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ABSTRACT. The calibration of electronic distance neasur-
ing instrunents involves the determ nation or verifica-
tion of instrunent constants and the assurance that

t he nmeasured di stances neet accuracy specifications.

Al though it is not necessary to utilize a neasured

di stance to determ ne or verify instrunent constants,
the verification effort is reduced when an accurately
nmeasured di stance can be used. However, to assure

that the neasuring capabilities of an instrunment have
not significantly deteriorated, a known di stance of
hi gh accuracy or, preferably, a sequence of distances
formng a calibration range or base line is required.
Experience shows that a base |ine consisting of four
on-line nonunents spaced at intervals of 150 m 400

to 430 m and 1000 to 1400 mwi |l neet the needs of
users. Specifications and recommended procedures

or establishing calibration base |ines are descri bed
in detail.

| NTRCDUCTI ON

Since the begi nning of the surveying profession, there have al ways been
standards of length. Early in the 19th century, the Survey of the Coast

[ subsequent |y named the Coast and Geodetic Survey (C&GS), now the National
Ccean Service (NOS)] adopted the neter as the standard for use in geodetic
surveys of the United States. Land surveyors, on the other hand, enployed the
foot, as did nost surveyors involved in engineering and associ at ed

surveying activities. For many years, the standardization or conparison of
measuring devices with known val ues was rudi nentary, even after the Nationa
Bureau of Standards (flow the National Institute of Standards and Technol ogy)
devel oped nmet hods for accurately determining the length of a tape or wre.
Eventual I y, however, npbst surveyors had access to sone neans for ascertaining
the length of their tapes to an acceptabl e degree of accuracy. A new

di mensi on was added to the surveying profession when el ectronic distance
measuring devices were invented. Use of these instruments introduced the
capability of perform ng neasurenments with speed and a degree of precision not
previously possible. But with this ability cane the problem of assuring that
t he accuracy of the measurenents was equivalent to or better than those
obt ai ned previously.



BRI EF HI STORY

Wth the introduction of electronic distance neasuring instruments (EDM) in
the United States in 1952, the standardization probl emwas conpounded since
EDM neasurenents are affected by neteorol ogical conditions other than
tenperature and by several instrumental uncertainties which require frequent
periodi c reeval uations. Although the need for calibration base |lines was
evident, a test range specifically designed for such EDM reeval uati ons was
not available for nore than a decade. 1In 1963, C&GS (now NOS Nati onal
Ceodetic Survey) neasured a multi-nmonunented line in Beltsville, MDD, using

hi gh- preci si on taping techniques (Poling 1965). The distance of the
Beltsville base totals about 1800 m but only 1650 mwas normally utilized.
Later, a much longer |ine (about 9050 m near Cul peper, VA, was neasured using
simlar procedures. Although no major restrictions were placed on the use of
t hese base lines, few surveyors other than those from Federal agencies
calibrated their equipnent at these facilities.

As nore surveyors acquired EDM, the surveyi ng profession becane concerned
about the accuracy of their nmeasurenents. It has been shown that the
accuracies attributed by the manufacturers to the instrunents are reliable.

It is also known that errors in the observations, which are often systemati c,
can result fromnormal usage due to a reduction in the efficiency of

el ectroni ¢ and nechani cal conponents. Periodic maintenance, preferably by the
manuf acturer or a designated representative, is required to mnimze such
errors. It is equally inmportant, however, to verify the instrunment constant
and eval uate the neasuring accuracy at nore frequent intervals.

A known di stance is not required to check the instrunent constant. This can
be achi eved sinply by nmeasuring all distances between three points on line. A
conparison is then made with the sumof the shorter |engths and the end-to-end
measurenent. To check the accuracy and operating precision of the EDM, a
known di stance, or preferably a sequence of known di stances formng a
calibration range, is required.

By 1970, a nunber of EDM were available. Since that tinme, many nore nodel s
have been produced by various manufacturers. Mst are short-range
instruments. Because this equi pmrent was being used for al nost every

concei vabl e surveying problem the need for assuring that the observations net
the required project accuraci es becane acute. To resolve the problem NGS hel d
i n-house discussions and investigated several procedural nethods for
establishing a calibration base line.

The original concept was to tape the distances between a nunber of nonunents
usi ng several Invar type tapesl and hi gh precision nmeasuring techni ques. Four
calibration base lines were neasured with these techni ques before this time-

Ynvar is a steel-nickel alloy developed in France about 1900. |Its unique
property is that its coefficient of thermal expansion is about 1/25 that of
pure steel. Similar alloys are known conmercially by such names as LO- VARR
and M NVARR



consum ng operation was discontinued. The present procedure enployed by NOS
is to tape a 150-msection, usually at the beginning of the range, using four
calibrated Invar type tapes and high precision nmethods. All sections are then
measured in every conbination with two hi gh accuracy short-range EDM .

