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FOREWORD

The purpose of this manual is to document the'prpgedures and
theory of aperatjon of the LANDSAT tracking system at New England
Division, U.S. Army Corpg of Engineers, Ha1tham, Masspchqsetts.

The manyal is arranged generally by degree of detail, with
the simpiestwoﬂerating procedures first} instructigns for normal
gaxrtﬁ-day operatieq are  given in Section I, while information
needed for pr?gram modi €ication, file majntepance, and trouble-
shooting is in Sections Il - VII and the Appendices, A1l figures
.peferrqd £6 in the text are in Appendix B. .
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I. AUTOMATIC TRACKING SYSTEM OPERATION - OVERVI’EW

" The Automatic Tracking System for receiving LANDSAT>/data -at -
New Eng]and‘Division,.waTtham,~consists~of a 15-foot dish antenna,
a trackind pedestal, some pedestal control equipment, and a Data’
General NOVA minicémputer with various accessories. The--relationship
of all these parts s shown in the subsystems diagram, Figure 1.
Mostlday—to-day.operation of the system will require very little
action by operators, but full control of it and the handling of
unusual situations require some knowledge of the programs and various
information files that are kept on disc. Most operator action is
taken at the computer terminal (Figure 7). (No card decks are needed,
and the system is almost entirely separate from the IBM 1130 and
ﬂotoro]a equipment which are in the same room.) The operator may
have to power up the NOVA computer (see section II) and start execu-
tion of the programs which track the LANDSAT and store incoming data.
Once the NOVA has the correct time of day and is exécuting the track-
ing programs, it should do so continually until the operator interrupts
it. These programs are cyclical, and if one of them is interrupted,
it may be restarted tater; that is, the operator may re-enter the

cycle at one of several points.



The simplest procedure for tracking is as follows (refer to Figure 3):
1. Power up the NOVA (sée Section 1I).
2. Set the NDVA{S real time clock precisely (see Section III).
3. Turn on all required control equipment (see Section V).
4. Execute the program TRKCﬁ-by typing "TRACK" followed by a

carriage return.



117 ROUTINE TO POWER UP THE ‘NGVA® 12

SWITCHES: ARELABELLED WITH RED-.TAPES. . (SEE FIGURE 7).

1. TURN CONSOLE POWER SWITCH 70 “ON*,

2. TURN ON POWER SWITCH ON TEKTRONIX TERMINAL

3. TURN TELETYPE SWITCH TO “LINE".

4. TURN DISC POWER SWITCH TO "ON" (clockwise).

5. PUSH WHITE KEY ("POMER'ON") ON MOVING HEAD DISC:CABFNET'

6. SET CONSOLE SWITCHES 0, 11, 12, 14, and 15 UP; ALL OTHER
NUMBERED SWITCHES STAY DOWN:

7. WHEN GREEN LIGHT ON DISC CABINET COMES ON, LIFT "RESET" SWITCH
AND THEN “PROGRAM LOAD™ SWITCH ON THE CONSOLE. THE FOLLOWING
DIALOGUE ENSUES:

FILINAME ? ANTSYS)

RDOS REV 3.02

DATE (M/D/Y) 7 3 15 76 )
TIME (HiMiS) 7 13 15 0 )
o H3 M2 5)

QLEAR/A/ V)

DIR USER)

GLEAR/AZV )

XS.DR -.

i

R

SYS.DR

oo

. NOTES:
1. " a " means "RETURN". You type in the underlined characters.
2. WHEN RDOS SYSTEM CRASHES, PUSH WHITE KEY ON DISC CABINET

(OFF) AND GO TO STEP 5 ABOQVE.



ROUTINE TO POWER DOWN THE NOVA (SEE FIGURE 7[

1. TYPEIRELEASE DPQ} . {"@" IS A ZERO: "} ™ IS A RETURN).
PUSH WHITE KEY ON DISC CABINET (WHITE LIGHT GOES OUT).
TURN OFF FHD SWITCH.

TURN DISC PQWER SWITCH TP OFF (counter clockwise),
TURN TELETYPE SWITCH FROM “LINE" TO "OFF",

TURN TEKTRONIX TERMINAL SWITCH TO “OFF".

p\m-lhwm

NOfE: NOVA IS NORMALLY LEFT RUNNING ALL THE TIME.



111, SETTING NOVA's REAL TIME CLOCK

To track LANDSAT aﬁcurat]ey the NOVA{s Real Time clock must - ":°

be sép to Coordinated Universal Time (UTC). Accuracy of one-fourth
w P A ) . ) R I )
second is sufficient. Two methods may be used; a manual dne'anq g

-(evéﬁtdéﬁly)‘aﬁ'édigmﬁtiq'bne;

Automatic Method. Execute the program CL. Within 2-3 minutes the

computer will signify completion by typing "R". Lf_jt doespl¢ﬁjt-

means that it probably won't. In this case, use the manual method.

LR

Manual Method. The NOVA provides for its clock to be set bx‘;bél

teletype command STOD hh mm ss }

Where hh, mm, and ss stand for hour, minute, and second.

Dial up the FTS number 8-323-4245 to get the National Bureau of
‘Standards' audio time signal. When yod have found out what time
mark will be coming soop (e.qg., the next minute), use the STOD
command to prepare to enter that upcoming time, and hit CARRIAGE

RETURN exactly when the time marker occurs.

Before hanging up the telephone, you may check the NOVA's time .by
executing the program PU which will send an audible pulse to the

terminal every 15 seconds.



This annotated sample of operator/computer dialog ijlustrates the
method:

* At this time, NBS signal is coming in by
STOD 13 18 38 ) telephone. Return is pressed at exactly 13:10:30.
R N v

PUY

TT'S NOW 13:19:34 Continue Tistening to NBS and- cpmpare teletype
a5 pulses to telephone signal.

60

INT

R

PU)

%E“S NOW 13;11:12

INT

R

LSI

NEXT PASS AT 14:28:19



IV. HOW TO ENTER ORBITAL ELEMENTS INTO TRACKING SYSTEM

To track LANDSAT, the System must:be able.:to predict-when-the
satellite will rise over the hor1zon and what azimuth and elevation
angles to send to the tracking pedesta] To predict those times
and angles :the system is giVen a description of LANDSAT's orbit by
means of the teletype or CRT terminal. This orbital information is
contained in the element set provided by the North American Air
Defense Command, Ent AFB, Coloradd* The element set.comes via TWX
twice a week and lodks ‘1ike the example in. Figure 5.. Eight of the
elements in F1gure 5 are 1mportant to our system, Their meanings,
formats, and units are as f011ows

1. EPOCH - - An arb1trar11y chosen recent 1nétant expresséd
as a Jﬁ]ian date., at which the rest of this e;ément set was deter-:
mined.

XXX, XXXXXXXX (DAYS)

2. NDOTP** - - First derivative of mean.motion + or - -XXKXXXXX
(REVS/DAY/DAY) :

*Quest%ons abodﬁ NORﬁADC elements can be addressed to:
SPACE DEFENSE CENTER
(Cheyenne Mountain Office)
ENT AFB, Cojorado
As of 9 December 1975, our contact person there was Capt,
Tohlen, FTS 8-327-0111 635-8911, ask for ext. 3549

** "@% stands for zero; "O" is the 15th character of the alphabet.



3. 1@ - - Inclination. XX.XXXX (DEGREES)

4., NODEP - ~ Right Ascension of the Ascending Node, XX.XXXX
(DEGREES) ‘

5. Ef - - Eccentpicity. XXXXXXX (NO UNITS)

Notice that the decimal point js not printed on NORAD message,
but must be suppijed to system when you type it in.

6. OMEGQ - - Argument of Perigee. XXX.XXXX (DEGREES)

7. M@ - - Mean Anomaly. . XXX.XXXX (DEGREES)

8. N@ - - Mean Motion. XX.XXXXXXX X(REVS/DAY) -

The o;bital element set is entered into the system by executing a
program called "ELW", which stands for “Element Writer"., ELW

is an interactive pragram which guides the operator in entering

the nuhberg éorrect1y. Because the numbers have many‘digits? it

is easy to mistype them on the teletype keyboard. Therefore, ELM
echoes each number as it is entered and allows revision of that one
number. If no correction is needed, the operator types Y after "0K2"
and enters the next number, If a correction is needed, the opera-
tor types N and retype§ the same number. An example of the opera-
tor/computer dialog for the:e1ement set of Figure b is gjven in

Figure 6.



V. POWERING UP TRACKING EQUIPMENT

* Power switches for the Data General equipment, the Scientific/
Atlanta equipmeént and associated devices are shown on the photo-- -

graphs in Figure 7. The order of turning switches ON is as follows:

Data General:

1. Console power
2. Disk power oh console

3. Disk power on disk cabinet

4. CRT '
reversible
5. Teletype ‘
6. Decoder
_Scientific/At]anta:

7. Receiver
8. Synchro Display
9. Servo Control -
10. Digital Comparator
" In aﬁai%ion, the’main power switch oncthieantenna pedestal
concrete foundation must be ON,’and anyinterlock”switches in:the:
pedestal itself must be c]osed.: ' oo T ‘
There is one power switch on a plug strip inside the S/A-cabinet

of which you should be aware.



VI. IF SOMETHING FAILS ...

Occasionally, a device will malfunction and cause tracking to
cease. Here are a few things to notice as you recover from the

malfurction:

1. Is the computer still up and running?
If the Tights ;re glowing softly, it is probably still %un—
ning and should vespond to commands from the terminal. If the
eonsole Tights have stopped with some on and some off,or if no lights

are on it has crashed. Go to Section II, Step 2, in the footnotes.

2. Is the dish in the stow position {pointed straight up)?
If not, tracking is either in progress or has ended abnormally.
If it has ghded abnorma11y, the command equipment must be returned

to STANDBY mode. Go to next item.

3, Are the two tiny (5/16") red Tights (LED'S) on the Servo
Control Unit Tit?

If so, the equipment is in PROGRAM mode. Put it in STANDBY,
by typing "OFF" at the terminal followed by carriage return. The
tiny red 1ights should go off. If that doesn't work, turn off the
power switch on the DECODER (see Section IV) for 2 or 3 seconds.

To put the antenna in the stow position, use the manual command
unit, the cabinet immediately above the Servo Control Unit. Push
the two square buttons on the manual command unit. The antenna
should go to the position indicated on the two round dials on this

unit. If it doesn't respend to the manual commands, something has
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blown out - probably a fuse. Finally, push the STANDBY buttons

on the Servo Control Unit.

4. If it looks 1ike a fuse has blown, zero in on the dif-
ficulty by the equiﬁment's behavior and appearance (e.g., 11ghts
out, movement in azimuth but not elevation, or vice versa), lost
power in Servo Amps., etc.). Most commonly the center (30 amp)
fuse on the concrete fbundation supply box is the one that is

biown.

Fuses have also blown in the Digital Synchro Display Unit"’

-(back panel) and in the Servo Amplifier in the pedestal itself.

5. The root cause of these fuse troubles seems to be back in
the NOVA computer. When it sends bad data, the pedestal equipment
gets overloaded. The NOVA runs ﬁnpo difficulties when RDOS is not
functjoniné right, and recently it has appeared that RDOS gives
problems when the files CLI.OL and TLOG are not "cleared". That
is, their user counts in the system directory are greater than
zero, This is remedied by the commands "CLEAR'TLOG" and "CLEAR
CLI.OL" at the terminal.

6. If the equipment all seems .to work, but no signal comes in
during a satellite pass, the system time may be set wrong. Also,
check the system date. Perhaps the satellite has not been turned
on by NASA at Goddard Space Flight Center.' Usually, they turn it

on by the time it reaches 10° elevation.
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7. If the equipment has failed so badly that it can't be fixed
by NED, the following service groups are available:

Data General Corporation
Field Service

237 Riverview

Waltham, MA 02154
891-7024

Tektronix, Inc.
Field Service .
432 Bedford
Lexington, MA
861-6800

Scientific/Atlanta

Bud Lydon, Fred Leavett, or Dan Pioli
Burlington, MA

272-1256

12



VII. SYSTEM DESIGN AND OPERATION, IN-DEPTH VIE“

The LANDSAT tracking system integrates a set of about twenty
progrdhs or subroutines (software), about ten disk data files,
and sévera1 pieces of eﬁu{pment (hardware). The inter-relation-
,ships'bf the programs and-data files can be seen in the flowchart
in Figure 4. The hardware configuration is shown in Figure 1.

In the flowchart, an information flow can be seen as well as a
cycle of program executions. Essentially, the system predicts the
satellite’'s position, tracks the satellite, stores and prints the
data, returns to the predicting program, and so forth. This

cycle can be entered by the method given in Section I. However,
from time to time, other operator action will be nécessary.

