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THE GENERAL PRI NCI PLES OF SURVEY FOR UNK-1.

Ju. Ki rochki n, B.Mikhin, V.U anov, |.Zhuravlev

| NTRODUCTI ON

The ring electromagnet of the UNK will be located in the
underground tunnel with a dianeter in its regular part of
5.1 m in the matched straight sections (MSS) - 7 m and the

total length of nore than 20 km The tunnel installation depth
reaches 54 m The orbital plane of the future accelerator for
provi ding favourable geological conditions for tunnelling has
been designed wth the 0.6 nrad inclination. The ring
el ectromagnet consists of about 3000 units of the equipnent -
bendi ng nagnets (dipoles) and focusing |enses (quadrupoles).

Particular attention is given to the ideal naintenance of
the UNK geonetry. The nost stringent demands are inposed on the
accuracy of the nutual position of the quadrupoles, their total
nunber is 456 units. According to the physical task, r.ms.
error of radial position of each quadrupol relative to the
nei ghbouring ones nust not be nore than 50 pm, the r.ms.
hei ght, error between the neighbouring ones must not exceed
60 pum. The quad-to-quad distance, 45.9 mor 47.5 min MS s,
must be kept with the +2mm accuracy. The pernmissible r.ms.
error of radial and height position of the dipoles relatively
to quadrupoles is equal to £lnm

It is necessary not only to guarantee such a unique
precision, but also to fit the accelerator orbit into the
limted space of the tunnel. Therefore the precise tunnelling
is one of the nobst inportant construction problens. According
to the mechanical task requirenments, variations of the tunnel
axis around its theoretical position nust not be nore than
10 cm

The high precision of the UNK equipnment installation, the
|arge orbit length, the large nunber of conponents, all that
conplicates the geodetic work, requires the new forns of this
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wor k based on its automati zati on, el aboration of new
instruments, use of nore advanced commercial geodetic tools.

1.1. The Surface Geodetic Network.

The tunnel is oriented in the Earth body by the geodetic
network devel oped on the surface. The surface and underground
geodetic networks are connected through the 19 vertical shafts
of the UNK. The maxi num distance between shafts is 1.5 km
Taking into account the wooding of the UNK construction site
the nethod of polygononetry has been chosen as the nost
econom cal for geodetic surface network. The position of the
points of the so-called tunnel polygononetry is determ ned nost
exactly (see Fig. 1.1.). These points form a polygon on the
surf ace, approxi mately corresponding to the underground
| ocation of the future accelerator orbit. The points situated
on the periphery are connected by the tunnel polygononetry
traverse built along the dianmeter. The distances between the
points vary from 624 to 1916 m

To decrease the errors caused by the instability of the
geodetic centres, their coordinates are controlled by periodic
network neasurenents. The accuracy of nmeasuring the network
el enments has been chosen proceeding from the tunnelling
precision and with due regard for nodern geodetic |nstrunent
capabilities. In particular, the r.ms. error in neasuring the
distances is determned as 5 mm and that for neasuring the
angl es as *1."5.

There are 6 points in the surface network where the
astronomc azimuths are neasured in order to determne the
network orientation in space. The r.ms. error in azinmuth
determnation is O "7. The azinmuths neasured accurately allow
one to decrease the accunmulation of the errors in the angle
neasurenents, to obtain the co-ordinated results from one
measur enment cycle to another. The closed polygons and
astronomic aximuths lead to the appearance of geonetri cal
conditions, allowing one to adjust the network by the |east
squares nethod and to obtain the nost probable corrections to
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t he- el enents neasur ed.

The network geonetry and the neasurenent accuracy have been
estimated with the help of the covariation matrix of the vector
of points coordinates. The r.ms. errors of points coordinates
calculated from the diagonal matrix terms are presented in
table 1.1. Point 0003 is taken as the reference one. As is
seen, the r.ms. errors of the coordinates of the points nost
distant fromthe reference one do not exceed 16 mm along Y and
19 mm along X. This corresponds to a relative error of the
di ameter of 4¢10°

Table 1.1.