Di stances are observed on 2 days with both instrunents enpl oyed on each

occasi on.

In 1977, the NOS neasured a new base line at its Corbin, VA facility. This
base line, containing six nonunments, with data published on five of the
monument s, was neasured using high precision taping nethods and has repl aced
the Beltsville base line for calibrating NOS equi pnent

RESPONSI Bl LI TY FOR BASE LI NES AND COSTS

Initially, the base lines were established as cooperative ventures between

the National Cceanic and At nospheric Admi nistration (NOAA) and | ocal surveying
societies. The local societies were responsible for selecting the sites,
setting the monunents, and assisting NGS personnel in executing the
measurenents. GCenerally, NOS personnel were involved in the initial

phases such as site selection and nonunment installation, as well as during the
peri od when neasurenments were secured

As a result of budgetary restrictions it soon becane apparent that, while

the calibration base line projects would continue under cooperative
arrangenents, NGS would have to be reinbursed by the requesting societies for
part of its participation. Paynent by the participating society includes the
cost of NGS participation in perform ng the nmeasurenents, reducing and
adjusting the data, and publishing the results. A fee schedule for these
services is available fromNGS at the foll ow ng address:

NOAA, NOS, N CGLx10
SSMC3/ St ati on 09356
Silver Spring, MD 20910

A standard calibration base |ine consists of four nmonunments. Measurenents
to extra nonunments require additional reinbursement to NGS for each nonument
set. NGS plans to periodically remeasure a nunber of selected base lines to
test the long-term(i.e., multi-year) stability of the nmonunmentation or to
reestabli sh the base |ines as necessary.

Local societies continue to be responsible for selecting the sites, setting

t he monunents, and providi ng experienced surveyors to assist NGS personnel in
carrying out the observations. The requesting organization is also
responsi bl e for procuring necessary supplies such as concrete, |unber, and

m scel | aneous material s.

Al though this publication is intended to describe the establishnment of
calibration base lines in cooperation with NGS, it should not deter private
surveyors fromestablishing their own calibration base |line. However, such an
undert aki ng requires specialized equi prment which is not normally avail abl e,
such as Invar or LO VAR tapes, high quality tension apparatus of particul ar



design, and centering devices. To ensure that consistent procedures are
foll owed by the individual surveyor, NGS requests that it be inforned when a
private calibration base line is established.

CALI BRATI ON RANGE
Desi gn

The standard base line configuration consists of four nonunents set in a
straight line with a total |ength of about 1400 m To be considered a
straight line, the internediate points cannot be off |line by nore than two
mnutes. In no instance should the range be |l ess than 1000 m because a total
length of less than 1000 mw |l not adequately deterni ne scale. The four-
nmonurrent design provides six distinct distances when nmeasured in either
direction, and a conbined total of 12 di stances when a conplete calibration
test is perforned.

For the conventional calibration |line, nonunents are |ocated at 150 m 400

to 430 m and 1000 to 1400 mfromthe initial or "Om nonument (fig. 1). The
nonunents at 400 to 430 mand 1000 to 1400 mare identified as internediate
and term nal points, respectively. Normally the 150-m nonunent is established
at that distance fromthe initial or "Ont' point. However, terrain
restrictions or other conditions may require that the 150-m di stance be
established in relation to one of the other nmonunents. |In either case, since
this distance will be taped, the horizontal distance between those nmonunents
defining the taping segnent should be accurate to within 0.02 mof 150 mto
ensure that the full calibrated tape |engths can be used.

0 M M M
0Om 150 m 430 m 1400 m

Figure 1.--Standard calibration base |ine configuration

It is good practice to set the internediate and ~term nal nmonunments within a
few centineters of the suggested distances. This is not a requirenent, but a
reconmendati on.

Cccasionally, it will not be possible to set the internedi ate and/or

term nal nonunments at the suggested distances fromthe initial point. In such
cases, the nmonunents should be placed at distances, on a nmultiple of 10 m

t hat approxi mate the recomrended | ocations; e.g., the internmedi ate point could
be at 420 m and/or the term nal nonunent 1360 mfromthe initial mark or sone
other simlar variation.

The need for an internedi ate nonunent about 400 to 430 mfroma term nal end
has resulted fromthe introduction of EDM with ranges linmted to 500 m Thus
there are no set rules for spacing the internmedi ate and term nal nmonunents,
other than the internediate point should not be nore than about 430 mfromthe
initial monunment and the "nultiple of 10 n' rule be adhered to whenever
possi bl e.



