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PREFACE

In Note peT 1973, the National Aeronautics and Space Administration'(NASA)
asked the National Academy of Engineei-ing* to 'conduct a summer study of future

- 'application of space systems:. with particular emphasis on practical approaches,
taking, into consideration.iocioeconotiobenefits.

NASA asked that the
. also .consider how these: applications would .influence or bd'influen40,by the

Space Shuttle System, the principal space transportation rstein of the 1980's.
n DeceLber 1973, the Academy agreed to perform the st1.20yand assigned the
task,to-the Space Applications Board (SAB).

rn the summers of 1967 and 1968,the National Academy sof Sciences had
donvened .a group of eminent scientIsts and engineers to determine what research

:and developmenrwiS necessary to permit the exploi;station of useful applications
of'earth-oriented 'satellites. The SAB concluded that since the NAS study,
operational weather and communications satellites and the successful first
year of use of the experimental Earth

Resources Technology Satellite had demon-
strated conclusively a technological capability that could fort a foundation
for expanding the useful applications of space - derived information and services,.e
and that it was now necessary to obtain, from a broad cross - section of liatential
users, hew ideas and needs that might, guide the developthent of future space
systems for practical, applications.

After discussions withNASA and other-interested federal agencies, it
was agreed that a major aim of the."summer study" should be to involve, and
to attempt to understand the needs of, resource managers and other decision-
makers who had as yet only considered space systems as experimental rather
than as useful elements of major.day-to-day

operational information and service
systets. Under the general direction of the SAB, then, a representative group
of users and potential users condUcted an intensive two-week study to define
user needi that might be met by information or services.derivid from earth-,orbiting satellites. This work wasldone in July 1974 at Snowmass, Colorado..

For the study, nine usekloriented panels were formed, comprised of present
or potential pubLic and private users, including businessmen, state amd local
government officials, resource tanagers, and other decision-makers, A number

.

*Effective July 1, 1974, the National Academy of Sciences and'the National
Academy of Engineering reorganized the National Research Council into eight
assemblies and commisSions. All.National Academy of Engineering program units
including the SAB, became the Assembly of Engineering.

iii
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of scientists nd*technologists also participated, functioning essentially
as expert consultants. Theassignment'maae to the panels included reviewing
progress in space applications since the NAS study a 1968* and defining user
needs potentially capable of being mot by space-system applications. User
specialists, drawn'frcAfederal, state, and local governments and from business

.and industry, were impaneled in the following fields: .

Panel 1: Weather and Climate
Panel 2: Uses of Communications

panel 3: Land Use Planning i

Panel 4: Agriculture, Forest, and,Range
. Panel S: Inlaid Water Resources

i
Panel 6: Extractable Resourees
Panel 7: 'Tnvironmental Quality
Panel 8: Mari e and Maritime Uses
Panel 9: Mater Is Proceising in Space

addition to stud the socioeconomic benefits, the influence of tech-,
nologyi and the interface with space transportation systems, the following
papels (termed interactive panels), were convened:

Panel 10: Institutional Arrangements
Panel 1j..: .costs and Benefits

Pane1012: Space Transportation
Panel 13: Information'Services and Information Processing
Panel 14: ,Technology

Al a basis for their deliberations, the latter groups used needs expressed
by the user panels. A substalitial,amount of interaction with the User pnels '
was. designed into the sydy.plan and was found to be both desirable and neces-
sary.

, ,
. . ,

&
b

, The major part of the study was accornlished by the panels. The function
. of the SAS was to review ihe wori'of the panels, to evaluate their findings,

and to derive from their work an integrated set of major conclusions and recom-,
mendations. The Board's findings, which include certain significant, recommen-

, dations from the panel reports, as well as more general ones arrived at by
considering the work of the study as a whole, are contained ina report pre-
pared by the Board.** '. '

It should be emphasized that the study was not designed to make detailed
assessments of all of the factors which shoul'd be considered in establishing
priorities. In some cases, for example, options other than space systems for
accomplishing the sane objectives may need to be'assessed; requirements for

.. .

*National Research Council. Yseful Applications of Earth-Oriented Satellites,
Report of the Central Review Cor,i1,Iittee. National Academy of Sciences,

Washington, D.C., 1969.
.

**Space Application's Board, National Research Council. Practical Applications
of Space Systems. National Academy of Sciences, Washington, D.C., 1975.,

iv
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institutional or organizational swpoft may need.to be appraised; multiple 1
uses of systems may need to be evaluated tq.achieve the most efficient and
economic returns. In some cases, analySes of costs and benefits will be

.needed. in this connection, specific.cost-benefit studies were not CondUcted
as a part of the two -week- study. 'Recommendations for certain such analyses,
'bowever, appear in the Board's report,' together with recommendations designed
to provide an improved bases upon which to make cost-benefit assessments.In sum, the study was designed to provide 'an, opportunity for knowledgeable
and experienced'users, 'expert in theii fields, to express their needs for
information or services which mighr(or might not) be met by? space systems,
and to relate the present andiotential capabilities of space.systems to their
needs.' The study did not attempt to examine in:detail the scientific, technical,- ,

or economic bases .for the needs expresstd by the users. ,
. The SAB was impressed by'he

quality of the panels'' work and has'asked
,that their reports'be made available aLsupporting documents "for the. Board's
rpoit. 'While the Board is in general accord with the paner repor;s,.it does
nbt necessarily endorse them in every= detail.-

The conclusions and recommenditions of this panel. report should be con-
sidered within thecontex't of phe report prepared by .the Space Applications
Board. .Tlie views presented in the panel 'report represent' the general consensusof the panel. Some individual members of the panel may not airee with everyconclusion or recommendation contained in the report.'

4
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.INTRODUCTION AND SCOPE:
.

/
.

.
4t

OBJECTIVES GE PANEL ON INLAND WATER RESOURCES

t e.
S

..1

TA stated purpose of .the 1974'Slsauner Study on Sce Applications -held - "
',' , .at Snowmass: Colorado, wa,s. as follows; , . ..., *. ., t , ico"The 'objectiieis to conduct a tomprehens#e study of tipiliCations ,

.of space systems' for the 1980' slincluding practical. approaches, c<

ass-esSment'of, sdcio-economic benefits, planning for implementation,
and' influences, on or by the ptincipal space transportation system $

o the era," . .
. A $ ...de!. . e

t. . .IF 4 )' ...

The primary obje-ctiire 'of the Panel on inland water. Resources was establishedby the Pane'fies determining hoer -and to what extent space technology can be used
in the timely d6veloppent any imprineil ma)lagenient of the nationt s 4nland water

,..resotiites. .' . '' '
X..- :V '

The term "space technology," is used herein, rekers tea system or system$
Which may in ?lude Satellit. .igh-altitude air,qtft; and ground installations..p.'/with attendant sensors that otely stedsute various-- parameters and collect' groUnd=basegt data and relay them via sitellitS,to processing centers. Data so . ifiv
.obtained may be :applied t% four'main areas in .tlie management of water resource-11, Y!

., , . . ..
`..-* .. riventor) lr , . .

Basic.- research on hydrologic 'balance
Planning , %

Operation4,
, . . 44. .:. Al

. . . -'Emphasis has been placed on user, applications which tote Panel believes 4.-will arise within- thi. neixt ddcade. Pr' users are seen as federal, state,
'-and local governmental .igenciet and fikms and. imidividuals in the private sector,

Lets attention is given to the needs of indiitidUaL research* scientists dr .engineers in universities °is in government lizenciFS, although ,patts of the pro-
gram may be highly benefitialtothera. No attempt has been made to 'treat "spin-
oft" applications of space -technology. although zany are used, particularly in,
new sensors. It is believed' that aAarge body*Gof space rkated.tecknology exists
whLh could-profitabry be applied to problems related. ..o-inland water iisrces

^

A 1\ 1,3

..;11

(
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. but whichy ior.variOus reasons, has had little.application.to date. The Panel
believes this calls-'for placing a high priority on practicable ainhiCations
of'ipace technology.'

-
Ss

. ,,. .-
,

. - 'SCOPE OF THE TEW4mINLAND WATERS" .'

.

. .

The Panel applies the term "inland waters" to those Waters bounded by land
within the various states and poss,essions'Cif the United States. In addition,
the Panel inchicles coastal' %ateTs,. as is customary,.becadse of their inseparable
interrelationships with riverine systems,, Also,included.are the, Great Lakes
,and contiguous waters, It should be recognized that much of the content of the
present'report also applies generally to simia.T,inIand waters throughout the

1 .world. .

.
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PROGRESS SINCE 1967-68 STUDY

During the.summers of 1967 and 1968 technical panels were convened at Woods
Hole, Massachusetts, to assess future useful and practical applications of earth-
oriented satellites. From these effortp-'a series of reports were,published
which treated the potential role of satellites in various disciplines. Hydiology
was, one of the disciplines.*

. -

In the perspettive of 1974, a little over one-half decade since the comple-
tion of 'the'1967-68 study, the appropriateness and insight provided by the panel

f on Hydrology is noteworthy. This is particularly tine when,the work is consider-
ein light ofeconomic, political, technological, and other changes that have
occurred. Major findings and recommendation§ of the 1967-68 Panel.on Hydrolog?
are reviewed briefly in order to, assess the progress Made between then and now
in applying apace technology to a better understanding and minageffent of water
resources. In general, one can see that these findings and recommendations have,
provided an excellent stimulus to atid framework for program development.

It could very easily be concluded that these findings are even more valid
in 1974 than they were in 1967-.68. The successful progress that has been made
supports these findings in every case and suggests that the implied and explicit
goals set forth in the 1967-68 study should,be pursued even more vigorously.

1967-68 FINDINGS AND RECOMMENDATIONS
.

--N,The Panel on Hydrology summarized its findings as follows:
. .

"1. The application of space technology to hydrologic problems
promises significant benefits in scientific understanding Of hydrologic
systems and in planriTng and management of water-resources projects.

r

"2. Four hydrologic objectives amenable to current space technol-
ogy and promising substantial immediate and long-term benefits have
been identified: basin studies of hydrologic cycle and large-scale

*Nationif Academy of Sciences. Useful Applications of Earth- Oriented
Report ofthe Panel on44rology (Panel 3). 'Washington, D.C., 1969.

rr

3
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hydrologic systems; snow and ice mapping; surveys-of coastal hydrologic
features and large inland lakes; and real -tile communications b4ground-
based hydrologiF data..

c A

"3. The proposed hydrOlogic-satellite program consists of a com-
monications satellite (HCS), a sensing satellite now considered feasible
(HSS-1), and a sensing satellite embracing greater capabilities after
"further research and development. To achieve maximum net benefits,
these propoged satellite progrips may be iategated,with other proposed
earth- resources satellite ppgrams.

.

"4. Solid econom ic evaluation of diese applications is not pos-
sible at this time.

dr
"S. .1n' spite bf this lack of economic evaluation,, the prospects

Of success warrants a substantial satellite program in hydrology.
.

"6, :Extended research and, development are necessary to develop
much-needed spaceborne sensor eapabilities'such as: snow depth and
its water content, and ice thickness; precipitation rate at the ground'
surface; identification of chemical and biological character of water
and pollutants; streamflow veloeities and discharge; groundwater
elevation and discharge; and vertical and horizontaL movement of
atmospheric water vapor.

'7. Major benefits to hydrology expected from interdisciplinary
programs of space technology include: improved weather forecasts;
improved land-use mapping and classification; improved topographic and
geologic mapping; precipitation reporting on a real-time basis; and
areal estimates of soil temperature.

"8. Space` technology applied to hydrology should.he evaluated 1/4

and exploited in the interest of the users, taking into consideration
the following: the transfer of data from ground stations pr sensors
finally to the users; the.impiet of economic, social, and Olitical
factors on water-resources development and the'needs for hydrologic
data; and the administrative structures to coordinate and integrate
all space programs regarding applications in hydrology.

"9. No particular hardware canle recommendedjbyethis Panel at.
thiS time pending studies of niterntes,,including the sharini of
space and communications hardware."'

The Panel on Hydrology made the following recommeldations:,

"a- NASA with othei appropriate agencies shqulecontinue the
steps needed for developing a capability for acquiring data in an

operational hydrologic-satellite program in or before 1975.
1,

4
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'b, Appropriate agencies should institute long-range-compre-
hensive research programs to upgrade, hydrologic theories andmethod-
ologies to exploit_new capabilities of space technology.

"c. Prompt dissemination should be made
.photdgraphs and imagery to the hydrologic co

UPDATING FINDINGS

111 I

available space
ty."*

V

Several reviews that detail the advances made in applying space technology
to hydrologic and water resource monitoring and management objectives are avail-able and show that noteworthy progress has been made sire 1968. Some of the
most recent are those by Bock (1973), Molloy and Salomonson (1973), freden et al.
(1973), Salomonson ind'Greaves (1974); Salomonson (1974), and Rango et al. (19Y4).(See Bibliography,,Appendix A.) In addition, the National Acadeniy of Sciences. (NAS) Committee on,Remote Sensing Piograzis for Earth Resource Surveys (CORSPERS)
has made available its 1974 draft conclusions on the status of remote sensing in
hydrology for review by the Patel on Inland Water Resources.

It seems fair to indicate that probably the most significant spaCetraft
technology advance made in the 1968'44 period was.the launching of the first 'Earth Resources Technology Satellite (ERTS-1) on July 23, 1972. This satellite
provided relatively high resolution (80 m). multispectral (0.5 to 0.6,um,,0.6 to 0.7,um, 0.7 to 0.8/2m, and 0.8 to 1.1,um) observa*ons over the earth'with a nominal 18-day periodicity. Observations over areas of 186 km by 186,km
were produced in photographs and

computer-corTatible tapes. The photogrInhi'and.tapes were and are still being analyzed by approximately 300 investigatots includ-ing some 40 who deal primarily with wateriresources. The ERTS-1 was the culmina-
tion of-several years ofsensor development and data analysis effort that wasaccomplished in NASA earth-resources aircraft porgram, the Mercury; Gmini, and
Apollo flights, satellite research and operational meteorological programs bythe National Oceanic and Atmosphtric Adrinistration (NOAH) and NASA, and other

.programs Gaertaken by perennel in universities, private, induspy, and federalagencies. Technological developments of ,considerable signifiCance td:hydrology_and qher wator resources disciplines have been provided by recent launches
of the.NOAA-2 sitellitd *ith,its Very High Resolution Radiometer (VHRR}, the com-
pletion of a series of obseivations in the Skylab Earth ResourcesExperiment
Package (EREP), and the flight on NIMBUS-5 of several improved sensors including, 'in particular, the Electrically Scanned Microwave Spectrome)er (ESMR) and theNIMBUS -E Microwave SpectrobeterJNEMS). Economit*studies coipleted since 1968(see, for example, Dynatrend, 1073; ECON, Inc., 1974) fully support finding
.number S of the 1967 -68 Panel on Hydrology.,
,.y

7,

Report of the P472n. on Hydrology, ,(1969), pp. 1-2.
**ERTS has since been renamed LANDSAT.

5
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Monitoring and Mapping Surface Water Bodies

The 0.8 to 1.1ium spectral band iricluded in the Multispectral Scanner
- Subsystem (MSS) on ERTS-1 has been shown to be quite effective in locating and

mapping surface water bodies only a few hectares in"area. A program is now in

progress, sponsored by the U.S. Army Corps of Engineers, which utilizes this
capability for mapping water impoundments (McKim et al., 1972). Other investiga-
tors have documented this capabiljt with relationship to wetlands monitoring,
playa lakes studies, etc. (See,for example, Freden et al.1 1973.)

Monitoring SnOW and Ice

larly'in the 1968-74 period i t s ,shOwn that the regiohal extent of snow

and ice can be repetitively observedf(Barnes and Bowley, 1970). TheERTS-1 and_
the NOAA-2 VHRR .observations have improved upon thls Capability (Rangy et al.,
.974). EVS,1. observations. have been showne'be capable of monitoring the
areal extent of snow and to agree to + 60 m ifith, surveys and estimations of snow-

:;4., line elevations made from operational These observations can serve 'to

calibrate, the more frequentl-km NOAA-2 VHRR observations. ERTS-1 observations .

are quite useful for observing glacier's, including.surgink glaciers, and sttend-
ant features such as snowlines and medial and terminal moraines. Several detailed
observations of ice cover on the Great Lakts have been obtained from ERTS-1 and

,
'

r from-WA-2 VHRR. Analyses of microwave data alto indicate that there is sub-
-istantial promise in.this spectral region for obtaining .quantitative, observations

of snowpack parameters:(Meier and Edgerton, 1971). Furtherdore, results from.

the NIMBUS-5 ESMR'as applied to the monitoring of sea ice, along with airbope
microwaveAservations; indicate'fhat this spectral region has veryisubfitantial.

utility.for monitoring ice cover, Low-altitude surveys of water equivalent in
snow have also been successful using an ability to measure background gamma
radiation emission (Peck et al., 1971; Jones et al., 1974). -

1

.

