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1.0 | NTRODUCTI ON:
The National Geodetic Survey (NGS), in accordance with
| nt eragency Agreenents with the Federal Aviation Adm nistration
(FAA), provides geodetic control at airports sel ected throughout
the United States for Area Navigation Approaches (ANA) under the
FAA's Wde Area Augnentation System (WAAS) program This
geodetic control, which consists of a Primary Airport Control
Stati on(PACS) and two or nore Secondary Airport Control Stations
(SACS), is tied to the National Spatial Reference System (NSRS)
and will be used to support high accuracy surveys of airport
features and obstructions. These Suppl enental |nstructions
provi de the requirenents for performng the Geodetic Control
phase for the ANA survey.

FAA No. 405, Fourth Edition, Septenber 1996, Appendices 3
and 5 provide general guidance concerni ng PACS and SACS
i ncludi ng accuracy requirenents, with nore detailed information
in this docunent. Any exception or deviation fromthese
" SUPPLEMENTAL | NSTRUCTI ONS" nust be stated in witing in the
Reconnai ssance Report and/or Final Report, depending on timng.
Recommendati ons to exceed or deviate will be considered if
witten justification is provided.

2.0 RECONNAI SSANCE REQUI REMENTS:

Reconnai ssance activities for each survey will include the
foll ow ng: Reconnai ssance of station descriptions in the NGS Data
Base, inquiries with airport managenent, reconnai ssance of al

mar ks at the airport, selection of control stations, witing of
requi red descriptions and ot her docunentation, and preparing a
reconnai ssance report.

The station nane, exactly as listed in the NGS data base, nust be
used in all survey records.

2.1 STATION DESCRIPTIONS | N THE NGS DATABASE

USC&GS (U. S. Coast & Geodetic Survey) and NGS mark descriptions

are contained in the NGS data base, are published on CO-ROM and

are avail able via the NGS Aeronautical Survey Program Home Page

at "http://ww. ngs. noaa. gov/ AERO aero. html " under "NGS Hot Links”
“Data Sheets". A database search of all marks within a short

di stance of the airport location wll reveal USC&GS and NGS

marks. This type of search can be perforned via the “Data Sheet”

web page or by using an NGS Data Sheet CD-ROM Note, the CD ROV

for each region are only updated once per year.

Some NOS descriptions for stations on airports are classified in
t he NGS dat abase as non-publishable until new positions are

determ ned. When non-publishable, the descriptions will not be
avai | abl e through the NGS Hone Page and will not be published on



NGS CD-ROVE. NGS will supply these descriptions on floppy disk
for each project.

Full digital recovery notes will be prepared for all NOS stations
searched for or recovered that do not have conplete digital
descriptions in the NGS dat abase.

2.2 CONTACT W TH Al RPORT AUTHORI TI ES:

Before perform ng any work at an airport, contact nust be nade

wi th airport managenent to obtain perm ssion and proper

cl earances to work in the aircraft operations areas. A security/
safety briefing may be required before field crews are allowed to
work on the airfield. Follow standard safety procedures and
equip all vehicles with flashing yellow Iights and aircraft
radios. Contact wth the airport traffic control tower is

mandat ory during surveys at controlled airports, unless escorted.

Inquire with Airport managenent about planned construction or
changes in the airport |layout. Present the Aeronautical Survey
Program Brochure and/or Letter to Airport Manager, and explain
the work that will be perfornmed and descri be what the PACS and
SACS will be used for. Discuss optimal |ocations for the
practical use and survivability of the nonunents. Enphasize the
i nportance of keeping the area surroundi ng the nonunents,
especially the PACS, clear of any future equipnent installations
or construction that may block visibility to GPS satellites, or
beconme a source of nultipath

2.3 RECONNAI SSANCE OF EXI STI NG MARKS:

Al USC&GS (U.S. Coast & CGeodetic Survey), NGS (National Geodetic
Survey), and NOS (National Ccean Survey or National COcean
Service) marks at the airport shall be recovered, including
writing or updating descriptions as required. See ATTACHVENT 7,
"Know These Markers" for diagranms of these survey disks. Station
descriptions for existing marks can be found via the NGS website
(See section 2.1, “Station Descriptions in the NGS database”).

2.4 PACS and SACS SELECTI ON GUI DELI NES:

Proper nonunent site selection for PACS and SACS is a primary
goal for these surveys and nust be carefully considered. FAA No.
405, Appendix 3, provides control station siting guidelines.
Factors to consider are mark stability, mark intervisibility
requirenents, visibility fromthe marks to airport features such
as runways, navigation aids, and airport obstructions off the end
of runways, any previous high accuracy connection to the Nati onal
Spatial Reference System (NSRS), accessibility, and survivability
of the marks. The marks nust be accessible to survey crews, and
all ow for unattended, secure setup of GPS equi pnent for |ong
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periods w thout hindering airport operations. |[If possible, SACS
shoul d be sited near the approach end of the Primary Runways so
they can be better utilized for obstruction surveys.

Exi sting marks should be used if they neet requirenents. |If
sui tabl e marks cannot be found for use as PACS and SACS new nar ks
shoul d be set (See 3.0, "Setting New Marks”)

M ni mumrequirenents, as listed in FAA No. 405, Fourth Edition,
must be nmet. Also, see ATTACHMENT 8, Federal Base Network
Station Selection Guidelines for additional criteria. PACS and
SACS nust allow for setup of both conventional (optical) and
satellite surveying equi pnent.

2.4.1 Use of Existing Marks for PACS and SACS

An extensive effort should be nade to recover existing NOAA
survey marks. Existing USC&GS, NGS, & NOS marks shoul d be used
if they neet the PACS and SACS requirenents. Using existing
mar ks reduces the proliferation of marks on airports, reduces
mark setting costs, and makes it easier to maintain an accurate,
up-to-date survey data base. For a discussion of "Existing
Monumentation in the Vertical Network" see page 43-44, Geodetic
Bench Marks, NGS, 1978.

Before an existing mark is used, its description nust be

t horoughly checked to confirmthe station's identity, stability,
and |l ocation, and to provide input for an updated description.
Stanping will not be done on existing disks or |ogo caps.

Not e, B-order marks have been set at many airports by NGS. These
mar ks shoul d be used if they neet PACS requirenents.

2.4.2 PACS and SACS Stability:

PACS - An existing mark may be used as a PACS if the mark neets
the stability quality codes of A or B in that order of
preference, as defined in ATTACHVENT 8, Federal Base Network
Station Sel ection Guidelines.

In addition, an existing concrete mark with stability code C (and
4+ feet deep, belled botton) nmay be used for a PACS if the disk
is a pre-stanped USC&GS: triangul ation mark, reference mark,
azimuth mark, or bench mark; or a NGS mark; and it neets al
siting, construction, and intervisibility requirenents as |isted
in FAA No. 405, Fourth Edition, Appendix 3. (Note, the above
paragraph is a clarification only, not changes to requirenents.)

Not e, an existing HARN station ("A" or "B" order station) does
not necessarily qualify to be a PACS, it nust still nmeet PACS
stability requirenents.



SACS - O her USC&GS, NGS, or NOS marks shoul d be used as SACS if
they neet all siting, construction, and intervisibility

requi renents as listed in FAA No. 405, Fourth Edition, Appendix 3
(stability quality codes of A B, or O

Concrete Marks- The DDPROC (description software) default code
for a concrete mark set in an irregular mass of concrete is the
stability code "D." If a mark, such as a NGS calibration base
l[ine (CBL) nmonunment (normally "C' stability), is classified as a
code "D' and appears to be better than a "D," contact NGS with a
recomendation. Note, a "tile probe" (long steel rod, source
upon request) may be used to hel p determ ne the underground
extent of a concrete nonunent. CBL |ocations and data are
avai |l abl e on the NGS WA Hone Page, under "PRODUCTS SERVI CES'.
Not e, nmost CBL descriptions are not in the NGS database, but
rather their own CBL dat abase.

