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I. Introduction

A vertical survey of the AGS was carried out in the summer of
1986. 1Its goals were to determine the elevation of the ring and to
develop a new monument system for use in the vertical survey. This
note describes the new monument system, evaluates the precision of the
survey, and reports on the elevation of the ring.

II. The Vertical Monument System

For the past several years the vertical monument system used in
the AGS consisted of targets mounted on the tunnel wall. This system
had sufficient stability to be satisfactory for the duration of one
survey, but as discussed in Technical Note No. 237, one survey had
limited usefulness since the accumulation of errors from magnet to
magnet around the ring resulted in a random walk effect which limited
the ultimate alignment of the ring. In order to defeat the random walk
problem, we sought to develop a monument system of long—-term stability,
which would then enable us to average over many surveys. Quite fortui-
tously, we found that such a system had been built into the original
AGS. Each pair of magnets are mounted on a girder, The ends of each
pair of girders are mounted on pile caps, which are mounted on piles
which go fifty feet down into the ground. A brass pin was mounted in
the top of each of these pile caps for survey purposes. By using the
pins as the vertical survey monuments, we have a system that is not
subject to accidental intervention by humans and a system that is as
stable against ground motion as any that could be found around the
AGS.



I1I. Survey Procedure

Three survey runs were made. Runs 1 and 2 were identical and
consisted of measuring the pin elevations with many overlapping points.
Run 3 measured selected pins and the magnet elevations. Since some
pins were not available, the data are not very systematic, somewhat
complicating the analysis. AGS Studies Report No. 211 presented pre-
liminary results from Rumn 1.

Taking the elevation of Pin A2 as zero, Table I shows the absolute
elevations of the pins in inches for Runs 1 and 2, the average of these
runs, and the elevation differences. A linear correction has been made
for the closing errors. Figure 1 shows the pin elevations for Runs 1
and 2, The gaps in the plot are for pins that were not accessible.

The spread in elevation is over an inch but since this is the monument
system, that is of no significance. Figure 2 shows a more interesting
plot, the difference in elevation as measured in Run 1 and Run 2. This
is certainly due to the random walk effect, since it is most unlikely
that the earth moved in the short time between measurements and there
were no shielding moves at this time. Note that there is a 0.031 inch
swing in going from D16 to Fl2.

In order to evaluate the survey accuracy we have determined the
step in elevation in going form one pin to the next, taken the dif-
ference in these steps between Run 1 to Run 2 and plotted a frequency
distribution of these differences in Figure 3. The width is about *
0.006 inches. Since there were 40 instrument stations around the ring

we should expect a closing error of:
0.006 Y40 = 0.038 inches

The measured closing errors of -0.033 and -0.31 inches are very accept-
able although in remarkable accidental agreement.

The data in Table I should be used for comparing and summing with

future measurements.



IV. The Magnet Elevations

Run 3 measured the elevations of a subset of the pins and the
elevations of the magnets relative to these pins. The magnets were
measured at the most accessible pad, the downstream one when there was
a choice. We take as the absolute elevation of each pin the average of
Runs 1, 2, and 3, where we have weighted the first two runs at 1.5 each
since they had more redundancy than run 3. Figure 4 shows Runs 1, 2,
and 3 relative to the mean value, again displaying he random walk ef-
fect. Note the 0.040 inch difference between Run 1 and Run 3. Figure
5 shows the absolute magnet elevations based on this analysis. Table
11 lists the data.

For comparison, Figure 6 shows the magnet elevations as they were
left at the end of the 1985 realignment. Cursory examination suggests
there has been a 0.030 inch settlement in B, and probably a realignment
error in H, occurring in 1985. More detailed examination and much
navel contemplation leads to the conclusion, "maybe yes, maybe no".

V. Conclusion

We have not established the long~term stability of the new monu-
ment system, but we hope it will be good. The program will be to
simplify, standardize, and streamline the survey of the monument
system, accumulating more data now that we have a sound basis to work
on. By the 1987 summer shutdown, we could usefully undertake a re-
alignment. This realignment would make the ring flatter than it has
been for some time., If there were a polarized rum in the fall, it
could expect to see an improvement, although we do not ever hope to
make the ring as flat as they would like.

Analysis is underway to calculate the orbit based on the survey
results and compare it with the measured orbits.
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