For example, the comp&ter's real-time clock must be accurately
set (see Sebtion‘III). As of thiéﬁﬁritﬁng,'bnly a manual method -
is available, and it has to be performed at least once a day for
various reasons such ascTBEkinaEcuracy and system crashes. A
better, automatic ﬁethod of imputting time from a standard clock -*
is being developed by the writer.

The-operator mist also nform the tracking-systém of thé latest’
description of the LANDSAT's orbit. This must be stored in a file
_called "ELEMENTS". The orbital information is contained in an
eight-number set which is supplied to WCB under a standing arrange-

ment with the North American Air Defence Command (NORADC) in

13



Colorado. Twice a week, NORADC sends the element set to the TWX
machine in Building 1155. A detailed description of how to enter
the elements into the system {s given in Section IV.

.Normally, entry to the tracking system is by execution of the
program'TRAtK, a FORTRAN program which calculates pairs of azimuth
and elevation angles to LANDSAT from NED. TRACK starts with the
current time and keeps. incrementing it until it calculates that
the satellite would be above the horizon. In other words, it pro-
- jects into the future from the current time in. the computer's
real-time clock. '

After the current date and time are input to TRACK, they are -
converted to Sideral time. This is done by a subrouiine called
TCALC. . Sidereal time is a relationship between the constellation
ARTES {Y) and the Greenwicﬁ prime meridian. Specifically, it is
an angle between the Greenwich‘pfime‘meridian and thekinerﬁia1
X-axis. which points toward the first point of ARIES (Escobal, p.
20)*. This angle is denoted by 8. This angle is called the
Tocal sidereal time. Knowing-the east longitude (Ae) of an ob-
server's station and, 0g (Greenwich Sidereal time) © can be eas%]y
determined. This is ‘given by 8 = ég-— Ae, where 0 < 8 = 2
{Escobal,-p. 20, Eq. 1.26). _

*See Appendix F for literature cited.

T4
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To find the sidereal time, the Juljan Date (J.D.) must be calculated.
The Julian Date is a continuing count of edch day elapsed since -
some- arbitrarily selected epoch. The epoch selected -for LANDSAT
orbital predictions in TCALC is January 1, 4713 B.C. Each Julian
Date is measured from noon to noon; hence, it ¥s an integer 12
hours.after'every midnight (Escobal, page'17). After the Julfan
Date aﬁd sidereal time are calculated, the next thing found is
TSINCE, the number of days since the most recent NORAD EPOCH.
TSINCE is then used to determine-the unit vector pointing toward
the satellite (see SGP of Fhis text). These uhit vectors are in
turn convérte& to azimuth and elevation éng]es at the observer's
station (degréeg cTocRﬁTsé from north and degreescébove the hori-
zon, respectively) (see SRY of this text). These two values and
the times at which they occur are then written on the disc under -
thé file name PTAE. The Time of interest is then iggrgménted‘éeconds
or minutes by the routine INCT, and the next values of AZ and EL
are determined, etc. In this incremental fashion,'%heibomputer ig
able to predict the path of the sate]1ite.acr6ss the sky at the
observer's site. o

The name PTAE stands for Paper Tape Azimuth ETevation. The
file can be transferred as it is to the'paﬁer tape punich by the
teletype command, "XFER/A PTAE $TTP". This will cause a paper
tape to be generated that is suitable for input to the paper tape

reader on the pedestal control equipment.

16



PTAE is a'disk file which comprises a time, a time increment,
and many pairs of azimuth and elevation angles. The file,ig
ended -with a special file terminator. An example of PTAE is shown
in Appendix C..

TRACK calculates azimuths and e1ev§tions at T0-second incre-
ments, so the angle pairs -in PTAE are pointing angles for instants
10 seéonds'apart. If these angles were fed to the tracking ped-
estal, the antenna would jump quickly to the next position.eveny
10 seconds. The progress of the saté111tevfs‘smoother thaﬁ this
jumpy motion, and it has been found that one-second incrementing
is sufficiently small for constant satellite acquisition. There-
fore, the program INTERPI 1§ executed right after TRACK to inter-
polate ten angle pairs for every one pair in PTAE. Furthermore,
INTERPT recodes the angles from ASCII characters to a binary
coded decimal (BCD) format suitable for the electronic interface
enroute to the command equipment. The ngw-angles are stored in a
binary file called BCDA;EL, and the qumbéruof angles in BCDAZEL is
stored in the file NANGLES.

The recoding is done by bit-mapping in the program INTERPI
(g.v.); the assignment of angular values to bit positions is shown
in Figure 8. A set of special interfaces, built by Robert Snyder
of NASA Wallops, is used to rouyte the BFD angles from the NOVA to
the 1848 Digital Comparator (see Figure 1). Input to the 1848 is

17



in the form of Two 18-bit BCD words vepresenting azimuth and
elevation. However, the NOVA can output only 16-bit words, by
way of the 4065 Digital Interface. TFor this reason, it was _ %

necessary to concatenate two pairs of 16-bit words into two-i8-bit-

words as shown below (see also Figure 8):

18.- BIT. SPECIAL i6—BIT
WORDS INTERFACES WORDS IN
QUTPUT THE NOVA
" TO .
1848
. >
1 |Ese
/ Cg =
=k
™ ;
D 24
= " = " P
. < c e WD
= :-I:i m-
m ” »
o
—_ ph 21
2 ERe
N 2%
3
J 24
= thd
m=
ﬁ‘
. o
: 123
. I > O Q
sj""h jgé
< 1l o
- / 12 -
g < - _ e Cc-lo
p . r
© m m-
2 N 5
DI
> 96
o
-4 v
~ E D
wD
m
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- <TCALC. -

TCALC is a time ﬁand]jng routine which calculates the fo110wip§
three variables:
© 1. Xd0 - No. Julian days; it is used to find TSINCE and
THETA (Escobal ; Pgs. 20, 21, 22). '
2. TSINCE ;Eﬂo:aof days since most recent NORAD EPOCH.
This is used bnyQPrgﬁffipd tﬁe'ﬂnif vector po%niing toward the
satellite (RDOT). '
3. THETA,0 - Siderea] time (measured in radians) - the
angle between a line from the center of the earth t6 the first
point of ;hé constellation ARIE§‘(]§), and the plane of observer's

meridian..’

Observer's meridion

Center of earth : .
| _’L* >Y

1% € .\ NED,Waitham

See Mosud, p.20

THETA is used by SRV in defermining Azimuth (A) and elevation (H). -

19 .



EXPLANATION OF TCALC VARIABLES

EP = 2442413.5 = Number of Julian days from an original EPOCH
to January 1, 1975. This EPOCH is January 1, 4713 B.C. (days).

TWOPI = 29r = 6.2831853072 (no units).

LAMBDA E = East Tongitude from Greenwich to NED = 288.784332°
(degrees). { Aga)

DTHDT =..25068447 - Constant used <o account for one extra
sidereal day for every troﬁica1 year (degrees/mim).

EPYR = DFLOAT (75) = An arbitrary year used as a reference
(years).

XJD = Number of Julian days (days).

N = T(2)-1 = Number of months in year up to last month {months).

DAYS IN MO (1) = Number of days in each month'(days). '

N = T{1)-1= Number of years up to last year (years).

TSINCE = Number of Julian days at INSTANT, the time of interest
(days).

INSTANT = Future prediction times, or the times of interest
(year, month, day, hour, minute, second).

DT = The number of hours, minutes, seconds which T, the time
of interest, is incremented for successive executions of TRACK.

TU = Time since January 1, 4713 B.C.; used-to find THETA G

(centuries).

20



THETA G§ = Greenwich Sidereal time at @ hour of a particular
date (degrees). ‘ _

THETA G = Greenwich Sidereal time (degrees).

THETA - Sidereal time at NED, Waltham. (degrees).

SAMPLE CALCULATION OF SIDEREAL TIME

August 23, 1975, at 10 hours, 15 minutes, @ seconds; Number
pf hours, minutes, seconds expressed in minutes:‘ DT =‘615 minutes.

XJD = 2442648.5 DTHDT = .25068447

TU = (XJD-2415020)/36525 = .7564271947227926

THETA GF = 99.6909833 + (36990.7689) (TU) + (.pPP38708) (TU)2
= 331.648591 6015499 '

THETA G = THETAGS + (DT) (DTHDT) = 125.85954%651549w°

THETA = (THETA G + LAMBDAE) (233;0) = .9530184520430946

radians

21



SGP

SGP is a FORTRAN subroutine embodying a truncated simpTlified
general perturbation theory for use in the determination of’
LANDSAT peointing elements. SGP computes oscu]ating.position,
velocity and mean classical elements. SGP is a first order
analytical integratién of the equations of motion including
perturbations caused by the first two zonal harmonics of the
geopotential. The zonal harmonic'constantg account for the
effects of the non-circularity of the meridian cross sections
of the earth. The. perturbations caused by these harmonics
are independent of the longitude of the sate]li}e. SGP is
based on the orbital elements a, AXN, Ayn, i, Q , and L
which are well defined for all elliptic orbits except those'
that are nearly equatorial. For equatorial satellites, the
e]eméntS'Axn and Ayn are ill1-defined because of the indeterminacy
of the node.angle §) to which they ;re referred.. The SGP
mathematical model is adequate to handle a majority of routine
cataloguing. Accuracy i1s said to be better than one part in

109,

22



SRY

SRV (STant Range Véctbr) is a FORTRAN subroutjne of TRACK
which transfdrms the orthogonal vectors and the time angle,
fHETA, from. subroutine SGP into an azimuth/elevation coordin-
ate system with the observer's station as the origin. Files
of azimuth and elevation angles in this coordinate system
describe the path of LAND$AT over a particular statéon guring

some interval.
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TRACKING THE SATELLITE: PROGRAM LS1

After TRACK has prédicted the satellite's path across the sky
and prepared a file of pointing angles, it chains automatically to
the program LS? which will perform any of over six main functions.
It is a complex multi-tasking program which defies flowcharting,
because program internal control shifts according to time as
counted down by the Real Time Disc Operating System (BDOS) and
according to real events in the outside world.

Typically, LST carries out the following main tasks:

1. Schedules itself by looking at the starting time of the
upcoming pass. This time is the first number stored %n the disk
Tile BCDAZEL.

2. Orients the antenna 1-1/2 minutes before the satellite
rises.

3. Starts repositioning the antenna second by second begin-
ning at the'instanf the satellite rises; and simu]taneougly logs
any data that arrives by way of the anténna/receiver/decoder path-
way (see Figure 1); and alsc simultaneously will accept corrections
from the terminal to advance or retard some number of seconds.
These corrections are made to improve antenna position.

4. Restores the antenna to the stow (upright) position when

the last angle pair in file BCDAZEL has been sent.
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5. Dumps the field data that. have come in from core buyffer
to.a temporary disk file called "SDF" (Satellite Data File).

6. Fin111y chaing to a program called QB3 which will decode
field data érom binary to an octal format similar to one used by

NASA at Goddard.

Note that once TRACK and INTERP1 have been executed for an
upcoming pass, LS1 can be run at any time up to one minute, 40
seconds before satellite rise time. Execution of LSY after that
causes problems which are signalled by a "W" being printed at the
terminal. One then has to quickly reset the system'c1ock; execute
LS1; and when the computer eventually types ":", enter positive
corrections that stand for numbers of seconds to enable LSI to ~
catch up with real time.

If further knowledge of LS1 is desired, the program itself is
the best source. The original source code is copiously annotated

ﬁith explanations of individual steps.
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QUTPUTTING DATA: (D3 and P3

QD3 and P3 are programs that condition the raw field data received

by the ground receive antenna for disk storage or legible output. -

QD3

Qutput to Qb3 is the disk file "SDF" which 'was produced by
LS1 immediately after the last satellite pass. Output from QD3
goes to a temporary file "LS2DAT" and a permanent file "STORAGE".
These file formats are shown in Appendix C.

The arrival time of each PCP message is recorded by LS1
by storing a seconds counter with each ﬁessage. This number of
seconds is accumulated from the beainning of each pass, and QD3
‘calculates a message arrival time by adding the number of elapsed
seconds to the starting time. The arrival time (Y, M, D, H, M, S)
is then stored with each message. The time used is Coordinated

Universal Time.

P3

Legible output of DCS data is obtained by executing P3. Input-
to P3 is from temporary disk file "LS2DAT". Essentially, the
program examines each message for the platform ID number. . looks
up the ID in a table, and decides how to interpret the data on the
basis of indices in the tap]e. These indices then divect program
control - to appropriate subroutines for calculating decimal numbers
and attachiﬁg Tabels. The kinds of parameters handied by P3 are

shown in the sitelist, Figure 8.
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APPENDIX A
HISTORY AND BACKGROUND OF LANDSAT PROGRAM AT NED

Since the Industrial Revolution in the 1800's, the rivers of New
England have been developed to supply water for power and trans-
portation. A§ new means of transportation became more economical,
both railroad and highway systems were built along the banks of
the rivers to service the expanding needs of the industrial, com-
mercial and urban centers. Structures, such as buildings, roads,
bridges and dams have restricted f]oodwayé to such an extent

that considerable property and environmental damages have occurred
during moderate and major floods. Notable floods of November 1927,
March 1936, September 1938 and August 1955 have demonstrated the

need for flood control to prevent these natural catastrophes.

