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INTRODUCTION

Remote sensing, or to be more specific to the

purpose of the investigation which is reported herein,

aerial remote sensing, is a tool which has been used

since some point in time at which man first carried a

camera aloft and exposed photographic film to record an

image of what lay beneath him. The concept therefore

of recording temporal and spatial data of a part of

earth's surface on film or by some other means of re-

cord is not necessarily a new one. What has developed

as a new concept in recent time is the realization that

more of our surface waters are being contaminated by

the addition of pollutants and as the result of such

additions they are, in fact,being measurably polluted.

Additionally, and of at least equal importance, is the

obvious need for remote sensing methods which may be appli-

cable to the rapid assessment of the amount of pollution

present in a surface water ecosystem at any point in time.

To accomplish this goal the approach which must be under-

taken is one of correlation of imagery data with data

developed from surface sampling investigations. The



latter have been termed "ground truth" data collection.

The purposes for this project were two-fold.

The question of whether organic pollutants or other com-

monly measured water quality parameters could be quanti-

tatively assessed from aerial remote sensing imagery had to

be answered. And, the limits of application of data

correlations were to be identified.

Previous investigations have approached this

problem from different viewpoints. A complete assessment

of the feasibility of water pollution by aerial remote

sensing was presented earlier by Davis . All attempts

have been cognizant of the peculiar characteristics of

the medium in which the research efforts have been con-

ducted. Many of the spectral properties of water pre-

clude research attempts in certain wavebands. As White '

has so clearly pointed out, if light penetration is the

required objective, the only spectral region which has

some use is that between 0.38ju and 0.7/a. This, of course,

is the visible region. And within this band, the capacity

of water to allow penetration is near 0.5;u. Polcyn,

(3,8)
et al quoted the narrow region of 0.52ju to 0.58ja for

penetrability efficiency. This restriction was also cited



in a comprehensive treatise on pollution measurement

( 4)capability published by NASA . Radiation emission

from the water surface occurs in three spectral bands.

They are from, approximately, 0.35y-2.5y, 3.3y-5.0y, and

8.0y-14y. In the near ultraviolet region below 0.38y,

interference occurs due to the high molecular scattering

property of water. Above 0.7y, and through the infrared

region (past 20.Oy) , water has exceptionally high absorp-

tive properties. Then too, the atmosphere itself possesses

the capacity to absorb or scatter electromagnetic en.ergy

even in the absence of cloud cover or man-made contribu-

tions to the atmosphere. Scattering occurs in the region

below 0.35y and atmospheric absorption occurs between

2.6y-3.3y, 5.0y-8.0y, and above 15.Oy. The limit to which

some of the imagery developed by conventional methods can

be put to use becomes immediately apparent.

Recent investigations have attempted to demonstrate

secondary correlations; ie., post-cause and effect rela-

tionships. A principal consideration has been that o.f

penetrability and the related concentration of chlorophyll.

Arvesen reported his attempts to correlate differential

radiometer measurements of chlorophyll in the range of



0.02 mg/M to greater than 10 mg/M3. Duntley , in

considering possible application of detecting chlorophyll

in ocean waters from, presumably, earth satellites,

essentially rediscovered the spectral absorbance of

chlorophyll in the visible spectrum. Atwell , ap-

proached the subject of correlation of water content and

film density from a most realistic direction. He de-

monstrated some correlation between imagery developed from

KA62 instrumentation using a ratio of blue/green; red wave-

length reflectance versus the concentration of chlorophyll

per s_e_. This systematic approach apparently offered some

promise at quantification, however, as the author pointed

out, turbidity, reflectance off the bottom in shallow

water, and high concentrations of chlorophyll, which nor-

mally yield added reflectance as well as absorption, all

constitute interferences in the method.

Some of the obvious mathematical relationships of,

for example, water reflectance, have been expanded to

apply to individual circumstances. The contrast between

polluted water and non-polluted water can be measured in

terms of a fractional difference. This relationship has

(4)been published and in equation form is represented by



C = (Rp - R)/R, where R is the directional spectral

reflectance of non-polluted water, Rp represents the

directional reflectance of polluted water adjacent at

the first area represented by R, and C equates to the

inherent spectral contrast of the polluted water.

Additionally/the indication was presented that at-

mospheric interference resulted in variances in the value

of "C". An apparent spectral contrast, C', apparently

always appears as a lower value than the inherent spectral

contrast, "C", due to this interference. The ratio of

C'/C, the contrast transmittance, for cloudless days was

presented^ for three wavelengths. The following table

presents those data:

Contrast Transmittance (C'/C)
Highest Value Average of Lowest Value

Wavelength, my Obtained 200 Days Obtained

650 0.90 0.70 0.50

550 0.50 0.35 0.20

450 0.35 0.20 0.05

The data were all taken during a solar altitude of between

forty and fifty degrees to horizon. In a more recent re-

(9)
port, Mueller , developed mathematical relationships

between Secchi depth values (penetration) and chlorophyll

concentration by interrelating principal components of



ocean water spectra. Data were also developed for clear

and slightly turbid ocean waters. The reason, as pointed

out earlier, that these latter two considerations must

be met is due to the light scattering ability of turbidity

particles. The relationship between chlorophyll concen-

tration, C, and ocean water color components, Y, and Y~ ,

was found to be

In (0.508 + C) = 1.0085 - 0.5149 ¥-,_ + 1.2790 Y2

and that between Secchi depth and the two components in

turbid and clear ocean water samples, respectively, were

found to be

Zo/^, = 5.483 + 1.768 Y-, and,s IP; -1-

' Zs(p) = 9'214 - 7'833 Y2

The approaches taken by these investigators have resulted

in meaningful interpretations of some of the problems

which confront any research effort.

A similar approach was taken for this investiga-

tion but with a different set of parameters. One of the

principal components of most pollution sources is organic

carbon. Measured by the biochemical oxygen demand (B.O.D.) ,

chemical oxygen demand (C.O.D.), or total organic carbon

(T.O.C.) analyses, this factor represents one component

of pollution volumes which must be correlated with aerial



remote sensing imagery before final attempts at water

resource management or pollution abatement practices

can proceed further.



METHODOLOGY

Ground truth data were developed from field

sampling and analysis of the waters in a region of the

Houston Ship Channel near Morgan Point and Harbour's

Cut. Four field survey and sampling trips were conducted

and were scheduled to correspond in time to overflights

by the NASA, NP3A aircraft. The flights were those being

conducted in conjunction with a cooperative study of

Trinity Bay, an integral part of the Galveston Bay es-

tuarine complex. These sites are located in Houston Area

Testsite 175. Details of the purpose and intent of the

Trinity Bay investigation have been described by Zaitzeff

and Whitehead . For purposes of continuity, the field

sampling area chosen for this investigation constituted

.the westernmost limit of Flight Line #3 of the Trinity

Bay study.

