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1.0 | NTRODUCTI ON

The National Geodetic Survey (NGS), in accordance with

i nteragency agreenents with the Federal Aviation Adm nistration
(FAA), provides geodetic control at airports selected throughout
the United States for GPS Area Navigation Approach (ANA)
procedure devel opnment. This geodetic control, which consists of a
Primary Airport Control Station (PACS) and two or nore Secondary
Airport Control Stations (SACS), is tied to the National Spati al
Ref erence System (NSRS) and will be used to support high accuracy
surveys of airport features and obstructions. These Ceneral
Specifications provide the requirenents for performng the
geodetic control phase for these surveys.

FAA No. 405, Fourth Edition, Septenber 1996, Appendices 3 and 5
provi des general gui dance concerni ng PACS and SACS, i ncl uding
accuracy requirenents, with nore detailed information in this
docunent. Any exception or deviation fromthese docunents nust
be stated in witing in the Reconnai ssance Report and/or Final
Report, depending on timng. Recommendations to exceed or
deviate will be considered if witten justification is provided.
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2.0 RECONNAI SSANCE REQUI REMENTS

Reconnai ssance activities for each survey will include the
foll ow ng: Review of station descriptions in the NGS Data Base;
interviews with airport managenent; recovery of all survey
nmonunments on the airport; selection of PACS, SACS, and NSRS ti es;
preparation of required descriptions, sketches, photographs, and
ot her docunentation; and conpilation of a reconnai ssance report.

2.1 STATI ON DESCRI PTI ONS | N THE NGS DATABASE

The contractor is responsible for review ng NGS data sheets for
exi sting control on and around the airport prior to performng
the field reconnai ssance. The review w || be used to forma I|ist
of control to be recovered on the airport, and a priority list of
Hi gh Accuracy Reference Network (HARN) stations and Bench Marks
to be recovered as NSRS ties.

USC&GS (U. S. Coast & Geodetic Survey) and NGS nonunent
descriptions are contained in the NGS data base, are published on
CD-ROM and are available via the NGS web site
(http://ww. ngs. noaa.gov ) by selecting the red AData Sheets"
link. A database search of all marks within a short distance of
the airport location will reveal USC&GS and NGS marks. This type
of search can be perforned via the AData Sheet@ web page or by
using an NGS Data Sheet CD-ROM Note, the CD-ROWs for each
region are only updated once per year.

Sonme National COcean Service (NOS) or Calibration Baseline (CBL)
descriptions for stations on airports are classified in the NGS
dat abase as non-publishable until new positions are determ ned.
When non-publ i shable, the descriptions will not be avail able

t hrough the NGS Honme Page and will not be published on NGS CD
ROMs. NGS wi il supply these descriptions on floppy disk for each
proj ect .

2.2 CONTACT W TH Al RPORT AUTHORI Tl ES

Cl ose comunication with airport managenent is a critical el enent
of the reconnai ssance. Appointnents with airport managenent
shoul d be nmade well in advance to ensure a qualified airport
representative is available to discuss the survey and the
procedures for working on the airport. Proper clearances to work
in the aircraft operations areas nust be obtained before
performng any work at an airport. A security and safety
briefing may be required before field crews are allowed to work
on the airfield. Follow standard safety procedures and equip al
vehicles with flashing yellow lights and aircraft radios.

Contact with the airport traffic control tower is mandatory
during surveys at controlled airports unless an escort is

provi ded.



http://www.ngs.noaa.gov

| nqui re about pl anned construction or changes in the airport

| ayout. Briefly summarize any future construction plans in the
reconnai ssance report. Present the Aeronautical Survey Program
Brochure and/or Letter to the Airport Manager, explain the survey
work that will be perforned, and describe the purpose of the PACS
and SACS. Discuss optimal |ocations for the practical use and
survivability of the nonunents and finalize the PACS and SACS
nmonunent selections with airport managenent. 1nquire about
underground utilities and other hazards to setting nonunents.
Enphasi ze the inportance of keeping the area surrounding the
monunent s, especially the PACS, clear of any future equi pnent
installations or construction that may block intervisibility

bet ween the nonunents, visibility to GPS satellites, or becone a
source of nultipath interference.