The "multiple of 10 mf rule is advised in order to obtain the best results
fromthe original nmeasurenment and subsequent use of the calibration range.

Most EDM are designed such that the basic "yard stick” (wavel ength) for the
instrument is 10 or 20 m A distance is neasured by counting the nunber of
full wavel engths and adding the final (usually partial) wavel ength. The
conponent of the instrument which determ nes (resolves) the partial wave-
length is called the resolver. |In nodern instrunents the resolver, itself,
may generate a small (+/- 5 mm) nmeasurenent error. (The error in ol der
instruments was as much as +/- 0.3 m) To avoid contam nating sub-centineter

| evel calibration neasurenments with varying resolver errors, the sane section
of the resol ver should be used for each nmeasurenment. Setting the nmonunents on
a multiple of 10 mwill enforce this requirement. Any resolver error included
in the conmputation then becones nearly a constant for all measurenents. The
error can be disregarded in the determnation of the instrunent constant, but
nmust be conpensated for if a subcentinmeter |evel |ength nmeasurenment or
calibration is desired. The test for resolver error has been described in
prof essi onal journals (Couchman 1974, Rueger 1978).

Many exi sting base |lines have been established with extra nmonunents for
calibrating tapes. 1In cooperation with the National Institute of Standards
and Technol ogy, nost States have facilities to calibrate surveying tapes to an
accuracy of 1:250,000--a value difficult to achieve in the field w thout
practice and proper supplenental equipnent. This service is sometines
performed wi thout charge at the State agency which controls wei ghts and

neasur es.

On request, NGS will set a nonument 30.48 m (100 ft) from another nonument
for use in calibrating tapes. Cenerally, such a nonunent woul d be established
relative to the initial nmonunent, but any other nonunent could al so serve the
pur pose. The 30.48-m nmonunent is not an integral part of the base |line and
need not be set on line with the other marks; it could, in fact, be set at
right angles to the line. There may be situations where separate nonunents
for the 30.48-mline should be considered; for exanple, when it is necessary
to have the monunents protrude above ground | evel much higher than normal or
when permanent plunb benches are required to assure that tapes being

cal i brated under prescribed tension do not come in contact with the ground.
(See Monunentation for details.)

Any request for nore than the standard four baseline marks will need to be
included as a line itemin the budget agreenent.

The inportant consideration here with respect to a 100 ft tape calibration
station is that the ground over which the tape nmeasurenments are to be nmade is
reasonably | evel and sel dom exceeds a 2-percent grade. Since the distance
will be taped, the 30.48-m (100 ft) nmonument nust be set so that the length
bet ween the centers of the two marks (disks) involved does not differ from
30.48 mby nore than 0.015 m (0.05 ft).

On speci al occasions ranges have been established for calibrating other
l ength tapes. The sanme comments and tol erances applicable to 30.48-m
calibration |ines apply.



Since the calibration ran~e is designed for length calibration only, a

know edge of the exact orientation and position of the nmonunents is not
needed. For this reason NGS does not connect calibration ranges to the
Nat i onal Networks of Geodetic Control. Bench mark type elevations are
publ i shed, but these usually are not tied to a vertical datum The data are
published only to provide the differential heights between the marks.

Site Sel ection

Nuner ous consi derations enter into the selection of a calibration base |ine
site. These considerations foll ow

1. Access. The location should be easy to reach, with mninum

restrictions, and safe for general public use. Wen Federal funds are used in
the project, the adjusted distances will be a matter of public record and the
base line site nust be accessible to the public.

2. Terrain. As a first consideration, it is inmportant that the terrain at
the site be geologically stable and not susceptible to surface novenent
resulting fromheavy rainfall or other conditions. Newy filled |ocations are
to be avoided. Under no circunstances are marks to be set in concrete or
macadam pavenents, sidewal ks, or simlar strips, which nmght be avail abl e at
some airport sites or other |ocations.

The ideal choice for a site would have a gradual downward sl ope fromthe "O-
nf monunent to the mddle of the line, then a gradual upward slope to the
termnal point with the ends of the line at about the sane elevation. This
profile of an ideal grade would allow inter-visibility between nmonunents while
measuring, wthout need to take down intervening instrumentation. The sl ope
shoul d not exceed a 1-percent grade between the 50-m segnents of the 150-m
section and shoul d sel dom exceed a 3-percent grade between ot her nmonunents.
VWhen these grades are exceeded, the published mark-to-mark distances often
nmust be corrected for the differences in the heights of the instrunments and
refl ectors above the monunents before conparison with reduced field
observations (or neasured di stances) can be made.