2.4.3 PACS and SACS Proximty to Airport Features:
PACS and SACS shoul d not be set close to runways (see FAA No. 405
for distances), nor on the imaginary runway extension, nor within
the FAA No. 405 di stances of the imagi nhary runway edge
extensions. Also, marks nust not be set within 305 neters (1000
ft) of the front of an:

| nstrunent Landi ng System (ILS) G idesl ope Antenna,

| nstrunent Landi ng System (ILS) Locali zer,

M crowave Landi ng System El evation Stati on,

M crowave Landing System Azimuth Station

2.4.4 GPS Satellite Visibility:

The GPS satellite visibility should be mnimally restricted from
20 degrees above the horizon to the zenith, conpletely around the
horizon. M nor obstructions are acceptable, but should be
depicted on the Visibility Obstruction Diagram Visibility
Qobstruction Diagrans are required at all stations with
obstructions above 20 degrees. See sanple in ATTACHVENT 5.
Select a site relatively free of present and future antici pated
obstructions. Uility poles in the GPS field of view are

tol erabl e, and they provide security and a reference to help

| ocate the mark, but set a mark at least 2 neters fromthe pole,
to the south if possible. Likewse, marks within 2 neters of a
pol e should not be used. Marks should not be set or used if
within 5 neters of a chain link fence.

2.4.5 Use of Marks Set by O her Agencies:

An existing mark of another organi zation may be used as a PACS if
it neets all siting, construction, and intervisibility
requirenents. Normally this would be limted to a disk set in a
drill hole in bedrock, or a stainless steel rod if there is an
indication that the rod was driven to NGS driving requirenents.

Mar ks previously established by other organi zati ons may be used
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for a SACS if they neet all siting, construction, and
intervisibility requirenents, and are stability A B, or C

Any marks used in this survey which were set by other agencies,
that do not have conplete digital descriptions in the NGS

dat abase, will have full digital descriptions witten. See
section 2.6, “Station Descriptions”.

2.4.6 Marks on Private Property:

Before using a mark on private property, owners should be
contacted to request perm ssion. Take care to return |andscape
to the original condition. The nane and phone nunber of the
property owner shall be included in the description. 1In
addition, the address is required if the owner |ives in another
t own.

2.4.7 Damaged Survey Marks:

Met al di sks which have been noved or defaced so that they no

| onger can serve as survey marks are to be renoved, have updated
descriptions witten describing the mark as destroyed, and the
disk sent to NGS. A mark will not be described as destroyed
unless the disk is found and returned to NGS. State the nunber
of person-hours spent searching for a mark that is reported as
"not found."

Any existing disk which is selected to be used as a PACS or a
SACS should be repaired if found | oose or with edges exposed.

Any work done to repair a disk should be described conpletely in
t he updated recovery description. Care nust be taken not to
alter the existing horizontal or vertical position of the disk.
Di sk I ongevity can be increased substantially by sinply adding

hi ghway epoxy or equival ent when the edges of a disk are exposed,
t hus preventing a vandal fromprying the disk fromits |ocation.
For all marks used in this survey, perform mark nai ntenance as
required, including replacing logo cap lids if mssing. Contact
NGS for reconmmendations in unusual cases. Notify NGS of any

ot her marks that need mark mai ntenance. Exanples of mark

mai nt enance probl ens i nclude: exposed edge of disk, mssing | ogo
cap, mssing log cap lid, and exposed edge of concrete.

2.4.8 Approval of Proposed Sites for New Marks:

Proposed sites for new PACS and SACS shoul d be approved by NGS
prior to setting the marks. New PACS and SACS shoul d only be set
if no existing mark can neet the requirenents. See section 3.0,
“Setting New Marks”, for mark setting guidelines.

2.5 PHOTOGRAPHS - Two phot ographs shall be taken of each mark
used in the survey, including PACS, SACS, HARN, bench marks, and
CTCORS. One photo wll show the mark fromdirectly above and
cover an area about 1 neter in dianeter. If it is a rod mark,
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the I ogo cap should be open. The second photo will show the mark
in the foreground, and its identifying surroundi ngs and any
unusual obstructions in the background. Place a sign in each
phot ograph with the name (or designator) of the airport and the
station nane. Include a brief description with each photo,

i ncl udi ng the conpass orientation of the canera. Al so submt
phot ogr aphs of proposed | ocations for new marks. Phot ographs
shall be included in the Reconnai ssance Report.

2.6 STATI ON DESCRI PTI ONS:

NGS style Station Descriptions nust be witten for all marks set,
searched for, recovered, or occupied during the survey. The
descriptions wll be submtted in digital format in accordance
with chapter 3, vol. I, of “lInput Formats and Specifications for
the NGS Data Base” (Blue Book). The Bl ue Book, and recent
changes to the Blue Book are available on |line at
“http://sinbad. ngs. noaa. gov/ FGCS/tech_pub. ht M” Hard Copy of the
Bl ue Book can be obtained from NGS I nformation Services Branch
(301) 713-3242. NGS program DESC. EXE shoul d be used to wite
the descriptions in the proper format. Standard NGS fornmat wll
be used for all descriptions. See ATTACHMENT 11 for a sanple
dat asheet with a description for a PACS

Descriptions are one of the end products of surveying, along with
the positions and the survey marks thenselves. Al three nust be
of highest quality. The descriptions nust be conpl ete, accurate,
and in standardized format if the station is to be reliably
recovered for use in the future. Descriptions will be in the
standard NGS format of three paragraphs as descri bed bel ow under
"Description Format." A "description” details the |ocation of a
new survey mark, or one not previously in the NGS digital

dat abase. A "recovery note" is an update and/or refinenent to a
description already in the NGS digital database, witten upon a
return visit to a survey mark. Descriptions and recovery notes
must be witten by one person and checked by another. For
exanple, a mark setter can draft a description i mediately after
setting the mark, and an observer can check a description during
observations. Descriptions should be witten inmediately after
visiting a station so that all details are fresh. Descriptions
(or recovery notes) nust be witten for all marks set, searched
for, recovered, or occupied during the survey. Note, separate
descriptions (recovery notes) are not required for reference

mar ks nor azimuth marks unl ess they were occupied for this
survey. Also, reference and azimuth marks need not be nentioned
in station descriptions (or recovery notes) except for the third
par agr aph reference neasurenents. |In the Project Report, include
a printout of file *.SST and an additional |ist show ng the
stations recovered but not used. Use program DDPROC to enter
station description and recovery information.



| f an existing NGS horizontal or USC&GS triangul ation station
digital description is conplete, accurate, and neets Bl ue Book
requi renents, the station nmay be recovered with a brief recovery
note, such as "Recovered as Described.” |f mnor changes or
additions to the description are required, they may be added
after the above phrase, such as "Recovered as described, except a
new wooden fence is now 3 neters north of the station.”

A conpl ete, new, three-paragraph description is required for al
stations where:
- there is no NSRS digital description (not in NGS database)

for all vertical stations (bench marks) unless a conplete
(usually three paragraph), accurate, up-to-date digital
description exists in the NGS dat abase

- where maj or changes have occurred or major inaccuracies
are found

where required information is m ssing

generally for stations other than NGS horizontal or USC&GS
triangul ation stations.

2.6.1 Description Fornmat:

"A description nust be clear, concise, and conplete. It should
enable one to go with certainty to the immediate vicinity of the
mar k, and by the neasured di stances to reference points and the
description of the character of the mark, it should informthe
searcher of the exact location of the mark and nake its
identification certain. It should include only essential details
of a permanent character," USC&GS Special Publication No. 247,
MANUAL OF GEODETI C TRI ANGULATI ON, page 116

The first paragraph is the "Description of Locality.” This part
of the description begins by referring to the distance and
direction (cardinal or inter-cardinal point of the conpass) from
t he nearest well-known napped geographic feature(s), usually the
nearest city or town. Always progress fromthe farthest to the
nearest reference point. State the nane of the airport the mark
is on or near, and include station location relative to runways
and other airport features. D stances in this part of the
description should be in kilometers (mles) or neters (feet).
Det ai | ed neasurenments whi ch appear el sewhere in the description
shoul d not be repeated in this paragraph. Points of the conpass
should be fully spelled out. State the name, address, and phone
nunber of the airport manager or property owner. State any
advance notice and security access requirenments for reaching the
station.

The second paragraph is the "Directions To Reach the Station.™
This section is one of the nost useful parts of a description.