The r.ms. errors in the coordinates of the points of the

surface network

Point name| M_(mm) | M_(mm) [Point namel M_(mm) | MN_(mm) |
0004 6 6 0033 13 16
0005 11 8 0032 13 15
0007 14 10 0030 12 13
0008 14 11 0029 10 11
Kalinovo 16 12 0028 8 8
0009 16 14 Qo227 5 5
0010 16 15 0031 12 14
0011 16 16 o017 13 15
0012 15 16 0021 i2 15
0013 15 18 0023 13 15

622 15 19 0025 14 15
0014 15 19 0026 15 15
0015 14 17

The adjustnment of the nmeasurenent results yields the nornalized
mat ri x for t he correl ation coefficients for adj ust ed
coordinates of the coordinates errors, suggesting that the
errors in the position of the neighbouring points of the ring
pol ygononetry traverse have a sufficiently close correlation
(r

min
nei ghbouring points does not exceed 9 mm

=0.68). The r.ms. error in the nutual position of the

To specify the tunnelling direction the surface geodetic
network should be connected wth the underground geodetic
marks. The majority of the fundanmental surface network marks is
|ocated far from the vertical shafts, t hrough which the
coordinates and direction are transferred to the tunnel
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hori zon. Therefore in order to determ ne the coordi nates of the

geodetic marks, Jlocated directly at the vertical shafts, the
pol ygononetry network is thickened. To nmake this operation nore
precise, it is executed mny tinmes and wth redundant

measur enent s.

The height geodetic network on the ground surface is
developed on the plane network points wth the accuracy,
corresponding to the State First-Cass Levelling: 0.5 mm
r.ms. per 1 km of the levelling traverse. The bench-narks
group near U-70 is taken as the reference one.

The high precision of the geodetic work required a nore
accurate account of the factors influencing it. In particular,
in the construction region the gravinetric survey has been
carried out in order to reveal the anonalies of gravity forces
which can distort the results of the geodetic neasurenent.
Table 1.2 shows the correction values taking into account the
anomalies of the Earth gravity field for the construction
region [1].

As is seen, these corrections into the values of angles and
di stances are negligible in conparison with measurenment errors.
The snooth nature of the correction variations along the whole
UNK circunference allows one not to take them into account
during the equipnment adjustnment. The accuracy of determning
the astronom cal azinuths corresponds to the correction value
Therefore it should be taken into account.

1.2. The Underground GCeodetic Network

Tunnelling is done from every vertical shaft in two faces.
As noted before, the maxinmal distance between shafts is 1.5 km
Hence, the counter-faces will neet at a distance of 750 m from
the transfer of the coordinates and orientation directions into
the shaft. However, for different reasons there is no timng of
the beginning of tunnelling in different faces and the length
of one face may reach 1.5 km At this distance the tunnel axis
must be no farther than 10 cm away from its theoretical
| ocati on.
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Table 1.2

The corrections due to the anomalies of the Earth gravity field

Correction value
Element

maximum average

Horizontal
directign
(z>807)

0."11 0."00

I
|
|
!
|
|
Mutual positili i
on of points | i
at a distancel |
of 100 m in | |
the plane ] 0.05 mm |

0.00 mm

Mutual incli-|
nation for I
plumb line |
orientation at|
a distance of

100 m

0."67 0."05

Astronomical

azimuth 0."81

on of height

points at a

distance of
100 m

0.03 mm

I
|
|
|
|
!
|
|
|
|
|
]
| 0.02 mm
|

|

|

|
|
i
|
|
|
Mutual positi-|
|
|
]
|
I

This strict tolerance requires the constant tunnelling
control and that the tunnelling survey should be supplied with
qualitative geodetic data. This is provided by the high
preci sion geodetic surface network, its careful connection with
t he underground pol ygononetric points, the independent azinuth
determination in the tunnel by neans of gyrotheodolites.

For further wutilization of the wunderground polygononetry
marks it is expedient to arrange them at a distance of 45.9 m
in the regular part of the nmachine and at a distance of 47.5 m
in MSS, according to the position of the quads.

