

EXTINCTION (1. M)
MIC.-AMP/FT-CAND.

EXTINCTION (1.54)
MIC.-4MP/FT-CAND.

EXTINCTION {2, M)
MIC = AMP /ET-CAND,.

CURRENT SPEED-1M
KNBTS

CURRENT DIR.-1M
DEGREES

PARTICLES/MICRO-LTR
{0-.5 MICRON BAND!}

PARTICLES/MICRO-LTR
[.5<1 MIZCRON BAND)

OAPTICLES/MICRO-LTR
{1-2. MICRNON BAND]

PARTICLES/MICRD~LTR
{2-4. MICRON BAND}

DARTICLES/MICRO-LTR
[4~8. MIZRON BAND)

PARTICLES/MICRO-LTR
{B~16 MICRON BAND}

NDTX FLIGHT 92 LANDSAT-I IMAGF 1£74-15131 WALLDPS FLIGKHT 276

F TIME LINT COL  T&PE  TIME LINF ZOL TIMES

4: 1113 782 507 6741313 1115 1491 443 1936 -2
95< 1015 1035 1055 1115 1135 1155 1215 1235
nH1g DH1C DH1D DH1F DHLF DH1G Dh1d n411 DH1J
BUOY RLO6BUIY R106BUNY R106BJDY RLOSBUNY RLIO6EBUODY RI0D&BUNY RICOBJIY RNT6BJIDY RN94
~0e00 -0.00 ~0. 00 ~3.0v ~(.00 ~3.00 -0.00 ~0.00 ~0.00
~[.00 -0.00 -0.00 .-o;oa ~-0.00 -0.00 ~0.00 -0.049 -0a0D
-0.00 -0,00 -0.00 f -0.032 -0.00 -0.00 ~-0.09 -0.00 -D.00
-G Ul e 30 ~0ad0 —Ge0U ~Ge00 =D.UD -0,00 —ua G0 ~0.00
-0.00 ~0,00 ~0. 00 ~0.02 ~0.00 -0.00 -0.00  -0.00 ~0.00
-0.0% -0.00 ~0.00 ~0.00 -J. 00 ~0,00 ~0.00 ~0. 00 ~0.0D
-G -0 -0 -0 -0 -0 -0 -0 -0
-0.000 -0.000 =-0.000 —0,00n -0.000 =~0.000 -0.000 -0.300 -0.000
=0.000 -0.000 =0.000 -0.000 -0.000 =~J.Ud0 ~J.000 ~uwedD0 -0.000
66,000 £3.000 53.000 71.007 87.090 76.000 69.000 47.090  30.000
103.000 968.000 76,000 117,000 3:56.000 141.000 119.000 79.000 4%%.000
35.000 32.000 28.000 37.ulu  56.000  43.000 43.000 29.000 12.9000
11.000 7.000 8.000 8.000 15,000 11.000 13.000 7.000 %000
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BENDIX FLIGHT
LOCATIDN-BOAT TAPE TIME LINF

HOPEWELL 2 3415049 1113 202
SURFACE RUN &

TIME {EDT), HOURS

SavPLE DES IGNATION
STLTION

NEPTH
METERS

SECCHI DEPTH
METERS

CHLORDPHYLL A
MG/ M3

SHLOROPHYLL B
MG/ M3

CHLOROPHYLL C
MG/ M3

PHAEOPHYTINS A
MG/ M3

CAROTENGIDS
MG/ M3 '

TURBINITY
MG/L

TOTAL SOLIDS
KG/L "

INURGANIC SOLIDS
MG/L

TRANSMITTANCE
PERCENT

JIND SPEED
KNOTS

A IND DTRECTION
DEGREES _

955
SHZ8
80Y ANl 1680Y
T.60
«38

14440

20.00

2700

22.40

-0.00

=043

-0

$2  LANDSAT-I IMAGE 1674-15131

cou

i015

SH2C

PN1l680OY

To 60
.ht

15.01

Delu
-0.00
-0.00
27.00
19.00
=0.00

~DaW

TAPE

WALLOPS FLIGHT 275

TIME LINE ZOL TIMES

346 6741313 1115 1516 398 1040 -0
1035 1055 1115 1135 1158 1215 1235
SH2D SH2F Su2F $H2G SH2H $H21 sH2y
ANL1680Y RNL116BOY PNL16BIY RM1L16BUOY CLL7BUIY CL13B3Y RNLLZ
7460 7.60 7460 7.60  =0.00  -0.00  =0.00
4T 42 sl 40 «50 .39 .38
13.13  11.95 2,05  13.09 13,58  10.26  11.51
.66 1.12 .60 .86 3.35 .25 2.08
.56 3.14 2. 64 1,52 Q.44 2.49 2.71
0.00 6.03 0.00 3.00 2400 (e 00 Ua 00
-0.00 0,00  =0.00  =3,30  -0.00  ~=0.00  ~0.00
=0.00  -0.00  19.00  -0.00  -0.00  ~=0.08  -0.00
20,60  26.00  28.60  26.00  28.80 23,00  %u.80
13,40  21.60  20.40  23.20 20448 17.40 34,20
=000  =0.00  ~0.00  ~0.00  =0.00 ~0.03  -0.00
“040 04D ~5.0 ~0.0 ~0.0 -0.0 -0.0
-0 -3 -0 -0 -0 -9 -0



e

BENDIX FL IGHT

" MIC.-AMP/FT-CAND.

