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PRELIMINARY ANALYSIS OF ERTS-RELAYED WATER-RESOURCES DATA
IN THE DELAWARE RIVER BASIN1

Richard W. Paulson, U. S. Geological Survey, Harrisburg, Pennsylvania 17108

ABSTRACT

Preliminary analysis of ERTS-DCS data from water-
resources stations in the Delaware River basin indicates
that the Data-Collection System is perforning well. Data-
Collection Platforms have been successfully interfaced with
five stream-gaging stations and three ground-water obser-
vation wells and are being interfaced with 12 water-quality
monitors in the basin. Data are being relayed during four
or five ERTS orbital passes per day, which is within the
design specifications of the ERTS-DCS.

1. INTRODUCTION

This paper is a brief progress report on research
being conducted for the Earth Resources Technology Satellite
(ERTS) project, "Near Real Time Water Resources Data for
River Basin Management," Goddard Space Flight Center identi-
fication (GSFC ID) IN 340, and on research being conducted
by the Pennsylvania District, Water Resources Division (WRD),
U.S. Geological Survey, to test the ERTS Data Collection
System (DCS) on water resources sites in the Susquehanna
River basin. A major objective of this research is to "...
determine whether standard operational water resources
(field) instrumentation can be interfaced successfully with
DCS platforms and the data made to flow operationaily to
data users.", as stated in the pronosal to perform the ERTS
project. Real progress has been made to meet this
objective; progress which indicates DCS has a great potential
for managing existing field instrumented stations in the
U.S. Geolooical Survey's Hydrologic Data Network and for
monitoring water resources for management and flood warning.

The progress that has been made now permits the
preparation and release, on a daily basis, of a water-
resources summary of the form of the teletype release shown
ir Figure 1. The summary is produced from computer-processed
DCS data from the Delaware River basin.

1/ Approved for publication by the Director, U. 8. Geological Survey
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Pigure 1 - Daily wacer-resources summary of conditions in the
Delaware River hasin, compiled from ERTS Data
Collection Platform data.
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This processing is done in near-real time, which means
that the data usually are processed and released to water-
resources agencies within a few hours of the time of
acquisition from an ERTS orbital pass over eastern North
America. The daily summary (Figure 1) also allows the
Geological Survey toc monitor the performance of field
instrumentation, and therefore provides the potential for
more efficient management of the operation of the instru-
ments. The summary also provides water-resources agencies
with the status of water resources over a large geographical
area. The research described herein is providing the
Pennsylvania district with the learning experience of simu-
lating an operational data-relay system, an experience that
is a prerequisita to operational data-relay systems.

2. DELAWARE RIVER BASIN RESEARCH

Twenty Data Collection Platforms (DCP) are being
installed on water-resources stations in the Delaware
River basin for the project, "Near Real Time Water Resources
Data for River Basin Management." T"sse stations, and many
others in the basin, are operated by the Geological Survey
in cooperation with several Federal, State, and local
agencies. The water-resources stations that are being
instrumented with ERTS DCP's have been chosen cooperatively
by members of the staff of the Delaware River Basin
Commission (DRBC) ar? by the principal investigator. The
DRBC is a ragional water-resources management agency that
was created by the Delaware River Basin Compact, a public
law adopted by the United States of America, and the States
of Pennsylvania, New York, New Jersey, and Delaware. The
Compact requires the DRBC to adopt and maintain a Compre-
hensive Plan for the conservation and development of water
resources in the basin. The water-resources stations chosen
for the ERTS project include stream gages, ground-vater
observation wells, and water-quality monitors., DCS data
from these stations can keep the DRBC, and other water-
resources agencies, informed on the status of streamflow
and water quality at key surface-water locations in the
basin, and on the status of ground-water levels in coastal
plain aquifers. The DCP locations are shown on the sketch
map in Figure 2. The DCP's mcnitor streamflow at key points
in the basin and monitor water gquality in the Delaware River
and in the estuary.

779

ki ¥

NG et it




P T

RS}

—

.
74

[

- — -

° 50 nuu:".‘
SCALE | ?

