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INTRODUCTTION

The LANDSAT-1 Experiment No. 210, Performance of the IANDSAT-Data Collec-
tion System in a Total System Context, was an attempt to integrate the A
IANDSAT-1 XS with existing networks of remote site hydrologic instruments
and canputers. The objective was to evaluate the LANDSAT-DCS in the con-
text of an operational data collection and processing system. The simulation
was successfully performed and is continuing to provide Geological Survey
personnel with an operational introduction to satellite Data Collection
System technology. .

BACKGROUND

The Geological Survey Water Resources Division (WRD) operates a network
of over 10,000 hydrologic instruments that continuously monitor a wide
variety of hydrologic variables. Most of the instruments are operated
by WRD Districts in cooperation with local, State and Federal agencies.
This cooperative program includes agreements with approximately 500
agencies wherein the Geological Survey jointly funds the collection of
hydrologic basic data and performs a variety of hydrologic studies. The
most camonly operated instruments monitor water stage, water temperature,
dissolved oxygen concentration, pH, turbidity and specific conductance

at 25°C. Table 1 is a ccmpilation of the number of sites where water- .

e oy e, ~— - N —~an ke ~
stoge, and//or water gquality data arc collected by WRD Districtz. In

general, these are high potential sites where a telemetered data celrieval
system could be used. Other sites, where other hydrologic data are col-
lected, such as precipitation, ground-water levels, and tidal stage also
could be included. Table 1 was made using the Survey's Management Infor-

“mation System (MIS), a camputer-based system for storing and retrieving

management information of the Survey.

The primary purpose of the network of hydrologic instruments is the col-
lection of basic data for planning and managing water resources programs,
which is part of WRD's mission as indicated in figure 1.

At a stream gaging station, where water stage is monitored as an indirect:
measure of stream disdwarge, data normally are recorded with a device
known as an Analog to iigital Recorder (ADR) The ADR continuously mon-
itors the level, or st:ge, of river water via a float in a =t1111ng well
or a servo manometer with a gas purge system. The stilling well is de-
signed to have free exchange with the river or stream being monitored,

and the float is connected to the ADR by a pulley and counter weight.

Periodically, generally every 15 or 30 minutes, the ADR punches current

. Water stage on a l6-channel paper tape. The ADR and the clock that

initiates the punch cycle, are battery operated and can be left unattended
for several months,
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Table 1

MIS Compilation of the Number of U.S. Geological Survey
Stations Where Water Data Are Collected Continuously

Tyi)es of Data Collected No. of Stations

Water Stagé or Discharge 8389
Water Stage/Discharge and Water Quality 614

Water Q{lality ' 135



THE WATER. RESOURCES DIVISION ASSesSEs THE
NATION'S WATER SUPPLY RY ;

... PERFORNING INTERPRETIVE
STUXES GF THE HYOROLOG IC
CYCLE

.« PERFORMING FUNDANENTAL
HYOROLOGIC RESEARCH

. COLLECTING BASIE DAI4 ON
THE QUALITY AND DISTRIBUTION

OF WATER IN THE HYDROLOGIC
YeLE

Figure 1: The Water Resources Division assesses the
Nation's Water Supply



At a water-quality station, sensors that are continuously bathed by a
purped sample of river water provide output voltages that are related - -
to the variables being monitored. These data are either continuously
recorded on an analog strip, or are periodically recorded by an ARD. In
the latter case, a servo-mechanism provides a null voltage that positions
the coding mechanism of the ADR. Periodically, generally every 30 or 60
minutes, the ADR sequentially punches the water-gquality voltages on the
16-channel tape. Water-quality monitors normally require line power and
are left unattended for periods of up to a few weeks. Schematic sketches
of stations that monltor water stage and water quality are shown in
figure 2.

U.S. Geological Survey field personnel usually visit water-stage stations
every 4-6 weeks, and water-quality stations as frequently as once a week.
During the station visit the data record is removed, ecuipment maintenance
and calibration are performed, and supplementary hydrologic measurements
are taken. During a period of one or several days a technician or engineer
may visit several stations in a prearranged sequence before returning to
his field or District office. When the data are returned to the field
office they are reviewed and prepared for computer processing.

