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IN TRO D UC ~ 1L-

Nu;nerical tests were cori U~cted to (1) ev a l  ~ t t c - the c~~ -~.i ii ty of

the Rapid Geodetic Survey System (ROSS) in dete f - m i r i ng  li~J V i t m$ d i ;Y t i l iCS

and the ~~f 1ect ion of the ve~ t ica l , and (2) uti) I~fl~~ d~ ~~~ type in

combination with other gravity data to ~ss c -~.s t~1I t t c c ~:~~ ’:y of 10 x 1 0

mean anomalies for a test area.

- 
A theoretical 10 x 10 area was developcd res~iL~l i tiy closely an actual

-. RGSS area for which gravity anomalies ~~rc~ cün~put~d along n traversc5.

I Observed gravity data were used to derive 10 x 10 mean anomalies using the

I j above techni ques. Theoretical and practical computations were also con-

ducted to interpolate ~~g and vertical deflections along certain traverses.
- These interpolated values were computed as a function of ~~g as well as

- 

~~g and elevation (h).
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- a. Gravity Anomaly Prediction

- The Rapid Geodetic Survey System (RGSS) has been used to provide

measurements of the gravity anomaly in the White Sands , f le w Ilex i co area ,

al ong four traverses. These traverses are between the s tations :

1) Carmen - WC-50 ECC

ii) Tularosa - Hanford

i ii ) Hanf ord - Tularosa
I -

iv) Tularosa - Hanford and return .
-

-

- In addition , gravimeter data is available for some of the stations in

the above traverses as well as along a profile between Beas l ey and Huey.

I 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 valu es ofL\ cj , an assumption was ma cfe that transverse varia ti ons

I 
inA~ are nej lig ible and that the dominant variation of~~g is with al titude .

Although transvdrse effects have been explicitly ignored , they influence the

L ~ results implicitly because only stations in the immediate vicinity of the
I.. —

- . station of interest were used in the predictions.

The prediction procedure used the RGSS vali~es of g to predict the value of

g at a stat ion along the traverse where ROSS da ta was also available. In

this way predictions could be calculated for eac h station along a traverse and

.~~~~~ compared with the observed value for each trave rse and an rms error then

computed.
‘ -.1
.
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Two methods of prediction were used. The first ni~thod p~. Jict ed g

at a station at heiy ht, h using the g and h information at the two

immediately adj acent stations along the traverse and performing a linea r

interpolation. This interpolation can be written : 
- 

—

L~ ~~~~~ 
_ t~g2 -L.\c~iTh - - hj

where the subscripts 1 and 2 refer to the adjacent stations. For example:

To predict the va lue oft~g at station Fry , station Carmen would get sub-

script 1 and station ~iite ~iould get subscript 2. This procedure continued

L along the traverse. No predictions 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 predict ion . These four values of~~g and h were 
$

used to g ive tne prcdicted value of~~g by

L~g~~~m h + h

w~icre 4Y&~j hi -~~hj~~g~
4Zh~~- (th~1~~

-~~~~~ ~~b = L_ ’i~~~~ ~~~~ j i~ . 
~

I - 

¶
L I I1 - 

~~ - I ’I ,/

Uence , b est square adjustments were now use .f to provide a linear interpolation .

L - . ;‘Io values were pre dict ed for eithc - the first two or last . two stations along a

traverse in this case .
p 

The rasults of tnese predictions are contained in Tables 1 - 4 .  T h e s e

tables list the station and the ROSS va l ue ofAg and h. Gravimete r values of

j~~~
g,  A- ’aE2 r~ ku- A’n , ar~ el~o included. FOr each traverse , these gravii:ie ter v alut ~s

were used to correct ~o’~ the zero offset h’ rcr j the frr ~ic.tions were perfor :~ed .

~~~~

. 
‘
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TM s ~~~~~~~ denc for cOnveliie flCc Since thI ROSS d~i tu i~ 11 f e  I~ ed 1 ater t~
predict the actual mei~n ano;tfa ly i n  a 10 x 10 ar~~ ibis ( I f l - I (  ct lOf l  V1t ~~

- 
done by fi ~~~ t pbo ttinq th~ RGSS~~g v~.l u~ vs. thc ~~~3 V im e L~- r -.~ l uc for -i
the four t rav~~~es . Tfi i~ is ~ho~it 111 Fi gure 1 t -~ere th e  r~ Ye - 5eS ar~
identified b~’ number. If the ROSS data we re i do~tt~ c~ b , tee i - cs ul ts w el d

— 
be a stra ig~tt 1 inc of e i i t  s1op~s inq th~ o~

; the on e m .  iowe vc - r ,

the Figure clearly rev :~a ls the offset. The relations between the ROSS
- 
~1 

and actual~~p v~lues were fo~und using linear least square adjustments

for each traverse. The results are :

1) ~~~~~~ = (0.970 + 0.014) g + 27.01 = 0.692
- 

- i i) 
~~~RGSS = (1.022 + 0.025) g

