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1, STATEMENT OF WORK

The statement of work includes data analysis and supporting research
in connection with the following broad objectives:

(1) Provide a precise and accurate geometric description of the
earth's surface.

(2) Provide a precise and accurate mathematical description of
the earth's gravitational field.

(3) Determine time variations of the geometry of the ocean
surface, the solid earth, the gravity field, and other geo-

physical parameters .



5. ACTIVITIES RELATED TO THE NGSP
(Grant No. NGL 36-008-093)

2.1 Data Acquisition and Processing

An updated position regarding the acquisition and processing of the

data of the ISAGEX and WEST programs is given below.
2.1..1 WEST Data

The unified optical observation program, now known as WEST (Western
European Satellite Triangulation), was begun in 1966. The program was con-
ducted by a subcommittee of the IAG (International Association of Geodesy).

The program was formally terminated in }:972 (Resolution No. 1, Sixth Meeting
of the Subhcommittee in 1972). Duving the program approximately 3,500 simul-
taneous plates Weré acquired.

The Department of Geodetic Science is examining the possibility of
including data from the WEST campaign in the OSU WN-14 worldwide solution
for two reasons: firstly, to strengthen station coordinates which are presently
included In WN-14; and secondly, to add selected new stations where appropriate,

“.The WEST data was given to OSU in two forms. The first form consisted
of cards in two sels. One set contained the direction cosines, referred to
the Greenwich Hour Angle/Declination coordinate system, for single fictitious
images for each plate for all simultaneous events. The other set contained
information on the standard errors associated with the direction data. The
second form contained the direction cosines of seven fictitious events for each
plate for all simultancous events, No specific information concerning the
precision of this data was received although some information was derived from
the earlier dafa,

All data was transcx.‘ibed to magnetic tape and is listed below:

Tape Name WNO0002

DCB characteristics RECFM = "B, LRECL = 80,
BLKSIZE = 8000

TFile No. 1 Single image dircclion cosines

Preceding page blank 3




File No, 2 Standard errors associated with single
images

File No, 3 Seven image direction cosines

Steps were taken to use tihe single image data when it arrived.
OSU did not hold any program which could reduce this type of data at
first, but another program (OSUGOP) used for similar data was modified.
Previously OSUGOP had been used to reduce the BC-4 seven image data and
was later modified by Dr. J. P. Reilly to accept single image ohservations.
By the time of this last mentioned modification, however, the seven-image
data had been received, hence there are no further intentions of pursuing
this aspect of the compufations,

The WEST data will eventually be added to the WN-14 solution
by combination of normal equations. In order fo generate these
and assess the internal consistency of the data, closed figures W;'.il need
to be identified. These will then be computed as an independent network.
Residuals and standard errors at the stations will indicate the quality
of the data, Since all data has been preprocessed in a consistent manner,
it should be of high quality.

During the WEST campaign a series of bulletins was distributed
which documented the current status of the operation and also gave
‘mformation concerning the definition of the participating stations, coor-
dinates, movements, etc. To eliminate some of the confusion an attempt
has been made to identify all stations iIn WEST, ISAGEX and the WN-14
net which are identical and then obtain ties befween the remaining stations
which are in close proximify and have been connected. Correspondence
was initiated with Mr. Guniher of Computer Sciences Corporation in this
regard, It is not expected, however, that the problem will ever be

completely resolved.

2.12 ISAGEX Data

The Centre National d'Etudes Spatiales has provided OSU with data



acquired during the ISAGEX satellite observation compaign. The data
consists of 5,186 laser ranges and 8,562 optical observations which were
purported to be simultaneous. The intention behind the acquisition of this
data was to examine its suitability for inclusion (either in whole or in part)
in the OSU WN-14 solution which contains some unacceptably large uncer-
tainties in the area of Weslern Eurcpe. Because most of these stations
had participated in the ISAGEX campaign, it was expected that their uncer-
tainties could be reduced. .

A number of dynamic solutions have been made by other agencies
‘using both optical and laser data from ISAGEX. The interest at OSU was
to make solutions in the geomeiric mcde, .

The laser data was examined for simultaneity by computing the obser-
vation times at the satellite in International Atomic Time for all data.
Th':ese times were then examined for simultaneity. The OSU program
GEOMSG which was to have been used for the solution, defines simultaneity
in terms of a discrepancy of 0.2 ms., Using this definition no simultaneous
observations were detected.

Examination of the optical data was more complicated. The first
test was to discover the amount of data which was simultaneous by using
the above criterion. This would show whether further processing was
Warra.nted. A wider definition of simulfaneily was used to accomodate
possible variations in observation times which would arise from prepro-
cessing. Approximately 10% of the data satisfied the test, indicating that
further examination was warranted. ‘

The requirements for preprocessing were considered., The ISAGEX

Data Handline Booklet, No. 16 [April, 1973] provided most of the informa-

tion required; and other data was extracted from the remaining ISAGEX
pﬁblications. A summary of the information extracted can be seen in the
attached table, The summary indicated that preprocessing by OSU was
possible but not practical due to limited resources. Wolf Research and
Development Corp. offered to undertake preprocessing of the data using their

GEODYN program, -suitably modified. The offer was accepted.



Observations made on satellites GEOS I, GEOS II, DIADEME-C
and DIADEME-D were preprocessed initially because their orbital elements
were available at Wolf for the observational period. Flemenis for M}DAS‘
and PAGEOS were later provided by SAO,

The preprocessed data was then tested for simultaneity and a total
of 353 observations proved satisfactory., Before including the data in
the WN-14 solution it was to he tested for acceptable quality. The test
was to consist of performing solutions using only ISAGEX simultaneous
'data.. If the data was satisfactory the normal equations so generated were
to be added {0 the WN-14 solution directly.

Of the simultaneous data, only observations between stations 1147,
8009, 8010, 8034 and 9004 formed a closed net. Conseguently the data
from these stations ‘was extracted and a number of solution runs were made.
Very large residuals resulted even after a number of iterations. The
constraints imposed were as follows:

"inner" constraint

station coordinates for 8010

chord distance for the line 8010 - 9006

station heighis for all stations.
Station heights were found by adding levelled heights to geoidal undulations
.computed for the stations under consideration.

Station 1147 showed very large residuals and was removed; then
the solution was repeated, Variances and weighis were altered in accor-
dance with the estimated variance of an observation of unit weight. Although
the residuals were greatly reduced, they remained unacceptably large.
Furthermore the variances of the resulting station coordinates were also
very large. The residuals were tabulated and compared with those from
the current WN-14 solution and were found to be larger by a factor of
about 100,

The position will be re-~examined on receipt of preprocessed data for
MIDAS 4 and PAGEOS from Wolf Research & Development Corp.

A summary of the status of ISAGEX data held at OSU is given in
Aftachment 1. A sunmmmary of the preprocessing in respeclt to the dala held
at CNES is given in Attachment 2,
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Attachment 1 (§ 2.12)

Status of ISAGEX Data Held at OSU

CNES has sent three sets of printouts containing ISAGEX

obgservations data:

a. The first set is dated September 1973.

b. The second set is dated December 1973 and was
accompanied by 2 magnetic tape on which the data
was recorded. The fape has been refained. A
listing of simultaneous observations was also included.

Tape is nmbered No. I.

c. The third set is dated April 1974 and was accompanied
by a magnetic fape on which the data was rvecorded,
The tape has been retained. This is Tape No. 2 and
is the revised version of Tape No, 1.

Note that CNES tapes are written in 7 track, 556 bpi, even-

parity, the characteristics of which are given below:

The data is held in both cards and card images on magnetic tape.

TAPES:

Tape No. 1 and Tape Nol. 2 have been received from CNES,

Tape No. 2 has been designated ID WNO0004,

We have an additional tape, ID WNO0003.

The revised Tape No. 2 that was received from CNES,
contains both laser and optical ISAGEX data current as of February
1974. The tape was written with the following characteristics:

Seven tracks
Even parity

556 bpi

Record length 80



Attachment 1 (8 2.12)
(Continued - 2)

Block size 80
Tape ID WN0004
Tape No. 2.

.'I‘he data has been franscribed in identical format onto OSU tape

with the following characteristics:

Nine tracks

0dd parity

800 bpi

Record length 80
Block size 8000
Tape ID WN0003
Label=(, BLP)-

File No. 1 Laser data. Unaltered. 5188 records. Most recént data,
raw format,

File No. 2 Optical data. Unaltered. 3562 records. Most recent daia,
raw format,

File No, 3 Both laser and optical combined. Reformatted as follows:

Laser Section

Column . Characters
1 1 Quality index
2 2 Year
4 2 Month
6 2 Day
8 11 Time ~ hours, min, sec
19 4 Station number
23 6. Satellite number
29 10 Range
39 7 Synchronization
46 4 Time scale
50 7 Time to UT1
57 1 Timing accuracy index
58 4 Range correctior
62 4 Pressure
66 3 Range correction index
69 5 Orbit number
T4 3 Temperature
77 3 Relative humidit
30 1 Obscrvation type



Attachment 1 (§2.12)
(Continued - 3)

Oplical Section

Column Characters
1 1 Quality index
2 2 Year
4 2 Month
6 2 Day
8 1 Time - hours, min, sec
19 4 Station number
23 8 Satellite number
29 5 Film number
34 9 Right ascension
43 9 Declination
52 BLANK
53 3 Timing accuracy
56 1 Index for observation type
57 1 Reference system index
58 1 Camera type
59 i Time scale correction
66 5 Correction to UT1
71 6 Observation accuracy
77 3 Time scale code

Tile No, 4 As for No. 8, but in chronological sequence (by raw time).

File No. 5 Optical data in chronological sequence {in UT1) in original
CNES format.
CARDS:
Data set A —ISAGEX optical in chronological sequence, All
observations have been reduced to the same time
scale (UT1). Not preprocessed (File No. 5).
Data set B — ISAGEX laser in chronological sequence. All
observations have been reduced tc the same iime
scale (UT1), at the satellite, at the instant of
reflection.
Data set C — ISAGEX optical, preprocessed, arranged in
chronological sequence.

Data set D —ISAGEX optical, preprocessed, as received.



Attachment 2 (§ 2.12)

Summary of Data Preprocessing as Held at CNES

Agency/Station

. Coordinate System

Corrected for Di-
urnal Aberration

Corrected for Par
allactic Refractim

Time Given

Corrected for An-
nual Aberration

Mode of Obser-
vation

7 Mode Correction
Applied

Time Scale Used

SAO

Mean,1950.0

No

No
At plate

Yes

Stationary

Yes

GRGS
Mean,1950.0
No

No
At plate

No

Dakar
Tracking
8019 ]
Sidereal

No

Pagsive
Station
Clock

ASTRO- | ONDREJOV/|
SOVJET POTSDAM
Mean ,1950. 0{ T rue of date
No Yes

No 1181 only
Flash and |Flash and
at plate at plate

No Yes-
Sidereal
Tracking

N/A Not known
Passive Passive,UTC
UTL(USSR)

BRITISH

True of date

Yes

Yes

Flash

Yes

Stationary

Not known

DUTCH

Mean,1950, 0

No

No
Flash

No

Not known

SWISS

Mean, 1950.0

No

No

Flash

Yes

Sidereal
Tracking

Not known

All active cobservations recorded as GEOS-2 flash times.
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2.2 Delermination of Transformation Parameters

2.21 Modification of the Veis-model

Subsequent to inclusion of transformation modes [section 2,21 of the

Fourteenth Semiannual Status Report of OSURF, Project No., 3820 A-1,

January through June 1974], our program was modified to obiain Veis's

model rotation angles from Molodensky's angles which have been obtained

directly from direciion cosines.

it , b, ¢ and dA, df, dn are the respective angles of Molodensky's

and Veis's models, from Equation 3 of the above gquoted reference,

) B .
dA sin o cos g sin A
d¢ = 0 cos Mg
dn -COS (0 sin @y sin A,

cos Ag 0
-sin A g 2[') (1)
COS Ag €

J

Further, applying the principle of propagation of ervors,

ZdAdgdn = G ng{m G’,

where

(2)

Z:dzf&dr;d.g is the variance-covariance matrix for dA, dy, d€»

wy e 1is the variance-covariance matrix for w, ¥, €.

sin ¢, Cos:(Dg Sin Ag
G = 0 cos Ao
-G0S Qg sin ¢ sin Ay

COS 0y COS Ag

~sin A,

sin ¢g €Os Ag

The information vide equation (1) and (2) above can then be used as weighted

constraints iIn our standard seven parameter solutions.

solutions were without these constaints.

11
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The above modification was then used to obtain fresh solutions in respect
of foux: major datums viz North American, European, South American and |
Australian— superseding Tables 2.2-2, 2.2-5, 2.2-9 and 2.2-11 of the
reference guoted above.

The results are given below:

A. Australian - WNI4 (T'able 2.2-1)

B European 50 - WNI14 (Table 2. 2-2)

C. North American 27 = WNi4 (Table 2.2-3)

D South American 1969 - WNI14 (Table 2.2 -4)

A summary of the results is presented in Table 2.2 -5, which super-

sedes the corresponding results in Table 2.2-12 of the Fourteenth Semi-

armual Status Report.

2.22 The Vanicek-model

A new model for correlating geodetic datums with satellite systeins
was presented at the International Symposium on Problems Related to the
Redefinition of North American Geodetic Networks, May 20-25, 1974,
Fredericton, N.B., Canada by P. Vanicek. The salient features of
the model are:

(a) The fundamental system for reference is taken as the
Average Terrestrial System (ATS),

(by The satellite system is assumed to have the same origin
as ATS but not the same orientation, i_. e., three rotation
angles (w, ¥, €) would be needed to bring it in the ATS
system,

(¢) Any geodetic datum is related to ATS through three franslations,
one scale and one orientation parameter. In this model Vanicek
showed that a geodetic datum can be made parallel with ATS by means of
a single rotation (A) about the cllipsoidal normal at the origin

point of the datum.
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Table 2.2-5

Summary of Datum Transformations to WN-14 System

Datum Australian National ~ ED-50 NAD-27 SAO-69
“Transformation : ! * N : ! * ’
Model Parameters | Parameters| Parameters | Parameters| Parameters. Para;ne_atea;s Parameters | Parameters
Au -157,0+£1.8 - 99,44 .4 - 31,7 1.4 -~ 96.6+3.0
Av - 59.1x1.8 ~132, 0:4.5 142.8£1.8 - 18.7£3.0
Aw 131,2+2.0 -116.0+:4.3 177.3+1.2 - 29.4:{:3.2.
§ A'*loﬁs 1,20+0.71 6,75+0,84 ~ 0.80+£0.27 - 6.67% 0,59
w” - 0.35%0.14 0.51+0.21 ~ 0.33:0,05 - 0,02+011
" 0.49+0.24 - 0.25+0,33 ~ 0.29%0.10 - 0,0%:0,13
e’ 1.81+0.19 0.15+0.21 0.84+0.06 - 0.66+0,17



http:0.49:0.24
http:0.2940.10
http:0.254-0.33
http:0.51�0.21
http:0.35�:0.14
http:0.02:0.11
http:0.33�0.05
http:6.67.+0.59
http:0.809:0.27
http:1.20�0.71

Table 2,2-1

A{lstralian National to WN-14 (Veis Model)

by DV DW DELTA ALPHA KSI ETA
METERS METERS METERS ({Xl.D46}) SECONDS SECONDS SECONDS
=156.97 =59.14 131.23 1.20 -0.35 0.49 1.31
2 185 % 1e82 & 2.03 % 0.71 + 0el4 * D24 + 0.19
VARIANCE - COVARIANCE MATRIX
$02= (.48
0.341D+01 0.615D0~-02 OaZSéD—Ol 0.511D~07 0.383D0-08 ~0.255D-07 ~0.264D-06
0.6150-02 0.331D401 0.444D-01 0.1720-06 0.818D0~-07 0.2170-06 -0.537D-07
06258001 0444001 0.410D+401 ~0.9030~-07 0.141D~06 0319006 ~0.2190-06
0.511D0-07 ©0.172D-06 ~0.903D-07 0.507D-12 -0.880D~14 0.139D-13 0.556D~-15
0,3830~08 0.818D-07 0.141D-06 -0.8800~14 0.461D-12 -0,1760-13 ~0.234D-13
=0.255D-07 0,217D-06 0.319D0-06 0.139D-13 =0.176N=13 0.134D-11 -0.435D-12
04264006 ~0.5370~07 -0«2190;06 0.556D~15 =-0.234D-13 -0.435D-12 0.859D-12
COEFFICIENTS OF CODRRELATION
0.100D+01 6.1830-02 0.6900~02 0.3890*01' 0.305D-02 ~0.119D-01 -0.154D+00
0.183D-02 0.,100D+01 0.120D~01 0.133D+00 0.6620~01 0.103D400 -0.3190-01
0.690D0~02 0.1200-01 0.100D+0) -0.626D-01 0.102D400 0.136D+400 -0.1170+00
0.3890-01 0,1330+00 —-0:626D-01 0.1000401 -0,182D-01 0.169D0-01 0.843D0-03
0.305D-02 0.6620~01 0.102D+00 ~0.182D-01 0.1000+01 ~-0,224D-01 -0.371D0-01
-0.1190-01 0.103D+00 0.136D+00 0.1690-01 -0.224D-01 0.100D+01 ~0.406D+00
~0,154D+00 =~0.3190~01 ~0.1I7D+00 0,843D-03 —0.3710-01 -0.406D+00 0.100D+01

NOTE =

THE POSITIVE ROTATIONS. ARE TOWARDS SOUTH

S . e . . . -t S S T ————— — - AU 2t ikh Bipn S s e b s, e el

EAST ¢ AND ALONG FLLIPSOIDAL NDRMAL UPWARDS.

ot v e S Bl b s o e e S T TS i . e B e b i M BB o ik ke o e W\ M S A S W i e i SRR Ao b o s o

Nole: Scale {actor and rotation parameters constrained.
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Table 2.2-1 (Continued)

RESIDUALS V

VI(AUS.NAT.] V2{ WN- 14 ) VI - V2

— o —————— . o—

6023 0.9 ‘-004‘ ""209 6023 -008 004 108 167 ~0aB
6032 100 102 007 6032 -009 "102 -05 2.0 204
169 6060 108 0.? "3.94 "'3.7 ‘105

6060 =1.9 ~0.8

UNIT OF RESIDUALS (METERS]
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e

sSoz=
(G.193D+02
‘0-1870+00
0.172D+00
~0.153D~-06
0.122D-06
~0,106D-05

~0.722D~08

0.100D+01
0.936D-02
0.901D-~02
~0.4170-01
0.276D-01

~0.149D+00

Table 2,2~

2

ED-50 to WN-14 (Veis Model)

Dy DV DW DELTA ALPHA KS1I ETA

METERS METERS METERS (X1.D+6) SECONDS SECONDS SECONDS

99,43 =132.00 -115.98 6475 0.51 -0.25 n.15

4,39 4 4,54 % 4.34 + 0.84 % 0.21 1-0.33 + 0.21

VARIANCE — COVARIANCE MATRIX
1.03
0.187D0+00 0.1720+00 ~0.,153D~06 0.1220~06 =0.106D~05 —0.7220-08
0.206D+02 0.100D+00 ~0.129D=06 0.479D=06 ~0.5310-06 0.248D~06
o,looo+oé 0.188D+02 0.316D-06 0.189D06 ~00611D~06 0667D-07
20.129D=06 0.316D-06 0.700D~12 ~0.149D~14 ~0.1080~15 0.808D~15
0.479D~06 0.189D~06 ~0.149D-14 0.1020-11 ~0.631D~12 -0.226D-13
~0.5310~-06 —0.611D0-06 —-0.108D=15 —0.631D-12 0.261D~11 ~0.289D-~15%
0.248D=06 0.667D=07 (.808D=15 —=0.226D-13 =0.2890-15 0.104D-11
COEFFICIENTS OF CORRELATION

0.936D=02 0,901D=02 ~0.417D~01 0.276D~D1 ~0.149D+00 ~0.1610-02
0.100D+01 0.508D=02 =0.339D~01 0,105D400 -0.724D=01 0.5370-01
0.508D—-02 0.,100D+01 0.8700~01 0.432D~01 =0.8720-01 0.1510-01
-0.339D=-01 0.870D~01 0.100D+01 ~0.177D~N2 —0.801D~04 0,.948D-03
0.105D0+00 0.432D-01 ~0,1770~02 0.100D+01 =0.387D+00 =0.2200-01
~0.726D=01 =0+873D-01 =0.801D-04 —0.3870400 0.1000+01 —0.176D-03
0.5370-01 0948003 ~0.220D=N1 =0.176D=-03 0.100D+N1

~0,161D~02

e g —— —

0.151D0-01

Note:

Secale faclor and rotation paramelers conslrained.

- —
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Table 2.2-2 (Continued)

RESIDUALS V

Vi - vz

v2{ WN=- 14 )

Vi{ ED~ 50 )

721.76113270

o0 O
. 9 o © + @ [ 3 e ¢« & B o & 0
NF =M N 003343746
— et |} I 1“_4,.
O M N MM o0 00O
& ¢ 5 & & 9 © o ¢ ©0 ¢ ¢ & & o O
ddvonror~CchooHOL o
ﬁ Juﬂ F ot e O - (=9}
G FINNGFN OO GG e e e O
& o @ O & 0 ¥ & 0o & o 9 & 0 » &
2233214.117.778631
it ﬂ.d (I | [ | i
SO NP~ OO NG &t
S # o & & 4 & 8 # & @ 0 » & v O
NG A Mo NO S NME NN
ek | T | (] i 1
t |
NOOENOMAOC O M0 NN
¢ ¢ & 9 & & & € & » 0 O a * & 0
MNMIiInNFTCHONMMEHTPIWMOMD O
[T At e B D D32 Mo B ae B o R I e B O B
[ [ T T | 11 I
OO HOG OO Nn Ot
¢ O & B # » & B 45 & O 2 8 & 8 >
NN OO OO N o
[ | — | I
(I .
VOIS C NGO OO0 O
C VO HmMee-m 0O QO 0N m
CQOCOoOCCOCLLOO0OOCYTw
oYL ooooooae a0
4102602007027336
e ¢ & & o o & O 6 9 & &
00%%0100%00%0%%6
102116048794?760
e ¢ g ¢ ¢ ¢ & o o e ¢ v = 0
1011010517100514
[ [ i —

UNIT.-OF RESIDUALS {METERS)
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Table 2.2-3
NAD-27 to WN-14 (Veis Model)

DU DV DW DELTA ALPHA KSI ETA

METERS METERS -METERS (X1.D+6) SECONDS SECOMDS SECONDS

31,71 142.34 177.32 =0.80 ~-0.33 =029 ‘0.84

2 1435 % 1.26 % 1.23 % 0,27 + 0.05 + 0.10 ‘ + 0.06

VARIANCE - COVARIANCE MATRIX
S02=  0.76
0.182D+01 =0.258D-02 -0.280D0~02 -0.724D~07 0.189D~07 0.113D~07 O0.871D-08
~0,258D=-02 0,159D+01 0.154D-02 G.103D=-07 0.3200-07 0.851D-07 ~0.544D-07
~0.280D-02 0.154D-02 0.1510+01 002070-07 0.370D-07 0.214D-07 0.400D-07
-0+724D=07 0.103D-07 0.2070-07 0.734D-13 ~0.171D~15 0.2560-15 0,118D~15
0.1890-07 0.320D~07 0.370D0-07 ~0.171D=15 0.618D~13 ~0.504D~14 -0 4480—14
00113D-07 0.851D=07 0.214D=07 0:256D~15 ~0,504D-14 00247D=12 0o 1050-13
0.871D-08 —0.544D—07 0,400D-07 0.118D-15 ~0.448D-14 0.I105D=13 0.800D~13
COEFFICIENTS OF CORRELATION

0.100D+01 -0.1510-02 -0.169D-02 «0,198D+00 0.563D~01 0.1690-01 0.2280-01
~0.1510-02 0.100D401 0.992D~03 0,302D~01 0.102D400 0.1346D+00 ~0.152D0+00
=0.1690-02 0.,992D-03 0.100D+01 0.621D-01 0.121D+00 0.350D-01 0.1150+00
~0.198D+00 0.302D~01 0.621D-01 0,100D+01 =0.254D~02 0.,190D-02 0.1540-072
0.5630-01 0.1020+400 0.121D+00 ~0,254D~02 0.100D+01 ~0.4080~01 =~0.637D0-01
0.169D~01 0.136D+00 0.350D-01 0.190D=02 —0,408D~01 0.100D0+401 0.7480-01
0.228D~01 ~0,152D+00 0.115D+00 0.154D~02 -0.637D~01 0.748D-01 0.1000+01

NOTF : THE POSITIVE ROTATIONS ARE

—— ——— — et ;. i~ ——— — ——— —

EAST 4 AND ALONG ELLIPSL’IIDAL NORMAL UPWARDS.

TOWARDS SOUTH

. i e e e e e e i b e e e A e ke e ——— o e i

Note:

Scale faclor amd rolalion paramelers consirained,
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Table 2.2-3 {Continued)

RESIDUALS V'

Vi - V2

VZ{ WN- 14 )

V1i{ NAD-27 )

. S o . VA e e oy e

a & & O & 0 5 0O @
13.%713:_‘:“.,1

N OO0 e E o e (e O WY et e
L]
151

NN OMILEONMIN TSl SO

o ¢ 4 ® © & o0 & 8 O b B -]

FTOMEOCONMOMEAEONCE OO e300
I ot | | ._1_ i

67061592740722
¢ & 4 » & & 0 & O & & & o 8
.,_an/_104665ﬂ624_‘0,%

C-O0C G+ @i o O [ce IRt oW TARRN o2 o B 4 BN VRN L 4 ¢
.ae.oooonn.ooooolOOEO
n_,.ﬁo_.n_.,ﬂﬂ_ 1) M~ N NN WD

354212175429996296416
# 4 4 o O e o ¢ & &4 & & 6 4 o
shdae N Al AR AL R

NI O OO M NSO G OO U G
*® 2 & ¢ @& © 3 .& B & I & © O & » O B % 9 0O
cTTeCTTITINTeCRe

UNIT OF RESIDUALS (METERS)
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Table 2,.2-4
SAD-69 to WN-14 (Veis Model

by DV DW DELTA ALPHA KS1I ETA

METERS METERS METERS (X1.D+6)} SECONDS SECONDS SECONDS

=56.57 =13.67 =29.36 =667 ~0.02 ~-0.03 -0.66

2 3,02 % 3.02 # 3.15 % 0.59 * 0.11 4+ 0.13 + 0,17

VARIANCE — COVARIANCE MATRIX
S02= 0.97
0.915D4+01 =Gol172D+00 =0.202D%00 0.419D-06 ~0.271D-06 0.244D~06 —0.248D-06
~0.172D4+00 0.912D+01 0.6970-01 0.231D0~06 ~0.378D-07 -0.2660-06 0.831D-06
“0.202D400 0,697D~01 0.9890+401 =0.410D-06 ~0.3170-06 0.928D=07 0.244D-06
0.419D-06 0.231D-06 ~0.410D0-06 0.352D=12 (.436D~16 0.294D-14 -0.1370-14
~N.271ID=06 =N,378D=07 —0.317D~06 0.436D~16 0.2870-12 (.319D-13 0.5290-13
0.244D~06 —0.266D—06 0.928D~07 0.294D—14 0.319D-13 0.417D;12 0.583D-13
~0.,248D=-06 0.831D-06 0.244D-06 =~0.137D=14 0.529D-13 (0.5830-13 0.667D~12
COEFFYICIENTS OF CORRELATINON

0.100D+01 -0.188D-01 ~0.212D-01 0.234D+00 =-0.167D+00 0.125D+00 -0.101D+00
-0.188D~01 0.100D+01 0.734D0-02 0.129D+00 —0.2340~01 =0.136D+00 0.3370+00
~0.212D=01 0.734D-02 0.100D+01 =0.2190+00 —0,1880+00 0.457D-01 0,950n-01
0.234D+00 0,129D+00 ~0.219D+00 0.100D+01 0.1370-03 0.767D0~02 -0.2830-02
—6.1670400 ~0.,234D-01 ~0.188D+00 0,137D~03 0.100D+N]1 0,9230-01 0,1210+00
0.1250+00 -0.136D+00 0.457D-01 0.7670-02 0.9230-01 0.100D+01 0.111D+00
~0.,101D+60 0.3370+00 0.950D~-01 -0,2830~02 0.1210+00 0.1110+00 0.1000401

NOTE @ THE ©°0SITIVE RAOTATINONS ARE TOWARDS SNUTH

—— i S i i S S A e A B s i e BB e . e Yl i g o e e it Al g S . o . M. Y M . S . T . e W = S e .