32 LANDSAT~1 TMAGE 1bﬁ4—15131

WALLOPS FLIGHT 276

LOCATION-BOAT  TAPY TIME LINT COL  TAPE TIME LINF COL TIMES
HOPEWELL 2 3415049 1113 202 346 6741313 1115 1510 398 1040 -2
SURFAGF RUN 6

TIME (EDT}, “NURS 955 1015 1035 1355 1115 1135 1155 1215 1235
SAMPLE DESIGNATTDN SHZ2B SH2C SH2D SHZF SH2F SH26 SH24 SH421 SH2J
STATIOM BNY oN11580Y RNLLABOY RNL16BOY RN115BOY RNL1530Y RNL16BUGY C1178J1Y CL13BOY RN112
“URRENT SPEFD oGE .50 «60 45 <8 1.25 1.0 1.00 1e40
KNOTS

“URRENT DIRECTINN -0 - -0 -0 -2 -9 -3 -0 -0
DEGREES

TiDE -1% 5 25 45 65 85 105 125 145
MIN. STNCE MHW

TEMPERATURE 22.80 22480 22,8¢ 22.80 22.90 23.00 23.00 23.20 23420
NEGREFS € d

SALINITY ' . 104 L1086 .1u8 L) 097 099 L099 .097 097
'PARTS/1000

DISSOLVED D2 5,55 5.01 4.97 5. 71 5425 5.89 601 6.09 5.99

CMB/L

ACIDITY =000 =000 -0.00 =-0.00 -0 00 -0e0U -J.00 -« 00D Ul
“PH

" INDRGANIC NO2 3,0600 2,9100 2.8900 2.600) 2,8700 2,5500 2.7300  2.7500  2.2800
MG/L

“INORGANIC NN3 22,0500 22.5500 21.2500 21,0100 21.0500 20,3600 22.3300 22.8%00 23.7500
MGAL

INORGANIC PO& L1300 .0900 L0800 L1103 0700 L0706 U700 . 1400 - G400
MG/ L

FLUGRESCENCE 11.90 10,38 9.12 T. 8¢ 2.07 12.41 10.63 Be10 1G. 69
MB/L

‘SOLUB. ORG. CARBON 5.0 —0.0 -0.0 -0, 4.0 -0.0 -0.0 -0.0 -0.0
MB/L

EXTINCTTON (PECK) —U. 00 -0.00 -0.20 ~0.0u -0.00 -2.00 -0.00 -0.00 -0.00

Ny
ST HOV |

Y00q a0

NIOTHG
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BENDIX FL JGHT

LOCATION-BOAT TAP

HOPEWELL 2 3415049 1113 202

SURFACE ~ RUN
TIME {FDT), HOURS

SAMPLE DESIGNATION
STATION

EXTINCTION {SURF)
MIC .~AMP /FT-CAND.

EXTINCTION (.5 M)
MIC o~AMP/FT—CAND,

EXTINCTION {1. ™)
MIC.=AMP/FT—-CAND.

EXTINCTION {1.5M)
MIC.-AMP/FT-CAND.

EXTINCTION (2% .M}
MIC .~AMP/FT-CAND,

CURRENT SPEED-1M
KNOTS

CURRENT DIR.-1H
"DEGREES

PARTICLES/MICRO-LTR
{0~-.5 MIGRON BAND)

PARTICLES FMICRO-LTR
{.5-1 MICRON BAND)

PARTICLES/MICRO-LTR
{1-2. MIGRON BANDI
PARTICLES/MICRO-LTR
(2-4. MICRON BAND)

PARTIGLES/MICRO-LTR
{4~8+ MICRON BAND]

PART IGLES/MICRO-LTR
{B-16 MICRON BAND}

92  LANDSAT—-I IMAGE 1674~15131
FTIME LINF COL TAPE TIME LINE COL
346 5741313 1115 151¢ 398
6
95¢ 1015 1935 1055
SH20 SH2C SH2D SHzT
ANY RN116B0Y RNI1680Y RN1LI6BOY RN116BOY
- ~0.00 -0.00 -0.00 -0.00
~0.00 -0a 00 i} GO —0.03
. —0.00 ~0.00 ~-0.00 -0.00
-0.00 -0.00 -0.00 -0.00
-0_- 00 ~0.00 —0«00 -0.00
.20 .52 « 45 .58
-0 -0 -0 -0
~0.000 -0.000 =~0.000 -0.000
~0.000 ~0.000 -0.008 -0.000
57.000 90,000 87.000 86.000
97.000 141.000 161.000 134.000
34,000 46,000 50.000 45.000
8.000 10.000  14.000 11.000