: 
+ 26.57 = 0.631

iii) 
~~~RGSS = (1.048 ± 0.017) g~ 

— 5.863 = 1.278

iv) 
~~ RGSS = (1.068 ± 0.026) g~ 1- 21.73 = 0.806

There did not appea r to be a problem with instrumenta l drift since

all the slopes are nearly equal to 1. The values of sigma are typicall y

1 mgal or less.

The corrected values a~e included in Tables 1-4 and are

lab~ledL~q ’. The results of the first prediction method are under~~g ’ ’ .
I The d iff crerc~s between the corrected and pre~ictc ’d va lues are also inciuded .

The ntis errors resultinri from the ~c predicti - t ts  are stt ’e;ear ized below .

~ ~ First- _1&~thod Second t1~tiuid

~‘1 
-—-- - - -- ___

i) 0- ’  13 .7 ( 2 . 7 )  mgal 4.73 mgal

ii) ~~ 13.3 (7.2) C 13.1 (7.6)

iii) O’= 13.4 (~ .2)  £J~- 13.5 (9 .0)

iv) (~ 13.3 (C~.6) 
O~ 13. 0 (h.7)

- —~~~~~~~~- 
-- -- — - ‘ - - 
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The numbers in parenthe~e; are the va lues of 0 that are fcI~~n~~~ i when

the largest differences between actual arid predicted v~i1ues of~~g are ot~itted .

For the Carmen - WC5O traverse both the Fry and Brycc residuals seem anoma-

lously large indicating a possible source or error from White since it was

used in both predictions . For all three traverses between Tularosa and

Hanford , the Valley Astro station has an unusually large residual and has

also been dropped during the recornputation of the sigm~s.

Thc results show that b.oth methods can predict~~g along these traverses

to an accuracy of 5-10 rngal. The higher order interpolation does not offer

any advantage in accuracy though it did tend to smooth out the anomalously

large residual from White.

To check for systematic variations in the residuals , the values of

~g ’ -Ag ’ were plotted against the distance between the predi cting stations

used in method one. It had been thought that the residuals would increase

with interpolating distance as transverse variations , which were ex~licit1y

ignored , h~came incr-ce singly likely to affect the results. No apparent

variat ion is seen , as show n in Fiqt re 2, for the distance scales used in

• . j  
this exercise.

There does seem to be a relation bet~:een the residuals and height as

shown in Figure 3. When the dif fer e nce in h between predicting stations ,

~ I - 

h2 —h 1, is large there is a more likely chance to obtair . a well—defi ne~ linear

• 
‘

~ 
g vs. h relation and hence smaller residuals may be e~ —~cted than where the

~

he ight differences crc small and a~~g vs. h relation is difficult to estab lish .
‘àç.
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b. Uefl~ ct- iee of ~~i - ~ Ve r t i c ~
The ROSS u I so rc c ~sure s verti cal ~e lect : ~~ C. : peiv - n ~ a~d

about the north and east d i rect ions.  T~~ . ebserved d~. ~a is s u- -~r izec ~
I - 

for th~ Cer-nen - ~!C50 t ravc~ -c i n  Tab le 1. ftc ~ V:f 1(~(t ioe C ye Ient 77

for the re nam ing three trav~ r~es is cei~t- i~ied 
-
~ Te~.ft ~ utd t ea

deflection data in 1c~1e 9. Tease ta bles c I S C  contai n the ac tu a~ deflection

components determined by astro ~csdet ic  tcchni 1ues.

In an attempt to compare th~± obse rvcd. and a~trogeodetic def lection

and to correct for any offs ets or sy s tem bias , the ROSS values for C were

plotted against the astrogeodct ic values for the Carmen - WC5 O traverse . The

result is shown in Figure 5 with the data paints numbered according to their

order along the traverse. It is obvious that a unique relation between

- , actual an d observed deflection dc-es not exist as it did for the gravity

ano r~aly data. The ~ppearance of the data is most likely due to an instru-

mental drift .

To better dc:~~t~~ ~~tc this dni ft, the di fference between ROSS and

ast rogeo ce t ic val ues fot ’ ~ and ~ are plotted vs. distance along the traverse

for the C tnte~n — WC SO profi le h Fiç~ere 6. These differences also plott ed

vs. elap sed time for the three traverses be~ - --:nea Tu lar~~c and Hanf~ rd in

Fi gures 7-9. li- i the e± sct ce a-f drift the re ~Lyeld be a one to one car e~ p eader~c~
between the actual and observed deflection valucs and  th~ dif fe rance between

them w31 ’l d rare • n constent ( nOL necessaril y LLru) i-n tn t i~~e . howe ver , t ease

differences are seen to drift epprexite c tely I ~t c:eeiy at a rate of abeut 1J