EAST o+ AND ALDNG ELLIPSOIDAL NORMAL UPWARDS.

i R L R ot e o s S i b ol e Sk W ML 4 o Ak il e SR VPR $581 AL Bt e e e Sy et M L A o I . e S

Note: Scale factor and relalion parameters constained.

20



Table 2.2-4 (Coniinued)
RESIDUALS V

Vi - V2

V2{ WN- 14 }

Vit SAD-69 }

~3 0

_O‘I

-2.8

~5.,1 ~1l4.6
7.1

3.8

7.5

309

10.8

""}.sl

0.8
-3.7
"'3.4'

5e4

2.1

Tel
~2.9
=0.6
"l 3

-1.8
l.1
—0.3
Ge9
1.5
2.8
5.8
4o b

3414
3431
3477 =10.1
6008
6009
6019
6067
9007 *1067
9009
9031

(METERS)

UNIT OF RESIDUALS
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(d To avoid the singularity in the solution and add necessary
strength, the model needs at least three datums well distri-
buted over the globe with minimum of three stations on each

datum,

The model is as under (a correction sheet to the original paper is

given in Attachment 1):

- - - -5 - >
Qw,P,e)p: - QAT - AL(p +7y) -~ T = s 3
where
0 ¢ -
Q(wslbs 5) = |-€ 0 w
p -w 0
0 sin @, ~COS B Sin Ag
Q(A)Y= A [|-singg 0 COS (0 COS g
coS 0y Sin g ~COS (D COS Ag
{©os Ao) = Coordinates of the initial point.
AL = Scale factor for the datum.
- -
b4
P v = Position vector for point i in the satellite system.
| 201
[
T = v = Position vector for the corresponding point i on the
geodetic datum.
AR
Au
Tp Av = Position vecior for the initial point on the geodetic datum.
Awl,

22



Ax

Tgq OT Ay = Pogition vector of datum origin defining three
translation parameter.
Az
—_ - - —_—
dg = ¥ t 1 - O

Note: Thus the unknowns to be considered are three parametiers
(w, P, €) for the satellite system and five parameters (rg , £,
AL) for each geodetic datum considered, i.e., a minimum of

eighteen parameters with three datums.

¥ Py denotes a point ™" falling on datum "j", then extending the above
equation (3) to include more than one datum (G = 1, 2, 3), we can further

modify as under:

BY + AX + W = 0

4

where
j=1 i=2 j=3
[~ I | ! ]
1 0 0 -1 0 0 0 0 0 0 0 0
o 10'0 -1 0'o o0o0o'lto o o
0 0 11 0 0 -1 o0 0 0 1o 0 0
I l |
Looo 100, | liihdfactmﬁnt-
0 1 0' 0 -1 0 0 0 w po
0 0 11 ¢ 0 -1 1 !
I | I
L R B
L U AU S
r ! 0 | ‘ 0
. | | I
- - - - 2nd datum
' _ ‘ _ ! _ with £ points
! I | _
e e et et et e e e e Y (e i =R
1 | |
I | 0 , 0 S |
3rd datum
- | - | - } - . .
with m points
I ! 0 ! 0 -1
8 ! | I J 1= (k+ L+ m)



VT

Ve, Vo, Vo Vo Ve, Ve, Vo Vo Vs Vu13 Vv, V“m]

X' = [w, Py €, A, bx, Ay, bz ALy, Mg s Axy Ay Az, AL,
Ag AX;; Aya Aza ALB]
) i=1 §=2 =3
R, : Si : 0 : 0 1st datum - with k points
o - - - - - - =ji=k
I 1 [ .
A = R, | S | Sy )] 2nd datum - with £ points
- S S - - Ji=xd g
| i |
R, I 0 | 0 I 8y 3rd datum - with m points
N I ! I Ji=rrgen
-y Z 0
with R; = X 0 -z
"'Sinfpgj (Vi - ﬁt.VJ) "'1 0 0 . —Ui
+C08 Gy SINA g (Wy ~ Aw,)
sin @qy (0 - Auy) 0 -1 0 -V,
Si.} =
-COS oy COS Aoy (Wy — Dw,
-cos Wy SIndgg(u; - Auy) 0 0 -1 -W,;
| +cos ¢y cos Aog(vy = Avy) -
g - X
Wy, = - Y
W o~ Z gy
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" A test solution was run with four major datums viz Australian
(3 points), South American (10 points), European 1950 (16 points) and
North American (21 points) with corresponding 50 points from WN-14

system. The results are given in Table 2.2-6.



Table 2.2-6

Transformations of four datums and the WN-14 System
to the Average Terresirial System (Vanicek Model)

TMEGE Pl FRSILOH DELTA ) v Ly

cCaLs

SECHNDE SECLADS  ZECOMDS SECIRES METERS METERS NMFTEFS (X 1.086)

(la 40 N.E6 R 0.1 ~131.7% -5
sl C.7a __'t 0533 £ G 2R + Ce% + f2,1]

0.87 —140.25 <147 .00 =12G,0°
+ QLEn +14 .26 0+ € .24 2150~ 0+

"'E .--‘:r(; 137.?5

5 17
£ 6.01 £ T.eT % R,

Shr= 1,0
NUYFCTET =11 = 117711 A L T A i N e B CelI7%f =05
Coo2e2e )08 O T D=-Ixn Caed2c0l=17 =0 106G 1af=0a = oG OO0,
SETOIP I SR S PO B SO (T A SO e L T R T O N L R e
tee LU VLTI =01l —des 304 10—0a CLLILTIRE =0 Lar 100D -GE Ta_ g =148
~{ e A (S L 702720211 =0, Tie0=1s {eZ70230=110 o lincgdi-05
e S B Cola( 0] =1 =My 2Taeel =11 SL.1100Fan, 7 L2 fuLT =00
e U B DU SRS RO DU S P AR INC AR SN Icy SRS R T AT S (RN AL pWeey 4 AR 4 1Y N1~ 177.~Ma4
—e P AT =YY i e T PNT S0 =G e [ATH-(E LS 1008 CeZFRITI-1I5

~ o

23

PLITLITIAND =G RERTILA00 ALl N0 e ] ] = 1T7CRET 211 =0 1] et T
S CLAST =Ch PO RNTATED-12 0L1TRGsL—1) ~0 30U 37Ul =02 =7 35110 =05
CCL M LT OLPE R =12 QLS I0R0L=(8 QLTSI OLD 08 0 S0 4N-CF

welmGEEI =17 UL PRREE[ -0 GLEAATL-C5  CLULTAaN-0B -0, £AUDT -3

I L L o S LIPS U TP SR PP A CHE R Aath B B ST I RRE
R N B O e T T A4 L & RO U ST N 2T R SRl

R O S B B I I T B e L LA LIPS Seih RIS
PR S B o T PR T TS § S P e (N S X
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502=

0.30E350+00
0.217€69D+02
~0.477630-07
0.11279D-06

0.5G7EEDAQO
—0a172510+00
0.,298180~07
0.546170-05

033081 +00
0.651940+02
Ce209CS5—086
GaTRETTI-0S

~0.12987L—~02

QO LPBe 2B+ 00
~0.101220-14
-G IU1I530-13

.23147D+00
Go9eeG10-01

~(.133470~12"

200320011

—(3.68111¢0+00
—(.338080L+00
—.515750-05
~Q,145420-04

Table 2,2-6 (Continued ~ 2)

VARTANCE-COVARITIANCE /CORRELATION

MATRIX

1.4

O 17E£9904+00
0. 100624004
G 257220015
—(0. 245470402

012947 0+00
~0.e542H-05
0.121440-05
0. 1071 +Q2

s LR At § BT J § e
O &1OTEN-GE
- 18R64N-05
P.EBFERIGH0OL

CelbaacD-(1
Ue &7 7M—11
C.le5630-13
—Je 1212004

G 626000
—(1. 538272002
De6295¢0—12
Qe 5BECLHD-0E

Q.&94880+0(
OeteGe (4102
=0.RY¥35¢0-05
0.505650+01

-0.1222450+00
=0 .246454 0G5
—0.£10%50+01
—0 .5 E15T0+01

=0.354200+00
~0 .2 227250—G5
01496906+ 02
—0.128730D+02

—VeZof1lul+00
0.167Tu—05
—Q.}1725Q0+02

052210002
“0.1614310-13
—0 L1 E20—0

GZ7TOL0-07

QL.a0LeTL+00
Qedzb720-11
Q.1CELADL-Ca
Qe G0 E—0E

~( W26 EEBF00
= ATLA2DE G0
~(.59TF&70+02
-0 1HEGCh+02

27

¢.3120650-01
~0. 177460402

-0,666670+01 .

~(. 22653001
=G &G2eeh+02
—C.E155E0+0G2
~0,.179420+02

~0.150850+L0
~O.Z2LE22 002
0 2GR 00N02
-0 1587400 +07

~fo 2310001
GeTISL A =07
C.691710-07
Ge2S1710-G7

~L 525450400
—C .y T2460-05
C.E64020-05
G964 50-G5

Se STl B0 +G0
Cu¥eo250+02
0.21%2040+02
~e2604540+02

0.650450+02
~G.665600+01
N .108200+02
0t.812540-07

~0.317310+00
~0.104450+02
~( 443550 +01
G EB7T20-G7

G.2Z2260 460
—LLHW1IZ6Q+TT
~Q Z2YETFN+0OZ

GLERIRRD-OFR

Q.7eTLn+00
~0.aR22070D-0x
0.127010-06

Ce25462720-15

=0 20341 5+00
~Q ARTGID~0E
—~. 10651004
—0.564%20L-13

=L, 128 630 +00
0.88662N401
Qua7r220+0G7
0ebl824D-0T7

—Q.222580+07
Go398630+0C]
0.230090-0%

0.771410+02
= 24540 +0GTF
0.571&600-07

-G, 243276007
0. 410420407
O.uT772LD~07

—N 6FT600+GE
0.179280=05
~LI0CERL-15

—0, 12866 7E+00
-0, 298327 0—05
~Q.b65av6N—-14

~C3L0570+00
L. 20375D+07
—Q.34TTEL-07
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Table 2.2~6 (Continued - 3)
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~0.256470+00
-0.18008L+00
—0.94£9&680.-02
=01 1555004

0.214520-02
$5.,216130-02

0.693750~04

G.687220-14

Qe TZZ2220+00
b ERITOHN0
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~0 QYRS+ 00
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0.254170+00
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Table 2.2-6 (Continued - 4)

VARTANCE-COVARIANCE/CORRELATION
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Ge B3T744D-02
~0.34527D-01
—G.2312¢ 0L +02

—C hL29¢ -3
(. 25569004
~0.182470~-01
=V 2TTEEL-QT

re S2050DH00
~0. 85307 0—~-02

e LBTOLLHONT

0LZ0Z2120-05

—Oe G370 +00
-0, tEEL -
—()e .|..J_al.: 1000
e 26160402

1 <,

~U. 2414 2L +00
GLoz0u7h~-02
0.150150+00
CaI6GE-04G0

—Qah 34T 0HGU
Ge 268600L-2
U142 1al+00
Ge 281260400

-0 2ET7350+00
~03 39&1?»)"‘(‘0

Q.3TL1ZD+00
~0.23584D+02

~D. 2788 L~02
(1. 114£3280-02
=0 THEAEZ0400

=0 .3412%0-07

CERNRAEIL S
1L+
OG+CO

1 D—05

ﬁiﬁiﬂ

« 232
FenQE
L FR3
3T

D‘."J

QL.2FO LU +00
Gt TVL+H00
O« ZZ0280+00
O TEOZ20u+01

0.659°3D+C0O
0.423870:+400
G I1E86T0L+O0
G.0us69D+062

2T6L+00
R5870D+00
Tc?ﬁ+u0

C.84
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29

0.242610+00
0.323430+Oﬂ
“2213&400

—ﬂ Z311p+07

..

257C¢&0-03
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—.5¢3620+00
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UdHTEEED-05
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—~Ge 24826000
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s
=il

~0517560G+UC
—0,217Z280+00
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MATRIX

088648001
0.1716££6D+00
O, 226260403
0.122100-06

0, 10369004
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—0.8532420+00

0.,175680—~15
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~CL3TEOH+HQ0
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Table 2,2-6 (Continued - 5)

VAR JANCE—COVER EANCE/CIFRELATION FATRIX

S{Z= 1.04
L2 BE2TD—0L2  0.14Z7%el—01 —U.179000—C1  (0.112340-01  G,091265D-D2 0,92220
V€GeSl —N3 (olebHTR—0A =0,17%“5L0~0"1 Q2531002 0.70C120-02 —0.2221°0-07
FRT1Z

(.148Z00 =03 «0,7G2ae0—05 ~O,TLEOTL-0Z ~GCli25770-01 G 777040502
—O, GG EL—] =0, 0521100 DU ATTLUAD0 ~CEC6TAL+OC 0, 1201200-11
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Table 2.2-6 (Continued - T)

RESIDULALS V

i — ——— i p— — ——r—

VI(4-DATLMS) ve{ WK = 14) vi - vz
T0a3 G.1 =—0.5 =1.0 7043 —0.4 beb 70 5 —hoE
TUES  ~Z.5 0.6 =0.7 T045 Ted —2.7 71 —~10.% 35
7672 0.z (.1 06 TOT2 —Z.9 —U.T =7 &o? 0.8
707 —2Z.7 =-0.1 -G.b T075 Ged Oude 1o ~P .8 0O
GCOL 0.3 (a3 0.7 GGOL 5.1 =6.1 -T.: —h.4 Aedr

UNIT OF RESINUALS " (METERS)
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Mr. Alfred Leick

Department of Geodetic Science
The Ohio State University

1958 Neil Avenue

Columbus, Ohio 43230

U.S.A.

Dear Mr. Leick:

Thank you for your Jletter of August 2. We were
delighted to hear thst you are interested in using our
method to investigate geodetic net distortions. Thank
you for drawing our attention to the errors which you have
found in the equations. Unfortunately, you are correct in
all cases. We obtained an additional error in equation 18.
The attached sheet summarizes changes which should be made
to equations, 16, 17, 18, 25, 25a, 25b, and 28.

Please keep us 'informed of the progress you make
using this method. We in turn will send you any further
thoughts which we have.

Yours truly,

ot \Jc,.__«:jz/

v
Petr Vanidek

"E- il

D. E. VWells

“PY/DEW/ga

Encl.
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Attachment 1 (§ 2.22)
(Continued) ’

Corrections to Equétions in

"Pogiftioning of Geodetic D:atums"

By P. Vanicek and D, E, Wells

(16) use  R{-n_, ~E_, =g )
0 -t &
(17)  use ?°
. Z, 0 "M,
"% To 0
‘ . 0 -z & Tcos A sin B
(18} use ° o
Zo 0 n, . sin A sin B
._*Eo g 0 _ cos B

(25) introduced by "{expressing all vectors in the Average Terrestrial

system)"
(25a) is 1 g -V
’ Rw,p,e} =] ~e 1 ®
P -0 1
i € t]
(25b) s R(A) = Rlogvg,eg) = ¢ G
- i w
g 6
Yo v !
after egn. (26) list is “m,w,a,a,?SG, AL,
(28) s 0 in ¢ -cos d)o'sin A,
Qfa) = & l °. ;
-sin ¢0 : 0 icos ¢0cos J\O
cos c;;o sin 7\05 ~cos ¢o cos JLO; 0
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2.3 Determination of Network Distortions

During the past months further investigations as to the determination
of distortions in major geodetic networks have been made. The

procedure used is déscribed‘ in the Fourteenth Semiannual Siatus Reporti on

pages 50 and 51, The principle of this procedure is to look for the systematic
residuals of station coordinates after the transformations between the satellite

system and the geodetic datum were performed.

Detailed investigations were done for the South American (SADG9)
and the European geodetic Datums using the OSU 275 satellite system as reference.

No gystematic pattern for the residuals Vsa; = Vepos could be seen in either case.
Three, four and seven parameter transformations were computed using both

the Molodensky and Veis models. The Vanicek model, which is dewailed

in section 2.22, was not used since its requirements concerning the

distribution of stationg is not fulfilled for the available stations,
2.31 Determination of Network Distortions for NAD-27

Despite the work which was done in regard to deformations for the

North American Datum, which was presented in the Fourteenth Semiannual

Status Report, it was felt that the procedure should be tested again using the

more homogeneous NWIL-9D Doppler system as comparison standard,
Mr. Meade of the National Ocean Survey, Rockville, Maryland, supplied the

coordinates of 88 Geoceiver stations and the corresponding geodetic coor-
dinatés for the NAD. Additional coordingtes for Doppler stations in South
America and Europe are expected to be at our disposal shortly. See also

the eorrespondence in Attachments 1 and 2.

The NOS data was given in the form of geodetic coordinates ©, A, h.
In each case the antenna height was given and had to be reduced to the

marks. Although the transformation program permils geodetic or
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Cartesian coordinates as input data, geodetic coordinates were computed
for later convenience using the NWL-9D ellipsoid:

a = 6378]l45m

f = 1/298.25
A summary of coordinates is given in Tables 2.3~1 through 2.3-4.

Before the coordinates were used in the transformations, double stations and
nearby stations, ete. were eliminated. Some comments to particular stations can be
found in a paper by K. Meade, "Geoceiver Positions Compared with Results
of Precise Surveys," which was presented at the meeting of the International
Federation of Surveyors (FIG), Washington D.C., September 7-16, 1974.

A summary is given here:

10028 EGLIN AFB, FL NAD position not verified

10053 BUCKLEY, CO NAD position not verified

30029 MOSES LAKE, WASH Two re-cbservations available; same station
numbers; all observations can be considered
equivalent

51063 DOS PALOS, CA Height is in error by about 5 m

52063, 53063 Re-observations for station 51063

20001

52001 . .

52002 BELTSVILLE, MD Identical or nearby stations

60001 '

51068 YULEE, TLA Substitute station for station 20015

20003 WRIGHTWOOD, CA Eccentric station with 51070

T008 A7 The name of this stdation could not be

identified from the data sheet. In order not
to change the available programs the station
wag renumbered to 9008,

Most of the data obtained from NOS contained standard deviations for the
NWL-9D coordinates. However, thése figures represent the internal consistencies

only, and had to be increased by a common factor for subsequent use.
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In those cases where no information was given at all, a standard deviation
of *1.,50 m for each component was adopted. This ig in agreement with
accuracy estimates obtained by comparing Doppler coordinates with those

from the Transcontinental Traverse. . The variances are listed in Table
2.3-5.

Tt is a well known fact that there is no unique way to estimate the actual
accuracy of geodetic coordinates for older datums such as the North Amevican
Datum. Several empirical formulas have been published. In 6rder to be

consistent with the work reported in the Fourteenth Semiannual Status Report

concerning NAD distortions, the following formula was used to

estimate the standard deviations of the NAD coordinates:

o, = = 1 .M
(m) 20000 /7 ()
M tem)

where M is the distance between the point imder congideration and the initial |

point of the geodetic datum. - This formula was given by L. G. Simmons in
an article entitled "How Accurate is the First Order Triangulation?" {The

Journal, U.S. Coast and Geodetic Survey, No. 3, April 1950]. The variances

are listed in Table 2.3-85.

Considering the remarks made above about certain problematic stations,
there were 81 points left to use for the transformation. A preliminary
plot of the stations and comparison of residuals indicated that several
"nearby " stations could be also deleted without loosing information. Only
stations 51072,0il Platform - Gulf of Mexico, La., exhibited unusually
larg:a residuals and was subsequently deleted. The variances for the
remaining 67 stations were scaled such that the standard deviation of unit
weight, 6‘0 , approached unity to within 10%. The final transiormations are
as follows:

a) Seven Parameter Solution (Molodensky-model)

Total number of points: 67
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®)

NAD weighting : factor = .1
NWL-9D : factor = 80

Note: Simmons formula does not give an estimate for the
initial point; thus a variance of 0.20 m® for each axis was
assumed.

Three Parameters Solution ¢ (variances as above)

The results of the above transformations to the NWL-9D system

are in the table below. The notation is the same as used

earlier.
Au  (m) 2 28.5 £0.41 - 28.0:0.49
;3“ Av  (m) 153.8 +0.35 153. 7 0,42
@ | Aw (m) . 179.7 £0.34 .179,8:0.41
% A x 10°%) 1.76: 0,06
[42]
d (") 0,30x 0. 01
§ 5 (") 0.0120.01
A (") - 0.30£0.02

The after-transformation residuals are in Figures 2.3-1

through 2, 3-6.
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10000
10003
10006
10008
10018
10019
13020
10021
10022
10023
10028
10029
10031
10032
10033
10045
10046
10055

Table 2.3-1

NWIL-8D Coocrdinates for North American Stations

CHEYENNE, WY,
GREENVILLE,.MISS.
MEADES RAMCHLKAN,
GRAND FORKS,ND
JOMESTOWN, TEX
FRANKTON, IND
MARYVILLE, IND
CASH,KY

TUKA, MISS
WERSTER,MISS
EGLIN AFR,FL
PATRICK AFB.FL
GOLDSTONF,CALIF,
FDWARDS AFR.CA
BUCKLEY, (O

TULA PEAK WSMR,NM
SALT WSMR.NM
PTILLAR PUOIMT.CA

10056 SAN NICHOLS.CA

10071
20001
20002
20003
20015
20016
20176
20177
20208 °
30025
30026
30027
30028
30029
30030
30038
30078
30098
30099
51004
. 51005,
51006
51007
1008
51009
51010
51011
L1017
51013
LiNla
51015
51017
51019

GALLUP,MEW MEXTLO
BELTSVILLE, MB

LAS CRUCES,NM
WRIGRTWOND, CAL
WOONDLTINELGA
coLumpia, miss

AJOL, ARTZONA
DONGLAS, ARTZONA
KINGMAN, ARIZDMNA
RLOGMFIELD, OHIH
COLUMBUS.OHIN
GREFMVILLE,BHIN
METAMORA,TLL

MOSFS LAKE,WASH
GREEN RIVER,UTAH
BLATINE, WASHINGTIIN
WESTFORD,MASS
ORLAND, CALTFORNIA
CHAMCE1967,MONTANA
CHARLESTIN, WV
CORRIM,KFNTUCKY
CLEVFLAND, TENNMFS.,
LAURENS,SNUTH (AR,
BOLIVIA.NMORTH CAR,
SHELRY s ALARAMA
SANNERSVILLF.G.
FARMYTLLEWWIRGINIA
RONTFAY, FLUIRTNA
CLFARWATER-5F,.P.FL
VALKARTALELNKRTDA
HIALFAR, FLORTDA
MIFFLIMVILLE.PA
HUDSNN, N, Y.

®

A

41° 07°597956 255°07'54.514
42,7920268

33
39
47
30
40
38
37
34
33
30
28
35
34
39
33
33
37
33
x5
39
32
24
20
31
a2
31
25
40
40
&0
&0
&7
%8
48
42
39
&7
a8
36
35
34
34
43
33
37
30
27
27
25
),
42

28
13
56
26
14
35
33
47
33
34
13
25
57
43
01
07
29
14
31
01
16
22
56
172
26
22
1l
05
00
09
49
11
58
54
37
INA
47
22
57
09
35
02
07
03

18

39
55
57
53
00
14

39

26.627
8,503
48.898
07.0321
20,951
(06.950
15.800
55.013
04,883
28,950
39.568
50.549
02.094
26,353
12.404
53,099
48.821
00.596
39.814
£3,954
hWa, 447
h5,69%
45,099
b4, 600
36.952
48,172
11.784
27.799
51 .465
20.417
06.541
Gl 2 b
47,191
04.258
44,086
07425
10.835
21,781
N6.961
08,446
10.816
3,355
dR.467
52,04 =
05.829
13.006
2h.78?
ch.196
57.7T88
*T.0Th

261
262
262
274
274
273
271
270
273
219
243
247
255
253
253
237
240
251
283
252
242
278
270
247
’50
245
278
27¢
275
270
240
249
237
288
237
251
278
215
275
277
281
773
2T
281
274
277
279
219
283
286

59
27
37
01
10
21
55
45
50)
47
23
06
05
13
51
38
30
28
24

10

14
19
19
16

o

27
57
15
57
23
42
39
53
15
30
50
22
24
53
06
56
50
30
05
33
11
18
2h
41
39
13

50.343
27.505
09.155
15,690
26.544
07.152
09.761
29.4127
023 .49%
00,484
37.830
36,935
06,937
27.054
38.82°7
09,118
04,971
46.780
22.212
27.104
45,479
05,494
N7.737
27.05%
51.637
32.654
31.854
29,474
29.867
26.296
3y.b72

43,165

17.27¢
47,432
3l.410
53.043
04,175
32.77h
08.520
55,18%
15 .47y
39.664
00 .1r0]7
29.905
38.270
37.636
24,929
31.94H1
R4, 420
42,036
24,447

h (m)

1857.71
5. T4
564 .67
237,40
291.68
221.09
175.15
221.74
210.78
101,33
1.547
-22.184
981,349
746,194
1663,758
1311.808
1204.538
11.85%
234,54
2006,397
3.08
1167.637
2244,29
-2b.86
76.35
399,77
1197, 44
1112.44
321.80
207,75
27654
211.8D
338.37
128&,256
-10,94
105.23
32.464
9R4, 20
249,382
354,976
261.137
182,541
~34.31R
181,757
112,977
102,434
~6.,31
~32. 083
~30.265
-7R. 143
206467
72.477



51020
51021
51022
51023
51024
51025
51026
51027
51028
51029
51030
51031
51032

51033

51041
51043
51044
51056
51057
1058
52063
53063
Hl066
51067
5106R
51069
51070
51072
1074
51081
51082
51089
51095
52001
52002
60001
90008

Table 2.3-1 (Continued)

ALBURG(GSC ), VER.
ORLEANS,MASS
FATRFTELD,ME
BOUCHARD RMZ2, MAINE
FREEPORT, TX
NEWTON, TEXAS
CLARKSVILLE, TFXAS
SPRINGNALE , ARK.
THAYER, MT SSNURT
PLATTE CITY,H0
KINGF I SHER,-OKL AH
CLAY CITY,ILL

EL DARA,TLL

WONDR INE, TOWA
MEYFR 1946, NEB
LAKE 1957,WY

HARSF 1972.WY
KEARNS , UTAH

DRY 1945, MEVADA
DIATOM 195R.NEVADA
DOS PALOS.CA

DNS PALQS,CA

TERREBONNE, GREGHN

MINERAL WELLSTEX
YULEELFLARTDA -
ASHEPOD,S.C.
WRIGHTWOON, CALIF.
OIL PLATFORM, LA
MIDL aND, AR

UPPER 19465,MICH,
LITTLE RM],mMICH,
MAYHOOD 1971,CALIF
AGAMFENTICUS, MATNE
BELTSVILLE,MARYL
BELTSVILLE, MARY(
BELTSVILLE,MD
??7, ARTZ0ONA

©

44° 547297267

41
Lh
47
29
30
33
36
36
%9
35
38
39
41
41
44
41
40
40
39
36
36
“d
32
30
32
34
28
42
46
43
38
43
39
39
39
32

51
35
11
02
54
38
10
34
16
47
38
37
&2
38
48
36
38
23
49
ha
B4
23
57
&1
45
22
56
07
18
VA
08
13
01
01
01
39

40

19.23¢«
59,522
b2.912
31.525
24,714
22.877
23.417
37.09"
50,854
01.478
14,569
27.900
12,609
26,726
01,457
55.678
36,160
41.717
27.575
L. T6ES
50,7472
31.282
44,997
46,311
44,387
22.056
21.394
x0.359
11.082
>1.754
24,265
29,775
39.293
29,779
11.004

286°

290
290
291
264
266
264
265
268
265
262
271
268
264
258
251
252
248
244
261
239
239
238
261
278
279
242
276
238
274
275
238
259
283
2832
283
245