,

Mapping Flooded. Areas.

A

One,of the most'interesting capabilities of tht'ERTS-1 MSS is its ab,?lity
to observe the extent of flooded areas as much as 1.to 2 weeks after the actual

occurrence of the flood. Flood inundated'areas.can be mapped on scales of
1:250,000 and smaller and positive.reSUlts have been reported at the 1:100,000
scale. (See reports by&ango and Salomonson, 1973, and Deutsch et. al., 1973,
as well as others already cited concerning ERTS-1.)-

as. ..

:4' .
4

It. .
Detecting andSUrveying Turbidity and Pollution

Several intriguing observations of turbidity variation in reservoirs,
coiStal regions, and at the mouths of rivers have been reported. These have

been related to pollution plumes, algal activity, and waste dumping. The
dynamics of circulation have been inferred in various water bodies including
Utah Lalte,.the Great Lakes, and the Chesapeake Bay, forexample, and in the

6
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interaction of rivers.emptying into large water bodies. Sole empirically estab-
lished estimates of sediment load can be derived for near-surface layers of
reservoirs and lakes (Freden et al., 1973). The 18-day repeat Cycle has limited
the operational applicability of these data, but some considerable potential
seems indicated in improved systems with greater observational. frequency.

Determining Soil Moisture. ,
.

Th,most siknificadvances in the determination of soil moisture have
been associated with the utilization of the microwave portion of the spectrum
and the monitoring of background gamma radiation. Airborne microwave radiation -
measurements up to depths of 21 cm show that soil moisture and brightness temper-,
ature are linearly related over smooth, bare soil surfaces (Schnugge.et al.,
1974;, Ulaby, 19/4). Positive results using background gammalradiation for soilj .moisture determinations are reported by Wiesnet and Peck, 1974.

Monitoring Watershed Land Cover "

The multispectral character of 'ERTS-1 observations has provided an ability
to monitor the extent of various ground-Oover types, such as the amount of bare
soil; vegetation, open Water, and imperviousiarea, on scales of 1:250,000 and
smaller. Thii capability permits the timely updating of Maps on these scales
so as to reflect hydrologically significant changes that may have-occurred since
the issuance of the map itself. In'many cases a'capability-to provide infoina-
tion commensurate with larger scales such as 1:24;000 is desirable.and thiswould come with higher instrument Spatial resolution.

. ""4

Locating Groundwater Supplies .

.
. .

I N,*

The ERTS -1 MSS has provided enough spectral and- spatial resolution to be
-quite useful in delineating geological featUies including, for example', unmapped
lineampnts and major trends in karst terrain: These features offer guidance or
clues that can facilitate drilling for groundwater.

,

,
. . 4.

..

. 1 '

Monitoring Parameters by Use of Data Relay

Parameters such as river stage or discharge and various water.quality para-_
meters are difficult toobserve via remote sensing. The ability of the ERTS-1
data collection system (DCS) to collect data on parameters.sua as these over
large and remote regions has been conclusively demonstrated. Over WO BRTS-1
data tollection platforms (DCP) are nOw in operation in areas stretching from
Iceland to Hawaii and from tortheIn Canada to Central America (Cooper and Ryan,
1974).' This kind of capability will be continued on polar-orbiting spacecraft
such as ERTS and NIMBUS and op the Geostationary Operational Environmental
Satellite (GOES) series.

19
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Oa

Observing Hydrometeorological ParaMeters . \
The NOAA VHRR and the Applications Technology Satellites ATS71 and ATS-3,

have shown that.cloud-top temperatures and cloud features can be observed from
space and are useful in forecasting-severe storms. These observations are sub-
sequently important in terms of providing input relative to dangerous or anoma-
lous river runoff. The SMS-kand ATS-6 spacecraft, which were, launched recently',
provide atmospheric "window" observations in the 10 to 12 hum spectral region and
thus produce significantly improve4 capabilities from geostationary altitude.

Relative humidity in the lower troposphere can be estimated with errors less
than 30 percent (Smith and Howell, 1971). .

Precipitable water above 1000 millibars can be estimated to within 20 per- ''
cent using "the NIMBUS-4 Satellite Infrared Spectrometer (SIRS-B) in a cloud-free
atmosphere. Early results from the NIMBUS-5 ESMR indicate that precipitable
water can be estimated to within 10 percent and the liquid Ater content of clouds
to within 25 percent (private communication from NASA).

An excellent review of methods used for rainfall estimation from satellites
.is given by Martin and Scherer,- 1973. Over oceans,, the recent results from the
NIMBUS-5 ESMR indicate that the areal extent of.rainfall can be delineated well
and 6e.rainfall rate directly estimated to within a factor of 2. No results
demonstrating direct measurement fromspacecraft of precipitation over land
appear to be available and-this remains a-goal for the future..

-

UPDATING RECOMMENDATNNS %;

ExaminatioR of the 1967-68 recommendations listed earlierindicates that
some progress of substance has been made, but considerable-work,remains in order
to achieve the eels indicated in those recommendations.'

Recommendation 3 has been partially net in that the Department of the
Interior cUSDIJ Earth Resources Observation System (EROS) Data Center has been
establish td in Sioux Falls, South Dakota. This Center serves as a source from'
wh.i.Ch anyone can obtain image data such as from ERTS-1 and the NASA E'arth

Resources Airtraft Program, ,Delivery of these data, however, is still not rapid
enough for operational application. to iNlandwatel resources. The'delivery
process needs to be'substantially,improved.

With reference to Recommendation-2, some 40 hydrologic investigators have
been funded in association with t.,,he .ERTS-1 program; and several significant and

productive programs exploring the utility of remotely sensed data for monitoring
hydrologic parameters exist in federal agencies other than NASA. These include
NOAA, the USD1, the U.S. Army corps of Engineers (USCE) and the EnVironmipi
Protection Agency (EPA). However, these efforts' generally have not been le-

. mented in such a way as to improve theoriesand understanding of the hydrologic
.cycle on various time .and distance scales.

Recommendation 1 involving the establishment of an operational hydrologic
satellite program by 1975 will not be met. As already indicated, some progress
has been made, such as with ERTS-1, but the time when an operational earth-
resources satellite program will be established is unclear. One important
element of an operational hydrologic' system, a data collection system, is being

8
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implemented in conjunction with the NOAA-GOES program. There is substantial.
interest in obtaining this capability on an operational polar-orbiting satellite.
This goal, .however, remains' to be accomplished.

'I
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DATA AEEDED-FOR MANAGEMENT OF

INLAND WATOURtSoURcES

Most current needs'for, data on inland water resources can be met using
existing-technology. Measurements are obtained from point-sampling rbcations,
field surveys, aerial photographs, etc.- Wprent data collection methods, however,

.._often are expensive, and are labor-intensiiie,' and thus data collection programs
'rare limited by budgetary constraints. Ii addition, current data collection
technology does nOt readily Facilitate synoptic studies of water resources nor
does it allow an overview so that individual-samplingopoints may be -optimalry.
'selected. The use of earth ,satellites may alleviate some of these limitatiors.
As direct sensing from-space becomes more readily available and as spacetTift.-:
are used more extensively for data relays,.the Panel anticipates that needed
hydrologic datak,vill be, supplied more systematically. Space technology willbe'
used when it plipides better or cheaper data than conventional means of data',
collection.

Tables I and II show the more common water bakance and environmental para.:.
meters.for Khich data are needed in the minagement of inland waterjesOurces and
for which space technology may be used to acquire the data. Measurement caiabil-
itieS,thAt are requiie4 for obtaininfacceptable data 9n theseparameters and
the needed range anticipated for each type of measurement are includdd. 4 '6
Numerical values are given fOr geographic Scale) spetipresolution, accuracy,
peed of data delivery, frequency-of coverage, andrelative benefit. Relative
benefit is based on the priority the parameter should receive according,to its
importance in management.and is.ratedH (high),, M (medium), or. L(low). The 0

,list of parameters is far from complete but should furnish insight into possible
applications of space technology.. The parameters included and the range of'
values presented are as comprdheniive and accurate as the Panel could,make
within the workitg time available. The Panel believes that Tables I and'rI -

"may be used as'Qrking documents even while they are subject to refinement and .

extension. Individuar values encompass and are expressed in the range that is
-required to take care of specific intended uses., For example, the messurement
Of background surface temperature of, natural water bodies aften requires differ-._

ent resolution, accuracy,and possibly other variances from those required in
the measurement of thermal,rastewater discharge. Therefore, no one set oi".
requilOments for measurement of water surface temperatur6 can be specified to,..

. suffi* for all possible(gses. For nearly.all of theparameters presentedin
''Tables I and II, exact measurement requirements depend upon:the specific intend-

ed use 'of the data. /
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It should be understood that the regqiremerits.e#reie4.in Tables I and II ,

are based solely on needs related to inland Mater resources and are riot iliffu- .

enced by present orprospective capabilities of remote or in situ sensot.s.. Thus,

these requirements in effect represent recommended goals for sensor development.
From the informatidn in Tables I and II, one may compile some gell'eral

requir6ments fox'data, as follows:
,

Geogr/aphic scale
.

,

6. .. 44:
Range from local to global

-*Ilk For most uses, local to regional - .

,

,N
Spatial resolution

1. Surface
Range. from 1 m to 10 km

Modei4frosa, 10 m to 50 m '.

. .

2. Depth
Range from

r

0.3 in to 100 in

Frequency of coverage

Varies greatly
. Hourly in some cases

Daily to weekly in many .case

Annually or longer in, some cases,

. Speed of data delivery

t
a

-

Varies greatly .

Real-time delivery optimal for certain ises
. From hours to 2 to 7 days in many cases'

From 1 to 2' months for Many areal measurements and mapping purposes-

12
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POTENTIAL BENEFITS

FROM BETTER MANAGEMENT OF INLAND WATER, RESOURCES.

ANALYSIS OF CONCEPTS

The Panel has concluded that estimation of nationwide tangib'e benefits
far operational applications of space technology-in the field of inland water

- resources is wholly impracticable in view of the limited time qind the limited**
ia information available to the Panel during the study. The Panel recognizes that

incremental costs and benefiteshould be, used in evaluating siAce applications.
Comprehensive estimates of benefits and costs for the several demonstration
,projects suggested (see "Proposed Demonstration Projects") are also considered
to be impracticable for the same reasons. Partial estimates of costs and benefits
have been made to the extent possible for the projects which. seem to have great-
est potential for,applications of space technology.

Benefits from the use of space systems to acquire data will result
(1) reductions in the cost of data acquisition, (2), improvements in the data '

acquired, and (3) reductions in management costs. Benefit estimates are made
on a "with space-acquired data and without" type of analysis. In some cases,
intangible secondary benefits are realized. Potential bendfits from acquisition
of new typeiof information which can be obtained only with the useof space
systems appear in some cases to be very substantial. In'cases where additional
costs are required to adapt,to new uses or to modified, techniques for the han-
dling of data by user agenciesthe potential benefits Cited are the net of these
'costs and benefits.

The Panel is aware that there is a need to examine the relative benefits
and costs betWeen use of satellites and use of aircraft. While recognizing
the general advantages and disadvantages of each method,, the Panel has not
attempted to decide which technique should be used. The use of satellites is.
usually advantageous in applications where data'are required over large areas or
whefe repetitive acquisition of data:is needed.

On the demonstration projects; thelPanel has attempted to work clo sely with
the Panel on Cdsts and Benefits. tdentikication of benefits is complicated by
the fact,that precise costs are not available on present data-gathering activities
and by the fact that remote sensing frequently provides useful information which
previously had not been acquired because ok'prohibitive costs or difficulties
of acquisition.

The Panel has not attempted to evaluate existing economic analyses of space
applications. Its analyses of the proposed demonStration 'projects are prelimi-

. nary and the Panel considers that careful economic analysis shotild be made in

m:
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depth and.at an early date for each of the demonstration projects. These analy-
ses should project savingS which can be realized from extending the applications
throughout the UnitedStates.

Another complicating factor in attempting to_applyeconomic analysis is the
need to rela,e an information requirement to an end product rather than to a
rigid definition of the data elements. _When a user describes information require-
ments, there is a tendency to demand the same data elements that are currently
used. Improvements thpn relate to increasedacCuracy or resolution and/or
decreased costs in acquiring these data elements. Since the use of'these data
frequently has developed because of the structure. and limitations of present
acquisition methods, remote sensingltechniques frdquently are noecompetitive.
The accuracy required for point sampling maybe higher than that necessary for
synoptic sampling. -When icillmation about an area is developed with use of con-
entional sampling techni , the accuracy and resolution must, be high-because
of the inherent degradation which results'frOin interpolation between the-sample
points. S,ince remote Sensing provides synoptic coverage, no interpolation is
required and therefore the accuracy and resolution required for sampling may be
less. It may be that data sensed from space sholabe of an entirely different
form or_ character, and that such alternative approaches should be examined.

DEVELOPMENTS NECESSARY FOR ACHIEVEMENT OF BENEFITS

The potential benefits of using space technology in many facets of managing
inland water resources have been recognized and affirmed by the Panel. To real-
ize these potential benefits certain deficiencies must be overcome. These
deficiencies can be categorized as follows: (1) inadequate sensors, (2) inade-
quate data processing programs, (3) need for.improved mathematical models, and
(4) the absence of fully effeAdwe institutional arrangements. Throughout the.

ensuing discussion the trinsport of sensors into space, space packaging systems,
and other aspects o£ space transport are not considered to be constraints on any
wential program.

Sensors

It is readily apparent that the primitive state of present sensor technology
is primary constraint on the application of space. technology to the management

Aland water resources. Many of the parameters included in. Tables Ikand II ,
.. not now be monitored from space, and many cannot be sensed automatically --from
ground stations. The Panel therefore p ],aces an extremely high pr on sensor

development and believes that a lack of adequate sensors probabl .1,jmPede
other developments for some time to come. . .

,

The use of aircraft .both high,flying, such as the U,2 and B-57, and 1.Rw
level -- has prqvided remotely sensed water data that have relevance and,i'li-

i
ability. Multi-lens cameras with high-resolution broad band films are al to
26tect a combination of water quality fadtors although more work. needs to e done

to quantify those parameters.
Data collection platforms (DCP) and low -level aircraft have'shown great

capability for sensing many of the wanted parameters. These include measurements
;

26
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of the water content of ice and snow, crop-canopy emittance and other parameters
rdIated to subsurface water, the dynamics of surface water-flux, and'many of the,
water quality and environmental constituents. -Present sampling; monitdring, and
laboratory techniques are available and, in most cases, standardized to obtain
these measurements. In.order to, utilize space technology, accurate automated
stations which can operate service free over long periods of time need to be
developed. Their data output .can be relayed by. satellite.oryaircraft without .

the need for human intervention and thus coverage canlbe provided for many loca-
tions, some of which may be remote'and difficult to service.

There are two-key aieas in which substantial breakthroughs are 'needed to
develop ground sensors"compatible with the capabilities of satellite-borne data
collection systems. First, present equipment is not rugged enoug4 to survive
the severities of weather, vandalism, and environmental contamination for periods
of 6 months to 1 year. The improvement required is largely in-engineering prob-
lab and should be attainable. Secondly, present sensors either cannot duplicate
the laboratory analysis required for detection of many parameters or they require
'in-place equipment which impedes navigation or other uses of inland waters.

-For:some of the basic water resources parameters, direct measurement from
space may be ,impossible and it is doubtful that complete independence from.ground
stations will ever be desirable. Many parameters can be sensed directly, however,
and others can be inferred. The Panel believes Ahat the development of airborne
and spaceborne sensors shows great promitd and should be pUrsuedvigorously.

e Areal coverage offered by direct space measurement is quite valuable and, where
technically feasible,- prdbably will prove more cost effective than ground
stations.

