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INTRODUCT 103t

Numerical tests were conducted to (1) evaluate the capalility of
the Rapid Geodetic Survey System (RGSS) in determining gravity anomalies

-~

and the deflection of the vertical, and {2) utilize RGSS dawe type in
combination with other gravity data to assess the accuracy of 19 x 1°
mean anomalies for a test area.

A theoretical 19 x 1° area was develaped resembling closely an actual
RGSS area for which gravity aéoma]ies were computed along n traverses.,
Observed gravity data were used to derive 1° x 1° mean anomalies using the
above techniques. Theoretical and practical computations were also con-

ducted to interpolate 439 and vertical deflections along certain traverses.

These interpolated values were computed as a function of Ag as well as

Ag and elevation (h).
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TASK 1

a. Gravity Anomaly Prediction

The Rapid Geodetic Survey System (RGSS) has been used to provide
measurements of the gravity anomaly in the White Sands, New !Mexico area,
along'four traverses. These traverses are between the stations:

i)  Carmen - WC-50 ECC

ii)  Tularosa - Hanfdrd

jii) Hanford - Tularosa

iv) Tularosa - Hanf&rd and return.

In addition, gravimeter data is available for some of the stations in
the above traverses as well as along a profile between Beasiey and Huey.

Since the RGSS gravity anomalies, g, are relative to the initial station
of the traverse, the gravimeter data is necessary to remove this zero-offset.

To predict values of/Ag, an assumption was made that transverse variations
in/\g are negligible and that the dominant variation ofAg is with altitudé.
Although transverse effects have been explicitly ignored, they influence the
results implicitly because only stations in the immediate vicinity of the
station of intcrest were used in the predictions.

The prediction procedure used the RGSS values of g to predict the value of

g at a station along the traverse where RCSS‘data was also available. Ih
this way predictions could be calculated for each station along a traverse and
compared with the observed value for each traverse and an‘rms error then

computed.




Two methods of prediction were used. The first method predicted g
at a station at height, h using the g and h information at the two

immediately adjacent stations along the traverse and performing a linear

interpolation. This interpolation can be written:

] A9 -A91- A% -A9)

st e e

h-- hl “h2 -
where the subscripts 1 and 2 refer to the adjacent stations. For example:
To predict the value of/Ag at station Fry, station Carmen would get sub-

script 1 and station wWnite would get subscript 2. This procedure continued

along the traverse. No predicticns were made for the first and last stations
along the traverses.

The second method of prediction involved a higher order of interpolation.
In this case for each traverse, two stations on either side of the station
of interest were used for the prediction. These four values ofAg and h were

used to give tne predicted value ofAg by

Ag=mh+b
where m = 426310 _';:hl,z‘gi 1]
4£h1 - (Ln]) i a ui
b=Z@Zﬁ'§lﬁﬁfﬁ ;J
4%hi¢ - (¥hi)°® 4

Hence, least square adjustments were now used to provide a linear interpolation.

o N s

. lo values were predicted for either the first two or last two stations along a

traverse in this case.

The results of these predictions are contained in Tables 1 - 4. These
tables 1ist the station and the RGSS value of/Ag and h. Gravimeter values of
Ag, where known, are also included. For each traverse, these gravimeter values

were used to correct for the zero offset before the predictions were performed. 3




TR R A e

; \*N~——.—_ s

L

: i

This was done for convenience since the RGSS data will be used later to

predict the actual mean anomaly in a 1° x 12 area. This correction was
done by first plotting the RGSSAg value vs. the gravimeter value for
the four traverses. This is shown in Figure 1 whgrc the traverses are
identificd by number. If the RGSS data were idéntica], the results would
be a straight line of unit sﬁopes passing through the origin. However,
the Figure clearly reveals the offset. The relations between the RGSS
and actualAg values were found using linear least square adjustments
for each traverse. The results are:
i) Agpees = (0.978 + 0.014) gy + 27.01
i1) Agpges = (1.022 + 0.025) gq *+ 26.57 0.631

(1.048 + 0.017) g 1.278

0.692

1
ot
(es]
D
w

"

111) Dgpgss
iv)  Agyess = (1.068 + 0.026) gg + 21.73

There did not appear to be a problem with instrumental drift since

0.806

all the slopes are nearly equal to 1. The values of sigma are typically
1 mgal or less.
The corrected values szngGSS are included in Tables 1-4 and are
labeled Ag'. The results of the first prediction method are underAg''.
Tﬁe differences between the cerrected and predicted values are also included.