It usually enables a stranger to go directly to a station w thout
the delay due to a detailed study of maps or of making | ocal
inquiries. It is a route description which should start froma
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definite point, such as (a) the post office of the nearest town,
(b) the nearest intersection of nanmed or nunbered mai n hi ghways
(whi ch are shown on commonly used road maps), or (c) sone
definite and wel |l -known geographical feature. COdoneter distances
shoul d be given to tenths of kilometers (tenths of mles). The
general direction of travel should be given. Turns fromone road
to anot her road should be indicated by the kind of turn (right or
left) followed by a point of the conpass and the nane or nunber
of the road. The final statement should end with "to station on
right (or left)." For exanple, "TO REACH THE STATI ON FROM THE
POST OFFI CE ON MAIN STREET I N JONESVI LLE, GO EASTERLY ON STATE

H GHWAY 101 FOR X KM (2.3 M LES) TO AN I NTERSECTI ON. TURN RI GHT
AND GO SOUTH ON M LLER ROAD FOR X KM (3.2 MLES) TO A T- ROAD

RI GHT. CONTI NUE SOUTH ON M LLER ROAD FOR X KM (4.1 MLES) TO AN
| NTERSECTI ON.  TURN LEFT AND GO EAST ON SM TH ROAD FOR X KM (1.5
M LES) TO STATION ON THE LEFT IN THE FENCE LINE." Use the word
"EAST" if the road goes due east and "EASTERLY" if the road
wanders in an generally easterly direction. Use internedi ate
references, as above, if the distance becones |onger than about 5
m | es.

The third paragraph provides details of the mark and reference
measurenents. This section should give a short description of
the station mark, such as: "THE STATION IS THE TOP CENTER OF A
STAI NLESS STEEL ROD DRI VEN TO A(refusal or slow driving rate)
DEPTH OF XX M THE ROD I S RECESSED YY CM BELOW GROUND LEVEL IN A
90 CM GREASE FI LLED FLUTED PLASTI C SLEEVE, AND ENCASED IN A ZZ CM
DIA. PVC PIPE WTH NGS LOGO CAP SURROUNDED BY CONCRETE. THE
LOGO CAP AND CONCRETE ARE SET (flush or recessed x cm) WTH THE
GROUND. " The detailed |ocation of each mark nust include

di stances and directions fromthree or nore definite objects in
the mark's immediate vicinity such as existing reference marks,

W t ness posts, centerlines of roads, edges of runways, ditches,
power or telephone poles, or buildings. |If steep slope distances
wer e nmeasured, that should be stated in the paragraph. The

di stances should be in neters (followed by English units in
parent heses) and the directions should be cardinal and inter-
cardinal directions, fully spelled out, for exanple "NORTH, "
"NORTHEAST, " or "NORTH NORTHEAST." Magnetic bearings fromthe
reference objects are recomended to assist in future recoveries.

If the station is a PACS or SACS the sentence "TH' S STATION I S
DESI GNATED AS THE PRI MARY Al RPORT CONTRCOL STATION' or "TH' S
STATI ON | S DESI GNATED AS A SECONDARY Al RPORT CONTROL STATION. "

General description requirenents are given in Chapter 3 of the
Bl ue Book, page 3-1 (sanple descriptions, page 3-13); and in the
instructions in S.P. 247, Pages 119-120.

Not e, the Blue Book does not require separate paragraphs in the
"30 Records," but having separate paragraphs nmekes the
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description nuch easier to read. So, to increase clarity,
separate each paragraph with a blank line by inserting two
carriage returns at the end of the paragraph.

Note, the policy stated in the first three sentences of the |ast
paragraph of page 3-1 in the Blue Book, regarding ful
descriptions for recovery notes, has been cancel ed.

2.6.2 l1nportant points regarding descriptions:

1. Use the station nanme and PID, exactly as listed in the NGS
data base, in all survey records. Do not add dates, agency
acronyns, or other information to the name, nor the stanping.
Note, frequently the stanping and the official station nane are
not the sane.

2. Correct NGS survey term nology shall be used in all station
descriptions and reports, see Qossary to this docunent and
GEODETI C GLOSSARY, NGS, 1986.

3. Correct aviation term nology (e.g., runways, taxiways, etc.)
shall be used in all station descriptions. See FAA No. 405,
Fourth Edition, d ossary, and FAA Docunents: STANDARDS FOR

Al RPORT MARKI NGS, A GUI DE TO GROUND VEHI CLE OPERATI ONS ON THE
Al RPORT, and STANDARDS FOR Al RPORT SI GN SYSTEMS.

4. A mark should not be described as destroyed unl ess the disk

is found and returned to NGS. |If there is strong evidence that

the mark has been destroyed, state "PRESUVED DESTROYED' and the

evidence in the recovery note. State the nunber of person-hours
spent searching for a mark that is reported as "NOTI' FOUND. "

5. Any work done to repair a disk should be described conpletely
in the updated description

6. Record the length of rod driven (and the |l ength of the
grease-filled sleeve) or the depth of the concrete nonunent in
the station description.

7. Run all draft descriptions through program CHKDESC.

8. Note, reference marks are abbreviated RM x in descriptions,
but on pre-stanped "Reference Mark" disks they are stanped

"NO.  x".

9. Wien a description is being witten for an existing point that
has never been in the NGS description data base, use "R' in cc 15

of the *10* record, see page 3-3 of the Blue Book. 1In cc 16 of
the *10* record use "F'. These letters indicate that this is the
first digital description for an existing station. In the *20*

record, cc 33-36, enter the year the mark was established, and in
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cc 64-71 enter the date recovered.

10. The Bl ue Book abbreviation for U S. Coast and Geodetic Survey
is CGS. Note, USC&GS is used in this docunent.

11. The Bl ue Book abbreviation for U S. Arny Corps of Engineers
or U S. Engineers Departnent is "USE'. Note, USACE is used in
thi s docunent.

12. For all stations, including those recovered but not used,
indicate if the station is occupiable with GPS by entering a "P"
in cc 69-72 of the *10* record.

The ternms "flush" or "recessed" in the "29 Record" should be used
to refer to the logo cap, not to the mark inside the |ogo cap.
Both the | ogo cap recess anount and the anmount the top of the rod
is recessed below the | ogo cap nust be included in the station
descri ption.

2.6.3 Mark Default Codes for DDPROC

The DDPRCC default code for a concrete mark set in accordance
with the requirenments of ATTACHVENTS 1 and 1A is the stability
code "C'. The default code for a concrete mark set in an
irregular mass of concrete is the stability code "D

The setting code for the stainless steel rod will be "I 59".
This “59" code describes a stainless steel rod with a greater
than 10 foot greased sleeve. The “59" code will default to an
"A" stability code in the DDPROC software. Since only a one
meter | ong greased sleeve is used for the rod marks, the
stability code nust be changed to "B"

2. 7 RECONNAI SSANCE REPORT:

A reconnai ssance report and survey plan shall be submtted to NGS
for review prior to field observations. This report(s) nay be
submtted at intervals during the reconnai ssance. NGS w ||
respond with an approval or coment |etter as soon as possible,
normal ly within 5 working days.

The reconnai ssance report will include the follow ng information:

Station Table - For each airport submt a table which lists
Station Nane, PID Nunmber, Establishing Agency, O der,
Stability, Condition at Recovery, and Comments (Station is
PACS, BMTie, etc.) for each station. G ve status of marks
not used and reason. See ATTACHVENT 12 for an exanpl e.

Airport Summary Report - A separate paragraph for each
airport to include:
whet her airport is controlled; whether escort is required;
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whether radio is required; intervisibility of the PACS and
SACS; comments on unusual circunstances; coments on any
exceptions, including justification; any other m scell aneous
i nformation.

Project Sketch - Depict entire survey area (state) with al
occupi ed stations, except SACS (because of scale).
| ncl ude 300 km dashed circles around CORS and CTCCRS, and
50 kmcircles around PACS. |Include independent GPS vectors.
Reconmend one sheet of |arge size and additional
smal | er sheets depicting individual airports or airports
grouped together for GPS observations. Note distances from
the PACS to the CORS, HARN, and Bench Mark Ties.

Airport Sketches - Plot all PACS, SACS, and BM s that are on
or near each airport on an airport map. Hand plotting is
acceptable. Size 8.5 x 11 inches is acceptable.

Visibility diagrans - Fill out conpletely for stations that
wi |l be occupied by GPS and have obstructions over 20
degrees above horizon. Note “No Qbstructions” if applicable
for a station.

Phot ographs - Two of each existing station, one of proposed
| ocati ons, see Section 2.5.

Monunent ati on - Proposed new and/ or existing nonunmentation
to be used as control. Note type of mark (i.e. SS Rod, Di sk
in Rock Qutcrop, etc.) for proposed new nonunentati on.

Proposed i nstrunentati on - Brand and npdel.

Proposed vector reduction software - Nane and version.
Ensure that the current version of all software is used by
checki ng the NGS WWV Hone Page, under PRODUCTS SERVI CES,
CATALOG OF PRODUCTS AND SERVI CES, and then SOFTWARE
PRODUCTS.