Tests conducted in the field were those for the

following physical and chemical factors: pH, dissolved

oxygen, temperature, and Secchi Disc (light penetration).

Routine tests were conducted on samples returned to the

laboratory: turbidity, specific conductance, Salinity,



total inorganic carbon, total organic carbon, biochemical

oxygen demand, chemical oxygen demand, and chlorophyll.

The test for chlorophyll was conducted according to the

(12)procedure outlined by Strickland and Parsons . The

remaining tests were conducted in strict accordance with

the procedures set forth in Standard Methods .

Pursuant to one of the purposes of the overall

investigation, namely, the quantification and correlation

of carbon content in the waters, more sophisticated

analytical techniques were employed than usual in eval-

uating pollution parameters. Infrared spectrophoto-

metric analyses of three different types were run on each

water sample which was returned to the laboratory. The

analyses included aqueous reflectance spectroscopy, carbon

tetrachloride extraction procedures, and sample concentra-

tion on potassium bromide crystals. The Beckman Instru-

ments IR-2Q Spectrophotometer was used for all infrared

analyses.

A fairly new concept In infrared spectral analysis

is that of using aqueous samples for reflectance analysis.

The unit which is used for this analysis is the Beckman

ATR(TR-9L), KRS-5. Some of its characteristics are unlike
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any usually found in hardware associated with infrared

spectrometers. The crystal is a paired unit constructed

of thallium bromide-iodide (KRS-5) having a response range

of 0.5-40 microns. The unit containing the crystal

(TR-9L) is a multiple reflection ATR unit. Nine reflec-

tions are achieved with the standard crystal: each re-

flection having an angle of incidence of 45°. The crystal

remains in a fixed position relative to the optical path

regardless of the sample thickness. The crystal is de-

signed in a trapezoidal geometric configuration and is

held in place by the stainless steel holder with aluminum

faced gaskets. Problems were encountered with the KRS-5

crystal. When using highly saline water, a rust colored

film developed on the crystal surface during use. The

mechanism, compound or compounds formed, and reasons for

said deposition are, as yet, unknown. The deposition was

found to have been totally resistant to organic and in-

organic solvent dissolution. Repolishing with pure silk

was shown to temporarily alleviate the problem although

the procedure had to be repeated after each scan. For

absorption infrared spectroscopic analysis, the following

procedure was adhered to in all cases. Carbon tetra-

chloride, spec.-grade, was added to individual samples in



11

a ratio of '10% in a separatory funnel and rocked for 15

minutes. Interfacial films which developed were dis-

carded as their incorporation in the samples caused

transmissivity interference. Cells utilized for double-

beam operation included the following units:

1. F-05, RIIC, 0.1 mm pathlength with KBr windows

(sample cell) ;

2. XL-0, RIIC, set equivalent to 0.1 mm path-length,

KBr windows, variable pathlength cell (reference

cell) .

Reproductions of reference curves for all of the spectral

data to be presented in following chapters are presented

in Figures 1 and 2. The broad absorption band shown in

Figure 1 constitutes the water peak.

Trinity Bay overflights which were correlated with

ground truth activities pertinent to this investigation

were the following:

Date Mission ' Site

October 7, 1971 186 256

February 4, 1972 192 256

June 8, 1972 204 256
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Ground truth data was obtained on January 19,

1972, however, the overflight was cancelled due to ex-
j

cessive cloud cover after the boat was on station.

Some of the hardware which was in use during one

or more of the overflights included the following units.

Some of the pertinent data associated with each system

on board accompany the hardware data.

I. Chicago Aerial KA62 Camera System:

Resultant
Camera Fi 1m Filter Band Pass (yim)

1

2

3

4

Plus

Plus

Plus

B&W

X

X

X

IR

VG28

VG6

OG590

RG695

0.

0.

0.

0.

38

43

55

68

-0

-0

-0

-0

.52

.62

.72

.90

Camera 4, used with a WR89B filter has a bandpass

bordering 750 ym.

II. Wild Heerbrugg RC-8 Metric Camera System:

Resultant
Camera Film Filter Wavelength (urn)

1 Aerial Color HF3 0.42-0.70

2 Ektachrome IR WR15 0.52-0.90

III. RS-14 Dual Channel Infrared Scanner:
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Resultant Bandpass
Option Channel 1 (70 mm film) Channel 2 (mag. tape)

1

2

3

4

3.

0.

1.

1.

2.

1.

0.

0

3

0

5

0

0

7

-5

-0

-1

-1

-2

-2

-0

.5 y

. 55y

. 3

.8

. 5

.5

.9

y

y

y

v

y

8-14 y

8-14 y

8-14 y

8-14 y

Imagery developed from the RS-14, IR Scanner,

were, that of Option 1, Channels 1 and 2.

Upon receipt, black-and-white imagery (5" x 5"

frames) were subjected to interpretation by hardware

located at NASA, MSC, Houston. These instruments con-

stituted, the following systems:

1. Tech/Ops. Model 608 Isodensitracer

2. International Sensing Systems (I^S) Multiband

Camera Film Viewer, Model 2000

3. Spatial Data Systems Datacolor Machine, VC-20

Series.

Imagery which was analyzed by personnel at NASA, MSC,

Houston originated from the following missions. These

data are presented in following chapters.
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Mission And Date
I'magery Analyzed By 10/7/71 2/4/72 6/8/72

Isodensitracer RS-14 KA62 B&W

I2S KA62 B&W

Datacolor RS-14 KA62 B&W



NOi 15

U]

01
en

C
ft,

o
•H
M
-P
0)
e
o
4J
O
x:
ft •
o n
M CQ
•P «
O
<a T)
D. C

o -
rM ^
I C

rt («
H rH

ffl

U
w u

^ (U
D U
U C

<0
!-) -P

O O
M 0)
-P H
fi M-l
O d)
U OS

H

<U

D

•H



00

16

VI
<u
to
>i
.H
<d
c! a
•a; o
0 +

-H
n w

4->
01 <U
E -O
o (d
4-> >-(
o o
ft
ft •
o o
M 0)
4-> ft
o w
Q)

ft -w u
CO

O -H
CN Q

tf M
H P3

«
M
0 C

En O .
C

M •* 0
0) rH -r4
> U 4J
M U 3
3 H
U 0) O

•a w
a) <d
o !•• tji
c o
0)
V4
Q) O (0

<H 0) 0)
(1) ft rH

rt w o

F
ig

u
re

 
2

n
in



n

RESULTS

Four field surveys were conducted in the test

site area during the course of this investigation. Three

of the surveys were conducted in conjunction with over-

flights and ground truth measurements occurring simul-

taneously. The fourth, January 19, 1972, resulted in

cancellation of the flight due to a sudden increase in

cloud cover in the area to the extent which precluded any

meaningful photographic operation. Physical, chemical

and biological data taken from ground truth measurements

and samples taken on January 19, 1972 are included for

record and may be used for comparison of the water quality

of the area in question at future points in time. These

data constitute appendix A, this report. Table 1 summarizes

the data obtained from all techniques and hardware for the

entire investigation.