At the direction of Congress, the U.S. Army Corps of Engineers
developed a comprehensive plan of protection for each river basin
after @ careful analysis of ail water resources. Protective works
génera11y consist of a combination of channel improvements, dikgs_
and/or floodwails at major damage centers augmented by upstream _
floed control reservoirs. Many of these reservoirs contain addi-
tional storage reserved for other uses such as water supply, con-
servation and recreation. The Corps has built 35 flood control
reservoirs,‘37 local protection projects and four hurricane barriers

in New England at a total investment of some $300 million.
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To achieve optimum operating benefits from this comprehensive
protection system, the New Eng]and Division requires hvydrologic
data such as river, reservoir and tidal levels, wind velocity and

direction, barometric pressure and precipitation.

In the past this data was collected from field observation and
relayed via telephone or voice radio. It took several hours to
compile and assess the data in this manner. With the need for
timely and reliable information increasing, the Corps began develop-

ment of new methods of data collection.

In 1970, the Automatic Hydrologic Radio Reporting Network was
placed in operation. This dground-based radio relay system con-
sists of 41 remote reporting stations, and a centra1 control at
Division Headquarters in Waltham, Massachusetts. This network,
under computer programmed control, collects and analyzes, in real
time mode, information which is essential for flood regulation.
The remote reporting stations are strategically located in five
major river basins and at key coastal points, with each contribut-

ing to a detailed, comprehensive hydrologic picture:

LANDSAT .
o .
In June 1972, NASA entered into a contract with the Corps for an

experiment to study the feasibility of using the Earth Resources

Technology Satellite (ERTS or LANDSAT) for collection environmental
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data from Data Collection Platforms (DCP's) which are installed
at 27 locations throughout‘New England. Many are situated at

existing U.S. Geological Survey gaging stations.

Since July 1972, LANDSAT has been relaying river stage, precipi-
tation, and water quality data from DCP's via the Goddard Space
F1ight Center to the U.S. Army Corps of Engineers, New England
Division, in near real time. This is the first resources satel-
lite designed to obtain data from the planet Earth exciusively for
planning, design, opérations and research of land and water re-

sources.
THE NED GROUND RECEIVE STATION

Since any opérational satellite configuration serving an urgent
function Tike flood control should include ground receiving stations
at all major user locales, NED, with NASA support, constructed and
-1s now operating an inexpénsive semiautomatic and easily maintained
ground receive station as a follow-up to its original study. The
Division is now able to receive hydrﬁ-meteoro]ogicaT data from data
collection platforms in the field directly at its headquarters in
Waltham, Massachusetts with no time delays. The software to drive
the antenna system has been developed with the intention that the
antenna operate in an unattended mode automatically over nights and
during weekends and holidays, with a computer controlling all

processes,
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The major objective of the program has been to compare }he effec-
tiveness of the LANDSAT Data Collection System (DCS) with existing

systems in aiding our watershed management functions.

Data collection platforms tested by the Corps have performed suc-
cessfully in all seasons including the winter months and also dur-
ing significant flood events, transmitting near real time operation-

ally useful data for our flood fighting missions.

The satellite proved invaluable %n April and early May of 1973
and 1974, monitoring flooding in Maine Rivers. LANDSAT relayed
data from five river points in that State to aid the New England

Division in the coordination of the flood emergencies.

The successful testing of the LANDSAT Data Collection System at
the New. England Division should encourage serious consideration
of the institution of an operational satellite data relay system
on a Corps-wide basis. Such a system appears to be more -cost-

effective than conventional ground-based data relay.

The .New England Division is also making a study of satellite
imagery to determine its usefulness in p]anning, designing and
managing water resource systems. To oﬁtain an overall broad cover-
age of ground conditions,imagery studies and measurements are being
made of fluctuations in'river, Take, and reservoir stages as well

as tidal changes, icing of water surfaces, location and depth of
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snow cover, moisture content of the soil, and water quality para-

_meters.

FLOOD CONTROL OPERATIONS

Data received at the New England Division's Reservoir Control
Center from either the Automatic Hydrologic Radio Reporting Net-

. work or the LANDSAT Data Collection System is compiled by computer.
This is augmented by information from other sources such as the
National Weather Service Meteorologic and River Forecast Offices
and the U.S. Geological Survey. Experienced engineers and hydroio-
gists at the Reservoir Control Center analyze thé data for timely .
operation of dams and hurricane barriers, and then issue instruc-

tions to operating fieid personnel.

Flood Control reservoirs, Tocal protection projects and hurricane
barriers built by the Corps in New England have been responsible

for preventidn of almost $300million in flood and storm damage,
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2
USaT-2 ~ DCP INFORMATION SMEET
U.S. ARNY CORPS OF ENGIﬂEERS. NEW ENGLAND DIVISION 1S APRIL 1576

OGP STATION NAME ’ A~ LaT LONG
NO. METER(S)*

7147 §T. JOHN RIVER AT MINEMILE BRIDGE, ME. RS LIES 46 42 00 59 42 59
7101 5T. JOWN- RIVER AT DICKEY, ME. RS UG . 47 BE 44 E9 o5 25

7355 MICHAUD FARM AT ALLQGRSH FQLLS HE. i gES :B 57 65 69 i1 43

7273 §T. JOHN RIVER AT FORT E S 7 15 27 €B 35 35
7@7L PENOBSCOT .RIVER AT UEST E RS 4 14 12 68 38 56
7272 CARABASSETT RIVER NEAR NORTH RNéON. ME. RS 44 52 8§ €9 57 20
7356 SACO RIVER AT CORNISH, ME. RS 43 48 35 70 46 53
7271 STINSON MOUNTAIN, N.H. P 43 50 86 Vi 46 49
7127 SQUTH MOUNTAIN, N.M. P 42 58 89 71 35 21
7291 PEMIGEUASSET RIVER AT PLYMOUTH, N.H. RS 43 45 33 71 41 10
7233 MERRINACK RIVER NEAR GOFF5 FALLS, N.H., RS 42 56 54 71 287 52
7214,7331 COLD REGIONS LAB, HANQUER,N.H. T VARIABLE

7248 WACHUSETT MOUNTAIN, MA. P 42 29 24 71 53 iS5
6063 IPSWICH RIVER NEAR IPSUWICH, Ma. (1) RS 42 39 35 7@ 53 39

7106 NORTH NASHUA RIVER AT FITCHBURG, MA. RS 42 34 34 71 47 49
7142 CHICOPEE RIVER AT.CHICCPEE FALLS, Ma. e 42 89 37 72 34 5%
7e21 UESTFIELD RIVER AT WEST SPRINGFIELD,HR. *le] 42 5 59 72 38 23

7207 FRENCH RIVER AT UEBSTER, MA, Wa 42 03 03 7% 53 o8
-2-— NED HEADQGUARTERS, WALTHAM, MA. T 42 23 46 71 12 56
7012 BRANCH RIVER AT FORESTDALE, R.I. RS 41 59 47 7% 33 47
7345 PAUTUXET RIVER AT CRANSTON. R.1I. RS 41 45 03 71 25 44
7254 CONNECTICUT RIVER AT HARTFORD, CT. RS 41 46 10 72 42 o4
7842 CONNECTICUT RIVER NEAR MIDDLETOUN, ¢T. RS 41 33 43 72 36 45
7286 PORTER BROOK NEAR MANCHESTER,CT.(Z) RS 41 4555 .72 0 12
7124,6216 . (3) RL AT GST GT UP
2042, 7325 (3,4)
7010, 7304,7171,7220, 7207, 7335 SPARES
X P - PRECIPITATION . AT - AIR TEMPERATURE(S)
WES - UATER EQUIVALENT GST - GROUND SURFACE
OF SNOUPACK TEMPERATURE
RS - RIVER STAGE GT - GROUND TEFPERATURE(S)
RL - RESERVOIR LEVEL up - UIND PACSAGE
UG - WATER GUALITV FY - PARAMETERS UARIABLE
(TEMPERATURE, T - TEST SET
CONDUCTIUITY

PH AND DISSOLVED
OXYGEN)

1) DCP BELONGS TO u.8. GEOLOGICAL SURVEY, BOSTON, MA. -
(2> DCP ON LOAN TO U.S5. GEDLOGICAL GURUEV. HARTFORD, CT.-
~ON DEMONSTRATION AT THE MANCHESTER MATLRE CENTER

{3 DCP ON LOAN TO u.s. (LRmy COLD R 5 R H AND
ENGINEERING LAB BUER EGIONS RESEARC

N.H.
(41 NOT 9ET INSTAULED " » N.H

@RIGH\TAE PAGE 15
' POOR QUALITY

FIGURE 9 2g-B =9
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APPENDIX D - GLOSSARY

ADR - Anlog to digital recorder. Typically a Fisher-Porter or Leupold-
Stevens recorder, equipped with a telekit.

Azimuth - Horizontal angle measured clockwise from north.
BCD - Binary Coded Decimal.

Chain - in programming, a call from one program to execute another,
thereby terminating its own execution.

Coordinated Universal Time - an observer's local mean solar time plus
the number of time zones the observer is west of Greenwich observa-
tory, corrected for aberrations in the spin of the Earth.

Crash - (v.i.)} - to cease functioning. Syn. bomb.

CRT - Cathode Ray Tube - Specifically, the Tektronix 4014 terminal
connected to the NOVA.

DCP - Data Collection Platform - Field installation used for sensing .-
parameters, encoding data, and transmitting data to satellite.

Disc (or disk) - medium for storage of data in the Data General Com-
puter. Refers to twenty-surface disc pack and drive which is a
peripheral device to the computer. Files on the disk are divided
into two directories, "DP®" and "USER". Mosi system programs are
in DP@, and most user programs are in USER.

Elevation - angle above. the plane of the observer's horizon.

Flowchart - diagram that shows flow of control 1n a computer program.
Elements shown are input, output, 1n1t1a11zat1ons, processes,
decisions, and connectors.

Julian Date - an arbitrary benchmark that is a continuing count of
each day elapsed since some particular epoch.

Multi-tasking - in a computer several program tasks competing for
devices and the contral processor on a priority or queued basis.

Octal - refers to a number system that has 8 as a base.

ag- D-1



Sidereal Time - the relationship between an observer's meridian and
some inertial coordinate system, for example, one based on the
constellation ARIES.

Real Time Clock - device in the Data General Nova Computer that con-
sists of a crystal controlled clock and associated DG system soft-
ware that are used (1) to keep track of date and time of day and
(2) to provide for Tow resolution timing.

Tracking - keeping the antenna pointed at the satellite, and in
conjunction with that, logging any incoming data.

Universal Time - see Coordinated Universal Time.
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TYPE L

1LCAD
RLDR S/K 16/C LS1 T1 T2 T3 TS UG ANT GARB-L TASKCALL FNT.LE - -1

EORT LB
TYPE L
LSI

OOOoOOOGO0

OOOO0

;DELETE/C GARSD

CALLED BY INTERP1 OR EXEC’ D BY ITSELF L]

WAITS FOR SATELLITE RISE _TIME -
ORIENTS ANTENNA, TRACKS
ACCEPTS GORRECTIOHS DUHPS DaTA AT END OF
PAsSS, STOMS ANTENMA IN UPREGHT POSITION
TURNS ON AND OFF CIRCULTRY IN COMMAND
EGUIPMENT, CHAINS TO QD3

TDB 14 NOU 75

HIN,
TELLITE, LOGS DATA

COMPILER DOUBLE PRECISLON

-DIMENSION ID(3),IT¢3),IT2¢(11),173(11),1T5¢11,
COHHOH/KBLK/ITI(IL)

EXTERNAL T1,T2,T3,7S

COHHON/KEYfKE?I KE!E KEY3,KEV4

KEY--S ARE USED TOQ PASS MESSAGES AS FOLLOWS:

KEYL T1 TO LSt
KEVR TL TO UG

Wi BACK TO T2
KE'Y3 TS TO T1
KE't4 Ti TO WG

COMHON - IBLY.~DAYSINNOL 12
DATA DAYSINMO-3L.,28.,31,,30.,31.,30.,31,,31.,52.,31.,

TINE COUHTER

%30.,351.7

2M1k=1,.5-1440.