A

42
02
24
26
39
23
58
52
22
13
01
39
58
21
24
39
12
01
47
00
26
26
42
54
15
26
19
15
10
32
11
16
18
10
10
10
24

307669
59,201
46,393
48.671
49,664
55,765
55,424
39,252
23,142
49,562
11.075
00.66Y
33,650
19,399
01.345
16,310
53,888
42,569
30.933
52,340
44,563
46,530
172.7208
35,104
59,114
36. 774
05,134
10.521
21.891
35,124
32,141
33,429
23.169
27.054
27.278
27.05&
29.186

h (m)

29.527
-19.649
1.587
326.393
-31.911
49,897
117.625
374,262
259,787
261.807
327.349
105.314
201,181
389,342
1151.98%
119=.35
2208,722
1269v.895
182¢.559
1275.178
-1.310
=1.437
B61.277
32%.R45
-19.419
—3k.68D
Z215%.871
"L“c 551
1218.160
216,647
238.112
1¢.232
175,472
-(0.485
1.687
OoahT
40.71



10000
10003

10006
10008
10018
10019
10020
10021

1022
10023
10028
10029
10031
10032
16033
10045
10046
10055
100566
10071

20001
20002
20003
20015
20016
20176
20177
20208
30025
3n0z2e6
30027
30028
30029
30030
3003R
30078
30098
30099
51004
51005
51006
51007
510048
51009
51010
51011
51012
510173
21014
51015
Hb1017
51019

Table 2,3-2

X(m)
~1234810, 34479
~-93190. 722405
-734990. 46861
~54G8R87,N01523
~7T63949,81704
354909, 62077
378813.8)379
346075.33324
160893, 78147
77466,09114
362692,68467
917920, 73638
-235%582.30711
-2450021.89427
~1253284,35437
~-1488252.93036
~1506813.25660
-2722152.23814
~2631050.9%977
-1657728.05935
1130764.10147
-1556220.62943
~PLLEBRER AT 2
792114.42740
26127.64213
-2092423.34076
-1823377.95546
—2126098,53690
T02141.41918
b9 2688,9N0427
458565 ,44577
59980.32619
-2127824,96370
~1707513.13264
—2271129,4675%49
1492300, 44173
-2612387.66066
~1371924, 26386
732263.41617
523305.69429
465504, 94379
F26444, ABR45
1085993 ,54%59
3264TR.I6R9]
6THNH . 26604
101 7856.337R%
401614 ,56401
TLT7R9, 419872
gral it ,, 88200
966695, 7691 h
113R337,.R74655
1321178.95323

, Y(m)

~4651148,68714
~5324578, 26616
—489%]R6, 64195
4245038, 24274
—5450296,58834

~4863115.05179

—-4977652,25554
-505%17239.,60916
-5241609.73580
-5319%96,99%28
-5484531. 06898
-5548410,67279
=&b641223,. 76242
4624408, 97654
—4791609.95914
~-5142959, 85546
=5131560,82846
~4273150.81962
—-bLb46R]1T. 56020
—49279294, 52800
—-4830822.629324
-5169436. 28406
~466T969, 51863
—h4]1 7292, 09969
~h4ahol27,53282
-4964981. 48058
—5137594,442072
—LT66079. 94095
~L4RACOAT 60863
—4R0H284, 12728
—-489CH0(0,95K56
-4833306. 246006
—278RuB2,4542%
~466300%, 92497
~%h37651,. 79399
~L457731.14319
~64157720,.625%51
4069030, 48968
—49h5-43]1,48498
-5076315, 22859
=5200166,84308
—-B206374,95067
—h178230.,32168
—52337%43. 79675
-5H304GT73,1721y
—497H9eb. 47110
=547 079,9200%
-585Q40471,54702
—thAaIRRS, 20681
~HH5GRL2, 01745
~LERZ261,00483
4540588, 28022

NWL-9D Coordinates for North American Stations

Z(m)
4174812 .84885
34Y8357,53337
4011979.40879
4712891.39485
3213333.93701
4098111,72536
3956883, 44462
3866278.25302
3616675, 36159
3506429.79645
3224754.30961
299R8733,93464
3677203.67495
3635030.06239
4054954 ,02422
3457166.94439
3465785, 07069
3R61406. 85452
3477023, 60556
36R5857.92988
3994715, 06391
3387244 ,13678
AHA2T4K,RY2Y9
3261017.23183
3286111.78910
3402723, 38344
3302271 . T9RK1
3656367.H1594
4085559 ,3136]
LOTRTTT.27857
409212636406
4147655.93697
465603],9512%
3991315,35939
LTRE210 . 55529
4296433, 64456
4056330.75583
470161G.99752
3937856, 75521
3813714.44134
2651815.98075
3600228.55228
3549777.19384
3464992, 731K2
L5966, HHLRA
3R45273.01778
32327260.60047
PYEREYO, 23123
PYT2515.92571
276%155,16523
4163941 ,4%917
4265763.21716

4l



51020
51021
51022
51023
51024
51025
51026
51027
51028
51029
51030
51031
51032
51033
51041
51043
51044
51056
51057
51058
52063
5363
51066
L1067
51048
51069
51070
51072
51074
51081
51082
51089
51095
52001
52002
60001
90008

Table 2.3-2 (Continued)

X (m)

1300902.22758
1631121.89077
1586590, 26501
1587514, 44558
-518990.17029
~34403R. 01084
~464943 50883
-370581. 45088
~145598, 35752
~411074.58993
~719196. 07498
143659, 13041
~47917.51068

- =46909%. 58485
-960010.2¢566
~1427089. 14345
-1459157.32103
~1813679. 78182
-2072378.84625
-2377392, 28487
~259552N,92498
~2595521., 76387
~2371753,82195
~752907.72463
TRY224.05276
AR0918. 03063
-2448903, 186382
608423.53761
~2499045,55974
349A07.90968
417734 ,61089
~2641085.10147
1539185,82105
1130762, 47186
1130770, 22580
11307672, 61917
~2236973,31784

Y(m)

-4333791,68425
~4469385,10750
—4262277.41136
-4041129.01323
-5556%68,82666
~5466536455310
~-H295234,36211
~5141652.18507
-5126254,61386
-4926739. 43748
-5130171.71830
-4986581, 31819
-4912763,49404
—LT46142. 64147
~46T6960,T567Y
-4303659, 34812
~4546825,60091
~4495449,79318

~4402418.88813

42

~4291497. 04963
~4396788.44576
—-4396788, 29383

~-32001269,89640
=-5303702. 30432
-2437220.05147
=52946209, 15464
-4666054,21314
~55525858, 42244
—-4026270,50591
~4399882. 092711
~4597009,.49347
-42722 74, 06522
~43G92301.31088
—~4830420. 94428
-~48308B30,4725%2
~-48308215 57361
—-4887800.,63011

Z(m)

4480149.24505
4233641,.57170
4455807.10314
4657017.32931
3077968.50440
3257067.55379
3513312.70175
3743945,08865
3779956.29377
4016665.17115
3708948.19848
39561023.14441
40460R5.67069
4221337.38980
4216638.28646
4472482 .73584
4215240.07808
4133350.65657
4112669.95257
4064082.40225
3B09TIY.14754
3R09778.52903
4439929 ,+5159
3450649.92098
3236970.55K62
3431476.64619
3582441 .91265
3068032.011801
4256536.73K841
4539158.33848
4387147,00671
3917876.46313
4345745,553359
3994711.88475
3994701.70560
3994712.56745
3421652.069849



10000
10003
10006
10008
10018
10019
10G20
10071
10022
10023
10028
10029
10031
10032
10033
10045
10046
1005%
10056
10071
20001
20002
20003
20015
20016
20176
20177
20208
30025
30026
30027
30028
30029

3003

30038
30078
30098
30099
51004
51005
51006
51007
516008
51009
1010
51011
51012
51013
51014
5101 5
51017
1019

Table 2.3-3

NAD-1927 Coordinates for North American Stations

CHEYRENNE, WY,
GREENVILLE,MISS,

MEANES RANCH,KAN,

GRAND FORKSNM
JnNFSTONN; TEX
FRANKTON, TNI)
MARYVILLEF,IND
CASH,KY

IUKA, MISS
WFHBSTFR,MTSS
EGLIM AFR,FL
PATRICK AFB.FL
GAOLDSTONE,CALIF.
ENWARS AFR.,CA
BUCKLEY,.CO

TULA PEAK WSMR,Nm

SALT WSMR, WM
PILLAR PDINT,CA
SAN NICHNLS,CA

GALLUP ,NEW MEXICO

BELTSVILLFE,MD
LAS CRUCES, M
WRTGRTH)AD, CAL
WONDLINE,GA
COLUMBTIA, MISS
AJN,ARTZ0ONA
DIHIGLAS, ARTZDNA
KINGHMAN, ARTZONMA
BLONMFIELDy NHTIO
CNLUMRUS.OHIN
GREFNVILLELOHIO
METAMORA,TLL
MOSFS LAKE,wASH,
GREFN RIVER,UTAH

RLATME, wASHINGTUN

WESTFORD,MASS

ORLAND,, CALTFORANTA
CHANCElgﬁT [} MONTANA

CHARLESTINN, Wy
CORBIN, KENTUGKY

CLEVFLAND,, TENMES,
LAUREMS, SOUTH CeR,
HOLIVIALNAORTH Ak,

SHFLRY, ALAKAMA
SANDFRSVILLF, G,

FARMVILLF,VIRGIMIA

RONMTFAY, FLLIRT DA

CLEARVMATFR=ST P FL

VALKARTIALFLUORIDA
HTALEAH,FLOETIA
BIFFLINVILLE,PA
HUDSON,M, Y,

[+

41
33

29,

47
30
£0
38
a7
34
23
30
28
35
34
39
23

33
27
23

- 3h
39
32
34
a0
21
32
31
25
40
&0
40
40
47

28

48

42

39

47

38

26

35

24

34

23

33

A7

a0

27

27

25

41

42

©

080070691255°

28
13
56
26
14
35
33
47
33
34
13
25
57
43
01
07
29
14
31
01
16
22
56
12
26
22
11
ns
0o
09
49
11
o g2l
54
37
A
47
27
57
09
35
02
07
03
1R
39
55
57
b3
0o
14

42, 4696268
26.686 261
28.594 262
48,273 262
(6.956 274
20. 787
6,807
15.54%
54,655 270
04,343 273
R, 0841279
39.8183243
50. 7427242
32.208 255
*6.2140253
12.2215253
53.441 237
48,875 240
0. 605 251
39,4916253
43,702 253
Y4 ,537 247
54,882 278
44,555 270
4,473 247
3G H99 250
LR, 275 245
11.583 278
Z7.649 276
51.34R8 275
20.34% 270
07.132 240
44,361 249
47.8803237
04.08>928H
44,602 237
67,507 251
10.576 278
21.573% 275
N6.794 275
OB, 0877277
10.298 28]
(3,0277273
3,048 277
B1.H9852HKT
Nh,274 274
12.034 277
75.330 279
ZhoBREN P2TQ
bT.554 2R3
T4t 286

2713
271

274

Y h(m)
07'57 2024 1889.5
59 51,4859 44,2
27 29.494 599 . &
37 11.201 274,00
01 17.525 327.1
10 27,186 259.0
21 07.740 212.6
55 10.38&  264.h
45 30.291 250.4
50 04,5064 141.3
47 01.078 40,9
23 37.8163 16,3
06 40,9729 994,0
05 11.0552 7H5H.4
13 29.785% 1691.1]
51 41.7115 1338,8
38 12.0076 1235.3
30 09.749  21.0
28 50,994 248, 3
24 25,292  20630.6
10 26,7558 40,1
14 48,285 1196.4
19 DY.484 2256.6
19 07.%45 11.6
16 28.09% 113.6
08 54,990  422.9
27 35.724 1225.0
57 35.557  11%¢,7
1% 39,706 360,6
57 30.248 240,2
23 26.854 213,5
42 40,598 269,
39 48,118 3bh.0
53 20.567 1311.1
15 52.8636 5.1
30 3A0.KAOE 141.0
50 57,839 42 o6
22 07.57% 1011.9
24 33,038 290, 7
53 0Y.046 394,51
06 55.814 303,01
56 35.6R47T 224,20
50) 39,.47R fo 8
30 01.5046 2722.7
N5 30,233 154,05
32 3R,.4097  167.5
11 38,206 34,70
18 24.707 10.40
26 31.977 14,258
41 R4,P2H4 14,4
39 41,996 2949 . H
13 23,691 1172.12

3



51020
51021
51022
51023
51024
51025
51026
%1027
51028
51029
51030
51031
51032
51033
51041
51043
L1044
51056
51057
51058
52063
53063
H10a66
51067
51068
51069
51670
51072
51074
51089
51095
52001
52002
60001
gOnes

TFable 2.3-3 (Continued)

ALRBURG(GSC), VER,
NRLEAMS,MASS
FAIRFIFLD,ME
ANUCHARD RM?, MATNE
FREEPORT, T¥
MNEWTOM, TEXAS
CLARKSVILLE,TFXAS
SPRINGDALF 4 ARK,
THAYFR,MISSMURI
PLATTE CITY.Mf
KINGFTSHFER, OKLAH
CLAY CITY,ILL

EL DARA, ILL
WOODBINE, I0WA
MEYER 1946,NER
LAKE 1957,WY
HORSE 1972.WY
KEARNS ,UTAH

DRY 1965, NEVADA
NIATOM 1958,MFVADA
NS PALDS,CA

NCS PALQS,CA

TERREBOINNE , DIREBIN -

MIMERAL WELLS,TrX
YULEF, FLARIDA |
ASHFROO,S,C.
WRIGHTWOND, CALTLF,
BIL PLATFORM, LA
MIDLAND,DR
MAYHOQOD 1971.,CALIF
AGAMENTICUS, MATNE
RELTSVILLE « mARYL
KFLTSVILLE, MARYL
BELTSVILLE,mD

PP ARTZUOINA

44

.41

44
47
29
30
33
36
36
%9
35
=8
39
41
41
44
41

40

36

20

©

54
51
35
11
02

54
38
10
34
16
47

38
37

42
38
48
36
38
23
49
54
B4
23

57
&1

45
22
56
07
08
13
01
c1

01

39

'
29.145 286

18,929 290
59.3572290
H3,849 291
30.776 264
24.116 266
22.616 264
22.216 265
36,984 268
“D.961 265
01.393 262
14.4728271
27.816 268
12.717 264
26.87H 258
0l.705 251
55,887 252
6,430 248
42,057 244
27.997 241
51.030 239
%1.030 239
31.948-238
s, 6848 261
b, 5832278
=1.1419279
L4, L413242
21.335 276
?71.955 238
7.16% P34
74,048 289
20,49 16282
39,0030242
Y. 49TAPH3
10.828 245

A

042
02
24
26
39
23
58
52
22
13
01
39
58
21
24
39
12
01
47
00
26
26
49
54
15
26
19
15
10
16
1R
10
10
10
24

297965
58,042
45,3246
47,633
51.252
57.198
57.010
40,709
24 .460
51.216
13.051
01.6445
34,875
21.183
03,785
19,481
56.957
46,128
34,864
56,736
48,988
465 ,9BR
17.210
37,082
59,260
36,9271
09,2715
11.898
26,630
38,179
27.146
P6.7558
26.9420
2h.THHE
30,847

h{m)

66.8
18,54
45,827
362.0
’ 5.68
B7.8
153.1
412.3
296.82
300.00
363.0
144,16
240, 2%
425.5
1184.0
1220.35
2236.5
1392.1
11847.62
1290.9
9,68
9,6R
RT4.9
ab7.6
21.4
1.9
2172.77
x2.1
1229 .58
21.10
211.4
40,1
40,1
40,1
61l.3

Note: The coordinates of station 51081 (Newberry, Michigan) and 51082
(Rosebush, Michigan) are not given since the elevation of the mark above
MSL is not available at this date.



10000
10003
10006
10008
10018
10019
10020
10021
10022
10023
10028
10029
10031
10032
10033
10045
10046
10055
10056
10071
20001
20002
20003
20015
20016
20176
20177
20208
30025
30026
50027
ANO7R
30029
30030
30038
30078
0098
an0a9
51004
51005
51006
51007
51008
51009
51010
51011
“¥012
51013
51014
510015
SLOLT
51019

Table 2.3-4

X(m)

-12347R7,031287
-92163,3274
—~1349A5.10287
~549K864, 35647
~763921.55654

354935, R9169
3TARRRG . HE697
346100087337
160920,74798
71494, 23557
362T1R, 24714
917944, 49854
—-2383546.10GR6
~2449986,.10613
—-125232b7.78417
-1488218,R0HD4
~15067TR0. 272251
-2722117.58595
~2631015.9¢190
~165T69T, 43440
1130791.47220
~15h6179,94316
-2448814,60620
792138,96872
26155,R%120
-2092393, 543049
—~18B23344,.A7493
~2126064,99762
T02169,27593
502716.h3644
45R592,94239
60006.26530
~2127796.09549
~17074R65,.39103
=2271103.57771R
1492329,.65190
—2612354 ,5¢563
-1371903,.772852
T32292. 70433
523334,.33832
465534, 20520
T26471.17226
10R6020,82071
326506, 36R36
FEOE37,51821
101789 1. 46347
401640, 66947
T17313.54022
G24941,TRA26
QAGT?H, NHANN
1128365.16229
1321206.75126

Y(m)

-4651305,24820
—-5324727. 7588

-4897%38,99853
—42465193,85197
~5450447, 70184
~4863266. 51618
—4977803,37641
-5051388.65185
~5241759.84364
~5319747.61046
~5484677.72920
~5548556, 09140
—4b41%77.63202
~4626564, 51RTO
—475]1762.52618
-5143110. 83040
-5131723.21751
—4273314.41220
-LhLa66TT7.14191
-4927746,97241
~4R%(Y976.31625
—5169589, 19696
—4h6RI124,6T1746
—54&)7439,98761
-5450974,93349
-4965136, 27632
—B13794R 72238
~4766234,73910
~48362721.21900
~4R56435, TT9R?
—48597£2,21159
—4R33458, 77091
~37R6013.91927
~6663160.59124
—%932K15,59227
~4457865,09067
—4]157882.561972
~4069191, 13759
—4953h86,09926
—h0T64b66, 17623
~5200216.56071
-52065%26, 82108
~5178483,49970
—5337692.95772
-5310122.98023
~4976120,02327
—R4TIPP2R. 26693
-5594191. 42876
—hbhATEHY, 60404
~5659793, 73117
—46K%F416,92001
—u540745. 87589

NAD-1927 Coordinates for North American Stations

Z(m)

4174632.26703%
349R8182.6345

4011801.66913
4712710.80810
3213157.09664
4097931.65607
3956702.89265
ARB60YY, 253R0
2618500.137KY
3506254.62638
32245R1.345896
2998558.65948
2677024,23533
3634850,06573
4054772.24688
3456991.,15919
3465609,29068
38612272.98818
3476845, 38285
3685678,959321
3996529 ,80936
33RTOEHR, HYTTL
2582567. 78721
3260837.74799
328H935,96242
3402547, 75088
3302098,149172
36561R8.49587
4085%76,9999%
4078595, 38194
40Y1Y944 , 85497
4147474.,96655
4655H&T 15013
3991132.57877
4784027.11280
4296247.,84148
L056147.47172
4701423.61322
3937676,59777
AK1355%6, 64414
3651643.51554
3600052.21709
3H49592 ,57927
3464819,88045
3459491.67290
BAR4HG8I,92317
2232553.9026H8
2968514,90610
2972141.11K12
2T6T9TT.40T66
41A3 T T.84166
47265559 ,0442Y



51020
51021
51022
51023
1024
51025
51026
51027
1028
51029
51030
51031
51032
51033
5104,
L1043
51044
51066
L1057
51058
L2063
53063
51066
51067
1068
51069
51070
51072
51074
51089
51095
52001
52002
60001
SOO08

Table 2,3-4 (Continued)

X{(m)

1300937.47103
1631151.37676
1586623.281K5
1547550, 58235
T~518961.074R8
~-3440NF, 35009
—464915,5%902
~-3706555.9A439
~145569, 87647
—411047., 44629
~719167.16105
143687,10534
-R7891.0%953
-469068, 20706
-980Q984,27416
~1427067.38845
-1459132,67716
~1813652.5330R
~2072350.55979
~2377361.79737
-25095488,22949
-2595488,. 33949
~2371772.71412
~7H3877, 13100
TRA249,87219
BROY4LT, 07468
~P?H4RBAR Q9 APH
6084T6H, 6] TNER
~2499017.2%397

—-26410%2.042915

1539215.486721
1130791.47330
1130767 ,9%AA9
1130n791,47320
-2236940,70411

46

¥ (m)

—-4332945,9RR25
~4469543, 88152
—4267433.68813
—404]2K0. 65898
~-555¢518,78229
5466687, 00629
-520583,11407
-b141H05,117562
~512¢64046,32935
—-49268690. 91895
-5130223.29882
-4986733.03793
—4Q18QAT,4289R
~4T46295, 11724
~46771114,25269
-4303815.21224
—&H4&E9H]1,33003
~4495605.81371
=4407576.42TT8
-4291657.78291
—439¢694R, 71761
~4L29694LR,T1746]
-2901531,97790
-5432270.39721
-5296359. 482827
~4668216,49201
~5552998P., 63492
~4026431.67655
—4277435.92691
~o3Qruab6,87232
—4R309T76,31H25
~&BACORL,5334Y
—4830976.31625
—LBRTIHBR 64470

Z(m)

L479964,74932
4233454 ,95837
4455622.42510
4656R832.72282
INTTT93.47765
3256891.44616
3513137.3685%]
AT43767.68838
ATTI9TTII.74733
4016490.69597
ITORTTZ2.98H25
3960845,.05825
4045906, 786387
4221159.04138
4216458.25R01
4472299,13266
421505%R8,5720R
4133168.02645
4112487.25633
40A3500.71512
3RNYH95,T3467
AR09590, 75462
4439746,33500
34904T73,87748
3236793,06675
3431299.11481
25RP2263,62636
306THET B9850
47256551.92947
3917693 .99328
43465558, 60275
399L529  BHY3E
3YY45]8,1H4855
34945249, 849346
3421473.22711



Table 2.3-5

Variances of the NWL-9D Coordinates
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Variances of the NAD-27 Coordinates
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RESIDUALS
8 Parameter Transformation (NWWLOD - NAD): Latitude
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RESIDUALS
3 Parameter Transformation (NWLSD - NAD): Longitude
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RESIDUALS
3 Parameter Transformation (NWLOD - NAD): Height
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RESIDUALS
7 Parameter Transformation (NWLOD ~NAD): - Latitude

3003% ’
-6

40023

okad 06020

+

s:-tazl +, .
s1pz; iUcep  BiLd

Figure 2.3-4




€s

RESIDUALS
7 Parameter Transformation (NWLOD - NAD):

Longitude
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RESIDUALS
7 Parameter Transformation (NWL9d - NAD): Height
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Attachment 1 (§2.31)
DEFENSE MAPPING AGENCY '

TOPOGRAPHIC CENTER
WASHINGTON, D.C. 20315

REPLY TO
ATTENTION OF:

DMATC-G(52310) . 22 00T 1974

Mr. Alfred Leick

Department of Geodetic Science
1958 Neil Avenue

Columbus, Ohio 43210

Dear Mr. Leick:

Reference is made to your letter dated 30 August 1974 requesting coordinates in
the NWL 9D and SAD 69 systems for Doppler stations in Latin America. These
data, while not classified, are restricted to the use of the country involved and
the United States, and any exception will require the prior approval of the

country involved.

We are initiating action to obtain the necessary approvals for the release of the

Sincerely,

O KENNETH I. DAUGHERTY
Chief, Department of Geodesy

Yo7z

VA
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Attachment 2 (§2.31)

>

1.5, DEPARTVIENMT OF COMMERCE
Mational Oceanic and Atmospheric Administeation

NATIONAL OCEAN SURVEY
Rockwille, Mid. 20852 . Ccl3

Novembexr 7, 1974

Dr. Tvan I. Mueller
Department of Géodetic Secience
Ohio State University
Columbus, Ohio 43210

Dear Dr. Mueller:

In accordance with our telephone conversation on this date,

data sheets for 76 Doppler stations are enclosed. Data for each
station dncludes Doppler coordinates referred to center of the
antenna and geodetic data referred to the marks. In each case,
the antenna height is tabulated and the Doppler values can be
reduced to the marks. An index of stations by state is also
enclosed. Please note my comments in the enclosed copy of my
¥IG report on page 4.

As discusse%,the AFCRL input for TAG is enclosed.

Sincerely,

ﬁ,«/ /Z{é

B. K. Meade
Chief, Control Networks Division
National Geodetic Survey

Enclosures
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2.32 Determination of Network Distortions for the Australian

Geodetic Network (AUS)

The Q3U-275 System as Comparison Standard

The OSU-275 system provided a total of 17 stations which could be used
for the computations. They included four Doppler stations which were added
to the WN14 gometric solution either by direct survey connections or by
transformations., Several transformations were performed to delete nearby
and double stations and those with unusually large residuals. It was found
that the residuals of the Doppler stations did not compare well with the other
stations of the WN14, I was, therefore decided to use the Doppler stations.
independently of the others. )

The number of stations thereby was reduced to six stations. The

variances as given in the TFourteenth Semiannual Status Report were used

in the satellite system. In order to obtain the variance of unit weight

close fo unily, the variances of the geodetic coordinates had to be scaled

to 2.0 m® in each axis. The residual maps for the three and seven parameter
{Molodensky model) transformations can be found in Figures 2,3-7 through
2.3-12,

The NWL-9D System as Comparison Standard

Mr. A. G, Bomford provided the coordinates of nine Doppler stations
which are given in Tables 2.3-7 and 2.3-8. Station 2744, THURSDAY,
showed large residuals and station 2726, MANUS IS, was not used since
it is too far away from the Australian continent. Again, a three and seven
parameter (Molodensky) transformation was performed with respective variances
25.0 m® and 2.0 m® for the Doppler system and the geodetic system
in each coordinate. Tlhe distortion maps are shown in Figures 2.3-13 through

2.3-18.
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2112
2707
2709
2725
2726
2743
2744
2749
2805

2112
2707
2709
2725
2726
27473
2T 44
2749
2805

Coordinates in NWL-9D System for Australia

SMITHETELD
DARWIN
MUCHEA
TOWNSVILLE
MANLIS TS
WOOMFRA
THURSDAY
TIDRINRILLA
CULGONRA

Coordinates in Australian Geodetic Datum

SMITHFIELD
DARWIN
MUCHE A
TOWNSVILLE
MANUS TS
WTIMER A
THURSDAY
TIDRIMBTLLA
CULGONRA

Table 2,3-7
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34° 40" 26./26138°
12 27 13.02130
31 36  25.47115%
19 15  24.64146

2 03  02.59147
31 23 25.49136
10 35  00.64147
25 24 12.8BR14R
30 18 34.13149
Table 2.3-8
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3.  ACTIVITIES RELATED TO EOPAP
(Grant No. NGR 36-008-204)

3.1 Sea Level Slopes Along the Continental Boudaries of the U.S.A.

t

3.11 mtroduction

Geodesists and oceanographers have disagreed on the direction and
magnitude of the North-South sea level slopes along the East and West
Coasts of the -United States.

There was some room to doubt the validity of the comparisons
between the resulis of the geodesists and the oceanographers since they
use different methods and different reference surfaces for the determination
of these slopes.

An attempt has now been made to compare the results of the ocean~

ographers and geodesists by reducing them to the same terms.

3.12 Method of Calculation

The results of both geodetic and oceanic leveling have been reduced
to the following compatible ‘quantities for comparison at several stations

along the two coasts:

1) Geopotential difference between the sea level and the deep
sea isobaric surface used as a reference surface in oceanic
leveling;

(ii) Orthometric height between the sea level .and the same deep

sea isobaric surface.

Values at the various statioﬁs for the (anamolous) dynamic heights of
the sea level with respect to the ‘degp sea isobaric surface of reference have
been taken from the graphs of Wilton Sturges [4]. Values at these stations
for the geometric height differences between the sea level and the reference
seopotential surface used in geodetic leveling ilave been taken from the
graphs of Emery Balazs [1].