1115
SH2F

RNL1€ROY
-0,00
-0.00
-0.00
~0.00
-0.00
.85
-0
~0.000
-0.000
67.000
85.000
28.000

1.000

= TIMES
1040 -Q
1135 1155 1215
SH26 SH2H SH21T
RN11eBUNY CLI7BUY CL13BOY
~2.00 ~0.00 ~0.00
~J.00 =0.00 =0.00
-3.00 —-0.00 -0.00
-0.00 -0.00 -0.00
=0.00 ~0.0D -0.00
1.20 «93 -8?
-0 -0 -0
~0.000 -0.000 =0.000
=0.000 ~0.000 ~0.000
63.000 83.000 83.000
97.000 121.000 121.000
32.000 33.000 25,000
10.000 9.000 7.000

WALLOPS FLIGHT 276

1235 .
5H2J

INL12
-0.00
~0.00
;0.00
-0.00
-0 00

1.20
-0

~0. 009

~0.000

61.000

844000

27.000

10.000
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BENDIX FL IGHT 92 LANDSAT-I IMAGE 1674-15131 WALLOPS FLIGHT 275

JLUCATIUNrBUAT ThPF TIME LINE COL TAPE TIHME LINE COL TIMES
. HOPEWELL 3 3415049 1113 65 580 5741313 1115 1498 375 1040 -0
~ SURFACE RUN 6
CTIME (EDT),; HOURS 958 1015 1035 1055 1115 1135 1155 1215 1235
SAMPLE DESIGNATION SH3B  SH3C SH3D SH3E SH3F SH3G SH3H $H3T SH3J
© STATION : 8OY RN120BOY RNL20BOY RNL20B0Y RN120BOY RN120BOY RN1208UDY CL19BU3Y €122 BUBY Ré
DEPTH 5.50 5a 50 5.50 5.50 5.50 5450 11.60 8.90 2.70
METERS »
SECCHI DEPTH «48 «51 «54 «51 «48 - «52 44 « 50 «55
YWETERS: ~
CHLORDPHYLL A . =0.00 6.49 7. 90 5,79 e 19 T.78 6.56 8.73 9,69
MG/M3
CHLOROPHYLL B -0.00 90 2.18 1.17 2.76 .39 1.39 1.88 .32
MG /M3 ‘
CHLOROPHYLL C ~0.00 2.20 6« 85 1.99 Se &t 2.68 23 3. 90 1«84
" MG/M3 :
PHAEOPHYTINS A G.00 050 0. 00 0.00 G.00 0400 0,00 0. 00 000
'_HGIMS
" 'CARUTENOIDS ~0.00 . -0.00 -0 00 -~0.00 -0.00 -0.00 =0.00 -0.00 -0.00
MG/ 43 '
TURBIDITY 18.00 -0.00 ~0,00 -0.00 1800 -0.00 -0.00  -0.00  ~0.90
“MG/L '
TOTAL SOLIDS 27.80 23.40 23.20 21.80 24440 21.00 26.80 31.40 22.40
MG/L
. INORGANIC SOLIDS’ 26440 17.40 18420 16.60 21,40  —0.00 19.560 25,60 20420
M/l
TRANSMITTANCE =000 +04.00 ~0.00 -0,00 . ~0.(OD «0.00 ~0.00 -0.00 -0.00
- PERGENT '
. WIND: SPEED R -0.0 ~0.0 -0.0 ~0.¢ - =0.0 -0.0 ~0.0 * -0.0 -0.0
KNDTS. -
" WIND DIREGTION -0 -0 -0 -0 - . -0 -0 -0 -0

 DEGREES
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BENDIX FLIGHT 92 LANDSAT-I IMAGE l674~15121 WALLOPS FLIGHT 2Ts

LOCATION-BOAT  TAPE TIME LINE COL  TAPE TIME LINE COL TIMES
HOPEWELL 3 3415049 1113 65 580 6741313 1115 1498 375 1040 -0 '
SURFACE - RUN &
 TIME{EDT); HOURS 955 1015 1035 1055 1115 1135 1155 1215
SAMPLE DESIGNATION SH38 SH3C SH3D SH3E SH3F SH3G SH3H SH3I
STATION BOY RNL20BOY RN120BOY RNL20BOY RN12080Y RN120B3Y RN120BUOY Cl1SBUdY Cl22
CURRENT SPEED .10 .18 - 20 <48 «60 <60 .45 .76
KNOTS .
CURRENT DIRECT ION 230 280 300 310 230 348 260 350
DEGREES :
TIDE o -30 -10 o 30 50 70 90 i1io
MIN. SINCE MHW
TEMPERATURE 22.00 22.00 22.00 22.00 22.00 22.00 22.50 22.60
DEGREES C
SALINITY 130 120 .09% -099 - 104 .078 »082 +080
PARTS /1000
DISSOLVED 02 6431 5465 5.49 5.73 5.75 6.19 6.61 6.35
HG/L
ACIDITY -0.00 -0.00 —-0.00 ~0. 00 ~0.00 -0.00 —-0.00 -0.00
PH
I NORGANIC :NO2 2.2100 2.4800 2.5700 2.,2900 2.2800 1.9100 1.8400 1.5200
MG/L
INDRGANIC NO3 21.5300 21.0200 21.8200 22.1200 21.5100 19.2400 18.4700 156.5900
ME/L
INDRGANIG PO& «2200 .2200 - 1900 -1500 «2200 «3000 - 2600 «1300
MG/L ’
 FLUORESCENCE =000 12.41 1063  9.62 12.07 Llal4% 9.79 10.30
HG/L ‘ _ i
SOLUB< DRG. CARBON 4,0 ~  ~0.0 ~0.0 -0.0 B0 ~Da0 ~0.0 =040
HG/E _
C EXTINCTION (DECK) =~ 0.00 -0.00 ~0.00 -0.00 0.00 -0.00 ~-0.00 -0.00

HIC.-AMP/FT=CAND.