The rins errors vesulting from these predicticns are summarized below.

First Method " Second Hethod

i) 0=13,7 (2.7) wgal O =4.73 mga)
i) 0= 13.3 (7.2) G = 13.1 (7.6)
ii1) 0= 13.4 (2.2) ' ¢ = 13.5 (9.0)

iv) 0= 13.3 (6.6) g = 13.0 (8.7)




-

e e

Su e

-y
.

PSP - SO SS—

|

“.
Siarh.

o
‘_L;A?&

.-

e

———

ook

<A gl AP

The numbers in parentheses are the values of @ that are found when

the largest differences between actual_awd predicted values of/Ag are omitted.
For the Carmen - WC50 traverse both the Fry and Brycc residuals seem anoma-
lously large indicating a possible source of error from WHhite since it was
used in both predictions. For all three traverses between Tularosa and
Hanford, the Valley Astro stétion has an unusually large residual and has
also been dropped during the recomputation of the sigmas.

The results show that hoth methods can predictAg along these traverses
to an accuracy of 5-10 mgal. The higher order interpolation does not offer
any advantage in accuracy téough it did tend to smooth out the anomalously
large residual from Yhite.

To check for systematic variations in the residuals, the values of
ag'-ag'' were plotted against the distance between the predicting stations
used in method one. It had been thought that the residuals would increase
with interpolating distance as transverse variations, which were explicitly
ignored, became increasingly likely to affect the resuits. No apparent
variation is seen, as shown in Figure 2, for the distance scales used in
this exercise.

There does seem to be a relation between the residuals and height as
shown in Figure 3. \hen the difference in h between predicting stations,
hz-nl, is large there is a mqre 1ikely chance te obtain a well-defined linear
gvs. h relation and hence smaller residuals may be expacted than where the

height differences are small and aAg vs. h relation is difficult to establish.
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b. Leflection of the Vertical |
The RGSS also measures the vertical deflection cumponents f and T
about the north and east directions. This observed data is summarized i
for the Carmen - UC50 traverse in Table 7. The G'dﬁf]CCtion component 7]
for the remaining three traverses is contzined in Teblie 8 and the :
deflection data in Teble 9. These tables alsc contain the actual deflection

components determined by astro geodetic techniques.

In an attempt to compaﬁe the observed and astrogeodetic deflection
and to correct for any offsets or system bias, the RGSS values for £ were
plotted against tie astrogeédetic values for the Carmen - WC50 traverse. The
result is shown in Figure 5 with the data points numbered according to their
order along the traverse. It is obvious that a unique relation between
actual and observed deflection does not cxist as it did for the gravity
anomaly data. The appearance of the data is most likely due to an instru-
mental drift.

To better demonzirate this dvift, the difference between RGSS and

astrogeodetic values for‘g and 7} are plotied vs. distance along the traverse

for the Carmen - WCS0 profile in Figure 6. These differences also plotted
vs. elapsed time for the three traverses between Tularose and Hanford in
Figures 7-9. In the absence of drift there should be a one to one correspondence

between the actual and observed deflection values and the difference between

them would remain constent (not necessarily zero) with time. However, these
differences are seen to drift approximately Vinearly at a rate of about 10

arc sec per hour.
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It might be possible to model this drift based on known instrumental
characteristics and to characterize this medel using least square techinicues.
In this way the drift will be removed and the analysis of the data could
procecd. However an examination of these graphs shows that & simple lingcar
or even parabolic curve fitting procedure alone would introduce errors of
1 to 2 arc sec (5-10 mga]).. By analogy with the gravity anomaly predictions,
this error is the same order as the prediction errors tha%t might be expected
by interpolating the def]ecéion data. Hence, it would be impossible to
accurately assess the errors involved in interpolating the data alone.