The standard geopotential difference between the 0-db surface (sea level)
and the 1000-db surface has been taken as 9704.032 m® s 2 [3]. The standard

geopotential difference between the 0-db surface and the 2000~db surface has

Tl



been taken as 19364.200 m®s™% [2].
Computations have been carried out for 21 stations along the East
Coast (West Atlantic) and for 8 stations along the West Coast (East Pacific).
The following assumptions have been made:
(i) ‘The deep sea isobaric surface used as 2 reference in oceanic
leveling is an eguipotential surface;
(i) Oceanic and geodetic leveling is in perfect agreement at Neah
Bay on the West Coast and ‘Port Maine on the East Coast, botﬂ
sea levels having been used as references in geodetic leveling
along the West and East Coasts respectively;
(iii) The gravity field of the earth is well described by normal gra-
vity field in the areas under investigation and gravity varies

linearly with height/depth up to 2 kilometers.

3.121 Calculation of Geopotential Difference

A. OQceanic Leveling

Figure 3.1-1
Reference Station s =eygwpn L o s
. : L ,(—-———-Tdm m=—Reference Geop - (Geodetic
(Geodetic JF‘—///’\’: oA Leveling)
. Leveling) ] T ~——"""-Sea Level
. e e -
e s —  4—=}H—— —— — — - Theoretical 0-db Surface
(Standard Ocean -Surface)
: N .
AN
0 Ay R
- v - aa - ea P - - i - ? -
I e BWo = AWg,
—— ¥ Y YN Deep Sea Isobaric Surface
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Awoi
where

AW,

AW,

H,

therefore,

= AWB-]-dWOi = gmi (Ha+h01) (1)

is the geopotential difference between the deep sea isobaric

surface and the sea level at station i, as per oceanic leveling;

is the standard geopotential difference between the deep sea

isobaric surface and the sea level (0-db surface). The value

for this is 9707.032 m®s” 2 for 1000-db surface (used as a

reference on West Coast) and 19364.200 m s~ % for 2000-db

surface (used as reference on East Coast);
is the anomalous geopotential difference at station i;

is the dynamic height at the computation station as. per graphs

of W. Sturges and is interpréted as per Equation (1) above;

is the mean normal gravity between the sea level and the deep

sea isobaric surface, at the computation station in gals;

is the orthometric height corresponding to the standard geopotential
difference AW, ;

dWo, = hy X g, , since AW, = g. X H;. @)

Based on the geodetic reference system 1967:

gmi =

where

©1

Hy

978.03185 (1 + 0.005278895 sin’ ¢,
+ 0,000023462 sin®o, (3)
- 0,0000003155 —Ié{—i )

is the latitude at the computation station; and

is the orthometric height between the deep sea isobaric surface

and the sea level at the computation station (in meters).

0.0000003155 H represents the free air altitude effect on gravity.

Also,
Jat ng

= ga X Hi. (4)
1 B
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En .

and H,; are determined such that Equations (2), (3) and (4) are satisfied. .

Initial value of H; has been taken as -1000 meters for the West Coast

and -2000 meters for the East Coast.

B. Geodetic Leveling

AWy,

6)

is the geopotential difference between the deep sea isobaric

surface and the sea level at a station i, as per geodetic leveling;

is the geopotential difference between the deep sea isobaric

surface and the sea level at the station used as reference in

geodetic leveling (reference geop), computed as gi.ven in

and )

is the difference of geopotential between the reference geop

of geodetic leveling anG the sea level at the computation

the graphs of E. Balazs;

AW, = AW -
where
INA
AW
section A;
dei
station.
de1 2e hsz
where
hgi
gs

(3).

leference Station '
Geodetic
Leveling)

—r—
e

— 1

Figare 3.1-2

T Shehew LT
A, TET

hsi ,
N T L

- -
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(6)

is the geometric height difference at the computation station

(between the reference geop and the sea level), obtained from

is the gravity at sea level obtained by inserting H = 0 in Equation

s rrmrTee— .. qReference Geop (Geodetic

} Leveling)
TSea Level

. Theoretical 0-db Surface
_(Standard Ocean Surface)

Deep Sea Isobaric Surface



3.122 Calculation of Orthometric Height Differences

A. OQceanic Leveling

H°1’ the orthometric height between the sea level and the deep sea
isobaric surface at a station i, as per oceanic leveling, will be identical
to H, computed in section 3.121/A.

B. Geodetic Leveling

¥ H, is the orthometric height at station i between the deep sea isobaric
surface and the reference geop of geodetic leveling (corresponding to the

geopotential difference AW), computed as per section 3,121/B, then

By, = H - hsi {7)

Hg, is the orthomeiric height between the sea level and the deep sea

isobaric surface at station i, as per geodetic levelizg.

3.123 Comparison of Results

AWy, and Ang have been computed as per section 3.121, and
graphs for AW; = AW, - AWS: against latitude have been shown in
Figures 3.1-4 and 3.1-6 for the East and West Coasts respectively.

Hy 1 and H, ; have been éomputed as per section 3,122, and graphs
for these quantities against latitude have been shown in Figures 3.1-3 and 3.1-5

for the East and West Coasts respectively.

3.13 Conclusions

(i) The results of oceanic and geodetic leveling are comparable, In
terms of magnitude, the discrepancies as pointed out by oceanographers,
between oceanographic and geodetic leveling, do exist. '

(ii) If the deep sea isobaric surface is taken as the level surface of
reférence, the results of both oceanic and geodetic leveling indicate that the
ocean is sloping down from South to North, along both the East and West

Coasts.
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(iii) Height differences are more on the West Coast where the deep
sea isobaric surface of reference is 1000-db, as compared to the East Coast
where the reference surface is 2000-db. AW, is predominantly negative '
and increases with the distance from the reference station.

kiv) The crucial factors in the above comparisons are the actual
gravity and the choice of deep sea isobaric surface. Actual gravity is
not measured directly either by oceanographers or geodesists., Errors due
to non measurement of actual gravity and to the deep sea igobaric surface
not being an equipotential surface are likel'y to account for a small part of the
discrepancy in magnitude. But the discrepancy about the direction of the
slope seems to have been resolved.

(v) It is hoped that altimeter measurements from satellites will

resolve the apparent discrepancy.
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3.2 Initial Guidelines for the Establishment of a Worldwide Geodetic

Reference Frame for Geodynamics

The establishment of a Worldwide Geodetic Reference Frame (WWGRF)
will be reguired to satisfy the geophysical needs to describe features such
as continental drift, fanlt motions, efc.

The velocities of tectonic plates are such that observations of 10°°
precision (and/or accuracy: 38cm, 0,001, 1y gal, IE) are required to
monitor these movements.

Most likely, a Fundamental Polyhedron (FP) will serve as WWGRF.
Two main aspects can be recognized: )

a.) Internal motions by the points describing the FP. The most '
important non-common motions (relative motions) will be:

‘ Continental drift

Fault motions
Earth-ocean tides
Ocean loading effects.

b.) External motions by the points describing the FP. The most
important common mo-tions with respect to an inertial frame-(absolute
motions) will be:

Precession
Nutation

Earth rotation
Polar wandering
Polar wobble.

From the observational point of view the relative motions of those FP
points will be monitored with high precision in the near future, A technique
such as very long baseline interferometry (VLBID) should be capable of establishing
a:FP with high precision, .

The realization of such a FP will be essentially a coordinate free problem:
the shape (lenth ratios and angles) and the size (scale from the velocity of
light) of a TP are the only essential features to be established. Problems
of optimization from a geometrical, statistical and geophysical point of view

need to be resolved.
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The description of absolute motions of those FP points requires the
establishment of a coordinate system which is a much more difficult and
intrigning task: the orientation of a FP with respect to the inertial frame
of quasars for VLBI and with respect to the inertial tensor of the earth ’
for satellite laser ranging and the position of a FP with respect to the
inertial tensor of the earth for satellife laser rénging and the positions
of a FP with respect to the center of mass of the solid earth and the
fluid atmosphere for VLBI and satellife laser ranging and with respect
to the barycenter of the earth and the moon for lunar laser ranging.

The feasibility of the establishment of a highly accurate (107°)
coordinate system whic;h is either inertial with respect to extragalactic
sources or described by the inertia tensor of the earth itself (gravity
observations) needs to be investigated.

*  Summarizing, the problems involving the establishment of a World-
wide Geodetic Reference Frame can be represented in the following

schematic charts.
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TYPES OF OBSERVATIONS FAND THEIR PROBLEM RREAS
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3.3 Computer Programs Acquigition

3.31 - Analytical Lunar Ephemexis of Deprit

In order to make use of Junar ephemeris (kept .a,t system: Tape No.
UC2999 - Slot No. 049) and clarify certain douBts, M. Kumar made a trip
to the University of Cincinnati on November 25, 1974 to meet Dr. Andre
Deprit. The .relevant information and various pointé clarified during dis-
cussion are as under: ‘

(2) 'The various constants used in the development of the ephemeris:

(i) Mean Anomaly of Moon

at time T (I1) =Lo * n, (T - Ty
(i) Mean Anomaly of Sun

at time T (€ {) = £% LYY (T - To)
(iii) Argument of Perigee

at time T {g4) = g + 1, (T - Ty)
(iv) Longitude of Node

at time T (;) = ho+ ny (T - To

where -

’ T, = 1900 January 0.5 E.T. (MJD 15019.5)
n, = 1732559353 7561 / Julian Century
Dy = 1295977427380 / Julian Century
n, = 146426827579 / Julian Century
n, = =69671997408 / Julian Century
2, = 5.168000340- radians *
24 = 6.256583523 radians *
.- = 1.311550024 radians *
hy = 4.523601515 radians *

Then ‘

Fp = I +g;

Preceding page blank | 7




* Taken from Supplement to AENA, 1961, pp 44.
* Taken from Supplement to AENA, 1961, pp 44 as (¥, - Lo).

®)

where

1

e’ {sun) 0.01675104
Myooy = 34227452,

The parameters used are:

n’(sun) / n {moon)

m =

e = Eccentricity of the lunar orbit

e’ = Rccentricity of the sun orbit
= (Constant of lunar inclination (sin i/2)
= (1_20-)‘-"/!1'.**

¢ = Semi major axis of lunar orbit

o' = Semi major axis of sun orbit

- = Muoon

Mesrry + Myoon

** Refer to Boeing Scientific Research Tab. Document No. D1-82-0963,

March, 1970, (pp 4, 6, 8); "Analytical Lunar Ephemeris - Definition of

Main Problem" by A. Deprit, J. Henrard and A. Rom,

(c)

(d)

(e)

All coefficients on the tape are in arc of seconds. Three
files contain information about longitude, latitude and parallax
of the moon in terms of Delaunay arguments and partial deriva-

tives with respect o five arguments vide section (b) above.

In the discussion it was brought out by Dr. Deprit that even
though his ephemeris contains only the main problem, the
partials available as computed from the fape for any epoch
should be compatible in accuracy for a least square adjustment,
He further suggested that certain coefficients in the order of
107 % or smaller may also be omitted while computing partials

so as to improve the computational time,

This ephemeris does contain Van Flandern's correction [1969]
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between constants of lunar theory and FK4 system.
3,32 Numerically Integrated Lunar Ephemeris of JPIL,

A new lunar ephemeris (which is kept at System: Tape No. LUREO0Z2,
Slot No., 4126) is detailed in Aftachment 1.

3.33 Goddard Trajectory Determining System (GTDS)

During the report period Goddard Space Flight Center,
Gre?enbelt, Maryland, was approached to acquire latest computer program
for artificial satellite orbit generation/data simulation.
‘ The program obtained by us forms the part of GSFC's comprehensive
compuier program, ' Goddard Trajectory Detérminmg System. (GTDS)" and )
contains mainly the orbit generation and data simulation capabilities. The

relevant information and details about the tapes containing the program

are; .
Tape Name —— ORBIT 1
Where Lodged — Room No, 404 Cockins Hall, OSU
Remarks: The tape contains 5 files.
1. Source deck listing
2 Overlay structure
- 3. Ioad module created from file 1 & 2;
_ 4 Solar lunar planetary ephemeris in 1950.0 mean

reference frame for period of January 1971 to November 1981

9. Information as in file 4 in true of date system.

Tape Name — ORBIT 2

Where Lodged — Room No. 404 Cockins Hall, OSU

Remarks: Defines time and polar motion coefficients,

Tape Name — GTDS0L
Slot No, — HO073
Where Lodged —— Systems Engineering, OSU ‘

Remarks: File No. 1 - Source deck information as wmloaded data set.

If the source deck is required at any time then data set has
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File No, 2 - Load module as partition data set (member
name - GTDS). Program is being set up on the system disk
as ORBGEN,GTDS.NEWLOAD for use and renamed as 'MAN,'
This renaming became necessary due to modification in main
program (subroutine: ODSEXEC in GTDS) to suit the computer
systém at OSU (see attachment 4),

Tape Name — GTDS02

Slot No. — H120_

Where Lodged — Systems Engineering, OSU

Remarks: File Nos. 1 to 20 — Data and various constants information
to be used with program GTDS. Available on the system
digk IRCC71 and IRCC74 as permanent sequential data sets.
File No. 21 — Information about overlay structure for use
with GTDS (see details in Attachment 2), ‘ T
File No. 22 -— Information about Goddard Space Flight
Center procedure as used by-them to run the program
GTDS. (See details in Attachment 3}.

NOTE: (iy As the computer at OSU generally works with limited

number of disk umits, a special object deck was obtained
from Mr, P. Pandhi of IiRCC for inclusion in overlay
structures- while. setting up of the load module, (See
JCL set up listing in Attachment 4).

(ii) The program GTDS can now be run at OSU as it is or
with over-riding subroutine temporarily. The ?equired
JCL set ups for these two cases are shown as Attachment
5 and Attachment 6, respectively. -

(iii) The Tapes Nos., ORBIT! and ORBIT2 contain only the
orbit generation capability of GTDS.
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Attachment 1 * (§'3, 3)

JET FROPULSION LABORATORY . ENGINEERING MEMORANDUM
391~605

10 December 1974

TO:: ' - Distribution-
FROM:  J. G, Willlaws and W. i Sinclair

"SUBJECT: LURE 2 Ephemeris -

The LﬂRﬁ 2 ephameris (LE 40} 13';-n;w lunar ephemerls based on 1unar
iaser ?»ng14g data. The data span for the flt was August 1969 to June 1974
- but the flrsf year of data was very sparse. 1252 ranges to the Apollo 11,
lé,KLS and Lunokhiod 2 veflectors were fit with an rms r351dua] of 45 em. .
The list of constants used in the ln*egration is given in thls memo.
In many cases fhe number of dig;ts given in a constant exceeds the signifi~ -
cant digits of that® coastant. The earth narmcnlcs are from fhe .1973 sS40
standard aarth III mode_, The lunar harmnnlcs 530, 832,'532, and 533 wéré

derlved from fhe 1aoer ranging data whlle the remalnlng harmonics were

adopted from the lunar orbiter work. Céo and C22 were adgusted from lunar
orblter values so that‘t.alr ratio matcbes the constraint lmposad by B and Y.
Tha mass of fhe aarthuaaon systum was determined from the lunax laser data
'while the earthumoon masé ratio is adopted from spacecraft tracking results
The newly adopted speed of llght was used in this work but parameterb scaled
to the old value are.given for comparison. The new speed of’ 11ght is recom-
mended by both the IAU and the International Committee for Welghts and

Measures and we do encourage that it be used in all future astronomical and

geodetic work for compatibility.
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Aftachment 1 (§3.3)°
(Continued)

Distribution - EM 391-605
- 10 December 1974

_ The relativistic effects have been chosen so that the time argument
of the ephemeris ié heliocentric coordinate time and the sgaée components
of the moon are differenced heliocentric coordinates of the earth and noon
'An isotropic iine element is used.: The aceeleretloos due'to the earth s‘figw
ure include-the leading term og nutations and the_ludar_fiéuré effects include
:éthe.ﬁost imoorteﬂt terms of physicel 1ibfatioos:ie longitﬁde. The tidal .
"ftiétibn effect is modeied as a perturbetion from e tidal bulge raised on the‘
earth by the moon and phase shifted in right eeeension by constant phase la
For the secular acceleration of the moon's orbital longitude the product of
tha Love number kz and the phase-lag ) has been chosen’to approxlmetely reprow
" duce the value of %—n = ~20"/century2, a value close to that of several recent
investigations. At present the lunar 1aser data .is not able to 51gn1f1cantly

correct this number though this should s00n become posolble.

’ The pleuetary ephemerls was integrated simultanecusly with the Boon.

The starting condltions for the planetq wvere modified from BES#. The modifi~
_-cations consisted of the new earth=moon mass and a rotetiou of the orbit planes;
" of the four inner‘planets to match obllqaity and equinox corrections derived

" from the 1unar laser data analysis. The corrections meke the lunar and planetary
orbit planes and the earth's equatorial plane consistent at the present time.

The zero point of right ascension is not adjusted to the dynamical eguinox.

The inter planets were. rotated tdgether because the plenetary-rangiog data tends
to determine the relative orientations of their orbital planee well. The cause

of this rotation is still under investigation and as a consequence this planetary

ephemeris is considered highly experimental. The planetery-ephemeris-with
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Attachment 1 (§3.3)
(Continued)

Distribution -3- EM 391-605 .
. 10 December 1974

the lunar ephemeris is designated DE86 and resides on J663 in 'the
type 50 format. Type-ﬁﬁvtépes are also available. .

The radial earth-moon Qistanceﬂis uncertéin ﬁy a comstant, corres—
pond:fmg to the mass of the system, which is < 30m. - Uncertainties in
) va?iations of the radial component apart f£rom the comstant ;resszl.Sﬁ._
- The uncertainty,in-reiativé celestial 1;ngitudes'is thought ﬁo he less than
é few thousandths of a ;econd of arec while the zero point matches-that of
the earth-moon bar&centar'in the planetary.ephemeris at the ﬁresent time.
Cele;tial latitudeé in the sense of relétive‘earth equatbrial,.éarth orbital,
and moon orbital planeé ére thought to be better than a few hundredths of
a second of é;c; The above numbexrs apply to the time span of éh; £it, the

_errors.increasing in the past or future.

“'Span of integratiom | 2640400.5 ~ 2444000.5

Span of type 50 tape - 2640424.5 - 2443960.5
‘Mase ratio- earth/moon - 81.3007

Mass ratio sun/(earthimoon)  328900.526

GM barycenter b 8997012 315 %1070 au3/4
0ld ¢ : ) New c

c : 299 792.5 299 792.458 km/sec
AU ' 149. 597-891:916 95 149 597 870.95869 km
6M sun 132 712 496-508.11 - 132 712 440 729.53 kn3/sec
GM earth 398 600.6538 398 600.4854 kn>/sec?
GM moon 4902.7948 ” 4902.789% k- /sec>
REM (type 50  6378.15009 . 6378.14920 ks

tanes onlv)


http:496.508.11

Aftachment 1 (§ 3.38)
(Continued)

Distribution -4~ EM 391-605
. 10 December 1974

Earth Parameters

J, = 1082.637 x 10”"

2
I = ~2.541 % 107°
J, = -1.618 x 1076

Earth fédius used with harmoniéé 6378.156 kﬁé
BotentiaL.Love numher k2 = 0,29

Tidél'phase lag § = 0.0713 radians

Lunar Parametgrs
"Harmonics (units of 10°¢

C,. = -203.822

. C20 ,
"Gy, = 22.39 Sy, = 0.0
Gy = ~10,44 |
33 = 28.6 31 2..8??
C3p = 4827 - 332'.= 1.71i.
Cyy = "’2.7 . 543 =114 .

'Radius used with harmonics 1738.09 kms.
Harmonics consistent with C/MR% = 0.394

Tilt of moon's pole to eclipﬁic, I = 5552,7%

JGW/WSS:mpg
Distribution
J. D. Anderson J. H. Lieske C. F. Peters D; W. Trask
P. B. Esposito .- W. G. Melbourpe W. L. Sjogren
M. S. Keesey X X Newhall E. M. Standish
H‘A

+ Slade
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Attachment 2 (§ 3.3)

ENTRY MAIN

REPLACE BLKLET,PLTDMP,QUICKY,TYPLIN,UCS, TYPWRITE

INCLUDE TAPELIR

REPLACE ‘RTOBS,VPFORC ,GOFUNO,GQ24,SELRUN

INCLUDE SYSLIR(GTDS)

OVERLAY REGISEG1

INSERT READER, IMCSLAG, IHCSSCN THCFRXPIs IHCFRXPRy IHCSEXP,GSCALE,CPLOTS
INSERT DATE,EDITT,GRID,GRDONUM,HORLIN, MINT,PLOTST,SCHAR,SC4020, TIMING

OVERLAY REGLSEG1

INSERT ORBIT, INTP

INSERT - WORKER,HEMITR, TIMREG,VCROSS

OVERLAY REGLSEG2

INSERT FORCFES,DPART, SECHEK,SECUPD, DFIX, INVZ,OSMEAN BRNURB DKEPLR

OVERLAY REG1SEG3

INSERT ORBITB,RESINS, INTOGA,BROCOR

- OVERLAY REGLSEG3

INSERT CSHAD, AERD, DRAGV, FAPX, FORCV, HARMON,, HARMV ,HEIGHT
INSERT PMASS, PHMASSY,SECHKN,; SLRADV, SULRAD, SPART yMANEUYV
INSERT SUMS, TESTH, TWOBDY s VARFRC, RESUME,SPARTV
INSERT GMTRA,TOBODY

INSERT ANPART, BURN, HURNV,SCAT1 TKPTC

OVERLAY REG1SEG4

INSERT E€OVUP,SOLTAB,GVCVL,SYMINYV

OVERLAY REGISEG4

INSERT LGS,PARTE

IVERLAY REGLISEG4

INSERT ATMOS

OVERLAY REGISEG4 -

NSERT JACROR,DRAGCN:-

OVERLAY REGLSEGS

INSERT . LOWALT:, ROOTS

OVERLAY REGLSEGS

INSERT DIFFDE

QVERLAY REGISEGH

INSERT BARODF

OVERLAY REGLSEGS

INSERT HIALT, JACCWF

OVERLAY REG1ISEG2

FNSERT GETHDR, ORRITF, INTBGF, ERRGET

‘OVERLAY REGLSEG3

INSERT GRECL, OUTECL

INSERT CMPVCT,GREGCZyOUTEC?

OVERLAY, REGIUSEGH

INSERT DSPING,DSPCRK, DSPFL, TPSCHL

OVERLAY REGYSEGH

INSERT INTDEP,QUTDS1,EVENT,GETNSP,GRNSI

OV-ERLAY REG1SEG4

INSERT DSPSUM,GAUSS, DBNSKR,QUTDS2, SCHDUL NQCCLT , RANDU
OVERLAY REG]ISFC4

INSFRT OUTDS3,GLSSUM, STARPT,3CD

OVFRIAY REGISEGL

INSERT WFECOMNT

OVEREAY REGLSEG2

a5

OVLY
ovLY
aveLy
ovLY
OVLY
ovLY
ovLY
QvLY
DVLY
ovLY
ovLY
OVLY
OvLY
ovLY
avLY
ovLY
ovLY
ovLY
ovLY

- OVLY

ovLy
OvLYy
OvLYy
ovLy
OvLy
DvLY
avLy
ovLy
OvLY
OovLy
Oviy
avLy
Oviy
GvLy
OVvLY
OvLy
ovLy
avLy
OvLy
ovLy
avLy
OvLY
gvLy

VLY
avLy
nvLy
OvLYy
OvVLY

OVILY

avLy
OvLy
VLY
OvLy

100
107
J 04
1066



INSERT IRWF, IONGEN,SOLGET,REFGEN,MAGFRT,SICORTDKSIRT,GKRT
INSERT DKGKRI, IGETRT, COEFF1
INSERT IRWCSC,COEF1,NBSDAT
OVERLAY REGLSEG2
INSFRT DODSEL,ELSWF,ELSGET
INSERT ATWWF, ICHWF,MANWF,PCWF,SECWF, SETLIF
OVERLAY REGLSEGZ
INSERT OBSWF,REJRPT
OVERLAY REG1SEG3
INSERT REFRMT, DWRITE,UPSTAT,0BSCRD, SELCON,DODSDT
"INSERT DODSOB, GEOWF, USBOBS, PCERD, GEOCUN,GETGED
OVERLAY REG1SEG3
INSERT SORTIT,SORT08,SORTB
OVERLAY REG1SEG2
INSERT SLPEPH
INSERT AMATRX, CMATRX, GETTAP, INPUT1,CHEBY,READE,SLPTAP
INSERT CETRL1,CETBL3,CETBL%4,CETBLY,SAVE, INPUT,SLPWF,CHEV
OVERLAY REGLSEG4(REGION)
INSERT CROSSV,RESINYV, MULSTP,USER,USE,ORBITV
OVERLAY REGISEGS
INSERT INARRY ,DPXZEL
OVERLAY REGISEGSH
INSERT CETODS.
- OVERLAY REGISEGS
INSERT ASCOEF, IBINC,RESUHRV, APPSUM
IMSERT PARCOR
OVERLAY REG1SEGS
INSERT CSTFPX,EQUMTN, AVRAGE. INTPAR
OQVERLAY REG1SEGSE
INSERT DPELZ2X,FUNCTE
OVERLAY REG1SEGS
INSERT PERFOR, CAPEFO,COMATD, FIDPAR,HEMIDS,DSTOCE
OVERLAY REG1SEGS
INSERT EQUAMNPY, PARTED, AVSTRT, GOFUN, VOQUAD
DVERLAY REG1SEGSH
INSERT DORTIC,DCUBIC °
OVERLAY REGLSEGS
- INSERT IDLPV, IPART
DVERLAY REG1SEGSH
INSERT DALLPV, PARDT
OVERLAY REG1SEGS
INSERT ISTART
OVERLAY REGL1SEGS
INSERT IDEAL,CNVPV
OVERLAY REG1SEG4
INSERT SETORB,SATTIP,AEROPR
JVERLAY REG1SEG4
INSERT ORBITT,COPS, CROSST,CHIRP, VARARR,CO,EVA,EVAPT, INTEGT
INSERT CHETO,TCTP,POP,EATRAN,CHVTP
OVERLAY REGLSEGS
INSFERT RESNTT
OVFRLAY REGLSEGS
INSERT RESHMT
OVERLAY RFGISEG4H
INSERT INTUGN, NEPOCH,HARM
OVERLAY REGLISEG4
INSERT ORBIMT
OVERLAY REGISFEGA
INSERT CROSSR, FOMIIR,ORBITR
OVERLAY REGLSEGS

Attachment 2 (8§ 3.

(Continued -~ 2)

OvLY
ovLY
OvLY
ovLY
ovLY
ovLY
ovLY
OVLY
avLy
ovLY
avLy
ovLY
ovLY
OVLY
ovLY
OvLY
ovLY
gvLy
T ovLY
OvLY
ovLY
ovLyY
ovLY
OvLY
ovLY
ovLy
ovLY

ovLY.