CALL DFILUC"SDF* ,IER)

CALL CFILUW #8DF*,2,IER)

cAlL OPEN(S, "BCDHZEL",1,IER)
CALL APPENDC1G, " TLOG", 3, IER
CALL OPENs 12, *STARTAHGLE",1,IER
CALL OPENtY,*HNAMGLES™,1,IER)
GURDATE=0.

CURTIME=0.

KEYZ2=d

KE'(4=0

CALL TIME(IT, IER)

1F (IER.ME .1 )T/PE *TIMERR",IER

CURTIHE'DFLDHT(IT(I))+tDFLORT\IT(E)lJﬁe WIDFLOAT(IT(33 )7

$3600.

10

oM,

[y 1]

cﬂLL DATE (1D, IER)

IF(IEP.NE‘I:TYPE *DE*, IER

II=ID¢1~1

DO-6 Je1,1I

CUPDTE = CURDTE+DAYSINMOC ) v
CURDTE=CURDTE+DFLOAT(1D(2))

IFC<IDC3) 7424, EQG. IDCI 2 . AND CIDCL 3. 5T, ElJCURDTE'CUP[TE+1
CURDTE=CURDTE+CURTINE 24, ,CURPENT JUL TINE SINCE 1 J
READ(S, 10, END=100) TS INGE D of

DTE.GT.364. )TYPE ‘RESET EP ﬁHD EPYR IN TCALC O o
1 .GEE MOOD PAGE  FOR MORE INFO
IF(CUED!E <LE. (TSINCE-ZHIH)JGO T0 50 s TASK SCHEDULING
TYPE U ;T00 LATE FOR CURRENT PASS 109
CRLL GHﬁIN{‘TRRCY Sv<, IER)

IF(IER.NE.1 )TYPE "LSIRD,IER
CALL EXIT : R

TRSKEH T1 SEMDS ANGLES,Y2 ORIENTS,T3 GATHERS DATA
TS ACCEPTS CORRECTIONS CATHERS

READ(7,51)01T1¢2) ;HO. TIMES TQ EXECUTE
HOTE THAT ITL(Q) IS THE LI THAT Y5 MODIFIED EY TS
FORMAT(16)

RTIME= (TSINCE-LDINT (TSINCE 35424,
ITL{4)«XTIME ;STARTING HOUR
ITL{E)+({TIME- 6FLORT(IT1(4)?'!3600.
ITii6)=3

ITL(? DT

ITLCL1 =100

CALL FOTASK(DUM,TI, 171, IER.-il
IFCTER.NE, 1 )TVPE 'FQI" Ier
IMIN=ITL(5 )€

ISEC+ITL(T )~IMINKGO+. ] "
WRITEC18,60)IT1(4),ININ, ISEC
WRITE(15,80)1T1¢4), ININ, ISEC

FORMAT(" NEAT PA3s AT “I12,":,12,":*,I2)
iT28ra sl ;OPIENT ANTENRA DHCE
“TINE-||TQINCE =ZRINY-TDINT(TSINCE-ZM Lty Y424,
IT2¢4 I IDINT(KTIFE »

IT21G 1=+ UTIME-DFLOAT! IT214) 1)1 3600,
1T2161-3

IT2¢ 7T 1=

IT2{11)=200

CALL FOTASKI DUM.TR.178, IEP, -t ¢
IF(IER.NE.1)TYPE "FQ2',IER

IT3t2)=}

1T304)=1Tir 4

17T3151-1T1¢5)

1SECOND WITHIN HOUR

ER.HE. 1 1TYPE 'FO}',IEH

41171 49
S1=IT1'5)

ITE(71=0

ITS¢ 1112500

gALL FATASK(DUM,TS,IT5, IER, -1
IF(IER.HE. 1 VTVYPE *FO5",1IEP

INHE=Q

oLl RECIKEY1,TONEY

AL L FDEL?liaU) JWALT FOP ANT T2 PCH 5TOU POS.
I1=

PnLL ANTCII, ILLIT, 10,11 TURN OFF CIRCUITRY
ALL CLObEfS LEF)

CALL CLOSEIT,IEH}

SALL CLOSE(LZ, I1ER)

WRITE{10,7@)

WRITE(15,70

FoRImT

GRLL CHATH(*QD3,5v", JER)

IF(IER.HE .1 )»TYPE “CHER®,IER

cALL EXIT

GALL CLOSE(1S, 1ER)

END

(5
E
L FGTRbF(DUH,T3 IT3.IER, -1
1
t
f
{

st =t Yy o b 71 ot e P
e e e i e 2 T
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735

TYPE T1
C TDB 9 DEC 75

18

S0

R
TYPE T&

TasK T1

COMMON-KEY/KEYL ,KEYZ,KEY3, KEY4
COFMON/KBLE-ITL(11}

DIHENSION (4

=0

KEY4=KEV4+1
IF(KEY3.GE.@)G0 TO 10
KE'73=KEY3+1
ITI(2)=ITL(2)+1

GO TO 2%

RERD BIHARY(SOI{1)

IF(I(L3.EQ.~13G0 T

READ BINARY(S)H(I())Y,

CALL ANT(1(1),112),1(3

IF(KEY3, LE.Q)GO TO 25 ;QDJUST IF NECESSARY
i

? 3¢ ;EHWD @F FILE®
*

KEY3I=KEY3-1

ITi(2)=1T142)~

G0 TO 1@

CALL KILL

ggLE éHT(YEVE L1,850) TELL WG TO DUMP TO DISS
CALL REC/KEVZ.IONE: UAIT FOP WG TO FINISM

CALL #MTIKEYE,1,850) $TELL LS1 EGF HAS BEEN REACHED

CALL YILL
TYPE “XMTERR1®
CALL EXIY

END

¢ TOB 8,778

19
1S
2d
160

130
21

N i

TAsK. T2
DIMEMSION J(4)
CALL APPEND([S.'TLOG'...IEP)

10=0

READ BINARY(1231 GET FIFST ANGLE PalIF
FROM "STAPTANGLE®

IPOINT=2

GO TO 100 :GD SENL: PhIR
CALL FDELY(38) ;WaIT FOR ANTENNA TO GET THERE
DO 20 141,21 ,SEND ANTENNA CCu TUICE
RERD BINﬂRV\lE
IPOINT«2
GO TO 199
Call FIELY(21)
ONT INUE

C
GO TO 21

CALL ANT(J(1),J(2),J(3),8(4),10) °
URITE (15,1205
WRITE(10,150)
FORMAT(* ' . 7,24
B i
. oV

BEnD B iNaRIC 1&g OhcE
IPOINT -3
G0 T0 100
CALL FOELY(21)

CONTINUE

READ BINARY(S)J IFIRST LOOK GNGLE,
— ; T™OL GOES To T1

GO0 TO 100

1=2,%) sNO, GET 3 MOFE &'5
¥,1(41,10)  ;SEHD THEM 70 ANT

35 WRITE(10,132)
URITE(15,130"

13¢ FOPﬁﬁT(‘ 1)
CALL KT
CﬁkL fLOSE(lE IER)

R
TYPE 13
TASK T3
CALL U
CALL KILL
END

R

TYPE ANT

LTITL BT

LENT ANT :
EATD .CPYL, .FRET
JNREL

1=-167 L0 #Z
JeI+1 AL #Z
E=142 ;L0 EL
L=I+3 :HIEE
Maisd

F5.=5 sPROG, STDEY SMITCH

ﬂNTtJSR B CPYL

STA 3 R

DA & ﬁﬂ 3

Moy 0 O STR <8 c:;'l'i.ll-'-'!'i GFF BEDESTAL?

LDa 0 RIE’ sHO, SEND GNGLES

-n
u)

ISZ TTB

DOXS O DUC
MG 3 3

ING 2 2 SR
JHUP MOR

Bt LDa 2 PTH
JSR A.FRET

OFF: LDA © BQ
DOas 0 Dhuc
JiR B

:DRTA AREA
buc-

£S5t 135777 3OB1+0ES
B4: 133777 ;0B140B4
B3t 127777 ;0B1+0B2
B2t 117777 ;0B1+0B2
Fo: 1Bo+ipR

RTNi.-.
oM4t -4
Te=s

}



IVNIDIEO

nd JO0d &0

SF @ovd

RV

g1 ~-%C

TYPE WG SYNC: 12214
eI e ENiE: s
JEXTN JUIEX, .REC, .IXNT, .TASK, .AKILL, .XNT . CHB1e0:-2100.

LEXTD .CPYL, .FRET CTR: -

'?ﬂ?ﬂ KEY 4  ;LABELLED COMMON RS IN LS CHEP: MEP
. UGIJSR 4.CPYL
insuxcs COMTROL TABLE—--=<emm—e STA 2 RCd

DOCT: D STA 3 AL3
DCT? .- SUB @ @  GEN & ©

1B7 LDA a o2 16

15943 Egﬂ g CTR ur

———— A
T e T e fhe g5 s s o 0s
FFROM 4065 INTFC. LOADS S WORDS IN & Isc 1%

:ROM AS FAST AS DECODER PROVIDES THEM. HF -3 .
$TIMING MATCHES DECODER’S EXAGTLY LDA ? Buch  :DEFINE 4065 DIGITAL I @ BOARD TO SYSTEM
ISR42: NIOC DUC .5YSTH
5Th 2 URTN2 . IDEF
T08 & Son- avsti

.5Ys

JSR &.TORUF , -GDAY

, JUP @.EPT
LDA 1 ONS iou 2 EBL§NExT 7 LINEF STURE R,MY.DAY IN SDF
MOR: DIA @ DUC STh 2 NEP
JSF 8. TOBUF Sth 108
ING 1 1 &z X M 2%:
JHP MOR e 2 2
J0P oUT 5TA 2 FigP

TOBUF: TGEUF 2rop
TOBUF: LDA 2 &.MEE JHP @.EPT
§§g 892 MO 2 3 HEAT 7 LINES STORE MR,MIN,SES IN SOF
874 2 @.MEP & & 8 B°F
Jup @ 3 ez 2
TIR2_LDA 2 chits e L2t
Iczes 5TA 0 @2
e & 3 hez2

ton 5 Es\"”’
out: Lnangpenncss :GET TIME COUNTER . SUB 1 Bes :
Hi6s DUC
s;g 822 ;STORE TINE UITH MSe (REC " ;UAIT WERE FOP LSY LOOK ANGLE TO € SENT
STA 2 &,MBP ?;STH
+ IRMU
tha 2 SRTNE e o Eggr POINT TO FILE NAME
Lda 3 URTN3 SUE 1 1 ;DEVICE CHARS
NIOS DUG .
.APPEND §
;UIEX JHP #.ERT
iba.0 PBUF
MOUZL © ® ;BYTE POINTER
r—— (LOR 1 4200 SBVTE COUNT

URTH3E .~ ‘MRS B ;DUMP THE BUFFER



v-3-87,

oK
JHP A.ERT
JSR 8.FRET

DATA AREfH-—-———-—-~- ~rerm
20—,
[ SN

AMESS! .GADD KEY,1 ;POINTS TO 2NHD ELEMENT IM LABELLED COMMON, ‘KEY"

BHESSt .GADD KEY,3  ;POINTS TO TIME COUNTER ¢SECS) IN TL
ASDFY . +122

LTAT *USERISDF® ;SATELLITE DPATA OUTPUT FILE

C4ca0: 4200.

DUCH: 42

C=42

MBPid ;MOUABLE BUFFERP POINYER

LERTIERT

ERT: .5YSTH

ERTHN

PRUF :BUF

BgFé uFBLK 2190. EUFFER FOR 300 MSGETWDSMSG

R

TYPE TASKCALL

»TITL TASKCALL

JENT L TASK, . {MT, . XMTY, .REC, .KILL,.OUEY, . TOULD

+ENT L OVREL,.QUKIL, .Q7SK, .PRI, .SUSP, .PEND, . 1DST

‘ENT 'TIDSJ'TIaR"TIDK,'TIDP;IHKILL.-HSUSP

+ENT .ARDY, .RPEND, . AUNPD

JEXTN CTASK, AMTT,XMTTW,RECS, KILL, TOUEX, TOULD. TOURL, TGUEL
«EATN TGTSK,TPRI, TPEND,TIDST,STID,RTID,KTID, TIDP

JEXTH TaKIL, TAPEN, TAUNP

+EREL
STHIK = J5R @,
CTASK
«XRT = JSR 4,
nTT

JENTH = JSR 8.
MmITY

T JREC = JSR @,
RECC

LILL - JsR @,

KILL

UOUER = JSR Q.

TOUEX

JTRLD = J5R @,
TQULD

+QUREL = JS5R @,
TOVRL

JOUKIL » JSR @8,
TOUL,

‘Qm - JSR ..