October 7, 1971 Survey

A scale map of the test area at the mouth of the

Houston Ship Channel and Galveston Bay and Harbour's Cut

is presented on Figure 3. Physical and chemical data

developed from samples taken at the eight locations shown

in Figure 3 are presented in Table 2. These data represent
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a water which had comparatively low specific conductance

and salinity and give the appearance of being non-polluted

due to the low C.O.D., B.O.D., and T.O.C. values. By all

reports* this area should exhibit gross pollution, however,

dilution effects from tidal activity and interference by

toxicity due to such substances as heavy metals could have

easily reduced the anticipated pollution levels of, say,

the B.O.D. results. Note that relatively low concentrations

of dissolved oxygen were present in the waters at the time

of the survey.

Color imagery of the area is presented in Figure 4.

Harbour's Cut is represented in the Figure in the upper

center, the Houston Ship Channel to the upper right, and

Galveston Bay to the lower left. The same geographical pre-

sentation is shown in Figure 5 which represents the area as

depicted by color-IR imagery. At the time of the survey,

Barbour's Cut was being dredged for deep draft vessels.

The dredge and spoil line can be seen in Figures 4 and 5

near stations BC1, BC2, and BC3 and the resulting dredged

spoil area is easily seen in the upper right quadrant of

each reproduction. Turbidity imparted to the waters in

Barbour's Cut and adjacent to Spilmans Island by the dredging

operation should not be confused with the depth variations

represented by the Channel and banks proper near Morgan Point,
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Hog Island, and Atkinson Island. The imagery presents

this physical phenomenon in that context nevertheless,

which dictates additional interpretation effort and

enhances the justification for ground truth data acquisition.

Figure 6 presents an Isodensitracer Recording of

the Channel taken from an image recorded by Channel #2

(8-14u) of the RS-14 hardware. In this Figure Atkinson

Island is the predominant image: Galveston Bay appears to

the lower right. An interpretation of the color-coded

density tracings is shown in Table 3. The maximum digit

shown of 59 represents the maximum possible number of codes

which could have been used in the machine interpretation of

film density, had the RS-14 film, for example, contained

that number of densities. The image in Figure 6 does not

complete the Harbour's Cut area due to the end of that

particular frame existing at the lower region of the photo-

graph. A distinct density differential can be seen at the

entrance to Harbour's Cut, located at the lower left of

Figure 6.

Organic extraction and infrared Spectrophotometric

analyses were applied to the samples taken during this survey,
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TABLE 1

Summary Of Data

Field Survey;

Laboratory:

Imagery:

Field Survey

Laboratory:

Field Survey

Laboratory:

Imagery:

Field Survey

Laboratory:

October 7, 1971, Mission 186, Site 256,
Flight 12.

Physical, Chemical; 8 Stations Infrared
Spectrophotometric Analysis

1. Ref lec tance ATR
2. CC14 Ext rac t
3. K B r , Sample Residue

Imagery:

Color (RC-8 #1)
Color IR (RC-8 #2)
Isodensitracer Recording (RS-14, Option #1,
Channel #2)

January 19, 1972

Physical, Chemical, and Biological; 22
Stations

February 4, 1972, Mission 192, Site 256,
Flight 5.

Physical, Chemical, and Biological; '15
Stations. Infrared Spectrophotometric
Analysis

1. Reflectance ATR
2. CC1. Extract
3. KBr, Sample Residue
4. Regression Analysis

Datacolor VC-20 (of KA62)
Isodensitracer Recording (KA62)

June 8, 1972, Mission 204, Site 256

Physical, Chemical, and Biological; 15
Stations Infrared Spectrophotometric
Analysis

1. Reflectance ATR
2. CC1. Extract
3. KBr, Sample Residue
4. Regression Analysis

I2S Analysis (KA62, Camera 1, 2, and 3)
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Sampl'e Sites; Mission 18Ci Site 256; 10-7-71

29°41'1"
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FIGURE 4

CAMERA: RC8 #1
PRINT OF AERIAL COLOR FILM

DATE: OCTOBER 7, 1971
flissioN 186, SITE 256, FLIGHT 12
TIME: 0737
ROLL: 46
FILM TYPE: SO-397
W/0 3659
FRAME





FIGURE 5

EKTACHROME IR PRINT
DATE: OCTOBER 7, 1971
MISSION 136, SITE 256, FLIGHT 12
TIME: 0737

CAMERA: RC8 #2
ROLL: 47
FILM TYPE: 2W3
W/0 3659

FRAME 7092

A
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TABLE 3

Isodensitracer Tracing Scheme
(0-1.6 Relative Density Differentials)

Machine Code* Color Print Notation

1-4

6-9

11-14

16-19

21-24

26-29

31-34

36-39

41-44

46

47-49

51-54

56-59

black

black

black

red

red

red

green

green

green

black

blue

blue

blue

* Increments of 0.133 each except Code 46 and 47-49
which are 0.044 and 0.089 respectively



FIGURL 6

ISODENSITRACING RECORDING

,iASA S-72-50492

DATE: OCTOBER 7', 1972

MISSION 186, SITE 256

IMAGER: RS-11/ OPTION 1,

CHANNEL 2



, •*•.,
• •'
M- -i • -^

-.. :*-. .jiiTO

.

Isodensitracer Recording
Imagart RS-14 (8-14vi)
Magnification! 5X
Sample Location! Houston Ship Channel

and Barbour's Cut
Sample Date! 10-7-71 .
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The IR Scans are all included in Appendix B.

A summary of the absorption band data of interest in this

investigation are presented in Table 4. The conclusions

which can be drawn from these data are the following. The

IR range of analysis (<3.0y - >25y) was outside limits of

the RC-8 imagery. Correlation interpretation obviously

is unrealistic for those images (Figures 4, 5). The 3.4y

band, however, did show excellent response to organic

compounds (groups) present in the waters at the time of

the survey. Note that the area in Harbour's Cut generally

exhibited higher absorption peaks than the open Channel

waters at that bandwidth. This phenomenon will be further

examined in the following series of surveillance data.