T ovLY
ovLY
ovLY
ovLY
ovLY
ovLy
ovLY
OVLY
OvLY
OvLY
OVLY
OVLY
ovLY
OvVLY
OvVLY
OvLY
gvLY
VLY
OvVLY
ovLY
avLy
OVLY
ovLy
OVLY
OVLY
OvLY
OvLy
VLY
{IVLY
OVLY
OvLY
OvLyY

3)

108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
156G
152
154
186
i58
160
162
164
166
168
170
172
174
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178
180
182
184
186
188
190
192 -
194
196
198
200
202
204
206
208
210
212
216
216
218
220
222
224
226



INSERT RESINR,RKSBR
OVERLAY REGLSEGS
INSERT CSTEPR,RSWRMR
OVERLAY REG1SEGA
INSERT ODRBITC + RKG4
OVERLAY REG1SEGH
INSERT NEWTARB
INSERT CSTEP
OVERLAY REG1SEGH
INSERT CROSSC,RESINC
OVERLAY REGLSEGS
INSERT XSU
OVERLAY REGISEGSH
INSERT MSTART, XCOR, XDCOR
ODVERLAY REG1SEG6H
INSERT RESWRM
OVERLAY REGISEGS
INSERT RKSS
OVERLAY REGLSEG4
INSERT RPDATO
OVERLAY REGLSEGSH
INSERT RUNACC, STADRO,DUTDCS
OVERLAY REGLSEGS
INSERT SCAM,U-COV,GETOBN, SCALE
OVERLAY REG1SEG4
INSERT EOFLTR
OVERLAY REGLSEGS
INSERT EGAUSS
OVERLAY REG1SEGS
INSERT DOUBLR
OVERLAY REGLSEGS
INSERT POSFIX
OVERLAY REGZSEGL(REGION)
INSERT NOREST,RESTAT, GRDCO
OVERLAY REGZSECH

Attachment 2 (§ 3.
(Continued - 3)

OvLy
aveLy
OvLy
ovLy
OvLYyY
OvLy
OvLY
OvLY
OvVLY
OvLY
avLy
ovLy
OvLyY
oviLYy
QvLy
OovLY
ovLy
OvLYy
OovLy
OVvVLY
ovLy
OvLy
ovLY
QvLy
OvLY
DVILY
OVLY
VLY
avLy
ovey
OvLy
OvVLYy
ovLy
OvVLY
OvLy

INSERT ANTRA,(BS,0BSGCOR,0RSP,IRSRD, READWF, SORREG, TRANF,ORSUSR, OBSUS] OvLY

INSERT TRUANO L, WEIGHT,OLTDCS, IBPNT, CNVPCK,MALI333,0BSED, TCONVO, ITERCT  OVLY
OVERLAY REGZ2SEG3 aviy
INSERT CORNBA,LCLARG ovLyY
INSERT ION,BETA,COEFF2, MUDEL avLy
OVERLAY REG2SEGS ovLyY
OVERLAY REGZSEGH avLey
INSERT PRFLRT, INTERP,REFGET,TABLES OvLy
OVERLAY REGZ2SEG3 aviey
INSERT CORCSC,REFCON,IONDOSP,SZ7,VCROSW ovey
OVERLAY REGZ2SEGH avLy
INSERT THCLSCNH, TNVL avLy
INSERT OUTPUT, SPATs ELEME, ROTRAN, KPART s PPART3CELEMsPOLAR s SCART 4ROT ovLey
INSFRT CAIRS ovLYy
OVERLAY REG2SEG?2 avLy
IMSERT QUTDC&,0UTDC3,LUTDCT,0UTDC?,0UTDCSE avLy
OVERLAY REG2SERZ Oviy
INSERT DRBOUT,OROUTZ,GROEFL,CONSC2,00TLIRF,DIFD,MINSTR, SHOURTP OvLY
INSERT EPHFM OvLy

INSERT ORRK1

OVLY
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228
230
232
234
236
238
240
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244
246
248
250
252
254
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258
260
262
264
266
268
270
272
274
276
278
280
282
284
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288
290
292
294
296
298
300
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320
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328
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336
=38
340



Attachment 2

(§3.

(Continued - 4)

OVERLAY REGZ2S5EG2Z2
INSERT W24WF,0BSAVE

OVERLAY
INSERT

REG2SEG2
ADVANS

OVERLAY REGZ2SEGA
INSERT GRDCRS,COMPER
OVERLAY REG2SEG3
INSERT GRDCI,IHCFMAXI
OVERLAY REG2SEG4
INSERT GRSLVA

OVERLAY REGZ2SEG4
INSERT GREDIT

OVERLAY REGZ2SEG3

INSERT

GREPAD

OVERLAY REGZSEG3
INSERT GRPEL
OVERLAY REG2SEG3

INSERT GR24HH

OVERLAY REGZSEG3
INSERT GRDCON
OVERLAY REG2SEG3
INSERT GRBIAS

OVERLAY
INSERT
OVERLAY
INSERT
OVERLAY
INSERT
OVERLAY
INSERT
OVERLAY
INSERT
OVERLAY
INSERT
OVERLAY

REG2SEGA
INTDC,EIGEM,CHIN,SOLVEGP
REG2SEG3

SLOBT, COMDR

REG2SEG3

QUTODC1.QUTOGL

REG2SEG4
OUTSLY, DUTCOR

REGZSEG4
OUTEDT,QUTOUT s DUTSEC + QUTPHC,
REG2SEG4
OUTCRD S OUTGEN,OUTTIC
REG2SEG2 )

OGCROS

INSERT PSET,MATCON,ELSIG,ELSIG],PPLHXY

OVERLAY

REG2SEG2

INMSERT GRREPT,GRDOCZ2,GRPR{M, FDORB

OVERLAY

REGZSEG2

INSERT GRPMEN,GENONE,.GENTWO,GRSORT, IHCGSPQ4,WAIT,GRPLOT,GRTRAK

OVERLAY
INSERT

REGZ2SEG2
IGRAPH, IGRPRZ

OVERLAY REG2SEG]
INSERT GETCMP.CMPOPT,PLOTTP

OVERLAY
INSERT
OVERLAY
INSERT
INSERT
INSERT
OVERLAY
INSERT
IMSERT
INSFRT
OVERLAY
INSERT
DVERLAY
INSFRT
OVERLAY

RERZSEGL

OUTSG, PLHXYZ

REG2SEG2

WRKREP

QUTWAD, OUTWEL y GUTWIC, DUTWMN, DUTWPC,OUTWSC,QUTWIR, OUTWB
CUTHSL,OUTWIC

REG2SEGZ

PERCON

NUTPAD, OUTPEL,OUTPIC,OUTPIR,QUTPOB, OUTPPC,OUTPSL
QUTPTC,OUT2¢H, DUTPMN, GUTPSC

REGISEGLIREGTION)

CFPHGEN

RFG3SEG?

QUTOG2, OQUTOE3, 0UTOGSL, BUTPAR, PRINTUNTIT, UTMAP
REG3SEG?

OvLYy
ovLY
OvLy
OVLY
VLY
aviey
OvLY
OvLy
ovLY
ovLy
OvLY
OvLy
ovLy
ovLy
OvLY
ovLy
DvLy

- ovLy

OvLYy
ovLy
OVLY
ovLy
OvLy
OvLY
OVLY
avLy
gvLy
OvLY
avLiy
OvLY
ovLY
OVLY
aovLy
OvLY
OvLY
ovLy
ovLy
avLy
avLy
ovLY
GVLY
avLy
ovLy
OvLy

“OVLY

gvLy
OvLY
avLy
ovLy
OVLY
OvLY
ovLY
OVLY
ovLY
OvLY
OVLY
UvLy
VLY

ovLY
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248
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352
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358
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262
364
266
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370
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374
276
=78
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382
284
286
388
390
392
394
396
398
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410
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422
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426
428
430
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44}
447
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446
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ACWFRP, ADWFRP, EPWFRP, FSWFRP, IGRPHZ2, LPUFRP,0OGMENU

INSERT

OVERLAY REG3SEG2

INSERT  OGRUG

OVERLAY REG3SEGL

INSERT EPHCMP,RDORR1,ADDYMD,ADTINE
OVERLAY REG3SEGL

INSERT  DCING,DCFL,DCBUG,STAGEL
OVERLAY REG3SEG2

INSERT  DC,ITERCT

OVERLAY REG3SEG2

INSERT  DSPEXC

OVERLAY REG3SEGI

INSERT GRERR,DUMPER

OVERLAY REG3SEG]

INSERT  SETRUM,MSGHTR,0KERR,CKSCOP
OVERLAY REG3SEG2 -
INSERT  SETANL

OVERLAY REG3SEG2

INSERT  SETCMP

OVERLAY REG3SEG2

INSERT  SETDC
~OVERLAY REG3SEG2

INSERT  SETDM,DIFF

OVERLAY REG3SEG2

INSERT SETRPT,SETPFR

OVERLAY REG3SEGR

INSERT CRTIN,GRCARD,RDPDS,CSTAE, INTGR

OVERLAY

INSERT EARLYO,SECULA,RANGLE,EQ,ELEMGN, ANGLES,PULRT

REG3SEG1

99
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OVLY
ovey
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Attachment

//GTDS PROC MODULE=GTDS, SORT='DUMMY, 'y GRAPH=1DUMMY, ' ,UNTIT=2250

//51

EXEC PGM=TEFFR14

/7001 DD DSN=GJFEM.GTDS.LUOADMOD.LOAD(EMODULE)»DISP={SHR,PASS)
£ /oA OWNERTYS

/760
//FTOL1F00]
//FTOZFO01
//FT0O3F001
//FTO04F001
//FTO5F001
//FETO6F001
/7
//FTOTFOOL
//FTO8FOOL
//FTO9F001
//FT10F001
//FT11FO001
//FT1I2F001
//
/r
//FT13F001
//ET14F001
//
//ET15F0C]
//FT16F00L
/7
/7
//FTLTFOO0L
/7
//FT18F001
/f
//FT19F001
//
l’/
//FTZ20F001
//
/7
//FT21F001
/7
//
F/ETZ22F001
/7
/7
//FT23F001
1/
/Y
//FT24F001
i/
//FT22F001
//FT26F001
//FT27F001
//F128F001
/7
/7

EXEC

DO
DD
Do
DD
Do
Do

DO
Dn
DD
oD

on
Db

DD

Do

no

DD

(1))

DO

(B])]

bD

pb

DD

DD

ob

no

B

bo
hp

PGMIYMER 103 UGJFEMIT sedsksk UPDATED 28JUNT4
PGM=%.851.0D0D1,REGION=490K
DISP=SHR,DSM=GJFEM.GTDS.DIRECTRY,DATA,DCB=BUFND=1
DISP=SHR, DSN=GJFEM.GTDS. ATMOSDEN.DATA,DCB=BUFNO=1
DISP=SHR,DSH=GJFEN.GTDS . MANEUVER.DATA,DCB=RUFNO=1
DISP=SHR, DSN=GJFENM.GTDS.ASTROCON,DATA,DCB=BUFNCO=1
DDNAME=DATAD ’
SYSOUT=A, DCB=(RECFM=VRBA,LRECL=137,8LKSIZE=T7265),
SPACE=(CYL9(311)9RLSE)

SYSOUT=B, DCB=(RECFM=FB,LRELL=80,BLKSIZE=800,BUFNO=1])
DISP=SHR,DSN=GJFFM,GTDS.EARTHFLD.DATA,DCB=BUFND=1
DISP=SHR, DSN=GJFEFM.GTDS. LUNARFLD.DATA,DCB=BUFND=1
DISP=SHR,DSN=GJFEN.GTDS.INTCUEF.DATA,DCB=BUFNO=1
DISP=SHR, DSN=GJFEM.GTDS.SECTIONS.GATA,DCBR=BUFNO=1
SGRAPH.UNIT=DISK, TEMPORARY DATA FOR CRT INPUT mODE
DCB=(RECFM=FB,LRECL=80,BLKSIZE=2000,BUFNU=1),
DISP=({MNEW,DELETE )y SPACE={TRK,{1s1)),DSN=EEINPROMPT
DISP=SHR,DSN=GJFEM.GTNS. ERRORMSG.DATA,DCB=BUFND=1
LISP=SHR,DSN=GJFEM.GTDS.SLP1950.DATA, "
LABEL=(44++ IM),DCB=8B8UFNO=1

DDNAME=0BSCARDS OBSERVATION CARDS

UNIT=DISK, DATA SIMULATION SUMMARY WORKING FILE
SPACE=({TRK,y#{1,6)}sDCB={RECEM=VBS,LRECL=124,BLKS51ZE=3352,
DSORG=DA, BUFNG=1}

UMIT=DISK, ) OBSERVATIONS WORKING FILE
SPACE=(CYL.4}),DCR={DSORG=DA,BUFNC=1)

UMIT=DISK, SLP WORKING FILE
SPACE=(3520,12)+DCB={DSNRG=DA, BUFNO=1)

DUMMY , DISK ORBIT FILE WITH PARTIALS
UNIT=DISKsDCB={RECFM=F4RLKSIZE=6660,DSORG=DA,BUFNDO=1),
SPACE=(6660,240)

DUMMY, DISK ORBIT FILE WITHOUT PARTIALS
UNIT=DISK,DCB=(RECFM=F, BLKSIZE=1092,DSURG=DA,BUFND=1) ,
SPACE={1092,240Q)

DUMMY 4 TAPE ORBIT FILE WITH PARTIALS
UNIT=9TRACK, DCB={RECFM=VS,LRECL=66064,BLKSIZE=6668,
BUFND=1 ), LABEL=(,BLP),DISP=SHR

puUMmy, TAPE ORBIT FILE WITHOUT PARTIALS
UNIT=91RACK,DCB={RECFM=VS, LRECL=1096,BLKSIZE=1100,
BUFNO=1},LABFL={,BLP),DISP=SHR

EGRAPH.UNIT=DISK, ERROR MESSAGES FODR SCOPE
SPACE={TRKs+(1,201)),DCB=(RECFM=FB,LRECL=8B0,BLKSIZE=3200,
FUFNO=1)

UNIT=DISK, IST ORBI OR EPHEM OUTPUT FILE
SPACE={TRK,(1,20) ) DCB=(RECFM=VS,BLKSIZE=2804,3UFNQO=1)
DISP=SHR, NSN=GJFEM, GTNS. ELEMENTS,DATA,DCB=BUFNU=1
DISP=SHR, DSM=GIFEM, GTDS . N24HOUR.DATA,DCB=RBUFND=1
DISP=SHR s DSN=GJFEM.GTRS.GEONTICS.DATA,DCE=RBUFNO=1
SGRAPH ANTT =DI SK, SATELLITE FPHEMFRIS 10 SCOPE
DCB={RFCFM=FB, LRECL=80,BLKSIZE=3200,BUFNU=1),
SPACE=(TRK,{1,20))

100
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(§ 3.3)

JCL
JCL

JCL
‘JCL

JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL

JCL. .

JCL
JCL
JCL
JCL
JOL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JOL
JCL
JCL
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100
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106
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//FT29F001
//
/r/
//FT30F001
/7
/7
//FT31F001
1/
//FT32F001L
//FT33F001
f/
/7
//FT34F001
/7
1/

//FT35F001.

//
//
//FT36F001
// ;

//
//FT37F001
/7

//
//FT38F001
//FT3GF00]
//FT40E001
//FT41F001
//

/7
f/FT&2F001
//

//
//FT43F001
//

/7
//FT44F00]
rr/

’/
//FT45F001
7/

7/
//FT46F001
/7

//
//FT4TFO01
/r/
//FT48FC01
1/

/7
//FT49F001
/7

r/

¢ /FTS0F001
//FTS1F001
/7

312

Db

DO

1))
Db

0D

B0

Dy

DD

DD
B
oo
DD

DD

Do

Do

Attachment 3 (§3.3)
(Continued - 2)

UMMy, GTDS OBSERVATION TAPE FILE
UNIT=9TRACKsDCB=({RECFM=VBS,LRECL=148,BLKSIZE=2408,
BUFNUO=1),LABEL=(,BLP),DISP=SHR

DlMMy , DODS OBSERVATION TAPE
UNIT=9TRACKsDCB={RECFM=VBS, LRECL=104,BLKSIZE=104%,
BUFNO=1), LABEL={,BLP},DISP=SHR

DUMMY, GTDS DOBSERVATION DISK FILE
UNIT=DISK,DISP=SHR

DISP=SHR, DSN=GRKEL.PUOBS.DATA
DUMMY SLP TAPE
UNIT=9TRACK, DCB={RECFM=VS,BLKSIZE=3460,BUFNO=1),
LABEL=(,BLP},DISP=SHR

DUMMY , JPL TAPE
UNIT=9TRACK,DCB={RECFM=VBS,LRECL=8304,BLKSIZE=830%8,
BUFNO=1,DEN=2),LABFL=(+BLP++ TN}, DISP=SHR

ECRAPH.LUNIT=DISY, INTEGRATION STATISTICS FOR SCOPE
SPACE=({TRK,(1,20))},OCB={RECFM=FBR,LRECL=80,BLKSIZE=3200,
BUFNMO=1 ) i
EGRAPHLUNIT=DISK, FINAL DRBIT GEMERATOR DISPLAY FOR SCOP
SPACE={TRK,(1,20)}+DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200,
BUFMO=1)

ESORT.UNIT=DISK, OBSERVATIONS SORT FILE
UCB=(RECFM=VRBSsLRECL=148,RLKSIZE=3408,BUFNU=1),
SPACE={CYL, ({2,111}

DSN=GJFEM,GTNS.TIMCOF.DATA,DISP=SHR

DISP=SHR, LSN=GJFEM,GTDS . GENCOF.DATA,DCB=BUFNMNU=1

DUy PERMANENT FILES TO SCOPE

UNIT=DISK, TEMPDORARY STARTER ARRAYS

SPACE=(TRK, (1420)),DCR=(RECFM=VBS,LRECL=1452,BUFrN(=1,
BLKSIZE=7264)

EGRAPH.UNIT=DISK, OBSERVATION RESIDUALS FOR SCOPE
SPACE={TRKs+{1+420) )+ DCB={RECFM=FB,LRECL=B0,BLKSIZE=3200,
BUFND=1)

EGRAPH.UNIT=DISK, SOLVE PARAMETERS FOR SGCOPE
SPACE={TRK,(1s20}):NCB=(RECFM=FB,LRECL=80,BLKSIZE=3200,
BUFND=1}
SEGRAPHLUMIT=DISK,

DODS OBSERVATIONS

ELEMENTS FOR SCCGPE

. SPACE=(1RK,{1,20)),DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200,

DD

b]b;

9]0]

DD

]3]

on
bn

BUFND=1)
UNIT=DISK, OBSERVATIONS WORKING FILE HEADER
SPACE=(TRK,(1,1)),DCB=(RECFM=VS,BLKSIZE=928,RBUFNO=1},
VOL=REF=%,FTL7F0O0] SAME VOLUME AS THE WORKING FILE
LABEL={24BLP}, GTDS OBSERVATIOM TAPE HEADER
DCB={RECFM=VS,BLKSIZE=928,8UFNO=1),DI5P=SHR,
VOL=REF=%,FT29F001 SAME VOLUME AS GTDS TAPE
UNIT=DISK,DISP=SHR, GTDS OBSERVATIONS DISK HEADER
VOL=REF==%,FT31F001 SAME VOLUME AS GTDS DISK OBSERVATIONS
ESORTLUNIT=DISK, OBSERVATIONS SORT FILE HEADER
DCB=(RECFM=VS,BLKSTZE=928,BUFNO=1),

SPACE=(1RK,{5,1)) SAME VOLUME A4S DBSERVATION SORT FILE
SGRAPH, UNIT=DISK, De C. SUMMARY REPORT FUR SCOPE
SPACE=(1RK,{1,20)),DCB={RECFM=FB,LRECL=80,BLKSIZE=3200,
RUFNDO=1)
DONAME=DODSUM
UMY, UM T T=2TRACK,

TRACKING DATA ACQUISITION SUMMARY
TRLETYPE ELFMENTS REPORT

LARFL=[ +BLP)yDCB={RECFM=FA, LRECL=8B0,BLKSIZE=800,BUFNU=1),

101
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JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCOL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL

110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
150
152
154
156
158
160
162
164
166
168
170
172
174
176
178
180
182
184
186
188
190
192
194
196
198
200
202
204
206
208
210
212
214
216
218
220



r/
//FT52F001
//
//
//FT53F001
1/
//FT54F001
//
//
//FT55F001
//FT56F001
//
/7
//FT5TFO0L
/7
//FT58F001
1/
//FT59F001
//FT60F001
//FT63F001
//FT64FQ01
// .
//FT65F001
/7
//
//FT66F001
/7
//FT6TFO01L
//
//FT68F00L
//FTT0F001
//FTT5F001
//ETTTFRO0]
/7
//FETTBFO0L
/7
/7
//FT8L1F001
7/
//FT82F001
//
//
//FTR3FO01
//
//FT&4F001
/7
/7
[ /ET85F001
1/
//FT86F001
//
/7
//FTETFOO1
//
//FTBEFQOL
’/ :
/7
//ETQ1F00L
/7

DD

0D
Db
DD
oD
Db
DD
oD
(1D
DD
DD

np

DD

Db
1D
bD
Db
oD

00

oD

B0

DR

]3]

oo

DD

DD

nn

Do

Attachment 3 (8§ 3.3)

(Continued - 3)

DISP=SHR

DUMMY DATA SIMULATION INPUT DODS TAPE
UNIT=9TRACK,DCB=(RECFM=VBS,LRECL=104,BLKSIZE=104%,
BUFND=1},LAREL={,RLP)},DISP=SHR

DUMMY, DEB=(RECFM=FB+ LRECL=80,BLKSIZE=800) yUNIT=2314%,
DISP=SHR

DUMMY, CHEBYSHEY EPHEMERIS FOR PDP-11
UNIT=9TRACK,LABEL=(L+BLP},

DCB=(RECFM=FBR, LRECL=3164BLKSIZE=316,DEN=2,BUFND=1}
EGRAPH,UNIT=8UNIT GRAPHICS DEVICE (2250)

DUMMY, STADAN DBSERVATIOM TAPE
UNIT=9TRACK,DCR=(RECFM=FB,LRECL=80,BLKSIZE=8000,DEN=2,
BUFNDO=1),LABEL={,8LP)},DISP=SHR

UNTIT=DISK, SCRATCH AREA FOR COMMON
SPACE=(TRKs(1,10})+sDISP=(NEW,DELETE},NCB=BUFND=1
UNIT=2314, IONOSPHERE WORKING FILE
SPACE=(1332,20)+sDCB=(DSORG=DA,BUFND=1),DSN=6EWIOND
NISP=SHR,NDSN=GJFEN.GTDS.SOLDAT.DATA,DCB=BUFNO=1
DISP=5SHR, DSN=GJFEM.GTDS.ACCOUNT.DATA,DCB=BUFNO=1

DUMMY , DCB=DSORG=DA

DISP=SHR, DODS ELEMENTS
DSN=GRKEL.PELS.DATA
UMIT=2314%, IONOSPHERE WORKING FILE

SPACE={TRK,(1,20),RLSE),DCB=(DSORG=DA,BUFNO=1),
DSN=L&ETHINDAT
DUMMY , REAL TIME IOMOSPHERE DATA
UNIT=2314, SPACE=(TRK,({1,20)),DCB=BUFNO=]1
DUMY o REAL TIME IOMOSPHERE DATA
UNIT=2314,SPACE=({1416,151),DCB=(DS0RG=DA,BUFNO=1}
DISP=SHR,DSN=GJFEM.GTDS,. TRODAT.DATA,DCB=BUFNU=1
DUMMY, UNIT=2314,DISP=SHR
DISP=SHRyDSN=GJFEM,GTDS . JACCHIA.DATA
UMIT=DISK, EPHEM WORKING FILE
SPACE={TRK,(1:20)),DCB=(RECFM=VS,BLKSIZE=2808,BUFNO= 1}
DUMMY 4 D0ObS PERM OBSERVATIONS
*DISP=SHR,DCB=BUFN(=1,
DSN=GRKEL.DODS.DATA.POBSDC.DATA
UNIT=DISK, 2ND ORB1 OR EPHEM OUTPUT FILE
SPACE=(TRK,y{1,20}))+sNCB={RECFM=VS,BLKSIZE=2808,BUFND=1})
DUMMY o COMPARE SEQ ORBIT FILE 2, WITH PARTS
UNIT=9TRACK, DCB=(RECFM=VS, LRECL=6664,BLKSIZE=6668,
BUFNO=1),LABEL=(,BLP},DISP=5SHR
UNIT=DISK, , 3RD ORB1 QR EPHEM QUTPUT FILE
SPACE={1RK+{1,20)},DCB={RECFM=VS,BLKSIZE=2808,BUFNO=1)
DUMMY , COMPARE SEQ ORBIT FILE 2, W/0 PARTS
UNIT=9TRACK,DCB=(RECFM=VS,LRECL=10964BRLKSIZE=1100,
BUFNO=1), LABEL=(,BLP), DISP=SHR
UNIT=DISK, 4TH ORB1 OR EPHEM DUTPUT FILE
SPACE=(TRKy(14y20}),NCB=({RECFM=VS,BLKSIZE=2808,BUFNO=1)
DUMMY COMPARE DA ORBIT FILE 2, WITH PARTS
UNIT= DISKvDCB—(RFCFM FyBLKSIZE=6660,DSORG=DA,BUFNG=1},
SPACE=(65660,240)
UNIT=DISK, 5TH ORB1 OR EPHEM OQUTPUT FILE
SPACE=({TRK,(1,20)),DCB=(RECFM=VS,BLKSIZE=2808,BUFNO=1)
DUMMY , COMPARE DA ORBIT FILE 2,
UMIT=DISK,DCR={RECFM=F, RLKSIZE=1092,0S0RG=DA,BUFND=1],
SPACE=(1092,240)
DUMMY o USB OBSERVATIONS (72-BYTE)
UNIT=9TRACK, DCB=(RECFM=VBS,LRECL=76,BLKSIZE=5248),

~Y -~ st

W/0 PARTIALS

JCL
JCOL
JCL
JCL
JCL

JCeL

JCL
JoL
JCL
JeL
JCL
JcL
JCL
JoL
JCL
JCL
JCL
JeL
JCL
JcL
JcL
JoL
JCL
JCL
JCL
JCL
JCL
JeL
JCL
Jot
JCL
JCL
JCL
JCL
\ICL
JCL
JCL
JeL
JCL
JCL
JCL
JeL
JCL
JCL
JCL
JcL
JCL
JCL
JCL
JCL
JecL
JCL
JCL
JoL
JCL
JCL
JeL

“JCL
JCL

trt

222
224
226
228
230
232
234
236
238
240
242
244
246
248
250
252
254
256
258
260
262
264
266
268
270
272
274
278
278
280
282
284
286
288
290
292
294
296
298
300
302
304
306
308
210
312
314
316
318
320
222
324
326
228
330
232
334
336
338

_RALAN



Attachment 3 (§3.3)

{Continued - 4)

//FT97F001 DD DUMMY,DCB={(RECFM=FB, LRECL=80,BLKSIZE=80}
//INPUTPDS DN DUMMY, CRT INPUT

// UMIT=2314,DI5P=SHR

//NMUCLEUS DD DISP=SHR,VOL=REF=SYS51.SVCLIB,DCB=RUFNO=1
//SYSUDUMP DD SYSOUT=A, SPACE={TRK,10)

//ERRDUMP DD E&GGRAPH.SYSOUT=A,SPACE=(CYL,(1,1))
//UCLEG PROC SORT='DUMMY, 'y GRAPH=TDUMMY, ' yUNIT=2250
//PDSUP EXFC PGM MACTS,REGION=84K

ahr b wtr wta s ade ¢ Yo s e sl v sl
e e s s oo slesie e s SRR R

//STEPLIB pOo DSN—GJFEM.GTDS.UPDATE.LOAD,DISP=SHR

//SYSPRINT DD SYSOUT=A

//SYSTIN CD DDNAME=DATAS

//PDSIN DD DSN=GJFEM.GTDS.SORSLIB.FORT,DISP=SHR

//SEOQUT LD DSN=LESCR,UNIT=DISK,SPACE={CYL,(5,1),RLSE},DLSP=(M0D,?
//SUBRLIST DD SYSOUT=4, SPACE={CYL,{045),RLSE}sUMNIT=(DISK,3)
//SOURCE EXEC PGM=IEKAAQO,PARM='XREF,0PT=2",REGION=300K

F/7SYSLIN DD DSN=&&0BJMOD,UNIT=0DISK,SPACE=(CYL,{1,1)),

FEM/28JUNT4

ASS})

7/
//8YSTERM DD
//SYSPRINT DD
/7
//SYSPUNCH DD
/7
//SYSUTL DD
//SYSUT2 0D
//SYSIN D

DISP={MOD,PASS),DCB=(RECEM=FB,LRECL=80,BLKSIZE=3200)
SYSQUT=4A
SYSOUT=A,DCB={RECFM=VBA,LRECL=137,BLKSIZE=T7265),
SPACE={CYLs{4,2)+RLSE)
SYSOUT=R, BCB={RECFM=FB, LRECL=80,BLKSIZE=3200},
SPACE={TRK,(045),RLSE} -
UNIT=DISK,SPACE={CYL,{1,1)) “
UNIT=DISK,s SPACE={CYL+(1y1))
DSM=ESCR,UNIT=2314,DISP=(0LD,DELETE)

//LINK EXEC PGM=TEWL,PARM=TLET,LIST,MAP,OQVLY,S5IZE=(240K,48K} ",

/7 COnND

J/LDADLIB DD
F/NVEWLIN Db
//SYSLIB Lo

// ~ DD
// CD
/7 0D
// DN
// no

//SYSLMOD 0D
17
J/SYSPRINT DD
/7

//SYSUTL DI UNIT={DISK,3},

//SYSUDUMP DD
//TAPELIB DD
//SYSLIN DD
/7 (11D)]
// )]
//G0O  EXEC
f/FTOLFQOL1 DD
//FTO2F001 DD
//FTO3FQ0Y1 DD
//FETQ4F001 DD
//FTOSFQOGY DD
J/FTO6FO0Y DD
i/

//FTOTED01 DD
J/FTQ8ECOL LD
J/FTOSFOO1 DL
J/FT10+0CY DD
//FTLIFOO1 LB

PGr=%.,

={5, LT} REGILIM=250K

DUMMY

NUMPMY

DSN=SYSZ2.DUMMY,DISP=5SHR

DSEN=SYSZ.0DUMMY ,DISP=SHR

DSN=GJFEM.GTDS.LLOALDMDD.LOAD,DISE=5HR
DSN=SYS1.FORTLIB,DISP=SHR

DSN=SYS2.GSFCLIBR,DISP=SHR
DSN=SYS1.PLILIB,DISP=SHR

DSN=E&LUDMOD(GTDSTEMP )} ,DISP=(,PASS]),
SPACE=(CYL,{17,1+1),RLSE},UNIT=DISK

SYSOUT=A,DCB=(RECFM=FBA+LRECL=121+,BLKSIZF=1210),
SPACE={CYL,+{2,1))

SPACE={CYL,{(17.,1))

SYSQUT=A

DUMMY, DCB=(RECFM=FB, LRECL=80,RBLKSIZE=3200])
DSN=L&0BJMUD, DISP={0LD, DELETE) . DCB=RECFM=FB
DSN=GJFEM,GTDS. OVERLAY.DATA,DISP=SHR
DDNAME=UBJECT

] LINK. SYSLMOD,COND={{5,LT, SOURCE},EVEN) ,REGION=490K
DISP=SHR,DSN=GJFErF.GTDS.DIRECTRY.DATA,DCB=BUFNO=1

DISP=SHR, NSN=CGJFEM.GTDS. ATMOSDENDATA,DCB=BUFND=1
DISP=SHR,DSN=GJFENM.GTDS . MANEUVER.NDATA,DCB=BUFNO=1

DISP=SHR, NSN=GJFEM,GTDS  ASTROCON,DATA,,DCB=BUFNO=1
DONAME=DATAS

SYSUUT=A, DCR=(RECFM=VBA, LRECL=137,BLKSIZE=T7265),
SPACE={CYL,(3,1),RLSE)

SYSOUT=B, NCB=(RECFM=FB4LRECL=80,RLKSTZE=800,RUFNU=1)
DISP=SHR,DSN=GIrkr s GTDS.EARTHELD.DATA,DCR=BUFNU=]

DISP=SHR ,DSN=GJFEM. GTDS. LUNARFLDLDATA,DCB=BUFNUO=1
DISP=SHR,DSN=GJIFEM ., GTDS, INTCUOEF.DATA,DCB=BUFN]=}

DISP=SHR; DSH=GJUFEM, GTDS. SECTIONSJDATA,DCB=BUFNDO=1

JCL
JCL
JCL
JCL

JCL-

JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JOL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL

342
344
346
248
250
352
554
356
35&
360
262
364
366
368
370
372
374
276
378
380
%82
384
386
388
390
392
294
264
298
400
402

404 -

406
408
410
412
414
416
418
420
422
424
426
428
430
432
434
436
438
440
447
4ag
Lt6
L4
450
£52
44
456
458



//FT12F001 DD
Y4

//

//FT13F001 DD
//FT14F00Y DD
//

//FT15F001 DD
//FT16F001 DD
Y ¥4 .