GPS observing schene - Goup airports together that will be
observed/ processed sinultaneously. Include |ength of
sessions and nunber of occupations. List CORS, HARN, Bench
Mark, and any A-order ties for each airport. See ATTACHVENT
12, part 2, for an exanple.

Station Descriptions - Submt draft recovery notes or draft
descriptions for existing marks. Encode the descriptions
usi ng DDPROC software. Note, these descriptions should be
revi ewed and corrected by GPS observers when they travel to
mar ks. See section 2.6 for details on witing station
descri ptions.

11
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3.0 SETTI NG NEW MARKS:

The inportance of setting quality marks cannot be over

enphasi zed. Marks that are properly | ocated and set can provide
years of val uabl e use for surveying operations. Proper attention
and wor kmanshi p nust be given to all the steps in the process

i ncluding the basic tasks of hole digging, rod driving, concrete
m xi ng and pouring, and finishing the mark. The only physical
evidence left after a survey has been conpleted are the marks;

t herefore, permanency and neatness of the mark and the
surroundi ng area are of utnost inportance.

Where new marks are required, PACS and SACS wi ||l be nonunented in
accordance with the following criteria: 1in paragraphs below, in
attachnments to this docunent, and in FAA No. 405, Fourth Edition,
Appendi x 3. Additional requirenments are found in: Federal Base
Network Station Sel ection Quidelines; and NOAA Manual NOS NGS1
Ceodeti ¢ Bench Marks, Floyd, 1978.

Proposed sites for new marks shoul d be di scussed with airport
managenent after existing marks have been recovered. Inquire
about underground utilities and future construction that m ght
affect mark longevity. "MSS UTILITY" type services should be
contacted before driving rod or digging, and these services nust
be contacted if required by state or |ocal regulation.

PACS - New PACS nust neet stability code A or B requirenents as
defined in ATTACHVENT 8, FBN Station Selection Guidelines. New
rod marks nmust neet the "Quality Code B" requirements found in
ATTACHVENT 3 and Geodetic Bench MarKks.

SACS - New SACS nust neet stability code A, B, or C requirenents
as defined in ATTACHVENT 8, FBN Station Sel ection Cuidelines.
Bronze disks set in rock outcrops, nmassive structures, or as
concrete nmonunents will be used for new SACS

3.1 Stanping - New PACS and SACS will have a uni que stanping.
Marks set at a site with an official FAA site identifier shall be
stanped with that identifier, followed by a sequential letter,
foll owed by the year the mark was set; see requirenents in FAA
No. 405, Fourth Edition, Appendix 3. D sks and "l ogo caps”
shoul d be stanped before they are set in place.

3.2 Bronze Disks - Standard NGS bronze, 3.6 inch dianeter,

hori zontal disks will be used for rock outcrop, nassive
structure, and concrete marks. A rock outcrop in which a disk is
set nust be hard and a part of the nmain | edge and NOT a detached
fragnent. A disk set in a drill hole nmust be well counter-sunk
and adequately fixed in place using highway epoxy or equivalent.
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The di sks nust be fastened so that they wll effectively resist:
extraction, change of elevation, or rotation. D sks nmust be well
countersunk, especially in areas where snow plow ng i s possible.
If the top of the disk is not below the | evel of the surrounding
material, a snow plow can scrap off the brass fromthe top of the
di sk, or worse, break the disk off the stem Traditionally, NGS
has set disks so that the lettering can be read normally (correct
side up) when the observer is south of the disk and facing north
across the disk. NGS wll supply the standard 3.6 inch bronze

di sks with pre-stanped NGS | ogo. For detailed instructions on
setting a disk in bedrock or a structure, see ATTACHMVENT 2,
“SETTING A DI SK I N ROCK OQUTCROP OR STRUCTURE. ”

3.3 Stainless Steel Rod Marks - An NGS 3-D rod mark neeting
quality code "B" for stability, may be set for PACS. A 1 neter

| ong, grease filled, finned sleeve will be used with this mark.

I nstructions are in ATTACHVENT 3, “SETTING A NGS 3-D MONUVMENT.”
See al so, ATTACHVENT 4, "PHOTOGRAPHI C DOCUMENTATI ON OF SETTI NG A
NGS 3-D GEODETI C CONTROL MONUMENT. "  Standard NGS al um num
protective covers ("logo caps") will be used over rod marks. NGS
W |l supply stainless steel rod sections, including studs and
driving points. Pre-manufactured datumpoints will not be used.
Survey disks wll not be affixed to stainless steel rods.

Note, either a 5 inch or a 6 inch dianmeter PVC pi pe may be used
as long as the logo cap fits correctly. One manufacturer's
version of the logo cap will fit inside one dianmeter and outside
t he ot her dianeter.

Record the length of rod driven for entry into the station
description. Note, the m nimum acceptable length of rod is 4
nmeters (see Table 3, page 27, Geodetic Bench Marks Manual) unl ess
the rod becones enbedded in rock and cannot be extracted. New
rod marks should set for at |east 1 day before observations.

| f bedrock is found only a few feet beneath the surface, a
concrete mark may be set instead of a rod mark if the concrete
will rest directly on the bedrock. Drill several holes in the
bedrock so that the concrete nmonunent will be affixed to the
bedrock. The area of the bedrock where the concrete will be
pl aced nust be brushed or washed off thoroughly. Install a
standard concrete nonunent with brass disk. See ATTACHMENT 1.

3.4 Concrete Marks - New concrete marks, with standard NGS 3.6

i nch bronze disks, may be used for SACS only. Construction

requi renments are in ATTACHVENT 1, “SETTI NG A CONCRETE MONUMENT. ”
Not e, new concrete marks should be set flush or slightly recessed
with the ground and should set for at |east 1 day before
observati ons. Di sks set in concrete will be centered in the top
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of the concrete surface, will be flush or slightly recessed with
the surface of the concrete, and the top of the disk wll be free
of concrete. A round formwll be used for the top of al
concrete marks and protective collars. This will help ensure a
neat finish and hel p protect against "nmushroom ng" which could
result in frost heave. Black tar paper (felt paper) can be used
to easily construct a form All |oose concrete and ot her debris
around the construction site nust be renoved and the site left in
excel l ent condition.

3.5 Mark Setting Materials - Alisting of mark setting materials
can be found in ATTACHMENT 3 and 3A. NGS supplied materials wll
be specified in the project instructions. NGS will generally
provi de the stainless steel rod, threaded studs, |ogo caps, brass
di sks, and w tness posts. NGS inscribed materials, including:

di sks, protective covers (logo caps), and w tness posts, etc.
shal | not be used outside the scope of this project.

3.6 Wtness Posts - Wtness posts shall not be set on airport
property, unless requested by airport nmanagenent, but nust be set
at marks used in this survey which are not on airport property,

if practical. Wtness posts should not be used when the property
owner objects, when the post cannot be driven, or when the mark
shoul d not be nade easily visible because of a high risk of
vandalism Al wtness posts set nmust contain the standard NGS
w t ness post | ogo.

15



4.0 GPS POSI TI ONI NG PROCEDURES

GPS observations will be performed using dual frequency GPS
receivers. PACS should be positioned directly fromthe nearest
Conti nuously Operating Reference Station (CORS). |If the nearest
CORS is nore than 300 kmfromthe PACS, a Central Tenporary
Conti nuously Operating Reference Station (CTCORS) nust be
established by setting up a GPS receiver on a suitable existing
hori zontal NSRS station. The SACS, Bench Marks, and HARN
stations should be positioned directly to their respective PACS

4.1 CORS SITES:

The CORS site selected nust be included in the NGS CORS system
CORS maps, data, and information are avail able on the NGS CORS
Data web page (See ATTACHVENT 16 for access). Each CORS is
designated by a three or four letter nanme, foll owed by the
antenna nunber. The correct antenna nanme nust be used when
downl oadi ng data and the antenna's coordinate informati on. Each
USCG and USACE CORS site has two antennas. WAAS sites will have
up to four antennas. To determ ne which CORS antenna was in use
during observations, read the weekly NGS "CORS ELECTRONI C
NEWSLETTER" which is published and distributed electronically
each Sunday by NGS. The "CORS NEWSLETTER' is avail abl e t hrough
the NGS CORS Data web page descri bed above. Users may subscri be
to the newsletter at this site. The CORS station coordinate file
contains several positions based on different Antenna Reference
Points (ARP), and either the I TRF or NAD 83 reference system
Ensure the proper coordinates are used when processing the data.