Figure 2 - Map showing locations of ERTS DCP's
in the Delaware River Basin.

3. SUSQUEHANNA RIVER BASIN RESEARCH

As a reaction to the June 1972 record flood of Hurricane
Agnes, which caused the loss of human life and billions of
dollars in property damage, the Pennsylvania District of
the Geological Survey's Water Resources Division is field
installing four DCP's on stream gages in the Susquenanni
River basin. The main purpose of these installations is to
test DCP's ability to gather basic data tl.ot could be ised
for monitoring streamflow and for flood forecasing in tlLe
basin. During the flood, conventional communications with
many key gaging stations were lost, although in most cases
the station continued to function. Ever though the ERTS-DCS
only provides data during the 8-12 o'clock time frames in
the morning and evening, battexy operated DC¥'s nrobably
would have worked well and provided very useful data from
many of the stations that were out cf communication.
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Two of the DCP's being installed were provided to the
Pennsylvania district by the ERTS project, "Susquehanna
River Basin Study Using ERTS-A Data," GSFC ID UN 159. The
remaining two DCP's have been provided to the district by
the Department of the Interior's EROS Program. The installa-
tion, maintenance, and data processing from the platforms
are being conducted by the district in cooperation with the
Susquehanna River Basin Commission (SRBC), which has a :o0le
in the Susquehanna River basin analogous tc the DRBS's role
in the contiguous Delaware River basin. The location of the
DCP's being installed in the Susquehanna River basin is
shown in the map of Figure 3.

[a WA N

S50 MmILES

Figure 3 - Map showing locations of DCP's in the
Susquehanna River basin.
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4. CTATUS OF DATA COLLECTION PLATFORMS

Antennas for 12 of the 20 DCP's to be installed in the
Delaware River basin have been installed and the platforms
successfully field tested. The 20th location has been
temporarily delayed by a major renovation of the site, a
Coast Guard lighthouse on an island in Delaware Bay.

The DCP will be installed in the spring when construction

at the site has heen finished, and when the weather
conditions ameliurate to make the site less hazardous to
access. Three of the four DCP's have been installed on
stream gages in the Susquehanna River basin. The temporary
unavailability of interface equipment has prevented the
fourth site from being completely instrumented. In both
basins we have been very successful .in installing and
operating all of the stream gages and ground-water observa-
tion wells. There has been a problem in successfully inter-
facing many of the water-gquality monitors to the DCP's.

More often than not, the problems have been found to be in
the water-quality monitors themselves, which always have
been troublesome devices, occasionally in the interface
equipment, but not in the DCP's. Several of the water-
quality monitors have been successfully interfaced and
operated. In particular, the DCP and water-gquality monitor
at Reedy Island, Delaware, an isolated island in the southern
part of the Delaware River es.uary, has coperated almost
flawlessly from early in the ERTS experiment.

The 24 DCP sites, shown in Figures 2 and 3, are
providing a test of the DCP's under a wide range of environ-
mental conditions. Two DCP's are on islands in the Delaware
River estuary, where visibility of the sky is virtually
unobstructed and where communication with thhe satellite is
excellent. Another DCP is directly underneath one of the
spans of the Delaware Memorial Bridge. The bridge roadway
is about 150 feet above the antenna and obstructs a swath of
the sky that lies directly overhead, and extends in each
direction in approximately an east-west orientation. Much
of the weste n sky also is blocked ocut by the support tower
of one of the bridges. Yet despite these obstrucciors,
communications with ERTS by this DCP has been excellent,
although occasionally one finds a 6~minute gap between two
data transmissions during a pass; the hiatus undoubtedly
caused by ERTS being obscured by the bhr.dge structure at the
time of one DCP transmission. Several DCP's are located in
urban environments around Philadelphia and Easton, Pennsylvania,
and the DCS is working well within the cne-transmission-per-
12-hour perioa specification of the system. Several DCP's
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1n the more remoute areds of the Pocono mointains are also
working well within the specifications ot th: system, but
because they lie in river valleys surrounded Ly mountains
of mcdest elevation, some of the passes are lost when ERTS
1s low on the horizon. Despite these constraints, we have
not had to change the transmission frequency to 90 seconds
frecmn 180 seconds to acquire the data.