//

//FT17F00Y DD
//

//FT18F001 DD
// -
//FT19F001 OD
/7

//

//FT20F001 DD
//

£/

//FTZ21F0O01 DD
/il

/7

//ET22F001 DD
/7

/4. -
//FT23F001 DD
/o

/7

//ET24F001 DD
//
//FT25F001 DD
//FT26F001 DD
//ET27F001 DD
//FT28F001 DD
/7

//

f/ET29F001 DD
//

¥4

//FT3CF001 DD
//

/!

//FT31F00Y DD
/.
//FT32F001 DD
//FT33F001 BD
7/

//

//FT34F001 DD
/7

/7

f/FT35F001 DD

_Attachment 3 (8§ 3.3)

(Continued - 5)

EGRAPH.UNIT=DISK, TEMPDRARY DATA FOR CRT INPUT MODE
DCB=(RECFM=FRB, LRFCL=80,BLKSIZE=2000,BUFNO=1) ,
DISP=(NEWsDELETE) ySPACE={TRK,{1+1)},DSN=EEINPROMPT
DISP=SHR, DSN=GJFEM.GTDS. ERRORMSG.DATA,DCB=BUFNO=1
DISP=SHR, DSN=GJFEM.CTDS.SLP1950.DATA,

LABEL={445+ IN},DCB=BUFNDO=]

DDNAME=0BSCARDS OBSERVATION CARDS

UNIT=DISK,

DSORG=DA, BUFNO=1}

UNIT=0ISK, OBSERVATIONS WORKING FILE
SPACE=(CYL+4),DCB={DSORG=DA,BUFNO=1)

UNIT=DISK, SLP WORKING FILE
SPACE—(5520'lZ),DCB“{DSDKG DA, BUFNO=1)

DUMMY 4 DISK ORBIT FILE WITH PARTIALS
UNIT=DISK,DCB=(RECFM=F,BLKSIZE=6660,DSORG=DA,BUFNU=1),

"SPACE={66604240)

DIUMMY 4 DISK ORBIT FILE WITHOUT PARTIALS
UNIT=DISK,DCB={RECFM=F,BLKSI1ZE=1092,DS0RG=DA,BUFNO=1),
SPACE=(1092,240)

DUMMY , TAPE DRBIT FILE WITH PARTIALS
UMIT=9TRACK, DCB={RECFM=VS,: RECL=6664,BLKSIZE=6668,
BUFNO=1),LAREL=(,BLP},DISP=SHR

DUMMY , TAPE ORBIT FILE WITHOUT PARTIALS
UNIT=9TRACK , DCB={RECFM=VS,LRECL=1096,BLKSIZE=1100,
BUFNQ=1), LABEL={,RLP),DISP=SHR

SGRAPH, UMIT=DISK, ERROR MESSAGES FOR SCOPE
SPACE=(TRK, (1520} )sDCB=({RECFM=FB,LRECL=80,BLKSTIZE=3200,
RUFNO=1) )

UNIT=DISK, 1ST ORB1 DR EPHEM OUTPUT FILE
SPACE={1TRK,(1420))+DCB={RECFtM=VS,BLKSIZE=2808,BUFND=1)
DISP=SHR, DSN=GJFEM.GTDS, ELEMENTS.DATA,DCB=BUFND=1
DISP=SHR,DSN=GJFEM,GTDS.D24HOUR.DATA,DCB=BUFNO=1
DISP=SHR, DSN=GJFFM.GTDS.GEQLOTICS.DATA,DCB=BUFNDO=1
EGRAPH.UNIT=DISK, SATELLITE EPHEMERIS TO SCOPE
DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200,BUFNO=1},
SPACE=(TRK, (1,20))

DUMMY 4 GTDS OBSERVATION TAPE FILE
UNIT=9TRACK,DCB=(RECFM=VBS, LRECL=148,BLKSTZE=3408,
BUFND=1)sLABEL={,BLP),DISP=SHR

DUMMY DODS OBSERVATION TAPE
UNIT=9TRACK, DCB=(RECFM=VBS, LRECL=104,BLKSIZE=1044%,
BUFNO=1),LABEL={,BLP},DISP=SHR

DUMMY , GTDS OBSERVATION DISK FILE
UNIT=DISK,DISP=SHR

BISP=SHR, DSN=GRKEL.POBS.DATA

DUMMY . SLP TAPE

UNIT=9TRACK, DCB=(RECFM=VS,BLKSIZE= 3460 BUFND=1),
LABREL=(,BLP},DISP=SHR

DUMMY , JPL TAPE
UNMIT=9TRACK,DCB=(RECFM=VBS,LRECL=6304,BLKSIZE=8308,
BUFNO=1,DEN=2) 4 LABEL=( 4BLP, 4 IN},DISP=SHR
EGRAPHLUNIT=DISK, INTEGRATION STATISTICS FUR SCOPE

104

DATA SIMULATION SUMMARY WORKING FILE
SPACE=(TRK,(1+s6))+yDCB=(RECFM=VBS,LRECL=124,BLKSIZE=3352,

JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL

- JCL

JCL
JCL
JCL
JCL
JCL
JCL
JCL

JCL,

JCOL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JOL
JCL

460
462
464
466
468
470
472
474
476
478
480
482
484
486
488
490
492
49¢
496"
498
500
502
504
506
508
510
512
514
516
518
520
522
524
526
528
530
532
534
536
538
540
542
544
546
548
550
552
554
556
558
560
562
564



//ET1L2F0O01
1/

/7
//FT12F001
//FT14F001
/7
//FT15F001
//FT16F001
/7

/7
//FTLTFOO01
/7
//FT18F001
//
//FT19F001
/7

/7
//FT20F001
/7

7/
/7FT21F001
/7

/7
//FT22F001
/7

/7
//ET23F001
/7

/7
//FT264F001
/7
//FET25F001
//FT26F001
//ET2TF0O01
//FT28F001
//

/7
//FT29F001
/7

//
//FT30F001
/7

// .
//FT31F001
/7
//FT32E001
//FT33F001
/7

/7
//FT34F001
//

/7
//FT35F001
//

//
//ET36F001
1/

DD
DD
oD
oD
Do

Bl

Db

Db

Bb

Db

DD

00

Do

Nno

Do

DD
DG

0o

0D

DD

nDb

DD

3])]

nn

Do

Attachment 3 (8§ 3.

(Continued - 6)

EGRAPH.UNIT=DISK, TEMPORARY DATA FOR CRT INPUT MODE
DCB=(RECFM=FB,LRECL.=80, BLKSIZE=2000,BUFNO=1),
DISP=(NEWyDELETE )+ SPACE={TRK,{1,1)},DSN=EE8INPROMPT
DISP=SHR,DSN=GJFEM.GTDS. ERRORMSG.DATA,DCB=BUFNO=1
DISP=SHR, DSN=GJFEM.GTDS.SLPL950.DATA,
LABEL={4+,,INI,DCB=RBUFNO=1

DDNAME=0BSCARDS OBSERVATION CARDS

UNIT=DISK,

DSORG=DA, BUFND=1)

UNIT=DISK, OBSERVATIONS WORKING FILE
SPACE={CYL,+4)4DCB={DSORG=NA, BUFNO=1)

UMTT=DISK, SLP WORKING FILE
SPACE=(2520412),DCBR=(DSORG=DA,BUFNG=1)

DUMMY, DISK ORBIT FILE WITH PARTIALS
UNET=DISK, DCB=(RECFM=F,BLKSIZE=6660,DS0RG=DA,BUFNO=1),
SPACE=({6660,240)

DUMRY, DISK ORBIT FILE WITHOUT PARTIALS
UNIT=DISK,DCR=(RECFM=F4BLKSIZE=1092,DS0ORG=DA,BUFNDO=1) ,
SPACE=(1092,240)

DUMMY, TAPE ORBIT FILE WITH PARTIALS
UNIT=9TRACK+DCB=({RECFM=VS, LRECL=6664,BLKSIZE=66568,
BUFNO=1},LABEL=(,RLP},DISP=SHR

DUMMY , TAPE DRBIT FILE WITHOUT PARTIALS
UNIT=9TRACK, NCR=(RECFM=VS,LRFCL=1096,RLKSTIZE=1100,
BUFNO=1),LABEL=(,BLP),DISP=5SHR

EGRAPH, UNIT=DISK, FRROR MESSAGES FOR SCOPE
SPACE=(TKK,+{1+20})),DCB=(RECFM=FB,LRECL=8D,BLKSIZE=3200,
BUFND=1}

UNIT=DISK, 18T DRB1 DR EPHEmM QOUTPUT FILE
SPACE={TRK,{1,20)),0DCB=(RECFM=VS,BLKSIZE=2808,BUFN0O=1)
DISP=SHR,DSN=GJFFEM.GTDS.ELEMENTS.DATA.DCB=BUFNDO=1
DISP=SHR, DSN=GJFEM.GTOS. D24HOURL,DATA, DCB=BUFNDO=1
DISP=SHR, NSN=GJFEM,GTDS .GEODTICS.DATA,,DCB=BUFND=1
EGRAPHLUNIT=DISK, SATELLITE EPHEMERIS TO SCOPE
DCB={RECFM=FB,t RECL=80, BLKSIZE=32200,BUFND=1),
SPACE={TRK;:{1,201})

DUMMY , GTDS QOBSERVATION TAPE FILE
UNIT=9TRACK,DCB={RECFM=VBS, LRECL=148,BLKSIZE=3408,
BUFNO=1)},LARBEL=(,RLP},DISP=SHR

DUMY, poDS OBSERVATION TAPE
UNIT=9TRACK,DCB={ RECFM=VBS, L RECL=104,RLKSIZE=1044,
BRUFND=1)+LABEFL=(,BLP)},DISP=SHR

pUMMY, GTDS OBSERVATIUON DISK FILE
UNIT=DISK, DISP=SHR

DISP=SHR, DSN=GRKEL.PUOBS.DATA

DUIAMY 4 SLP TAPE

UNIT=9TRACK ,DCB={RECFM=VS,BLKSIZE=3460,BlUFN0O=1),
LABEL=(,+8LP),DISP=SHR

DUNMMY JPL TARE
UNIT=STRACK;ICR=(RECFM=VBS,LRECL=8304,BLKS]ZE=8308,
RUFNO=1 DEN=2) s LAREL={ 4y BLP+ o TN}, DISP=SHR

AGRAPH, UMIT=DISK, INTEGRATIUN STATISTICS FUR SCUPE
SPACE=(IRK, {1,201 ),DCB=(RECFM=FB,LRECL=80,BLKSTZ+=3200,
BLIFND=1)

SCRAPH, UNMTT=DISK,
SPACE={TRK,(1,20))+NCB={RECFM=FB4LRECL=80,BLKSIZF=3200,

DATA SIMULATION SUMMARY WORKING FILE
SPACE=({TRKy(1,6)),DCB=({RECFM=VBS,LRECL=124,BLKSIZE=3352,

JOou-

JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
\!CL
JCL
JCL
JCL
JCL
JCL
JCL
JGL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JCL
JOL
JCL
JCL

FINAL ORBIT GENERATOR DISPLAY FOR SCOP JCL

JCL

3)

460
462

464
466
468
470
472
474
476
478
480
482
484
486
488
490
492
494
496
498
500
502
504
506
N8
510
512
514
516
518
520
522
524
526
528
530
532
534
536
53R
540
542
544
546
548
550
552
554
556
558
560
562
Aot}
506
HHO#
570
572



Attachment 3 (8 3.3)
(Continued -~ 7)

/7! BUFND=1) JCL 574
//FT37F001 DD &SORT.UNIT=DISK, OBSERVATIONS SORT FILE JCL 576
/7 DCR={RECFM=VBS,LRECL=148,BLKSIZE=3408,BUFNDO=1), JCL 578
/7 SPACE=(CYL,{241)) JCL 580
//FT38F001 DD DSN=GJFEM.GTDS, TIMCOF.DATA,DISP=SHR JCL 582
//FT39F001 DD DISP=SHR,DSN=GJFENM.GTDS.GENCOF.DATA,DCB=BUFNO=1 JCL 584
//FT40F001 DD DUMMY PERMANENT FILES TO SCOPE JCL 586
//FT41F001 DD UNIT=DISK, TEMPORARY STARTER ARRAYS JCL 588
// SPACE={TRK,{1,10)),DCB=({RECFi4=VBS,LRECL=1452,BUFNO=1, JCL. 590
/7 BLKSIZE=7264) JCL 592
//FT42F001 DD &GRAPH,UNIT=DISK,  OBSERVATION RESIDUALS FOR SCOPE JCL 594
/! SPACE={1RK,(1,20)),DCB=(RECF#=FB, LRECL=80,8LKSIZE=3200, JCL 596
// . RUFND=1) JCL 598
//FT43F001 DD EGRAPH.UNMIT=DISK,  SOLVE PARAMETERS FOR SCOPE JCL 600
// SPACE={TRK,(1,20)),DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200, JCL €02
// ' BUFNO=1) : JCL 604
//FT44F001 DD &GRAPH.UNIT=DISK, - ELEMENTS FOR SCOPE | -JCL 606
/7 *  SPACE=(1RKs(1,20)),DCB={RECFM=FB,LRECL=80,BLKSIZE=3200, JCL 608
// BUFNG=1) JCL 610
//FT45F001 DD UNIT=DISK, OBSERVATIONS WORKING FILE HEADER JCL 612
/7 SPACE=(TRK,(1,1)),DCB=(RECFM=VS,BLKSIZE=928,BUFNO=1], JCL 614
// VOL=REF=*,FT17F001 SAME VOLUME AS THE WORKING FILE JEL 616
//FT46F001 DD LABEL=(2,BLP}, GTDS OBSERVATION TAPE HEADER ' JCL 618
’/ DCB=(RECFM=VS,RLKSIZE=928, BUFNQ=1),DISP=SHR, JCL 620
// VOL=REF=%.FT29F001 SAME VULUME AS GTDS TAPE JCL 622
//FT4TFO01 DD UNIT=DISK.DISP=SHR, GTDS OBSERVATIONS DISK HEADER JCL 624
/7 VOL=REF=%,FT31F001 SAME VOLUME AS GTDS DISK OBSERVATIONS JCL 6256
//FT48F00) DD &SORT.UNIT=DISK, OBSERVATIUNS SORT FILE HEADER JCL 628
// DCB=(RECFM=VS,RLKSIZE=928, BUFNO=1), JCL 630
/7 SPACE={TRK,{5,1))  SAME VOLUME AS OBSERVATION SORT FILE  JCL 632
//FT49F001 DD &GRAPH,UNIT=DISK,  D. C. SUMMARY REPORT FOR SCOPE JCL 634
// SPACE=(1RK, {1,20)),DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200, JCL 636
/7 BUFND=1} . JCL 638
//FT50F001 DD DDNAME=DODSUM TRACKING DATA ACOUISITION SUMMARY JCL 640
//ET51F001 DD DUMMY,UNIT=STRACK, TELETYPE ELEMENTS REPORT JCL 642
//  LAREL={,BLP},DCB=(RECFM=FBA,LRECL=80,BLKSTIZE=800,BUFNU=1), JCL 644
// DISP=SHR JCL 646
//FT52F001 DD DUMRY, DATA SIMULATION INPUT DOUS TAPE . JCL 648
/7 UNIT=9TRACK, DCB={RECFM=VBS, LRECL=104,BLKSIZE=1044%, JCL 650
// | BUFNO=1}, LABEL={(,BLP),DISP=5SHR JCL 652
//FY53F001 DD DUMMY,NCB=(RECFM=FB, LRECL=80,BLKSIZE=800),UN1T=2314%, JCL 654
/7 DISP=SHR : JCL 656
//FT54F001 DD DUMMY, CHEBYSHEV EPHEMERIS FOR PDP-11 - JCL 658
/7 UNIT=9TRACK,LABEL=(1,BLP), JCL 660
/7 DCB=(RECFM=FB, LRECL=316,BLKSI12E=316,0ENM=2,BUFNO=1) JCL 662
//FT55F001 DD SGRAPH,UNIT=EUNIT  GRAPHICS DEVICE (2250) JCL 664
//FT56F001 DD DUMMY, STADAN OBSERVATION TAPE JCL 666
/7 UNIT=9TRACK,DCB=(RECFM=FB,LRECL=80,BLKSIZE=8000,DEN=2, JCL 668
/7 BUFNO=1), LABEL={,BLP), DISP=SHR JCL 670
//FT5TFO0L DD UNIT=DISK, SCRATCH AREA FOR COMMON JCL 672
4 SPACE={TRK,(1,10)},DISP={NEW,DELETE},DCB=BUFNO=1 JCL 674
//ETSBFCO0L DD UNIT=23)4, TONOSPHERE WORKING FILE JCL 676
/7 SPACE={1322,20), NCR={DSORG=DA,BUFN{I=1),DSN=E&WIOND JCL 678
//FT59F001 DD DISP=SHR,DSN=GIFEr.GTNS.SOLDAT.NDATA,DCB=BUFNO=1 JCL 680
//ETACFO0L DD NISP=SHR, DSN=GJFFl. GTDS. ACCOUNT . DATA, DCR=BUFNO=] JCL 682
//FTEEFOCL DO DUMMY . BCB=NSORG=NA JCL 684
//FT64F0O0L DD DISP=SHR, DSN=GRKEL.PELS.DATA DOUS ELEMENTS JCL 686

//FT65F001 DD UNTT=2314, TONOSPHERE HORKING FILE JCL 688



/7
/7
//FT66F001
//
//FT6TF001
¥
//FT68F001
//FTT0F0OO1L
//FTT5F001
//FTTTFO0OL
/7
//FTI8F001
/7
//
//FTR1F001
/7
//FT82F001
/7
7/
//FT83F001
//
S/FTE84FO01
/7
/7
J/FTR5F00L
/7

//FT86F00Y

/7
/7
//FTBTEQOOL
//
//FT88F0O01
4
r/
Z/FTQ1F00Y
l/
i/
J/FTITFQO]L
//INPUTPDS
//

DD

bD
bD
(338)
oD
pn

Do

Bo

DD

bD

Db

DD

DD

DD

Db

(B])]

Db
D
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SPACE=(TRK,(1,20}),RLSE),DCB=(DSORG=DA,BUFNO=1)},
DSN=LETONDAT .

DUMMY , REAL TIME IONOSPHERE DATA
UMIT=2314,SPACE=(TRK,(1,20}},DCB=BUFNO=1

NUMMY , REAL TIME IONOSPHERE DATA
UNIT=2314,S5PACE=(1416,151},DCB={DSORG=DA,BUFND=1)

“DISP=SHR, DSN=GJFEM,GTDS. TRODAT.DATA,DCB=BUFNO=1

DUMKMY ,UNTIT=2314,DISP=SHR
DISP=SHR, DSN=GJFEM.GTDS. JACCHIALDATA

UNIT=DISK, EPHEM WORKING FILE
SPACEF={TRK,{1+20)),DCB=(RECFM=VS,BLKSIZE=2808,BUFND=1)

DUMMY, UNIT=(2321,31},

DISP=SHR, DCB=BUFN(O=1,

DSN=GRKEL.,DODS.DATA,POBSDC.DATA _
UNIT=DISK, 2ND DORR1 OR EPHEM QUTPUT FILE
SPACE={TRK,(1420)),0CB=(RECFM=VS,BLKSIZE=2808,BUFNDO=1}
DUMMY , COMPARE SEQ ORBIT FILE 2, WITH PARTS
UNIT=9TRACK,DCB=(RECFM=VS,LRECL=6664,BLKSIZE=6668,
BUFND=1),LABEL=(,BLP)},DISP=SHR

UNIT=DISK, 3RD ORB1 OR EPHEM QUTPUT FILE
SPACE=(TRKs(1420)),DCB={RECFIN=VS,BLKSIZE=280#,BUFN0=1)
DUMMY s COMPARE SEQ ORBIT FILE 2, W/0 PARTS
UNIT=9TRACK, DCB={RECFM=VS,LRECL=1096,BLKSIZE=1100,
BUFNO=1),LARFL=(,RLP),DISP=SHR
UMIT=DISK, 4TH ORB1 0OR EPHEM OUTPUT FILE
SPACE={TRK, (1420)),DCB=(RFCFM=VS,3LKSIZE=280b6,RUFN0=1)
DUMMY , COHPARE DA ORBIT FILE 2, WITH PARTS
UNIT=DISK,DCB={RECFM=F, BLKSIZE=6660,DSORG=DA,BUFNO=1)
SPACE={65660,240)"

UNTIT=DISK, 5TH ORB1 OR EPHEM QUTPLT FILE
SPACE=(TRK,{1+20))yDCB=(RECFM=VS,BLKSTIZE=2808,BUFNO=1)
DUMMY COMPARE DA ORBIT FILE 2, W/0 PARTIALS
UNIT=DISK,DCR={RECEM=F,BLKSIZE=1092,D50RG=DA,BUFNI=1),
SPACE={1092,240) )
DUMMY 4 USB OBSERVATIONS (72-BYTE)
UNIT=9TRACK,DCB=(RECFM=VBS,LRECL=7T6,BLKSI1ZE=5248),
NISP=SHR

DUMMY s DCB={RECFM=FR, LRECL=80,BLKSIZE=80)
DUMY, CRT INPUY

UMIT=2314,DISP=SHR

//NMUCLEUS DD DISP=SHR, VOL=REF=SYS1.SVCLIR,DCB=RUFND=1

//7SYSQUT

Db

ESORT.SYSOUT=A > 1IBM

//75YSUDbUMP DD SYSOUT=A, SPACE=(TRK,10)

//ERRDUMP

Y

GGRAPH. SYSOUT=A, SPACE=(CYL,(1,1)}
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690
692
694
696
698
700
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708
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T64
766
T6HE
770
172
174
176



//
//STEP1

Attachment 4 (§ 3.3)

{8000,50001),CLASS=D

EXEC PROC=FORTRANG,PARM='MAP,ID',TIME,CMP=(0,15])

//CMP,SYSIN DD

aFeleNeNelela¥afoaRalialelatelalalalaNafeleNeloNalaEsNalelelalalolalaleNaNalaNalalalalalaNoRa e RaRalal el
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VERSION OF JAN., 27,1974 64250001
PURPOSE 64250002
TO PROVIDE AN EXECUTIVE PROGRAM FOR CONTROL OF THE 64250003
GTDS ORBIT DETERMINATION SUBSYSTEM 64250004
CALLING SEOUENCE 64250005
NONE 64250006
SUBROUTINES CALLED 64250007
SETDAF,RUNACC, SETRUN,CRTIN, HFCONT DC,EPHGEN,DSPEXC,SELKUN,EQ 64250008
64250009

COMMON BLOCK VARIABLES 64250010
IEOF = -ENU-QOF-FILE FLAG 64250011
IPRMPT= CRT INPUT MODE INDICATOR{1=YES, 2=NO) 64250012
IND&R = TYPE RUN INDICATOR 642500132

= DIFFERENTIAL CORRECTION 64250014

>= ORBIT GENERATOUR 64250015

= DATA SIFULATION 64250016

4= ORBIT CUMPARE 64250017

= DATA MANAGEMENT 64250018

= PERMANEMT FILE REPORT r 64250019

= ERROR ANALYSIS ) 64250020

ITYPE = 0 FOR AN 0ODS RUN 64250021

= 1 FOR A PERMANENT FILE MAINTENANCE RUN 64250022

NBRDC = NUMBER OF CURRENT .D.C. RUWN 64250023
NBRRUN= NUMBER OF CURREMT RUN 64250024
NOPTS = THE FRM 0OF THE DPTIONS INPUT DATA SET 64250025
NONT = THE FRN OF THE PRINTER QUTPUT 64250026
IEXCHT= EXECUTIVE CORTINUATION INDICATOR {1=YES ,2=NO) 64250027
IPASWD= PASSWORD OF NBTST FILE : 64250028
ITSTR = NBTST RECORD WUMBER,TQO USE. 64250029
NBNOM = FRM OF NOMIMNAL BENCHMARK CASES 64250030
MBTST = FRN OF TEST BENCHMARK CASES 64250031

’ 64250032
REFERENCE 64250033
] GTDS TASK SPEC. '0DS EXECUTIVE CONTROLIMAIN)' BY J. E. DUNMN 64250034
PROGRAMMER 64250035
M. A. WELKER ~ COMPUTER SCIENCES CORPORATION 64250036
64250037