1235
SH3J

guoY Re
=80

190

130
22.00
«089
5.91
-D.00
l.3800

14,8600

«1T700
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BENDIX FLIGHT

LOCATION-BOAT TAPE TIME LINE CODL

HOPEWELL 3 2415049 1113

SURFACE . RUN

TIME (EDT), HOURS
'SAMPLE DESIGNATION

STATION

EXTINCTION (SURF)

MIC.—AMP/FET-CAND.

EXTINCTION (.5 M}
MIC.4—AMP/FT~CAND.

EXTINCTION (1. M}
NTC .—~AMP/FT-CAND.

EXTINCTION {1.5M)
RIC~AMP/FT-CAND.

EXTLCTION (2. M)

HIC«—AMP/FT—CAND.

CURRENT SPEED-1M
KNOTS

CURRENT DIR.~1H
DEGREES

PARTICLES/MICRO-LTR
{0~,5 MICRON BAND}

PARTICLES/MTICRO-LTR
{«5~1 MICRON BAND}

PARTICLES/MICRO-LTR
{1-2+ MICRON BAND)

- PARTICLES/MICRO-LTR
12-4. MICRON BAND)

1€ -

PART ICLES/MICRD-LTR
I4-84 MICRON BAND)

PARTICLES/MIGRD-LTR

 {8=16 MICRON BAND)

&
955

SH3B

BOY RN12080Y

~04 00
-0.00
-0.00
-0.00
~0.00

.25
250
~0.000

-0.000
90,000

168.000

55.000

14,000

65

g2

LANDSAT-I IMAGE 1674-15131

WALLOPS FLIGHT 276

TAPE TIME LINE COL T IMES

580 6741313 1115 1498 375 1040 -0
1615 1035 1055 1118 1135 °  11%55 1215
SH3C SH3D SH3E SH3F SH3G SH3H $431
AN120B0Y RN12080Y RN120BOY RNL2080Y RN120BUOY C119BJ0Y €122
“Us0U  ~0.00  -0.00 —0.00  -0.00  ~0,00 —0.00
-0.00  ~-0.00 ~0.00 ~Da00 -3.00 -0.00 «0.00
~0.00  -0.00  ~0.00 ~0.00  —0.00  —0.00  ~0.00
-0.00 -0.00  ~0.00 —0.00  ~0400  =0.00  -u.0D
-0.00  ~0.00  ~0.,00 -0.00  -2.00 =0,00  -0.00
.30 .20 .40 .62 o748 .50 .70
300 328 315 320 340 280 360
~04000 -0.000 -0.000 -0,000 -0,000 =0.000 =-0.000
~0.000 =0.000 <=0.06s -0.600 =0,000 —0.000 ~0.000
89,000 67.000 73.000 93.000 68.000 53.000 65.000
138,000 92,000 121.000 139.000 91.000 94.000 103.000

Y

42,000 29.000 36.000 45.000 28,000 33.000 32.000
10.000  6.000  8.000 12.000 5.000 8.000  9.000

1235

SH3J
8JOY R6

-0.00

~0.00

-0,00

=0.00

-0.00

b6

180

=-0.000

~0.000

84,000

149.000

63000

164000



. BENDIX FLIGHT 92 LANDSAT-1 IMAGE 1674-15131 WALLOPS FLIGHT 276
LOCATION-B0AT TAPE TIME LINE COL TAPE TIME LINE COL TIMES

L
no : .
HOGISLAND 3408027 1054 401 421 6741314 1115 1517 557 1312 -0
SURFACE RUN &
 TINE {EDTY, HOURS 1045 1100 1114 1135
SAMPLE DESIGNATION SHILD  SHI1E  SHILF  SHILG
STATION = - A B ¢ BUDY 38
SEPTH 5.50 4.30 7.30. 5.80
METERS" B
SECCHEI DEPTH .38 <38 -0.00 -0,09
'METERS
'CHLORGPHYLL A 2.00 3.00 600 .00
MG/ M3
CHLOROPHYLL B : ~0.00  -0.00  ~0.00  -0.00
HG/ M3
CHLOROPHYLL € . -0.060  =0.00 ~0.00  -0.00
MG/ M3
PHAECPHYTINS A 0.00 0.00 0. 00 0.00
MG/H3
CAROTENUTDS ~0.00 ~0.00 -0.00 ~0.00
MG/M3
TURBIDITY 29.00  33.00 76,00  31.03
MGY L :
TOTAL SOLIDS 32.30 46.80 101.30 27.10
MGAL
INOGRGANIC $O0LIDS 4.00  34.80  83.80  20.50
MG/L -
TRANSHITTANCE ~0.00 ~0.00  =0.00  -0u0D
- PERCENT - v
KNOTS: ‘
WIND DIREGCTION -0 -0 -0 -0