The one environmental condition we will have to meet
1n Pennsylvania, that we have not been able to te”st to
date, is heavy suowfall. Presumably, the DCP will become
ineffective with a significant accumulation of wet snow upon
the antenna. It is anticipated that we may have to place
hemispherical domes over the antennas to discourage sncw
accumalation. However, we may have to rely on the experience
of other exreriments 1t the winter of 1972-73 continues to
deny us this test.

There have been very few failures of the T P's
themselves. Three of the DCP's were returned to the U.S.
Geological Survey's ERTS-DCP depot facility at the Mississippi
Test Facility for maintenance when they ceased operating
They were made operational again by the replacement of either
the transmitter card or the programer card. The performance
of the DCP's to date has exceeded our expectations. A
longer environmental test should be provided to verify this
performance rate.

Approximately half of the DCP's operate in locations
where there is elentrical line power and at these locations,
line power stepped down through a transformer, has been used
to operate the platform. Characteristically there is line
power at water-quality monitor locations and at some gaging
stations. Ultimately, at these locations, we expect to
confiqure the DCP's to operate on line power with standby
battery power. The utility in having the platform operating,
e ~n though the water-resources monitor is not, is that we
cen detect the failure rapidly. The rest of the platforms
ar2 operating on four 6-volt dry cell batteries each in
series, Several of the DCP's have been oper ting more than
four months on their original set of batveries. These
platforms also seem to be workinm well in areas where winter
temperatures frequently are well below freezing, temperatures
at which battery efficiency becomes low. Our plan is to
allow the DCP's to operate with these batteries until they
begin to fail from insufficient power, as a determination
of nominal battery efficiency.
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Our apprehension about the potential for vandalism
at the sites, and of the antennas in particular, prompted
us to go to some length in making the installations as
secure and as unobtrusive as possible. 1In every location
the DCP itself is well protected inside either a field
structure, such as a 4~-foot sauere gage house, or inside
an institutional structure, such as a municipal water
purification plant In a fer cases, we were able to install
the antenna inside the structv . too. The only constraint
on this procedure is that the roof of the structure must
not contain any significant amount of reinforcing steel
which may ground the signal. Also, the shelt r mist be
larje enouygh to contain the 46-.nch diameter antenna. We
are considering trimming a few inches off the diameter of
one of the anter.as at a station, where it could not fit
th2 gage house, as a tec’ of the ov~. design of the
antenna relative to the actual DCP transmitter power.

Where the antenna is mcunted on the exterior of the
shelter, the antenna usually is painted to blend in more
unobtrusively with the surroundings. To date no signifi-
cant vaidalism has occurred. This is due in part to
meas «s we have taken to install the sites as securely as
possible. but the suspicion that we have been lucky lingers
on.

5. NEAR~REAL-TIME DATA PROCESSING

The followino is a discussion of our data processing
wrocedure for near-real-time processing of ERTS~DCS data
from the Delaware River baszin. The software oeing written
for implementing the Susquehanna River basin DCP dat.
parallels the software presently operational for the
Delawarez basin activities. When the software for each
basin is operational, the prograims will probably be con-
catenated to allow all the DCS data o be processed
together. The timeliness of the data processing is con-
strained by the orbital charact:ristics of the ERTS
satellite and by the configuration of our processing system.

ERTS-DCS specificaticns state that there be a very
h.igh probability trat at least one message p:r l2-hour
period will be received from each operat®»s DCP. This
specification is being met. WNominally, - ihe approximately
14 daily polar orbits EKTS makes each .a., ~sta are
successfully relayed from Delaware Rive. c.sin DCP's
during four or five of the daily ERTS orbital passes.
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Data are usually relayed during two or three passes

between 8:00 a.m. to 12 noon eastern s:andard time (1300

to 1700 Greenwich Mean Time), and during two or three

passes between 8:00 p.m. and 12 midnight (0100 tec 0500 GMT).
The opportunity for relaying data during the morning occurs
-5 ERTS makes masses in a generally north to scuth direction
over the western Atlantic to the central North Ameraica

area. The evening opportunity occurs when _RTS passes are
made in a generally south to north direct.on over the same
area. More nften than not we get twe good passes, 1n a

data rctlay sense, auring each period; a third pass, if we
get it, cenerally only picks up one to fouxr of the DCP's.
The third pass generally puts ERTS very close to the horizon
and th. per:oa of radio visibility lasts a minute or twc
compared *to the 10 or 15 minute-period of the better passes.