- ‘  -

arc sec. i cr f l o u r .

. 

-

- - - ~ 

- 
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• It might ee possible to model this drift L~ aeU on I~no. - i  ~rs t r ~ c- -rt ~ l

characteristics and to characterize this model c-sing lea st ~qa~re eec~ ~i-ue s .
- In this way the dri ft wi l l  be removed and the ene lys is  of t~;c ~et a ca~ 1

proceed. However an examin ation of these graphs show s t~ et a s iw;: ic l i nea r
- 

or CV CI1 parabolic curve fitting proce care alone would inteud~ice erro~ n!

1 to 2 arc sec (5-1 0 mgal). By analogy with t h e gravity arowal y pred~ctio ; s ,

- 
this error is the same order as the prediction errors that might be expected

by interpolating the deflection data. Hence , it would be impos sible to

-
~~ accura tely assess the errors involved in interpolating the deta alone.

To sum mar i ze , the RGSS appears to suffer a serious instrumenta l dr ict in

- 

both vertical deflection components . The deflection data cannot be inter—

~ polated with this dri ft present. Removing the drift by simple curve fittin g

techniques introduces additional errors as large as the effect we w ish to

study , making meaningful predicti -on difficult.

- Ii
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-

a. t~ean Gravity Ano:naly 
— 

Theoretic a l

The RGSS traverses are conta ined withi n an area a; proxiwa tal y

10 x 10 bounded by 32° 15’ and 33° 15’ latituho and l~ f-° and 107 0

longitude . A map indicating this area , the ROSS t ie e-: mcs ai~~ the

gravimeter data is inc luded in this report. Befo re usin :~ the ~~~ da~~
to estimate the actual mean S anomaly, a thcoc rtic al ~~-~ -s of ~ -i e~ee 4 -
was performed to determine the best method of cst .inatft~ the c a n  aeo :a ly

— 

and the associated errors that may be expect ed.  ~iei~ t c - e -e t i ee l  t-

uses an increasing number of traverses to oh t - s i r  an ~r~t e:- meee v - ~ r - ~
‘P is then compared with the results obtained fre a ~‘.e! phftd e n .

This study attempted to model ta is sit ua~ ien Ia t~ac Ir 1 i ow Ic ~ n~: ca r :

the 10 x 10 block was partitioned into 400 3’ x 3 sub-bl rc tw , . Te~ L i :  ,0-

graphy of the region was approximated by breaking up the elav ~Y.irwi~ into

5 height classes of 4, 4.5, 5.5, 6.5 and 7.5 thousand fcc t  and locat i nc them

I on the model map in a manner roughly corresponding -to ihe actual contours .

This can be seen in Figure 10. To each of the sub- blocks a prav ity anomaly

was assigned whose value is related only to height:

=Ag0+h.b
w hereAg0 -396 mga ls and b = 0.3086 mgals/meter. Furthcr;rarc , to add

some realism by introduc ing local errors a nucher between -7 and +7 ~a 1s

was randomly chos en for each 3’ x 3 ’ block and added to its 
~~9 value. Using

all these values the arithmetic mean for the ‘~ ole 10 x 1 0 black was i-hen

computed , This will be the true ran anomaly va lue to ~chi ch the s~ rpl e

means w ill be compared. 
.
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Given the gravity anomaly model a test wa s cwsdea t nd to Eva1u~ie

t he corr ela tion the mean anoma lies calcul ated from sar; lu~ (points et c- ag

traverses ) and the actual va lues. A set of eei- -~le valu es rare obtaHcd

in the following manner: A “traverse set’ - consi sting c i  ~. ~~~~~~~ w~s

determined using traverse sets w ith values of a ~~~~~~~ a n d  10 tr e ” Lms~s

per set. A traverse in this model is a st ra~~;nL line ~~ -is~ t e ipu i it .~ lie

in the centers of two different 3’ x 3’ s i i ’ lea ~.-~. f t s t~~-~ 1~,cat ions

were then layech off at unit intervals (a. L :  thte rvul k the dimension

of a sub—block) along all the traverses in a ~et beg ir;rHn~ with one of

L the endpoints of each trave rse. The s ub—blo c k in which each station ~;as

located was determined and the ass cci at ed~~g va lue for tha t  sub-bloc k

was used as the station reading. In all cases a read in~t m o w  the suh-hlock

containing the other endpoint was includ ed in the sea ple set. Fi gu, es 10

through 16 show the traverse sets used for this report (against the back-

ground of the model map).

Having obtained these sample sets, tue estiuieted maca ano;neiy was

- . ~ computed by two methods:

(1) Taking a stra ight arithmetic ir.ean of the ii sample ~‘olues :

~
g
~~~-EL~gii=1