The Geological Survey Operates a national telecomputing network, as shown
in figure 3 that includes major computer centers in Washington, D.C. and
Reston, Virginia, and a network of over 150 remote computer terminals
across the uUnited States. ‘he telecomputing network is extensively used
by WRD Districts for commnicating, processing, storing, and disseminating
the station data discussed above. There are two methods normally used
for entering field data into the telecomputing network. In the first

. method the 16~channel punched paper types are read by a tape reader in
the field office. The reader is connected to a modem on a telephone
dlal—up-llne to a modem and magnetic tape recorder in the computer center
in Reston, Virginia. During the course of a day, the typical field office
will dial into a tape recorder and transmit several station data records,
each one containing 4-6 weeks of data. After the raw data have been trans-
lated from paper tape in the field office to the magnetic tape recorder
the tape is removed fram the tape recorder and stored in the tape library
of the computer center. A job then can be entered into the computer from
the field office remote terminal that instructs the computer operator to
mount the appropriate magnetic tape on the computer. The raw data then
are merged with other computer rescurces, and the data processed and
stored on line in the computer center.

In a second method data are punched on computer cards and entered directly
into the computer from the remote computer terminal in the field offices.
In any event, the largest portion of data collected by the network of
field instruments eventually are entered into the Reston computer where

a set of camputer programs and data files, known as the National Water
Data Storage and Retrieval System (WATSTORE), are available to process

the data. Once the data have been entered into WATSTORE they are avail-
able for retrieval or analysis, as shown in figures 4 and 5.
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' Figure 2: DCP Equipped Water-Stage and Water-Quality Monitoring Stations.
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WATER RESOURCES DATA couecrep 8y THe GeoLoGrcae
SURVEY ARE ENTERED INTD THE SURVEV'S TELECOMPUTING
NETWORK VIA REMOTE TERMINALS
AT FIELD OFFICES, AND TRANSMITTED
TO THE NATIONAL CENTER IN

RESTON, VIRGINIA

... WHERE THE DATA AkE (
PROCESSED, ANALVZED
AND STORED IN COMPU ree
FILES

Figure 3: Where Water Resources Data Are Processed,
Analyzed, and Stored.
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Figure 4: The Geological Survey's WATSTORE System
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Figure 5: WATSTORE Data Files



In sumary, as shown in figure 6, the WRD operates a large network of
hydrologic instruments that records data that must be manually retrieved,
processed, and entered into the Survey's telecomputing network. Large
manpower and travel resources are required to operate and maintain the
stations and retrieve the data. If a low cost, reliable telemetry system
was available to collect the field data directly on a daily basis, it

is possible that a significant nurber of station visits may be eliminated,
therein increasing the efficiency of the system. This LANDSAT experiment
was designed to assess satellite Data Collection System technology as a
potential operational tool for direct hydrologic data collection.

LANDSAT-DCS

No significant description of the functional characteristics of the LANDSAT-
DCS is presented herein because the reader is presumed to be familiar

with the basic design and operation of the system; if not, this informa-
tion is available from NASA publications (NASA 1971, NASA 1972). A
description follows on the special data handling procedures that were
established by the U.S. Geological Survey (USGS) and National Aeronautics
and Space Administraiton (NMASA) that facilitated the timely exchange of

DCS data from NASA to the USGS.

In response to requests by the Geologicakl Survey, NASA established a
teletype distribution system for DCS data link to the Geological Survey

nffices in Harvichurg, Ponneylvania; Miomi, Fleoridz; and Menlo Paxlz,
California. These three locations were supplied with near reai-vine

data to support large-user DCS test sites. These test sites have been
discussed by Paulson (1274), Higer and others (1974), and Ward and others
(1974). Of the three test sites, only the one in Pennsylvania was closely

-integrated with the Survey's teJ».ecanputing network (Paulson, 1975).

Initially, the Pennsylvania experiment used a remote computer terminal
. access to the Geological Survey's computer programs for processing DCS
i data. After the initial phase of the experiment, a set of computer
: programs was stored on-line in t} camputer, and executed daily to pro-
cess Pennsylvania test site data. It is possible to enter a computer
job from one remote terminal and route the output to any other remote
, terminal in the telecomouting network. It becomes possible to simulate
i . an operational data collection and processing system for small scale
Geological survey DCS users by acquiring other user data from the NASA
teletype distribution system and process and disseminate the data with
the Survey's network. Co

Although most of the Water Resources Divisions' Data Collection Platforms
_(DCP's) were concentrated in the Florida, Pennsylvania, and Arizona Dis-
tricts, a 'modest number initially were available to be tested by other
P Districts on a one to four DCP per District basis. The small scale users,
Bt ~ including Arizona which only had seven DCP's, did not warrant inclusion in

w0
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Hydrologic Data Collection and Processing
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U.S. Geological Survey
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Figure 6: Existing flow of WRD hydrologic data
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the NASA teletype system. During the period fram the LANDSAT-1 launch
in 1972 to the spring of 1975 the WRD DCP's where distributed to 25 WRD
Districts as shown in Table II. Most of the Pennsylvania DCP's were re-
distributed to other Districts after the original Pennsylvania experiment
was completed.