Finally, a plea is made for use of imagination in sensor develpilvt.
Tables I and II are based on well-defined descriptiorrs which havefbeeh developed
and used by engineers and scientists for many years, but they are not sacred.
It'is essential that. sensor technology be sensitive to user needs, but it is
also important that new capabilities inherent in space-based stems notbe.
forced use\lessly into old patterns. Since developers of sensors and water
resources experts usually are not expert in each ot4er's field, a continuing
dialogue between the two is required. The result can be beneficial to both and\
may produce new approaches in the management of Wand water resources,

Data-Handling Systems

The Panel believes that data handling 'is a major unsolved problem in the
practical use of spice data by the water resources community, The satellite

'with its subsystems is an effective means of dati,collection whereas the means
for data reduction, prOpesssing, dissemination, and feedback/from users.. are
'neither adequate nor effective.

Data-handling sy2tems have traditionally fallen s6A.bf expectations_
of'users concerned with inland water resources. Operational systems now exist
within EPA, NOAA, U.S. Bureau of'Reclamation (USBR), U.S. Geological Survey
(USGS), and several states, but none isw tire* suitable fOr siace-relayed data..
The USDI facility at Sioux Falls was eated specifically for this purpose and,
if developed properly, may become thp est vehicle for dissedination of space
data.

27
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User feedback, from federal,, state; and IVA agencies and from the private
sector, is absolutely essential both in the design and operation of an acceptable"
information systeth,. Thy lack of user feedback hds'contributed greatly to the
shoitcomings of existi(a systems. The user must haVe effective access" to the
system, that is, he must be Vie to get the data he,wants in a timely and
efficient manner..

.-
.

, ,.

Timeliness. is an important element in data on inland water resources. Many
uses are concerned with hazardous events such as flooding or ice jams., Emphasis
in these cases is on'rapid perception of what is happening so that warnings can
be issued and corrective measures taken. This requirement is akin to a real/.
time response. For certain pollution problems, such instant repi&ting is not
needed but a response time of a few hours will be beneficial. Frequency and
area of coverage, as well as resolution,-relate directly to the data-protessing

system. In many cases, data that are not efficiently handled bewilder the user
and discourage practical application, Many problems require frequent coverage,
and some users will be served best by continuous monitoring from ground Stations
or from a geosynchronous satellite. Also there should be added a capability for A
selectivity, either aA,'ihe time of'collection (through pointable sensors) or
during the processing cycle.

Many levels of sophistication are found among potential users. 'Some want
raw data or data which have been only radiometrically or geometrically corrected.
Others desire fully interpreted or analyzed data. Data systems which evolve for
use in the management of inland water resources should reflect these varying user

needs.' Graphic displays, photographic imagery, and digital-data forms all are
of interest.

MathematicalModels

Much of the work in the field of inland water resources .has been descriptive
it nature, and space technology is viewed by many as an extension of the descrip-
tive process. ,However, a mature progrip of space technology must be adaptable
to predictive as well as tb(descriptive techniques. In order for this to be
done, the data obtained from space technology must be applicable to mathematical
modeling of systems of inland water resources.

.

pe usage for modeling cad take several forms.. At the, first level, the
capability for synoptic coverage of large-geographib areas at.frequent intervals
provides input to models much like the present ones, but these must be more
dependable, and more accurate to be widely'accepted and used by'professionals in
the,fieldof inland water resources., ,The use of real -time modeling for water
management Is currently arousing wide interest and data from the space program
can help to make it a reality.

Spice systems can provide not only data similar to. those which can currently-
be collected. but also those that are not currently available, for example,
reflectivity measurements at various v(avelengths that can be categorized by vary-
ingsintensities. This can and should lead to totally new concepts in water
resources models. As the parameters obtained from space systems are confirmed
in relation to the behavior of water resource systems, considerable reliance
will be placedwpn the new parameters. It is believed that such an approach
is warranted for numerous models, including but not limited 'to the following:.

-
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Estuaries and tidal
'

River basins, including streamflow and groundwater and their
interrelationShips

. Lakes and 'reservoirs
The Great Lakit
Urban runoff .

Show depletion andsnowmele.

Institutional Arrangements.

tAttainment of benefitS through the use of space systems is not only a matter'
of hardware and data processing. Itis also psentiel tO.havt the proper-data
delivered at the.appropriate time to meet the demands and requirements of Specificusers. I"n water resources, this' is particularly important since the data ih manycases may be "perishable" for

some users but need to be clpssified and,storedfor others, In order to create acCeptable'lihks between data acquisition and,
intermediate and ultimate users, Catefui consideration must be given to inititu-

k

ional arrangements.
.

. The Panel concludes that, to develop operational iirogramsutilizing spAce'-systems for water resources management', some federal agency or agencies. must
take the lead, since it isconideted unlikely that the states will be able to
do so. The:Panel also stresses the importance.of integrating inputs and require

. Tents, not only from fiederaL and state,iagencies, but, also from local agenees,
univeisitie's, private individuars; and c&peitions.. The Panel notes that
acceptable'ihstitutional arrangementsomust fake into account thefegal responsi-bilities of federal agenclei-for,certain functions. The Panel belieVes that
legal,'Morai, and ethical responsibilities

must be continuously exercised and
publicly reviewed. Views'of the Panel concerning institutional arrangements have
beef, furnished to the:Panel on Institutional Arrangements.

4 0
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POSSIBLE APPLICATIONS OF SPACE TECHNOLOGY
TO MANAGEMENT OF INLAND WATER RESOURCES

v./

$40
- INVENTORY

Managepe4u of inland water resources begins -with inventories or assessments.
of the resources. There is a continuing need for inventories of the quantity
and quality of the water resources.of the U.S., of all the states,, of regions of
interest to other levels of government, and ofspecific hydrologic basins.
Hydrologic, water quality, and water use data, all time- `related and fixed, are
collected throughout the nation by many agencies and at many levels of detail..
Data are- needed, for exaggl, irn the understanding of 'river mechanics and shore
processes. Require 4s Torsinventories also stem from legal considerations
embodied in lawsj trettles, compacts, water rights, and lawsuits. Most of the
basic parameters that are needed for inventoiy are included in Tables I and II.

The degree of detail needed varies over a wide range. Where general recon-.
naiSsance studies are being made, general characteristics may be satisfactory.
:On the other hand,, if a detailed program in water quality monitoring is being
carried out, it will be necessary for a remote sensing system to have the accuracy
of.detail and measurement provided by in situ sampling and laboratory analysis.
Too much detail where not needed can be just as detrimental as insufficient
accuracy for more precise programs.

The Water Resources Planning Act of 1965 stipulates that a national.invenr
tory be made biannually. To date only one Inventory has been made and rless than satisfactory beabse basic data were lacking on both the supply and
the use of water and because, at that time, there was an almost complete lack of
data on the quality of the nation's water: Currently another national inventory
is underway at an appropriated cost of $605 million. The total cost will prob-
ably be 'double this. amount. Other.inventories for specific purposes are fre-
quently being undertaken on a national scale. For example, the recent National
Estuaries, Shoreline and Stpambahl: Erosiori, Native Ocean Survey, National Lakes
and Wetlands inventories are a few that come to mind. Space technology might
have had significant and favorable impact on most of these tudies if the neces-
'sary R&D on space systems had been completed and if the studies had been designed'
to use space technolog Since these studies, e cept for the lakes and possibly
the ocean surveys, are complete pr are too advan d to benefit from space
technblogy, the, Panel h of attempted the ster"le exercise of estimating benefits
for these activities. It can se expected, however, that future inventories
will be required and that aRp late space s tems should be available and
should be used:,

3I
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In the past 10 years the U.S. has expended in excess of $150 million on
framework studies to inventory in more detail the conditions, problems: 1! needs
of its inland waters. State agencies have spent about $30 million for s *lar
purposes. The expenditure for collection and evaluation of basic data on inland
water resources in one state (California) is approximately $26 million annually.
This expenditure is broken down by sources qf funds as follows: federal,
$5.3 million; state, $5 million; local, $14 million; private sector; $1.7 million.
Further details on the expenditures for water resources data in California are
shown in Table III.

I

Type of Data

Expenditure in Millions of Dollars

Oolle6tion" Evaluation Total

Surface water quantity 4.12 0.83 4.95

-Groundwater measure 1.57 0.31 1.88

Flood forecasting 3.12 0.63 3.75

Climate and snow* 1.21 0.24 1.45

Surface water quality 5.38** 1.07 6.45

Groundwater quality
t

3.54** 0.71 4.25

Sediment 1.09 0.21 1.30 a'

Land use survey 1.67 0.33 2.00
/

TOTAL //. .21.70 ' 4.33 . 26.03

*Includes precipitation, temperature, and snow surveys.
**Includes laboratory analysis.

TABLE.III CURRENT EXPENDITURES FOR WATeR RESOURCES DATA IN CALIFORNIA

I
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BASIC RESEARCH ON HYDROLOGIC BALANCE

The hydrologist must forecast basin water balance, but determination of the.,
complete hydrologic balance for a river basin is currently limited by. the state
of the art. Understanding of the exchange between Subsurface and atmospheric
regions can be enhanced by use of satellite-acquired data. Some features not
now available may be determed with'such data.

PLANNING

Planning for management of inland water resources must consider the full ---
cycle of water occurrence, water use, and waste water disposal. The objectives
are to meet, at minimum cost, public needs for the beneficial use of water and
to protect life andsproperty from the damaging effects of water. Water quality
planning should not be separated, from water quantity planning since quality
affects various beneficial uses,. Management planning must provide foi collect-.

ing the basic data needed (see TablesI andII) and preparing for decision and
implementation. A successful management program must insure adequate.water
supply, improve its quality, and develop facilities for the sanitary4disposal
of waste.

Most urban and industrial uges require long-range planning, particularly
where surfice water developments may be necessary (for examples agricultural
irrigation uses over 85 percent of the water consumed in the southwestern 54.S.).
To plan these developments, data are needed,on the character, occurrence, and
quality of potential surface water supplies. The planning process may be of
a reconnaissance nature, exploring the feasibility of a basin-wide scope, or
of a more specific project nature. This should be recognized and considered in
applying space systems to provide the basic data, since the capabilities required
for area, resolution, and accuracy vary with the level of planning.

Groundwater is an important source of supply in many areas. Plannipg for
management of this resource requires that its limits, character, and potential
for replenishment be known. Many,coastal groundwater basins are being intruded
with salt water. Other gioundwater basin's are now being overdrawn, so that their
future use, is limited. Locating and assessing additional groundwater supplies
are necessary, and space systems may be able to assist in making a general
inventory.

Protection of life and property from floods and wave damage entails the
use of both structural and nonstructural methods. Flood rupof44is affected by
9eteorological and hydrological phenomena and watershed Characteristics. ,Poten-
tial damage is a function of many.factors including the extent and type of
,development=in the flood plain. Long-term hydrological records are needed for
effective planning hut, real-time data are not necessary at this stage of manage-
ment. Planning of shoreline structures such as groins, breakwaters, and jetties
is a part of the protection function. AdeqUate mapping measurements of wave
and tidal spectra are needed.

4 3 .
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OPERATION

Operation and control of water resource systems require data that space
systems can provide, particularly through, zeal-time observations. Floods and
other storm hazards need rapid assessment for.dissemination of warnings. Real-
time information on rate of precipitation, pow cover, incltiding water content
and rate'of melt, and soil moisture are essential to operate nods:I-control sys-
tems and to provide hazard warnings.

Reservoir operations require forecasts of storms and.seaknal runoff to
control water storage space (for flood control), for generation of hydroelectric
poirer, and for conservation of.water supplies. Long-range (3 month), medium-
range (1 week), and short-range (2 day) forecasts of runoff would all,contribute__
to better reservoir operation. Meteorological and hydrological data are essen-

sincebot4 disciplines must be applied interactively for effective operation
of.reservoirs.

Real-time data are aldo needed in water pollution monitoring and control.
'Knowledge of the water quality parameters shown in Tables I and II is essential
to implement many programs related to water quality and pollution control. For

broad-scale surveillance, lower resolution and adcuracy may be adequate. For
precise monitoring, it is necessary that measurements be comparable to those
now obtained from laboratory analysis..

SPECIFIC EXAMPLES BY CATEGORIES

Appendix B lists a number of feasible uses of space systems which the Panel
has not been able to examine in the limited time available. Included are .

specific examples of activities in which remote-sensing techniques can be applied .

to problems related to inland water resources. These activities are grouped
into categories that cover large areas of concern in the management of these
resources. The Panel believei that with further thought the list can be greatly
expanded.

4

4 4'
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PROPOSED DEMONSTRATION PROJECTS

iThe Panel on Inland Water Resources has stated its objectives in the intro-
duction of this report. In discussing these objectives and how they may, best
be achieved, it was concluded that certain basid parameters, should be given
priority for/sensing by space systems. These parameters areessential to
adequate performance of certain types of activities which are demonstrated in a
series of specific projects or programs set forth' and-given high priority by the
Panel. Selection is based on filling gaps in current knowledge and on opporttmi-

. ties for demonstrating economic advantage.
The Panel attempted to establish priorities for 16 demonstration projects.

It soon became evident that adequate.information was not available at the Summer
Study for an objective and rational priority ranking of these projects. In the
discussion it was brought out that many of these projects have economic benefits
which are difficdlt to define since they are scale sensitive. Questions of
interagency responsibilities alsoLarise, and it is difficult in some cases to
establish the state of the art tin existing technology._ For Aese reasons the
prOjects, whose tasks are as follows, are not ranked in this report:

Improved forecasting of runoff from mountain snowpacks

Mapping areal extent and depth of grbundwater

Mapping areal extent and location of seepage frob reservoirs,
canals, and levees

Surveillance of river channel and beach migration

Delineation and assessmentof shoreline processes

/4.Mapping of water-related hand areas

Relating urban development to changes in runoff

Nationwide inventory of thermal conditions

Deteotion and measurement of suspended. solids

'Detection and measurement of salinityin water and soil

I
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_Assessment of lake eutrophication

Assessment of tidal regimes in estuaries ,

Surveillance of ice conditlens

Assessment of flood damage-

Survey of rooted and attached aquatic vegetation

Detection and early warning of pollution violations.

Some of these proje t are described in considerably more detail than others.
Ahenever possible, costs d economic benefits are estimated. The projects are
derived from an examination of data problems considered to be of high priority
by federal, state, and private users. It appears that space systems would be
highly beneficial in aceomplishing the tasks but demonstrations in an operational
mode are needed. Research and development ara required as a part of certain
projects, since the needed technology is not available. When the projects are
developed, consideration should be given to trade-offs among the detail desired
by the user, the cost and the technology attainable. Data from remote sensing .

with less detail than normally preferred may be acceptable if other benefits to
the user outweighthe loss in detail.

The Panel believes that space systems may have heretofore unexploited
capabilities which could achieve large economies in the management of inland
water resources if the whole subject of space applications could be fhoroughry
investigated by technological and user teams working togethpr.

IMPROVED FORECASTING OF RUNOFF FROM MOUNTAIN SNOWPACKS

A need exists to use space-acquired and space-related data Ito improve the
monitoring of winter snowpack accumilation and melt rate. Operation. -of down; t

streai reservoirs for hydroelectric power production, irrigation, flood control,
and water supply can be optimized with a better knowledge of the total amount
and the rate of water availability on a near real-time basis. Present space
systems such as ERTS and NIMBUS 'should be utilizpd to full advantage and new
spacecraft sensort, such as active and passive microwave systems and thermal
scanner systems, 'should be developed to provide wide-area, repetitiye, all-

weatherobservation and measurement of ice and%dnow. ;

All systems capabilities should be demonstrated and tested in a pilot study
conducted on a major western river system, fdr example, the Rio Grande, San Juan,.
Gunnison, Upper Colorado, or'Green River. The pilot study should be a long-term
one, lasting S to 10 years to permit establishing the relationship between
measured paradeters and actual runoff conditions. The demonstration should lead
to establishment of techniques for rapid (near real-time) data retrieval, inter-

pretation, processing, and analysis in order to provide information of immediate
utilitir to managers of inland water systems.

Operation of water reservoirs in the western U.S. is based largely on
estimates of the amount owater contained in the mountain snowpackS. Storage
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space for the anticipated runoff must be.adequate and should include an allowance
for error to prevent floods. If improved methods for monitoring snowpack accumu-
lation and melt rate throughout the season can be coupled with knowledge of soil
conditions, short-range weather forecasts, and climatic conditions during the
melt cycle, a maximum amount of power production can be realized, irrigation

.

interests will be better served by more available water, and all but the most ,

severe flood situations will be eliminated.