The survey disks (usually tw) at each CORS site may have nanes
simlar to the antenna nanes. The di sk names and positions nust
not be confused with the antenna nanes and positions.

4.2 CTCORS SELECTI ON CRI TERI A:

A CTCORS station will only be used when an airport is not within
300 KM of a CORS station. 1In this case, the CTCORS w Il provide
the CORS function in the positioning of the PACS. The position
of the CTCORS will be checked by using the GPS observation
requirenents in section 4.3.1. Because of the |ong distances

i nvol ved and the additional stations which will be positioned
fromthe CTCORS, extrenme care should be taken during the
observation and processing of this data. Separate tripod set-ups
are required at both the CTCORS and the PACS for each session.
During all CTCORS operations, ensure that the CTCORS ant enna
remai ns fixed. Sandbags are recommended to stabilize the tripod
and frequent checks should be made of the antenna's centering and
hei ght .

CTCORS Station Selection Criteria are listed below. NGS sets and
positions marks at current and future WAAS and USCG CORS sites.
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These marks are positioned to A-order and B-order specifications,
and npst have first- or second-order elevations. The nmarks nmake
excel |l ent candi dates for a CTCORS.

STATION I S STATION I S
PRIORITY TYPE OF STATI ON BENCH MARK AT Al RPORT
1. WAAS, USCG or USACE CORS mark YES YES
2. " YES NO
3. NO YES
4. " NO NO
5. A-ORDER HARN STATI ON YES YES
6. " YES NO
7 NO YES
8. " NO NO
9. B-ORDER HARN STATI ON YES YES
10. " YES NO
11. NO YES
12. NO NO
Acronyns:

W de Area Augnentation System (WAAS); FAA
U S. Coast Quard (USCG

U S. Arny Corps of Engineers (USACE)

Hi gh Accuracy Reference Network (HARN)

4.3 GPS OBSERVATI ON REQUI REMENTS:

GPS observation requirenents are described in the sections bel ow
for each type of mark. Note that when 4 hour sessions are
specified, at |least 4 hours of data are required in the final
conput er reductions. Therefore, for practical considerations,
observation of sessions |longer than 4 hours is highly
recommended. Likewi se for 1.5 hour sessions.

If a CTCORS is not required and a CORS i s used for connections,
substitute CORS for CTCORS in the foll ow ng paragraphs.

4.3.1 CICCRS Sites:

I The position of the CITCORS shall be checked by observing
three or nore independent, continuous, sinultaneous
observation sessions of at least 4 hours in length with a
CORS station. These three sessions should be the first
sessi ons observed while positioning various PACS. 1In
addition, one 4 hour session will be used as a check at the
end of the project.

All CTCORS will be tied by GPS surveys to nearby, GPS-
suitable, North Anerican Vertical Datum of 1988 (NAVD 88)
bench mark(s). See specific requirenents in the NAVD 88
BENCH MARKS section of this docunent, bel ow.
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4.3.2 PACS

Each PACS shall be positioned fromthe CTCORS in two or nore
i ndependent, continuous, sinultaneous observation sessions
of at least 4 hours in length. The observations to position
t he PACS nmust be perforned sinultaneously with the CORS or
CTCORS observations. |If feasible, the start tinme of one
PACS observi ng sessions should be at |east 2 hours different
than the second PACS session to incorporate different
satellite geonetries.

Al l PACS nust have a separate positional check by observing
at | east one session of 4 hours or nore in length to a "A"
or "B" order (HARN) check station. The check station should
be within 100 km of the PACS and should be at |east 50 km
fromthe CTCORS. Tie to as many "A" order stations as

possi bl e during the project. HARN ties to "A" or "B" order
stations should be within 5 cmin horizontal and 10 cmin
el l'i psoi dal height conpared to the published positions. If

not, notify NGS ASAP.

If there is an existing "A" or "B" order station on an
airport, it should be used as the PACS if it neets al
siting, construction, and intervisibility requirenents. It
must be checked with at | east one 4 hour session to a CORS
or CTCORS. Atie to an additional "A" or "B" order station
iI's not required.

If there is an existing "A" or "B" order station just off an
airport, and it has visibility onto the airport, an
exception to the rule that a PACS nust be on the airport may
be granted. Make a recommendation, with justification, in

t he Reconnai ssance Report.

If there is an existing "A" or "B" order station just off an
airport, and it does not see onto the airport, an exception
to the rule may also be granted if an internedi ate station
(a third SACS) can be set providing visibility fromthe "A"
or "B" order station through the third SACS to the other two
SACS on the airport. The third SACS may be off the airport.
Agai n, make a recomendation, with justification, in the
Reconnai ssance Report.

4.3.3 SACS

Each SACS shall be observed in two or nore independent,
conti nuous sessions of at least 1.5 hours. The session
begi nning tinmes nust be separated by at |least 2.5 hours to
ensure a significant change in satellite geonetry.

These observations will be sinmultaneous with PACS
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observations for that airport.

If a SACS is al so one of the bench nmarks, the two or nore
1.5 hour sessions are adequate for the bench mark tie,
rather than the normal 4 hour bench mark tie requirenent.
This is due to the short distance fromthe PACS to the SACS

SACS at an airport will be positioned directly fromthe PACS
for that airport.

4.3.4 Bench Mark Ties:

All bench mark el evations used in this survey nust be published
NSRS NAVD 88 bench mark el evations. Al final elevations
determined in this survey will be NAVD 88 el evations, in neters.
Bench marks should be at least 1 kmapart, to hel p ensure that
they are not both affected by the same upheaval or subsi dence

effect. |If the distance between two bench narks being tied is
| ess than 20 km the two bench marks nust be observed
si mul t aneousl vy. Bench mark el lipsoi dal heights should agree

within 10 cm and bench mark orthonetric heights within 15 cm |If
checks exceed these tol erances, notify NGS ASAP.

1 CTCORS - Afirst-order, class Il, or better, NAVD 88 bench
mark is recommended for bench mark ties. CTCORS wll be
tied to two bench marks by one conti nuous observation
session at least 4 hours in length. These bench narks
shoul d be as close as possible and nust be within 50 km of
the CTCORS, see BM PRIORITY TABLE below. |If the CTCORS has
a published bench mark el evation, the second bench mark tie
is not required. These bench marks will be positioned
relative to the CTCORS. (Note, this is not a change in the
requi red nunber of bench marks, just a clarification.)

PACS - Afirst-order, class Il, or better, NAVD 88 bench
mark is recomrended for a bench mark tie. PACS will be tied
to two bench marks by one continuous observation session at

| east 4 hours in length. These bench marks should be as

cl ose as possible and nust be within 50 km of the PACS, see
BM PRI ORI TY TABLE below. If the PACS has a published bench
mar k el evation, the second bench mark tie is not required.
These bench marks will be positioned relative to the PACS
(Note, this is not a change in the required nunber of bench
mar ks, just a clarification.)

The same bench marks may be used for the CTCORS ties and for
PACS ties if distance and check requirenents are net.

Bench mark (BM sel ection nmust be based on the foll ow ng
BM PRI ORI TY TABLE
DI STANCE TO CLOSEST SELECTI ON
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PRICRI TY FI RST- ORDER BM CRI TERI A

1 < 25 km Use first-order BM

2 25 - 50 km Use first-order BMif cl osest;
second-order BM nay be used if it
is less than 1/2 the distance to
the first-order BM

3 > 50 km Use a second-order BMif | ess than
25 km O herwi se contact NGS.

Differential geodetic (spirit) leveling (run in both
directions) may be perforned to satisfy the connections
listed above. These level ties nust be less than 3 km Two
bench marks are required for the beginning of a line of
differential (spirit) leveling. Ildentify these two bench
marks in the reconnai ssance report. |If the PACSis tiedto
two bench marks by spirit leveling (wthin acceptable

tol erances), then the two bench mark requirenent has been
met. Leveling nmust neet third-order (or better)
requirenents listed in: InterimFGCS Specifications and
Procedures to Incorporate Electronic D gital/Bar-Code
Leveling Systens, version 4.0, 15 JUL 94; Standards and
Specifications for CGeodetic Control Networks, FGCC, 1984;
and NOAA Manual NOS NGS 3, Geodetic Leveling, 1981.
Leveling data will be submtted in "Blue Book" format on

fl oppy disks containing the final version of the foll ow ng
files: HGF, H&, and HA in direct access format and RPT and
ABS in sequential format. Note, this case (third-order) is
an exception to the NGS policy that second-order, class I
is the | owest order leveling that will be accepted by
NGS.