To summarize, the RGSS appears to suffer a serious instrumental drift in
both vertical deflection components. The deflection data cannot be inter-

polated with this drift present. Removing the drift by simple curve fitting

techniques introduces additional errors as large as the effect we wish to

study, making meaningful predictjon difficult.
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TASK 11

a. Mean Gravity Anomaly - Theoretical

The RGSS traverses are contained within an area approximately
1° x 1° bounded by 32° 15' and 33° 15' latitude and 106" znd 107°
longitude. A map indicatiné this area, the RGSS treverses and the
gravimeter data is included in this report. Before using the RGSS data
to estimate the actual mean_ ancmaly, a thcoretical analysis of this area
was performed to determine the best method of estimating the mean ancmaly
and the associated errors fﬁat may be expected. This theoretical procedure
uses an increasing number of traverses to cobtain an arithmetic mean wiich
is then compared with the resulis obtained from a weichted mean.

This study attempted to model this situation in the following nunncr:
the 19 x 1° block was partitioned into 400 3' x 3' sub-blocks. The topo-
graphy of the region was approximated by breaking up the clevations into
5 height classes of 4, 4.5, 5.5, 6.5 and 7.5 thousand feet and locating them‘
on the model map in a manner roughly corresponding to the actual contours.
This can be seen in Figure 10. To each of the sub-blocks & gravity anomaly
was assigned whose value is related only to height:

Ag =Qgyth.b
where[&go = =396 mgals and b = 0.3086 mgals/meter. Furthcrmore, to odd
some realism by introducingllocaI ervors a number betwean -7 and +7 mgals
was randomly chosen for each 3' x 3' block and added to its Ag value. Using
all these values the arithmetic mean for the whole 1% x 1° block was then
computed. This will be the true mean anomaly value to which the sample

means will be compared.




Given the gravity anomaly model a test was conducted to evaluaie
the correlation the mean anomalies calculated from samples (points along
traverses) and the actual values. A set of sample values were obteined
in the following manner: A "traverse set" consisting of n lraverses was
determined using traverse sets with values of n = 1,2,3,5.7 and 10 traverses
per set. A traverse in thi; model is a straight line whose endpoints lie
in the centers of two different 3' x 3' sub-Lliccks. Testing locations
were then layed off at unit intervels (a unit interval is the dimension
of a sub-block) along all the traverses in @ set beginning with one of
the endpoints of each traverse. The sub-block in which cach station was
located was determined and the associatedAg value for that sub-block
was used as the station reading. In all cascs a reading from the sub-block
containing the other endpoint was included in the sample set. Figures 10
through 16 show the traverse sets used for this report (against the back-
ground of the mode]Amap).

Having obtained these sample sets, the estimeled wean anomaly was
computed by two methods:

(1) Taking a straight arithmetic mean of the n sample values:

~

- a2 A
Dy -'--,%_ZlAgi
]:
(2) For a few traverse sets/\g was calculated using a weighted average.
First, the average of all the sample values at a given height,ziﬁh, were

computed and then summed all heights with the associated weight for cach

pGy being the ratio of the area at that height to the total area:
' nh
Ag >g. ----- a3,
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If the traverse(s) did not go through an area of a certain height --
(thus no sample values for that height) -- then[iﬁh for that height was
calculated using a linear relationship where g, and b were computed from
a least squares fit using the height -ag pairs from the sample set. Further-
more, for the weighted average an estimate of thé associated r.m.s. error

was computed by the fo]]owihg method:

~ 1o

§(8g) =A002.5(&g,)-nn + &gp-énh
where énp and s(fﬁh) are respectively the errors in the size of the area
and in the average gravity anomaly at height h. Setting np=1 sub-block,
i.e., 1/400 of the total area. &(&g;,) was computed using:

§(&gn) = 7 mgals/xf,
where Ny is the number of data points at height h. The results are listed
in Table 10. [1is the population mean or[fﬁ. ;15653) is the sample
mean. AfL=H,-[.Ws is the sample weighted mean andaW =M -x.Gyg is the r.m.s.

error of wg and N is the number of values in the averages.