For tunnelling survey the polygononetry traverses are
t hi ckened to distances of 22.9 m and 23.7 m between the points.
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Each pol ygononetry traverse is devel oped along the face advance
and has the form of a "hanging" geodetic system with the
nmeasured angles, distances and gyroscope azinmuths (see Fig
1.2.). As is seen, one can single out of this system an

i ndependent gyroscope traverse Wth 90-m lines, which is
important for the tunnel ling accuracy. In the traverse
begi nni ng, the orientation direction transferred from the

surface is used.

Taking into account that the turning angles are close to
180°, one can consider this traverse to be a stretched one with
the support on the reference point. In this case the tunnelling
accuracy is dependent mainly on the errors in neasuring the
angles and gyroscope azinmuths. As estimated from the
observation conditions in the tunnel and also from the accuracy
of the independent orientation instrunents, the r.ms. error in
angl e neasurenents should not exceed 5". and those of gyroscope
orientation - 10". The organization of the accurate gyroscope
observations being difficult under the tunnelling conditions,
anot her version of high precision underground geodetic network
was proposed. In this version the azimuth is neasured not at
every line of the gyroscope traverse but at every second one.

For both versions the covariation matrices for the vector of
the transverse displacenments of the gyroscope points have been
obtai ned. The length of the "hanging" traverse is equal to
1.5 km Table 1.3. shows the transverse standard deviations of
the points for the two versions considered.

The table suggests that both versions satisfy the tunnelling
accuracy required. The second traverse version 1is nore
preferable as it requires less neasurenents of the gyroscope
azimuth. If it is realized, the probability of the tunnel axis
deviation from the design position by nore than 100 mm at a
di stance of 1.5 km fromthe face beginning is less than 0.01%

These conditions can be regarded as quite acceptable.
Mor eover, the tunnelling accuracy will be wverified by
coordi nates transfer through the trunk holes to be drilled from
the surface to the tunnel horizon wthin every 400 m of
advance.
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Table 1.3.
The standard radial deviations for gyroscope traverse points
due to the geodetic neasurenent errors.

N°N° |Standard deviations (mm) | N°N° | Standard deviations (mm)
points | Jpoints |
| 1 | 2 | | 1 | 2

1 0.0 0.0 | 18
2 | 19 9.7 11.6
3 2.4 2.3 | 20
4 | 21 10.3 12.2
5 3.7 4.6 | 22
6 | 23 11.1 13.1
T 4.7 6.2 | 24
8 | 25 11.8 14.1
9 5.4 7.3 | 26
10 | 27 12.6 14.8
11 6.4 8.2 | 28
12 | 29 13.4 15.6
13 7.2 9.1 | 30
14 S | 31 14.1 16.4
15 8.3 10.2 | 32
16 | 33 14.6 17.2
17 9.2 11.1 | 34

| 35 15.0 18.4

1.3. The Connection between the Surface and Underground
Geodetic Measurenents

The determ nation of the reference coordi nates and
underground geodetic network orientation in the beginning of

the tunnellling is a nost inportant stage in geodetic work. The
coordinates and directions are transferred through the verti cal
shaft by the nethod of joining triangle, i.e. by sinultaneous

neasurenents of the directions from the points of the surface
and underground networks to two plunbs cast into the shaft. The
altitudes of the geodetic points at the shafts are transferred
to the shaft bottom with the help of steel tape-neasures.
These procedures are described and stipulated in the
instructions and manual s  of t he construction firns.
Practically, the r.ms. error of orientation wth the nethod
of joining triangle is [10"- 12". which corresponds to the
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gyroscope orientation precision. The accuracy of transferring
the coordinates with the help of the plunbs is 2- 3 mm

Speci al attention should be attached to the coordinates
transfer, because the underground pol ygononetric points at the

vertical shafts will be regarded as the reference ones in the
future adjustment of the UNK equi pnent.

Through the trunk holes, | ocated between the vertical
shafts, there will be the coordinates and altitudes transfer

down in order to specify the tunnelling direction.