1 (2) For a few traverse sets~~g was calculated using a weighted aver age.
—

~~~~• . First , the average of all the sample values at a given hefght ,~~g~ , were

computed and then summed all heights with the associated we ight for each

~~ being the ratio of the area at that height to the total area :
nh 

-

~~ ~~~~~~~
• - - - - - --

~~~~~~~~~
h 400

whore 
~h the ni’mbar of sub--block s al heiqht h.

~ 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~ :~ ______________
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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~~g~ for that - heig ht was

calculated using a linear relationship where g0 and b were computed from

a least squares fit using the height -~g pairs from the sample set. Further-

more , for the weighted average an estimate of the associated r.m.s. error

was computed by the fo11owi~ig method :

~~ 1
~(&~) 

~~~~~~~~9h ) F ~h +

where 
~~ 

and & (~~h) are respectively the errors in the size of the area

and in the ave raye gravity anomaly at hei ght h. Setting flh 1 sub—block ,

I i.e., 1/400 of the total area. ~(&~~) was computed using:
.,. -~ ~~~~ 

= 7 mgais/~/7~j~
where Nh is the number of data points at height h. The results are listed

[ in Tabl e 10. p .is the population moan or~~~. p5 (
~~

) is th.e sam p le
mean.~~Je~/4-p.Ws is the sample weighted mean and~ W5~~~-,M.~~,5 is the r.m.s.

error of IV’S 
and N is thc- number of values in the averages.

Certain traverse sets (1.3 , 1.4 , 2.2 , 3.3 and 5.2) have their tra vers~s

~ I in the rihht-hand ve lcy (the White Sands area). As expected their values for

are considerably off the true value~~ sinc e they do not sample enou gh

~ 1 different a reas. The traverse s in the remaining traverse sets were chosen

arbitrarily. Averag e values for each group of traverse sets wi th the same

number of trave rs- -s and the assoc iated r.m.s. L’rror ~~~~~ were computed

without the above-ment ioned 5 special traverse sets . This was to see wi~ether

- ~ 7 mgale . In neneral , a downwa rd trend can be seen ih the value of~~5
- but -it is not iaor.etonic, i .e., fewer “v :ell—ch ose n ” traverses can sometimes

lead to bott ~r valu es forAq than an “unfortunate ” set of more traverses. 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Thus, the average is depehdent not only on the r~ r::~- ut also on the

- distribution of th~ traverses. Traver~as sho uld cc pIe as - -  ~~~~~~ di ffe reri t

areas as possible. When looking at t i e  :COfl  cue : ~1 ~as es~~’ ;rtcd us ina tn~

weighted averaga method we see a rc::!L~Ll e c lu :ese ~s to ~~ e true val ue .

This should not be a surpri se since t a  - --del cr- -~~wi~ed on ~ strictly

-
~ linear relationship between height and t~s aed w~ te . . : t  amo~rt s  to a sr -a ll

random error. So even those values of/\ L-as~d er trave rse: ; ret sam p ling
- . all height regions (like 1.3) are veey c c - sd  est- i rtes .  Thus ir~ all cases

1
~
’sI’~~

s. The weighted avere~e meth ed is prefer able if ~~g is po stulatc d

as essentially a function bf height. This reth od is best used when gravity

readings are abundant at various heights i: a reg ion of complex elevat ion.
- r

-

- 

b. Mean Gray i ty Anoma l~~~~Practical

¶ Onl y two traverses i n one x 10 ar~a had avail eb le P-.GSS qr-avity

anomaly data . This data , althoush ce~ e r i - o a relat ively narrow height rangc ,

- was used in the weighted mean techni~ ec to e s t i sa t e  the mean anomaly. The

previo us section shored the futil ity of an th:n~ti c av v ; a~ ir g usi rig a small

number of traverses.

The correcte d gravity anomalies for all tr~vcr ses are plot ted against -

height in Figure 17. With the exception of tnrc-e st e t i ons , Tu laroas , Hen —

ford , and Q48 , a~~g-h relation can be est abl ished as s hown b~ the strait l L

~~ 
line. There is no iwi2 diate explanation why these thee- c- s tat  iae~ should

be so far from tile trend indicated by the other ti - .~~r~ty  stations. The