DEGREES"




RENDIX FLIGHT 92 LANDSAT—I IMAGE 1674-15131 WALLOPS FLIGHT 276

LOCATION-BOAT  TAPF TIME LINE COL  TAPE TIME LINE COL TIMES "
HOGISLAND - 3408027 1056 401 421 6741314 1115 1517 557 1012 -0
. SURFACE RUN & - '
TIHE {EDT), HOURS 1045 1100 1114 1135
SAMPLE DESIGNATION  SHILD  SHILE . SHILF  SHILG
STATION - A B - ¢ BUOY 38
CURRENT SPEED  =0.00  -0.00 -0.00  -0,00
KNOTS | .
'CURBENT DIRECTION - -0 -0 -0
DEGREES
“TIDE -0 -0 -0 -0
MIN. SINGCE MHHW
'"TEH#ERATURE _ -0.00 ~0.00 —0. 00 ~0.00
DEGREES C
SALINITY -D.000 =0.,000 =-0.000 -0,000
PARTS/1000
DISSOLVED 02 0,00  =0.00 =0.00  —0.00
MG/L
"ACTDITY ~0.00 -~D.00 -0.00 -0.00
PH-
* INORGANIC NOZ -0.,0000 -0.0000 -0.0000 =-0.0000
MG/1
INORGANIC NO3 2.5000 2.4000 2.6000 2.5000
HG/L
INORGANIC PO% «1000 »0900 »1000 0730
HE/L :
FLUORESCENCE ~0.00 ~0. 00 ~0a 00 ~0.00
MG/ L 3
. SDLUB. ORG. CARBON 640 440 3.0 2.0
W HGIL :
EXTINCTION (DECK) -0.00 =0.00 -=0.00 =000

 HIC o= AMP /F T=CAND.

{ Lo
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g © BENDIX FLIGHT
LOCATION-BOAT  TAPE TIME LINE

HOGISLAND 3408027 1054 401
SURFACE . RUN &

TIME CEDT}, HOURS

SAMPLE DESIGNATION

STATION

CEXTINCTION (SURF}

MIC.=AMP/FT~CAND,

EXTINCTION (.5 M)

MIC o~ AMP/FT=CAND.

EXTINCTION (1. M)
HIC «~AHP/FT~GAND.

EXTINCTION 1.5M}
MIC.=~AHP/FT~CAND.

EXTINCTION (2. M)
‘HIC«=AMP /FT-=CAND.

CURRENT SPEED=IM
KNOTS ‘

CURRENT DIR.-1M
DEGREES

PARTICLES/MICRO-LTR .

(0-.5 MICRON BAND}

PARTICLES/MICRO-LTR
{.5-1 MICRON BAND}

PARTICLES/MICRO~LTR
{1-2. MICRON BAND}

PART ICLES/MICRO-LTR
{2~4. MIGRON BAND)

PARTICLES/MICRO-LTR
{4-Ba HICRON BAND)

PARTICLES/MICRO-LTR
{8-16 MICRON BAND).

1045
SHILD

A
-0.00
—0.00
-0.00
=0400
~0.00
~0.00

-0

-0.000

_00000

-0-000

=0.000

<0000

-0.000

92
coL

1100

SHI1E

B

~0.00
«0. 00
~0.00
-0.00
~0.00
~0.00
-0
-0.000
~0.000
-0.000
~0.000
~0.000

-0.000

TAPE

1114 1135
SHILF  SHILG
C BUDY 33
~0a. 00 3 ~0.00
;0.00 . ~=C. 00
~0.00  ~0.03
-0.00  -0.,00
-0.00  ~0.00
-0.00 -0.00
-0 -0
-0.000 ~0.0060
-0.000 -0.000
—U.000 -0.200
-0.000 ~0.0300
-0.G00 -0.000
—0:000 -0.000

TIME
421 6741314 1115 1517 5S7

LANDSAT-I IMAGE 1674-15131
LINE COL

1oLz

TIMES

" WALLOPS FLIGHT 276

-0
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BENDIX FLIGHT 92 LANDSAT-I [MAGE 1674-15131 WALLOPS FLIGHT 276

LOCATION-BOAT  TAPE TIME LINE COL  TAPE TIME LINE COL TINES
LEE HALL “0 -0 -0 -0 6741314 1115 1523 729 -0 -0
SURFAGE. :

TIME LEDT1, HOURS 1230

" 'SAMPLE DESIGNATLON SLHLJ
STATION
DEPTH 2.80
WETERS B
SECCHI DEPTH. 1,52
METERS
CHLOROPHYLL A 8.00
MG/ N3

CHLOROPHYLL B ~04 00
HG/M3

GHLORGPHYLL C -0.00
MG/M3

PHAEOPHYTING A © 0.00
MG/M3

CARDTENDIDS -0.,00
MG/ M3

TURBIDITY 3,20
HG/L

TOTAL SOLIDS 7.10

MG /L
INORGANIC SOLIDS 1.30
MG7L

TRANSMITTANCE . -0.00
PERGENT -

AIND. SPEED -0.0

CKNOTS .