As soon as separate sections of the tunnel are over, the
connection between the surface and underground networks wll
not be needed any longer and when the whole tunnel s
conpl eted, the surface network will not be needed either.

1.4. Ceodetic Instrunents and Equi prent Used in the
Construction of the UNK Tunnel

One of the factors which guarantees the high quality of the
geodetic work is the utilization of the reliable and precise
geodetic instruments and the double neasurenents by different
i nstruments.

In particular, the distances of the surface and underground
pol ygononetry are neasured by EDM apparatus AGA (Sweden), ELDI2
(West Germany), Mekoneter Me-3000 (Switzerland), SM2 (USSR).
The r.ms. error in nmeasuring the distances after the |east
square adjustnent is £5 mMm

The angles of the surface network forned by the adjacent
points are neasured according to a special programme by such
theodolits as Theo-010, Theo-010A(E. Germany), O0T-02(USSR). The
r.ms. error in neasuring the angles after the network
adjustment is *1."3. |Independent orientation in the tunnel is
carried out by the gyrotheodolites GB-2, A B- 21, G B-3
manuf actured by a Hungarian conpany MOM

The position of the bored tunnel intervals with respect to
the design one is checked by the photogranmetry nethod. For the
di stance neasurenments to have the sane scale, the linear
neasures are conpared periodically at the IHEP conparator. The
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cyclic errors of the EDM devices are also studied here. The
constant corrections of the EDM devices are deternm ned on the
150-m and 1-km bases.

2. THE SURVEY METHODS FOR | NSTALLI NG THE UNK EQUI PVENT

2.1. The Choice and the Estimation of the Survey Methods for the
Installation of the UNK Equi pnent

The stringent requirements inposed on the accuracy of the
mutual position of the UNK nagnets, a large scope of this
uni que work, the limted tunnel <cross-section space have
established the underlying principles for the choice of the
instal | ati on net hod:

1. This nmethod nust be sinple, excluding any extra neasurenents
and, if possible, even sone stages of measurenents. This wll
nmake it possible to avoid additional errors and also to
provi de favourabl e condi ti ons for t he nmeasur enent s
aut omati zati on.

2. The method should make the maxi mal use of the results of the
previ ous neasurenents.

3. The geodetic work rnust occupy the mninmm space in the tunnel
Ccross-section.

The geonetric axis of the future accelerator orbit has a
closed ellipsoid form <close to the circunference (see Fig.

1.1.). The tunnel, where the accelerator ring nmust  be
located, is divided by the shafts into separate sections. As
soon as separate tunnel sections are comm ssioned, they will be

filled in with the equipnent. The schedule of conmm ssioning
different sections may vary strongly. Therefore it my well
happen that the equipnent will be installed in the sections
renote from each other and connected only by the surface
geodetic network. In that case the high precision of the mnutua

position of the equipnment elenents comes in conflict with a
wor se accuracy of the determ nation of the underground geodetic
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points on the joints of the sections. In this connection after
the final precise adjustnent of all sections of the ring and
orbit closing, it wll be necessary to repeat the adjustnent,
correcting the inaccurate know edge of the geodetic point
position on the joints of the sections. In this case the
equi prrent of sonme whole sections nust be displaced by a few
tens of mMmm |In addition, to nmake the final adjustnment of the
equi prnent , it will be necessary to await the tunnelling
conpletion. In order to elimnate this disadvantage, the 1st
phase of the machine is planned to be assenbled on the basis of
the follow ng procedure.

The reference marks |ocated underground along the circle
perinmeter on the section joints serves as the basis for
installation. Each pair of the neighbouring marks sets the
begi nning and the end of the nagnet structure section, which is
aligned independently of other sections. The min factors
i nfluencing the value of the closed orbit distortion are:

a) errors in the position of the reference marks:

b) errors in quadrupole installation.

2.1.1. The Determnation of the Position of the Reference MNarks

The coordinates of the reference nmarks are determned from
the nmeasurenents of the surface geodetic network (see Section
1), which are then transferred through the vertical shafts to
the tunnel horizon. The r.ms. errors in the nmutual position of
the neighbourlng points of the surface network in radial and
t angenti al directions to the accelerator axis after the
adj ustnent do not exceed Mp=Mp= +9 mm (see Subsection 1.1.).