measure eonts are reproducible and the stati ons lie aL apposite ends of

- - the Tula rosa - Hanfo rd traverse. Perhaps there is a ecu li er terrain

variation prose - c t .  In any case , these anosri iuu~-; v a l ues war  noa m d  ided 

-
- 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~
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in the mean anomaly calci’l~ations.

The remaining data wes used in a linear cc -ssion ci ’aly~is ,

yielding the fo1lowing~~g-h relatio nship.

= (0.446 ~
- 0 . 0 l 5 ) h ( m ) .  - ~id4 +

The rms error of this solution was 0= ~3. 6 m e l .

Before tiìe weighted aacn could be computed , thc 10 x 10 ~~~~ i’i~~5

divided into 1000 ft contour levels and the fr~ ~- Liena l  area , a.; A j at

each level est ii~ated by ovE~nlaying the t c o ~ raH ic map of the area with

rectilinear graph pape r and counting Lhe app ropr ia .-e squares. The value

~ 
j of~~g at these heights was extrop olate- d i~ro;i tHe ahcve linear regressio n

solution . The error at other heights is found trci;n the above value of

si gma and the erro r in s 1 o~e. A lOd u, -~oe in estimat ing the erea was

arbitrarily assumed.

The appropriate data neede’J to cow pute the .- iai~ hted mean is

siummarized in the table below :

Mean Anomalj  Data Suiie~cry

h(f t)  h(niJ ~~g1 e(~ q~
) a / A  __I~3~7’ii

8000 2438 503 30 0.03036 0.00O~367000 2134 363 25 0.0063 O .oHod3
6500 1931 300 22 O.O6~ 0.0066
5500 167€ 163 17 0.110 0.0110
4500 1372 27.9 13 0.278 0.0278
4000 1219 -40.3 lU 0.538 0.0538

‘1

• From the expression given in the previous section tFi~ :iee.n anomaly

is found to be -

= 15.3 nçjal I 14 n~gal

;
_ _-~~~~~-- ---- - -

~~ ?~~~
T 

-
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Though the RUSS did not sample large heights arid the exteopolation

introduces large errors inL~g at those heights , the relative contribution

of these higher altitudes is sma ll 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

I 

much better weighted average.

h _ f

-~ 1

...~

S

-
~ - .

:1

- -
- -~~~~~~ — - -  ~~~~~~~~

- 1~~~——-- 
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-

• CONC LUS IOUS

- - 

I Given data available for the test area the fol lowing conclusions cati

be drawn regarding the RUSS :

- 
(1) The RGSS is a good instrument for use in the measu rement

of gravity , i.e.: -

- (a) The m s  values of the data when com pared wi th observed
- . ‘ 

~~g was approximately 4 1 mgal .
- I (b) Use of RUSS data allowed interpolation of gravity in

the 5 to 10 rngal range. Higher order predictions did

not add signifi cant advantages . 4 ,
t (2) The RUSS did not prove to be a viable instrument in the deflection

-

- 

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

drift in the avaflable readings.

In determining the mean anomalies for a x 10 block , it was concl uded
I that weighted mean techniqu es appear to be the quickest and most economical

~ 
procedure in computing mean gravity anomalies.

l~
i 

-
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TABLE 1

1 T )  
_ _

_
_ __ _

- _ _
1.D. h(rn) ~g RUSS ~g gray z~g ’ ag ’’ 0( km) ~g ’ -~g ’’ ag ’ ’ ’  ~~~-~g ’

- 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 4.2V -23.22 0.65

• Bmyce 1328.79 31.07 4.15 42.04 4.4 -37.89 10.17 -6.02

Nick 2 1258.30 21.28 - - 5.86 - 6.89 8.0 1.03 -12.31 6 .45

I Geri 1259.77 20.50 
- 

- 6.66 - 5.61 18.4 — 1.05 — 5.07 —1 .59

j Seehomn 1324.45 32.39 4 . 9  5 .5 0  8 . 3 1  17 . 6  — 2.81 11.38 -5.88

0-3 
- 

1310.35 31 .95 -5.6 5.05 1.53 15.6 3.52 3.51 1.54
p -

NW3O 1227.29 .62 —22.7 -21.87 —24.83 17.2 2.96 -27.90 6.03

U3~ 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 0.5?

I Laura
I) Center 121~ .b4 -14.56 -42.51 -41 .34 13.2 1.17

WC SO 1228.81 -21 .13 -49.22

I
- 

. a 13.7 0=

~ 2.70
..
~

_ _ _ _ _  ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
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- TABLE 2

T 2  
_ _ _  _ _ _

- 

1.0. h(m) ~y RUSS i~g gray i~g ’ L\g ’’  D(km) .~g ’-.2~g ’ ~g I * I  
~~~~~