SIMULATION OF AN OPERATIONAL DATA
COLLECTION AND PROCESSING SYSTEM

The practical objective of simulating an operational data collection and
processing system was to provide WRD users who were unskilled in DCS
technology with resources to acquire remote site hydrologic data in a
familiar format. Functionally, a rew user of the system should be able
to interface a DCP with standard WRD field instrumention and, in a day
or two, be able to enter a simple coamputer job into his terminal to re-
trieve his data in engineering units. The role of this experiment was
to provide the camputer software and files, and technical guidance to
use the integrated NASA and Geological Survey systems.

To the user not highly skilled in computer technology, two camputer re-
sources were made available, (1) an on-line computer file where his DCP
data were stored, and (2) on-line computer programs that he could use
to retrieve and process his data. An on-line disk file was established
+o contain +ha moat=recently-cnllected 180 tranemisaions nf each WP in
the file. ne file, called the WRD Satellite Data Collection System
File, contained the 180 DCP transmissions plus ancillary information on
the U.S. Geological Survey station name, number, etc. As new data were
entered into the file by a camputer job initiated at the Harrisburg
Conputer terminal, new data messages from a DCP replaced the oldest
messages for that DCP in the file. The lag time from message reception
at the NASA Operation Control Center (OCC) to the entry of a message in
the file normally was from 12 to 24 hours. Starting in July 1975, a
more timely data transfer procedure between the NASA Operations Control
Center (OCC) at the Goddard Space Flight Center in Greenbelt, Maryland,
and the Survey Camputer Center in Reston, Virginia, was initiated. NASA
established a dedicated high speed (9600 bits per second) line to the
Reston Center. As DCS data came into the OCC from the NASA receiving
stations at Goldstone, Califcrnia, and Greenbelt, Maryland a duplicate
data stream was sent immediatly via the dedicated line to a 9-channel
magnetic tape recorder in the Reston Center. After the completion of
a LANDSAT pass, the magnetic tape was placed on the computer tape library
and a job executed to update the on-line disk file. The lag time was
cut significantly to minutes.

By design, the actual path of data flow from a DCP to the Reston computer
file was transparent to the average user. Most users had general infor-
mation on the path but few needed tc have detailed knowledge. Of concern
to the user was that the data flow from his DCP to the Reston file was
accomplished in as short a period as possible.

11



Alaska

6030
6050

Arizona

6006
6016
6137
6151
6167
6177
6225
6261
6373

Arkansas

6014

6230
Colorado

6136
Florida

6000
6001
6003
6024
6031
6033
6051
6055
6112.
6121
6122
6125
6141
6152
6157

TABLE II

Distribution of DCP's by ID, to 25 WRD Districts as of

6131
621k
6235
6236
6252
6256
6303

.- 6531%

6321
6362
6364
6077
6015
6002
6244

July 31, 1975

Idaho

6067
6115
6332

Indinana
60k

Louisiana
6110
6144

6237
6257

Massachusetts

6063
6017

Minnesota
6327
Mississippi
6013
6037
6203

Montana

6266
6301
6367

Nebraska
6116

Nevada

6307

12

New Jersey

6233
6277

New York
6245
6361
6306

6114
6264

A
e | ’I

6343
6351

Pennsylania

6073
6227
6341
6344
6402

Tenncssee

6204
6263

Washington

6046
(6215
6322
6324
6371
Wisconsin

6ho1



Two application camputer procedures, called IANDSAT-DCP and LANDSAT-MU
were routinely available to WRD users of the LANDSAT-DCS. Routine cam-
puter documentation was provided to WRD Districts so that any WRD user
could retrieve data fraom any WRD DCP data file. The user merely provided
the DCP identification number for one or nore DCP's, the day number range
of the messages required, and ancillary information on the way the data
are formated in the DCP. The system appeared to be operational to the
user (figure 7).

As shown in figqure 8, thc ILANDSAT DCP's have been interfaced with a variety
of hydrologic instrument. A small numnber of DCP's have been interfaced
with external memory devices that the Geological Survey procured to in-
crease the efficiency of the LANDSAT-DCS. Figure 9 shows how the external
memory was connected to the DCP and figure 10 depicts the data flow with-

in the memory system. The addition of a memory permitted the daily recovery
of hourly stage values as explained in more detail later.

Several examples of typical computer printouts that are generated by this
procedure are shown in figures 11, 12, 13. Figure 1l shows water-stage
data collected at a gaging station in Oregon. The LANDSAT-DCP procedure
retrieves the data from the DCP ID from the disk file, sequentially orders
the messages by time and converts the data to engineering units. The
procedure also retrieves the stage-discharge rating table from an on-line
file and uses that table to compute stream discharge from water stage.