2.3 RECONNAI SSANCE OF EXI STI NG MARKS

Al USC&GS (U.S. Coast & CGeodetic Survey), NGS (National Geodetic
Survey), and NOS (National Ocean Survey or National Ccean
Service) nonunents at the airport shall be recovered, including
witing or updating descriptions as required. See ATTACHVENT 1
for diagranms of these survey disks. All required H gh Accuracy
Ref erence Network (HARN) stations and Bench Marks (BM wll also
be recover ed.

Ful |, three paragraph, NGS-format station descriptions nust be
witten or revised for stations recovered that are determned to
be ANA suitable. ANA suitable stations are defined as a survey
disk, rod, or simlar type nonunment, neeting at |least a stability
code of “C’, considered suitable for GPS observations, and
recovered in good condition. Photographs and station | ocation
sketches as described in this docunent are required for all ANA
suitable stations recovered. Plot all ANA suitable stations on
the airport |ayout diagram

Stations recovered that are determ ned NOT to be ANA suitable
w Il be noted as such in the digital recovery note for that
station. A full, three paragraph description is NOT required for
these stations. A recovery note which states the reason why the
station is NOT ANA suitable, the condition of the mark, and
provi di ng any updates to the “to reach” description IS required.
Phot ogr aphs and station | ocation sketches are NOT required for

t hese stations.

See section 2.8 and ATTACHVENT 5 for detailed information on
witing digital station descriptions and recovery notes. A
conplete, correctly formatted, digital D-FILE from NGS DDPROC
software shall be submtted with the final report. This D FILE
shal | include updated descriptions or recovery notes for al
stations recovered during the project, and shall correlate with
t he adjustnent B-FILE and G FILE. The contractor shall provide

3



draft station descriptions as requested by NGS for quality
control purposes.

2.4 PACS and SACS SELECTI ON GUI DELI NES

Proper nmonunent site selection for PACS and SACS is a primary
goal for these surveys and nust be carefully considered. FAA No.
405, Appendi x 3, provides control station siting guidelines. NGS
shall review all contractor recomended PACS, SACS, and NSRS tie
station selections for approval.

Factors to consider are nonument stability, intervisibility
requirenents, visibility fromthe nonunents to airport features
such as runways, navigation aids, and airport obstructions off
the end of runways, any previous high accuracy connection to the
Nat i onal Spatial Reference System (NSRS), accessibility, and
survivability of the nonunents. The nonunents nust be accessible
to survey crews, and allow for unattended, secure setup of GPS
equi pnent for |long periods w thout hindering airport operations.
PACS and SACS nust allow for setup of both conventional (optical)
and satellite surveying equipnent. |If possible, SACS should be
sited on high ground near the approach end of the primary runways
so they can be better utilized for obstruction surveys.

Monunment s nmust be established in areas clear of future
construction, and should be slightly recessed to protect them
from snow renoval and now ng equi pnent.

M ni mum requirenents, as listed in FAA No. 405, Fourth Edition,
must be net. Al so, see ATTACHMENT 2, Federal Base Network
Station Selection Guidelines for additional guidelines.

2.4.1 Use of Existing Marks for PACS and SACS

An extensive effort should be nade to recover existing survey
mar ks. Exi sting marks should be used if they neet the PACS and
SACS requirenents. Use of existing marks reduces the
proliferation of marks on airports, reduces mark setting costs,
and nakes it easier to maintain an accurate, up-to-date survey
data base. For a discussion of "Existing Monunentation in the
Vertical Network" see page 43-44, CGeodetic 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.

A or B-order marks have been set at nmany airports by NGS. These
mar ks shoul d be used if they neet PACS requirenents.