HIND DIRECTION -0
DEGREES ;
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. : BENDIX FLIGHT 92 LANDSAT~1 TMAGE 1674-15131 WALLOPS FLIGHT 276
LOCATION-BOAT TAPE ‘TIME LINE COL TAPE TIME LINE COL TIMES

LEE HALL -0 =0 -0 -0 6741314 1115 1523 729 -0 -0

SURFACE . '

TIME. LFDT) . HUURS 1230

SAMPLE DESIGNATION SLHLY

STATIGON _ ‘
CURRENT SPEED - ~0.00
KNOTS

CURRENT BERECTION -0
'BEGREES

TIDE - : -0
MIN. SINCE MHW

TEMPERATURE ~0.00
'DEGREES €

SALINITY ~0 000
PARTS/1000

DISSOLVED 02 -0.00
MGZL.

ACIDITY ~0.00
PH - . )

TNORGANIC NO2 -0, 0000
MG/L

INDRGAN[C Nus" ,1000
HG/L.. o :
I&URGANIC PO& 0200
MG /L -

FLUDRESCENCE = -0.00
mesL -
SOLUB.. ORG. CARBON 1.3
MGIL- :
EXTINGTION. {DECK} -0.00

MIC.<AMP/FT~CAND



BENDIX FLIGHT 92  LANDSAT-I IMAGE 1674-15131 WALLOPS FLIGHT 276

IE

LOCATION-BOAT TAPE TIME LINE COL TAPE TIME LINE COL TIMES
" LEE HALL -0 -0 -0 ~0 6741314 1115 1523 729 -0 -0
SURFACE
TIHE (EDT), HOURS 1230
SAMPLE DESIGNATION SLH1J
STATION
EXTINCTION (SURF) ~0.00
“MICa~AMP/FT=CAND.
EXTINCTION [.5 M) -0.00
"MIC.~AMP/FT=CAND.
EXTINGTION (1. M) -0.00
"MIC «~AMP/ET=CAND.
EXTINCTION {1.5M) -0.00
MIC.~AMP/FT-CAND.
EXTINCTION (2. M) ~-0.00
MICa.~AMP/FT-CAND.
CURRENT SPEED-LM -0.00
KNOTS
CURRENT DTR.—1M -0
DEGREES
PART ICLES/ZMICRO-LTR  -0.,000
{0-.5 MICRON BAND}
PARTICLES/MICRO-LTR  -0.000
[+5~1 MICRON BAND}
PARTICLES/MICRO-LTR  ~0.000
[1-2. MICRON BAND}
PARTICLES/MICRO-LTR -0.000
{2~%. MICRON BAND) .
PART ICLES/MICRO-LTR  -0.000
{4=8. MICRON BAND)
PARTICLES/MICRO-LTR  -0.000

{8~16 MICRON BAND)

IR

RIFIVOY 9004 50
81 @OVd av
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BEMDIX FLIGHT 92 LANDSAT-1 IMAGE 1l6T4-15131 WALEDPS FLIGHT 276

LOCATIDN-80AT TAPE TIME LINE COL TAPE TIME LINE COL TIMES
SUNKEN MDbW 3308037 1120 443 23 6741314 1115 1570 123 1018 -0
SURFACE RUN &
TIME LEDT}, HOURS 1020
SAMPLE DESIGNATION SSMIC
STAT.ION
DEPTH . _ 1. 20
METERS
SECCHI DEPTH 46
RETERS '
CHLOROPHYLL A 2.00
MG /M3

CHLOROPHYLL B -0.00
MG/ M3

CHLOROPHYLL C -0.00
MG/SM3

PHABDOPHYTINS A 0. 00
MG/ M3

CAROTENDIDS -0.00
MG/ M3

TURBIDITY 23.00
MG/L

TOTAL SOLIOS 7.30
MG /L.

INBRGANIC SOLIDS 2,00
HG/L

TRANSMITTANCE -0, 00
PERCENT

HIND SPEED ~p.0
KNDTS

WIND DIRECTTON -0

DEGREES
i

-




BENDIX FLIGHT 92 LANDSAY~I IMAGE 1674-15131 HALLOPS FLIGHT 276

LOCATION-BOAT TAPE TIME LINF COL TAPE TIME LINE COL TINES
SUNKEN MDW 3308037 1120 443 23 6741314 1115 1570 123 1018 -0

- SURFACE RUN &

TIME (EDT), HOURS 1020 L
SAMPLE DES IGNATION SSMIC

STATION .