Ta18K
PRI » J5R 4,

JSUSP = JSR @,
LIDST = JSR A,
LTIDS = JSR &,
-TIDR ~ JSP @,
.TIgK = JER A4,

JTIDP = JSR A,
LAKILL - JSR A,

TIKIL
JASUSP = JSR 4,
TAPEN
JARDY = JSR @&,
TRUNP

;EQUIVALENT RDOS CALLS

+PEND = ,SUSP
«RPEND = ASUSP
+AUNPD + JARDY

END
&
N

\\

GTOD
3123'76 1354159
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BB
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1
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TVPE TRACKLOAD
RLDR TRACK OT{ TCALC SGP SRV INCT SEMI EXAMR PEAK -
GﬂRB/L FORT.LB;DELETE/C GARB

TVPE TRACK
TDB 4DECTS
COMPILER DOUBLE PRECISION
DIMENSTON TT(6),ID(3)
CaLL FGTIH!I.J,KJ
TT(4)=1
TT(5)=)
TT(E)I=0

XMU=11467.25238

Af= (XML, XHNKS2 287
DD=—1.5&XJ2F (L, /AR 22 17 (DSOPT(L . ~EELFZ) 1283
DD=DD¥11,~1.58C(DSINIAIT » 1EX2
SEMI~AAY (L. +YYEDD-YYILDI¥S )

FETURN

END

R
TYPE INCT

¢ TDR

e 28.-78

COMPILER DOUELE FPE»ISIOH
SUBROUTINE IMCT(T,DT
DIMENSION T(E"

CALL DATE(ID,IER) _——— - -
TTCL1eID(3) .

TT(2s=1DC1)

TT{3)=1D(2)

CALL OT1(TT)

END :

g
TYPE TCALC
¢ TDB 2/88/75
COMPILEP DOUBLE PRECISION
SUBROUTINE TGALC (T, TSIMCE, THETA,LAMEDA £}
REAL LAMBDAE
DIMENSION T(6)
COMMON - IBLE -DAYSINNG( 12/
‘EP=244277E.5 ;1 JAN 76
TUOP1+6. 2831263072
DTHDT+ .250£3447 s DTHETA/LT
EPYR=DFLOAT(76 1
XJD=EP+(T(1)-EPYRI¥365. ;ADD 365 DASYF THRU LAST VR
HeTiB)-1, .
DO 5@ I=1,H ;DAYS IN MONTH THRU LAST MO
$JU=HJID+ DAYSIFNO (T 4
50 - CONTINUE
M=Tel1¥1. sH=LAST VR
DO 108 I=75.N CHECK FOR LEAP 7YPS THPU LniT YR
IF (I 4x4.NE.11GO TO 100
XJDa%JD+1.
1e0 CONTINLE
H=T{1) sHOU LOOK AT THIS VR
TF{N/443.NE. GO TO 200 +15 THIS HOT W LERF 7
IF(T(2).LE.2,760 TO 200 ;ARE UE BEVOND 2:2%%
XJDa%JD+1. ;¥ES, ADD A LEAP Dav
20¢ AID=ATID+T(3)
¢ JULIAM DATE AT INSTANT
TSINCE*XJIDAT (4)/24 .+ (T (5 1+T(61.°50. ),/ 1440 . -EF
DT=T(4)¥60. + T(S)+T(6)/5@.  ;(HR,NIN,SECS' AS RINS
TUs ( XID-2415020.0 136625,
THETA Go- *DHGD((99. 6920833+ ( 36000 7639XTU 1+ . 00038702
lTUltE!.SEB.

THETA G-DHOD(fTHETR GO+DT#DTHDT) p 369,
c SIDEREAL TIME IN RAD

THEE%;(DHODI‘THET& G%LRHBbﬂ EV,360.) )2TUOPL/360. -

R
TYPE SEMI

¢ 0¥ 2/28/75 .

CORPILER DOUBLE PRECISION
DOUBLE PRECISYON FUNCTION SEMICEE,XHN,XIT)
COMPUTES TeE HEAN égogntﬁ SERI-MaJOR AXIS OF A SATELLITE

XJe=. 09108248

590

709

ice

COMMON.- IBLX./DAYSINMO(IR)
IF(DT.GE.80.)60 TO 600
TeIsT(5+DT :InGR SECONDS
zFthG)-LToGG.|b0 TO 359
T(&)*TiB)-60, $RESET SECOMNDS
IFILT.0E.60. )TiG)=T/514DT-E0.
IF(DOT.GE.B. 13} TO 70

TrE=T\8)3+1 ;IMR PMINUTES

IFITIG,, LT, 53, M T 359
T(SW=T(5)-63. RESET MIHUTES
TCAYETI A3+,  ;IRCR HOUR
IFITCA . LT 24, % ap TC 250

Te41eT (4,24 PESET HP3

I=7(2) ;PTP TG NG

Ti2)aTi3+1, pIHER Dy

IYR=T1 1t

ILEAP=0

IF(3.EQ.2.#ND.IVP 44 4.EG.IVP1ILEAP4]
DAYSIHAOI 2 1= 2B+ TLEWP

IFtTi 3 LE. DAVSIHMG! I (160 TO 350
Tedmi. PESET DAYS
DH/SIHMO 2 w28, ;PESET FEE
Té2=Tr@i%1. :INCR MO
IF/Ti2 1 LE. 12, G0 TO 350

Ti2)ei. sRESET MO

T 1)eTi1141. SENCR VR

RETURN

END

F
T'VRPE E¥AHM
r TDE @-28 75

COMPILER DOURLE PPECISI(N
DOUELE PRECISION FUNCTION EXANDH XM, ECC)

{ UMPUTES ECCENTRIC AHOMALY USING KEPLER'3 ERUATION

kL

10
49

R
GTOD

TWOPI=6.2831853072
EXANM=DHOD XMM, TWORL )

DO 10 Ia1,50
AASECCRDSIN(EXANI)
DELH=XMM-EXaNS+Ah
ZZ-i.—ECC*DCCS(EYnN )
DELE=DELM '(ZZ4((.SYDELM I ZZITAN}
IF¢(DABSIDELE -).130,30,20
DELE-DELE/DQBSIDELEJ
EXANMEXANMHDELE

IE ¢ DARS(DELE )-. 0000301 140, 10,1¢
CONTINUE

CONTINUE

REYURN

END
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TYPE OT1

c

TDB_ADECTS

COMPILER DOUBLE PRECISION
. SUBROUTINE OT1(T)

DIMENSION T(6),TS(G}

REAL 19,IM,N0,HDOT®,Ma, HODED, NOBEM, LM, MM, NDOTH, LLONG,
$L0,NODDT, J2, J3,MU, IS, NODES, LAMEDA E

EXTERNAL SEMI

INTEGER YR

CONMON EPOCH, YR, 1%, NODED, OME GO, NDOTO,
280, £EM, 1N, NODEN, ONEGA, LN, M, HDOTM . E6,10, 10,118,480,
$ELONG, LLONG , EXLING , OREGL , TRUEY, RHAG, RDOT, NODDT, ORGDT,
UK, UY,UZ,PX,RY,RZ, RDOTX,RDOTY , RDOTZ

COMNON - IHLK/DAVSINMO(12)
tBeDﬂg? DAYSINMO.-3Y.,28.,31.,30.,31.,30.,31.,31.,30.,31.,

+s31.7

CO=, 01745323251 DEGREES TO PADS

ICOUNT »@

J2=.00108248

Qe-%.

J0=1

RE~1.

IM&NY =0

xg2=0.

Z=0.

ne0

Wei

TLOPI«6,2831353072

CALL APPEND(1S, *TLO:3*,'S, 1ER)

IFCIER.NE, 3 ITOPE "TLER", IER

CALL OFEN(5,'ELEMENTS®,1,1ER)

CALL IFILU('FTREY, IER)

CALL CFILWr“PTRE .2, JER}

CALL OPEN(4,*PTAE",3, IER)

IFCLER.NE, 1 )TYPE *OE', IER

C IHPUT FPGM NCORATD

REnb(S)EDOCH,HDOTG.IO.NODEG,E@.ONEGQ,NO,NG
OHEG@=GHMEGIT oMY
TO=TORCONY
HODEQ=NODES ¥ CONY
MO=MOYCONY
HO=HOYTUOPT
HDOTO=MDOTOXTWOPT
CALL CLOSE'5,IEP)
IF(IER.NE,1 'TYPE *CE*,IER
LO«MI+NODEO+OMEGD ‘
eSO

21, A(HE/ AKX ] . ~EOXRR s 1 1XE
HODDT»~TEMPADCOS (10 )

OMGDT=TEMPE42,-2.
EDTe So0 2. 5%(DSINCI0) »Ex2)
SDTe10. ’
DT=BDT
gaiETOPEN

(8,°COORD", 1, }
D s

CSPHL, GZCSPHT , SHFHI, CSPHI , GZSHPHT

LAKB D E'LQHBDH'E'.990?7 :E.L. CORR TO COINCIDE UITH
1PASSey NORAD PREDICTION

WRITE(12,69)
WRITE(15,68)

FORMAT(" SATEL
20 8 te1 8 LITE RISE TIME

-

PASS &

PERK  DUWATION®)

25
29

Ch
CHECK TO S
353

239

150

132

135

333
333
293¢0
300
aso

287

R

TSOIIsT()
CALL TCALCH T, TSINCE, THETA, LAMEDA E)
TSINCE=TSINCE-EPQLH ;ggéraF DAYS SINCE MOST RECENT MORAD

CALL SGP(TSINCE)

CALL SRUY THETA, H, 4, GLESPHI  G2CSPHI, SNPHI , CSPHI,
}FSHE.NE.x1)Go'76 £ad P : . G2SNPHI )
-

Z=g
X0
IMAtY = IMANT+1
JO=1

AvYQ.D

STEL=93.08 35TOW ANGLE
URITE(4,339)R4,5TEL

IF (IMANY .NE, IPHSS /G0 TO $0@

CALL CLOSE: 4, EEP)

CALL TLOSE«8,IER)

CALL LLOSEf 1S5, IER)

CALL <HAINL *INTERPI.5U" , IEP.
IF(IER.NE.1OTYPE "LSCE*

LL £XIT

HEE% If SRTELLITE 15 ABOYE THE HORIZON
IF(H.LT &, )60 T2 250
IF(Q.GE, 2, , OR.IFLAG.EQ. 1160 TO 199
IFLA4Ge]

DO 159 I=1,6

T1Iy=TS({LY

bT=5DT

H=Q

“2=DnT

G0 TO 26

Q=H

IQUER~ Y

CALL PERK(IMANY,H,Z,¥, ICOUNT &, LT, [GIER )
IFLAG» &

TFeJOEG. 1 WRITE(IE, 38T ,Ti6).T(£)
@,128°T ar
L] 'F a

3.

4) T
IFLJO.EG. 1 WRITEL 4),T(c),T(
FORMAT (LR, E(F3.a" - )
JO=2

TREaTSINCE+EPOLH

IF UL EG. D IURITE (4,333)753, DT
FORMAT {13, F 14,2715 ,F5.1)
WRITEL4,323 )8, H

;gﬁgRT(EH W, F5.2,1IHE,F8.2,'t ")
b=

DO 300 I=1,6

TS =T(I}

CALL INCTI(T,DT)

GO 7O 20

IF(G.GT.@. )DT=RDT

1F(R2.EG.0)60 T0 887
IFL0,GT.8)X2=DY

GeH

U=t

GO TO 250

END

L4
*
)

{
(
»

GTOD
3123f76 1618216



c

C-—~-=THIS ROUTINE COMPUTES SARTELLITE PQSITION USING @

o]
C
C

COMPUTE

19

COMPUTE

ae

L

TYPE 5GP
SGP BY TDB

—— REV 2 14 75 AT 1430 ¢
CORPILER DOUBLE PRECISTON

e, AT
_GENERAL PERTURBATIONS HETHOD CLHSSI A H

< RET, " AHD POSITION, VELOCIT?, & OSCULATING ELEMENTS APE
RETAINED

REAL 1@, 1M, H3,NDOTO,NE, NODEQ, NODEM, LM, NM, NDOTM, LLONG,
SNDOTG, L0, NODDT Ja J3,hud, is, NODES

EXTERNAL EXANM

INTEGER YR

COMPUTE,

INPUT PUPAMETERS

COMMON EPOCH, YR, MO, HODEQ, OIEGO,NDOTE,
$4l,EM, TN, HODEN, OﬂEGH LM, N, NDOTM EQ NO,IG,LG AQ,
SELONG, LLONG EXLNG, OﬂEhL TRUEU RHRG;RDGT NODDT,UHGDT;
%, UY,UZ,PX,RY, ,RDOTV RDOTY, RDOTZ

Ja'093103243

J3=-, 000002562 '

NDOTE=0, .

» RE=1.