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 nmust be on the airport nay be granted. Make

4



a recommendation, with justification, in the 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 internediate 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. Again, nake a
recommendation, with justification, in the Reconnai ssance Report.

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 2, 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 or NGS mark and it neets all siting,
construction, and intervisibility requirenents.

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

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

Concrete Monunents- The DDPROC (description software) default
code for a concrete nonunent set in an irregular mass of concrete
is the stability code "D." |f a nmonunment, such as a NGS
calibration base line (CBL) nmonunent (normally "C' stability), is
classified as a code "D' and appears to be better than a "D, "
contact NGS with a recommendation. Note, a "tile probe"” (long
steel rod) may be used to help determ ne the underground extent
of a concrete nonunent. CBL |ocations and data are avail abl e on
the NGS WAWV Hone Page, under "PRODUCTS & SERVICES'. Note, nost
CBL descriptions are not in the NGS database, but can be provided
by NGS.

2.4.3 PACS and SACS Proximty to Airport Features:

PACS and SACS siting requirements are listed in FAA No. 405,
Appendi x 3. PACS and SACS should be established in a secure area
on airport property. |If establishing the PACS and SACS requires
new nonunent ati on, the new nonunents should be set no closer than
60 neters froma runway edge, or 60 neters fromthe inmaginary
runway extension. |If an existing control station is used, the
station should be at least 15 neters froma runway edge. PACS




and/ or SACS should be at |east 400 neters apart, and in |ocations
that will not interfere with airport operations, including
propeller and jet blast. The nonunents nmust not be within 305
meters (1000 ft) of the critical side of an:

I nstrunent Landing 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, in all directions.

M nor obstructions are acceptable, but nust be depicted on the
Visibility Cbstruction Diagram Select a site relatively free of
present and future anticipated obstructions. Uility poles in
the GPS field of view are tolerable, and they provide security
and a reference to help locate the mark, but set a mark at | east
2 meters fromthe pole, to the south if possible. Likew se, marks
within 2 neters of a pole should not be used. Marks shoul d not
be set or used if within 5 neters of a chain link fence.

2.4.5 Use of Marks Set by O her Agenci es:

An existing mark of another organi zation may be used as a PACS if
it nmeets 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
for a SACSif they neet all siting, construction, and
intervisibility requirenents, and are stability A B, or C

2.4.6 Marks on Private Property

Before using a mark on private property, owners nust be contacted
to request perm ssion. Take care to return |andscape to the
original condition. Do NOT include the name and phone nunber of
the property owner in the station description unless the land is
owned by a business, or the owner agrees to have the information
included in the description.

2.4.7 Damaged Survey MarKks:

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

unl ess 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.
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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.
D sk longevity 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 include: | oose disk, exposed edge of disk,
m ssing logo cap, mssing log cap |id, and exposed edge of
concrete nmonunent.

2.4.8 Approval of Proposed Sites for New Marks:

Proposed sites for new PACS and SACS nust be approved by NGS
prior to setting the marks. NGS may approve station sel ections
based on prelimnary reconnai ssance reports to facilitate
efficient field operations. New PACS and SACS should only be set
if no existing mark can nmeet the requirenents. See section 3.0,
ASetting New Marks@, for mark setting guidelines.

2.5 NATI ONAL SPATI AL REFERENCE SYSTEM ( NSRS) TI ES:

Each PACS nust be tied to at |east one “A” or “B” order High
Accuracy Reference Network (HARN) station and two First or Second
order North Anmerican Vertical Datum (NAVD) bench mark stations.
The stations selected for these ties nust be recovered during the
field reconnai ssance. Details for selecting and positioning the
PACS (and CTCORS) ties are listed in section 4.3 “GPS OBSERVATI ON
REQUI REMENTS.” Al'l reconnai ssance deliverables required for “ANA
Suitable” stations are also required for the NSRS ties.