Tularosa 1354.89 2.6 -23.45

Oasis 1263.23 7.8 -18.1 
- 

—18.37 --25.4() Ib .1 7.03

Rhodes 1252.58 0.4 -25.61 —22.05 11.6 -3.55 -32.58 6.97

Valle y
- . Astro 1219.25 -7.8 -33.3 -33.63 -63.64 16.6 30.01 -57.60 23.97

- Salt 1233.20 -22.2 -47.3 -47.72 -57.68 169 9.96 -37.93 - 9.79

L j WC SO 1227 .64 -22.6 - —48.1 1 -54.24 14.4 6.14 -39 .34 - 8.77

4F953 1244.79 — 8.3 -25.2 -34.12 -42.42 11.6 8.3 -42.08 7.96

Q48 1336.48 14.3 
- 

-12.01 -17.23 8.8 5.22

Hanford 1478.99 35.8 9.03

•

I; Ij

U ~~~

•
1

• 13.~~ 
(r 

~~~

- 
1.15 ~~~

I
= 7• - 

~~- - -t
~~~~~~ 2 ~~~~~~ ~~~~ _ _ _  ~ 

-
~ SI



TA:~LJ: 3
- - 

Hanford to TuLr~sa S. B. -

13

LU. h(iu) ~
g RUSS ~g gray ~

g ’ L~9 ’ ’  D(km) ~g - ~g ’ ag ’ ’ ’  ~g ’ -~tg ’

T~1~ rosa l.~53.90 —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.~
• 

- Valley
Astro 1219.33 -42.2 -33 .3 - 

-34.67 -61 .96 16.6 27.29 -58.90 24.~• -

I Salt 1233.30 -55.9 -47.3 -47.75 -60.80 16.9 13.05 -37.42

~ WC 5O ECC 1227.44 -58.1 
- 

-49.84 -55.70 14.4 5.86 —39.54

4F-953 1243.99 -40.7 —35.2 — 33.24 -43.91 11.6 10.67 -42.59

1 Q-48 1336 .53 -17.1 -10.72 — 17.79 8.8 7.07

Hanford 1479.00 0.4 5.98

I
I

U

• —-v a = 13 .3 8  a~~13.