The r.ms. error of the coordinates transfer to the tunnel
horizon is not nore than m= *3 mm Then the accuracy of the
pl ane position of the wunderground reference marks is as
fol |l ows:
in the radial direction

M_R=/m§+m§r: 10 mm (2.1.)
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in the tangential one

Sz 2
Mp= vV mp + m | = 10 mm. (2.2.)

If the accuracy of the nmutual height position of the
nei ghbouring surface network marks is defined as M= 2 mm the
accuracy of altitudes transfer to the tunnel bottom as m, =2

tr

mm then the r.ms. error of the position of the neighbouring
underground reference marks is

=/2 2 -3 mm 2.3.
M=V mg + mg =3 (2.3.)

As a result of the nuneric sinmulation the follow ng
stochastic relation between the r.ms value of the closed
orbit distortion in the quadrupole centre of the normal period
and the error in the nutual position of the reference marks has
been obt ai ned:

T

Mx1=‘/°'13'”23 + 2107402 (2.4.)

Mz1=0'5MH (2.5.),

wher e g:, Mé are the r.ms. orbit distortions in radial and
1 1

vertical directions, respectively. Al the coefficients are
di nensi onl ess.

After the substitution into equations (2.4.), (2.5.) of the
val ues of L determined in (2.1.), (2.2.), (2.3.) the
followng r.ms. orbit distortions are obtained:

Mx1 = 3.6 mMm
M = 1.5 mm
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2.1.2. The Quadrupole Installation

The specific feature of installation is its realization not
on the basis of the fundanental geodetic network, but on the
basis of the geodetic neasurenents on the geodetic narks
| ocated directly on the equipnent to be adjusted [2]. This wl
help avoid errors of the whole stage of the geodetic work
usually carried out during the accelerator installation, i.e.
surveying the geodetic marks on the equipnent to the
fundanental high precision geodetic network. The absence of the
network will decrease considerably the scope of the geodetic
work and the space occupied by it.

The quadrupoles are installed in each section in the
following way. For radial adjustnent each quadrupole has two
geodetic marks: the main and additional. The main nmark on the
1st quadrupole is surveyed to one of the reference marks near
it at the bottom shaft. Then the followi ng neasurenents are
made on the geodetic marks fixed on the quadrupoles: the
neasurenents of the offsets of two marks on each quadrupole
from the line defined between the min mrks on tw
nei ghbouri ng quadrupol es and those of the distances between the
nei ghbouring main marks (Fig. 2.1.).

At the sane time the height quadrupoles position is
determ ned by consecutive levelling. The levelling is carried
out on the geodetic marks fixed to the quadrupoles from bel ow
After the last quadrupole is surveyed to the second reference
mark, the discrepancy is determned and distributed evenly
among the network elenents. Then the displacenents of the
guadr upol es are conput ed.

The connection between the r.ms. orbit deviations and the

installation errors is determned by the follow ng equations:
Mx2= 77 m o
Mza= 27 m,
wher e m isther.ms. error in the offsets neasurenent,
m_ is the r.ms. error in the levelling of the
nei ghbouri ng quadrupol es.
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2 2

mm and mz=6-10— mm, the following r.ms. orbit
distortions are obtained:

| f mh=5’10—

Mx2= 3.8 mMm

MZ=1.6 mm .
2
2.1.3. The Estinmation of the Obit D stortion due to

Survey Errors

In 99.94% of all the cases the nmaximum closed orbit
deflection from the axis of the vacuum chanmber of the machine
is equal the follow ng val ues:

M, =34 M (2.6.)
max
M, =23.4M (2.7.)
max
wher e -
M:/M2 e (2.8.)
X x1 x2

w-712 4 2 (2.9.)
zZ Z_' Z2
Putting the values of_ M _ M M .M eval uated above into
x 1&2 p4 z

1
formulas (2.8)-(2.9) one obtains:

Mx=4.5mn Mx = 15.5 mm
max

MZ=2.2rTm Mz = 7.5 mMn
max

Table 2.1. shows the r.ms. <closed orbit distortions for
the first and the second phases of the UNK versus the nmagnet
and the geodetic neasurements errors, the errors in surveying
the quadrupole marks to the magnetic axis and also the nmagnetic
field quality.
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Table 2.1.
The closed orbit distortions for the first and the second
phases of the UN X

Distortion cause Perturbation| 1-st phase 2nd phase
value | Mx MZ Mx MZ

(mm) (mm) (mm) (mm)

1.The effective dipole
field spread with account

J
|
I
I
I
|
|
of errors in magnet

|
!
| I
i }
| |
| |
] _4 ] !
measurements | 6 x 10 | 3.3 3.2 | 3.3 3.2
1 [ 1
] I
2. The errors in quadru- | | |
pole marks surveying | 0.1 mm | 3.4 3.4 | 3.2 3.2
— '7 - - 1 ] 1
3. The quadrupoles RI 0©.0% mm | 3.85 | 2.8
adjustment errors Z | 0.06 mm | 1.62 | 1.6
} t ]
4. The reference marks R | 10 mm | 3.6 | -
determination errors Z | 3 mm | 1.5 | -
! [ [
¥ ¥ H
The resultant effect of factors | 7.1 5.2 | 5.4 4.8
o - ) i i
The max.orblt distortion | | ]
due to systematic dipole | } |
fields spread (mm) | = - 1 2 -
T [ 1
The max.orbit deflection | ! |
(mm) | | 24 18 | *19 15
L L [
¥ ¥ 1

2.2. The Main Stages of the Equipnent Installation in the 1st
Phase of the UNR

2.2.1. The Measurenent of the Additional Network

The equi prent of the 1st phase of the UNK will be installed
in the tunnel on special supports furnished wth adjustnent
gears. For its prelimnary installation the geodetic network
devel oped during tunnelling will be used. The versions of the
network devel opnent and the estimate of their accuracy were
considered in Subsection 1.2. After the tunnelling of the

section is over this network will be supported by two reference
marks |located on both ends of the interval Dbored. The
di screpancy obtained in this case by introducing t he

corrections into all neasured elenents of the network wll be
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distributed over the coordinates of the marks between the
ref erence ones.

In the places, where the network marks are not preserved or
are inconvenient for wutilization, the additional network wll
be built, its marks will be placed in the floor in the central
part of the tunnel near the quadrupoles. The r.ms. errors in
neasuring the elenents of the additional network are +1."5 for
angles and +2 mm for distances. Table 2.2 gives the r.ms.
transverse deviations for the underground network points from
the line defined by tw reference marks on both ends of the
section. It also gives the r.ms. deviations for the additional
network, for both network versions developed during tunnelling
and also the high precision network to be measured directly on
the quadrupole marks with the following r.ms. errors: +50 pm
for the offset, and +1 nmm for distances. The high precision
network will be used in the final equipnment adjustnent. The
table indicates that the maximum errors in the points position
are in the mddle of the traverses. The accuracy of the three
types networks for the supports installation is of about the
sanme order.

There will be a close correlation between the errors in the
transverse position of the neighbouring points of t he
installation networks. Table 2.3 contains a block of the
normalized matrix for the <correlation coefficients of the
errors in the transverse position of the points of the
addi ti onal network. One can see that the correlation
coefficients of the errors of the neighbouring points are close
to unity. Therefore the networks points due to neasurenent
errors wll be located relatively to its true position on a
snooth curve passing through both reference narks.