Thi rd-order el evations determ ned by spirit |eveling
(run fromvarious agencies' bench marks) already exi st
at airports that are in the Airport Obstruction Chart
(AOCC) Program These el evations (National Ceodetic
Vertical Datum of 1929 (NGVD 29)) are listed on the NOCS
paper description formas a Mean Sea Level (IMSL)

el evation, in feet. For the ACC airports that have
been entered into the NGS dat abase by headquarters, the
NGVD 29 el evati ons have been autonatically converted to
NAVD 88 el evations using program VERTCON and w || be
printed on the standard station data sheets, in neters,
with a reference to VERTCON

Check these AOC third-order el evations against el evations
determned in this survey and tabulate the result.
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4.4 GPS OCCUPATI ON AT ALL SURVEY STATI ONS:

4.4.1 Antenna Set-up

I CGPS antenna setups nust be done independently for each
session. The word "independent" neans separate tripod
setups, separate height determ nations, and separate
solutions. The H nust be neasured (clarification only) in
both neters and feet, unless a fixed-height tripod is used.
See ATTACHVENT 13, "GPS Antenna Hei ght Measuring
Instructions.” Mnimze the m xing of GPS receiver and
ant ennae types used for observations.

Proper antenna set-up is critical. Fixed-height tripods
shoul d be used at CTCORS and PACS, and are highly
recomended for all sites. The plunbing bubbles on the
antenna pole of the fixed-height tripod should be shaded
fromdirect sunlight when plunbing is perfornmed. They
shoul d be shaded for 3 m nutes before checking and/or re-

pl unbi ng. Perpendicularity of the poles should be checked
at the beginning and end of each project. Antennas wll be
aligned to north.

|f a set-up does not permt a fixed-height tripod, the

hei ght of the antenna nust be carefully neasured to prevent
station set-up blunders fromoccurring. Tribrachs used for
t hese set-ups should be checked and adjusted at |east at the
begi nning of each project area, and at other tinmes when
necessary. Totally independent neasurenents of the antenna
hei ght above the mark in both nmetric units and English units
must be nmade before and after each session. Soneone ot her
than the observer should check the neasurenment conparison
conputations and enter their initials on the log. The type
of antenna (nane and part nunber) nust be recorded on the
field |og.

Sandbags are recomended to stabilize all tripods and
frequent checks shoul d be nade of the antenna's centering
and hei ght.

4.4.2 Epoch Interval / Elevation Mask

GPS data will be collected at 15 or 30-second epochs; and with a
15 degree el evation mask. Data may be processed at a 15 second

or 30 second interval. An NGS CORS station which collects at a

30 second interval may be used.

4.4.3 Station Rubbings:

A rubbing of the occupied mark shall be made at each occupation
of a station. Wen not feasible to make the required rubbing, a
pl an sketch of the mark or a photograph nust be substituted,
accurately recording all markings. This photograph, if used, is
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in addition to the photographs required in the Reconnai ssance
Report, and the stanping nust be readable in this photograph.

4.4.4 \\ather Data:

Bef ore taki ng weat her observations, the neteorol ogical
instrunments should be allowed anple tinme (approxinately 10
mnutes) to stabilize to anbient conditions. Qbservations of
wet - bul b and dry-bul b tenperatures nmust be observed and recorded
to the nearest 1 degree Celsius. Baronetric readings nust be
observed and recorded to the nearest mllibar (or English

equi valent). Meteorological data should be collected at each
station at the beginning, mddle, and end of each session.

Met eor ol ogi cal data should al so be collected to delineate unusual
weat her events, such as sudden changes in tenperature or
pressure, and i mediately after an obvi ous weat her front passes
during a session and i medi ately before it passes, if possible.
Performtenperature, relative humdity, and pressure neasurenents
near and about the sanme hei ght as the antenna phase center. Al
ant enna hei ght and weat her neasurenents are to be recorded in raw
form and all field cal culations should be i ndependently checked.
Unusual weather conditions, such as passing fronts and storns,
are to be noted on the observation | og. Met eor ol ogi cal

i nstrunments nust be conpared agai nst a known standard before and
after each project. Note, severe weather may degrade GPS data.

4.4.5 (pservation Logs:

I An observation I og nust be filled out for each occupation of
a station. See ATTACHMENT 6 for a sanple GPS Station
bservation Log. Data recorded on the observation | og nust
i nclude the foll ow ng equi pnent information:

(1) receiver manufacturer,

(2) antenna manufacturer,

(3) receiver nodel nunber (part nunber)

(4) antenna nodel nunber (part nunber),

(5) the conplete serial nunber of the receiver,
(6) the conplete serial nunber of the antenna,
(7) tripod nodel and serial nunber, and

(8) tribrach nodel and serial nunber;

Carefully nonitor the receiver operation and antenna setup
during each observing session. Note any unusual
circunstances regarding satellite visibility, receiver
operation, equi pnent mal function, DOD adjustnment of the
satellite orbit, obstructions, weather events, tripod
stability, etc., on the observation | og.

4.5 ACCURACY STANDARDS
See FAA No. 405, Fourth Edition, Appendix 5.
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4. 6 RECOVMENDED EQUI PVENT:

GPS RECEI VERS
Dual -frequency receivers that nmeet the follow ng requirenents:

Any

The recei ver nodel has been eval uat ed agai nst the Federal
CGeodetic Control Subcommttee (FGCS) test network.

State-of-the-art dual frequency with high quality C A code
or P code pseudo-ranges.

Capabl e of nmeasuring full wavelength L2 carrier phase.

Must function acceptably in an Anti-Spoofing environnent.

dual frequency receiver that is L2-squared capable may be

used for SACS observati ons.
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5.0 DATA PROCESSI NG AND VERI FI CATI ON

For information on Format, Accuracy, Mnunentation, Field
Records, Project Report, Review, Returned Subm ssions, Submtted
Projects, Cost, and Publications, see Policy of the National
Ccean Service Regarding the Incorporation of Geodetic Data of

O her Organi zations into the National Geodetic Survey Data Base,
dat ed Septenber 1994 in ATTACHVENT 9. Any exceptions to the
speci fications and unusual circunstances nust be reported in the
Project Report along wth explanations and recomendati ons. See
ATTACHVENT 17, for a Project Subm ssion Checklist and a listing
of processing and adjustnent files to be submtted to NGS. See
al so, ATTACHVENT 16, for a listing and summary of NGS Processing
Prograns avail able on the NGS web site.

5.1 VECTOR PROCESSI NG

The processing software nmust be OVWN or equivalent. The

"equi valent' of OVWN is subjective, based on the software's
ability to correct for the same systematic errors that OWI
corrects, and its ability to reproduce the sane results as OW
This determnation will be made by NGS. Note, CORS sites may
have antennas produced by manufacturers different fromthe
receivers used during the survey. OW software is able to apply
correctors for different antenna brands and is able to apply the
standard set of antenna constants (e.g., L1-L2 phase center

of fsets), and is able to process nultiple vectors sinultaneously.
Therefore, 'equivalent' software nust al so be able to do these
things. See: OW USER S GUI DE, Version 3.42, 1994; Practical
Hnts to Process GPS Vectors USING OWI, Soler, Hall, and Foote;
see ATTACHMENT 15, "DI RECTI ONS FOR ACCESSI NG OWI VI A THE

| NTERNET." The foll ow ng additional requirenents and gui dance
are provided:

I NGS precise GPS orbit data (see ATTACHVENT 14) and NGS CORS
data nust be used in data processing. For information on
down | oading CORS data from NGS via the Internet see
ATTACHVENT 16. International Terrestrial Reference Frane
(I TRF) station coordinates will be used for all vector
reductions using (OVMNI). Information about ITRF is
avai |l abl e on the NGS WAWV Hone Page, under "PRODUCTS
SERVI CES". Note, the current | TRF epoch nust be used in
conputations. NGS can supply | TRF coordi nates of "A" order
stations froman adjustnent and "B" order stations froma
transfornmation.

The Antenna Hei ght value entered into OW 's MERGE setup is
the nmonunent to Top of G oundplane (TGP) distance. OWI
will automatically add a constant factor for the TGP to L1
phase center distance when it nerges the data. The
“monunent” for a CORS station is the L1 phase center of its
respective antenna. Therefore, when entering the antennae
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hei ght for a CORS station during OW 's MERCE setup, the
reci procal of the antenna constant in OMNl may need to be
entered as the antennae height. This reciprocal value wll
of fset the constant added by OVWNI to give a net “up”
correction of 0.00m for processing.