“URRENT SPEED -0.00
KNOTS

CURRENT DIRECTINN -0
DEGREES

TIDE -0
MIN. SINCE HHW

TEMPERATURE ~0.00
DEGREES ¢

SALINITY . -0.000
PARTS/1000

DISSOLVED 02 -0.00
MG/L

ACIDITY ~0.07
PH

INORGANIC NOZ2 -0, 060C
HG/L

INDRGANIC NO3 .1000
MG/L

I NORGANIC PO& .0600
MG/L

FLUORESCENCE -0.00
MG/L

SOLUB. ORG. CARBON 8.0

w MGSL
0
EXTINCTION (DECK) ~0.00

MIC.—AMP/FT-CAND.
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BENDIX FLIGHT 92  LANDSAT~T IMAGE 1674-15131  WALLOPS FLIGHT 276

LOCATION-BOAT TAPE TIME LINE COL  TAPE TIME LINE COL TIMES
SUNKEN HDH 3308037 1120 443 23 6741314 1115 1570 123 1618 -0
SURFACE RUN &

TIME [EDT)s HOURS 1020

SAMPLE DES IGNAT ION SSMIC

STATION

EXTINCTION [SURF} ~0.00

MICa~AMP /FT—CAND.

EXTINCTION {.5 #) ~0.00

MIC e~AMP/ET~CAND.

EXTINCTION {1, H}  -0.00

© MIT.—AMP/FT~CAND.
EXTINCTION (I .5H) ~0.00
MICo~AMP/FT—CAND.
EXTINCTION {2. M} -0.00
MIC o~AMP 7 ET=CAND

CURRENT SPEED-LM ~0,00
KNOTS.

CURRENT DIR<~1M ©. -0
DEGREES

PARTICLES/MICRO-LTR  =0.000.
(0-.5 MECRON BAND) .

PARTICLES/MICRO-LTR  —0.0600
- 1.5~1 MICRON. BAND)

PARTICLES/MICRO-LTR - ~0.000
| £1~2. MICRON BAND)

PARTICLES/MICRO-LTR  ~0,000
(2~4. MICRON BAND)

PARTICLES/MICRO-LTR  =0,00C
(4-8., MICRON BAND) '

. PARTICLES/HICRO-LTR -0,000
- {8-16. MICRON. BAND) '
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TABLE I.- FLIGHT TIMES FOR WALLOPS AIRCRAFT

(MOCS ANWD MSP)

Flight Line
1

A

2/1

6/1
7/1

6/2
T/2
10

2/2

Time EDT
0937 - 0940
0945 ~ 0948
0955 - 1008
1011 - 1018
1024 - 1030
1035 - 1036
1040 - 1042
1049 - 1053
1056 - 1100
1113 - 111k

1119
1126

1147

1120
1130

1150




! -L" i 1Ry ! ! '“i“’ - l
b
o
1 ° TABLE II.-~ FLIGHT TIMiES FOR BENDIX AIRCRAFT
: { AIRBORNE M28)
Run Time, EDT Run Time
Min: Sec
1 8:30 - 8:40.10 2:10
2 10:23 ~ 10:24.55 1.55
3 10:35 - 10:40.00 5:00
Y 10:45 -~ 10:5L4.30 9:30
5 11:00 - 11:01.45 1:45
6 11:12 - 11:33.00 12:00
%y P
if




TABLE III.- GROUND TRUTH SAMPLING FREQUENCY

AND REMOTE SENSING FLIGHTS

i ' . Ground Truth Weter Sample  Approximate Remote Sensing Times
o ' Data Time MOCS
: Colleciions Designation (1) & MSP M25 LANDSAT
0915 (2)
3 0935 A X
: 0955 B
1015 C X
1035 D
1055 B
1115 ¥ X
1135 G X
1155 H X
1215 I
oy 1235 J
i (1) Water Sample Designation is, for example, SN1A where
S - Surface; N ~ Norfolk; 1 - Boat 1; end A is time (0935 Hr)
{2) ZExtre Sample in enticipation of Bendix M2S fly-over

e At




TABLE IV.- SPECTRAL RANGES AND BANDS FOR REMOTE SENSORS

Sensor - Range Bands

Multispeetral Visible & Near IR See Table VI
Photography
MOCS 400 - TO0 nm 20 bends, 15 nm wide
(koo-k15, 415-k30, ete.)
M2S (Airborne) 380 - 1060 nm - Band Renge
+ Thermal bod
1 380 - 440 mm
2 k40 - 190 nm el
3 495 - 535 nm
L 540 - 580 nm
5 580 ~ 620 mm
6 620 ~ 660 nm
7 660 ~ TOO nm
8 TO0 -~ ThO nm
' 9 T60 -~ B60 nm
10 970 - 1060 nm ]
Thermal 8000 - 13,000 nm >
MBS (LANDSAT-I) 500 - 1100 nm Band 4 500 - 600 nm .
Band 5 600 - TOO am
E Band 6 T00 -~ 800 nm S
Bend 7 800 - 1100 nm 5

i

L5
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TABLE V.- FLIGHT ALTITUDES, FIELDS OF VIEW,