Hydroelectric power is a clean form of energy, already extensively developed
in the western U.S. Power is produced most efficiently when waters are at high
levels in the reservoirs. If present runoff prediction methods are used, a
trade-off must be made between powers production (energy storage) and flood control.
Estimates of expected runoff are based at present on a lithited number of ground
observations in remote area. These estimates involve much uncertainty, which
makes it impossible to use the water with maximum efficiency. There is clearly
a need to reduce this uncertainty and to apply more reliable information to the
management of hydroelectric power systems. Two additional parameters of value in
runoff forecasting, snot evaporation losses and ground storage, should be measured.
Under certqlin conditions theseAe,believed to repretent a significant amount of
the total available water.

The U.S. Bureau of Reclamation and the U.S. Army Corps of Engineers pretently
produce hydroelectric power with an annual value estimated at $164 million.
These two federal agencies produce about 25 percent of the total hydroelectric
power in the U.S. With improved runoff forecasts that would permit reservoir
operation at maximum head, a 15 percent increase in revenue could be realized, an
annual benefit of nearly $25 million.' Improved techniques Should be applied to
state #nd privately owned utilities, which also use the present uncertain runoff
forecasts, so that potential benefits can be further and significantly increased.

A project in which cloud-seeding techniques are used to augment the snowpack
(presently being tested by the'USBR in the San Juan Mountaint of Colorado) can
be better managed with reliable runoff predictions. The data can be used to
avoid cloud seeding in areas where snow accumulations are above normal usable
amounts or otherwise excessive. terational'use of weather modification is con-
ceivable for,the Upper Colorado River system the nearluture.

16

MAPPING AREAL EXTENT .AND DEPTH OF GROUNDWATER

A definite need exists for the development of sensor capability to measure
from aircraft or space platforms the depth below the earth's surface of grouhd-
water. Such a tensor should have a spatial resolution of approximately 4000 m2
and a vertical resolution' equal to approximately 15 percent of the total ground
penetration. These sensors- hould be able to measure directly the depth of °

groundwater regardless of surface conditions. The Panel recognizes that develop-
ment of the requiied sensors may be extremely difficult, but considers that the.
importance of finding and managing groundwater justifies the required research
and development.

In the initial investigation, of an area to be developed as an irrigation
project, depth to water barrier, groundwater depth, and soil permeability are
some of the parameters that must be determined to ev4pate the drainage character-
istics of the area. Irrigated lands having inadequate natural and/or manmade
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groundwater drainage can become unusable for ag;iculture. The developtent of

drainage problems on irrigated lands has been noted throughout the world.
Irrigation of agricultural lands alters the groundwater regimen and usually

proiduces a rising water table. If groundwater invades the root zone,, crop growth

is adversely affected by the presence of excessive moisture. In arid climates,,

soluble salts that ark detrimental to crop growth tend to concentrate at the
soil surface and in the root zone. The net results are waterlogged and salinized
soils which pose serious threats toicontinuance of productive agriculture within
these areas. As a result, drainage studies have been and are being conducted in
areas affected by rising water tables. These studies are quite costly and entail
a considerable expenditure of time.

The only practical solution to a subsurface drainage problem, if land is
to be retained for agricultural use, is the removal of excessive groundwater-and
salinity by deep drains or wells.' Effective and permanent drainage facilities
require extensive and time-consuming field investigations, precise design require-
ments, and careful construction. Drainage investigations afire presently performed

by drilling an extensive network of holes in the specific area to be investigated
to measure water depths and to sample soils. Because the areas involved are
large, numbers of personnel are limited'and, in some cases, access is. limited

during the growirig season, much of the groundwater data for drainage irlyestiga-
tTOns must be extrapolated.

The potential savings in both time and money which would result from the

successful use of remote-sensing techniques to detect the location, nature,
and extent of drainage-problem areas, has led the USBR, through the USDI EROS
Program, to initiate studies aimed at the utilization of data required from ERTS-

and from aircraft. A recent USBR and EROS study (under contract with South
Dakota State University) in which aircraft data were used to relate crop-canopy
emittance and reflectance to variations in water depth has found significant
correlation. Initial phases of this study show that multi-feature analysts of
thermal imhgery-has good potenti'al for detection of near-surface groundwater.
While the study thus far is showing success, it is limited to regions of irrigated
agriculture and the results are affected by the*Wide variation of environmental
conditions on the surface such as weather conditions, types of crop cover, and
individual farming practices.

The delcelopment of sensor technOlogy to detect water table depths fromi
1 meter downito 5 meters would result in far-reaching worldwide consequences.
It would, to say the least, revolutionize groundwater hydrolOgy. It has been
estimated by the USBR that if techniques can be developed to detect groundwater
at, depths of 2.5 meters to 3 meters, a savings of 40 to SO percent may be'realized
in investigations of,irrigation drainage.alone. This represents a savings of
$3000 per Square kilometer, bided oh an average cost of $5000 to $6000 per
square kilometer investigated. This.amounts to an annual benefit of $180,000
from irrigation drainage investigation a e since in 1973 the USBR investigated
60 square kilometers for irrigation d nage.

In'hddition to sensing shallow oundwater that is important to the plan-
ning and management of irrigated agriculture, there is a need for sensing of
groundwater aquifets at depths of the order of 100 meters. Much of the nation's

water supply is produced from groundwater at these depths. The areal extent
of aquifers as well. as their depths and characteristics are important factors in

their Study and utilization. The understanding of groundwater basins is
complicated by certain phenomema, including the frequent occurrence of several
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aquifers A varying depths, separated by aquicludes or other geologic formations
of low permeability.. Subsurface drilling, logging, and testing are among the
procedures normally used to locate and measure aquifers in such cases.

Remote sensing that could penetrate to a depth of approximately 100 meters
and give an indickion of areal extent would be useful in locating potential
groundwater basins, particularly in desert areas where little subsurface informa-
tion is available. The development of sensor technology to detect water-table
depths from 1 meter to 100 meters would have far-reaching worldwide consequences.

MAPPING AREAL EXTENT AND LOCATION OF SEEPAGE
FROM RESERVOIRS, CANALS, AND LEVEES ..

, .

. A high resolution space-borne sensor is needed-to provide'annual observation
*of.effects of seepage from Water reservoirs, canals, and levees at selected sites
throughout the U.S. and in foreign countries. The sensors should provide multi-
spectral imagery in the visible, near-infrared (IR), and thermal IR portions of
the electromagnetic spectrum with a spatial resolution of 10 meters and covering
an area of approximately 130 square kilometers per scene.

Facilities for water storage, water distrfbution, and flood protection

)
require surveillance of their operation and surrourlding environment in order to
detect seepage, which may be observed from surface or near-surface groundwa er
levels. Seepage.results in loss of valuable water, and if continued, may eaken
or erode dams and embankments to the extent that failure occurs.

Because in most cases the features relgted to seepage losses are too small
tp be detectable withfn the spatial resolution of the ERTS imaging systems, Wii
recommended that a satellite high resolution imaging system be pr .vided. An.2
alternative approach'is to use aircraft remote sensing for this p ose. The
cost of doing this on a wide scale is prohibitive; data has been a quired by this
method only in special cases where the need wgs urgent.

The satellite high'resolution imaging,system described hgrein will have.a
wide variety of valuable uses in every area of earth resources as well as'in the
field of inland water resources. Initially, the system would be experitental.
The technology is available to provide a large quantity of data. User needs for

: data are not ybt fully understood and until they are matched to the available
technology, care must be exefised to supply the amounts and kinds of data that
tfle,dser community is ready o assimilate.

.
, The current cost of using aircraft systems to acquire pictorial,coverage of
ter resource facilites can be conservatively estimated at well:over $1 million
yearfor one-time coverage. It may be possible to "piggy back" water resource
ervation systems with other spacecraft on spade shuttle missions and thus

s`fiiare the launch casts an make the water resource observation concept cost-
effective. It ispo however, that the wide range of benefits envisioned
from ultimate use o e ata for water resource.management may justify a separate
satellite placed in orbit.

is

SURVEI6LANCE OF RIVER CHANNEL AND BEACH' MIGRATION

Over periods of time the flow of water.in a river chanriel or in littoral
currents along a coastal area tends ta erode banks and beaches, move the loosened

4
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material to-rtew locations, and redeposit it. This process causes the river
channel to migrate, with continuously changing bend locations and radii, stage-
discharge characteristics, and buildup and dissipation of shoal areas. If the

stream is navigable,It is desirable to stabilize the channel to prevent-costly
drAdging operations, possible vessel groindings, and accidents. Sometimes

river channels are straightened as a flood reduction measure, to change the flow
characteristics, and as an aid to navigation. It is then necessary that the
straightened channel be maintained. Early detection of changes in channels
which may endanger preventative works or require remedial work will reduce pre-
ventative and maintenance costs.

In response to a requirement established ,in Section 120 of the Rivers'and
Harbors Act of 1968, the U.S. Army Corps of Engineers has presented estimates
of the extent of streambank erosion in the U.S. In August 1969, the Corps

estimated that 1 million kilometers of banks were experiencing some degree of
damage. This is about 8 percent of the total 13 million kilometers of stream-
banks in the U.S. Damages estimated at $90 million annually were occurring
on .275,000 kilometers of banks and were sufficientlyLLerious to require remedial
measures.. Approximately one-half of the damage was cre4to-sedimenitiation, one-

third.was due to land losses, and the remainder was due to miscellaneous effects..
Now, 7400,kilometers of bank protective works have been completed at a cost of
$1.8 million and another 3700 kilometers are under construction.

In coastal areas, wave action and littoral currents cause beau erosion

which res4its in loss of high-value Ulachfront property and in m. y cases
requires the.establishment of costly beaCh nourishment programs If littoral

drift is occurring near a coastabinlet, material is frequently deposited at the
inlet, which May eventually be closees,unless costly maintenan programs such as

. ;

dredging are performed.
In order to gain `an understand ni iztf the magnitup of 'thosaon problem,

it is helpful to examine some estim 5 by Irts extett...In the Nat4000

Shcreline Stzd& (U.S. House of Repr enta ves Document 93-121),.itas
that of the 156,000 kilometers of U.S. sh line, 38,000 kilometersiare expeit-

encing critical erosion probleM's. It is'estAated that it wot44 cost $1.8
lion in 1974 dollars to halt this erosion :P,

It is necessary to detect incipient changes in channel and Peach configura-
tion and location so that measures.to control erosion can be initiated where
justified. Data.are required to describe lateral movements of .channels, widening
or narrowing of channels, formation or destruction of channel bars, narrowing
of inlets, and erosion of beiches. The topography of the channel or beach area

must be mapped to water dells up to 30 Meters,. The water is usually sediment-
laden. Resolution is requited that permits mapping at a scale Of:1:24,000 with
accuracy of 1 to 2 meters in the horizontal dimension, and 0.1 meter in the

vertical. The areal extent of such measurements ranges from 10 square kilometers

wward. Since channel migration is relatively slow, measurement and comparison
to detect changes need to be repeated annually and following major floods or

storms. The data should be made available to the user within 10 days of the

measurements to allow prompt initiation of corrective actions. Coverageshou
include all coastal areas, the Great Lakes, and all major rivers and wate s'

of the U.S.
In order to demonstrate the utilitf of such Atapability, it is posed.:

that a pilot project be established'for monitoring the rate of migr lot and* .
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shoaling of a portion of a major river, such as a Segment of the Arkansas-White-
Red River system, the Missouri River, or the WillamettelRiver, and of aimajor

,inlet which has betn experiencing serious shoalin& problems, such as 'die south-
west pass of the Mississippi River or the Masonboro Inlet, South Carolina.
Methods available for such monitoring involve land, aerial, and hydrographic
surveying. The benefits of obtaining the data rapidly and more frequently than
is presently possible include-savings in. the determination of dredging require-
ments, in prompt planning of programs for bank and channel stabilization, and
in their maintenance in advance of failufe, and allow evaluation of the effec-
tiveness of engineering works. These benefits are highly site- specific and
average values are meaningless. The test program can be initiated in areas of
very,high return and proceed to areas with fewer benefits.

The potential for savings may be'estimated by examining the latest costs
of related programs of the U.S. Army Corps ofEngineers. Approximately $4 mil-
lion was expended in fiscal year 1973 for beach erosion control. Costs for
stream channel stabilization are included in the general category of "Channel
and Harbor Operation and Maintenance," which required $170 million during the
same period. It is estimated that approximately $75 million was used for bank
protection and channelization, while the remainder was required for dredging
operations.

DELINEATION AND'ASSESSMENT OF SHORELINE.PROCESSES

Many facets of shoreline prOcesses along the Great Lakes are poorly under-
stood. Shoreline processes have a significant bearing on a number of serious.:
problems in the Great Laices region; including shoreline erosion and flooding,
design of structures aneshoreline protective works, power plant, siting and
thermal dischiige restrictions, dredging to maintain navigation, associated
dredge-spoil disposal, and sediment and other pollutant inputs from tributaries.
further complication is introduced by the fluctuation of levels of the Great

/takes. Additional problems dufing low- watef'.periods include reductions in
navigation capacity and interference with recreational boating facilities.

Research programs employing remote sensing techniques offer a potential
avenue for advancing the Present understanding of shoreline processes in the
Great Lakes. This advancement will assist various federal and state agencies
in carrying out regulatory and management programs. Data desired include wind
difections, durations, and forces; wave heights, periods, directions, and pat-.
terns; surface. and subsurface current patterns; littoral-drift transport
quantities; patterns, and dynamics; near-shore bathymetry and dynamics of off-
shore sand bars; impact of navigation structures on littoral drift and shore-
line erosion; upwelling phenomena; and dispersal of sediment and other tributary
inputs.

It is recommended that a research project.be undertaken to-assess how space,
systems can be applied to assist in the further,understanding of shoreline
erosion processes along the Great Lakes. This effort can benefit from work
ongoing in, the NOAA Marine Resources and Ocean Survey Program. Additionally,
concurrent efforts can be devoted to the development of models to explore and
to utilize fully the data collected. This research program can be correlated
with present meteorological data collection programs, with the activities of
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the NOAA Great"Lakes Center, with the Littoral Environment Observation (LEO)
program of the USCE Coastal Engineering Research Center, and with state coastal- -

zone management-programs. Collection by conventional means of research data
of this type is very expensive and difficult. Effective application of remote
sensing prdgrams offers an aitractiv and cost-effective alternative.

.
,

MAPPING OF WATER-RELATED LAND AREAS 4

Management of inland water resources is concerned with and influenced by
the location, extent, type, use, and management of various land areas which ex-

hibit varying degrees of interrelationship with water quantity} and quality. A
partial list includes wetlands, both coastal and inland, of various types; lake-
shores, shorelines, and stream corridors which through their use, development,
and management impact the use end quality of adjacent waters; developed urban
areas which often substantially modify natural hydrologic conditions.; lands used
for waste disposal as in an increasing number^of waste-water treatment systems;
irrigated agricultural areas; and lands associated with water-based recreation,,
commerce and industry,:, and various other water projects.

' Accurate data on general and specific land uses and characteristics are
ingredients in the planning and, to a lesser degree, in the operations

elated to'water resources. Such data are also necessary in waterfowl and other
fildlife managiment programs, in wetlands and other environmental preservation
and management programs, and in numerous related activities. In general, the
data required include location, extent, classification by use or character, and
possibly other attributes. The level of detail needed varies according to'the
user and the intended use. In.sote cases, 80 meter resolution is satisfactory;
'other cases may need 10 meter resolution:

A land-use mapping program specifically for water resources management is
probably not warranted. Instead the data needed can be acquired by a space
system'designed to serve a variety of uses, all part cif a community concerned
with land use. It is recommended that priority be given to the development,of
ampsystem with the capability to,sapply land use data to isers at federal, state,
and local levels. Specific steps required are improvements in grpund resolution
to perhaps 2D meters; increased sensitivity and accuracy in sensors to delineate
land use classes so that. a minimum of satellite data will be acquired thus mini-
mizing costs; and a user-servicing organizational framework which parallels the .

present role of NOAA in providing satellite meteorological data.