With. ‘ne ERTS orbital period (103 minutes) of the
time DCT data are relayed during a pass and received at the
NASA Data Processing Facility (NDPF', the data are forwarded
to the Pennsylvanic district by NASA teletype. Faigure 4 :s
an example ¢% the format of the teletvped data. The informa-
tion on the teletype is in a differert formaz than, and is
32 subset of, the information that 1s punched on cards at
the NDPF, and tcrwarded to users at a more leics rely ra’
through the mail. The card format can be founc .n the .
vData Users Handbook. The only additicnal i1nformation found
in the teletype listing that is not found in the card format
is the item labeled S at the end of a data line. It is
a checksum value, which is used to verify the data in the
eigh% octal da*a words labeled D1-D8. The checksum value
1s the units value of the octal sum of the indirsidual octal
cnaracters in the field from the columns labeled C
(message qualicy) to D8. It is provided to hLelp detect
teletype transmis.ion errors which, in our experience, have
been found Lo be very rare. Note that the data messages
are being relayed by the DCS at about 3-minute intervals
during a pass (Columns MM and SS specify number and seconds,
respectively). Normally the data messeges received from a
DCP during any one poriod of mutual visibility are generally,
but not always, the same. Our procedure is to process only
one of the several identical messages, since only time is
different from one message to the next.
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Figure 4 - Portions of teletype listing of Delaware
River basin DCP data received from NASA
Data Processing Facility at Goddard Space
Flight Center. The data are from one
ERTS pass,
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These data are processed by the Pennsylvaria district
using remote terminal access to the Geological Survey's
560/€° computer in Washington, D.C. There is an advantage
to us.ng this system rather than a small stand-alone
comput~r; the advantage is that computer algorithms
developred by our experiment, with little or no modifica-
tion, can be and have been made avaiZable to others in tle
USGS system. The one disadvantage is that our jchs must
wait in gqueue to be executad. Nominally ou: turnarsund
time is under 2 hours, although, when the systei” goes
down, it can be significantly louager. For a truly
operational system, a stand-a.one computer capable of
remotely accessing the national system would be required.

The job output from the computer is partitioned by
the software into two parts, one is for inhouse consumption
and the other (see Figure 1) 1s for release to other
agencies. The software performs several manipulations to
the data. These include associating the DCP 1dentification
number with a particular water-resources station,
correcting temporzl .nformation from the annual day nuu er
and Greenwich Mean Time to calendar day and Eastern
Stanaard Time, and a rather involved manipulation of the
actual platform data. For our particular application the
manipulation includes breaking down the o<tal >r hexi-
decimal data to 64 bits, inverting the bits (interchanging
O's to 1's), reordering the eight sets of eight bit data
words, and then extracting the decimal wvalues actually
made avai.able to the DCP's in the field by ovur water-
resources instruments. For water-quality moniters, these
values are converted to the several water-quality
parameters in the proper engineering units. F.r stream
gages, stream stage is extracted, which is used by the
software to compute streamflow from rating tables, one of
which is available for each station. For ground-watar
observation wells, well-water level . extracted.