Certain traverse sets (1.3, 1.4, 2.2, 3.3 and 5.2) have their traverses
in the right-hand valley (the White Sands area). As expected their values for
f@ are considerably off the true value &g since they do not sample enough
different areas. The traverses in the remaining traverse sets were chosen
arbitrarily. Average values for each group of traverse sets with the same
number of traverses and the associated r.m.s. error (&g,Gi;) were computed
without the above-mentioned 5 special traverse sets. This was to see whether
g % 7 mgals. In general, a downward trend can be seen in the value ofGig
but it is not wonotonic, i.e., fewer "well-chosen" traverses can sometimes

Tead to better values forAg than an “unfortunate" set of more traverses.




Thus, the average is dependent not only on the number but also on the
distribution of the traverses. Traverses should sanple as many different
areas as possible. When looking at the mean ancralies estimated using the
weighted average mcthod we see a remarkable closeness to the true value,
Tnis should not be a surprise since the model was premised on 2 strictly
linear relationship bgtween height andAg and with wnat amounts to a small
random error. So even those values onfé based on traverses not sampling
all height regions (like 1.3) are very good estimates. Thus in all cases
'0“4‘6:3. The weighted average method is preferable if Ag is postulated

as essentially a function of height. This method is best used when gravity

readings are abundant at various heights in & region of complex elevation.

b. Mean Gravity Anomaly - Practical

Only two traverses in one }° x 1° area had available RGSS gravity !

anomaly data. This data, although covering e relatively narrow height range,
was used in the weighted mean technicue to estimate the mean anomaly. The
previous section showed the futility of arithmetic averaging using a small
number of traverses.

The corrected gravity ancmalies for all traverses are plotied against
height in Figure 17. With the exception of tnree stations, Tuiaroas, Han-
ford, and Q48, a/\g-h relation can be established as shown by the straight
line. There is no inmediate explanation why these three stations should
be so far from the trend indicated by the other tweniy stations. The
measurements are reproducible and the stations lie at opposite ends of

the Tularosa - Hanford traverse., Perhaps there is a paculiar terrain

veriation present. In any case, these anomalous values were not included
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in the mean ancmaly calculations.

The remaining data was used in a linear recression analysis,
yielding the following/Ag-h relationship.

Ag = (0.446 + 0.015)h(m) - 54 + 20 yg
The rms error of this solution was 0= 8.6 mgal.

Before the weighted mean could be computed, the 19 x 19 arca was
divided into 1000 ft contour levels and the fracticnal area, ai/Ai at
each level estimated by overiaying the topograpihic map of the area with
rectilinear graph paper and counting the appropriate squares. The value
of Ag at these heights was extropolated from the above linear regression
solution. The error at other heights is found from the above value of
sigma and the error in slope. A 10Z crvor in estimating the area was
arbitrarily assumed.

The.appropriate data needed te compute the weighted mean is
summarized in the table below:

Mean Anomaly Data Summary

h(ft) h{m) Z&gi gTEgi) ai/A 6(315 A)
8000 2438 503 30 0.00036 0.000036
7000 2134 368 25 0.0063 0.00063
6500 1931 300 22 0.066 0.0066
5500 1676 163 17 0.110 0.0110
4500 1372 27.9 13 0.278 0.0278
4000 1219 -40.3 10 0.538 0.0538

From the expression given in the previous section the mean anomaly

is found to be

Ag = 15.3 mgal + 14 mgal
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Though the RGSS did not sample large heights and the extropolation
introduces large errors in/\g at those heights, the relative contributicn
of these higher altitudes is small and does not overwhelm the weighted
average and error.,

This method of estimating the mean anomaly appears to be much more
rapid and economical that saturating a particular area with random traverses
to compute an arithmetic mean. A few well-chosen traverses can provide a

much better weighted averaée.

-




1
! } CONCLUSIONS

Given data available for the test area the following conclusions can

be drawn regarding the RGSS:

i

(1) The RGSS is a good instrument for use in the measurcment

T

; of gravity, i.e.:

(a) The rms values of the data when compared with observed
Ag was approximately + 1 mgal.