As a second choice, a range can be established over a gradual slope if the
grade requirement is met.

In many cases, sites cannot be found that conformto the ideal terrain
specifications, so a conpronmi se is necessary. The essential consideration is
that all nonunents be inter-visible.

If nonunments are set at 30.48 mor at other such lengths for use as tape
calibration stations, information on the terrain, as stated in the subsection
on Design, should be assigned a high priority in the selection of the nonunment
| ocati ons.

Both mark-to-mark and horizontal distances are published. Wen the
suggested grade specifications are net, it is a sinple matter to place the



instruments or reflectors at about the sane hei ght above the nonunents. A
direct conparison with the published mark-to-mark data can then be nade.

Unl ess steps are taken to set the instruments or reflectors such that the
measured di stances are in the horizontal plane between nonunents, conputations
are required to conmpare the observed distances with the published horizonta
val ues.

3. Manufactured and natural obstacles. A range should not be established
within 0.4 km (0.25 m) of high-voltage (greater than 4000 volts) transm ssion
lines, microwave towers, radio nasts, or radar facilities.

In order to ensure that microwave instrunments can be properly cali brated,
there are several situations which nust be avoided. At an airfield, a site
may run parallel to but not across a runway or taxiway. O herw se ground and
air heat problenms will result. The Iines should not cross waterways,
structures, or fences, particularly nmetal mesh fences. The calibration base
line should be nore than 30 m (100 ft) froma netal fence. |In addition, base
i nes should not pass closer than 6 m (20 ft) to trees, tel ephone poles, or
ot her obstructions.

For non-m crowave instrunents, the above situations should be avoided if at

all possible. Decisions concerning the suitability of sites which violate any
of the above requirenents can be nade on a case-by-case basis. Any relaxation
of the restrictions nust be cleared by NGS prior to establishnent of the
basel i ne.

4. Location. possible sites included an abandoned or small airfield, with
no known plans to inprove or subdivide the land, or public property where
there is little chance of future construction

BASE LI NE LAYQUT

Before selecting a permanent site, it is prudent to carry out prelimnary
observations to ensure that the nmonunents can be | ocated at the suggested

di stances fromthe initial point. The terrain should be exam ned to ascertain
whet her the reconmended grade tol erances can be nmet. ldeally, the differences
in elevations fromthe initial point should sel domexceed 1 percent of the

di stances involved. Once the decision is reached to proceed, the foll ow ng
procedure is recomended:

1. Set a stake at the initial point ("O nt') and mark the center

2. Set up a theodolite or good quality transit over the stake at the

initial point. If an EDM which nounts atop a theodolite or transit is
avai | abl e and has sufficient range, install the instrunent. When this type of
equi prent i s not avail able, another acceptable procedure is to set the

EDM as close to the theodolite or transit as possible at a point normal to
the ine. Direct nmeasurenments to the aligned points will be w thin acceptable
tol erances, provided the EDM is positioned 2 mor less fromthe initial point
and the displacenent fromthe perpendi cul ar does not exceed 0.01 m |If these
tol erances are exceeded, offset distances nmust be conputed and the neasured

di stances adjusted accordingly. There are several other approaches to



resol ving the alignnment-di stance problem The procedures sinplest to
i npl enent for the particular situation, or the method nost famliar to the
observer, should be used.

3. Aligning and setting the stakes at the nonunent sites, at the suggested
di stances, should then proceed. Wether the term nal point or sonme other
point is set first is left to the discretion of the observer. A mark should
be placed on the stake to indicate the point of alignment.

4. After the stakes have been set, the alignnent should be checked. No
adjustnments to the alignment marks on the stakes are needed if the points fal
within 20" of the theoretical straight |ine.

5. The distances should then be verified with the instrument centered over
the initial stake, using whatever procedure is considered to be one conplete
measurenent with the particular EDM enployed. There is no need to take

of fset observations. Any adjustnment for distance should now be nmade. The
critical distance is the 150-m section

6. Two tenmporary reference stakes are set at each nonunent site. One
shoul d be placed in the alignnent and the other normal to the line. The

di stances fromthe stakes marking the points to the reference stakes at each
| ocation nmust be carefully taped.

7. Before the holes are dug for the nmonunents, check the distances fromthe
ref erence stakes, assuring the correct position of the nonunent.

MONUMENTATI ON
St andard Range

Wt hout stable nmonunmentation a calibration range is obviously worthless.