(=1, _ ,
TWOPI=6.2831E2530a72 . *

TIME VARTANT MEAN ELEMENTS AT TSINCE

TT=TSINCE TIME SINCE EPOCH (DAYS:

D= N0t=T+NnoTatT:tta+n00T6tTT¥t3 sCHG IH MEWM ANOMALYS
DOMES=0OMGDTTT :D ARG PER

DHODE=MHODDTYTT -D HEC HODE

L= DHODLIL6+DN+D0HEG+DN0DE1 THOPI ' ;MEAN OREITAL LMGTUDE
DREGM=DNOD 1 UMEGB+DOMEG ), TWOPT 1 3. P.
NOBEH-DMOD‘tHUDEO+DHODEJ,TU0P!1 :Ra OF nH

IMa1@ sIHCLINATION UNCHNGD

SINI=DSIH IM

COSTADCOSLIMNY

NHM*HO+2, TNDOTORTT+3, anOTGxTT&:E

AM=AOKLC(HA/NM kS, 3333333333)&12)

Ef*l.~fdAMtel.-ED)

IF(EM)10,10,20 - .

EH-@.@Q@GI P

e Tule.

Lol o T ln §al ol

)

T s T

+

AMD APPLY LONG PERIODIC TERMS (SUBSRCPTH
TEMPL = VvJ3-J2 sk (AE/AN H¥SINL- (1. -ENYES)
AXHL=EMEDCOS (OMEGM )
AYNL=EM¥DSINCOMEGH v=. SXTEMPL
ELONG=DEQRTF AXHLAX2+AYHLTSZ)

QHEGL=DMOD ( CDATANZ2LAYNL, AYNL + s , TWOPL 33 PRE&EPUE GUAD
PERIODIC OH L 15%¢

LOMG
LLOHG BHUD((LH- 25tTEHPL1ﬂhNLtl3 +6.XCOSI L (1.4COSI )Y,
QTHOPI

SOLDE KEPLER'S EGUATION AND OTHER TUO- BOD?'FORﬂULAE

LONG PERIODIC ECC ANOM:
ENLNG-EKANH(LLOHG~OHEGL ~NODEN. ELONG)

NL- '

C TRUE ARG OF LATITU
:TRUE

c

U-E.!DﬂTﬁH(DSGRT((I FELONG) /41 . ~ELGHG Y Y2 {DSINC(. 5%

s e ELoNGK00: (ExL
KDCOS(EXLNG)) ;R SUB L
TRANSUERSE COMPONENT OF UVECTOR

COMPUTE

RUDT=DSGRTwMUXANE (1 . ~ELGNGY¥X2 11471, /RﬂﬁG)
PADIAL COMP OF VEL VECTOR
FHGDT*DSGRTtﬂutﬂﬂ'tELONﬁKRNﬁG*DSIHfEKLNG)

AND APPLY SHORT PEPIODIL TERWS .
TEMPS=,254JE4tAE L nMe: . ~ELONGX 8217 ) £%2 ;PERTURBATION
SINZU=DSINC(Z. €TRUEU } -bOHSTﬁNT

CLOSaU=DCOS 1 2. ¥TRUEL )
RIMG 2 RMAGHTEMPSAS IHITA2YCOSEUR L ARkl 1 . ~ELINGS K2 ) )
TRUEU=DMQD{ ( TRUEU- . S¥TEMPSY1 6. ~7. tSINI¥ 12 y¥SIN2U 1+, TUOPI ?
15=1M+3. ¥TEMPSASINI FCOSI ¥COSRY

. NODES=NODEM+ 3, ¥ TEMPS tLOSI S THEU ' .

QUANTITIES FOFP QUTPUT
SHODE=DS 1M HODES v
LNIDE=DCOS(HODES »
SINIeDSIHLIS)
GNS51=PGOS: 15,
SINU=DSIH TPUELH
. 05 =DC0S: TRUED ¢
, UNIT WECTOR POINTING TOURRD SWTELLITES
SEE P, 194 IH ESCOBAL, "METHODS OF OFRRIT LETEPAINATION®,
T CHESK YRLUES .
=G OSUATHODE~SINUASHODEACOST
LY =COSULSHORE+S THUACHODEXCOSY
UZ=5INUASINI
Yo n=S U CCHODE- OSLESHODE ¥COUST
=S THUSSNODE+COSULCHODEYLIS]T -
VZ=C)5Us5IN]
x5 IHIESHODE
Wy ~SIHI$CNUDE
WZe)s 1
R =RMASFU
Ry aRMAGEDY
CZeFMRGEUZ
SDATX=RMADT CUARUDT (L5
¢ RDOTY=RAGDT EUY+RUDT AV
RDITZ«RMUGDTIUZHRUDT 4T
RDOT=D3QRT RDﬁT\$28+PDUT”¥18+PDOTb$32l
FETURH
- END

3


http:DM=TOtTTIlDOTTtta+NDoTsTT.t3

g-1-8&0

TYPE SRY .
c SRV (SLANT RANGE. UECTOR) TDB (8,22/75)
¢ COMMENTS AFTER LINES IN THIS SUBROUTINE -
¢ ARE EGUATIONS IN APPENDIX OF ESFOBAL,
“METHODS OF GRBIY DETERMINATION®
COMPILER DOUBLE PRECISION -
GaSUﬁR?gTINE SRULTHETA, H, R, G1CSPHI , GECSPHI , SHPHI, CSPHI,
$G2SNPH
REGL 10, TN, B, NDOT®, M@, HODER, NODEM, LI, N, NDOTM, LLONG,
$L0,NODDT, LK, LY, L2, LKH, LYH, L2ZH
INTEGER YR .
COMMON EPOCH, VR,@, NODER, OMEGE, NDOTO,
2AM.EM, IM, NODER, OMEGH, LM, Hi, HDOTM ,E3, N2, 10,10, 40,
$ELOHG, LLOMG , EXLNG, OMEGL TRUEL, RMAG, RDOT ,HODLIT, GMGDT,
$U%, Y, UZ,PX,RY ,RZ, RDOTX, PDOTY , RDOTZ
FUOPT=6.2831853072 ,
X= (GI1CSPHI F2DCOS (THETAK | 1A.62
¥e(G1CSPHIVADSTN(THETA) 1 1A.63
RHOK=PX+Y ;10,68
RHOY =R+ 317,69
RHOZ*RZ+GASHPHI ;18,70 .
RHOH*DSORT! RHOXA A2+PHOY TA2+RHOZES2)  31m. 74
L+ =RHGA-RHOH ;UNIT VECTOR FROM SITE 1A.72 T0 SaTELLITE
Ly =RHOY-RHOH ;DITTH 1A.73
L7+PHOZ RHOH; DITTH  1A.74
£OSTH=DCOSt THETA )
SINTH=GSIN THETA )

LAHS LXESHPHI$ OSTHeLY tSNPHIRSINTH-LZRCEPHL kR, TS
LYHe=LndSIHTH+LY$CGSTH  ;DITTO
LZH=L#COSTHICSPHI+LY kSINTHACSPHI+LI#SHPHE DITTL

LOSH=DSORTY L, = LaH 1)
H*DATAH LZH. COSH» 3 1A.TE IH MOOD

CORFECTION FOP PEFPHCTION FOLLOUS ( QURTESY OF PALPH PrSs (35FC)

HaH+. 000710008 Ha (DS TH H)+DSORT ! .04+ DETHIH " $42Y)

H*360.kH-TWOPI ;+ {P - DEGREES FRCM HOUPIZON

AzDATAHZ LYH ., «LaH) 11R.77

&350, ¥ TWOPE ; DEGREES W FPOM HOPTH

IF (ALY .0 AeE+360,  ;AaDJUST COOPDINHTE SVSTEMS

EEEURN
H

PR A A A A

SIS

TYPE PEAK
¢ JHE &/30/%5
COMPILEP DOUBLE PRECISION
SUBROUTINE PERKCIMANY,H,Z,4{, ICOUNT,A, DT, IOVER)
Call APPENDIIS, " TLOG", 3, IER .
TCOUNT=ICOUNT+1
IF(H,LT.Z 130 TO, 333
ZrH
RE TURRK
333 IF(V.EY.1GO TO L
M= THANY+1
HUM= TCOUNT-1
ZHUP =LY ,
ANUMs (ZHUNE2XDT » 60, .
IFLIOVER.EQ.Q GO TO 10
IF(ZEG.9 JYR.S.EQWOMWRITELE, 222 LM, Z i3l
10 IFV\S.EQ.& ARLED.GWRITELR, 222 /IN, T, KHUN
ed2 FOPMATs L1x,13,5%,F7.2,2%,F5.0- <.

Lt T i

IF ST TE Rl AL LT 30 ALL FOHANC R URIT2D . 80
1 CONTIHUE

CcALL ﬁLUEEtlg.lER\

RETUR
END
F
STOD
32376 16:20:8
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Py NEOTAG
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TYPE £3

C RMC 8 JAN 76

19
11

20

EMPEri2}
JBINI9),LBINC3
1. CHK

COMAON 7 JBLK #HUM
COMION 7 JBLK/J,K
COMMON/JBLK COND
CALL DFILUC*DATA"
CALL CFILU("DATA",2

DIMENSION IDK(I:
I 4

s

»
a
S
’

CALL OPEM(9, *LE2DAT™,1,1ER)

IF{IER ME.1 )TYPE"OQE» ;[ER

URITE(S, BlJ

WRITE(16,21)

ggknnrtla . “PID ',ax,'srﬂrron NANE® 9%, *DATE™ ,BY, "EST*, /)
READ(T, 16 yIDX :
FORMAT (T4, 1%, I1,1%, iaﬁa) :
IFLG=0

PEAD(E, 1@ END 150)1PD

FORMAT (14

RER&(?.iB.ENB-iiJITEHPI,IPID,ITEHPE
FORMAT(8A2,14,12A2)

IFCIPIL.EQ. IPDIURITE(S, 19 ITEMPL, IRID, ITENPR
IFVIPID.En, IPD) IFLGsIFLG+1
FORNAT (1%, 608,14, 12R2 )

GO TO 6

PEUIND 9

IFCIFLG,EQ.9)60 TO 39

CHLL CLISELS, IER)

CHLLnopEH(S,‘DﬁTﬂ‘,i.IER)

DG 16 lde],IFLG

READ(S, 29, END'1451]V IHD,IDD IHH, MM, 258, TIEPF, IPLD, HUN
FORMAT(11,512,01,14,84 J

IF(IERR. EQ 17b9b)$0 TU

gngoU¥II(IY , 1M, IDD, IHH,MH 155)

25
CIFCIDR(1, 13,66, 1010360 T0 49

r3:4

45

48

61
St
&2

f)g; ﬂ

CONTEINUE

IND=ID¥(2,1)

DO 45 J=3,t2

K=J=2

HAMECK v IDKIJ, I/

WRITELG,48)1PID,NARE, ING, IEBD, IV, THH, [4M

WRITE(1Q, 48)1PID NﬂKE IHO,IDD,IY IHH, 1M

FORﬂﬂT(lX 14, lX,lEﬁE 1? I2 ’f‘,IE,'/',IE 14,12,":0,12,2)

GO TO(Bl.Ga 63,64,.65,66,67,68,69)1
WRITE(S,51) e
URITE(19,51)

FORHQT(SX,‘TEST SET*)
GO0 TO 15

ity
Q.1.)G0 70 1
URITE(6,54)5 i
URI?E(}gx54;$G

»* =", Fg.2Y
GO 10 IS &

_ CALL ERTDA

IF(QHK‘EG.I)GO T0 125

55
64

=4

69

12%
130
3s

15e
154
156

1¢e0

WRITE(6,55)5
WRITE(10,56.5
FOPMART (34, *PRC=",F5.2)
63 TO 1S :
COND=2

DOX=9

TEMP =@
PH=Q
CALL UTQLY
IF(CHK.EQ.1. G0 T 125
WRITEY 6,56 )COND, DEY, TENP, PH
URITE(1@,58)COND, DOX, TEHP PH
FORHﬂTlBN,'CD' F6.1 E?,'UO' F6.3,-,
?4326'UT‘ +FB. a,ah,'PH",F5.3
CAlL SHOPfNUH,IHD DEPTH)
IF(CHIK.EQ.i GO TO t2%
WRITE{10,57 )DEPTH
URITE(E,S?IDEPTH
FORMAT (3}, "IJES="* ,F7.3}
) T 18
WRITE(6,58 )
YRITE(10,58)
FDRHﬁT(?X *CRREL" )
'..10 ™ 18
ALL ERTDA:
CRLL SNOPCHUM, THD , DEPTH »
IF{CHK.EQ.1)50 TO 12%
URITE(E,59)5,DEPTH
WRITE(19,59)5,DEPTH
FURHRT(3K, 576" SFB.2,84, "UES=" ,F?, 3
30 T 1S
”QLL ERTDA
CONDewy
DOA=0
TENP«2
PH=2
CALL WTQLY
IF(CHK.ER. 1160 TO 135
WRITE{5,Ed15,C0HD, DOX, TENP,PH
WRITE(16,6015,COND, DOX, TEMP, PH N
FORMAT {34, °5TG=" ,FB.8,- ,43%, " (D" ,F5.1,3%, ‘[0=",F6.3,
s 434, T Y, FB.2,2N, “PHs" ,FE. 2)
50 TO 1S
WRITE(B,52)
WRITE(1R,52)
FORMAT 3N, "DERG. SET)
50 T 15
URITE%E.!SGJ
WRITEC1IO,1
Fﬁﬂﬂﬁfibk 'INUﬁLIﬁ'
bONTI UE.