PROGRAM MODIFICATIONS 64250038
04/10/72 W.N. WESTON, GSFC 64250039

(A) READ AND WRITE INMPUT DATA SET 64250040

{B) STORE NOMINAL CUMMON ALOCK VALUES TO A TEMPORARY DATA SE64250041
06/15/72 BD. BUSHI, C&S INC 64250042
UPDATE TO CALL THE EARLY ORBIT PROGRAM 64250043
AUGUST 1y 1972 JJ.FEIN COMPUTER SCIENCES CORPORATION 64250044

A} CALL DSPEXCI{DATA SIMULATION PROGRAM) INSTEAD OF DOGGON 64250045
09/14/72 J. E. DUNN, JR., COMPUTER SCIENCES CDRPURATIDN 64250046
(A} ADDED PAGING CONTROL FOR PRINT-QUT 64250047
{B) MODIFIED ERROR PROCESSING LOGIC 64250048
{C) ADDED CALL TO WRKREP AFTER WFCONT CALL 64250049
10/12/72 J. E. DUNN, JR., CUHPUTER SCIENCES CORPURATION 64250050

(A) DELETED WRITF OF COMMON RLOCK EDIT 64250051

(8) DELETED COMMON BLOCK EDIT 64250052
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(C)Y DELETED COMMON BLOCK WORKER

MODIFIED ON JAN 25,1973 E. JAHN,

IMPLEMENT CRT INPUT MODE
10/27/72 D. BUSHI, C&S INC

{A) UPDATE TO CALL THE EPHEMERIS COMPARISON PROGRAM

NOV 1972 BY ANN WELKER 4, C S C

A} ADD CALCULATIONS FOR TEST MODE
MODIFIED ON MARCH 25,1973 E. JAHM,

CHANGE CALLING SEQUENCE TO CRTIN

- MODIFIED ON OCTOBER 25,1973 BY E. JAHN,

REMOVE INTERNAL WRITES,.CALL ERRQUT

IMPLICIT REAL*8 (A-H,0-2)

LOGICAL=*1 LUGDCP

COMMON/DCFL / DPDFL(2425)
COMMOM/DCINPT/ DPDCP (300)
COMMON/DCINT / DPDCI (432)

© COMMON/FRC / DPFRC(1300})

COMMON/INTEG / DPINT (149)
COMMON/SATMAN/ DPSTM (164)
COMMON/SACPBS/ DPSTP (100} .
COMMON/SCOPE /IGSP » NQO
ISCOPE L NOBSD
COMMON/SECTN / DPSEC {(675)
COMMON/SLPOPT/ DESEP {11
COMMON/STAGER/ JPSTA(435)
COMMON/TITLE / HEADER(9,6)
COMMON/FTLES / INFILE{100)
COMMON/SWITCH/ TNSW(200)

XT0(32)
CARD(TQ)

2 XDFO{ 2)
DIMENSION
FOUIVALENCE (NOUT

; {NOPTS
{NMOIDS

( FND4E

{ IEOF
{MBRRUN
{ NBRDC
{IPRMPT
{ NBNOM
(NBTST
{IPASWD
{ITSTR

{ XT0O(1)
{XDTU(1)

; ( RMS

EFQUIVALEMNCE (POSN

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE

+ LSTA

s INTDCP(200)
y INTDCI( 26)
s INTFRC{ 38)
» INTINT(. 2V
L INTSTM(10)

o INTSTP{- 6}
s JATL

vy 12250

s INTSEC({325)
s INTSLP( 12)
+ INTSTA(182)

s MODWF{6)

+ IRECL 10}

P INFILE(22)
y INFILE(21)
s INFTLE(DT)
s INSW (48)
s INSH((164)
s INSW({171)
s INSW{172)

s INFILE(T2)),

s INFILE(T3))
+ INSW{190) )},
y INSW{189))
SJDPLCTIIL)

L DPDCTI(4)
JDPDFLIL16TH)
» IREC(1)),
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sLSTA{BD)
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64250053
64250054
64250055
64250056
64250057
64250058
64250059
64250060
64250061
64250062
64250063
T 64250064
64250065
64250066
64250067
64250068
64250069

sLOGDCP (72164250070

64250071

64250072

64250073

6425007L

64250075
,IGDS{14),64250076
64250077
64250078
64250079
64250080
64250081
64250082
64250083
64250084
84250085
64250086
64250087

) 464250088
) + 64250089
)y 64250090
} 464250091
} 464250092
) . 64250093
) » 64250094
) 64250095
64250096
64250097
64250098
64250099

} 464250100
}, 64250101
} 64250102
64250103



Attachment 4 (8 3.3)
(Continued - 3)

3 { VELN S IREC(3)), 64250104
* (RMSS s IREC{5)), 64250105
e ( SPR1 + IREC{T71)), 64250106
% (SPR2 s IREC(9)}) 64250107
DATA SPR14SPRZ2 /0. o+ 0./ 64250108
64250109
INSW(45})=2 64250110
NERR = 0 64250111
IPRMPT =2 64250112
INSW{1R3)=1 64250113
ISCNPE=2 64250114
CALL CKSCOP TO SET FLAGS TF SCOPE IS AVAILABLE 64250115
CALL CKSCOp 64250116
C CALL SUBRQUTINE SETDAF TU SUPPLY FORTRAN 1I/0 SUBROUTINES WITH 64250117
C INFORMATION DESCRIBING THE DIRECT ACCESS DATA SETS 64250118
C . 64£25011¢
10 CALL SETDAF 64250120
* 64250132
8 Fortran statement deleted 64250133
C WRITE NUMINAL COMMON BLOCK VALUES TO DATA SET 64250134
C . 64250135
WRITE{NDIDS) iIWPDCP s INTDCP s LUGDCP sDPDCIT L INTDCI $ 64250136
#* DEFRC y INTERC s 64250137
% DPINT s INTINT s DPSTHM s INTSTI ’ 64250138
2 DPSTP s INTSTP +DPSEC s INTSEC ’ 64250139
3 [PSLP s INTSLP ¢+ DPSTA r INTSTA +LSTA + 64750140
% HEADER e MODWF + INSHW 64750141
REWIND NOTDS 647250147
Remaining Subroutine 'ODSEXEC'
/%
//STEP? EXEC PGM=IFWL,PARM='LET,LIST MAP, VLY . NCALLSIZE={Z240K, 48K} ",
// COMD={5,LT)sTIME={0D,30),REGIUON=252K
f/NEWLIN DD HummMy
J/TAPELIB DB DUMMY,DCB=(RECFM=FB, LRECL=80,BLKSIZE=3200)

J/LOADLIB DD DUMMY

J/MYLIB DD DSN=0ORBGEN.GTDS. LOMODUL,DISP=SHR -
F/SYSUTL DD UNIT=8SYSDA,DISP={NEL,DELETE), SPACE={CYL,(2,1))
//LKEDLSYSLIB DD DSNAME=SYS1.FORTLIB.DISP=SHR

/7 ND DSMAME=SYS2.FURTSSP,DISP=SHR

JF/SYSPRINT DD SYSIWT=A,LCB=(LRECL=120.RECFI=FB4,BLKSIZE=£600)
F/SYSLMOD DD UNIT=USERDA,LISP={MEW,CATLG),

// DSN=(RRGEN. GTDSNEWLDADI{MAIN) 4 SPACE={CYLs(141411})
//LKEDLSYSLIN DD DSNAFE=%,STEP1.CMPL.SYSLIN,DISP={0OLD,DELETE)

// DU % g include object deck to open Units 1-99.

* Changes made to suit OSU Computer System.
’ 110



Attzichment 4 (§83.3)
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ENTRY MAIN
REPLACE BLKLET,PLTDMP, QUICKY,TYPLIN,UCS, TYPWRITE

INCLUDE TAPELISB

REPLACE RTOBS, VPFORC, GOFUNO,GO24, SELRUN

*INCLUDE MYLIB(GTDS)

OVERLAY RFGISEGI

INSERT READER, IHCSLONG, THCSSCM, THCFRXPI, IHMCFRXPR, IHCSEXP,GSCALE, CPLUT$
INSERT DATE, EDITT, GRIDyGRONUM, HORLIN, MINT, PLOTST,SCHAR, SC4020, TTHING
OVERLAY REGLSEGI

INSERT = OQRBIT, INTP

INSERT  WORKER,HEMITR,TIMREG,VCROSS

OVERLAY REGLSEG2

INSERT FORCES,DPART,SECHEK,SECUPD,DFIX, INV2,0SMEAN, BRUORS , DKEPLR

OVERLAY REG1SEG3

INSERT ORBITB,RESINR, INTOGA,BROCOR

OVERLAY RFGLSEG3

INSERT CSHADAERD, DRAGV,, FAPX yFORCV HARNMON, HARMY , HETGHT
INSERT PMASS, PMASSY, SECHKN, SLRADV, SOLRAD, SPART ,MANEUYV

INSERT SUMS, TESTH, 1WOBDY, VARFRC, RESUME, SPARTYV
TRSERT GHMTRA, TOBODY

INSERT ANMPART,BURM,BURNVY,SCATT,TKPTC
OVERLAY REGISEG4

INSERT COVUP, TOLTAB.GVCVL,SYMIMY
OVERLAY REGLSEG4

INSERT LG5,PARTE

OVERLAY REGISREGE

I-NSERT ATMOS

OVERLAY RFGLSEGH

INSERT JACROB,DRAGCN

OVERLAY. REGISEGS

INSERT LDYWALTROOTS

OVERLAY REGISEGH

INSERT DIFFDE

OVERLAY REGLSEGSE

INSERT BARODE

OVERLAY REGLSEGS

INSERT HIALT,JJACCWE

OVERLAY RFGISEG2

INSERT GETHNR,ORBITF, NTUGF, ERRGET
OVERLAY REGISEG3

INSERT GRECI,OQUTEC]

INSERT CMPVCT,GRFCZ,0UTEC2

OVERLAY REGISEG3

INSERT DSPTNG, DSPCBK,DSPFLs TPSCHL
OVERLAY REGISEGS

INSERT INTDEP,QUTDSL, EVENT,GETDSP,GRNSI
OVERLAY REG1SEG4

INSERT DSPSUn, GAUSS, BONDSWR, OUTDS2, SCHDUL,NDCCLT,RANDU
OVERLAY REGISEG4

INSERT DUTNS3, GLSSUM, STARPT,BCD
DVERLAY REGLISEGL

INSERT WFCONT

OVERLAY REGISEG?2

* Member 'GTDS' as oblained from GSTC.
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INSERT IRWFs IONGEN, SOLGET,REFGEN, MAGFRT, SICORT,DKSIRT,GKRT
INSERT DKGKRT,IGETRT,COEFF1
INSERT IRWCSC.COEF1,MBSDAT

OVERLAY

REG1SEG2

INSERT DODSEL,ELSWF,ELSGET
INSERT ATMWF, ICHF,MANWF, PCWF,SECWF,SETLIF

OVERLAY REG1SEGZ
IMSERT OBSWF,REJRPT
OVERLAY REGLSEG3
"INSERT REFRMT,DWRITE,UPSTAT,("BSCRD, SELCON,DODSDT
INSERT DODSOBs GEVWF 4 USBOBS+ PCERD, GEOCON, GETGED
OVERLAY REGL1SEG3

INSERT SORTIT,SORTOB,SORTH
OVERLAY REGLSEGZ
INSERT SLPEPH
IMSERT AMATRY ,CMATRX,GETTAP, INPUT1,CHEBY,READE,SLPTAP
INSERT CETBL1,CETBL3,CETBL4,CETBLY, SAVE, INPUT,SLPWF,CHEV
OVERLAY REG1SEG4(REGION)
INSERT CROSSV,RESINV, MULSTP,USER, USE,ORBITV

OVERLAY REG1SEGS

INSERT

INARRY, DPX2EL

ODVERLAY REG1SEGS

INSERT CETGDS

OVERLAY REG1SEGS

INSERT ASCOEF, IBINC,RESWRY,APPSUM
INSERT PARCOR

OVERLAY REG1SEGS

IMNSERT

CSTEPX, EQUMTN, AVRAGE, INTPAR

OVERLAY REG1SEGSH

- INSERT

DPEL2X,FUNCIE

OVERLAY REGLISEGSH

INSERT

PERFOR,CAPEFQ,COMATD, FIDPAR,HEMIDS,DSTUCE

OVERLAY REG1SFG6

INSERT EQUNPV,PARTED,AVSTRT,GOFUN, VOQUAD
OVERLAY REGISEGSH

INSERT DORTIC,DCUBIC

OVERLAY REGISEGH

INSERT

TOLPV, IPART

OVERLAY REGLSEGS

INSERT

DALLPV,PARDT

OVERLAY REGLSFGS
INSERT ISTARI
OVERLAY REGISFGS

INSERT
OVERLAY
INSERT
OVERLAY
INSERT

IDEAL,CNVPYV
REG1ISEG4

SETNRB,SATTIP, AERDOPR

REGLSEGS

ORBITT,COPS+CROSSTCHIRP, VARARR,CO,EVA,EVAPT, INTEGT

INSERT CHETO,TCTP,PDP, EATRAN,CHVTP

OVERLAY
INSERT
OVERLAY
IMSERT
OVERLAY
INSERT

REGLSEGS

RESNMTT

REGISEGS

RESWMT

REGISEGSH

INTOGN, MEPOTH, HARHM #
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OVERLAY REG1SEG4
INSERT ORBINT
OVERLAY REGLSEGA
INSERT  CROSSR, EQMOTR,0RBITR
OVERLAY REG1SEGS
INSERT  RESINR,RKSBR
OVERLAY REG1SEGS
INSERT  CSTEPR,RSWRMR
OVERLAY REG1SEGA
INSERT  DRRITC,RKG4
OVERLAY REGLSEGB
INSERT NEWTAR
INSERT CSTEP
OVERLAY REGISFGB
INSERT CROSSC,RESINC
OVERLAY REGISEGS
INSERT XSlM
OVERLAY REG1SEGE
INSERT MSTART , XCOR , XDCOR
OVERLAY REGLSEG6H
INSERT RESWRM
OVERLAY REGISEGS
INSERT RKSS8
OVERLAY REGUSEG4
INSERT RPDATO
OVERLAY REGISEGS
INSERT RUNACC,STADRD,OUTDCE
OVERLAY REGISEGS

INSERT SCAM,UPCOV,.GETORN,SCALE

OVERLAY REG1SEG4

INSERT EOFLTR

OVERLAY REGLSEGS

INSFRT EGAUSS

OVERLAY REGLSEGS

INSERT DOUBLR

OVERLAY REGISEGS

INSERT POSFIX

OVERLAY REGZSEGL(REGION)
INSERT NOREST  RESTAT,GRDCO
OVERLAY REGZSEGH

Attachment 4 (8§ 3.
(Continued - 6)

OvLY
avLYy
OVLY
OVLY
ovLY
avLy
gvLYy
avLy
avLy
avLy
OVLY
OvLY
GVLY
OvLy
ovLY
BVLY-
ovLY
avLy
VLY
OvLY
QvLY
QvLY
VLY
Oviy
VLY
AVLY
OvVLY
OVLY
OvLY
nvLy
OvLY
DVLY
ovLY
CQVLY
OVLY
nvLY
ovLY
OvLY
ovLY
OvLY

INSERT ANTRA,0BS,0ORSCOR,OBSP,ORSRD,READWF, SORREG, TRANF . OBSUSB,0BSUS] OveY
INSERT TRUANOQ, WEIGHT, OUTDCS, IBPNT,CNVPCK, mA1233,0BSED, TCONVO, ITERCT  OVLY

OVERLAY REG2SEG3

INSERT CORDBA, LCLARG

INSERT T10N,BETA,COEFF2,MODEL
OVERLAY REG2SEGS

INSERT PRFLPF,MAGFIN,SICOJT,DKSICH,GK, DKGKy IONGET

INSERT TRUOPOA, TROGET, Fy ASC -
OVERLAY REGZ2SEGS

INMSERT  PRFLRT, INTERV,REFGET, TABLES

OVERLAY REG2SEG3

INSERT CORCSC,REFCON. IONOSP,SZZ,VCRUSW

OVFRLAY REGR2SEGH
TMSERT THOLSCMH, TRV L

Qviy
OVLY
OvLy
OVLY
ovLy
OvLYy.
ovLy
VLY
avLy
VLY
(VLY
ODvLy

3)

218
220
2272
224
226
228
230
232
234
236
238
240
242
244
246
248
250
252
2b4
256
258
26C
2672
2b4
2866
268
270
272
274
276
278
280
282
284
286
288
296G
292
294
296
298
200
202
a4
206
208
310
312
314
=16
z1&
220
322
224



Attachment 4 (§ 3.3)
(Continued - 7)

INSERT OUTPUT , SPAT,ELEME,RDTRAN,KPARTsPPARTCELEM, POLAR, SCART,ROT OVLY 326
INSERT CAIRS . OviLY 228
OVERLAY REG2SEG2 OVLY 330
INSERT .OUTDC4, 0UTDC3,0UTDC7,0UTDCZ2,0UTDCE . OVLY 332
OVERLAY REG2SEG2 OVLY 334
INSERT URBOUT,0B0UT2, GROEFI,CONSC2,0UTLIF,DIFD,MINSTR,SHORTP VLY 3236
INSERT EPHEM OvVLY 338
INSERT ORB1 OVLY .3240
OVERLAY REGZ2SEG2 | . OVLY 342
INSERT W24WF,0OBSAVE gvLY 344
OVERLAY REG2SEGZ : OQvVLY 346
INSERT ADVAMS OVLY 324R
OVERLAY REGZSEGA OvVLY 350
INSERT GRDCRS,COMPER OVLY 352
OVERLAY REG2SEG3 OVLY 2354
INSERT GRDCI, IHCFMAXI ovLy 3256
OVERLAY REGZ2SEG4 -TIVLY 358
INSERT GRSLVA OvLY 360
" QVERLAY REG2SEG4 OVLY 362
INSERT GREDIT OVLY 362
OVERLAY REGZSEG3 DVLY 366
INSERT GREPAD Oviy 268
OVERLAY REGZSEG3 OvLy 370
INSERT GRPEL ovLYy 272
OVERLAY REGZ2SEG3 OVLY 374
INSERT GRZ4HH OvLy 3276
OVERLAY REGZSEG3 OVLY 378
INSERT GRDCON OvLyY 380
OVFRLAY REGZSEG3 OvVLy 382
INSERT GRBIAS OVLY 384
DVERLAY REG2SEGA OVLY 38¢
INSERT INTDC, EIGEN, CHIN, SOLVGP OvLYy 388
OVERLAY REG2SEG3 OVLY 390
INSERT SLOBT,CONDR OVLY 392
OVERLAY REGZSEG3 OvLY 294
IMSERT nUTDC1,0UTOG] OvLy 296
OVERLAY REGZSEG4 QvLy 329¢
INSERT OUTSLV,QUTCOR vly 400
OVERLAY REGZ2SEG4 OvVLY 402
INSERT OQUTEDT,DUTOUT,OUTSEC, ﬂUTPHC QGCROS OVLY 404
OVERLAY REGZSEG4 OVLY 406
INSERT OUTCRD,OUTGEN,QUTTIC UVLY 4048
OVERLAY REGZ2SEG? OVLY 410
INSERT PSET,MATCON,ELSIG,;ELSIGL, PPLHXY Oviy 412
NVERLAY REG2S5EG2 OVLY 414
INSERT GRREPT:GRDC2,GRPROM, FDORRB OVLY 416
OVERLAY REG25EG2 OVLY 418
INSERT GRPMEN, GENONE, GENTWO, GRSORT, IHCGSPO4, WATT,GRPLOT,GRTRAK OvLy 420
OVERLAY REG2SEG2 OVLY 422
INSERT IGRAPH, IGRPH?Z ’ BVLY 424
OVERLAY REG2?2SEG] OVLY 426
INSFRT GETC%P,CMPOPT,PLOTTP OVLY 428
OVERLAY RFG2Z2SEGH (VLY 430
INSERT OUTSGy PLHXYZ VLY 432
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{Continued - 8)

OVERLAY REG2SEG2

INSERT WRKREP i
INSERT OUTWAD s DUTWEL ,QUTWIC, UUTWMN, DOUTHPC,OUTWSC ,OUTWIR, QUTHOB
INSERT OUTWSL,0UTHTC

OVERLAY REG2SEG2

INSERT PERCON

INSERT CUTPAD,UTPEL,OUTPIC, OUTPIR, DUTPUB,OUTPPC,0UTPSL
INSERT OUTPTC,OUT24H, OUTPMN, QUTPSC

OVERLAY REG3SEGL(REGION)

INSERT . EPHGEN

OVERLAY REG3SEG2

INSERT QUTOG2, OUTOG3, 0UTOG4, QUTPARPRINT UNI T, QUTMAP
OVERLAY REG3SEG2

INSERT ACWFRP, ADWFRP, EPWFRP, FSWFRP, IGRPH2,LPWFRP ,0GMENU
OVERLAY REG3SEG2

INSERT OGRUG

OVERLAY REG3SEG]

INSERT EPHCIMP, RDORBL, ADDYMD, ADTIME

OVERLAY REG3SEGL

INSERT DECING,DCFL,DCBUG, STAGE1

OVERLAY REG3SEG2

INSERT DCs ITERCT

OVERLAY REG3SEG2

INSERT DSPEXC

OVERLAY REG3SEG1

INSERT GRERR,DUMPER

OVERLAY REG3SEG1

INSERT .SETRUM,MSGHTR,OKERR,CKSCOP

OVERLAY -REG3SEGZ ‘

INSERT SETANL

OVERLAY REG3SEG2

INSERT..- SETCHP

OVERLAY REG3SEG2

INSERT - SETDC

IVERLAY REG3SEG2

INSERT SETDM, DIFF

OVERLAY REG3SEG2

INSERT SETRPT,SETPFR

OVERLAY RFEG3SEG2

INSERT CRTIN,GRCARD,RDPDS,CSTAE, INTGR

OVERLAY REG3SEG]

INSERT EARLYOD, SECULA,RANGLE,FO,ELEMGN, ANGLES, POLRT
/w .
/7G0  EXEC PGM=FAIN, LIME={5,00},REGION=504K

//STEPLIB
//GO.FTO1FON] = DD

//

J/GOLFTO2F00] nn

1/

DD DSN=0ORBGEN,GTDS.NEWLOUAD, DISP=SHR
DSN=0RBGEN.GTDS.DIRECTRY.DATA,
UNIT=3330,VOL=SER=IRCCT4,DISP=SHR
DSN=0RBGEN.,GTDS. ATMOSENLDATA,
UNIT=3230,V0OL=SER=IRCLCT4,DISP=SHR

OVLY
OvLY
ovLy
OvLYy
OvLY
OVLY
OvLy
OvVLY
OvLyY
OvLY
OvLY
OvLY
avLy

.OvLy

OoviLy
OvLy

- OVLY

OvLY
avLey
gvLy
OvLY
OVLY
OvLy
VLY
avey
ovLY
OvLy
VLY
ovey
OvLy
ovLy
VLY
OvLY
gvLy
GvLy
VLY
avLy
ovLy
VLY
OVLY.
OvVLY
OvVLY

* New Parlition Data Set as created in Step 2 and Member name changed to "MAIN.'

3)

434
436
438
44()
442
L4 b
446
448
450
452
£54
456
458
460
462
464
466
468
470
472

474

476
47.8
480
482
484
486
488
490
492
494
496
498
500
502
504
506
508
510
o
514
516


http:REGBSE.G1

//6G0.FT18F001

//G0.FT20F001 0D DSN=&&0RBT,DISF=(NEW,PASS),UNIT=USERDA,

Attachment 4 (3 3.3)
(Continued - 9)

//G0B.FTO3F001 DD DSN=0ORBGEMN.GTDS.MANEUVER.DATA,
// UNIT=3330,VOL=SER=IRCCT4,DISP=SHR
//GD.FTO4F001 - DD DSN=URBGEN.GIDS.ASTROCON,DATA,
/7 UNIT=3330,V0L=5SER= IRCfl4 DISP=SHR
//G0O,FTO6F0ONOL DD SYSOUT=A

//GH.FTOTFOOL DD SYSOUT=B

//GD,FTOBFOO] DD DSN=0DRBGEN.GTDS.EARTHFLD.DATA,
// UNIT=3230,VOL=SER=TRCCT4,DISP=SHR
//G0.FTO9F001 DD DSN=0RBGEN,GTDS.LUNARFLD.DATA,
/7 UNIT=3330,V0L=SER=IRCCT4,DISP=5SHR
//GD.FT10F001 DD  DSN=0RBGEN.GTDS. INTCOEF.DATA,
// UNIT=3230,VY0L=SER=IRCCT4,DISP=5SHR
//G0.FT11FO01 DD DSM=0ORBGEN.GTDS.SECTIONS.DATA,
// UNIT=3330,VUOL=SER=TRCC74,DISP=5SHR
//GO.FT13F001 DD DSN=URBGEN.GTDS.ERRORMSG.DATA,
/7 UNIT=3330,VOL=SER=IRCCT74,DISP=5HR
//G0.FT14F0GL DD DSN=0RBGEM.GTDS.SLP1950.DATA,
/7 UMIT=3330,VOL=SER=IRCCT1,DISP=5HR
//GO.FT16F001 DD UNIT=USERDA,SPACE=(TRK,(146)}],
r/ DCB={RECF%=VBS,LRECL=124,BLKSIZE=3352,D50RG=DA,BUFND=1}
//GO0.FT17F0O01L DD UNIT=USERDA,SPACE= (CYL;#J-

// DCB=(DSORG=LA,BUFNO=1)

O UNIT=USERDA,SPACE={3520.12),DCB=(DSURG=DA,BUFNDO= l)

// SPACE=(1092,240),DCB=(RECFM=F,BLKSIZE=1092, DSDRG=DAvBUFNO=1)
//GO.FT22F001 DD DSN=&G&ORBF,SPACE=(CYL,(541)} ),
// UNIT=USERDA,DISP={NEW,PASS)

//GO.FT24F001

DD

UNIT=USERDA, SPACE={TRK,(1,2CG) i,

// DCB={RECFM=VS,BLKSIZE=2808, BUFNDO=1)

//GO.FT25F001

0p

DSN=ORBGEN; GTDS.ELEMENTS.DATA,

/7 UNIT=3330,VOL=SER=IRCCT71,DISP=5HkK

//GOL.FT26F001

(B1D

DSN=0RBGEN.GTNS.D24HOUR,DATA,

// UNIT=33230,VOL=SER=IRCC71,DISP=SHR

F/GD.FT2TF001

bo

PDEN=0RBGEN. CTDS.GEODTICS.DATA,

7/ UNIT=33304VOL=SER=IRCC71,DISP=SHR
//GN.FT30F001 DD DSN=&&FMOBS,UNIT=USERDA,
// . DISP=(NEW,PASS), SPACE=(CYLs{5+1))

//G0DL.FT38F001

Db

DEN=0RBGEN.GTOS. TIMCOUF.ATA,

/7 UNIT=33230, VOL=SER=IRCCT1,DLSP=5HR

//GO.FT39F00]

oD

DEN=0ORBGEM, -TDS.GENCUF,DATA,

// UNIT=3230, VOL=SER=IRCC71,DISP=5HR

//GO.FT59F001

0D

DSMN=0RBGEN.GTDS.SOULDAT.DATA,

// UNIT=333n, VOL=SER=IRCCT71,DISP=SHR

//GO.FT60F001

DD

DSN=0ORBGEN,GTDS. ACCOUNT, DATA,

/rr UNIT=3330,VOL=SER=IRCC71,DISP=5HR

//GN.FT68F00]

7/ UNTT=

//GO.FTT5F001

DD

DSN=0RBGEN, GTDS.TRODAT.DATA,

3330, VOL=SER=IRCCT1lsDISP=SHR

DD

DSN=0DRBGEN.GTDS.JACCHIALDATA,

/7 UNIT=3230,VOL=SER=IRCC71,DISP=SHR

//G0.FTOSFO01
/3%
/7

DD

*

Note: The JCLs in "GO" Step would require changes according to a different job (see Attach-
ment 6 also).