2.6 PHOTOGRAPHS:

Exi sting Monunments- Two phot ographs shall be taken of all ANA
sui t abl e monunments recovered during the survey. To show the
condition of the nonunent, clear the brush, grass, and dirt from
the concrete or rock surface area of the nonunent and cl ean the
disk or logo cap with a whisk broomor wire brush before taking
t he phot ogr aphs.

The first photograph will show the nmonunent fromdirectly above
and cover an area about 1 neter in dianeter. If it is a rod
mark, the | ogo cap should be open. Include a small sign in this
phot ograph with the station designation witten so it is clearly
visible in the photograph.



The second photograph will show the mark in the foreground, and
its identifying surroundi ngs and any unusual obstructions in the
background. Place a sign in each photograph with the nane (or
identifier) of the airport, the station designation and PID,
conpass orientation, station type (i.e. PACS, SACS, etc.), and
date. See ATTACHMVENT 3 for exanples of the required photographs.

Submt both a col or paper copy and digital copy of each

phot ograph to NGS. The project instructions will specify the
format and file nam ng convention to be used for the digital

phot ographs. The photographs shall be included in the

Reconnai ssance Report and may be published on the NGS web site as
a link for each station’s data sheet.

New Monunments- Submit the second phot ograph as descri bed above
for proposed nonunent |ocations. Mark the nonunent |ocation with
a tool or lath if possible and include the sign as descri bed
above. Wen the nonunent is being set, take an additional

phot ograph of the enpty hole before pouring the concrete. Place
a rod staff or other rigid neasuring device in the hole to
indicate the depth of the hole. Take the picture from near
directly above the hole to show as nuch of the shape of the hole
and the soil structure that will be surrounding the nonunment as
possi bl e. Label each photograph with the station nanme and submt
in digital form (no paper copy required). Wen the nmonunent is
conplete, take and submt a overhead vi ew photograph as descri bed
for Existing Monunents above.

2.7 STATI ON LOCATI ON SKETCH AND VI SI BI LI TY DI AGRAM

Submt a station location sketch and visibility diagramfor al
ANA suitable stations recovered during the survey, and for al
new nmonunents that will be set (See ATTACHVENT 4). The | ocation
sketch shoul d show the nonunent in relation to nearby features
such as runway ends, taxiways, airport lights, fence |ines,
bui |l di ngs, etc. Label prom nent features and draw dashed |i nes
al ong the reference nmeasurenents to indicate the reference
objects that are listed in the D FILE description for the
station. Conplete the visibility diagram and sketch the
inscription and stanping detail of the disk in the space

provi ded.

The form nmust be neatly and accurately conpleted. Submt both

t he paper copy and a scanned digital copy to NGS. The project
instructions wll specify the format and file nam ng convention
to be used for the digital graphic files. Gaphic files nmust be
reduced to a size that will print clearly and conpletely on one
page when viewed and printed froma standard web browser. The
digital graphic of the conpleted formw Il be published in the
NGS data base as a data sheet link for each station



2.8 STATI ON DESCRI PTI ONS:

NGS-styl e station descriptions or recovery notes shall be witten
for all marks set, searched for, recovered, or occupied during
the survey. The descriptions and recovery notes wll be
submtted in digital (D-file) format in accordance with chapter
3, vol. I, of Anput Formats and Specifications for the NGS Data
Basel (Bl ue book). (The Blue Book is available on the NGS web
site http://ww. ngs. noaa. gov/ FGCS/ Bl ueBook/) Hard Copy of the

Bl ue Book can be obtained from NGS I nformation Services Branch
(301) 713-3242. The | atest version of NGS DDPROC software
shoul d be used to wite the descriptions in the proper D-file
format. Standard NGS format will be used for all descriptions.
See ATTACHVENT 5 for detailed information on witing station
descriptions and exanpl es of descriptions in D-file format.