For this reason, NOS will not perform neasurenments over ranges wth

subst andard nmonunentati on. Experience has shown that nmonunents with
significant mass placed in relatively undi sturbed soil have the best |ong-term
stability. Precast monunents usually have a slimprofile, relatively snal
mass, and nust be secured in place with fill dirt, making them susceptible to
hori zontal novenent when the fill dirt conpacts. Concrete piers, while

massi ve, have a significant portion of their mass protrudi ng unsupported and
are subject to a nunmber of conditions which m ght cause novenment. For this
reason, the heavy, poured concrete nonunent described on page 9 is required.

Monument s can either protrude slightly above the ground or be set bel ow
ground | evel, depending on specific circunstances. |If grass-cutting or snow
renoval equi pnment operates on the range, it nmight be best to set the
nmonunent ati on about 5 cm (2 to 3 in.) below the ground level, or to protect

t he monunents in sone other way. Marks nmay also be set in drill holes in
bedrock or rock outcrops. NOS will furnish special calibration base |line

di sks when requested. To assure positive identification, the disk should be
stanped with identifying nunbers and the date of establishnent. For exanple,
the disks for a standard four-nonunent base |ine neasured in 1977 would be
st anped:



CBL 0 M CBL 150 M CBL 430 M CBL 1400 M

1977 1977 1977 1977
Ref erence marks or underground marks are no | onger recommended, as neither are
sufficiently well located to be used in restoring a noved or destroyed surface
mar K.

Setting the Base Li ne Monunents

1. Concrete nonunents The concrete nmonunent (Figure 2, page 10) is normally
poured in place in a hole dug in the ground, using a top formonly. The hole
is dug to a depth of 1.1 to 1.5 m(3.5to 5 ft) (sufficient to extend bel ow
the frost line) with either a square or circular cross section (dependi ng on
t he shape of the top formused), and about 0.36 m (1.2 ft) or nore in
diameter. The bottom of the hole for the nonunent is enlarged about 5 cm (2
in.) in radius, tapering upward for about 0.30 m (1.0 ft) to nmake the bottom
of the nonument bell-shaped. Concrete is poured and tanped in the hole until
the I evel is reached where the top form when set on the concrete, wll
protrude from5 to 15 cm (2 to 6 in.) above the ground. An exception to this
is where grass cutting or snow renoval equi pnent nmay pass over the site.

The top formmay be in the shape of a frustumof a cone, pyramd, or

cylinder. It is usually nmade (using 1 x 12 in. boards) with a 30.5-cm (12-in)
square inside cross section at top of the formand a 36-cm (14-in) square at
the bottom producing a 2.5 cm (1 in) batter. The formshould be tried for
fit before concrete is poured to avoid any shoul der or nushroom ng effect near
the top of the nonunent that mght allow frost action to nove the mark. Then
after the pouring, tanping, and back-filling are conpleted, the top of the
nonunent i s snoothed off and beveled with a trowel. The disk is then set in

t he concrete nonunent.

A paper cenent bag may be used as a top formfor the concrete nmonunent. Use
of a paper cement bag as a formhas the advantage of greater econony in
materials, and the snooth rounded surface is |ess susceptible to danage by
frost or vehicles than a square top. Wen a cenent bag is used as a top form
a cylindrical hole is dug about 0.36 m (1.2 ft) in dianeter and belled out as
before, to about 10 cm (4 in) greater dianeter at the bottom The ends of the
bag are trimed, |eaving about a 0.46-m (1.5-ft) cylindrical section about
0.30 m(1 ft) in dianeter. After the hole is filled with concrete to within
0.30 m(1 ft) of the surface, the bag is set on the poured concrete and then
carefully filled with concrete, working it around the edges with a trowel to
prevent honeyconbing. Care is necessary to keep the cross section of the bag
circular and the bag vertical. A pair of cylindrical netal fornms may be used
for this purpose. The outer formis about 0.46 m (1.5 ft) |ong and about 0.30
m(1l ft) in dianeter, and the inner netal formis 0.23 m(0.75 ft) long and
0.28 m (0.9 ft) in dianeter. Both forns have a 2.5-cm (1-in) flange around
their top rinms. The bag is held in position between these two forns while the
concrete is being poured. Immediately after pouring the concrete, the inner
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Figure 2. -- Diagram of installation of typical calibration baseline monument.
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formand then the outer formare |ifted off.

2. Rock outcrop. The rock in which a mark is set should be hard and a part
of the main | edge, not a detached fragnent. The di sk should be countersunk
and well cenented in a drill hole.