A general land-use Tapping program will significantly assist water-resource
programs. At present, data on inland water resources are collected by .expensive
and tithe- consuming techniques including field surveys, aerial-photographic inter-
pretation, and questionnaires.4,Securing up-to-date data is a majors problem.
Some useful information Cannot be collected in the desired detail because the
.cost Of using current methods would be too high. Water resources and other
land planning and management programs have-'many data needs in common, and this
can contribute to a cost-effective approacIL It should be recognized, however,
that-some water managers may need highly4ecialized land use data which will
require individual collection and analysis:
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RELATING URBAN DEVELOPMENT TO CHANGES IN RUNOFF

The existing data-base onlquantity and quality of urban runoff is very
small, and no, comprehensive attempt has been made to relate urban growth to
changes.in runoff. A pilot pigject is needed to establish how urbanization and
associated changes 'in physiography are related to modifications of.runoff and
runoff quality.

Typically, the mast harmful effects of storms in urban areas occy.; during.
-land following thunderstorms when short periods of intense rainfall produce high
flow rates. The'result is local flooding, often severe, combined with very high
concentrations of pollutants. ,Maximum flooding and maximum pollution frequently
occur at about the'same time.

. In large watersheds, the results of urbanization upstream can be very seri-
ous and, although many studies have noted -the general nature and magnitude of
changes, much is still unknown about specific cause-effect relationships. A
particularly obvious'shortcoiiag in previous investigations is the spotty char-
acterization of runoff data with little, if any, attempt to collect data on a
synoptic basis.

The recommended project seeks to compensate previous shortcoming by .making
maximum use of space data, both directly sensed and transmitted from ground
sensors, to trace the basic changes in watershed physiography through aperiod
of urbanization and to relate these changes tp changes in flow and quality.
Specifically, it is recommended that one or more rapidly developing areas be
selected and monitored over a period of 10 years. The Panel, has no particular
area in mind, but the_areas selected should resemble the Santa Ana Valley area
in California or.Fairfax County in northern Virginia as they existed 10 or so
years ago. i .

Completp records of land use Should be compiled at. regular intervals, say
annually, during the study period. In addition to the traditional measures of
-land use, such items as permeability, ground cover, channel modification, instal-
lation of sewers,_ and changes "in topography should be noted.* Flow and quality
should be monitored, both from space when possible and from a series pf 1Q to
25 ground locations. The quality parameters to be measured include biological
/oxygen demand (BOD), suspended and total solids; nutrient's, and temperature. .

At least three major storms would be sampled annually and more, if possible.1

Data sensed directlylfrom space require a resolution of approximately one -
half hectare (one acre) for land use characteristici and perhaps 25 meters for

4 stream related variables. 'Flow and quality:should be accurate to + 25 percent,
or better.

.

. Several good mathematical models of urhansystemsexist, but their use is
severely hampered by lack of data., It is proposed that this study use existing
models. As the study proceeds it may poiA &t the way toward wend improved ones.
The resulting_ tools will be invaluable to urban'planners and engineers and not
only will have a'direct benefit to planning,for flood control and polluition
abatement but also will permit more deliberate and rational planning of-urban
development and resources conservation.

, ....).'

The cost of the program described here is.very hard to estimate but an :

I)

estimate df $300,000 per year can be ,postulated. A study on the scal proposed'
has never been attempted, but it'is (Wear that to attempt it with con entional
data gathering methods would be prohibitively expensive, and the information.
obtained wouldbe'incomplete.

,
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, NATIONWIDE INVENTORY. OF THERMAL CONDITIONS

I .

The Panel recommendS the establishment of a thermal baseline for all major
surface waters in the U.S. The natural temperature of these waters is increas-
ingly subject to modification, either through the direct aCtion.of man as when
the water is used for cooling in industry or through indirect action as in urban
development-or in the destruction of forests. Water temperature is a vital
factor in the aquatic ecosystem, and it is now widely recognized that changes in
the thermal regime may alter the entire food web, causing the rise of certain
species and the loss of others. Unfortunately, there is, not a good thermal base-

line, and investigators today are not able to make valid comparisons with con-
ditions of a decade ago. The purpose of the recommended study is to provide such .

information for the future. Data on responses of surface waters to thermal load-
ings will also permit a check on important the/retical calculatibns.. The

electric utility industry has a need for large volumes of water for cooling of
thermal electric power plants. Qncerthrough cooling with ocean water, and to a
limited extent, inland surface water, has in the past provided the means for dis-
sipating the waste heat. Because Of limitations for ambient temperature rise
being established by regulatory environmental agencies, increased attention is .

being given to evaporative cooling systems.c/Iarge additional quantities of

water for consumptive use are not available in many parts of the country. To .

examine the trade-offs with once-through cooling, there is a need for careful and
well-documented measurement of the thermal characteristics of inland and coastal
waters.

An ideal stkidy would measure average monthly temperatures.forall, major

surface waters, but the Panel believes that vaiid,data for any year, by month,
will be valuable even though that yearpay not be average or even typical. The
important factor is tb obtain a 'snapshot" of present conditions. What are
*Or surface waters? This classification includeS as many bodies of water as
possible, but the Panel recognizes tht every creek and pond cannot be -covered.
Basically, all navigable streams should be included, all lakes in excess of,,.
about four hectares (ten acres), and all streams with-flow in excess of
42.8 m3/sec. All situations should be covered for which asatellite-bbrne
thermal sensor having a resolution of about 25 meters can take a good reading.
In situ sensors are desirable to furnish vertical thermal distributiqns in deep.
lakes. Data should be collected at least seasonally; weekly intervals would.he
optimal: Space d a should be supplemented by ground data at a number of loca-
tions_Sufficient o provide indications of dailylfluctuationsi The finished
inventory should p vide records of average monthly surface water temperatures "
in both' digital and m orms. For large lakes and rivers, a significant amount
of.Sampling is implied; for small water bodies, a single-point value may be
adPquate.

The Panel considers this' inventory ofthermal conditions impractical by
any known means other than satellite and remote sensing. Usin spice system
can give the wide coyerage desired and the added advantage of uniform approach.
The benefits of this project are based largely on health and social values in

much the same way as is the current massive pollution control program,.a program

which involves a,commitment of as muth as $100 billion oversa 15 -year period,
and which has been decided tpbn without any serious attempt to make a cost-

benefit assessment..The,cost of preparing the inventory of thermal conditions

t
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by conventional means, if it is possible, would.be immense. The Panel estimates
that the use of space systems may result in savings in excess of SO percent of.

. .this cost.'

)----- DETECTION AND MEASUREMENT OF SU§PENDED SOLIDS,
. ...

Many reservoirs in the arid western U.S. lose stdrage space because suspend-ed solids are carried in both from tributaries and from the watershed- itself.Additional volume to compensate for silting must be provided when the reservoiris constructed. Often high maintenance costs are incurred bediuse of siatatiOn
of outlets and other operational fddilities. Silt deposited in_ waterways pdbays becomes an impediment to navigation and requires continual dredging. 'Where

\f--11
ood-control dams have been built on sediment-darrying streams, reductions offlows below the dams mayallow sedimenedeposition. Thisodeposition can detri-

..''mentally affect. fish spawning areas and habitats to a significant degree.
Starvation of coastal beaches

can occurwhen suspended solids, which would nor-mally nourish the beaches'are instead trapped in reservoirs. Without such
nourishment vegetation does not grow and.tYie,erosion of coastal features often.takgs place.

'.,-.
It is recommended that 4 demonstration program bdesigned to determine how

satellite and aircraft remote sensing capabilities can be. applied to the problems
of siltation in reservoirs'and waterways. A study model can be based on anexisting reservoir where sedimentation is a problem. An additional.study can be.undertaken to measure the shoaling wn'a U.S. harbor._ Remote'sensingshould be'capable of 'measuring suspended solids along a stream in concentrations fromp to 5'kg/m3 with an accuracy of + 10 percent.' Inia bay or hari5ovvariousscour-
ing and shoaling patterns should be.observable,

. ., - :.

6 .Tie befits of such a demonstration prograp will be extensive. for streamsand reservoirs, more effective project designs and reduced operating costs willresults The dangerOf env ,ronmental damage to fish can be defined 'and correctedor mitigated. Dredgipg a navigational waterway or harbor, cad be done in -a
*re'timely,manngr and w greater efficiency.

4 .

,

4.4DE'TECTII AND iEWREMENT OF SALINITY IN WATER AND SOIL

Remotb sensing salinity, including electrical conductivity and chlorine
. content,' will be of bajor assistance in t115,management

of inland wilt= r purces. .While the occurrence and extent.of sal.bnity varies widely throughout U.S.,the problem affects many aspects of the'beneficial use of, water.
.

1. .Salt water intrusion 'into estuaries can 'affect both plant,and..

animal life. The shape and extent of the salt wafer wedge'wedge'
must be taken into consid9tation in the diversion'of
irrigatim4Tnicipal, andindutirial purposes.

, t
.

,

..2. The salinity of inland lakes is important' in detirmining e.
extent of usable water supplies add:in lOcating sumps f r the
disposition of brines and other waste waters.

P.'
...I4m
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3. The salinity of soils affects the stiltaVilitY f i for many
uses, such as installation of pipelineS:. d stiuc pt subject
to corrosion. Salinityds an inportant *`actor in considering
whether land is potentially USefu44iiMgated,..ibr
agriculture.

4. Concentrations ()feas in.the.root.zones.of plants are a
factor in'determining the Most efficient irrigation practices
and the amount of water a applie.1, They .also are a factor
in the drainage of waterlo g lands whose productivity is
decreased by salt buildup.

.

5. .Salinity of surface streams is affected by both point-source
and nonpoint-source degradation: Natural runoff' from surface
areas carries dissolved salts into stream systems, particularly
in arid southwestern U.S. Salt-laden sptings frequently con-
tribute significant quantities to the system. The return flow
or drainage from irrigated lands must return to streams salt

co in quantity equal to that brought in by the water used for
irrigation', or else the salt balance of the irrigated soil
will not be maintained. .Effluents from municipal sewage
disposal and from'manfindUttrial Processes increase the salt
-loading of.surface streams.

A demonstration ptogram should by designedIto provide,for the research and
development Of a remote- sensing capability for salinity, measurement., This

should be chine on a basin-wide basis, and should include as many kinds of salt
occurrence as possible. The Colorado River is one example of an overcommitted
streOsystem and displays most of the salt problenis pr4viously discussed.
Salihity of the river occurs naturally because of leaching of soils in the basin
draining into the stream and because highly mineralized.spring* and geysers help
feed the stream. Saline return flows frtm irrigated lands and high reservoir
evaporation result in a continuing downstream degradation. Oil-shale processing, .

coal gasification and liquefaction, and other energy-related processes have an
effect on vio river sqiinity but the extent it unknown. It is desirable to
establish Baseline coAltions along the 9ntire Colorado River and its major
tributaries. .Continued monitoring will/determine changes, assist in control of
waste-discharge activities, and help in the enforcement of existing.regulations.

In order to conduct the demonstratiori preqram, additional ground truth will-.
be needed. A remote sensing syStedishouldhave the capability of 20 meter

water:surfaces and a larger area of measurement for soils. The
desired measTement will.tange from 0 to 32 kg/m,3 with an accuracy of 5 percent.

The U.S. Bureau of Reclamation is authorized by Public Law 93 -320 to under-
take a salinity-improvement program on the Colorado Rixer System at a cost of
$284 million. While a remote-sensing program that proves effective on the
Colorado Rivqr will have long-range benefits along thattriver, its major benefit
will be in reducing thecost.pffLtpre instrumentation and data-gathering activi-
ties for other river basins and esEilaries. For a basin comparable to the
Colorado Riirer that cost saving might be in the order of $600,000 annually.
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ASSESSMENT OF LAKE EUTROPHfCATIO/4
y.

Considerable interest has developed nationally in the eutrophication of
natural and man-made lakes. The National Water Pollution Control Act of 1972
.specifically requires determilatiori of the irophic status of all publicly owned
inland lakes and authorizes fundingigor lake restoration programs. The
Environmental Protection Agency currently has underway a National Lake
Eutrophication Survey, based on conventional water sampling techniques. Data
collection for the determination. of lake trophic status by using conventional

-techniques is costly and labor tfitensive and requires considerable logistical
and laboratory support. Adequate evaluation often requires repetitive sampling
at different seasons of the year. These factors, combined with the fact that
.mariy thousands of lakes require evaluation, lend support to the need for develop-
ing an economical method of assessing the trophic conditions of lakes. Therefore,EPAhas looked into the applicability of satellite remote sensing techniques
an preliminary results show substantial potential benefits.

Remotely sensed.data may be useful in lake eutrophication assessment in two
general ways:

I. By eliminating or reducing the frequency and extent of con-
ventional water sampling

2. By augment' conventional data, which are generally point
samples as limited in number% to provide a broader assess-
ment of Aewide conditions.

The parameters sulltsted fdr evaluation include: lake-surfice area, bathymetry,
temperature regim s, Secchi disk transparency, chlorophyll-a concentration, andplankton levels. There may; possibly be additional parameters.

It is rec..u.nded that high-peiority efforts be undertaken jointly by NASA
and EPA to rese.,14 develop, and make operational an effective space-borne

""sensing system assessing the trophic status of.inland lakes. Specificobjectives z-monstration pToject.include:' (1) improvement in areal
ground resolut .n'o at n ters, (2) further investigation of the potential
which active laser . ystems have for- differentiating class-es of algae, and
(3) improvement in sensitivity of other sensors to detect spectralmanifestations
that can be related to eutrophication. In addition, efforts should be directed,
toward the development of models that can relate spectral,values,to such indica-tors of trophic status as chlorophyll-a and Secchi, disk transparency. One
approach to this project can include detailed surveys on selected lakes through-
out the nation in concert with remote sensing from both spacecfaft and aircraft.
There is a possibility that ongoing,detailed lake studies by various agencies -Can be incorporated into this effqrt.

ASSESSMENT OF TIDAL REGIMES IN ESTUARIES

Estuaries, the xing zones of fresh and salt waters; areusilally shallow
and relatpely'shelt d. Here the copious quantities of nutrients contributed

by the rives and the mineral salts supplied by the sea are synthesized by
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sunlight into a basic substance of life4 the protoplasm of the phytoplankton.

The estuaries, providing abundant phytoplankton, support vast populations of
mollusks, crustaceans, and other invertebrates which feed directly on unicellular
plants and in turn become the source of enprgy.for higher forms of'life.

EstuarieS have also become other things: avenues of commerce, sites of
intensive commercial and sports fisherieS, loci of residential and industrial

deVelopment, convenient receptacles for enormous quantities of industrial and
domestic wastes, and in recent years heat sinks for producers of electrifal
energy. Despite characteristically enormous capacities for assimilation of
wastes and dispersion of heat, many estuaries are becoming degraded. Government
agencies are confronted with the very difficult problem of preventing further

degradation while accommodating continued residential and industrial growth in
the estuarine areas. Central to resolution of that problem is increased knowl-
edge of the dynamics of estuaries and particularly of the tidal regimes.

In some estuaries the tidal regime has become, in general, rather well under-
stood and documented, through many years of painstaking research that
conventional methods of data collection, storage, and retrieval, Seldom, owever,
is that knowledge.sufficiently detailed, complete, and current to provide sure
-guidance in such critical managemat,decisions as the following: where to
locate poWer-generating stations, how 1any sualstations to permit, and what
restrictions to impose on their operation; where to permit the discharge of
domestic and industrial effluents and in what quantities; whether to permit
major morphological alterations; how to dispose of dredging spoil; how to manage
fishery resourc(s.

It is believed that with data from satellite-borne sensors there is promise
of acquiring definitive knowledge of the tidal regimes of estuaries, certainly
with tinisainess and possibly with cost effectivenes8. The critical data needq6
are numerous. Accurate measurements of surface and subsurface temperature, 'g

salinity; current velocity, and surface elevations must be obtained synoptically
on a precise schedule. If such data needs are to be met by remote sensing,
'resolutions of 100 meters in open waters and 10 meters in.more confined waters
must be obtainable. Required accuracies are temperature-, 0.1 °C; salinity,
0.1part per thousand; current velocity, 0.5 cm/sec; Current direction, 0.1
degree; and surface elevation, 5 cm. If the required data at hourly intervals
cannot be obtained by remote-sensini, the, employment of in situ sensors report-
ing through a geosynchronous satellite may well be a viable alternative. Neces-
sary modifications of conventionally employed sensors appear technically and
economically feasible. the Chesapeake Bay appears to offer significant advan-
tages as a site for'a demonstration project. The Bay is large, complex, highly
productive, rather well researched, and deserves early attention. Construction
by the U.S. Corps of Engineers of a hydraulic model centered on the Bay is near-
ing completion. Over the next several years, when the moderis in process of
verification,. opportunities will exist for comparison of.data obtained by
various methods.