2.9 RECONNAI SSANCE REPORT and GPS OBSERVATI ON PLAN

A reconnai ssance report and GPS observation plan shall be
submtted to NGS for review prior to field observations. This
report(s) may be submtted at intervals during the

reconnai ssance. NGS will respond with an approval or comrent
letter as soon as possible, normally within 5 working days. GPS
observation requirenents are detailed in Section 4.

The station designation (name) and PI D (Permanent ldentifier),
exactly as listed in the NGS data base, nust be used in al
survey records.

The reconnai ssance report will include the follow ng information:

Airport Summary Report - A separate paragraph for each airport
to include: Airport contact and access information; whether
airport is controlled; whether escort is required; airport
radio frequencies; intervisibility conditions between the PACS
and SACS; comments on any future construction, unusual

ci rcunst ances, use of w tness posts, and any ot her

m scel | aneous information. |nclude any conments on deviations
fromthese CGeneral Specifications. The Airport Summary Report
can be conmbined with the Station Tabl e descri bed bel ow.

Station Table - For each airport submt a table which lists
Station Nane, PID Nunmber, Establishing Agency, O der,
Stability, Condition at Recovery, and Comments for each
station. List proposed nanme and nonunent type of any new
stations to be set. Identify the PACS, SACS, and all NSRS
ties for the airport. Gve status of marks not used and the
reason. See ATTACHMENT 6 for an exanple.
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Airport Control Plot - Plot all “ANA suitable” control that is
on or near each airport on an airport map. Label each station
with it’s designation and indicate if it is a PACS, SACS

Bench Mark, HARN Tie, or subsidiary control. Hand plotting on
8.5 x 11 paper is acceptable. See ATTACHVENT 6 for an
exanpl e.

Phot ogr aphs — Submt phot ographs in accordance with section
2.6 for all ANA suitable stations recovered during the survey,
and for all new nonunents that will be set.

Station Location Sketch and Visibility D agrans - Submt for
all ANA suitable stations recovered during the survey, and for
all new nmonunents that will be set (See section 2.7).

Station Descriptions - Submt Recovery Notes or Descriptions
for existing marks. Encode the descriptions using DDPROC
software. Note, these descriptions should be reviewed and
corrected by GPS observers when they travel to marks. See
section 2.8 and ATTACHMENT 5 for details on witing station
descri ptions.

GPS observing schenme - Goup airports together that wll be
observed/ processed sinultaneously. Include |length of sessions
and nunber of occupations. List CORS, HARN, Bench Mark, and
any A-order ties for each airport. See ATTACHMENT 12 for an
exanpl e.

Proj ect Vector Diagram - Depict entire project area (state)
wth all occupied stations, except SACS (because of scale).
Synbolically distinguish whether each station is a CORS, PACS
HARN Ti e, Bench Mark or conbination. |Include 300km (or
appropriate scale) dashed circles around CORS and CTCORS, and
50 kmcircles around PACS. Show the GPS vectors that will be
processed. Recommend one sheet of |arge size and additional
smal | er sheets depicting individual airports or airports
grouped together for GPS observations. Provide a scale or
note di stances fromthe PACS to the CORS, HARN, and Bench Mark
Ti es.

Proposed instrunentation |list — Tabulate the brand and nodel
nunbers of GPS equi pnent.

Dat a Processing Software — Specify software name and version
for the software used. Ensure that the current version of al
software i s used.
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3.0 SETTI NG NEW MONUMENTS

The i nportance of setting quality nmonunents cannot be over
enphasi zed. Monunents that are properly |ocated and set can
provi de decades of val uable use for surveying operations. Proper
attention and wor kmanshi p nust be given to all the steps in the
process including the basic tasks of hole digging, rod driving,
concrete m xing and pouring, and finishing the nonunent. The
only physical evidence remaining after a survey has been

conpl eted are the nonunents; therefore, permanency and neatness
of the nonunent and the surrounding area are of utnost

i nport ance.