Much of this information is put on the printed output
as the data are processed and summarized. Figures 5, 6,
and 7 are examples of the output provided. These
summaries help field technicians monitor the performance
of the platforms and help them ascertain which stations
require field maintenance or repair. These summaries also
help data processing personnel choose which platforms and
st. .ons are working well enough to permit the data to be
prucessed for the summary of Figure 1.
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Figure 5 - Raw data converted to the standard
DCE card format from the t-.etype

format provided by NDPE .
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EROS=-NASA
USES DELAWARE RIVER BASIN-DATA COLLECTION SYSTEM EXPERINENT
FEBRUARY 23, 1973
RAM DATA SUMMARY

TINE 6AGE/ S.C. D.0. TEWP Pn
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11111112687 FEBRUARY 23:1073 S000 G40 440 Ga0 000

DELAWARE RIVER AT CHESTER
PLATFOR® 1D NO.®6332
28153140EST FEBRUARY 22:197)
2131 0123€E5Vs FEQRUARY 224197)
9125819ESTs FEBRUARY 23,1973
9132t TEST. FEBRUARY 2301973
113 G240ESTs FEBRUARY 2341973

130 W62 % &8
132 a70  s0e o8¢
130 436 400 684
136 472 3% e8s
132 468 200 0

OELAWARE RIVER AT PIER 11,PHILA
PLATFORN 10 WO.»
SOOERTS PLATFORM 1S BOT INSTALLED AT THIS STATION see

OCLAWARE RIVER AT TORRESOALE
PLATFORN 1D NO.»633)
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DELAWARE RIVER AT BRISTOL

Figvre 7 - Summary of data, sorted by DCP, ID,
to provide field technicians with the

operational status of the DCP's.

The data that are judged to be valid are compiled, summarized
and formatted into the daily externally released summary.
This summary is placed in an on-line data set in the
Washington computer center. Instead of returning the

summary with the rest of the job output on the line printer
of the batch remote terminal from whiclh the job is sukb-
mitted, the data set containing the summary is accessed
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by a low speed ASR-33 teletyrewriter terminal, which is
also available in the Pennsylvania district office. The
reason this summary is accessed by the ASR-33 is because,
as it .1s retrieved, a punched paper tape of the summary
is produced on the teletype. After the summary is
retrieved, and is humanly reviewed and judged to be
provisionally valid, the paper tape is used to transmit
the summary to external agencies over the ASR-33,
operating in the teletype mode over Western Union's TWX
lines, rather than the low speed terminal mode over
telephone lines.

The software we have devised to process the DCP
data provides the operation of the data-relay system with
important information about the operational status of
the equipment in the system, and provides water-resources
summaries for a large geographical area for water management
purposes.

6. TFRESENT ACTIVITIES

Our present activities are centered on attempting to
increase the number of water-quality monitors operatiunug in
the system, and on increasing the availability of near-
real-itime data to water-data users. 2Xs part of the latter
activity and in reaction to the devastating flood of
Hurricane Agnes of June 1972, ve are attempting to make DCP
streamflow data available to flow forecasters in near-real
time. We are revising our software to process streamflow
data from both the Delaware and Susquehanna River basins
and to make it available to the National Weather
Service's River Forecast (RFC) Center in Harrisburg,
Pennsylvania, which is responsible for flow forecasting
in both basins. There is, and has been, a close working
liaison between USGS hydrologists and RFC hydrologists in
the opevation of stream gages which provide the RFC with
data for river flow forecasting. The DCS data will provide
a parallel and backup system of data communications from
several gaging stations and provides an excellent opera-
tional test of the DCS. We continue to work with staff
members of the DRBC and, as of late, with staff members
of the SRBC.
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7. CONCLUSIONS

The first several months of our activities with the
DCS have been rather hectic, and it has been a learning
experience. We have made real progress in installing
and operating DCP's on a variety of standard U.S. Geolog-
ical Survey operating water-resources instruments. These
instruments are a small subset of the large set of
instruments that the Geological Survey operates across the
United States, a growing number of which are being
accessed in real time by a variety of conventional
telematry systems. Problems still remain in completing
our interfacing of the DCP's with the water-quality
monitors, but progress is being made now, and most of the
DCP installations are performing well. We have established
a computer processing system, which we have configured in
a near .perational mode, and it is functionirg fairly well.
The processing system will continue to evolve as we
developr algorithms to assist us in screening the data for
DCP and water-resources field instrumentation malfunctions.

From a very pragmatic and utilitarian point of view,
the DCS is being demonstrated to be a viable system, which
has great potential for improving the efficiency and
management of field instrumentation and the earth-rescurces
ccnditions which they monitor.
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