Material for Concrete Monuments

The main considerations in nmaking concrete nonunments are the foll ow ng:

Have clean materials, mx themwell before adding water, be certain the

m xture is not too wet, and tanmp well into the form No dirt should be
allowed in the mxture, as each streak of dirt in concrete neans a |ine of

cl eavage. \Where rough aggregate is available the proportions should be 1 part
cenment, 2 parts sand, and 3 parts gravel. The top 0.3 m (1 ft) of the mark
shoul d contain a slightly richer mxture. Were only cenent and sand are
avail abl e, the I ower part of the mark should consist of 1 part cenment to 3
parts sand, while the upper part should be 1 part cenent to 2 parts sand.
Steel reinforcing rods may be used. To avoid cracking as a result of rapid
drying, the wet concrete should be covered with paper or plastic and then with
earth or other material for at |east 48 hours. The nonunments should be set a
m ni mum of 6 nonths ahead and preferably be allowed to set over a winter-
spring freeze-thaw cycle prior to beginning the base |ine neasurenents to

all ow for nmovenent of the marks as the concrete cures and the surroundi ng soi
settles.

Tape Calibration Base Lines

In establishing 30.48-m (100-ft) segments or other lengths for calibrating
tapes, vertical sag can be a problem For exanple, a 30.48-mlnvar or stee
tape wei ghing about 0.21 g/m (0.015 Ib/ft) would require about 0.6 m (2 ft)
cl earance at each end to ensure that the tape does not touch the ground when
two supports and a tension (pull) of 4.5 kg (10 Ib) are used. Simlarly, for
a 61.0-m (200-ft) tape weighing the sane per unit length, using two supports
and a tension of 9.1 kg (20 Ib), a clearance of alnmost 1.2 m (4 ft) would be
needed. The formula for conputing the vertical sag is:

amount of sag = y = ws?/ 8t

where "W is the weight of the tape per unit of length, 's' is the length
bet ween supports, and 't' is the tension. 'w and 't' may be in pounds per
foot (or per nmeter) and pounds, respectively, or in grams per foot (or per
nmeter) and grans, respectively. 's' must be in a corresponding unit.

The use of permanent structures or platforns built over nonuments is

di scouraged. One of the primary purposes for the use of a calibration base
line is to test the user's ability to set up and plunb their own instruments.
This is actually part of the systemconstant. Also, it is difficult to

mai ntain the stability of nmonunments projecting 0.6 (2 ft) or nore above the
ground unl ess substantially [ arger nonunments, set considerably deeper, are
constructed. Pernmanent plunb benches can be, if absolutely necessary, built
and mai ntai ned rather than | arger nmonunents constructed. For 30.48-m (100-ft)
lines, benches 0.6 m (2 ft) above the ground surface are satisfactory; when
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61.0-m (200-ft) lines are established, the plunb benches shoul d extend about
1.2 m(4 ft).

As a general rule, standards or uprights constructed of reinforced concrete

or netal set in concrete are considered better than wood, although netal may
be troubl esone unless it is rust-resistant or painted periodically. The bench
(horizontal cross piece) should preferably be of netal, since wood nornally
wi Il be susceptible to weathering, warping, and deterioration.

Sonme met hod for adjusting the benches is necessary so that the edge and
engraved mark, or series of marks (whichever is being enployed), may be

pl unbed directly over the points marking the terminals of the line. Plunb
bobs should not be used in the original centering of the benches, although
they m ght be satisfactorily enployed to check on the centering to ensure no
significant displacement has taken place since the benches were established.
The original and subsequent centerings should be carried out using vertica
collimators or two well-adjusted transits or theodolites. Wen transits or

t heodolites are used, they should be equally spaced fromthe nonunments--one in
the alignnent and the other perpendicular to the line.

Pl at f or nB

To facilitate setting up the equipnent, it is useful to provide permanent
supports for the tripod |l egs so that when the |l egs are placed in themthe
tripod head is positioned directly over the mark. A 0.3-m(1-ft) |long piece
of 2.5-cm (1-in) pipe driven in the ground (with a concrete collar if needed)
at appropriate | 20~ spacing is reconended. The building of |arge pads
surroundi ng the mark is di scouraged because their presence introduces
tenperature anomalies. In no case should a structure be placed cl oser than
0.3 mto the nonunent.