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 QGuidelines; 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 may be required by
state or |l ocal regulation.

PACS - New PACS nust neet stability code A or B requirenents as
defined in ATTACHVENT 2, FBN Station Selection Guidelines. New
rod marks nmust nmeet the "Quality Code B" requirements found in
ATTACHVENT 9 and Geodetic Bench MarKks.

SACS - New SACS nust neet stability code A, B, or C requirenents
as defined in ATTACHVENT 2, FBN Station Sel ection Cuidelines.
Bronze disks set in rock outcrops, nassive structures, or as
concrete nmonunents will be used for new SACS

Subm t updat ed phot ographs, descriptions, and sketches of the new
stations to update the Reconnai ssance Report.

3.1 STAMPI NG

New PACS and SACS will have a unique stanping. Marks set at a
site with an official FAA location identifier shall be stanped
with that identifier, followed by a sequential letter, followed
by the year the mark was set; see requirenments in FAA No. 405,
Fourth Edition, Appendix 3. D sks and "l ogo caps" should be
st anped before they are set in place.
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3.2 BRONZE DI SKS:
Standard NGS bronze, horizontal disks will be used for rock
outcrop, massive structure, and concrete marks. A rock outcrop
in which a disk is set nmust be hard and a part of the main | edge
and NOT a detached fragnent. A disk set in a drill hole nust be
wel | counter-sunk and adequately fixed in place using highway
epoxy or equivalent. The disks nust be fastened so that they wll
effectively resist: extraction, change of elevation, or rotation.
D sks must be well countersunk, especially in areas where snow
plowing is possible. If the top of the disk is not belowthe
| evel of the surrounding material, a snow plow can scrap off the
brass fromthe top of the disk, 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 will supply the
standard (3.6 inch dianeter) bronze disks with pre-stanped NGS
| ogo. For detailed instructions on setting bronze disks, see
Section 3.4, ATTACHMENT 7 and ATTACHMENT 8.

3.3 STAINLESS STEEL ROD MARKS.

A NGS 3-D rod mark neeting quality code "B" for stability, may be
set for PACS. A 1 neter long, grease filled, finned sleeve wll
be used with this mark. Instructions are in ATTACHVENT 9,
ASETTI NG A NGS 3-D MONUMENT. ( See al so, ATTACHVENT 10,

" PHOTOGRAPHI C DOCUMENTATI ON OF SETTI NG A NGS 3-D GEOCDETI C CONTROL
MONUMENT. " Standard NGS al um num protective covers ("l ogo caps")
W Il be used over rod marks. NGS will supply stainless steel rod
sections, including studs and driving points. Pre-manufactured
datum points wll 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, Ceodetic Bench Marks Manual) unl ess
the rod becones enbedded in rock and cannot be extracted. New
rod marks should be allowed to settle for at | east 1 day before
observati ons.

| 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. Utilize rebar to anchor the nmonunent if feasible. The
area of the bedrock where the concrete will be placed nust be
brushed or washed off thoroughly. Install a standard concrete
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monunment with brass di sk. See ATTACHVENT 7.

3.4 CONCRETE MARKS

New concrete marks, with standard NGS bronze di sks, may be used
for SACS only. Construction requirenments are in ATTACHVENT 7,
ASETTI NG A CONCRETE MONUMENT. @ New concrete marks shoul d be set
slightly recessed with the ground and should be allowed to settle
for at least 1 day before observations. D sks set in concrete
wll be centered in the top of the concrete surface, wll be
flush or slightly recessed with the surface of the concrete, and
the top of the disk will be free of concrete. A round formwll
be used for the top of all concrete marks and protective collars.
This will help ensure a neat finish and hel p protect agai nst
"mushroom ng" which could result in frost heave. Black tar paper
(felt paper) can be used to easily construct a form Al |oose
concrete and ot her debris around the construction site nust be
removed and the site left in excellent condition.