2.2.2 The Preparatory Geodetic Wrk

The installation geodetic network serves for plotting on the
tunnel floor the line corresponding to the orbit axis of the
future machi ne. The experi ence in assenbl i ng t he
boost er-accel erator in 1979-1980 showed that such a line raises
the efficiency of preparatory assenbling work.
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Table 2.2
The r.ms. transverse deviation of the points of the
installation networks in the UNK tunne

NONOl r.m.s. deviations (mm) | NONOI r.m.s8. deviations (mm)
point| Ipoint|

| network type | ] network type

| | |

jadditi|1 ver-i{2 ver-|pre-| ladditi]|1 ver-|2 ver-|pre-

jonal | sion | sion |[cise| lonal | sion | sion |cilse
1 0.0 0.0 0.0 0.0 18 9.0 2.7
2 1.1 0.3 19 8.9 5.8 7.8 2.7
3 2.0 2.0 2.2 0.6 20 8.8 2.6
4 3.0 0.9 21 8.6 5.7 7.6 2.6
5 3.8 3.3 4.0 1.2 22 8.3 2.5
6 4.6 1.4 23 8.0 5.5 7.3 2.4
T 5.3 4.1 5.2 1.6 24 7.6 2.3
8 6.0 1.8 25 7.1 5.2 6.8 2.2
9 6.6 4.7 6.2 2.0 26 6.6 2.0
10 T.1 2.2 27 6.0 4.7 6.2 1.8
11 7.6 5.2 6.8 2.3 28 5.3 1.6
12 8.0 2.4 29 4.6 4.1 5.2 1.4
13 8.3 5.5 T.3 2.5 30 3.8 1.2
14 8.6 2.6 31 3.0 3.3 4.0 0.9
15 8.8 5.7 T.6 2.6 32 2.0 0.6
16 8.9 2.7 33 1.1 2.0 2.2 0.3
17 9.0 5.8 7.8 2.7 34 0.0 0.0

The points characterizing the position of the electromagnet
elenents, i.e. their geonetrical axes are marked on the Iine.
The r.ms. error of the marking-out nust not exceed %5 mm
relatively to the geodetic network. The vertical distances from
these points to the orbit axis are determ ned by the levelling.

The equi pnent supports are installed relatively to the
mar ki ng-out wth account of the nmeasured vertical distances
with the help of plunbs, installation staffs and clinometers
In this case the adjusting gears on the supports are put into
their nedium position. The prelimnary installation of the
equi prent placed on the supports is also carried out relatively
to the floor marking-out. The installation accuracy is %3 nm
r.ms.

The rmutual |ongitudinal position of the electronagnet
elements versus the distances is controlled by the EDM
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instrunents of type DK- 001, by tape-neasures and the steel
staffs to an accuracy of + 2 nm This stage of the |ongitudina
equi prent installation may be considered as final.

Table 2.3
The bl ock of the normalized covariation nmatrix for the
vector of the transverse deviations of the additional network

1.00 0.99 0.97 0.96 0.94 0.93 0.91 0.90 0.88 0.87 0.85 0.84
0.99 1.00 0.99 0.98 0.97 0.95 0.94 0.92 0.91 0.89 0.88 0.86
0.97 0.99 1.00 1.00 0.99 0.97 0.96 0.95 0.93 0.92 0.90 0.89
0.96 0.98 1.00 1.00 1.00 0.99 0.98 0.96 0.95 0.94 0.92 0.91
0.94 0.97 0.99 1.00 1.00 1.00 0.99 0.98 0.97 0.95 0.94 0.93
0.93 0.95 0.97 0.99 1.00 1.00 1.00 0.99 0.98 0.97 0.96 0.94
0.91 0.94 0.96 0.98 0.99 1.00 1.00 1.00 0.99 0.98 0.97 0.96
0.90 0.92 0.95 0.96 0.98 0.99 1.00 1.00 1.00 0.99 0.98 0.97
0.88 0.91 0.93 0.95 0.97 0.98 0.99 1.00 1.00 1.00 0.99 0.98
0.87 0.89 0.92 0.94 0.95 0.97 0.98 0.99 1.00 1.00 1.00 0.99
0.85 0.88 0.90 0.92 0.94 0.96 0.97 0.98 0.99 1.00 1.00 1.00
0.84 0.86 0.89 0.91 0.93 0.94 0.96 0.97 0.98 0.99 1.00 1.00

0.82 0.85 0.87 0.89 0.91 0.93 0.95 0.96 0.97 0.98 0.99 1.00
0.81 0.83 0.85 0.88 0.90 0.91 0.93 0.95 0.96 0.97 0.99 0.99

2.2.3. The Final Equipnent Adjustnent.

The precise adjustnent of the equipnent is carried out after

its prelimnary installation. First, the quadrupoles are
adjusted. The offsets of the geodetic marks fixed on the
quadrupoles are neasured from the alignment |l|ine defined

between the main marks on the two neighbouring quadrupoles
(Fig. 2.1.). The neasurenents are nmade with the help of the
steel string and the invar staffs.