The Panel is not prepared to quantify the benefits and costs'of the pro-
posed demonstration project. It is believed that if the required data are
obtainable by remote sensing, the ratio will be very,favorable. If the same
data must be obtained by in situ sensing and relayed through a space platform,

it is somewhat less likny lhat the costs will be lower than with conventional
methods. In both cases, the probability of a reduction in the time required
to achieve the objective is a factor that,cannot be ignored.
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3 SURVEILLANCE OF ICE CONDITIONS

.Increased knowledge of ice conditions in lakes and streams is important or
research needs and for operational purposes: Navigation operations under winter
conditions are drastically affected by such faCtoiS as ice formation, types,
thickness, and areal extqnt. In addition, particularly in northern streams, icejmning causes serious flooding which can be avoided only if anticipated and
alleviated during early stages. The spatial resolution required for operational
purposes is about 20 meters with a required accuracy of +15 percent. Verticalaccuraa should be within 10 centimeters. Data must be 'delivered within 1,day
and preferably within 1 to 2 hours following observation. The geographical areacovered may.extend for 500 kilometers.
D /The Panel believes that a demonstration project can be accomplished with
currently ayailable spacecraft and aircraft sensors and ground-truth information.
For researcb purposes additional sensors including in situ sensors may berequired,. The project will study the type'andldistribution of ice in a number
of critical portions of the Great Lakes, the Illinois waterway, and the naviga-ble portion of the upper Mississippi River. Areas of interest will be monitored
during conditipns of ice freezeup, growth, and breakup and during drastic weather
changes throughout the winter. Dafa collected will include ERTS-type imagery
and ground truth on ice thickness and types at selected locations at the time of
satellite passes and aircraft overflights. Data on air and water temperaturewill collected continuously. Estimates of ice thickness will be attempted
through interpretation of surfaae temperatures. The dielectric cOnstane-of sur-face materials will be utilized to assist in determination qfsnow moisture con=tent; snow temperature, impurities, and open water conditions. The project.
should establish the types of ice, ice thickness, ice movement, and ice location,.
should predict the onset.of ice formation and breakup, and should permit correla-tion of this information with the difficulties of navigation through ice fields.

The benefits from this project will include a reduction in the cost of col-
lecting data, in comparison with current means. Collection of ground-truth
information' about ice for operational purposes is very hazardous and the risk ofloss'of life is always very real. Loss of life has occurred from floods follow-
ing the breaking of ice ams.. Applications of remotely sensed, data0411 helpeliminate such hazards.

Benefits to-the' waterborne shipping industry alsO occur through an exten-sion of the navigation season. Experience during the winter of 1973-74 from,.

a joint.project iivolviEi NASA, NOAA, the USCE, and the U.S. Coast Guar givesan indication of Ightse benefits. A test was conducted on the Great Lake . Itinvolved providing ice- condition information tb 30 vessels,, or about 10 ercentof the total fleet. The information was obtained by using radar remote sensingwith surface observationi on ice thickness. With this_ information the vesselsweie*able to extend their operation beyond December 15, 197'3 to-Febt,lary 7, 1974.This resulted in an. estimated S million tons of additional shipping being moved
after December 15 and resulted in revenue to the shippers of $5 million. Thisamount does not include the savings in inventory costs of,the commodity and inthe cost of providing additional storage at the terminals: If it is assured
that similar extended periods can be obtained annually and if benefit can beextended tb the entire Great Lakes fleet, an estimated additional. revenue toshippers of $50 million can be realized. To thiS can be added additional value,received by the inland-waterway industry.
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ASSESSMENT OF FLOOD DAMAGE

During and following floods along rivers and in coastal areas, federal and
state agencies must assess the extent of the flood damage. The information is
used to support requests for emergency assistance, to determine recovery efforts
required, to determine what flood damage was prevented by existing protection
measures; and to evaluate the need for new or additional flood protettion. The
rapid availability from remote sensing of information about the extent offlood-
ing can be most helpful, particularly when the flooding involves extensive areas.
Visual imagery, before and after the flood, together with surveillance of develop-
ments theflood plain, may also be useful in damage estimation. Presently,
damage assessments are conducted by expensive and complete in situ surveys.
Finally, rapid/y available data on water surface elevation and river width during
the progress of the flood together with topographic infRrmation throughout the
region can be used to predict flooding downstream. Thiel is very important since
channel characteristics change during high flows, as may be noted particularly
in'changes that have occurred in the lower Mississippi River.

Parameters required for assessing flood damage are the width across the
stream, both within and without the bank area, and the elevation of the water
surface. The width,of the water surface has been previously measured success-
fully with ERTS,1,imagery. Remote sensing has proven to be usefdi in providing
quick estimates of the,extent of regiopal flooding. To.be most useful, the data
should permit mapping the flooded area to a standard scale of 1:24,000 (a scgle
not available from ERTS-1) and with an accuracy of 5-percent. The regional area
to be covered may range from 250 to 2500 square kilometers. All river basins
within the U.S. must be included in this coverage. Areas subject to flooding
should be covered at least twice daily during the flooding period, preferably
every 4 hours.

As the required capability hsbeen demonstrated previously, the main effort
ih the proposed project should be direted toward introducing the. program into
the operational, rocedures of appropriate agencies. Primarily involved are the
U:S. Army Corps Engineers. -and state and local agencies. Estimates of costs
and benefits are difficult to obtain. As one measure, the USCE expended $8.5
million for flood and coastal e2ergencies during fiscal year 1973. It is diffi-
cult to determine the amount expended in the assessment of.flood damage because

* of differing accounting procedures. The figure given does include costs of
remedial measures taken during eiaergenciei, for example, levee repairs.

SURVEY OF ROOTED AND,WITACHED AQUATIC VEGETATION

Abundance and distribution of rooted and attached aquatic plants are of
significant interest in the management of inland water resources and related
fields of fisheries and waterfowl management. Both rooted and attached aquatics;
cart be and frequently are detrimental where they occur in excessive abundance

P_ and interfere with navigation or impede water flow directly or by trapping sedi-
ments and accelerating shoaling, clog intakes of water withdrawal systems, shade * .

out more valuable species, and interfere with recreational activities such as
swimming and fishing. Many species of rooted aquatics are more or less beneficial
and some Are extremely valuable as cover and forage for many animals, including
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crustaceans and other invertebrates, fish, -and waterfowl. .In estuaries and
large lakes, rooted aquatics provide relative stability where they occur in
shoal water and thus make possible the existence of communities of lower animal
species of great importance in the food chain. .

Surveys of aquatic vegetation are routinely conducted by management agencies
as a means of obtaining early warning of need for control measures; for evalua-
tion of the effectiveness of control measures; or, conversely,- for e aluatioh of
the effectiveness of efforts to establish desirable species, extend eir range,
or accelerate their growth. Such surveys usually combine air and ground observa-
tions. The effectiveness of observations from the air is limited by turbidity
and by the fact thatmany rooted aquatics are submersed rather than emergent orfloating. However, when most ofthe submersed species are at or near full
growth, their terminal leaves extend to or very near the air-water interface and
are easily observed, particularly at low water leve'ls.

It is believed that multispectral sensing in the visible and near-infraredrange from a polar-orbiting satellite
or high-altitude aircraft can be advanta-

'' geously employed in surveys of rooted and attached aquatics. Resolution of
10 meters should be should be adequate except in a very few areas, and 100-meter
resolution probably will suffice far some purposes. Species differentiation is
desirableplaut less accuKate identification can be useful. The matters of plant
type and density of population can be resolved at the R&D level by coordinated
space-sensing and grfund surveys.? Logical sites for demonstration projects
appear to be (1) one or more states in the southeastern U.S. where problems have
long occurred with "pest" species of aquatics in waterways and where control
programs are ongoing and (2) one or more states which haVeimportaAt wintering

,grounds for waterfowl, especially where there is an ongoing effort to promote
growth of one or more species ofaquatics.

Quantification of benefits and costs is not possible with the information
at band. The Panel believes the benefits could be very substantial. A measure
of potential benefits may be obtained by noting the expenditure of one federal
agency. During fiscal year 1973 the U.S. Army Corps of Engineers required'
$1 million for detection and $1.5 million for control of aquatic vegetation.It
is estimated that a 30 percent reduction in the cost of detection and a 15 per-
cent reaction in thecost of removal (due to early detection) would result in

_ a savings of $450,000 annually for one agency. The resulting savings in man-
power which can be used for other purposes isalsd a substantial benefit.

DETECTION AND EARLY WARNING OF. POLLUTION VIOLATIONS qa

During the past decade, the federal and various'state goVernments have
enacted or promulgated an unprecedented number of stringent laws and regulations
against water pollution and have issued great numbers of discharge permits
specifying the level at which permittees are authorized to "pollute." The speci-
fied levels are those at which, in the judgment of the rhulatory agency, issuing
the permit, water quality standards are not violated and the environment is not
degraded. Laws, regulations, standards, and permit specifications are meaning-
less, however, without effective enforcement, but enforcement WiS been exceeding-
ly difficult tb achieve.

The inherent difficulty in the enforcement process lies in, the nature of'.
most of'the violations. They often are inadvertent; usually are transient, and

`fr
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almost always are detected only hours or days after they Occur and then only
through observation of-secondary effects. "slug" of acid mine drainage or an
ephemeral discharge of a toxic chemidal from a paint factory, whichcauses no
visible change in the receiving water, may kill thoAands or millions of fish,
generate hundreds of telephone calls- t6 the enforcement agency, -,and leave no
substantial clue to the origin or even the nature of the discharge. The frus-
trating experiences of a number of years of enforcement effort force the conclu-
sion that agencies responsible for prevention of pollution must have timely, warn-
ing that pollution has occurred if they are to be effective. To be maximally
,effective, those agencies need to know that pollution 48 occurring and, to mini-
mize effects and fix responsibility, they need to.know exactly when begins
and precisely where it is occurring. Supplying that information appears to be
within.the capability of current technology.

Under the provisions of extant statutes, every discharger of a significant
volume of effluent must obtain a permit. The regulatory agency is advised by
the applicant of the quantities and compositions of effluents propoSed to be
discharged and .he permit, if issued, specifies rates of discharge which may not
be exceeded. The regulatory agency, in every case apprised of the nature of
'the discharge, is often in a position to arrange for the design df sensors that

'N.can be installed at or near the point of discharge, are capable of detecting and

reporting violationS of permit specifications, and can identify the location of
the iolation. The Panel suggests that a communications system be provided
thrObgh a 'geosynchronouS satellite, with violations reported directly to enforce-
ment agencies. With full implementation of this proposal, an enforcement agency,
probably at the state level, will be able to dispatch investigators to the scene
of a violtion within minutes after occurrence rather than hours or days later. .

The Panel believes that the proposed system will provide substantial, assistance,

not only in fixing responsibility for violations but also in discouraging chronic.
or intentional violators and in encouraging occasional or inadvertent violators
to be more careful.

.The Panel suggests that a research program be initiated now to design appro-
priate sensors and communications systems and that a demonstration project be
launched as soon as practicable in a region where pollution violations are
frequent. THe advantages of using the Chesapeake Bay for a demonstration project
hate been discussed earlier. The Baltimore harbor area seems particularly suit- ,

able for the. project.

Potential benefits of an operational program of the kind recommended include.
(1) saving.of many man-hours of investigative effort now expended too late to be
effective and (2) the value of biotic resources that would not be destroyed if
damaging discharges were detected and terminated promptly.

.1
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4.

CONCLUSIONS AND RECOMMENDATIONS

INFLUENCE OF THEPROPOSED SPACE TRANSPORTATION SYSTEM '-

The space transportation system for the 1980's in the form of space shuttle,
Spacelab and 'the associated upper stages (tugs) can have significant impact on
needs related to inland water resources in four areas. The Panel offers conclu-
sions and recommendations in these four areas as follows:

'1. The development of multiSpectral sensors is pertinent for water quality
studies. The Panel on Inland Water Resources has pointed out several situations
in which the quality of inland waters should be inventoried and monitored.= The
needs for quality characteristics apply not only to layers of water,near the
surface, where spaceborne sensors have alreadyteen shown to have some potential,
but also to watef Well below the surface. FurthermoN, many water quality para-
meters/need very precise spectrometric observations if they are to be identified,
by remote sensing. Spacelab, offers a possibility of permitting the development
of sensors which may achieve these results. A payload 'technician on board. the
Spoelab would be able, ideally, to coordinate observations with ground-based

-experiment teams. 'These teams would collect ground truth and coordinate and
refine the'results of preliminary analyses performed by the payload technician.
There is a very'significant challenge in this area of endeavor, and the potential
benefits are quite. large.

2. The development of microwave sensors with high spatial resolution can
contribute to quantitative measurements of soil moistgre, ice cover add thickness,
snow water equivalent, and precipitation. Observations from space in the micro-
wave portion of the eleetrotagnetic spectrum offer considerable promise of
obtaining quantitative measurements of these parameters. As described earlier,
promising results have already been obtained with use of sensors on NIMBUS, 3

Skylab, and'high-altitude aircraft. However, instruments should be developed
with capabilities for high vertical'and horizontal resolution and for multi-
spectral active or passive microwave measurements involving these osflarge
antennas or synthetic aperture antennas. 'These systems could inifolve relatively
large amounts'of power, include complex on-board data-prodessing systems, and .

produce large amounts of data. 'Before such a microwave system can become opera-
tional and thus be applied to problems relged to inland water resources,sinclud-ing the specific ones mentioned here, considerable research and development are -
needed. This $D very appropriately can be accompliskedin Spacelab.,

1
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The presence of a payload technician should markedly increase the probbi,lity
of obtaining successful results during the 7- to 30-day missions.

3. The space shuttle can serve as a platform from which to launch unmanned
spacecraft: Data required for managetent of inland water resources generally
involve long-term repetitive observations from unmanned spacecraft. It is con-'

ceivable that large numbers of such satellites will be needed to implehent pro-
posed projects:t The satellites may be launched, repaired in space, or retrieved
by means of the space shuttle and the procedure may offer considerable savings
to users of the data so obtained.

4. Observations and interpretations provided by a human irf space may make
a valuable contribution toward realizing the objli:Ctives of water resources man-
agement. Although it is difficult to describe specific situations VI space

other than those already indicated where more human involvement will be required,
it nevertheless intuitively seems to the members of the Panel very prbbable that
a trained hydrologist or water resources specialist on board Spacelab can obtain
valuable insight from visual observation. For'instance, a hydrologist on board
Spacelab may beable to survey and direct assessment of damage due to large
floods in a wayWhigh will expedite ground-based operations associated with
tinsurance claims and rescue operations. A hydrologist should_be included on at
least one Spacelab mission in order to evaluate this possibility.

GENERAL CONCLUSIONS

In reviewing the 1969 report of the Panel on Hydrology, the Panel on Inland

lor

hater ReAurce oncludes that the findings of the 1967-68 study generally remain
valid. The hYdr logic applications that were within the'stae of the art, in
.1968 have been p tially realized: Further development and xefinement of. these
applications will produce significant benefits. The Panel on Inland Water
Resources` further concludeS that:

1: The operational hydrologic program recommended in the 1967-68 study
will not be realized in the time frame suggested by the Panel on hydrology.

2. Programs based on applications of'space technopgy can generally be
grouped into four main areas related to the management of inland water resources:

a: Inventory
b. Basicresearch or? hydrologic balance
c. Planning

to

. \

d. Operation

3. Whilp considerable basic research has been carried'out that indicates
.

e. .

a\great potential for remote sensing, limited applied research has been conducted
to develop the kinds of fully bperational systems that are needed in the broad
spe trum of inland water resources for application now by the nonresearch. user.

I
.

.

i. In order fOr applied research to be successfulit must have the direct
invol ement of potential, users.

.
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5. There is a need for all public agencies, federal and state, and the
private sector to take advantage of potential capabilities of space technology
to meet user requirements.

-

6. Because aircraft, espepially the U-2 and RB-57, offer needed fle@bility
in operations, are useful in tating and developing equipment, and offer the
'advaritage of increased'resolution at lower elevations, the Panel has concluded
that they will Continue to be useful for remote sensing.

7. ERTS-1-With its 80-meter resolution has demonstrated a limited but
useipl capability to map snow and ice cover, large lakes, and flooded areas and
to May directly sensed data through DCS.