3.5 MARK SETTI NG MATERI ALS:

A listing of mark setting materials can be found in ATTACHMVENT 9.
Al NGS supplied materials will be specified in the project
instructions. NGS will generally provide the stainless steel
rod, threaded studs, |ogo caps, brass disks, and w tness posts.
NGS inscribed materials, including: disks, protective covers

(1l ogo caps), and witness posts, etc. shall not be used outside
the scope of this project.

3.6 WTNESS POSTS

Pl acenment of w tness posts on airport property nust be pre-
approved by the airport manager. Wtness posts should be used on
an airport only when they can be placed in a non-obtrusive area
such as a fence |ine or no-nmow snowpl ow area, and shoul d be
driven as deep as practical so they do not obstruct any
restricted safety areas. 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 nust contain the
standard NGS w tness post | ogo.
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4.0 GPS OBSERVATI ONS:

GPS observation requirenents are sunmmari zed in ATTACHVENT 11 and
detailed in the paragraphs below. A GPS equipnent |ist and GPS
observation schene nust be approved by NGS prior to comrenci ng
the field observations. Cbserving w ndows shall be sel ected, and
nodi fi ed as necessary, to nmaxim ze satellite visibility and
mnimze Positional Dilution of Precision (PDOP) for each
session. Incorporate any information from Notice Advisory to
NAVSTAR Users (NANU) nessages, available fromthe USCG Navi gation
Center web page, when scheduling GPS observations to ensure
optimal survey conditions.

4.1 CORS SELECTI ON

The CORS sites selected nust be included in the NGS National CORS
system Use as many National CORS sites in the project area as
feasible. Position each PACS directly to the nearest Nati onal
CORS station. If a PACS is not within 300km of a CORS, a CTCORS
nmust be established.

CORS maps, data, and information are avail able on the NGS

Nati onal CORS web site (See ATTACHMENT 15 for access). Each CORS
is designated by a three or four letter nanme, followed by the
antenna nunber. The correct antenna nanme nust be used when

downl oadi ng data and the antenna's coordinate information. Each
CORS site usually has two or nore antennas. Check the “data
availability” feature on the NGS CORS web site to determ ne which
CORS antenna was in use during observations, and to see if there
are any gaps in the data. 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.

The weekly "CORS NEWSLETTER' is avail able through the NGS CORS
Dat a web page described above. The Newsl etter provides
information on the status of the CORS system Users may
subscribe to the newsletter at this site.

4.2 CTCORS SELECTI O\

A Central Tenporary Continuously Operating Reference Station
(CTCORS) must be used if the nearest CORS is nore than 300 km
fromthe PACS. The CTCORS will be established by setting up a GPS
receiver on a suitable existing horizontal NSRS station, and w ||
provi de the CORS function in the positioning of the PACS. The
position of the CTCORS will be verified by using the GPS
observation requirenents in section 4.3.1. Because of the |ong
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di stances involved and the additional stations which will be
positioned fromthe CICORS, extrenme care should be taken during

t he 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
antenna renmai ns fixed. Sandbags are recomended to stabilize the
tripod and frequent checks should be nmade of the antenna's
centering and hei ght.

CTCORS Station Selection Criteria are |listed below. The CTCORS
station selection nust be approved by NGS prior to conmencing
field observations.

STATION | S STATION | S
PRIORI TY 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 GQuard (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, observation of sessions |onger
than 4 hours is highly recoomended. Likew se for 1.5 hour
sessions. Separate tripod set-ups are required for each session.

4.3.1 CTCORS Sites

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

di stance between the CORS and CTCORS is greater than 300 km
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contact NGS for guidance on increasing the | ength of
observation sessions. 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
Bench Mark Ties section bel ow.

4.3.2 PACS and HARN Ti e:
If a CTCORS is required for connections, substitute CICORS for
CORS in the foll owm ng paragraphs.