AND RESOLUTION OF REMOTE SENSORS

Altitude ' Pield of View
Sensor Kilometers Width, @ Length, m Resolution, m

Multispectral

Fhoto. 5.3 7300 7300 1.5 - 3

MOCS 5.3 1600 Continuous 10.6 X 21.L

|

M28 (Airborne) 2.4 6800 Continuous 7 :

MSS (LANDSAT-1) 700 185,000 175,000 70 ~ 100

&
Standardized image format; dasta are contiauous.
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TABLE VI.- MULTISPECTRAL PHOTOGRAPHY SENSOR COMPLEMENT
AND CAMERA SETTINGS
. Focel Film 3 Speed £
Camera Length Filter Format Film Type (See) Number
(oo} (zm)
1. Hasselblad Lo 5540 (green)l 70 202 Black & 1/250 b
White
2. Hesselblad 40 5250 (blue green)l 70 2402 Bleck & 1/250 b
White
3, Hasselbled ko 12 (yellow)2 70 2402 Black & 1/250 11
White
%0 898 (N1R)Z 70 2Lsh Bleck & 1/250 5.6
White

i, Hasselblad

lBaird—a.tomic B-3 optical filter with central wavelength of 5540 and

5250 anstroms
2Koda.k Wratten optical filter number

3Kodak film number

R T S P

v 5 A e AN
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TABLE VIT.- GROUND TRUTH MEASUREMENTS
Parasmeter

Wind Speed, knots

Wind Direction, degrees

Temperature, °C

Selinity, ppt

Dissolved 02, mg/ &

pH

Secchi Depth, m

Chlorophyll &, mg/m3

Chlorophyll b, mg/m3
3

Chlorophyll e, mg/m
Inorganic POM, mg /%
Inorganic N02, mg/L
Inorganic N03, me/L

Phaeophytins a, ug/t
Carotenoids, mg/m3

Water Depth, m

Current Speed, knots
Current Direction, degrees
Transmittance, m

Total Susp. Solids, mg/%

“ Total Inorg. s/s, mg/%
Tidal Conditionst

P
T
el

T Size Fractions, particles/%

y

48

200 - 900 nm Scan

200 - 900 nm Acetone extract scan

THy end min after mean high water (MHW) or mean low water (MLW)
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Figure 3.- Continued.

{c) Hopewell area - near Jordan Point.
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Figure 3.- Coneluded.

(d) Hog Island area.
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Figure 4. - The speciral variation of optical transmittance, T, for 5250 & 5540 B-3
Baird-Atomic and number 12 and 89B Wratten optizal filters.




OPTICAL SCHEMATIC SPECIFICATIONS
RIGHT RED 400-700 nm SPECTRAL RANGE

LEFT FACE OF IMAGE 15 nm SPECTRAL RESOLUTION
= DISSECTOR
AGING 20 SPECTRAL BANDS é_
LENS 150 SPECTRA/ SWATH WIDTH
DIFFRACTION 17.1° FIELD OF VIEW
GRATING 22,5 pounds
COLII_-IE\R]PS\TING & s
SLIT .35 cubic feet
OBJECTIVE LENS

FLIGHT DIRECTION

Ffig.ure_z 5+~ Optical schematic and specifications of MOCS.




Bendix *"Maxicard"

1 Ch 1
Video Ch 2 y
Processor  {jLCh A

] .
pHSK :
I

n signal (eads from pre-amps.
Continuous video of scene,
housing, and atl cal sources
in each channel

Buffer

v
']
-
oy
o
=
;gl
.
| Ry

e
Yo

t— — -.1 WI
—
AGC and I :
s\rltfram Encoder 1
Card I : I
]
oD ! 1 A
?&\\ef':g \ oy g gy =1 _I
@ Timing Signals TYYyY
Cal Source Gates
/ Image Gates ‘ Digital
Detector Mosaic Tape
lsspictr; ﬂeter {10 bands} 8 o Recorder
ntry Sli
Counter Counter
17 S, T ¥
‘\ . A E
Dewar \;\,‘-@ﬁ Sub-
310? tractor
o«
Thermal
Detector
Telescope Ca;l. Source Arch D/A
Scan g
Mirror =] Scan ! Shaft veo V' /h {Scan rate)
.} Motor - Encoder é Control
Y ¥
Scene
Power Subtractor
Amplifier

Figure 6.~ Block diasgram of the Bendix (airborne) multispectral scanner (M2s).
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Phisitgraphs of the

iver from 5.3 kilomelers altitude on May 28, 1974, In photooraphs 43 1o 46 is shown the Hopewell area
Faint, - In photograoh 47 15 showi City Point again 3nd in 48 and 49 is shown the James at the mouth
The time of the photographs s between 1035 and 1550

G Eastern daylion! saving time.
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Figure 8.- Location of Scan Line 41 used for MOCS preliminary analysis. i
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Figure 9.~ MOCS identification of points along Scan Line ‘41 (shown in figure 8).
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Test site 1, Norfolk (see figure 3 a).

Test site 2, Hopewell (see figure 3 b, cl.

Test site 3, Hog Island (see figure 3 d

Figure 10. - Multispectral scanner (Bendix M2S) imagery of test sites on May 25 1974,
Band 5 (.58 - .62#) shown.
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