12 1o
IF(IDR'I,IQ).EQ.IPDIGO T0 154
SONTINUE
GOTO 4
D) 156 Jo-3,12
KGr»JG=2
NARE Q)< ID{1JQ, 10D
IFUIFLG,EQ.Q )WRITE(S, 160) IPD, NAME
IFCIFLG.EQ.@IURITE( 1D, 168 IPD, NANE
FORMAT (81X, 14,1, 12AR, 4X,'H0 REPOPT" )


http:NAMlEkO).XDXJO.IQ
http:URITE(G.52
http:FORMAT(3X,6S701'F.PRXULJES2.,F?.31
http:IARITE(6.SS
http:10.56)COND.DOX.TEP.PH
http:F(i.Q.f1
http:IFtIPID.E0
http:0URITE(10.21
http:t*ITE(6.21

01-3-9¢

145 REWIND S IA=3¥J%-13-1)46

GO TO 4 o5 Jréggnurxx-7J4s,4s.ss
150 CONTINUE X
CALL CLOSE(S, IER) LALL DCBRYI LETH,RUIM I¥ 3, 3)
CALL DFILW("DATA', IER) D0 i@ L=1,3
CALL CFILU(*DATA',2, IER) JaL+K
CALL CLOSE(6, IER} JBINCS 1aLBIN(L)
cALL CLOSE{(7,1ER) 10 CUNTINUE
CALL CLOSE(S8,1ER) 55 RETUPH
CALL CLOSE(9,IER) END
WRITE (10,2803 B
2ee0 FORMRTC 7777 ) TYPE BINEL
CALL CHAINS"TRACK. 5\, TER) SUBROUTINE BINES
IF(IER.NE.L)TYPE"CEs ', IER COMMON JELE /NUM 24y, SUMCL2 4,331, JEIN 99, LEIHI 3)
STOP COMMON/JELY. 2.1, 5,F, 3%, [, NAMEL12 ), CHF,
END ' COHMNGN. JEER- COHD, DO, TEMP, PH
R DO 4€ [+2,2
TYPE ERTDA M=1-1
SUBROUTINE ERFTDN . IFCJELNLY 140,10, 46
COMONK - JELK./HUM(24 ), LEINA 3+, JEIN1 91, (51, SUM 12 10 1F(1-612€,30,39
COMMON/JBLK A J,K,5,F, JX, L4, HANMET 121, CHK 20 IR a2 3i5-1)
COMMOL JELKCOND , DOY . TENP, PH GO TO 4€
JJ=3 30 I ATVt 8
§=9 G0 TO 45
Fui. 40 R
Jirg 45 C OHT LHUE
30 NEDRTRY: M=
=3 Do 20 Mel,z
T=3, 005 fls &3 Trm(2-H
DO £0 I=J1,J2 SURT 1 1=
IFCNUMI L3, GT.T Y GO TO 40 M B0 L=l,d
Bnk =3 LX= G- (4=L1)
cALL ncspanEtN.nuntlr.JJ) SURCM = SUSEI D +7(L
DG 18 L-1,3 NEERTT
gLk =) LONTTHUE
19 JBIgtJl'LPIHfL' TFCSUM(I =13 52,76, 7
7 ke
b3 20 1=2,9 30 CONTIMUE
IF\I-GJ31,38,31 PETUPN
32 F=10,%F . ENI
T-0.005 R
K126 : . TUPE DLBPY
31 IF1JBINYT 129,285,280 ¢ et
25 T1:F42. X8 1-K1 ) . SUEROHTIHE DCERY LRIN.KUM, I
TeT+T1 - DIMERSION LBIN.4)
1F{Fxie.-T140Q,26,26 LG 1@ I21.JJ
26 Sal4Tl 10 LEINtI) =0
<9 CONTINUE IF (HUM)S, S, 35
Ji=4 . 35 DO 3¢ KKe1,NUM
Fr.01 : I 16 I91.J0J
IF(J2~4)30,4@,40 JaJI=1+1
RETURN IF(LEING J)129,20,15
49 CHKC=1. 15 CONTINUE
RETURN 20 DO 26 1=J,JJ
a END as tﬁ%"tl"?
M(J1a
TVYPE BIMAZ 30 COMT INUE
€DC 1/1/75 . © 8 FETURN
SUBRGUTINE BINA END
connonzsatnfﬂun:a4) SUMe12)y, % %zé Bén\QJ,LEIN|3> R
¥, CHK

CONMON-JBLK/J,K, S, F.JX, 14, NANE
corn JBLK~COND, DOX, TEMP - PH

DO 18 14,3


http:IF(NUNf(I4.GT
http:IF(SUlM(M-1je,70.IG
http:CHAINfl'TPACK.SV

K gova TVNIDINO

EATTIVAD ¥O00d J0

L1-3-36

TYPE UTQLY

3e

19

SUBROUTINE UTGLY

OHHON/JBLK/NUH(24) SUM(12)3,%18),JBIN(9Y,LBIN(3)
COMMON/JBLK/J K, 5,F, X, IX, NQHE(IEJ,CHK

COHHON/JBLK/COND;DOX,TEHP;PH
DO 25 JX-1,6

CALL BINAL

CALL BINB!

CONTINUE
IF(K-6)19,38,30¢
COND-8

DOXwe

PHe@

TEMP=0

COND=1.5£(100LSUN(4)+10LSUNCT1+SUNCE) )
DOX=2. 037(190¥SUH(11)+1GISUH(12J*SUH(33J
PHe0. 2144 ( LOOXSUN(S 1+ 10 RSUNCE 1 +5UMC T 1)
TEMP=D, 041(109190”(8\+10*bUH(9)+SUHf19J‘

RETURN
CHK=1.
RETURN
END

#
TYPE UTII
C RMC 13 JAN 76

¢ CONUERTS ZULU TIME TO EASTERM STANDARD TINE (EST)
SUBROUTINE WTII¢IV,INO,IDD,1HH, MM, 155)

INTEGER DAYSINMO
COMMON. TBLK. DAYSINMO(12)

DATA DAYSINMO-31.89,31,30,31,29,31,31,39,31,30, 31

IHH= IHH-5

IFF155,GE. 30)MM«AM+1
IFMN.GE .60 THH=THH+1
IF MM.GE .68 MM =MN-E0
IFCIMH.LT, 0 [DD=ID0=}
IFLIHH.LT.Q 1 IHH= IHH+24
101D, LT, & MG THO-1
IF7IMO.LT.L)INO=TMO+i2
IFLIDD.LT. £ IDD=DAYSINMGC IND
I¥=1Y+70

RETURN

END

R
TYPE SHOP

VPR FEEERSE

SUBROUTINE SHOPIHUM,I, DEPTH\
DIMENSION HUM{E4)

CRCT+6.98

IF(].EQ.S)ICRCT+3.92
DE=SATNUN{ 16+ TNUR( 17 )+HUM(18)
D7=G4ENUM( 19 )+25HUM{ 20 )+HUM(21)
DEPTH=(D?/L6 3XE5 ., 36~CRCT
EEEURN

TYPE, LSTLE

G
¢

85

SUBRQUTINE TO CALCULATE DISCHARGES AND VALIDITY FROM
VALUES OF STAGE AND STATION RUMBEP

SUFRQUTINE LSTGE(ISH,STHGE,OQ,HAME, DA, J) .

DIMENSION DlsCH(44), NAMEC 16)

COMON/KBLK.-LEL (15)

DATA L51.,7147,7101,7220,7071,7272, 7356 7&61 7233,
$6063, 7106, 7304, ?345,r254 7335,7aee, 6504

DG BE Nel,16

IF(LS1(H).EQ.ISNIGO TO 8

CONTINUE

GO TO 235

HHeN-{

CALL FSEEK{13,HH) | .

T=INITIHL STAGE IN TABLE; 02=5TAGE INCPEMENT IH 2HD LINE

READ{ 13, 3NAME, DA,T, 3, DISCH
FORMAT (6, 18R2,241,F6.9,124.F6,.08,6: /13X, 9F8.01 )
J=Q 505 VaLLD Or J=1 FOR MO URLID STHIE
IF1G)sR, 50,21 ;FOP BUMMY FILE, INCRANT (@) WILL BE @
IFLGTAGE-T )51, 22,28
==, 005
GO T 28%
DO B0 H=i,43
ExSTUGE -T-NYQ
R=(5+Q. Q
Z»DISCHINY
PaDISCHIN+LI=Z
IF F124,60,65%
IFLS70,70,60
INTERPOLATE ON PaTIHG TQELE
IF1Z2)52,52, 790
IF:R151,162,152
QrPk PI¥L .G
GO _TO 5@
Qe2+PXP+ . 00T
G0 TO €0
GONTINUE
EATRAPOLATE CNH RATING TABLE
g-g*PtlZ—DlﬁﬂH(N-l\)4.005
RETUPN
END


http:CRKT-6.98
http:IF'IMO.LT
http:IF't'IN.GE
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TYPE OD3

O0O0O00

io

TDB H 76

PROégﬂna$0 CONVERT LANDSAT HSGS TO HASA-LIKE
FORMAT. THIS PRCUIDES INPUT
PROGRAN ACCEPTS MSGS FROM ALL DLP’S AND SCPEENS DUT
THOSE WHICH ARE NOT NED’

NED'S
DIMENSION IA(G),IBC(12)

CALL APPEND(15, *TLOG",3,
IF{IER.NE, 1)TYPE "QLER',
CALL QPEN(S,YUSERISDF ",
CALL DFILW(*LS2DATY, JER

to *P* AR “P3°

1IER)
1IER
% , IERY

¢ALL CFILM(*LS2DAT",2,1ER)}

CALL OPEM(SE,'LSEDAT*,3
CALL APPEND (7,'STORRGE

IER-
v,3,1IER?

1F (IER.NE. IJTYPE "OPENERR"

WPITEC1@,10)
URITE(1G,10)
FORHHTI/')
ICOUNT =@
ICT=0

IYRa26

READ BINARY (%) INONTH, IDAY, IHR, IMIN, ISEC

ISEC=ISEC+EOFININ

READ BIMNARY(S)IfH,1SC
I15C=I5C+I5EC-TCTH 3600
IF(ISC.LT.362d50 TO 4
ICT=1ICT+1
15C=150-10TH2600

THP» [HP+1

IF (IHR ,GE.24 ) IHR= THR-24
INIMN» (I35 209} .