8. Current practices for dissemination to users of available space data
on inland water resources are not satisfactory.- Prompt dissemination'of data
is required for many operational programs because of the transient nature of
the data.

9. The Panel discussed a potential combination of data 'services now loca-
ted at Suitland; Maryland (National Environmental Satellite Service), Sioux Falls,
South Dakota (EROS Data Center) and Salt Lake City, Utah,(Agriculture Information
.Center). It was noted that the National Cartographic Information Center'(NCIC)
is iurrentlyeing established as a joint venture of the Delialtments of Commerce
and the Intexior to provide data location services. This .new venture combined
with-the existing structure appears to meecurrent user needs (provided NCIC
moves rapidly). This, combined with the fact that each-of the-three centers-has
specialized missions, leads the Panel to conclude that no.merging of center
functibns'shauld be considered at this Ube.

10. The practical application of space systems, while it offers potential
benefits to users, is being inhibited and may continue to be limited because of
a lack of knowledge of how to use space technology in the user community.

11. There is a need for profesiional and technical societies to promote
a greater awareness of progress in the practical application of space. technology
and to encourage its development through their publications and committees.

12. Advances in basic understanding of hydrologic phenomena and in capa-
bilities for waterresources management can be facilitated provided a vigorous,.
sustained, and coordinated effort is mounted similar to that which occurred in
the field of meteorology.

A

13. To'achieve maxim net benefits any proposed satellite. water resources
program should be integrated with other satellite earth resources programs, for
example, land use,"agriculture, and environmental quality.

14. There is need to develop both in situ and remote sensors td measure
adequately-many of the water resources parameters requiredLin an operational
satellite program.

. .
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15. Essential components in the effective application of space technology'
to water resources problems are data proces4ing, modeling techdiques, and
infOrmation-display procedures. :.

tENERAL REdOMMNDATIONS

The Panel on Inland Water Respurces recommends the following:

1. An opekational satellite Water resources program should be'developed
within the next 5 years. To achieve maximum benefits this program should be
integrated with other satellite earth resources and weather programs. A data .

collection system must be one element of such a program. The use of aircraft,
including the U'-2 and the RB-57, should continue in the development of remote
sensing programs.

2. Federal agenciee Otth responsibi4ties in the development and manage-
ment of the nation's inland water resourcashould take a lead role in the
development of operational systems using spice technology. This role must include
prevrams for data and technology transfer to all users. To obtain maximum bene7
fits these federal agencies must maintain, the development process, a partner-
ship approach with state and local agenciee: and close coordination with industry,
'private consultants, and universities. TheOe agencies must develop a strong
user interface with space technologists in order to implement successfully such
operational systems. Federal agencies sholild begin immediately to exploit
demonstrated capability,,s of space technology and shOuld incorporate them, wher
appropriate, into operating procedures for-fulfilling their missions.

3e

meet user
increased

4.

access to
program.

The EROS facility at Sioux Falls, South Dakota, should be expanded to
needs more adequately, including more rapid data dissemingtion, and
techniCal assistande, educationland training.

Provisions should be made for tha user i to be assured timely
the full range of data obtained from a satelli water-resources

5. An R&D program should be carried out to develop and improve in situ
and remote sensors that can suppZy data for use in water resources management
,including, in particular, water quality parameters, soil and snow moisture con-
tent, groundwater levels, river and near-share hydrography, water velocity, pre-
cipitation, and ice cover and thickness. For these and other parameters, the
capability to make measurements below the surface is essential.

6. At the earliest practicable date NASA should develop space hardware,
sens...rs, and necessary programs for accomplishing, in aooperation with appropri-
ate user.agencies, the following high-priority demonstration projects related
to inland water resources:

a. Improved forecasting of runoff-from mountain snowpacks
b. Mapping areal extent and depth of groundwater

56

66



www.manaraa.com

f-N

c. Mapping areal extent and location of seepage from reservoirs,
canals., and levees

d. Surveilo of river channel beach migratione. Delineation assessment of :horeline processesf. Mapping of water-related areas
g. Relating urbandevelopment to changes in runoff th. Nationwide inventory, of therinar conditions
i. Detection and measurement of suspended solidsj. Detection and .measurement of salinity in water and' soi.Z
k. A88e88M6711J of lake eutrophication
Z. Assessment of tidal regimes in estuaries
m. Surveillance of ice conditionsn. Assessment of flood damage
Li. Survey of rooted and attached aquatic vegetation

Detection and early warning of pollution violations
7. NASA, either singly Or in combination with related programs of otheragencies, should make available to the maximum extent practicable, earth resourcesmeasurements obtained through ongoing prograhs.- In the field o inland water

resources, this availability is considered particularly an so that theprofessional community who administer, manage or p_lan wat r resources may beprovided with opportunitieS to apply this data for the continual improvement oftheir decision making.

0

.
8. Professional and technical- societies witkinterests in inland waterresources should develop programs to make the user comunity increasingly aware.-"Of-developments in the application of spercd technology to water resourcesproblems.

-

9. In order to facilitate applications of space technology, a, peziodicalshould be published, devoted to prOviding ,informatiott on existing and developing0. techniques and methodologies fqr applying space technology to user requiremen.ts.

4
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-APPENDIX B

I

4
POSSIBLE APPLICATIONS OF REMOTE SENSING TECHN]QUES

RELATED TO INLAND WATER RESOURCES

Water Resources Data

1.' Delineation of sediment plumes and measurement of sediment loads .

2. .Definition of mud-water interface fouvap1ous tidal conditions
3. Evaluation df effluent dis e patterns y
4. Monitoring of flow patterns b of dye injections
S, ' Detection of algal blooms '

.6. Oil pollution
7. Temperature distributiorr in reservoirs
8.- Water velocity

Flooded areas
10. Swage and drainage areas, including canals, reservoirs, and levees
11. Levee and dam surveillance
*12. Irrigation return flows
13. Reservoir evaporatiop losses
14. Noxious groundwater sebps
1S. Seiches andlake-setup
16. River migtation
17. Tidal monitoring
18. Soil moisture measurements
19. Saline intrusions
20.' Surface water mapping
21. Precipitation monitoring
22. Runoff forecasting

Agricultural Lands for Water Use Studies

. ls Extrapfilation of land use conditions based on real-time surveys

a. ' Mreage changedetection
b. Delineation of irrigated and non-irrigated areas
c. Delineation of dry-farmed and native vegetation

. 61
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10,..611

d. Determining change'of fallow lands throughout the year
e. Determining extent o multiple cropping
f. - Determining 'planting and harvesting dates

. 2. Identification of major crop groups (for example, tree and vine, forage,
and row) and some individual crops

3. Evaluation of rate of expansion of irrigated cropland and ground cover
4. Anticipated marginal appliations

a. Identification of individual crops not falling under item (2)
, -b. Delineation of sprinkaer irrigated fields

c. Detection of winter time usesof water for frost protection
d. Detection of frost damage
e. Cold-air drainage patterns for fiost damage potential
f. ,Detection of soil moisture changes
g. Detection of salinity and drainage problem areas

5. Consumption of water by atgriculture'
6. Monitoring of aquatic vegetation (emergent and submersed)'
7. Monitoring embankment vegetation (weed and phreatophytes)
8. Irrigated land drainage investigations

Ecology

1. Major ecological system interfaces
"2. Ecological equilibrium and dynamici
3.- River and harbor pollution
4. Water quality parameters

Snow and Ice

1. Runoff forecasting

a. Mapping Areal extent ot'snoupack
b. Temperature of snowpack
c. Water content of snowpack
d. Short-term weather forecasting
c6. In situ monitoring of hydrometeorological parameters in real-time
-f. Soil moisture measurement

2. Ice jams

3. River, sea, and lake ice cover
4. Glacial movement and melt rate.

Glacial fissures
;
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Native Lands 4 It

1. Acreage change Aetection, vegetation, cultural uses, etc.
2. Definition of broad vegetative types and other dominant characteristics
3. 'Evaluation of geologic features

a. Landforms
b. Fault lines
c. Contact zones
d. Beach morphology
e. Alluvial processes

Urban Lands for Water Use Studies

1. Acreage change detection (land use, impervious areas, etc.)
2. Urban flood.hydrology
3. Delineation of urban land use patterns .

4. Determining location and extent of\recreational subdivisions

Climate'

1. Forecasts of regional Olimatic trenfk

4

Water Resources Engineering

1. Design and management ofjnland waterways fcir navigation
2. Engineering geologic investigations
3: Site selections of reservoirs, canals, conduit s, and levees

Hazards

1. 3onditions for snow avalanches.
2. Flood alert4
3. Bank and bead erosion

Disaster Assessment

1. Floods
2. Coastal 'storms
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APPENDIX C

STATEMENTS OF INFORMATION NEEDS PROVIDED BY
FEDERAL AGENCY CONSULTANTS. TO THE PANEL

U.S. Department of the-Interior

Water Management, in Pacific Northyst (Bonneville Power Administration),

Better information, which would in turn permit improved water management in '
the Pacific Northwest, could bring benefits including savings of tens of"millions
of dollars. Present limitations areein:

Frequency of observations;

AbilitY to estimate total water content of snow; and

Models to predict runoff fromspace- derived data.

Use of meteorological satellites for acquiring frequent low-resolution dataand use of ERTS for acquiring less frequent high-resolution data are promising.
There is still the major problem ofestimating water content. Water content may
be determined by development of adequate sensors ta use-wit-hal:ha-a -collection --system and/or through the use of microwave' methods from aircraft and/or space-
craft: These capabilities are essential for realizing the full benefit of space
technology for reservoir management in this region.

Sports, Fish, and Wildlife

Predictjon of wildlife productivity requires monitoring surface water and
the extent of shore lands. This type of monitoring probably requires a combine-

,tion of spacecraft and aircraft capabilities. Improved models to predict wild-
life productivity are also needed. Many of the benefits are social but modest
economic benefits can also be attained one the reliabilitx,Af prediction is
established. ''

.
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U.S. Geological Survey

Background

The Water,Resources Division of the Geological Survey .is the largest
single.water data collection agency in the U.S. Data are collected for multiple
purposes and made available to many agencies as raw data and as comprehensive
studies related to water availability and quality. Surface - water, and groundwater
data and interpretations are included. The programs are funded through direct
federal appropriations, state and federal cooperative programs, and interagency
transfer of funds. In the cooperative programs, state funds generally exceed
those available from the USGS.

Space Experiments

Experiments with data from satellites have been conducted during the 2 years
since the launch of ERTS-1 and have been highly successful in the following major
areas:

Experiments using the data collection system (DCS) to- collect
information from in situ sensors;

Experiments using imagery for wetland evaluation (coastal, swamp,
and floodand

Expeqments using DCS and imagery to improve inventory of impounded.
Ovate/.

Experiments using DCS indicate a hAgh level of operational readiness. The
reasons are:

Reliability of transmitter system,
1

Easy interface with present in 'situ measuring devices,

. Ability to rapidly transmit data to central data banks,'

If Benefits

Digital' format of data, which reduces intermediate,procepang
requirements, and

Sensors located according to performance rather than where most
convenient for servicing

,

1

W4tlands ane yater impoundMent ,s tudes form a basis for relating surface
water and vegetation to ecological models. Establishing these models requires a
base of data and using them will requirecontinuing observation. The benefits

S
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may be largely social in nature. ERTS-1 data have made it possible to solve
several problems that were attempted earlier with data frOm high-altitude air-
craft, which proved to be inadequate for the purpose. Quantification of benefits
from the use of DCS will require more experience. The primdry savings in costs
will be in reducing the requirements for manpower.or.in allowing the present
level of manpower to do -a more complete job and thus to support a larger propor- e
tion of the requesti fu state and federal cooperation. A side benefit will be
the more rapid availability of data for-management agencies outside the USGS.

The present budget level of the Water Resources Division between $40 mil-
lion and $50 million. A 10 percent improvement in efficiency can be expected
Over .the next few years so that a benefit of $4 million to $5 Million may be
possible. The benefits will probaWy be larger but more experiOnce will be
required for verification.

Immediate Needs

More reliable automated sensors for water quality parameters are a major
factor needed'to improve efficiency of collectionusing the DCS and ir. situ
sensors. Longer tines between servicing can result in lower manpower require-
ments. Reducing manpower requirements is the most direct way of obtaining dollarbenefits.

U.S. Bureau of Reclaiation

Introduction

One of the important activities of the U.S. Bureau of ReclamatiL (USBR) is
the construction of facilities for storing,' diverting, or delivering water for

imunicipal and industrial uses, irrigation, improvement of waterqua:lity, power
generation, flood control, river regulation, recieation, pollution abatement,and other, purposes. Facilities include storage and diversion dams and reservoirs,
water transportation mid distribution systems, hydroelectric and pumping plants,,and related structures.

The USBR program is administered to assist state, local, and other federalagencies to stabilize and stimulate local.and regional economies, to enhance and
protect'the environment, and to improve the quality of life through development
of inland water and related land resources throughout 17 western states in the
continental U.S. and in Hawaii. The USBR has 153 projects in these western
state$.. The projects include 288 storage dams, 138 diversion dams, and over

. 11,000 kilometers of irrigation canals. Nearly,90 percent of the construction
costs of USBR projects is repaid over a period of years directly to the U.S.
Treasury by users. of the facilities' Nearly 40,000 square kilometers of farming
land can receive water from USBR developents. This is approximately one-fourth
of the total irrigated acreage in the U.S.

75.
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Organization

The U.S. Bureau of Reclamation, under the direction and control of'd commis-
sioner,,consists of the following principal segments:

Commissioner's office in Washington, D.C.,

.

Several engineering and technical-support entities located at the

Engineering and Research Center in Denver, Colorado,

Seven regions with office. locations as follows:

a. Pacific Northwest in Boise, Idaho
b. Mid Pacific in Sacramento, California
C. Cower Colorado in Boulder City,. Nevada
d. Upper Colorado in Salt Lake City, Utah
e. Southwest in Amarillo,, Texas
t. Upper Missouri in Billings, Montana
g. Lower Missouri in Denver, Colorado,

Special purpose offices including those for river basin planning,
and

go. Operating officeg within the regions.

About'8,000 person approximately one-fifth of whom comprise the professional
staff, are employed. Professionals in all fields are utilized in planning;
design, construction, supervision, operation and maintenance, and administrative

functions. Construction work is catried out by private contractors selected
through competitive bidding:

Committee for Remote Sensing Programs

The EROS Committee, a multidi iplinary group, was formed at the U.S. Burear
of Reclamation's Engineering and Res arch Center (E&R Center) in Denver to in-
sure that all divisions of the Cente ate informed of remote sensing programs of

interest to them and to facilitate eir participation. In 1970, the Committee

was given the responsibility for guiding the remote sensing studies undertaken
by the USBR with EROS program support and related remote sensing investigations
at the E&R Center and for coordinating these programs with the USBR office in
Washington, D.C., the. regionil offices, and the USDI-EROS program office,

The Committee is composed of nine members representing each of the major
divisionsa.t the E&R Center. Its -functions include:

To give advice on actions appropriate to financing research and
other activities for remote sensing programs;

To recommend applications.;
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To promote activities for increasing the working knowledge
about remote sensing techniques; and

To assist in disseminating information on remote sensing.

In 1973 'technical coordinators for remote sensing were designated in each
of the seven regional offices. This was made necessary by the increased uses of
remote sensing data. Each coordinator is, responsible for identifying and initi-
ating remote sensing gpplications in each locality and for reporting activities
and needs for assistance and advice to the E4R Center Committee and to the
Washington Office. In some regional offices separate multidisciplinary commit-
tees are also being formed to handle a rapidly expanding technology.

Remote Sensing Activities

Reiotely sensed data from both aliZraft and spacecratf are recognized as
valuable tools in the investigation, planning, developent, and management of
projects related to inland water renurces. The USE? must tie considfted one of
the major users of these data singe its activities cover a wide variety of earth
resources disciplines, for example, 4griculture:geology, enginEtring, artog-

, raphy, hydpology, and meteorol:,. Staff competence is being c:sveloprd to plan
and implement programs for logical and timely incorporation cf rer'te sensing
data into USBR operations. Programs-are in progress or have been cezpleted
evaluate the applicationof remote sensor data to several specific problems and

-to identify sources of data that can be usefut,in operations. Programs directed
toward the solution of typical problems have helped to develop techniques and
procedures necessary for operational utilization cf the data.-

4

Environmental Protection Agency

"Accurate and timely information on status and trends in tha,environment
is necessary to shape sound public policy and to implement environmental quality_
programs 4fficiently." This Ftatement.from the third annual report of the
Council on Environmental Quality underlines the fundamental need for the
Environmenta; Protection 'A (EPA) to acqUire pertinent environmental data.