Procedur es
Ceneral observing procedures that are applicable to nost EDM are descri bed

in NOAA Techni cal Menorandum NOS NGS- 10, Use of calibration base |ines
(Fronczek 1977).
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APPENDI X A -- SUGGESTED EQUI PMENT FOR ESTABLI SHI NG A CALI BRATI ON
BASE LI NE

The following list contains typical equipnment to be used by a calibration
base line party:

EDM equi pnent :

short-range EDM [o?<(0.001 m)2 + (D« 105 m?
and associ ated reflectors

adj ustabl e tripods

optical plumet tribrachs

tribrach adapters

baroneters

psychroneters

t hermoneters (Cel sius scal e)

therm stor sets (Cel sius scale)

NONNNDNN N

—
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o
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equi prrent :

50- m st andardi zed I nvar (LO VAR, M NVAR, etc.) tapes

30-m st andar di zed steel tapes

100-ft standardi zed Invar (LO VAR, M NVAR, etc.) tapes

10- cm boxwood scal es (0.5 nm di vi si ons)

adj ust abl e tapi ng stands (bucks)

tape thernoneters (Cel sius scale)

spring bal ance, hand, 0-15 kg (for use with 30-mtapes)
tape stretcher kit with circular spring balance (0-5 kg conti nuous
scale) and frictionless pulley apparatus (for use with 50-mtapes)
tape cl anp

magni fyi ng gl asses

PROR~AOOWNO

N

I nstrunent ati on:
t heodolites (optical-reading to 1")
| evel instrunent (second order)
adj ustabl e tripods
optical plumet tribrachs
tribrach adapters
| evel rods

NNNNEDN

Peri pheral equi prent:

hand-hel d el ectronic cal cul ators

two-way portable radios

conbi nati on pocket tapes (feet and neters)
8-anp battery charger

unbrel | as

optical plumet leveling adjusting kit

PNEFEPNNDN
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APPENDI X B. — FI ELD MEASUREMENT STANDARDS
SPECI FI CATI ONS, AND PROCEDURES

Cener al

These instructions outline procedures for nmeasuring a standard calibration
base line with nonunentation at O m 150 m 430 m and 1400 m Procedures are
al so specified for establishing a 30.48-m (100-ft) field standard, when
requested by the participating organization

Ceneral D stance Cbservations

To ensure that the desired accuracy for calibration base lines is net, great
care must be taken during all phases of the operation. The following itens
be checked for accuracy and conpl et eness:

From station nane (occupi ed point)
To station nanme (observed point)
I nstrument/tape nodel and serial no.
Ref | ector nodel and serial no.
Date and tine of observations
(local time - 24-hour clock)
Instrument/reflector constants (if known)!
Hei ght of instrument/reflector/taping benches and/ or stakes
above marks, recorded to mllinmeter accuracy!
8. Station elevation®?
9. Instrunent/reflector eccentricity, recorded to
mllinmeter accuracy?
10. At nospheri ¢ observati ons?
a. Tenperature
b. Pressure
C. Psychr onet er
11. Weat her conditions
12. Any unusual or problematic condition, e.g., dust blow ng across 1
line, measuring across a 30.5 m (100 ft) wide by 3 m (10 ft) deep
gully, etc.

GhownbE

No

The el evation differences of all nmonunents, ~eight of benches, and hei ght of
taping stakes will be determ ned and recorded. Elevation differences between
monurrents wi || be obtai ned using doubl e-run, third-order procedures. Maxi mum
al | owabl e cl osures at any of the individual monunents will conformto third-
order standards and specifications, as stated in Cassification, Standards of
Accuracy and CGeneral Specifications of Geodetic Control Surveys (Federa
Ceodetic Control Committee 1974), and_Specifications to Support

Classification, Standards of Accuracy and General Specifications of

Ceodetic Control Surveys (Federal CGeodetic Control Committee 1980), which have

Units of measurement nust al ways be shown.
2 Vertical datum nmust be shown.
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been superseded by Standards and Specifications for Geodetic Control Networks
(Federal Ceodetic Control Conmttee 1984).

Taped Di stance (bservations

1. 150-msection. The 150-msection will be nmeasured with 50-m
standardi zed I nvar (LO VAR, etc.) tapes using first-order taped base |ine
procedures, as described in Special Publication No. 247 (Coast and Ceodetic
Survey 1959), except for the follow ng changes: The copper strip and scribe
will not be used. Instead, a 10-cm boxwood scale (0.5 nmdivisions) will be
attached to each taping stake or bench and aligned with the base Iine. The 5-
cmmark on the scale will be plunbed over the 0-mand 150-m mar ks using two

t heodol ites positioned so that the angle of intersection of the two |ines of
sight at the mark is approximately 900. This procedure will be carried out
before and after the distance neasurenments. |f a check on the centering of

t he boxwood scal es is not obtained, the plunbing and taping will be repeated.
Two addi tional boxwood scales will be positioned on line at 50 mand 100 m
fromthe O-mark. Al boxwood scales are to be attached such that the zero
ends of the scales face either the O-mor 150-m nmonunment. An expl anatory
statenent, with sketch of the boxwood scale orientation, is to be included in
t he tapi ng records.