The rclalidashiip lelweail stage and disCharye 1s wiigue [or each strean
site. LANDSAT-DCP's in this application transmit gage heights from the
station. The rating table, which is a correlation between gage heights
and discharge, is maintained by the field office responsible for that station.

Figure 12 contains processed data from a Louisiana station where four water-
quality parameters are recorded. Each parameter voltage is provided to

the DCP twice, hence the parallel listing of each parameter. User supplied
conversion tables for the camputation of engineering values from DCP in-
put voltages were used in this application.

Figure 13 contains processed data from a Colorado station where both gage
height and four water—quality parameters are measured.

The LANDSAT-DCP is a general purpose program which permits the processing
of data from a variety of standard WRD instruments, and noreover permits

the user to enter the data into the DCP in any secuence he chooses. For

example, gage height can be entered into any two contiguous words in the

eight 8-bit words of the DCP and any of the remaining 8-bit words can be

used to represent 0 to 5 volt analog inputs. Any of the 8-bit words al-

so can be ignored.

13



IS SIMULATING AN
OPERATIONAL DATA
COLLECTION AND
PROCESSING SVSTEM
USING THE ERTS DCS
AND THE SURVEY'S
TELECOHPUTING
NETUWoORK

Figure 7: Water Resources Division is Simulating
An Operational System.
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Figure 9: Hydrologic Data
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HYDROLOGIC DATA /v AN EXTERNAL Memory Device ...

CAN BE UPDATED -0OR - SENT To A ODCP

§owryrar

Figure 10: Hydrologic Data In An External Memory Unit
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The LANDSAT-MU procedure is a special purpose camputer program for process-
ing water stage data that have been entrred into a DCP add on memory unit.

The memory unit was designed to increase the efficient use of the LANDSAT-
DCS. Prior to the addition of the memory device, a DCP at a gaging station
would typically transmit up to 3 messages during a pass of the satellite,
all of which contained the same data. Moreover, the capacity of each
message was only partially used. Figure 9 shows that four stage readings
could be accumilated in each memory set and that several sets cculd be
sequentially passed to a DCP for transmission. Thus, asynchronously, a
new reading might be entered to update the memory once an hour, while
every 180 seconds a new memory set would be provided to the DCP for trans-
mission. The net result was that hourly values of water stage cculd be
accumlated and transmitted through the DCS. There are operational pro-
grams in WATSTORE that process Lourly stage values, recardless of whether
these hourly values are recorded on site or transmitted via a telemetry
system.

Figure 14 is an example of the output of the LANDSAT-MU procedure. The
significance of this printout is that it was produced by an operational
WRD program for basic data processing. The LANDSAT-MU procedure merely
reformats data fran an add-on-memory equipped DCP and provides the data
to the existing WRD operational data processing system, WATSTORE. It
is the only demonstration of the ILANDSAT-DCS as an integral part of the
WRD's operational basic data procession system where no modification to
the pre-LANDSAT computer program was made.

CONCLUSIONS

This experiment has been, and continues to be, an integration of the
IANDSAT-DCS with the data collection and processing system of the Geological
Survey. Although an experimental demonstration, it was a successful
integration of a satellite relay system that is capable of continental

data collection, and an existing governmental nationwide operational data
processing and distributing networks.

The IANDSAT-DCS is classified as an experimental system, the DCP capacity
of the LANDSAT-DCS is small and the data capacity of the individual DCP's
is small. Moreover, the Survey's data processing system uses a large
general purpose camputer with insufficient redundancy for 24-hcur a day

7 day a week operation. These are significant, but soluble obstacles to
converting the experimental integration of the system to an operaticnal
integration.

This DCS experiment has demonstrated a national institutional application

of LANDSAT-DCS technology, and has been very useful to demonstrate the
potential application of the technology to a cammmnity of users who do
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not possess in-depth electronics or camputer training. The significant
ocontribution of this experiment has been the exposure that has been pro--
vided to a large comunity of potential users of an operational satellite
data collecticn and processing system.

The most signif cant result of this experiment is that the demonstration
of an integrated NASA-WRD data collection and processing system was the
basis for establishing a WRD Data Relay Project. Several tests of the
LANDSAT-DCS that the WRD performad demonstrated that DCS technology is
viable. The test described herein demonstrated that it could be opera-
tionally integrated with existing systems. The WRD Data Relay Project
headquartered at the Survey's National Center in Reston, Virginia is
actively pursuing the operational integration of DCS technology with
existing WRD operational data collection and data processing systems.
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