Taking into account that the equipnment of the first phase is
pl aced high (Fig. 2.2.1, the dedicated precise zenith-
apparatuses will be used as m croscopes.

At the sanme tinme the height position of the quadrupoles is
determned by the levelling on the geodetic marks fixed from
bel ow on every quadrupole. For this purpose the precise levels
with selfsetting sight line as N -005B, N -002, N -005 (East
Germany) or N-O5K(USSR) are used [3].

The neasurenents are nmade in the specially chosen zone (Fig.
2.2.). which nust not be occupied by other services. This zone
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will be kept in the accelerator exploitation period.
As nentioned above, the geodetic network on the equipnent is
supported by two reference quadrupoles, installed from the

ref erence geodetic points on both ends of the section. From the
nmeasured data the discrepancy is obtained and distributed anong
it. Then the necessary radial and vertical displacenents of the
guadrupoles are determined and they are installed in their
design position wth the help of gears and nechanica
i ndi cators.

Let us estimate the r.ms. value of t he expect ed
di spl acenents. This value consists of the errors in the
position of the geodetic network points used for marking-out
(see Table 2.2), errors in the marking-out, those in the
initial equipnent installation above the narking-rout and the
errors in the position of the points of the high precision
network on the equipment (see table 2.2.). Using the above data
on the values of the enunmerated errors we obtain the follow ng
r.ms. value for the radial displacenents:

M1 gp= Y 9?45243%,2 7% = +11 mm

This nmeans that the displacenent value in the central parts
of the 1.5-km section will be in the + 25 mminterval with the
probability 97% Therefore the adjusting gears mnust be operable
within this range. A simlar value for the interval of the
vertical equipnment displacement is 10 nm

The quadrupoles are displaced with the help of special
devices with indicators. After displacenment the survey is taken
for the second tinme. Its results allow one to judge whether
the second displacenent is required. After the quadrupoles are
installed. their geodetic marks will serve as the basis for the
dipoles installation. The radial one wll be carried out wth
the help of the theodolit and special sight nmark placed on the
geodetic marks of the neighbouring quadrupoles. They specify
the alignment line for the adjustment of the dipoles placed
bet ween t hese quadrupoles. (see Fig. 2.1).

One can adjust a l|large nunber of the equipnent (about 3000
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units) tinely and accurately only on the basis of the
automati zation and conputerization of the adjustnment process.
In particular, to displace the elenents it is planned to use
t he conputer-connected servodrives, the displacement indicators
and electronic clinoneters. The l|azer system with the renote

data read-out wll be used to adjust the dipoles. The primry
processing and storing of the neasurement data will be done by
a field conputer. Oher aspects of high precision geodetic
nmeasurements will also be autom zed and conputerized.

After the 1st phase of the nmachine is assenbled, t he
necessity of the local additional displacements of the
equi pnent will be determined from the data on the second

survey of each section.

2.3. The (bservation of the Stability in the Position
of the Tunnel Structures and Equi pnent

Instability in the position of the tunnel structures and
equi pnrent can violate the high precision attained during
adj ust nent . The major factors affecting the stability are the
load values and the geol ogical envi r onment condi ti ons.
Presently, the work on detecting the UNK areas, wher e
deformations may occur, is carried on. For this purpose the
geodetic observations of the tunnel stability are made on the
geodetic network marks in the tunnel. They make it possible to
trace the deformation nature in time and to estimate the
critical deformations corresponding to the hazardeous harnonics
of the machine and also to determne the nonents of deformation
stabilizaton. Taking into account a large scope of work the
stability observations are to be autom zed.
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