The rear contact will bring the standardized mark on the tape into

coi ncidence with the 5-cm nmark on the boxwood scal e, and the front contact

will read the value on the scal e where coincidence occurs between the
standardi zed tape mark and the scale. A magnifying gl ass should be used in
readi ng the scale. The reading will be estimated to 0.1 nm At |east two
readi ngs of the scale are to be made with a spread (the difference between the
hi ghest value and the | owest value) not to exceed 0.3 nm The nmean value will
be used in the conputations.

In the event the above procedure is not feasible, a set-up or set-back may
be made at the rear contact end of the tape to allowthe full tape length to
be used. In either case, recordings of both front and rear boxwood scal e
readi ngs nmust be made. A sketch showi ng exactly where the tape end was held
shoul d acconpany the taping records whenever a set-up or set-back fromthe 5-
cmmark on the scale is required. This will aid in resolving any confusion
that tends to arise in such situations.

A conpl ete set of observations over the 150-m section will consist of four
measurenents, i.e., once with each of four different tapes. The follow ng
scheme will be enpl oyed:

a. Forward neasurenment with the first tape.

b. Backward neasurenent with a second tape.
c. Forward with a third tape.

d. Backward with a fourth tape

To reduce the parallax effect, a single nenber of the base |line taping team
shoul d be assigned the task of "front contact” for the forward and backward
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measurenent. |n no case are substitutions to be nade at the "front contact”
positions in nmeasurenents 1 and 2, 3, and 4. The spread of the four
observations over the 150-m sectionl after naking tape and catenary
corrections, should sel domexceed 1.0 nm and nust not exceed 1.5 mm If the
tol erance i s exceeded, additional nmeasurements will be made until an
acceptabl e spread is obtained. The acceptabl e nmeasurenents mnust include at

| east one conplete taping with each tape.

2. 30.48-m (100-ft) field standard. The 30.48-msection will be neasured
with 100-ft standardized Invar (LO VAR, M NVAR) tapes to a tenporary scribe on
the 30.48-m mark. The tension used during the tape standardization will also
be used in the neasurenent. All neasurenents will be nmade mark-to-nmark where
possi bl e; otherw se the previous procedure should be followed. A conplete set
of observations will consist of three neasurenents, carried out once with each
of three different tapes. Tenperature, tape, and catenary corrections will be
conput ed for each measurenent, a nean conputed, and a point stanped on the
100-ft mark at a distance of 30.480 mfromthe "0O-m mark

The spread of the three observations, after corrections, should sel dom
exceed 0.00015 m (0.0005 ft) and should not exceed 0.00030 m (0.001 ft). |If
this tolerance is exceeded, the renmeasurenent requirenents specified for the
O-mto 150-m segnent al so apply here.

El ectroni ¢ Di stance Observations

The conpl ete base |line except for the 30.48 (100-ft) section will be
measured with two hi gh accuracy short-range EDM on 2 separate days. (See
appendi x C for high precision procedures for specific instrunments.)
oservations will be nmade such that all segnents are neasured, forward and
backward, on each of the 2 days with both instrunents.

The foll owi ng procedure ensures the greatest atnospheric
variations in the limted tine avail abl e:

On the first day, starting at the O0-m nonunent and
progressing to 150-m 430-m and 1400- m nonunents,
measure all segnents at each nmonunent with both
instruments. This will provide a total of 12 distinct
observations with each instrument. On the second day,
at approximately the same starting tinme as the first
day, begin nmeasuring at the 1400- m nonunment and work
in reverse sequence fromthat used the first day.
Reneasure all segments with both instrunments. This
will again provide a total of 12 distinct observations
with each instrunent.

The spread between the nmean of the observations with each instrument for
each line segnment, after corrections and on the sanme reference surface (i.e.
mar k-t o-mark or horizontal), should not exceed:

o =[0.00172 + (D « 1052 *

where D = segnent length, and all units are in neters.
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The spread between each day's nean for each line segnment, after corrections
and on the same reference surface, should not exceed:

c = [0.0015%2 + (D« 1052 *
In cases where additional nonunents are set, the total nunber of
measurenents required for each of two instrunents on each day is n(n-1), where
nis the nunber of nonunents.

No EDM neasurenents are required either to or fromthe 30.48-m (100-ft)
nonumnent .

Descri pti ons
Descriptions should be subnmitted for each base line station in unified

format as shown in | nput Formats and Specifications of the National Ceodetic
Survey Data Base (Federal CGeodetic Control Committee, 1989)
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