(b) Use of RGSS daia allowed interpolation of gravity in

the 5 to 10 mgal range. Higher order predictions did

not add significant advantages.

er | (2) The RGSS did not prove to be a viable instrument in the deflection

-

of the vertical measurements, i.e., there was a 10 arc sec/hour

drift in the available readings.

In determining the mean anomalies for a "% 1 block, it was concluded

———

that weighted mean techniques appear to be the quickest and most economical

i ; procedure in computing mean gravity anomalies.




SRS~ SR

o i

R R R e ey T

.

e

i

L)

g
. S

-

-

»

Ag(ReSS]

G ! { i v
O.%;(R(ri&)
lcﬂ.
A0 A=
'o.l—
LS
1
1
L]
Ay (rlomv.)
t o 1 etk = i +
-Yo -3e -0 ~lo 1o
i =
-0 o~
L]
L]
-30 Nr
3
-30
Yo
3
3
~&0 4
I ! | S L8 5

 Agforay)
i g. 3







| e

&
| 1 i I :
— == >
. f
— ~ ™
.
ks <4 a 2=
i} o
a .
. . > £L| < o
-0 .o —I-.—”
— L B
- . .
. e o e So o
. . » .
-
H
.
1 1 ] it i
©
$ & ~ g
—2“4 lsh<~

. ; ; o satle ool U s aabed £
: . ne S, 4 - By Ao s oo & RS PP *rﬂm hi .

e e e —————— = .y ﬂqlaﬁq.««.ﬂﬂﬁwﬂwqwdujv .
g ' 4 3 o x? y
o - A - “™



|
15 0
Y
|
. $
M
| ]
j ] 0
Y \
— s S .M
i
- - 2
1
3 | | | 1 i
)
s o 2 ; 3 :
(ssov) AV
.
| —— - i T e — — R e e
b > 4 -~ 2 R s B AEFAWT RIS L

L
-

Ag/ (:}rav.)

i9.4

F




! i ! 1 I
—
—
~—]
i) |
e L . =
- ~—
. @ N
] . | ] | 1 «
o
=y
= T 1 = 7 T 3 L)
n L ol
de . i o
o L
-
b o B
. -
-
]
< -
-
{ 1 [} { {
2 e 2 e i
N
B i

- |c E}ph‘ s .lulbh.'lr



E
- *
g
I 1 r il T T T J
e |
x x x {
x X |
|
= !
§-¢ .
& ao - ASTRO —
i w
|
x {
| x “
2 m
o~ X IM
* |
- i
? e . i
% ; |
¥ & | oy _ ~ ) | e |
< [ 1 'y 1 ] { { !
|
R |
g * j
; . s > i
. ”
. o
-1 — Vw JIVNbﬂ.NO s —
2 | |
2 ! ] | i L | i i
/o 2o 30 Yo So 6o 70
d(km)




T ™ TR T Gl ot Lt e i s e et it = i bt e T e S

I I I ] 1 I
) X
° X
L o S A a
~
<
un
i ° ;| x
H LS9
o
o
-~
3 L ; oy
e al
| ! Ny
=
. R \ % bl 7
L]
e K < -
: o
| 3 A " j4s
L x
} | lo ¥ n—v | !
o ° o [\ < )
@ e ) ; ¢ :

(2250 ) ©




1= Rime

o

g A

=10 —
-0

AvonoL(v v

e
e ——— —

o
W

>

T W, T
A o .l -~ ™ -
PO et BRI SORET S L

- 4o

Time (hr.{.)

Fig.8 (T3}




]o—=

(>35009) ¥

"R e

N i TR Mt S s P : T, T R
e 2 » o g - & ? K

~




boid S
ll.%.l.L.ln_l||1“-l|ﬁ.Il"_llJl.lw.|fﬁlll

l
-tk =+ —

T

|

i Ep— _..._.l._*. -+ .___’__.

[
!
L
[
{
|
|
_
—
!

Rp =

o

45 lo
———-1—--._.