OWI'S overall RVS-of-fit of the post-fit double-difference
resi dual s should not exceed 2.0 cm Review OVW generated
plots for data processing problens and outliers.

To hel p ensure that SACS nanmes are correct, and not

reversed, conpare "Bluebook"” and "Savit" files. Also review
the SAVIT files to double check: Reference Station
Coor di nates, Antennae Hei ghts, and RMS val ues.

Submit all files and printouts as required in ATTACHVENT 17.

Partially fixed integer solutions are acceptable for base
lines over 150 kmin length. For base lines |ess than 150
km fix integers whenever possible.

5.1.1 CORS/ CTCORS Vectors:

Data processing will involve sone of the foll ow ng CORS/ CTCORS
vect ors:

(1) CORS to CTCORS, (2)CTCORS to PACS, or (3)Direct CORS to PACS
In all three cases | TRF coordi nates of the reference station nust
be used and NGS precise orbits wll be used.

(1) CORS to CTCORS - The session | ength depends on the | ength of
the vector. |f the vector is under 300 km observe at |east

4 hours for each session as stated el sewhere in this document.

I f the distance is over 300 km contact NGS for advice on a case
by case basi s.

Three sessions between the CORS and CTCORS are required at the
begi nni ng of the project and one session, as a check, at the very
end of the project. Process these three sessions using the nost
recent | TRF coordi nates published by NGS for the CORS. Request
the | TRF coordi nates of the CTCORS from NGS for conparison
purposes. Use precise orbits from NGS and use OMNI processing
software. |If the new conputed | TRF coordi nates of the CTCORS
differ fromthe NGS | TRF coordinates by nore than 3 cmin
horizontal or 10 cmin vertical (ellipsoidal or orthonetric),
call NGS imedi ately for further instructions. These
instructions may include processing additional CORS to CTCORS
sessions. Any discrepancy, even if resolved, nust be described
in the project report. Note, the PACS accuracy requirenent is
relative to a CORS, not a CTCORS, so any discrepancy in the
CTCORS position may need to be included in the error budget for
the PACS. The last session at the CTCORS will be used to again
check the position of the CTCORS relative to the CORS.
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(2) CTCORS to PACS - use the newly conputed | TRF coordi nates for
the CTCORS if a satisfactory check was obtained. The distance
limt is 300 km Two 4 hour sessions are required.

(3) CORS to PACS - wuse the nost recent NGS | TRF coordi nates for
the CORS. The distance limt is 300 km Two 4 hour sessions
are required.

5.1.2 QVN Processing Procedure:

The follow ng steps are designed to maximze the quality of the
hei ght determ nati on between the bench marks and the PACS. L1
verse lon-Free final solutions are based on vector |engths. See
the table under Step 4 for gui dance when groupi ng vectors
together for a processing session. The sequential order of OWNI
processing is:

Step 1 - Process first CORS-to-PACS vector, wth CORS as
reference, using | TRF coordinates. Note, if nore than one PACS
was observed sinultaneously, include these PACS in the session if
they conformto the vector distance Iimtations for the session
(See table in Step 4).

Step 2 - Process second CORS-to-PACS vector, with CORS as
reference, as above. Again, if nore than one PACS was observed
si mul t aneousl y, include appropriate PACS in this OW session.

Step 3 - The horizontal positions of the PACS, based on the
vectors above, should conpare within 3 cm |[|If they do, nmean the
positions and go on to Step 4. |If not, reprocess and/or

r eobserve.

Note, Steps 4-7 nust be conpleted individually for each airport
(Each PACS nust be the reference station for its respective SACS
and BMties).

Step 4 - Process the first PACS to (BM HARN) session using the
PACS as the reference station and using its’ | TRF position
calculated in step 3. Include stations for this airport that are
over about 5km fromthe PACS (except the CORS). BM or HARN
stations that are less than 5kmfromthe PACS will be processed
in a separate session. The frequency of the final OW sol utions
is based on the length of the vectors. Use the follow ng table
for gui dance on grouping vectors together for processing:
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OWNI Final Solution Type Determ nation

Vector Lengths for Fi nal Sol ution Type
Processi ng Session
under 5km L1 Fi xed
5- 15km Better of L1 Fixed and |on-Free Fixed
15- 100km | on- Free Fi xed
100+km | on- Free Fi xed or Partially Fixed

Set the Tropospheric scale height in accordance with the
foll ow ng tabl e:

Tropospheric Scal e Height Settings for OMNl Sessions

Vector Length Ref erence Station Sol ve Station
Setting Setting
0- 5knt FI X FI X
5-100km FI X SLV
100+km SLV SLV

*If a station is within 5kmof the reference station AND differs
in height with the reference station by 5 neters or nore, set the
tropospheric scale height setting to SLV for that station.

In cases where a single vector satisfies all BMand HARN tie
requirenents for an airport, it is advisable to include a vector
to a nearby airports’ PACS, BM or HARN station in the solution
to aid the strength of the solution and the network adjustmnent.

If a HARN station tie is not also a PACS, SACS, or BMtie for
that airport, it may be processed in the CORS to PACS session
(Step 1), if the vector length constraints |listed above woul d
have required it to be processed in a single vector (PACS to
HARN) sessi on.

Step 5 - Process the second PACS session, as above.

Step 6 - Process the first PACS to SACS session using the PACS as
the reference station and using its’ |TRF position calculated in
step 3. BMs and HARN stations that are within 5km of the PACS
may be included in these sessions, but nmust have at | east four
hours of continuous data in the solution. Process these short
lines using the L1 frequency only.

Step 7 - Process the second session SACS data as above.
Step 8 - Run the required ADJUST runs (constraining stations to
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the NAD 83 datum) for each airport OR as one set for all
ai rports.

(Substitute CTCORS for CORS in the above steps as appropriate.)

5.2 ADJUSTMENT PROCESSI NG

The project adjustnent can be performed as a whole, or can be

performed by adjusting separate groupings of airports that are
| ocated cl ose together and that share tie stations (BM HARN)

Di scuss an adjustment plan with NGS prior to running the

adj ust nent .

Six adjustnents are required: (1) free, (2) constrained with
only CORS or CTCORS held, (3) constrained with CORS or CTCORS and
HARN stations held, (4) a final free wwth accuracies, (5) a free
vertical holding one bench mark in the center of the project, and
(6) a fully constrained vertical (with all approved bench marks
held). NOTE: |ITRF vector conponents in the Gfile wll be
internally transforned to the NAD 83 reference system by ADJUST
using the code inserted in cc 52-53 of the B record of the Gfile
created by OWN

I ADJUST's ' Mean Absolute Residual' statistics (from
Adj ust nent #1) nust not exceed 2.0 cmin NORTH or in EAST,
and nust not exceed 5.0 cmin UP

ADJUST' s maxi mum resi dual (from Adjustnment #1) should not
exceed 3.0 cm and nust not exceed 5.0 cmon the horizontal
conponents. The estimates could be twice as large for the
vertical conponent.

Vectors nmay be rejected if the residual exceeds 4.0 cmin
any horizontal conponent, but may not be rejected if it
supplies the only redundancy for a station. A witten
justification for rejecting the vector should be included in
t he Fi nal Report.

Sections 7.2 and 7.3 of Bluebook, Annex L, are superseded by the
foll ow ng guidelines for adjustnment processing and submttal.

Use these guidelines along with the step by step Qutline of the
Adj ust Procedure in ATTACHVENT 17. ATTACHMVENT 17 al so contains a
listing of data processing and adjust files to be submtted to
NGS.

7.2 (ADJUSTMENT ONE) A free adjustnent. Hold the NAD 83

coordi nates of one CORS station fixed. This adjustnent will be
run using program ADJUST, in 3 di nensions, w thout using geoid
hei ght s.

The A-file should have paraneters set to show the entire input
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B-file and Gfile and to run in node 3.

Resi dual s on any vector conponent nmust not exceed 5 cm Qutliers
remai ning after a review of the vector reductions may be rejected
if sufficient redundancy exists or upon approval from NGS
headquarters.

7.3 (ADJUSTMENT TWO) A fully constrai ned adjustnent hol ding the
NAD 83 coordinates (latitude, longitude, ellipsoid height) of al
CORS or CTCORS stations used in processing wll be submtted.
This adjustnent would be run in a simlar fashion to the free,
except for holding any additional CORS or CTCORS stations fixed
whi ch m ght have been used in the project.