Attachment 5 (§ 3.3)

// (8000,5000),CLASS=D
//STEPL EXEC PROC=FORTRANG,PARM='MAP, IO, TIME.,CMP=({0,15)
//CMPLSYSIN DD =

Subroutines to be Mcodified or Added

e
//STEP2  EXEC PGM=IEWL,PARM='LET,LIST,MAP,OVLY,NCAL,SIZE=(240K,48K)1,
/7 CONR=(5,LT), TIME=(0,30),RECIUN=252K

//NEWLIN DD DUMMY

//TAPELIB DD DUMMY,DCB=(RECFM=FR, LRECL=80,BLKSIZE=3200)
//LOADLIB DD DUMMY

//MYLIB DD DSN=0ORBGEN.GTDS.MNEWLUAD, DISP=SHR

//7S5YSUTY DD UNTIT=SYSDA,DISP=(NEW,DELETE)},SPACE=(CYL,{(2,1}}
//LKED,SYSLIB [0 DSNAME=SYSI1.FORTLIB,DISP=SHR

/7 DD DSNAME=SYS2,FORTSSP.DISP=SHR

//SYSPRINT DD  SYSCU1T=A,DCB=(LRECL=120,RECFM=FRA,BLKSIZE=600)
//7SYSLMOD OD DSNAME=EGU(MAIN) yUMIT=SYSDA,SPACE={CYL,(1,1,1}),
¥4 DISP={NEWw,FASS)

//LKEDLSYSLIN DD DSNAME=%,STEPL.CNMP,SYSLIN,DISP=(0LD,DELETE)
// by

Object Deck and Overlay Structure from Attachment 4

Note: In statement 'mclude MyILib{(GTDS)', member name would now be punched as ™™MAIN.,'

//GO EXEC PGM%*¥,STEP2.SYSLMOD, TIME=(04,10), REGION=504K
J/GO.FTOLFO01 DD  DSN=NRBGEN.GTDS.DIRFCTRY.DATA,

/7 UNIT=3330,VOL=SER=IRCCT4,DISP=SHR
//GO.FT0OR2F0O01 DD DSN=0DRBGEN.GTDS.ATHMOSDEN.DATA,
7/ UNIT=3330,VOL=SER=IRCC74,DI5P=5HK

//GO.FTO3F001 DD DSN=0ORBGEN.GTDS.MANEUVER.DATA,

117



Attachment 5 (§ 3.3)
{Continued) .

/7 UNIT=3330,VOL=SER=IRCCT4,DISP=5HR
//GO.FT04F001 DD USN=0RBGEN.GTDS.ASTROCON, DATA,
/7 UNIT=3330,V0OL=SER=IRCCT4,DISP=5HR
//GD.FTO6F001 DB SYSOUT=A

/ /G0, FTO7FOO0L DO SYsSOoQUT=8

//GO.FT08F(01 DD DSN=ORBGEN.GTDS.EARTHFLD.DATA,
/7 UNIT=3330,VOL=SER=IRCLT4,DBISP=5SHR
//GO.FTOSF001 DD  DSN=0RBGEN.GTDS.LUMARFLDL.DATA,
/7 UNIT=3330,VOL=SER=IRCCT4,DISP=5HR
J/GOL.FT10F00} PD  DSN=DRBGEN.GTDS.INTCOEF.DATA,
¥4 UNIT=3330,VOlL=SER=IRCC74,DISP=SHR
//GO.FT11F001 DD DSN=DRBGEN.GTDS.SECTIONS.DATA,
/7 UNIT=3330,VOL=SER=IRCCT4,DISP=5SHR
//GO.FT13F001 DD DSN=0RBGEN.GTDS.ERRORMSG,.DATA,
/7 PUNIT=3330,VOL=SER=IRCCT4,DISP=SHR
F/GOL.FT14FQ0L DD DSN={IRBGEN.GTDS.SLP1950.DATA,
/7 UNIT=34330,VOL=SER=IRCCT71,DISP=SHR
//GO.FT16F0Q01 DD UNIT=USERDA,SPACE={TRKs+{1:+61)),
/7 DCB=({RECFM=VBS, LRECL=124,BLKSIZE=3352,DS0OKG=DA,BUFNO=1)
//GD.FT1ITFQOL DD UNIT=USERDA,SPACE={CYL %),

/7 DCB={DSORG=DA, BUFND=1)

//GO.FT18FQ0] DD UMIT=USERDA,SFACE={3520,12),DCB8=({DS0ORG=D4A,BUFN{=1)
//GO.FT20F001 DD DSN=8&0URBT,DISP={NEW, PASS),UNIT=USERDA,
// SPACE=(1092,240),NDCR={RECFM=F, BRLKSIZE=10927,DSURG=DA,BUFNU=1)
//GOLET22F001 DD DSN=G&URRF,SPACE={CYL,(5+1)}1},

A7 UMIT=USERDA,FISP={NMEY,FPISS)

//GO.FT24F001 BD UNIT=USERDA,SPACE={TRK,(21,201})]),
/7 DCB={RECFM=VS,BLKSIZE=2808,BUFNO=1)
//GO.FT25F001 DD DSN=0ORBGEN.GTDS.ELEMENTS.DATA,
/! UNIT=3330,VOL=SER=IRCC71,DISP=SHR
//G0R.FT26F001 DD  DSN=0RBGEN.GTDS.D24HUOUR.DATA,
// UNIT=3330,VOL=SER=IRCCT71,DISP=SHR
//GO.FT2TF001 DD USN=0RBGEN.GTDS.GEODTICS.DATA,
// UNTIT=3220,VOL=SER=IRCCT1,DISP=SHR
//GO.FT30FOC1 DD DSN=E&LFMOBS, UNIT=USERDA,

// DISP={NEW,PASS},SPACE={CYL,(5,1))

//GD. FT38FN01 DD DSM=0RBGEN.GTDS. TIMCOF.DATA,
// UMIT=3230,VOL=SER=IRCCT71,DISP=SHR
//GO.FT39F001 DD DSN=0RRGEN.GTDNS.GENCOF.DATA,
// UNIT=3330,VUOL=SER=IRCCT1,DISP=8HR
//GO.FT59F001 DD DSH=DRRGEN.GTNS.SOLNDAT.DATA,
/7 UNIT=3330,VOL=SER=TRCC71,DISP=SHR

/7GR, FT60F00] DD DSN=0RBGEN.GTNDS.ACCDOUNT.DATA,
/7 UNIT=3330,VUL=SER=IRCCT71,DISP=8HR .
//GO.FT68F001 DD DSN=0DRBGEN.GTDS. TRUDAT.DATA,
// UNIT=3330,VOL=SER=IRCCY1L,DISP=5HR
//GN.FTTSFOQ] DD DSMN=NRBGEM.GTDS.JACCHIA,DATA,
// UNIT=3%30,V0OL=SER=TRCC71,DISP=SHR
//GOLFTO5F001 by =%

e

/7 - - -
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/7 (05500,5000),CLASS=D,REGION=504K

/ESETUP UNIT=TAPESG, ID=(,+I1056,WRITE,CNGENS)
/SETUP UNIT=TAPEY, ID=(,J)158,WRITE,CLGS29)

//7G0 EXEC PGM=MAIN,1IME={9,45)
//STEPLIB DD DSN=URABGEN.GTDS.,MEWLOAD, DISKF=SHR -
//GO.FTOLFOO0L DD OSN=0RBGEN.GTDS.DIRECTRY.UATA,

/7 UNIT=3330,V0L=SER=IRCCT4,DISP=SHR
//G0,.FT02F001 DD DSN=0RBGEN.GTDS.ATMOSDEN.DATA,
1/ UNIT=3330,VO0L=SER=IRCCT4,01SP=5HR
//G0.FTO3F001 DD DSN=0RBGEN.GTDS.MANEUVER.DATA,
/7 UNIT=3330,VY0L=SER=IRCC7%4,01I5P=5HR
//7G0.FTO4F001 DD DSN=0RBGEN.GTDS.ASTROCON.,DATA,
// UNIT=3330,VOL=SER=IRCCT74,DISP=5HR

//G0.FT06F001 DO SYSOUT=A

//GO.FTOTFOO1 nH  SYSOUT=8

//GO.FTO8F001 DD DSN=0RBGEN.GTDS. EARTHFLD.DATA,

/7 UNIT=3330,VOL=SER=IRCCT7&,DISP=5HR

//GO.FTO9F001 DD DSN=0RBGEN.GTDS.LUNARFLD.DATA,

! UNIT=3330,V0L=SER=IRCC74,DISP=5HR

//G0.FT10F001 DD DSN=0RBGEN.GTDS. INTCOEF.DATA,

1/ UNIT=3330,VOL=SER=IRCCT4,DISP=5SHR

//G0O.FT11F001 DO DSN=0DRBGEN.GTDS.SECTIONS.DATA,

/7 UNIT=33230,VOL=SER=IRCC74,DISP=5SHR

f/GO.FT13FQ01 DD DSN=ORBGEN.GTDS. ERRORMSG.DATA,

/7 UNIT=3330,V0L=SER=IRCCT&,DISP=5HR

/GO FT14F001 DD DSN=0RBGEN.GTNS.SLP195D.DATA,

/1l UNIT=3330,V0L=SER=IRCCT1,UISP=5HR

//G0.FT16F0O01 DD UnIT=USERDA,SPACE=(CYL,(1s1)),

// DCB={RECFM=V}rS,LRECL=174,BLKSIZE=3352,DSORG=DA,BUFNU=1)
//GOJFTLITFOCL DD UNMIT=USERDA,SPACE=(CYL,{&y1)1),

/7 DCB=(DSORG=1NA,BUFNO=1) .
//GO.FT18F001 DD UNMIT=USERDA,SPACE={352(,12),0CB={DSURG=0DA.BUFNO=1)
//GD.FT19F001 DD  UNIT=USERDA,SPACE=(6660,240),

// DCB={RECFM=F, BLKSIZE=6660,DSORG=DA,BUFNO=1)

//GD.FT20F001 DB DSM=REORBT,DISP=(NEW,PASS}yUNIT=USERDA,

r/ SPACE={1092,240),DCB={(RECFM=F,BLKSIZE=1092,DS0ORG=LA,BUFNO=1}
//7GU.FT22F001 BD DSN=8&0ORBF, SPACE=(CYL,(5,1)},
/7 UNMIT=USERDA,DISP=({NEW,PASS)

//GN.FT24F001 DD UNIT=TAPEY, LAREL=(1,BLP),DISP=(0LD,KEEP]),

// OCB={RECFM=VS,BLKSIZE=2808,BUFND=1),VOL=(PRIVATE,RETAIN, SER=CUGELS)
//GO.FTZ25F001 DD DOSN=DRBGEN.GTDS.ELEMENTS.DATA,

/7 UNIT=3330,VOL=SER=IRCCTL,DISP=5HR

//GU.FT26F001 DD DSn=0GRBGEN.GTDS.D24HOURL.DATA,

1/ UNIT=33230,VOL=SER=IRCCT71,DISP=SHR

//GO.FT2TF0O01 DD DSN=0RBGEN.GTDS.GEORTICS.DATA,

/7 UNIT=3330,VOL=SER=IRCCT1,DISP=SHR .
//GO.FT29F001 BD DCR=(RECFM=VBS,{RECL=148,BLKSIZE=3408,BUFNO=1),

// UNIT=TAPEQ,LABEL={,BLP},DISP=SHR, VOL={PRIVATE,RETAIN,SER=CLGS529}
//7GOL.FT30FQ01 DD DSN=L&FMORS,UNIT=USERDA,

//  DISP={MNEW,PASS},SPACE={CYL,(5,1))

J/GNFT3LF00T DD UNTT=USERDA,DCB=(RECFM=VRS,LRECL=148,BLKSIZE=3408),
7/ DTISP={NEW,PASS) - SPACE=(CYL, (1,1} )
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Attachment 6 (§ 3.3)
(Continued)

J/GODJET3TF001 DD DSN=&SORT,UMIT=USERDA, SPACE=(CYL,{2,1}}y -
DCB=(RFCFM=VBS, LRECL=148,BLKSIZE=3408,BUFNO=1),DISP={NEW,PASS)

/7

//GO.FT38F00] DD DSN=0ORBGEN.GTNDS. TIMCOF.DATA,

/7 UMIT=33230,VOL=SER=IRCCT71,NISP=5SHR

//G0.FT39F001 = DD DSN=0RBGEM.GTDS.GENCOF.DATA,

/7 UMIT=3330,VOL=SER=TRCCT71,DISP=5SHR

//GD.FT45F001 DD  UNIT=USERDA,SPACE={TRK,{10,1)),DISP=SHR,
// VOL=REF=%,GN.FT17F0O01

//GO.FT46F001 DD LAREL=(2,BLP),DISP=SHR,VOL=REF=%,G0.FT29F001,
// DCB={RECFM=VS,BLKSIZE=928,RUFND=1)
//GO.FT47F001 DD UNIT=USERDA,SPACE=(CYL,(01,1)),DISP=SHR,

/7 VOL=REF=%,G0,FT31F00]

//G0,.FT53F001 DD  UNIT=USERDA,DCB={RECFM=FB,LRECL=80,BLKSIZE=800),
7/ DISP={NEW,PASS), SPACE={CYL,(1,1))
//GO.FT57F001 OD UNIT=USERDA,SPACE=(TRK,(10,10)),
/7 DCB=BUFNO=1,DISP={NEW, DELETE)

//GN.FTS8FO01 DD UNIT=USERDA,SPACE=(1332, 20);

// DCR=(DSNRG=DA, BUFND=11},0DSN=6EWIONO,

/7 DISP=(NEW,PASS)

//GO.FT59F001 DD DSN=0RBGEN.GTDS.SULDAT.DATA,

// UMIT=3330,VOL=SER=IRCC71,DISP=SHR
//GO.FT60F001 DD DSN=0RBGEN.GTDS.ACCOUNT.DATA,
// UNTT=3330,VOL=SER=IRCCTL,DISP=5HR
//G0.FT63F001 DD UNTT=USERDA, DCB=DSORG=DA,

// SPACE={CYLs+(1,1)),DISP=(NEW,PASS)

//G0D.FT&65F001 DD

UNIT=USERDA, SPACE={TRK, {1, 20)),

/7 DCB={DSURG=DA, BUFNDO=1 ), DSN=ATUNDAT
//GO.FT66F001  BD DUMMY

F/GO.FTH6TFGOT DB DUMMY )

//GD.FT68F001 DD DSN=0RBGEN.GTDS.TREDAT.DATA,
// UNIT=3330,VOL=SER=IRCCT1,DISP=SHR
//GO,FT70F001 DD DUMMY

//GO0.FT7T5F001 HD DSN=0RBGEN.CTDS.JACCHIA.DATA,
/7 UNIT=3230,VOL=SER=IRCCT714DISP=SHR
//GOL.FTT7TF001 DD  UNIT=USERDA, SPACE={TRK, (1,200},
// DCB={RECFM=VS,BLKSIZE=2808, BUFNO=1),DISP={NEW,PASS)}
J/GOL.FYTRFO01 DD DUMMY

//GO.FT81F0Q1 DD UMIT=USERDA,SPACE=(TRK,{(1,201}1},

/7
//GO.FTB2F001
//GO.FTR3IF00]
//
//GU.FT&4FOD1
//GO, FTA5F001

0D
no

DD
Bo

DCR=(RECFM=VS,BLKSIZE=2808, BUFNO 11.DISP=({NEW,PASS)

DUH4iY
UNIT=USERDA,SPACE={TRK, (1,20)),

DCB=(RFCFM=VS,BLKSIZE=2808,BUFNO=1),DISP=(MEV,PASS)

Dbty
UNMIT=USERDA,SPACE={TRKs (15201} ),

/7 DCB=(RECFM=VS,PLKS [ZE=28G8, BUFND=1),DISP={NEW,PASS)
//GO.FT86F001 DD DUMMY

J/GO.FTRTFO01 ~ DD UNIT=USERDA, SPACE=(TRK,{1,20)),

// DCB=(RECFM=VS,RLKSIZE=2808, BUFND=1),0I5P={NEW,PASS)
//GO.FTRRFOD1 DD DUFMY

//GO.FT91F001 DD DUMMY

(R1A]
L)

//GO.FRTITFO0L
//GN.EFT05F001

DUy

e
b
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4, PERSONNEL

Ivan I. Mueller, Project Supervisor, part time

Manohar G. Arur, Graduate Research Associate, part time from 10/1/74
Athanasis Dermanis, Graduate Research Associate, part time from 10/1/74
Muneendra Kumar, Graduate Research Associate, part time from 10/1/74
Alfred Leick, Graduaie Research Associafe, part fime

Anne S. Mason, Administrative Assistant, part time from 10/29/74

Daniel McLuskey, Graduate Research Associate, part time

Narendra K. Saxena, Research Associate, part time through 8/2/74

Tomas Soler, Graduaie Research Agsociate, pért time

Boudewijn H. W. van Gelder, Graduate Research Associate, part time from 9/1/74

5. TRAVEL

Mueller, - Ivan I.
Torun (Poland) August 19 - September 7, 19874
To attend nternational Astronomical TUnion Cclloguium No, 26
{partial support)

Mueller, Ivan I,
Washington, D. C. December 2 - 5, 1974
To attend Precise Time and Time Interval Planning Meeting at the
U. 8. Naval Research Iaboratory

Mueller, Ivan I,
San Francisco, California and Huntsville, Alabam December 12 - 18,
1974 .

To attend the meeting of the American Geophysical Union and to
vigit NASA/MSFC to discuss LAGEOS and CLOGEOQOS projects

Kumar, Muneendra
Cincinnati, Chio November 25, 1974
To vigit Cincinnati Observatory for discussion with Dr. A, Deprit
regarding his Analytical Lunar Ephemeris

Kumar, Muneendra

Washington, D. C. December 29 - January 1, 1975
To visit NASA/GSFC to discuss GTDS Computer Program
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McLuskey, Daniel
Washington, D, C. July 30 - August 3, 1974
To discusg computer programs with Wolf Research and Development
Corporation re, preprocessing ISAGEX and WEST data

van Gelder, Boudewijin H. W.
Huntsville, Alabama December 16 - 18, 1974
To visit NASA/MSFC to discuss LLAGEQOS and CLOGEOS projecis
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6., REPORTS PUBLISHED TO DATE

OSU Department of Geodetic Science Reports published under Grant
No. NSR 36-008-003:

70 The Determination and Distribution of Precise Time
by Hans D. Preuss :
April, 1966

71 Propoesed Optical Network for the National ueodetlc Satellite Program
by Ivan I. Mueller
May, 1966

82 Preprocessing Optical Satellife Observations
by Frank D. Hotter :
April, 1987

86  Least Squares Adjustment of Satellite Observations for Simultaneous
Directions or Ranges, Part 1 of 3: Formulation of Equations
by Edward J. Krakiwsky and Allen J. Pope
September, 1967

87  Least Squares Adjustment of Satellite Observations for Simultaneous
Directions or Ranges, Part 2 of 3: Compufer Programs
by Edward J. Krakiwsky, Gecrge Blzha, Jack M. TFerrier
August, 1968

85 Least Squares Adjustment of Satellite Observations for Simulfaneous
Directions or Ranges, Part 3 of 3: Subroutines
by Edward J. Krakiwsky, Jack Ferrier, James P. Reilly
December, 1967

93 Data Analys is in Connection with the National Geodetlc Satellite Program
by Ivan I. Mueller
November, 1967

OSU Department of Geodetic Science Reporis published under Grant
No. NGR 36-008-093:

100 Preprocessing Electronic Satellite Observations
by Joseph Gross
March, 1568

106 Comparison of Astrometric and Photogrammetric Plate Reduction Techniques
for a Wild BC-4 Camera
by Daniel H. Hornbarger
March, 1968
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110 Investigations into the Utilization of Passive Satellite Observational Data
by James P. Veach
June, 1968

114 Sequential Least Squares Adjustment of Satellite Triangulation and
" Trilateration in Combination with Terrestrial Data
by Edward J. Krakiwsky
October, 1968

118 The Use of Short Arc Orbital Constraints in the Adjustment of Geodetic
Satellite Data 4
by Charles R. Schwarz
December, 1968

125 The North American Datum in View of GEOS I Obéervations
by Ivan I, Mueller, James P. Reilly, Charles R. Schwarz
June, 1969

189 Amalysis of Latifude Observations for Crustal Movements
by M. G. Arur
June, 1970

14C SECOR Observations in the Pacific
by Ivan I, Mueller, James P, Reilly, Charles R. Schwarz, George Blaha

August, 1970

147 Gravity Field Refingment by Satellite to Satellite Doppler Tracking
by Charles R. Schwarz
December, 1970

148 TInmer Adjustment Constraints with Emphasis on Range Observations
by Georges Blaha
January, 1971

150 Investigations of Critical Configurations for Fundamental Range Networks
by Georges Blaha
March, 1971

177 Improvements of a Geodetic Triangulation through Control-Points
Established by Means of Satellite or Precision Traversing
by Narendra K. Saxena
June, 1972

184 Coordinate Transformation by Minimizing Correlations Beiween Parameters

by Muneendraz Kumar
July, 1972

185 On the Geometric Analysis and Adjustment of Optical Satellite Observations
by Emmanuel Tsimis
August, 1972
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188

190

191

193

195

196

199

216

Geodetic Satellite Observations in North America (Solution NA-9)
by ¥van I. Mueller, 3. P. Reilly and Tomas Soler
Septembey, 1972

Free Adjustment of a Geometric Global Satellife Network (Solution
MPS-T) :

by Ivan I. Mueller and M. C. Whiling

Octcher, 1972

The Ohico State University Geometric and Orbital (Adjustment) Program
(OSUGOP) for Satellite Observations

by James P. Reilly, Charles R. Schwarz and M., C. Whiting
December, 1972

Critical Configurations (Determinantal Loci) for Range and Range-
Difference Satellite Networks

by E. Tsimis

January, 19 73

Tree Geometric Adjustment of the DOC/DOD Cooperative Worldwide

" Geodetic Satellite (BC-4) Network

by Ivan I, Mueller, M., Kumuar, J. Reilly and N. Saxena
February, 1973

Free Geometric Adjustment of the Secor Equatorial Network
(Solution SECOR-2T} -

by Ivan I. Mueller, M. Kumar and Tomas Soler

February, 1973 .

Geometric Adjustment of the South American Satellite Densification
(PC-1000) Network

by Ivan I. Mueller and M. Kumar’

February, 1973

Global Satellite Triangwation and Trilateration for the National Geodetic
Satellite Program (Solutions WN 12, 14 and 16)

by Ivan I. Mueller and M. Kumar, J. P. Reilly, N. Saxena, T. Soler
May, 1973

Marine Geodesy, A Multipurpose Approach to Solve Oceanic Problems
by Narendra K. Saxena
October. 1874
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The following papers were presented at various professional meetings:

"Report on OSU participation in the NGSP"
47th Annual meeting of the AGU,. Washington, D.C., April 1966

"Preprocessing Optical Satellite Observational Data™
3rd Meeting of the Western European Satellite Subcomimission, JAG, Venice,

Italy, May 19G7.

"Global Satellile Triangulation and Trilateration”

XIVth General Assembly of the JUGG, Lucerne, Swilzerland, September 1967,
(Bulletin Geodesigue, March 1968).

"Investigations in Connection with the Geometric Analysis of Geodelic Satellite

" Data

GEOS Program Review Meeting, Washington, D, C,, Dec. 1967.

"Comparison of Photogrammetric and Astrometric Data Reduction Results for
the Wild BC-4 Camera"
Conference on Photographic Astromeliric Technique,Tampa, Fla., March 1968.

"Geodetic Utilization of Satellite Photography"
7th National Fall Meeting, AGU, San Francisco, Cal., Dec. 1968.

YAnalyzing Passive-Satellite Photography for Geodetic Applications™
4ih Meeting of the Western European Satellite Subcommission, IAG, Paris,
Feb. 1969,

"Sequential Least Squares Adjustment of Satellite Trilateration”
50th Annual Meeting of the AGU, Washington, D,C., April 1969.

"The North American Datum in View of GEOS-I Chservations" '
8th National Fall Meeting of the AGU, San Francisco, Cal., Dec. 196% an
GECS-2 Review Meeting, Greenbell, Md., June 1970 (Bulletin Geodesique,
June 1970).

"Experiments with SECOR Observations on GEOS-I"
GEOS-2 Review Meeting, Greenbelt, Md., June 1970..

"Experiments with Wild BC-4 Photographic Plates"
GEQOS-2 Review Meeling, Greenbelt, Md., June 1970.

"Experiments with the Use of Orbital Constiaints in the Case of Satellite Trails

on Wild BC-4 Pholographic Plates"
GLEOS-2 Revicew bdleeting, Greenbelt, Bd., June 1970.
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"GEOS-I SECOR Obscrvations in the Pacific (Solution SP-7)"
- National Fall Mecting of the American Geophysical Union, Szm IFrancisco,
California, Decembexr 7-10, 1970.

"Investigations of Critical Configurations for Fundamental Range Networks"
Symposium on the Use of Artificial Satelliles for Geodesy, Washington, D, C.,
April 15-17, 1971,

"Gravity Field Refinement by Satellite to Salellite Doppler Tracking"
Symposium on the Use of Artificial Satellites for Geodesy, Washington, D, C,,
April 15-17, 1971,

"GEOS-I SECOR Observations in the Pacific (Solution SP-T7)"
Symposium on the Use of Artificial Satellites for Geodesy, Washington, D, C.,
April 15-17, 1971,

""Separating the Secular Motion of the Pole from Continenial Drift - Where and
What lo Observe?" ‘
TAU Symposium No, 48, "Rotation of the Earth, " Morioka, Japan, May 9-15, 1971:

"Geodetic Satellite Observations in North America (Solution NA-8)"
Annual Fall Meeting of the American Geophysical Union, San Francisco,
California, December 6-9, 1971,

"Scaling the SAO-69 Geometric Solution with C-Band Radar Data (Solution SC11)"
Annual Fall Meeting of the American Geophysical Union, San Francisco,
California, December 6-%, 1971.

"The Impact.of Computers on Surveying and Mapping"
Annual Meeting of the Permanent Committee, International Federation of Surveyors,
. Tel Aviv, Israel, May 1972.

"Investigations on a Possible Improvement of Terrestrial Triangulation by Means
of Super-Control Points"

TAG International Symposium - Satellite and Terrestrial Triangulation,

Graz, Austria, June, 1972,

"Free Adjustment of a Geometric Global Satellite Network (Solution MPST)"
IAG International Symposium - Satellite and Terrestrial Triangulation,
Graz, ‘Austria, June, 1972,

"Conjugate Gradient Method (Cg-Method) for Geodetic Adjustments”

Annual Tall Meeting of the American Geophysical Union, San Francisco,
California, December 3-6, 1972.
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"Preliminary Results of the Global Satellite Triangulation Related to the NGSP"
Journees Luxembourgeoises de Geodynamique, Luxembourg, February 19-21, 1973,

"Present Status of Global Geometric Satellite Triangulation and Trilateration”
54th Annual Spring Meeting of ithe American Geophysical Union, Washington, D.C.,
April 16-20, 1973,

"Free Geometric Adjustment of the OSU/NGSP Global Network (Solution WN4)"
First International Symposium on the Use of Artificial Satellites for Geodesy
and Geodynamics, Athens, Greece, May 14-21, 1973.

"Barth Parameters from Global Satellite Triangulation and Trilateration"
International Symposium on Earth's Gravitational Field and Secular Variations
. in Position, Sydney, Australia, November 26-30, 1973.

"Review of Problems Associated with Geodetic Datums"
International Symposium on Problems .related to .the. Redefinition of North
American Geodetic Networks, Fredericton, N.B., Canpada, May 20-25, 1974,

"Marine Geodesy - Problem Areas and Solution Concepts™
International Symposiun: on Application of Marine Geodesy, Dattelle Auditorium,
Columbus, Ohio, June 3-5, 1974. '

"Station . Coordinates and Geodetic Datum Positions from the National Geodetic
Satellite Program"

First Pan American Congress and the

Third National Congress of Photogrammetry, Photointerpretation and Geodesy,
Mexico City, Mexico, July 7-12, 1974.

"Review of Classical Methods for the Determination of Geodetic Datums’
International Colloguium on Reference Coordinate Systems for Earth Dynamics
(@AU Colloquium No. 26)

Torun, Poland, August 26-31, 1974,

"Global Satellite Triangulation and Trilateration Resulis™

Intercosmos Symposium on Results of Satellife Observations
Budapest, Hungary, October 21-24, 1974,
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