Tl‘averscs 1'1 To 15




T S PP e

Fig. 12

. TraverSc Sefs 21 ‘*3

-~
=N

PN AT M d e TN T e al gite oot %«.ﬂﬁjsﬂﬂﬂ.ﬂmmmw«. B, ¥
> - . 4 » e . E > P L ’
. - o Sy s - p £ »



Trewersa SCTS 3.1—" 3

Fig.1.3




vTrave rse Se‘rs 41“2

B
e

Fig.14

e

pe : ».’ “b‘.&.‘, v__v\‘,} : *"{&w

o e A R I A T AT P T S




._2
A

Fig.15

ao e WS, D R e

Trave rse Se1s 51




T"d\’eI‘Se SQT 6.0

Fi_g. 16




7 i 1 T T T T T T T
2
x
— L 4
x
£
Vs .
o x
(=) y cofs
) 1 ] | 1 |
T ! T E i R
»
K
3
=
1 J L | 1 1
R o P B LT = S e o i it o O
\ v
. s 3

~
5

R R N

A

(57)




'A

e
P

-

U G - S

» ; & P
l" ‘a

AERIPR A |

or

TABLE 1

&

1.D. h{m) Ag RGSS Ag grav Ag' Ag'' | D{km) | Ag'-Ag'' . ag'-ag'
Carmen 1243.65 0.76 -26.84

Fry 1270.98 12.64 -14.69| -38.49 6.4 23.8
White 1233.71 4.94 -21.7 -22.57| -26.84 7.6 4,27 -23.22 0.65
Bryce 1328.79 31.07 4,151 42.04 4.4 -37.89 10.17 -6.02
Nick 2 1258.30 21.28 - 5.8 -6.89 8.0 1.03 -12.31 6.45
Geri 1259.77 20.50 i 6.66) -~ 5.61 18.4 - 1.05 - 5,07 -1.59
Seehorn 1324.45 32.39 4.9 5.50 8.31 17.6 - 2.81 11.38 -5.88
D-3 1310.35 31.95 546 5.05 1.53 15.6 3.52 3.5 1.54
NiW30 1227.29 5.62 -22.7 -21.87| -24.83 §7.2 2.96 -27.90 6.03
D3% 1211.88 - 2.69 -30.37| -33.02 13.2 2.65° -35.01 4.64
Shot 1201.28 -12.77 -40.67 -47.62 6.95
Gun 1212.02 -11.38 -39.25 "42.05 14,3 2.8 -39.77 0.52
Laura

Center 1215.54 -14.56 42,511 -41.34 V3.2 N 4
WC50 1228.81 -21.13 -49,22




TABLE 2
Y
| .
T 2
1.D. h(m) Ag RGSS Ag grav Ag' Ag'' | D(km) | Ag'-ag'’ Ag't! ag'-ag'
Tularosal 1354.89 2.6 -23.45
Oasis 1263.23 7.8 -18.1 -18.37 -25.40 | 15.1 7.03
Rhodes 1252.58 0.4 -25.61} -22.06 }11.6 -3.55 | -32.58 6.97
< 1 Valley A
k- i Astro 1219.25 -7.8 -33.3 - | -33.63( -63.64 16.6 30.01 -57.60 23.97
g ! Salt 1233.20 -22.2 -47.3 -47.72| -57.68 | 16.9 9.96 5193 1 -~ 9.7
L. / WC50 1227.64 -22.6 | -48.11{ -54.24 {14.4 6.14 -39.34 - 8.77
B
¢ 4F953 1244.79 - 8.3 -25.2 -34,12 | -42.42 | 11.6 8.3 -42.08 7.96
;3 ) F
3 Q48 1336.48 14.3 -12.01} -17.23 8.8 5.27
[N Hanford 1478.99 35.8 9.03
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Hanford to Tularosa S. B.