~ 9.20 ~~ 9

—a-— —a-._- .  ~~~~~ —._-—- -- -- - 
~~~ - ~~~~~~~~~ -

- 
-q- _____ P- f — — .~~~ .5 1 .A_. 5 ~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~ .L~~~~ ._ - ,  ~~~~~~~~~~~~~~~~~~~~~~~~~ L; —
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TA BLL -

~

Tularosa S. B. to 4 L - 9 5 3  ~r , - .i fte~~ rn - 
-

T 4

1.0. h(m) ~ g RUSS ~g gray ~
g ’ .~g ’’ D(k m) ~g ’ -~g ’ ’  ~g ’~~ ~

g ’ -~~

- Tu la ros a 1354.90 ç 0.4 -19 .97
- Oasis 1263.35 3.1 -18.1 

- 
-17 .44 -26.37 15.1 8.93

- Rhodes 1253.05 - 7.2 -27.09 -21.32 11.6 5.77 -31.53 4•t

Valley- .‘ Astro 1219.55 -14.5 — 33.3 —33.92 -59.93 16.6 26.01 -52.82 18.~
Salt 1233.28 -27.4 -47.3 -46.47 -47.73 16.9 1.26 -35.58 -1OJ

W CSO- ECC 1227.93 -23.5 - 

-42.35 -51.30 14.4 8.95
a

I 4F— 953 1244.78 -16.8 —35.2 -36 .08

WCSO-ECC 1 228.83 —22.1 
- 

-41 .04 -50.77 14.4 9.73

Salt 1234.52 -26.9 -45.54 -46.63 16.9 1.10 -34.34 -11 .1
I Valle y

Astro 1220.25 -13.1 —32-.61 -60.33 lC.6 27.72 --51.40 18.

Rho d e s  1 2 54 . 0 2  - 5.3 -25 .3 1 -21. 4 6 11.6 - 3.~~ -31.37 6. 1

Oasis 1263.93 2.3 -18.19 -25.05 1~ .l 1.86

Tularosa 1 354.90 - 2.5 -22.69
- 

ii

I , ~~

‘I -

4

~
:lII

~
uI
~~ 

- 

l~ .35 (‘~~- 1?.

(7 1 
~ 5.6
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TABLE S

T O

1.0. h(rn) ~q RUSS ~g gray ~g ’ S 

~g ’—~g ’ ~g
1 5

Beasley 1204.23 -43.00

- Z 335 1204.45 —42.24 
- 

-43.05 0.81

V 335 1200.40 —42.19 —41.84 - —0.35 
- 

-41.52 —0 .67

X 335 1198.55 —41.65 
- 

-40.61 —1 .04 —39 .72 —1 ,93

W 335 1198.14 -40.26 ’ -42.62 2.36 -41.84 1.58

V 335 1200.25 —37.62_ -38.86 1.24 -39.39 1.77

U 335 1206.42 —34.77 -35.92 1.15 —36 .74 1.97

~
‘ 

~~ Ned 
- 

1228.03 -29.96 -29.85 —0.11 -29.53 -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

YB 57 1245.20 -23.51 —23.33 —0.18 -23.75 0.24

!1 334, 1245.22 —23.32 -23.50 0.18 -23.93 0.51
~ -~ 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. 2 5

;-i~~~ Fire 1228.31 —26.5 —28. 08 1.58 -27 .26 0.76

H 334 1219.52 —29.11 -26.65 -2.46 -28.06

F 334 1217.06 - - -26.69 -30.31 3.62

Huey 1212.71 
- -17.76 

-

4

- a 1.48 ~~- - 1.1

L 
I ~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~



- TABLE 6

: 1  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __________

AStat ions ARGSS £~Grav ~~~~

- 
0as 1~ -VaIl ey 15.6 15.2 0.4

Oa& is - Salt 30.0 - 29.2 -0.3

Oa~i~ — 4F 953 16.1 17.1 —1.0

Valle y - Salt 14.4 14.0 0.4

Valley - 4F 953 0.5 1.9 -1.4

-

~~~ 
) Salt - 4F 953 —13.9 —12.1 -1.8

White - Seehorn — 27.45 —26.6 - .85
- r -

W hite - U 3 —27.01 —27.3 0.29

White - NW3O — 0.68 1.0 —1.68

Seehorn - 03 0.44 - 0.7 1.14

Seehorn - N - $ u  26.77 27.6 —0.8 3

3 - 26.33 28.3

= 1.13

) ~~~ -

I.