NGS will determne if all the PACS are to be positioned relative
to the published or newy conputed coordi nates of the CTCORS, on
a project-by-project basis.

A conparison should be nmade between the coordi nates determ ned in
this adjustnent and those currently published by NGS. As noted
previously, differences of 5 cmhorizontally and/or 10 cmin

el i psoi dal hei ght should be imredi ately brought to the attention
of NGS for investigation. Also tabulate all the differences in
the final report.

(ADJUSTMENT THREE) In addition, run an adjustnment hol ding al

CORS and HARN stations fixed for NGS use in deciding on the final
constraints. Submt the results of this adjustnent, but use the
results of the previous adjustnent (holding all CORS stations
only) for the final files and for conputing accuracies (see 7.4).

7.4 (ADJUSTMENT FOUR) A mnimally constrained free adjustnent,
hol di ng NAD 83 coordi nates for one CORS station fixed, and
showi ng accuracies over all observed lines, wll be run using the
out put of the constrained horizontal adjustnent.

Pr ogr am BBACCUR can be used to give a formatted, sorted
listing of these accuracies. Exam ne these accuracies to
determne that all lines neet the requirenents for the order
the stations will be published, e.g., CTCORS to PACS should
be 1:1, 000, 000; PACS to SACS should be |:100,000. PACS will
be published as B-order; SACS and bench nmarks as first-
order. Discuss any problens with NGS and coment in the
report. NOTE: The final PACS and SACS coordi nat es nust
meet FAA docunent No 405, Fourth Edition, accuracy

requi renents. The conputed accuracies will help in the

anal ysis of neeting those requirenents.

Program ELLAC may be used to determ ne the order/type of the
ellipsoid heights. This value will be added to the *86*
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records in the final B-file. The value chosen should be
that of the magjority of the lines and will be used for al
stati ons.

7.5 (ADJUSTMENT 5) A free vertical adjustnent hol ding the NAD 83
position of one CORS or CTCORS station fixed, one bench mark
(center of project area) NAVD 88 height fixed, and including
geoid heights in the bl uebook *86* records. GCeoid heights are
obt ai ned by running program GEO D 96. Conpare the val ues
obt ai ned for the published bench marks with those obtained in
this adjustnent and notify NGS of any exceeding 15 cm

(ADJUSTMENT 6) If all conparisons neet the above criteria (<15
cm) or upon advice from NGS, run a constrained vertica

adj ustnrent hol ding all approved bench marks. Use the orthonetric
hei ghts fromthis adjustnment for the final B-file.

In the report, tabulate the free m nus published differences for
all bench marks and di scuss any residuals over 15 cm Also
docunent any actions taken as the result of poor bench mark
checks.

7.6 The final B-file submtted should contain the positions and
el i psoidal heights derived fromthe final constrained adjustnent
(ADJUSTMENT 2) and the orthonetric elevations fromthe fina
vertical adjustnent (ADJUSTMENT 6). Program ELEVUP can be used
to easily conbine the files. The B-file nust satisfactorily run
t hrough the required checking prograns.

7.7 The project report should discuss each of these adjustnents
separately, including points held and the source of the position
or elevation used. Results and any anal ysis done should al so be
di scussed. ATTACHMENT 17 provi des additional guidance for the
report.

7.8 ATTACHVENT 17 contains a listing of all files and program
outputs, relating to processing and adjustnent, to submt in the
final package. Keep backups of all files until notified that the
NGS dat a base has been | oaded.

Data may be submitted on the follow ng nedia, listed by NGS
pr ef er ence:

| OVEGA Zip (100 MB) disks

BERNOULLI (230 MB) di sks

Fl oppy di sks

Dat a shoul d be archived in the follow ng form
*Project Nane/ Day of Observati ons/ Raw Dat a/
Proj ect Nanme/ Day and Session/ Format ed Dat a/
Proj ect nanme/ Day and Session/ OMNI Resul ts/
Proj ect Nanme/ Adj ust Results
*(Project Nanme is State two-letter ID, plus ANA)
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G OSSARY

(For an additional glossary of terns, see FAA No. 405, Fourth
Edition.)

ANA - Area Navigation Approach
ASAP - As Soon As Possi bl e

AZ MK - Azinmuth Mark: A marked point established in connection
with a triangulation (or traverse) station to provide a starting
azimuth for dependent surveys. Note, sonme azinmuth marks al so
wer e positioned and sone have an underground di sk. The azinuth
mark is usually a pre-stanped survey disk, generally 1/4 to 2
mles fromthe horizontal station. The next consecutive azinuth
mar k nunber was used if an earlier nunber was destroyed. See
ATTACHMENT 7.

BM - Bench Mark
CD-ROM - Conpact Disc - Read Only Menory
CBN - Cooperati ve Base Network (NGS)

CTCORS - Central Tenporary Continuously Operating Reference
Station. A permanently nonunented control station
established near the center of a 300 km (radius) survey
area (as defined el sewhere in this docunent) and which
functions as a tenporary Continuously Operating
Ref erence Station (CORS).

CORS - Conti nuously Operating Reference Station, See FAA No.
405, Fourth Edition, d ossary.

D SK - A thin netal plate about 9 cmin dianmeter, with a stem
attached to the center of the bottom The plate is
slightly convex (in vertical), usually round (in
hori zontal) and contains the mark for which survey
information is known, or to be determ ned. The plate
usual ly al so contains a designation, year, and the nane
of the agency setting the plate. It is usually nmade of
bronze, brass, or alum numand nmay be set in a drill
hol e or enbedded in concrete. See ATTACHMVENT 2 and 7.

DOD - Depart nent of Defense

FAA - Federal Aviation Adm nistration

FBN - Federal Base Network (NGS)

FGCC - Federal Geodetic Control Commttee (Changed to FGCS in

Cct ober 1990)
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GPS -
HARN -

| TRF -

MARK -

Federal Geodetic Control Subcommttee
A obal Positioning System
H gh Accuracy Reference Network

I nternational Terrestrial Reference Frane

(1) A dot, the intersection of a pair of crossed |ines,
or any ot her physical point corresponding to a point in
a survey; (2) The object, such as a disk, on which the
mark (1) is placed; (3) The entire nonunment, consisting
of the mark (1), the object on which it occurs (2) and
the structure to which the object is fastened.

MONUMENT - A structure that marks the | ocation of a point

determ ned by surveying. |In the case of a disk in
concrete, the nonunent would be the entire structure.
Mar k, monunment, and station can nmean the same thing.

NAD 27 - North Anerican Datum of 1927

NAD 83 - North Anerican Datum of 1983

NAVD 88 - North Anerican Vertical Datum of 1988

Nat i onal Geodetic Survey, NOAA. Disks inscribed with
this name have been set from 1970 to the present.

NGVD 29 - National Ceodetic Vertical Datum of 1929

NSRS -
PACS -

RM -

Nat i onal Oceani c and Atnospheric Adm nistration. No
survey di sks have been set with this nane.

Nati onal COcean Survey, NOAA. Disks inscribed with this
NOS name were set from about 1970 to Decenber, 1982.

Nati onal Ocean Service. Disks inscribed wwth this NOS
name were set from about 1983 to the present.

Nat i onal Spaci al Reference System
Primary Airport Control Station

Ref erence Mark: A survey mark of permanent character close
to a survey station, to which it is related by an
accurately neasured di stance and azinuth. For a

triangul ation station, reference marks are pre-stanped
survey disks, usually within 30 neters (one tape |ength)
of the triangulation station. Standard procedure was to
set two reference marks, nunbered cl ockwi se fromnorth
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with the next consecutive reference nunber used if an
earlier nunber was destroyed. See ATTACHVENT 7.

SACS -

STATI ON -

USACE -

USCG -
USC&GS -

USE -

WAAS -
WES 84 -

Nat i onal

Secondary Airport Control Station

A physical location or site at which, fromwhich, or to
whi ch survey observations have been nmade. See al so
mar k and nonunent .

U S Arny Corps of Engineers (Blue Book abbreviation is
USE)

U S. Coast Guard

U S. Coast and Geodetic Survey. Disks inscribed with
USC&GS were set from about 1900 to 1970. Over 10

di fferent pre-stanpings were used. (Bl uebook
abbreviation is CGS)

U S. Arny Corps of Engineers or U S. Engineers
Department (ol d acronym present Bl ue Book
abbrevi ati on)

W de Area Augnentation System (FAA)

Worl d Geodetic System 1984

Agency abbreviations are listed in Bluebook, Appendix C.
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