TABLE 3

I.D. h(m) Ag RGSS | Ag grav | Ag! Ag'' | D(km) [ Ag'-Ag'’ Ag*** Ag'-ag
Tularosal 1353.90 -33.8 -26.66
Oasis | 1262.73 25.0 | -18.1 .|-18.26 | -28.28 | 15.1 10.02
Rhodes | 1252.25 -35.7 ' -28.47 | -22.22 |11.6 | -6.25 | -33.29 4.¢
r T Valley
| fstro | 1219.33 42,2 | -33.3 | |-34.67 | -61.96 |16.6 27.29 | -58.90 24,2
E Salt 1233.30 55.9 | -47.3 |-47.75 | -60.80 |16.9 1305 | 2742 | -10.3
3 / WC50 ECC| 1227.44 -58.1 " |-49.84 | -55.70 |14.4 5.86 | -39.54 | -10.3
4F-953 | 1243.99 40,7 | -35.2 lamoe ] -q3.0t 1118 10.67 | -42.59 9.3
4 | Q48 1336.58 17.1 -10.72 | -17.79 | e.8 7.07
Hanford | 1479.00 0.4 5.98
1
¢ =13.38 o=13
o' = 9.20 o'z 9




TABLE 4

Tularosa S. B. to 4F-953 and Return

! T4

1.0. h(m) Ag RGSS Ag grav Ag' Ag'' | D(km) | Ag'-Ag'' Ag*t!
Tularosal 1254.90 ¢ 0.4 -19,97
Oasis 1263.35 3.1 8.1 |-17.48 | -26.37 1151 8.93
Rhodes | 1253.05 - 7.2 i ~21.09 | =21.32 | 11.8 5.77 | -31.53
Valley
Astro | 1219.55 -14.5 -33.3 -|-33.92 | -59.93 | 16.6 26.01 | -52.82
b | sait 1233.28 -27.4 -47.3 | -46.47 | -47.73 | 16.9 1.26 | -35.58
z WC50-ECC| 1227.93 -23.5 “|-42.35 | -51.30 |14.4 8.95
|
J aF-953 | 1244.78 -16.8 -35.2 | -36.08
-t | Weso-ECq) 1228.83 22,1 -41.04 | -50.77 |14.4 9.73
' ‘i salt 1234.52 -26.9 -45.54 | -46.63 |16.9 1.10 | -34.34 1.
4 { | Valley
| Astro | 1220.25 -13.1 -32,61 | -60.33 |16.6 27.72 | -51.40 18.7
! Rhodes | 1254.02 - 5.3 -25.31 | -21.46 |11.6 - 3.85 | -31.37 6.
| Oasis | 1263.93 2.3 -18.19 | -25.05 |15.1 6.85
’2 Tularosa| 1354.90 - 2.5 -22.69
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TABLE 5

T7O

I1.D. h(m) Ag RGSS | Ag grav | Ag' Ag'! Ag'-Agt!

Beasley 1204.23 -43.00

Z 335 1204.45 -42.24 -43.05 0.81

Y 335 1200.40 -42.19 -41.84 - ~0.35

X 335 1198.55 -41.65 ; -40.61 ~1.04

W 335 1198.14 -40.26 ~ -42.62 2.36

V' 335 1200.25 -37.62 _ -38.86 1.24

U 335 1206.42 -34.77 -35,92 1.15 -36.74 197
Ned . 1228.03 -29.96 -29.85 -0.11 -29.58 -0.38
YB 60 1233.97 -28.50 -27.44 -1.06 -27.68 -0.82
YB 59 1233.22 -27.76 -28.82 1.06 | -28.32 0.56
YB 58 1241.42 -25.36 -24.85 -0.51 -24.96 -0.40
YB 57 1245.20 -23.51 -23.33 -0.18 -23.75 0.24
M 334, 1245.22 -23.32 -23.50 0.18 -23.93 0.61
L 334 1240.27 -25.92 -25.01 -0.91 -24.69 -1.23
K 334 1232.81 -27.56 -26.28 -1.28 -26.31 -1.25
Fire 1228. 31 -26.5 -28.08 1.58 -27.26 0.76
H 334 1219:%5¢ -29.11 -26.65 -2.46 -28.06 -1.05
F 334 1217.06 _—26.69 -30.31 3.62

Huey 1242.71 —j7.76




TABLE 6

AStations /ARGSS AGrav A-N
S e A .
Oasis-Valley 15.6 15.2 0.4
Oasis - Salt 30.0 29.2 -0.8
Qasis « AF 953 16.1 17.1 -1.0
| Valley - Salt 14.4 14.0 0.4
é Valley - 4F 953 0.5 1.9 -1.4
_ /1 Salt - 4F 953 -13.9 -12.1 -1.8
- White - Seehorn -27.45 -26.6 - .85
T nite - 0 3 -27.01 -27.3 0.29
: \ White - N30 - 0.68 1.0 -1.68
Seehorn - D3 0.44 - 0.7 1.14
Sechorn = N30 26.77 27.6 ~0.83
D3 - N430 26.33 28.3 ___<l.97
o= 1.18

R,

A
.