February 4, 1972 Survey

Figure 7 contains the sample locations for the

fifteen samples taken in the test site during this survey.

Physical, chemical, and biological data developed from the

samples are presented in Table 5. These data show that

the waters at Station BC6 and #15, near the shore at Spilmans

Island and Morgan Point, respectively, exhibited the only

variances from remarkably similar water quality, for most

parameters, throughout the test site. Near saturation, or

supersaturation values for dissolved oxygen concentrations

were found at all stations.
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Table 4. Absorption Values For Three IR Spectro-
photometric Analysis Techniques; October
7, 1971 Survey.

Station

BC1

BC2

BC3

1

2

3

4

5

Reflectance ATR
*5. 3y

5

7

<1

2

9

8

5

3

CC14 Extract
'V' 3 . 4 y

55

62

68

61

44

34

47

30

KBr
^ 3 • 4

62

59

59

46

38

33

43

*

E vaporate

7

3

3

0

0

0

* *

*

<1
2

<1

45

10

0

26

*

* No data available

** Peak masked
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Figure 7
Sample Sitesi Mission 192; Site 25G; 2-4-72

29*41'1'

v__
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TABLE 6

Relative Density Gradient Scheme For
Datacolor Prints - Figures 8-11.

Figures 8 and 9

Color Relative Density

Purple

Solid Blue

1. 65

1. 51

1. 37

1. 22

1.07

0.92

0. 77

0.63

0. 49

Figures 10 and 11

Purple

Light Blue

1. 37

1. 22

1. 07

0.92

0. 77

0.63

0. 49

0. 35

0.21



FIGURE 8

DATACOLOR CODE FOR FIGURE 9





FIGURE 9

DATACOLOR PRINT

DATE: FEBRUARY 4, 1972
MISSION 192, SITE 256, FLIGHT 5

CAMERA: KA62

ROLL 44
FILM TYPE: 2402

W/0 6936
FRAME 0091





L/0

FIGURE 10

DATACOLOR CODE FOR FIGURE 11



^



FIGURE 11

DATACOLOR PRINT

DATE: FEBRUARY 4, 1972

MISSION 192, SITE 256, FLIGHT 5
CAMERA: KA62
ROLL W

FILM TYPE: 2402

W/0 6936
FRAME 0092
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KA62 imagery developed from this survey, was

subjected to density interpretation by two instrumental

methods. The first was the Spatial Data Systems Datacolor

Machine, VC-20 Series. The results of this imagery inter-

pretation are presented in Figures 8, 9, 10, and 11, with

the interpretation of the color coding network presented

in Table 6. Each datacolor interpretation had similar

color coding applied but different density ranges, hence,

the importance of separate application of the data in

Table 6. The density gradients in Figures 9 and 11 confirm

some of the reported physical and chemical data presented

earlier. The entrance to Harbour's Cut and the area near

Station BC6 appeared as film density with the higher gradients,

The Channel area between Morgan Point and Atkinson Island

demonstrated typical laminar flow patterns. Depth patterns

undoubtedly affected the outcome of both the physical-

chemical and Datacolor imagery interpretation but cannot be

conclusively integrated by the data presented thus far.

Correlations between Datacolor imagery and laboratory measured

parameters will be presented later in the report.

Figures 12 through 14 present three sections of the

test site as interpreted by the Isodensitracer from B&W IR

film (0.68p - 0.90y) as taken with Camera #4 of the KA62

series. The codes are identical for these three printouts



FIGURE 12

ISODENSITRACER RECORDING

NASA PRINT S-72-50489
DATE: FEBRUARY 4, 1972
MISSION 192, SITE 256, FLIGHT 5

CAMERA: KA62

ROLL W
FILM TYPE: 2402

W/0 6936
FRAME 0091



Isodensitracer Recording
Inagers KA 62 (0.68-0.90u)
Magnification! 5X
Sample Locationi Houston Ship Channel

and Harbour's Cut
Sample Datet 2-4-72



FIGURE 13

ISODENSITRACER RECORDING

NASA S-72-50491

DATE: FEBRUARY l\. 1972
MISSION 192, SITE 256, FLIGHT 5

CAMERA: KA62
ROLL W
FILM TYPE: 2402

W/0 6936
FRAME 0092
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FIGURE 14

ISODENSITRACER RECORDING

iJASA S-72-50490

DATE: FEBRUARY 4, 1972
MISSION 192, SITE 256, FLIGHT 5
CAMERA: KA62
ROLL 44
FILM TYPE: 2402

W/0 6936
FRAME 0092
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to those presented in Table 3. Figure 12 shows the

Morgan Point and adjacent Channel area; Figures 13 and

14 show two segments of the Harbour's Cut area. Delineation

of current and flow patterns as depicted by the IR film

densities are clear in these prints. The waters near

Spilmans Island, (Station BC6) clearly were interpreted

by the instrumentation as exhibiting greater density than

the cross sectional area of the Cut itself.

Linear regression analyses were applied to the

density interpretation printouts of the Datacolor processes

(Figures 8-11) , the Isodensitracer printouts (Figures 12-14) ,

and the values cited in Table 5 for organic carbon, turbidity,

C.O.D., Secchi Disc Values, and the Chlorophy11-a concentra-

tions existing in the test site waters on February 4, 1972.

Values for the entire water area and for the Channel area,

only, were computed. These data are presented in Figures

15-19, and Figures 20-24 respectively. Those values for the

Isodensitracer densities are presented in Figures 25 through

29. The following table summarizes the correlation coeffici-

ents of the regression analyses:
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Harbour's Cut And
Channel Area

Channel
Area Only Figure

Parameter (

Org. Carbon

Turbidity

C.O.D.

Secchi

Chl-a

I sodens i trace r ) (Datacolor)

-0

-0

-0

-0

-0

.215

.179

. 109

.229

.014

-0.

-0.

-0.

+ 0.

+ 0.

496

17

42

4

5

252

16 5

(Datacolor) N

-0.

-0.

-0.

+ 0.

-0.

596

631

390

882

872

15

16

17

18

19

umber

,20

,2

,2

,2

,2

1

2

3

4

,25

,26

,27

,28

,29

Imagery interpretation of film densities obviously

followed a reciprocal relationship in some cases. However,

those data are as valuable as the positive, elevated, values

for the coefficients cited above. Excepting the value for

C.O.D., the data shown for the Channel area above as compared

to the entire area showed a significantly higher degree of

correlation with quantity vs density. For all practical pur-

poses, considering the standard deviations in the tests

themselves compared with the difficulty encountered in ob-

2
taining the IS and Datacolor differential images, the

two sets of two parameters each which deserve close observa-

tion are those for Organic Carbon vs C.O.D., and Turbidity

vs Secchi Disc Values.