I 150 =604 IMIN
IFLIMIN.LT.68W0 TO 57
INIH=2

IHP« I[HR+1
IFFIHF.LT.24)G6) T9 S
IDAY=IDAY+H]

IHR=&

CONTINUE
IF(1ALLJ.EQ.QI1G0 TQ 102
ICOUNT=ICOUNT+1

DO 20 I=3,6

ID=IA¢ IV, AND. 377K
IC=ISHETI T Ty, =81
ICSIC.AND. 37?K
Julxz-1

IBiJ)~IC

JaJ+i

I5{J)=1D

CONTINUE

ICHK«TA(2 ) . AND . 20030K
IAL2)eAL2) JAND, 77?77K

;STRIP EVERTHING BUT THE DCP #

IF(IA{2).EQ.6063K.0R. xa‘am EO GSGdr)GO To 2%

IF{IA(2).LT.7000K))GO
IF(Ial2).EGQ, ?SE?K)GO TO

IF(1A(2).EQ. 75148 )60 7O 1
IF(IA(2).EQ:7346% )60 TO 1

L

-

IER=BE2B4 ;ASSUNE N0 ERROR, OUTPUT & ELANK

£.12)

=5,12)
=5, 12
S,ta>

i5

1008

120

110

;GET STRRTING TIHE
$GET DATA AHD SECONDS COUNTER

IF (ICHK.GT. 1)159*1“696 -4 IF ERR 19 FLAGGED OUTPUT AN “E*
URITEfG,SS)IYF INONTH, 1DAY, IHR,IMIN, ISC, IER, TA(2), IBIK) K~

WRITE(10,35 ) IYR, INONTH, 10AY, IHR, ININ, 18C, TER, IAr2), (IBIK),K
WRITE(15,35)IYP, IMONTH, IDHY, IHR, EMIN, 184, 1IER, TAC2), (IB(K),K
URITE‘¢,35)IVﬁ,IMDNTH,IDﬁV,IHR,IMIH.ISC.IER,IQ(BJ,(IB(K),K-

COHTINUE -
FORMATWIYN, I1,512,A1,014,8013)
GO TO 1

CALL CLOSE(S,[EP;

CALL CLOSE! 6, [ER)
WRITE«10,1E03ICOUNT

WRITE (15,120 JICOUNT
FORMAT(" TOTHAL HUMBER OF MES3AGES = *,13)
URITE(10,110,

YRITE{15,118

FORUAT(, /s

CALL CHAIN(*P3.5U*, IERY

IF (IER.NE.1YTYPE “GLER",IEP
CALL EXIT

EnD -
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TYPE L52D1S
1 46 5T JOHN R,NINEMILEBR ‘
2 46 0.3 43 g4
3 46 1430 1810 2240
4 46 7380 8416 9528
5 46 17800 19200 20899
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& & L 47 ST JOHN R. DICKEY
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2 50 9.5 2 5
‘3 50 2030 2590 3239
ad 4 50 £520 940 10300
&8 5 50 17000 18190 13208
\ & 59 27200 23500 29200
™ 1 51 SACO R, COPMISK
1, 2 51 2.5 218 351
= 3 51 3240 4040 4350
454 12000 14130 15400
5 i P4E00  3CBOe 27200
6 51 36700 5100 39590
1 32 PLYNMOUTH 323
02 32 .5 5o
3 32 J250 3750 4290
432 9480  104i@ 11360
532  18570.0 19670.8 20770.¢
6 29100.0 30356.0 31650.0
173 corFs FalLs 123
3
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6
1
2
3
4
5
6
1
3
3
4
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1110.8
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1449
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52
70
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4

]

65
1215

33000
95000

4630
13600
42599
75999

116009

278
4530
12200
21400
32300

761
900
17900
23900
42499

430
5432
13359.2
£3¢59.9
34310.¢

2359.9

0 36440.0 41240,
65240.2 T0040.0 74800.0 79400.0 S4006.0 33890:0 93606,0
%23000.0113900.31lSG@%.glES@BO.8128099-0133000.0138000.0143300.3148000.0
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@ 3 @
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1818 1130 1360 1409
] 9 ] ®
e 0 0 o
o ) 0 e
9.2 1,60
200 299, 42l 569
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@
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H.B.
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oo Q0005

9.0

LS00 SROOW
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0.9
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2.9
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EOOGO 9

60089, ¢ 66002,

CRE GRS
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C PREVISUS LINE IS MAPPING

3D

SO0
»

: 49
B 4 DEC TE PPOGRAM TO CONUERT DECIMAL AZIMUTH AND
ELEUSTION ANGLES TO BCD SUITABEE FOR' INPUT TO
IMTERFACE 50

TO 1845 DIGITAL COMPARATOR

COMPILER DQURLE PRECISION

DINEHSION %172),XR2(2),IBCDH(2),IBCDL(2) 100
COMNMON IBLKABGCDHIGH: 193, BCDLOU(B), ISTOW(E )

DF’TQ BCDHIGH}EGGCJ 100. .89- ,40.,33. ,10.’.8! '40 aao » 1./

ELD TRELE

DATH BCDLOW- .S, .4,.2,.1,.08,.04,.92,.01/

STOL ANGLES AND FILE ENDER . £ot

DATA ISTOWQ,0,200K,211K,~L/ uT

CALL OPEN(S, *PTRE",1,IER) ' 105
CALL OPEN{E, "BCDAZEL",3,IER) 105
CALL COPENC7, "HANGLES", 3, IER)

IE(IER NE.1)TYPE "O£",1ER

Di=1 110

PEAD(S,6,END=CRR)TSINCE ;READ 15T REC ON FILE

READ 5, 7IDT, X2 120
FORMATLF14.9)

FORMAT(FS.1-201X,F6.21) 7e¢
IFIN=DT 560
WRITE(G, 11 )TSINGE, D}

I{Tat

{FLG=0
FORNHT!F14 9,F6.1)
@ To 1@ ) -

IFLG=@ x
1F(RBS1X2(1)~X1(1)),6T. 330)IFLG'1
iFCIFLG.EQ, | )X201)=X2(1)-360.

ALING=(A2¢1 »-X101) /DT

HEIHC-(HE(E)—Xi(E)J/DT

[0 105 INC=L1,IFIN

DU le@ Ist ,2 3RZ LEL

r\.”i(IJ

IHIGH=9

IL0W=0

b% 39 J=t1,10

IFIB“DHIGH(J) LE.X)GO TC 20 ;CHECK BCD TABLE
GC TC 30 :SMALLER THAN UALUE IN TABLE

Ax=BLOHIGH(J) ;> =UALUE IN TABLE

[1=)+2-0J~1 )42
G FROM DO LOOP INDEX TO BIT POS

CALL ISETCIHIGH,I1T) EBIT R ON P,9- FOR
CONTINHUE ORDE H o T

TR Bepiout 3y LE. 1000
! L, LE. X160 TO
60 T6 50 40

" X=X=-BCILOW(S)

ITmd4B=(. =1 %2
an% rssrcrLou,Ii

NTINUE
IBCDH(I)=IHIGH
IBCDL(I=ILOW
CONTINUE
gg%TchINﬂRY(GJIBCDLtli +IBCDHU1 ), IBCDL(B), TECDHI 2
]
X1(1)=X1(1)+X1INC
IF(X£(1).GE.Q}G0 TO 201
X1(1)sX1(1)+360. .
X1(2)1eX1(2)+)2INC
IF(X1(1).,G67.360, )X1(1)=Xt(1)~-366. ;PROB NOT NEEDEL,E

;31T MAPPING

CONTINUE

IF(IFLG. EO 1)K3(1)‘32f1)+360.

R1(1 =D

X1()= xata)

READ(S, 110)%2

FORBRT(B(!X F6.2))

IF(¥8(1J .EG.9.AND.X2(2).EQ. 98)GO TO 126

G0

URITE BINARY (6)ISTOM
WRITE{?,70011ICT

FORMAT(1X, IE)

CALL CLOSE(S,IER)

CALL CLOSE(G,IER)

CALL CLOSE(7,IER)

CALL CHAIN(*LSi,SV",I1ER

gg(lER NE. 1)TYPE'INTERPIERR' IER

END


http:XC(I).XB
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APPENDIX F - LITERATURE CITED AND RELATED DOCUMENTS

1. Escobal, P.R.* "Methods of Orbit Determination”.
New York: John Wiley and Sons, 1965
2. "How to Use the NOVA Computers". Data General Corporation
Southboro, Massachusetts
3. "Real Time Disc Operating System", Revision 3 or higher.
Data General Corporation, Southboro, Massachusetts

4. “Fortran IV", Data-General Corporation, Southboro, Massachusetts

*Referred to in text.
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THE LANDSAT SATELLITE
and

FLOOD CONTROL IN NEW ENGLAND
JUNE 1976

HISTORY AND BACKGROUND

Since the Industrial Revolution in the 1800's, the rivers
of New England .have been developed to supply water for
power and transportation. As new means of transportation
became more economical both railroad and highway systems
were built along the banks of the rivers to service the ex-
panding needs of the industrial, commercial and urban cen-
ters. Structures, such as buildings, roads, bridges and
dams have restricted floodways to such an extent that con-
siderable property and environmental damages have occurred
during moderate and major floods. Notable floods of Novem-
ber 1927, March 1936, September 1938 and August 1955 have
demonstrated the need for flood control to prevent these
natural catastrophes.




v <

At the direction of Congress, the U.S. Army Corps of Engi-
neers developed a comprehensive plan of protection for each
river basin after a careful analysis of all water resources.
Protective works generally consist of a combination of chan-
nel improvements, dikes and / or floodwalls at major damage
centers augmented by upstream flood control reservoirs.
Many of these reservoirs contain additional storage reserved
for other uses such as water supply, conservation and rec-
reation. The Corps has built 35 flood control reservoirs,
37 lTocal protection projects and 4 hurricane barriers in
New England at a total investment of over $350 million.

BALL MOUNTAIN DAM AND RESERVOIR JAMAICA, VERMONT

To achieve optimum operating benefits from this comprehen-
sive protection system, the New England Division requires
hydrologic data such as river, reservoir and tidal levels,
wind velocity and direction, barometric pressure and pre-
cipitation.

In the past this data was collected from field observation
and relayed via telephone or voice radio. It took several
hours to compile and assess the data in this manner. With
the need for timely and reliable information increasing, the
Corps began development of new methods of data collection.

2% F -\




LANDSAT

Since July 1972, LANDSAT has been relaying river stage,
precipitation and water quality data from DCP's via the
Goddard Space Flight Center to the U.S. Army Corps of
Engineers, New England Division, in near real time. This
is the first resources satellite designed to obtain data
from the planet Earth exclusively for planning, design,
operations and research of land and water resources.

THE NED GROUND RECEIVE STATION

Since any operational satellite configuration should include
ground receiving stations at all major user locales, NED,
with NASA support has constructed and is now operating an
inexpensive semiautomatic and easily maintained ground re-
ceive station as a follow-up to its original study. The
Division is now able to receive hydrometeorological data
from data collection platforms in the field directly at its
headquarters in Waltham, Massachusetts with no time delays.
The software to drive the antenna system has been developed
with the intention that the antenna operate in an unattended
mode automatically over nights and during weekends and hol-
idays, with a computer controlling all processes. A dia-
gram of the overall facility is shown.

TIME CODE
GENERATOR

DisC

LANDSAT
SATELLITE

COMMAND NOVA
TRACKING EQUIPMENT (a—COMPLTER

ANTENNA

RECEIVER |[= == == e o o » DECODER

NED GROUND RECEIVING STATION DIAGRAM

A -F 4

In 1970, the Automatic Hydrologic Radio Reporting Network
was placed in operation. This ground-based radio relay
system consists of 41 remote reporting stations, and a cen-
tral control at Division Headquarters in Waltham, Massachu-
setts. This network, under computer programmed control,
collects and analyzes, 1in real time mode, information which
is essential for flood regqulation. The remote reporting
stations are strategically Tlocated in five major river ba-
sins and at key coastal points, with each contributing to a
detailed, comprehensive hydrologic picture.

In June 1972, NASA entered into a contract with the Corps
for an experiment to study the feasibility of using the
Earth Resources Technology Satellite (ERTS or LANDSAT) for
collecting environmental data from Data Collection Plat-
forms (DCP's) which are installed at 27 locations through-
out New England. Many are situated at existing U.S. Geo-
logical Survey gaging stations.

LANDSAT SATELLITE
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A major objective of the program has been to compare the
cost, reliability, and operational effectiveness of the
LANDSAT Data Collection System with the existing NED radio
network.

Data collection platforms tested by the Corps have per-
formed successfully in all seasons including the winter
months and also during significant flood events, transmit-

ting near real time operationally useful data for our flood
fiaghtina missions.

TRACKING ANTENNA DATA COLLECTION PLATFORM
AT NED WALTHAM, MA. SACO RIVER CORNISH, MAINE

The satellite proved invaluable in April and early May of
1973 and 1974, monitoring flooding in Maine Rivers. LANDSAT
relayed data from five remote river points in that state to
aid the New England Division in the coordination of the
flood emergencies.

The successful testing of the LANDSAT Data Collection Sys-
tem at the New England Division should encourage serious
consideration of the institution of an operational satellite
data relay system on a Corps - wide basis. System analysis
is being performed to refine cost data and to articulate the
datacollection needs of Corps users.



The New England Division is also studying imagery regularly
collected by LANDSAT to determine the usefulness in plan-
ning, designing, and managing water resource systems. It is
well established that such imagery is suited to measuring
areal extent of ice, snow, and open water, and for estimat-
ing moisture regimes. Our studies involve computer analysis
of scenes and will explore indirect methods of calculating
- other hydrologic parameters as well.

INAGERY PHOTO TAKEN FROM LANDSAT

FLOOD CONTROL OPERATIONS

Data received at the New England Division's Reservoir Con-
trol Center from either the Automatic Hydrologic Radio Re-
porting Network or the LANDSAT Data Collection System is
compiled by computer. This is augmented by information from
other sources such as the National Weather Service Meteo-
rologic and River Forecast Offices and the U.S. Geological
Survey. Experienced engineers and hydrologists at the
Reservoir Control Center analyze the data for timely opera-
tion of dams and hurricane barriers, and then issue instruc-
tions to operating field personnel.

Flood control reservoirs, local protection projects and
hurricane barriers built by the Corps in New England have
been responsible for prevention of about $300 million in
flood and storm damage.

25 -F- 10




Lieutenant General
William C. Gribble, Jr. John H. Mason
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