Environiental quAlity data have been collected on a nationwide basis for
a number of years but the ability to discern trends on a national or even a
regional scaleds lacking. Further aggravating this situation is the fact that
the list of mandated and suspected pollutants requiring surveillance is growing.

EPA currently spends approximately $33 million annually on environmental
monitoring.' State and local pollution control agencies spend approximately
twice that amount. The private sector is estimated'to spend in the order of
$50 million to POO million annually. on source monitoring. Even at these levels
of expenditure,/ monitoring coverage, both spatially and temporally, is extremely
sparse becadse of the relatively high unit costs of monitoring. With the current
state of the art, monitoring expenditures will have to be increased syveralfoldin order-to provide essential data on standards violations, emerging problems,and overall successes or failures of pollution abatement efforts. Because of
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the magnitude of these expenditures, effort toward improving monitoring efficien-
cies is warranted. In that monitoring is an iterative process generally to be
continued indefinitely, any improvement in the efficiency of monitoring systems
will represent cumulative savings that are realized from that point forward.
Accordingly, even at the current level of activity, a one-time increase of only
5 percent in monitoring efficiencies will result in an annual saving to the
public sector of approximately $7.5 million.

Considerable effort has been expended by the National Aeronautics and Space
Administration (NASA), the Department of Defense (DoD), and other governmental
agencies, and a number of organizations in the development of remote sensing
systems for deployment in satellites, in aircraft, and on the ground to observe
and record certain conditions and characteristics in the biosphere. Sufficient
work has already been done inside and outside EPA to demonstrate the feasibility
of utilizing Certain of thee remote sensing techniques, when complemented by

sf:-.4 measurements and associated data-processing systems, for meeting some
environmental information needs of EPA and state pollution control agencies. In
addition, 'several of these advanced. techniques appear to have a good potential,

with, some adaptation, fOr meeting a number of other environmental data needs of
EPA in a Lore effective and efficient manner than the approaches now employed.

EPA, through its Office of Research and Development, has instituted an
advancement program directed to develop a more effective data system for meeting
these data needs. In order to strengthen this activity, and in consonance with
section 104(4(5) of the Feder4 Water Pollution Control Act of 1972, EPA initi-
ated discussions with NASA early in 1973 with the thought of drawing upon NASA's
expertise and capability in the Areas of system development, technology, and
management. As.a direct outgrowAl of these discussions, a joint NASA and EPA
planning coor'dination meeting was held at the Lewis Research Center,
Cleveland, Ohio, from February 12 to 14, 1974. Representatives attended from
NASA Headquarters and 10 centers and from EPA Headquarters and 9 organizations.
F'ocusir.; on problems of the Great Lakes area, a series of projects were defined
by expert working groups which matched EPA needs with NASA capability and
interest. %A .

The pro..., ,.17 to be implementedy NASA Lewis Research Center and EPA Region V
will center on tile development, demonstration, and limited operativniA testing of
nei, and improved monitoring systems fbr use in the Great. Lakes Basin:, Much of
the program caT be expected"to have application in other, areas of the U.S.--
Media of concern include water, air, and land.

Program Plan fdlEnvironmental Monitoring Systems for Great Lakes Basin

The object i.ves of the program are (1) to develop and demonstrate the opera-
tional feasibility of new and.improved cost-effective environmental monitoring.

systems for use in the Great Lakes Basin and (2) to develop and implement
approaches for technical and operations transfer of systems to users. The pro-
gram is divided into the following major work areas, which are listed in order
of current emphasis kid concern within EPA Region V:

Water Monitoring Systems

Modeling, Data Mahagement awl Data Systems Design

711
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4 4

land Pollution and Land Use

Air Monitoring Systems

Water Monitoring Systems

Phases of water monitoring systems to be investigated intldde:

Shipboard Monitoring System to design, develop', and install an automated
multiparameter water quality monitoring system on tlie.EPA ship Roger S . The
system will include automated sample acquisition, depth and position iden ifica-"
tion, multiparameter analysis, and data processing and transmission. Until othersystems are available on an operational basis, Gieit Lakes Research and Trend
Monitoring will depend on mobile platforms (ships). A few ships presently avail-
able have limited capability for comprehensive and rapid field assessment.

0

In situ Automated Monitoring System to.design,
.

develop, and field test
concepts of in sitrimultiparameter, all season, and cleat water automated sys-tems for remote monitoring of water quality. The purpOse is to reduce lield
manpower requirements and to expand the number of parameters that can b' measured
repetitively and accurately. Evaluations will be made of on-station data storage,
ERTS-1 relay, hard-wire transmission, improved sensor development, telemetry
and sonar, atmospheric input measurements, monitorini station deployment strategy
for various puxposei (baseline, trend, enforcement, etc.), andCost-benefitanalysis.

Remote Sensing Monitoring System to develop and demonstrate the feasibility ,of using remote sensing monitoring systems for evaluating water suality in the
Great Lakes Region. Three categories are needed for large areas: (a) surface

eratures (modeling, thermal discharge), (b) suspended solids (modeling,
t ermal discharge), and (c) chlorophyll concentration. The use of laser for
algae studies, high-altitude color scanner, and satellite imagery will be in-
cludel'in the overall evaluation and cost-etfctiveness study._

'

Modeling, Data Management, and Data Systems Design

The program includes, within Modelirig, Data Management, and Data Systems
Design, thefollowing:

.

Data Management and Display System Xcidesign, develop, and demonstrate an
interactive data management display systemi -Emission inventory, ambient pollu-
tion level, and meteorolbgicaltdata are collected in many forms by several
agencies. Because of format and access difference and lack of interpretation
modeis.these'data are not readily available to EPA management in a form useful,for assessment` and planning purposes. A priitotype system will be developed and
expanded which processes the data, from entry into the systemito.outlrof usable
information including graphic display. k

6
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Thermal Material Transport and Dispersal Models, since no general thermal
material 'transport model exists for the Great Lakes. The project is dependent
on continuation at Case Western Reserve'University of the EPA Grosse Isle

Laboratory funded effort for the modeling of whole lake transport temperature

diitribution, and near-shore waste-heat dispersal. The project ill program

these general modpls for specific lake geometries and will veri the models,by
_ .

actual measurements of temperathre and currents. 3

Improved Air Quality Models, inthat available models are presently being
subjected to comprehensive validation and refinement by EPA in the Regional Air
Pollution Study program in St. Louis. For the.Greal Lakes, model,will incorpo-
rate particular complications associated with strong pollution sources along
the shorelines of th%lakes, tall buildings, and lake effects on meteorological"
factors including large changesin precipitation from year to year.

Storage and Retrieval

STORET* River Coordination System (AUTOMAP)** for which the objective'is
to complete the developdent for'the rivers in the Great Lakes Basin. This system
has been partially developed but never completed nor implemented.

Land Pollution and Land Use MonitoriflSystem for Nonpoint-Sodrce.Pollution
From Runoff in Rural Areas

nThis phase covers development of remote sensing monitoring systems for-.-.

assessing the contribution to water pollution from runoff in rurae land areas.
. Satellite and aircraft remotely sensed data will be acquired and processed to

classify specific soil and crop types. On the bgeis of crop types, fertilizer
. . and pesticide application will,be.estimated. Runoff characteristics will be-

.

, assessed to determine the to reCving waters.

4..
iir\Nonitoring Systedi

. .

While the objectives of the.proposed air monitoring'systems afe primarily
related to the needs of the air regulatory prOgram, there are interrelation-
ships with water resources and the technique may be applicable in both areas.

e I 0 .
$ . l.. .

Ground-Based Regulatory Air Monitoring System to develop and demonstrate
three types of ground-based regulatory monitoring` systems. The methods 'in use .

at present are intrusive, complicated, and expensive. $eparating sources in a
complex urban setting is difficult d often.fails to satisfy legal fequirethents

*STORET is a data storage and retrieVaI system.

**AUTOMAP is a method for using STORET data and making three-dimensional plots of
the data. ti

.
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in assessing violations. Three syste will be developed: (a) a quantitative47
time- and directiorii-resolving parti la sampler with source signatures based
on clus #r correlationanalysis,A)

a remote passive ultraviolet absorption
spectroleter fvr defining SO2 concentration profiles, and (c) lidar* probe for
measuring thermal structure of the lower atmosphere from the ground.

Baseline and Trend Air Monitoring System 1 to develop and demonstrate
1), a baseline trend air monitoring srstem for. regional needs. Existing systems are

not optimally designed', and they measure only a few of the pollutants under con--
trol of the Clean Air Act. The system will be capable of monitoring the six
Himary air pollutants, trace metals, and hydrocarbons 'at unattended long-term
siations. A network strategy to reduce data handling and costs will n developed.'
Airborne remote sensing will be used together with in situ, measurements to
validate the tectinology.

65

Program Schedule and Cost

The total program duiation is 7 years with- s veral of the programs becoming
,operational in from 2 to 5 Tears. The program s edule is shollo,in Table IV,
.which: also includes major milestones *and design es a time schedule with decisionpoints assigned to fiscal years between 1975 an 1981. Costs for the program,
are presently estimated as:

I
1. NASA

Direct man-years: 180

. Research & Program Management $5.8 million

Research & Development 1.4.million
Total: ITT mgtlion

2. EPA'

Direct man-years: 35

a

Research & Program panagemegt... $1.1 million

Research & DeVelopment 7.5 million
Total: P7b. million

. .

.*Light, detecting,and rangin* analogous to radio detecting and ranging (radar) butusing the coherent light output of lasers.
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U.S. Army Corps of Engineers

The first Earth Resources Technology Sate4lite (ERTS:1) was launched ifi
July4 1972, an event which dramat4ed the tremendous advaices 'being mad' in the
field of remote seising. In recognition of these advances, the Civil Works.
Directorate, U.S. Army Corps of Engineers, in fiscal year 1973 initiated a system-
atic evaluation and figld testing of research proven remote sensing concepts.
The first year was devoted to-al evaluation of teChnology.and.was generously
supported by NASA. This 3ed,'in fiscal 1974, to a program of applied research,
a substantial trainiaandorientation progriem, and selected related demonstra-

tion projects. Fiscal.1975 marks the yeai:, in which a fully coordinated and
documented group of demonstration projects will bg implemented to provide a basis
for evaluating tikehenefits of remote sensing technoloty.

While the ERTS program; is a keystone of Civil Works activities in the field
94:remotesensing,it does not play a predominant role in those activities. The
Civil Works Directorate emphasizes multistage and multisenior testing with the
objective of defining an optimum combination of sensors and.proces ng techniques
for each of the application in which remote sensing technology p ovides identi-
fiable benefits.' The benefits relate generally to two classes o activities:

ti

Effective and efficient acquisition of specific types of
info ation, and

Effective and efficient identification of changes in p eviously
. Observed conditions.

In developing our demonstration' program, we have relied on field office
involvement.' The field offices have been asked to identify information require-
ments as well as ongoing projects for which demonstrations of remote sensing
techniques might be developed. As the demonstrations are run, personnel having
a direct responsibility in the ongoing project participate in the planning and
coordination of the demonstration, provide supportive or auxiliary data, and
evaluate'the results. . It has been found that the use of such paralreldemonstrao
` tions lead; to the most effective method of evaluating the capabilities and .

0 potential.for ftirther development of remote pnsing-techniques. It also leads
to the. greatest acceptance by the ultimate u4er when the results warrant such '

acceptance.

Theinformation requirements Obtained from the field offices have been
grouped intb-the following 12 general categories:

1, Land cover -- identification of type andcation of land coyer and,
where possible, land use, Categories include urban, rural, agricultural, vegeta-
tion, natural resources, wetlands, and surface water. These data can be updated

. to monktor'land covei.change. Applications for this approach,inclide location
of .wake-water treatment sites, relationshfPg.between land use and pollution
type and load, relationship of land use to socioeconomic data, location of land,
,sites for dredge disposal, and others.

. 83'
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2. Littoral proCesses--identificatpn and monitoring of;water'circulation
patterns,' sedimentation'rates and patterns, shoaling, bottom profiling,. wave .

mechanics, sand inventories, and coastal erosion and, deposition location and rates.
Applications for this approach include physical and mathematical model verifica-
tion, near shore and offshore construction requirements, identification of areas

/ requiring dredging activities, location of beaches requiring sand replenishment,
and others. ,

3. Subs e water--identification of location, route, and flow patterns
of ater belowitsurfaCe of the ground with use of surficial and subsurficial
gedlogy, vegetative cover, and soil moisture as indicators. Applications include
identification of areas of seepage around and/or through structures, drain tile'
locations, eater -table definition for land acquisition requirements in reservoir
planning, levee stability, and others.

4. rater quality - -'identification of salini ty, dissolved oxygen, conductiv-
ity, turbidity, temperature, and organic substance in water bodies. Applications
include assessment of eutrophi.cation or suspended sediment in water bodies,
adequacy of reservoirs to support recreational activities, and others.

S. Geology and soils--identification of rock type and genesis; igneous,
metamorphic, and sedimentary; relationship of type and depth of overburden to
parent material; location of fault size;type,' and activity; mapping of.caves,
caverns, and sinkholes; identification of Pleistocene formations (kames, drum-
lines, morainds, etc.); identification of drainage patterns; and delineation
of limestone formation's. Applications include dam locating, road route selection,
dam stability evaluation, construction materials location, definition of con-
straints to construction, andothers.

6. Environmental impart-- identification of predictive or evaluative factors
in nature that have been or will be impacted by land use activities and construc-
tion projects. Applications- include project siting, effect of fluctuation of
water level on vegetation, influnce of_strip. mining On erosion, monitoring coast-
line conditions for permit awards; and others.

OP 7. River engineeringz--identification of limits of backwater areas, river
alignment, river fltm patterns and rates, transverse 'and' longitudinal surface
sediment distribution, velocity fields, bed form effects, assessment of the
physical vulnerability of natural and manmade structures. Applications include
definition of construction requirements in 'river systems (riprap, bed form
structure), dredging requirements, flood Abatement structures, improvement of
natural and mat made levee systems, locardon of areas of high erosion potential,
Identification of dredge-disposal sites, and others.

. .

8. Flood plain matiping--mapping extent of flooding waters and identifica-
tion of flood plain features that represent flooding frequency interval bounda-
ries. AppliCations incluxe flood plain management, flood protection control,
-flood plain surveys, pre -flood damagepotential assessment, post-flood damage
assessment, spilPway management, setting up priorities for areas requiring dis-
aster relief, and others.
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r
Ili 9. Runoff prediction--identification of distribution and quantity,of snow

cover,. assessment of snow water content, deterpination of soil permeability,
and evaluation of the potential precipitation df clouds. Applleations
prediction of runoff potential, determination of ,storage capacity and release
rates inzeservoirs, flood-damage prevention, and others.

10. 64ta communicationsutilization of ground-based dgta collectiqn plat-
forms that report river stage, rainfall, information on Coastal winds and tides,
water quality parameters; and snow depth. These data are relayed by satellite -to- ground receiving stations several times -daily and transmitted back to the
user on a near real-time basis.

Applications include the definition of reservoir
stage-storage relationships, supplement or replacementbof existing microwave datacollettion systems with a more cost-effective satellite systed, prediction ofrunoff potential, warning mechanism for water 'quality degredation, and others. 1

11. Digital processingdeVelopment of use of computer for interp retation,display, and storage of remotely semseedata. Input includes computer-compatible
tapes, scanner data, thermal data, photographic data, and data collection platformrecordings. Output includes alphanumeric products, film reader and writer pro-
ohcts,.calcomp plotter products, computer cards,. results for correlation and
regression studies, and others.

12. Ice mappingmapping location, extent, and movement patterns of icebodies. Applications include location of navigation hazards, prediction of riseinin water levels; and others.

Finally', the USCE has initiated, in response to field office requests, anextensive training program related to remote sensing. Training courses are beingoffered in photointerpretation, Side Looking Airborne Radar (SLAR), and on.the
characteristics and used of thermal infrared systems. Training courses in other
aspects of remote sensing, for

example,the characteristics and es of multi-.
_spectraliimagery and computer data, are being considered.
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