As shown by the data representing the October Survey,

most of the organic functional groups in the waters were

developed by the (approximately) 3.4)j band on the Infrared

Spectrophotometer. These data are presented in Table 7 and
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FIGURE 15

Linear Regression Analysis
y = a(0) + a(1)x

Correlation between relative film densities from KA62
Black-and-white image and the organic carbon content
of field samples collected on February 4, 1972
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Relative Film Density (Obtained by Datacolor
Process)

r = -.496

S(y.x) = 1.013

n = 10

a(0) = 18.113

a(l) = -2.103

One X Axis unit = 0.40

One Y Axis unit = 4.00

Data Points Represented = BC4, BC5, BC6, BC7, BC8,
BC9, 10, 11, 14, 15.

Conclusion About Hypothesis, a(l) = 0; Not Rejected
* Three sets of coordinates fell on this point
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FIGURE 16

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-White image and turbidity values from field
samples collected on February 4, 1972
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Process)

a(0). - 26.266

a(l) = 18.849

One X Axis unit = 0.40

One Y Axis unit = 40.00

r = .174

S(y.x) = 29.239

n = 10

Data Points Represented = BC4, BC5, BC6, BC7, BC8,
BC9, 10, 11, 14, 15.

Conclusion About Hypothesis, 3(1} = 0; Not Rejected
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FIGURE 17

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-White image and chemical oxygen demand
values from field samples collected on February 4, 1972
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One Y Axis unit = 40.00
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S(y.x) = 13.467

n = 10

Data Points Represented = BC4, BC5, BC6, BC7, BC8,
BC9, 10, 11, 14, 15.

Conclusion About Hypothesis, S(l) = 0; Not Rejected
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FIGURE 18

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-white image and Secchi Disc readings from
field samples collected on February 4, 1972
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Conclusion About Hypothesis, a(l) = 0; Not Rejected
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FIGURE 19

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-white image and chlorophyll-a values from
field samples collected on February 4, 1972
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Conclusion About Hypothesis, 3(1) = 0; Not Rejected
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FIGURE 20

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-White image and the organic carbon content
of field samples collected on February 4, 1972
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Conclusion About Hypothesis, S(l) = 0; Not Rejected
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FIGURE 21

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-White image and turbidity values from field
samples collected on February 4, 1972
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Conclusion About Hypothesis, 3(1) = 0; Not Rejected
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FIGURE 22

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-White image and chemical oxygen demand
values from field samples collected on February 4, 1972
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FIGURE 23

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-white image and Secchi Disc readings from
field samples collected on February 4, 1972
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FIGURE 24

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-White image and chlorophy11-a values from
field samples collected on February 4, 1972
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Conclusion About Hypothesis, S(l) = 0; Reject at
5% Level, Not Rejected at 1% Level.
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FIGURE 25

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-White image and the organic carbon content
in field samples collected on February 4, 1972
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FIGURE 26

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-white image and turbidity values from field
samples collected on February 4, 1972
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FIGURE 27

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-white image and chemical oxygen demand
values from field samples collected on February 4, 1972
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FIGURE 28

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-White image and Secchi Disc readings from
field samples collected on February 4, 1972
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FIGURE 29

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-White image and chlorophy11-a values from
field samples collected on February 4, 1972
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Table 7. Absorption Values For Three IR Spectrophotometrie
Analysis Techniques; February 4, 1972 Survey.

Reflectance ATR
S tation ^5 . 3y

BC1

BC2

BC3

BC4

BC5

BC6

BC7

BC8

BC9

10

11

12

13

14

15

10

8

8

9

10

*

2

* *

* *

16

* *

*

* *

10

*

CC14 Extract
^3. 4y

65

45

67

73

55

55

57

60

59

60

59

*

65

44

*

KBr Evaporate
^3. 4y ^8. 5 %13. 0

71

41

68

51

46

62

47

60

55

44

55

60

*

63

65

2

0

3

<1

0

<1

0

0

0

0

0

4

*

0

<!

0

0

1

1

0

4

0

0

0

0

0

3

*

3

0

* No Data

** Peak Not Distinguishable
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the related scans are included in Appendix C. Closely

related concentrations were found for the entire survey

area, as was first observed in the data presented in

Table 5. Unfortunately, imagery was not available from

infrared recording hardware as could be developed from

the overflight for this survey. Thus, the laboratory

infrared data and wet analyses results could only be

compared with each other.

June 8, 1972 Survey

Parameters usually considered in field surveillance

and monitoring of water quality for pollutants were lowest

in orders of magnitude at the time of this survey than at

any other time reported herein. Supersaturation of dis-

solved oxygen was also encountered at all fifteen Stations

sampled. The locations of stations sampled during this

survey are presented in Figure 30 and the physical,chemical,

and biological data in Table 8. Imagery developed from

o
KA62 hardware was obtained for analysis by I S instrumenta-

tion. Filters used on cameras 1, 2, and 3 during this over-

flight were different than those quoted in the Chapter on

"Methodology". Specifications for the KA62 camera system

are listed in Table 9.
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Î

rH IT! O rH CN ^

rH CN rH ^T rH

CN

VO
•

rH in rH rH VO CN
rH CN rH CO i-H

^

C
O

(J) ^fj £*

u M O
C n) X) C
id U M cu
•P rd DI
0 0 f_) C >i
3^ o -H CU X
T3 O o C O O> O
C r H \ l d -H >irH i-H

O o D> C X \ r H \
U X M ( 0 O C P r d C P

O D< E U E
0 E >i C M rH -H
- r H O - P M O < d v E »
<W \ -H O *O CU *O
- H t O C r H r H - H C X J C
O O - H rdrH rdi-H E < d O l d
o x : r H 4 J \ - P \ C U E O E
ftS id O C T 1 O CP Xi I) - H C U
c o q t o H E H E U Q C Q Q

00
10
o

•
0

CN
CN
rH

1

0

rH

rH

rH
.

o

r-
0
rH

.
o

r̂H

rH

o

rH

rH

*
o

„,
rH

rH

•
0

rH

\

cn
S

-rO
1

rH

rH

>,

a
a
o
!H
0
rH

XI
u



72

UJ
TJ
*
•*•"
C
0

^

CO

EN
, T
r— 1

co
-
V-l
3
0
ft
XJ

id
CQ

•a
C
n)

rH

cu
G
C
n3

0

a,
•rl

45
U]

G
0
-P
cn
3

K

6

^<W

c
Q)

îd
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TABLE 9

Data Relative To I2S Analysis Of KA62 Prints*:
Mission 204, Site 256; June 8, 1972 Survey

Camera No.