V S

‘I
:-

- I

~~~~~~~~ ~~~~~ -~~~~~~
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TARL[ 7

_ _ _ _ _ _ _  __________  _ _ _ _ _ _  - Uni t - ~ !~r 2  I - I ’C ~~ -: ~~k

1.1) . ~ Astro ~ Ast rr i

Carmcn 0.21 --6.53 - -1.44 —7 .64
- Fry 1.12 - -6.78 -2.65 -8.37

White. 5.90 —4.08 —5.14 —10.35
• Bryce 10.82 - -1.14 —7.14 -11.07

- 

Nick 2 11.72 —1 .40 -6.95 — 8.16

Lien 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
c-S

~ ~W 30 25.12 0.98 —14.03 - 8.56

) 3~ - 27.08 1.46 -13.24 - 8.16

;hot 25.60 -0.58 —11.79 - 6.15

un 23.08 -1.88 -13.80 - 6.63

aura Center 21.68 — 2.93 -13.95 — 5.08

IC 50 ECC 18.80 -4.48 -12.16 — 2.20

U ’.’ 
-

U

U
’ 

~i

-a

~~~~~~~ ~~~~~~~ ~~~~~~~~ 
j~~~~~~~~~~~~~~~ .



TABLE 3

_________ ______________________ ______ _______ 
Uni t~. A rs Arc Seconds

1.D. E Astro ~2 ~~ - ~4

- 
Tularosa —2.77 -17.22 -27.29 — 0 . 2 0  6 .1 8

- 
Oasis -- -20.68 -20.83 - 3.6~

1 10.62

i [modes -1.33 - -24.70 —17.88 6. 14 12.34
- 

Valley Astro -1.64 -28.06 -14.38 8.84 13.50

Salt —1.99 —30.86 -12.06 10.08 13.88

!C 50 ECC -4.48 
- 

—39.14 -10.12 10.72 13.06

~F 953 —5 .98 - —43.70 - 7.79 11.34
- 

48 -7.47 -46.64 - 3.34

~ lanford -9.37 
- 

-51.20 — 0.02

U’ .. ,

II

5, _I
IL

U’S
--’

—‘I

: ~
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_ _ _ _ _  - -

V - 
-

- — - 
- 1i~iiLi. 9

1.0. ‘? As tro ‘12 ‘13 4

Tularosa 14.97 4.’~- 23.24 ~~15 . 1-0

Oasis —— 1.90 ~~~~ - I
~~~~ 2 19.16

Rhodes 9.33 4.60 18. ’~ - 1 . 1 0

~Va1 l cy Astro 6.56 4.04 14.~ C - 11. 5~ -2 1 . 9 0

-
‘ ISalt 4.87 3.30 l2.?(- —1 f ~.45 23 .02
- 

- WC 50 ECC - 2.20 1.98 7 .36 -24.42 -27.70
4F 953 - 5.81 2.00 3.~3 -28.58

Q 48 — 8.86 3.28 1,58

hanford -10.89 
- 

9.68 —0.14

I ;  . -

‘I.’

- •

II

IL

-
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/

/
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~~ . 
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— 
- TIWLL 10

_____ 
Popu1~ t ion ~-~ean : = 79.09 mcr~1s

lrv . Set ~~). ~~~3al Si Ai4mqalI (
~ç~~:k~1 

~
j 

~ ~ç I’ - i~: iii iw ç~mqa1~ 8

1.1 (1) 66.77 —12.32 28

- 

.2 61.21 —17.83 78.10 -0.39 3.33 20

f.33 27.94 -51.16 77.62 —1.47 3.35 18

i { .
~J 10.32 -68.77 20

.5 115.97 36.87 81.03 1.94 3.93 19

81.32 24.70

2.1 (2) 87.03 7 .93 47

- 
[.2j 19.91 - — 59.18 38

c •3 
- 

75.84 - 3.25 42

81.44 6.06

3.1 (3) 104 .94 25,85 57

.2 118.36 39.26 79 .68 0 . 59 1.89 59

• .3~ 20.73 -58.32 ‘S

111.65 33.24

‘~.1 (5) 89.21 10.11

. 2 86~~~ ___ -- 
7~~5 76•‘- Ci

-I.— 
— 

- 88.08 9.05 -
-~~~~~~

I
-~~~ Q~c~

~.l (7) 68 .5/ - 10.53 131

18.31 -60 .78 - 77

- .1 (10 ) 83 ,10 4.0 1 1~
-
~

~~~

- 

?~I
.--• - - .- - - -  _- --~~--~~- - ._ S - - ,  -

— a-- .—..--——- - - — , i.-— r- •
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