’ u* ‘&

: w
- .'_".."_'me

s -

.
fi e

—

<A g A

TR G T

:E;
i
&
§
i




\—“*‘-‘-——“ — -

"
TABLE 7

T

o el G i ) Units Are Arc Seconds
1.0. £ ¢ Astro n n Astro
Carmen 0.21 ' «6.53 -1.44 -7.64

Fry 1.12 ’ -6.78 -2.65 -8.37
Uhite 5.90 -4.08 -5.14 -10.35
Bryce 10.82 -1.14 -7.14 -11.07
Nick 2 n.72 ' -1.40 -6.95 - 8.16
Geri 16.15 - 1.85 -5.77 - 6.37
Seehorn 20.84 1.67 -8.76 - 7.38
)3 23.63 ' 0.34 -12.43 - 8.94

W 30 25.12 0.98 -14.03 - 8.56

) 35 - 27.08 1.46 -13.24 - 8.16
shot 25.60 -0.58 -11.79 - 6.15

sun 23.08 -1.88 -13.80 - 6.83
aura Center 21.68 -2.93 -13.95 - 5.08

I 50 ECC 16.80 -4.48 -12.16 - 2.20
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E -1 - TABLE 8

Units Are Arc Seconds

| 1.0. £ Astro £2 £3 &4 £
Tularosa -2.77 -17.22 -27.29 - 0.20 6.18
Oasis . : -20.68  -20.88 3.68  10.62
Phodes -1.33 . -24.70  -17.88 6.14  12.34
Valley Astro -1.64 -28.06 -14.38 8.84  13.50
| sait -1.99 ©-30.86  -12.06 10.08  13.88
| 4c 50 ECC -4.48 23914 -10.12 1072 13.06
! IF 953 -5.98 - -43.70 - 7.79 .34
' / ) 48 -7.47 668 - 3.4
ot \ fanford Al 51.20 - 0.02
§




TABLE 9

n Astro n2 n3
Tularosa 14.97 4,40 23.24
Qasis .- 1.90 18.78
Rhodes 29,33 4.60 18.48
Valley Astro 6.56 4.04 14.86
Salt 4.87 3.30 12.76
HC 50 ECC ~2.40 1.98 7.36
4F 953 - 5.81 2.00 3.88
G 48 - 8.86 3.28 1.58
Hanférd -10.89 9.68 -0.14
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F TABLE 10
/
; ) o s et ____Population Mean: = 79.09 mgals
: Trv. Set lo. uslngals] Ap[mgal]' w [mgals] Awgmgal] vw [mgal] N
Ha () 66.77 -12.32 28
.2 61.21 -17.88 78.70 ~0.39 3.33 20
H[.3] 27.94 -51.16 77.62 -1.47 3.35 18
[.4] 10.32 -68.77 20
! ; 5 115.97 36.67 81.03 1.94 3.96 19 ;
| Fis, 75 81.32 24.70 :
b / 2.1 (2) 87.03 7.93 47 §
. ; [.2] 19.91 -59.18 S |
4 .3 : 75.84 - 3.25 42
| A, 81.44 6.06 h
| 21 (3) 104.94 25.85 57
2 118.36 39.26 79.68 0.59 1.89 59
‘ 20.78 -58.32 43
111.65 33.24
89.21 10.11 | &4 g
86. 94 _ 7.85 76 i
88.08 9.05 %
i
68.57 ~10.53 121 ;
18.21 ~60.78 . 77 E
83.10 4.0 183
§
3

- ...*b.w“»mwma:ww T SRR NN P AR x:r.f”g\‘\-)‘t&jw