1

2

3

Film

2402

2402

2402

Roll And
Pos i tion

3

4

5

Filter

23A

47B

57

Bandwi

0. 550-0

0. 375-0

0. 480-0

dth

. 700ym

. 525ym

. 590ym

* Relative to data shown in Figures 31-34 only
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Identical frames were taken from each of the three

KA62 cameras under consideration. Subsequently, each of the

o
three was analyzed in the I S Viewer. That frame taken from

camera #1, which used the red filter, demonstrated the highest

degree of clarity, resolution and contrast. That frame was

then analyzed by imposing the color code shown in Figure 31.

Application of the digital red band resulted in the product

shown in Figure 32. The color scheme demonstrated in that

Figure most closely resembles the data presented in Table 8

for the chemical oxygen demand concentrations. The digital

green band applied to the same image resulted, with some

alteration in coding, in the scheme presented in Figure 33.

Some loss of resolution between film densities is seen when

comparing the water areas between Figure 32 and Figure 33.

The digital green band would permit greater resolution of

watercraft wakes as can be seen by the wake shown for the

barges and tug proceeding up the Channel (from lower left

to upper right in the print) . Application of the digital

blue band (Figure 34) demonstrated a marked loss of resolu-

tion. Virtually no meaningful interpretation would be forth-

coming from that imagery.

Corresponding laboratory infrared analyses were con-

ducted on the water samples taken during this survey. The

IR Scans are presented in Appendix D and summary absorption
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band values presented in Table 10. Relative to the ob-

servations presented for the physical, chemical, and bio-

logical data (Table 8), marked similarities are evident

between the data presented for the absorbance values quoted

in Table 10 for the 3.4p band and the carbonaceous content,

turbidity, and penetrability values for the waters in the

survey site.

Comparisons of the digital red band application of

I^S densities to the film and the values obtained for all

fifteen stations sampled for organic carbon, turbidity, C.O.D.,

penetrability, and chlorophyll by linear regression analysis

are presented in Figures 35 through 39, a summary of the

correlation coefficients developed therefrom are as follows:

Parameter r Figure No.

Organic Carbon +0.189 35

Turbidity -0.119 36

C.O.D. -0.300 37

Secchi Disc -0.036 38

Chlorophyll -0.236 39

Although the value shown for C.O.D. correlation with density

represents the highest correlation between parameters, the

values were not as significant as those obtained, and sum-

marized earlier, for the February investigation. This was

due, in part, to the close relationship between concentra-

tions for all pollution parameters measured in the test

site waters at the time of the survey.



FIGURE 31

COLOR CODE FOR I^S PRINTS -
FIGURES 32/ 33/ AND 34
NASA S-72-49477

RELATIVE DENSITY INCREASES FROM Low
(LIGHT BLUE) To HIGH (GREEN) AT CON-
STANT INCREMENTS
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FIGURE 32

PRINT FROM I^S FILM ANALYSIS:
DIGITAL RED BAND APPLIED
NASA S-72-49479
DATE: JUNE 8, 1972
MISSION 204, SITE 256
CAMERA: KA62 #1 POSITION #3
FILM TYPE: 2402
FILTER: 23A
FRAME 05-0020





fro

FIGURE 33

p
PRINT FROM IS FILM ANALYSIS:
DIGITAL GREEN BAND APPLIED

NASA S-72-49476

DATE: JUNE 8, 1972
MISSION 201, SITE 256
CAMERA: KA62 #2 POSITION #i\

FILM TYPE: 2102

FILTER: 17B
FRAME: 05-0020



7



FIGURE 34

o
PRINT FROM r$ FILM ANALYSIS:
DIGITAL BLUE BAND APPLIED
NASA S-72-49478
DATE: JUNE 8, 1972
MISSION 204, SITE 256
CAMERA: KA62 #3 POSITION #5
FILM TYPE: 2402
FILTER: 57
FRAME: 05-0020
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TABLE 10

Absorption Values For Three IR Spectrophotometrie
Analysis Techniques; June 8, 1972 Survey

Reflectance ATR
Station ^5 . 3y

BC1

BC2

BC3

BC4

BC5

BC6

BC7

BC8

BC9

BC10

11

12

13

14

15

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

CC14 Extract
^3. 4y

19

32

23

44

33

39

55

41

31

38

50

29

41

52

25

KBr
^3. 4

28

30

39

45

53

36

37

20

23

43

51

27

25

9

45

Evaporate
^8.5 ^13

0.

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

3

0

3

2

3

5

0

12

5

2

0

9

2

13
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FIGURE 35

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-white image and organic carbon content of
field samples collected on June 8, 1972

Y Axis

O
X)
H
a
u
u
-H
c
flj
CP
M
O

y = 0.342x + 7.832

< 3 £+...+..*•

(3)

.1 1 J. 1

1 2 3 4 X Axis

Relative Film Density (Obtained by I^s Process)

a(0) = 7.832

a(l) = .342

One X Axis unit = 2.00

One Y Axis unit = 4.00

r = .189

S(y.x) = 1.364

n = 15 '

Data Points Represented = BCl through BC10, and
11 through 15.

Conclusion About Hypothesis, S(l) = 0; Not Rejected
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FIGURE 36

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-white image and turbidity values from field
samples collected on June 8, 1972

Y Axis

•H
•o
-H
X)
M
3
e*

1 -t

1 2 3 4 X Axis

Relative Film Density (Obtained by I2S Process)

a(0) = 45.530 ' r = -.119

a(l) = -.429 S(y.x) = 2.756

One X Axis unit = 2.00 n = 15

One Y Axis unit = 10.00

Data Points Represented = BC1 through BC10, and
11 through 15.

Conclusion About Hypothesis, a(l) = 0; Not Rejected



87

FIGURE 37

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-white image and chemical oxygen demand values
from field samples collected on June 8, 1972

Y Axis

•o
c

a
c

o
•r)
6
0)

u

4 *

3* 's.

1 *

y = -6.509x + 63.476

t

1 2 3 4 X Axis

Relative Film Density (Obtained by I2S Process)

a(0) = 63.476

a(l) = -6.509

One X Axis unit = 2.00

One Y Axis unit = 20.00

r = -.300

S(y.x) = 15.883

n = 15

Data Points Represented = BC1 through BC10, and
11 through 15.

Conclusion About Hypothesis, S(l) = 0; Not Rejected
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FIGURE 38

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-White image and Secchi Disc readings from
field samples collected on June 8, 1972

Y Axis

w
0)
f!
U
e

4J
CU
<U
Q

o
(0
•H
Q

O
O
0)
to

(4) + +
-*.

-0.168x + 13.877

i 1 J. 1 1

1 2 3 4 X Axis

Relative Film Density (Obtained by I2S Process)

a(0) = 13.877 r = -.036

a(l) = -.168 S(y.x) = 3.57

.One X Axis unit = 2.00 n = 15

One Y Axis unit = 4.00

Data Points Represented = BC1 through BC10, and
11 through 15.

Conclusion About Hypothesis, 3(1) = 0; Not Rejected
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FIGURE 39

Linear Regression Analysis
y = a(0) + a(l)x

Correlation between relative film densities from KA62
Black-and-white image and chlorophyll-a values from
field samples collected on June 8, 1972

Y Axis

o>
6

a
i

0
fc
o
rH

43
0

3 •«•

2 •>•

:•••.. (2)

..I.

3 4 X Axis

Relative Film Density (Obtained by IS Process)

a(0) = .156 r = -.236

a(l) = -.012 S(y.x) = .039

One X Axis unit = 2.00 n = 15

One Y Axis unit = .050

Data Points Represented = BC1 through BC10, and:

11 through 15.
Conclusion About Hypothesis, &(1) = 0; Not Rejected
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Imagery which was available for analysis in the

8-14y bandwidth was limited to one frame of the test area

from Channel 2 of the RS-14 from the October 7, 1971 survey.

Isodensitracer analysis was applied to a small segment of

the frame. For purposes of direction to the specific tasks

and mission of the total investigation, reference is made

to Figure 6 and Table 3 which contain, respectively, the

Isodensitracer image and color coding data. For reason or

reasons unknown, the operator chose to limit the boundary

of the Isodensitracer recording to approximately half the

distance of the Houston Ship Channel, thereby eliminating

the region in which stations 1 and 2 were surveyed. There-

fore three data points remain (Stations 3, 4, and 5) for

analysis. Fortunately, some meaningful interpretation can

be derived from these points. For this purpose, Table 11

is included as a summary of prior data which applies speci-

fically to the area covered by the imagery in question.

Statistical analysis, such as regression analyses, would be

meaningless, if applied to the three data points. Noting,

however, the trends in Table 11, and the interpretation of

film density at stations 3 through 5, some strong cases can

be suggested for correlation. Station 5 yields, generally,

the lowest of the three densities, and assuming the green

coded data to proceed through station 3, as would have
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occurred had the frame been completed, the following inter-

pretations are evident by casual observation alone. Ab-

sorption in the 5.3y band, 3.4y band and turbidity showed

some increase with density increases. Total carbon con-

tent, C.O.D., KBr evaporate at the 3 . 4y band, and dis-

solved oxygen concentration all exhibited what may have

been an inverse relationship with imagery densities. These,

of course, are not conclusive but strongly suggest a rela-

tionship between measurable pollution parameters and

imagery densities in comparable waveband regions.
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DERIVATIONS

This investigation proceeded with the unalterable

intention of providing the most reliable, comprehensive,

and accurate ground truth assessment of a reach of the

Houston Ship Channel and an adjacent backwater, Harbour's

Cut. Remote sensing imagery developed from concurrent

overflights of that area were analyzed for comparison and

correlation of ground truth and film density data by use

of instrumentation developed for that specific purpose.

Although specific conclusions are included in the text

the following additional conclusions have become evident

through the course of the investigation.

1. Although permanent records are available of an

area following the development of overflight

imagery, rapid assessment of the imagery will

necessarily have to be enhanced to offer com-

petition to the existing methods of pollution

assessment by wet analytical laboratory metho-

dology .

2. Color and Color-Infrared prints can aid in locat-

ing areas for more sophisticated hardware inter-

pretation implementation.
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3. Considerable promise is indicated by correlation

of Channel 2, RS-14 imagery (8-14y bandwidth)

laboratory IR spectrophotometric scans, and

Isodensitracer interpretation of black-and-white

transparencies.

4. Hardware used for image density interpretation in-

cluded the Datacolor Machine, Isodensitracer, and

IS film viewer. Of these, the Datacolor film

interpretation data offered a numerically greater

o
correlation than the IS hardware. Film type 2402,

of the KA62 camera system, black-and-white trans-

parencies were employed for both analyses.

Isodensitracer analysis, on the other hand, pro-

vided, in the majority of cases, numerically lower

correlation coefficients than did the Datacolor

interpretation.

5. Isodensitracer application to 8-14y black-and-

white transparency density analysis appears to

offer promise as an effective organic carbon

analysis tool when correlated with infrared spectro-

photometric absorption peaks of functional carbon-

aceous materials as well as conventional pollution

factor wet laboratory analyses.
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APPENDIX A

LOCATION MAP; JANUARY 19, 1972 FIELD SURVEY

PHYSICAL, CHEMICAL, BIOLOGICAL DATA;

JANUARY 19, 1972 FIELD SURVEY
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Sample Sites; 1-19-T2 No NP3A Flight this date
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ANNOTATED BIBLIOGRAPHY

1. Anderson, Richard R. (1971). MULTISPECTRAL ANALYSIS OF AQUATIC
ECOSYSTEMS IN THE CHESAPEAKE BAY
— Reports on the usefulness of color infrared and thermal
imagery in delineating estuarine water conditions. Ref;
Summaries, p. 197, 7th International Symposium on Remote
Sensing of Environment, May 17-21, 1971. Center For Remote
Sensing Information and Analysis. Willow Run Laboratories,
Ann Arbor, Michigan.

2. Anderson, Richard R. (1968). REMOTE SENSING OF MARSHLANDS AND
ESTUARIES USING COLOR INFRARED PHOTOGRAPHY
— Summarizes the water quality parameters and vegetation
composition that may be defined using color infrared sensing
techniques. Ref; ERAP Status Review, N71-16174, v.3, p.262,
1968.

3. Anderson, Richard R. (1970). SPECTRAL REFLECTANCE CHARACTERISTICS
AND AUTOMATED DATA REDUCTION TECHNIQUES WHICH IDENTIFY WETLAND
AND WATER QUALITY CONDITIONS IN THE CHESAPEAKE BAY
— Compares spectral reflectance characteristics of several
aquatic vegetation (Zizania aquatica, Nuphar a dye-mum, and
Juncus) in the 0.4-1.3 micrometer range, and shows the seasonal
and intra-special differences in the reflectance curves for
Phragmites communis between 0.4 and 1.35 micrometers. Ref:
3d Annual Earth Resources Program Review; v.III, MSC 03742,
pp.53-2 to 53-29 Hydrology and Oceanography, Dec. 1-3, 1970.

4. APPLIED INFRARED PHOTOGRAPHY (1970) .
— A concise publication which explains the necessary processes
concerned with infrared photography. Contains a short section
on the photographability of various actinic radiation. Ref:
A Kodak Technical Publication, M-28, 1970.

5. Aukland, J.C. and Trexler, D.T. (1971). MULTISENSOR OIL SPILL DETEC-
TION
— Reports on the feasibility of using a multisensing device for
determining oil spill rate and oil type. These experiments
utilized controlled oil spills. Rj|r_: Summaries, pp. 81-82,
7th International Symposium on Remote Sensing of Environment,
May 17-21, 1971. Center For Remote Sensing Information and
Analysis. Willow Run Laboratories, Ann Arbor, Michigan.
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6. Catoe, C. (1970). RESULTS OF OVERFLIGHTS OF CHEVRON OIL SPILL
IN GULF OF MEXICO
— A summary of the United States Coast Guard and NASA remote
sensing project concerning the Chevron Oil Spill of March 16,
1970. Results: (1) Infrared imagery in the 8-14 micrometer
range will detect an oil slick, (2) color infrared is very
good due to the oil - water interface contrast, (3) color
photos are not good due to the low contrast between oil and
water, and (4) infrared is good at either day or night pro-
viding that there are clear atmospheric conditions, whereas
photographic techniques are limited to daylight and clear
weather. Ref; United States Coast Guard, Washington, D.C.
1970. Applied Technology Division.

7. Edmisten, J.A. HEALTH APPLICATIONS OF REMOTE SENSING - NEW CONCEPTS
— The prediction, prevention, and study of Red Tides using
remote sensing techniques. Ref: The University of West Florida;
Pensacola, Florida. (No publ. date given)

8. Egan, W.G. and Hair, M. (1971). AUTOMATED DELINEATION OF WETLANDS
IN PHOTOGRAPHIC REMOTE SENSING
— The usefulness of a microdensitometer in the delineation of
wetlands is reported. (Reflectances were measured between 0.4
and 1.0 micrometers). Ref: Presented at the 7th International
Symposium on Remote Sensing of Environment, May 17-21, 1971.
Center for Remote Sensing Information and Analysis. Willow Run
Laboratories, Ann Arbor, Michigan.

9. Egan, W.G.. (1970). OPTICAL REMOTE SENSING OF BIORESOURCES
— Covers some of the optical properties of bioresources by way
of example of the study involving Connetquot River (on the south
shore of Long Island and empties into Nicoll Bay, which in turn
is part of Great South Bay). Includes properties, ground cover
vegetation of area, Stokes parameters, optical remote sensing
techniques, and the issue of transforming data into usable
information. Ref: Invited paper delivered at the National
Symposium on Hydrobiology held at Miami Beach, Florida, June
24-27, 1970.

10. Fischer, W.A. (1968). APPLICATIONS OF AIRCRAFT AND SPACECRAFT
SURVEYS TO GROUNDWATER INVESTIGATIONS
— Report on the applications of remote sensing systems now
available, as well as those under consideration, to groundwater
investigations. Ref: U.S. Geological Survey, Washington, D.C.
1968.
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11. Fisher, John J. (1970). CRITERIA FOR RECOGNITION OF ESTUARINE
WATER POLLUTION BY AERIAL REMOTE SENSING
— This project entailed the use of a simple inexpensive four
camera system to obtain a multispectral aerial analysis of
the water quality in estuarine areas (Narragansett Bay). The
photographic interpretation was compared with "ground-truth"
data, with four film emulsions proving most efficient: pan-
chromatic, black and white infrared, color, and color infrared.
Ref: Technical Completion Report, The University of Rhode
Island, June 30, 1970.

12. Fuller, Charles E. and Barnes, Charles M. (1971). PUBLIC HEALTH
IMPLICATIONS OF THE NASA EARTH OBSERVATIONS PROGRAM
— Summarizes the Earth Observation Program objectives and
rationale of remote sensing of the environment. Ref: Presented
Thursday, July 22, 1971 at the 108th Annual Meeting of the
American Veterinary Medical Association. Detroit, Michigan.

13. Graff, D.R.; Scherz, J.P. and Boyle, W.C. (1969). PHOTOGRAPHIC
CHARACTERISTICS OF WATER POLLUTION
— Contains information from many previous investigations
(Strandberg, Oswald, etc.) and presents the problems involved
with the recording of heat changes. Ref: Photogrammetrie
Engineering, pp. 38-43, January, 1969.

14. Gramms, L.C. and Boyle, W.C. (1971). REFLECTANCE AND TRANSMITTANCE
CHARACTERISTICS OF SEVERAL SELECTED GREEN AND BLUE-GREEN UNI-
ALGAE
— Selenastrum and Chlorella reflectance and transmittance
characteristics and also Microcystis and Anabena from 0.375-0.8
micrometers. Ref: Summaries, p. 147, 7th International
Symposium on Remote Sensing of Environment, May 17-21, 1971.
Center for Remote Sensing Information and Analysis. Willow Run
Laboratories, Ann Arbor, Michigan.

15. Hemphill, William R. (1968). APPLICATION OF ULTRAVIOLET REFLECTANCE
AND STIMULATED LUMINESCENCE TO THE REMOTE DETECTION OF NATURAL
MATERIALS.
— Materials which are commonly strongly imaged on ultraviolet
imagery and photography include carbonate rocks, evaporite
deposits, water, snow, concrete, and metallic objects. The
detection technique used was the "Fraunhofer line-depth method."
This method is advantageous because it uses the sun as an ultra-
violet source and therefore is independent of low-powered arti-
ficial sources such as cathode ray tubes, lasers, and mercury
vapor lamps. Ref: Prepared by the United States Geological
Survey for the National Aeronautics and Space Administration
under NASA Work Order No. T-65757. Technical Letter NASA-121,
September, 1968.
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16. James, Wesley P. (1970).. AIR PHOTO ANALYSIS OF WASTE DISPERSION
FROM OCEAN OUTFALLS.
— The Kraft pulp mill outfall at Newport, Oregon was the waste
source being monitored. Ref: Oregon State University;
Department of Civil Engineering; Doctoral Thesis, June 1970.

17. Lowe, D.S. INFRARED AND MULTISPECTRAL SENSING IN HYDROBIOLOGICAL
APPLICATIONS
— Paper discusses the technology of optical-mechanical scanners
which permits the generation of imagery significantly different
from visual or photographic imagery. Ref; The Bendix Corpora-
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