Each PACS shall be positioned fromthe CORS in two or nore

i ndependent, continuous, observation sessions of at |east 4
hours in length. The observations to position the PACS nust
be performed sinmultaneously with the CORS observations. The
start tinme of one PACS observing session should be at |east
2.5 hours different than the second PACS session to
incorporate different satellite geonetry.

Al l PACS nust have a separate positional check by

si mul t aneousl y observing at | east one session of 4 hours or
nmore in length with a "A" or "B" order HARN station. The HARN
station should be within 100 km of the PACS and shoul d be at

| east 50 kmfromthe CORS. Tie to as many "A" order stations
as possible during the project.

A single HARN station can satisfy the tie requirenents for
nore than one PACS if it neets the distance requirenents for
each PACS. Cenerally, no nore than two PACS should be tied to
a single HARN station in one session. Use additional
observation sessions on the sane HARN, or occupy an additional
HARN station to satisfy the HARN tie to other PACS in the sane
ar ea.

An existing "A" or "B" order HARN station on an airport should
be used as a PACS if it nmeets the siting, construction, and
intervisibility requirenents. The station nust be checked
with at | east one 4 hour session to a CORS. Atie to an

addi tional HARN station is not required.

The vector processing results of the two PACS sessions nust
check within 3cm The final adjusted positions of the HARN
ties should check within 5 cm horizontal and 10 cm el |l i psoi dal
hei ght with their published positions.
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4.3.3 SACS:

Each SACS shall be observed in two or nore independent,
continuous sessions of at least 1.5 hours. The session start
times nmust be separated by at least 2.5 hours to ensure a
significant change in satellite geonetry.

These observations will be sinultaneous with PACS observati ons
for that airport.

If a SACS is also one of the bench marks or a HARN tie, the
two or nore 1.5 hour sessions are adequate for the tie, rather
than the normal 4 hour requirenent. This is due to the short
di stance fromthe PACS to the SACS

The vector processing results for the two SACS sessions nust
check within 3cm

4.3.4 Bench Mark Ties:

Ties to two separate NSRS NAVD 88 bench marks are required for
each PACS and CTCORS station. The ties will be perfornmed by
observing each bench mark for at |east one session of 4 hours
or nore in length simultaneously wwth the PACS or CTCORS. The
two bench marks do not need to be observed during the sane
sessi on.

Bench mark ties will be selected in accordance with the Bench
Mark Priority Table on the foll ow ng page. Use of first order
bench marks is highly desirable. The two bench marks shoul d
be as close as possible to, and no further than 50kmfrom the
PACS or CTCORS. Bench marks should be at least 1 kmapart, to
hel p ensure that they are not both affected by the sane
upheaval or subsidence effect. If the PACS or CTCORS has a
publ i shed bench mark el evation, that elevation satisfies one
of the bench mark tie requirenents.

A single bench mark may satisfy one of the tie requirenments
for nore than one PACS if it neets the distance requirenents
for each PACS. Generally, no nore than two PACS shoul d be
tied to a single bench mark station in one session. Cccupy
addi ti onal bench marks, or use additional observation sessions
on the same bench mark to satisfy the bench mark ties for
other PACS in the sanme area.

Bench mark el lipsoidal heights should agree within 10 cm and
bench mark orthonetric heights within 15 cm of published
el evati ons.
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Al l bench mark el evations used in this survey nust be
publ i shed NSRS NAVD 88 bench mark el evations, in neters.

BM PRI ORI TY TABLE

DI STANCE TO CLOSEST

PRIORI TY FlI RST- ORDER BM SELECTI ON CRI TERI A
1 < 25 KM Use first-order BM
Use first-order BMif closest;
2 25 — 50 KM Second-order BM may be used if it

is less than Y2the distance to
the first-order BM

Use a second-order BMif it is
3 > 50 KM | ess than 25 KM away; O herw se
cont act NGS.

Differential geodetic (spirit) leveling (run in both
directions) may be perforned to satisfy the bench mark ties.
These |l evel ties nust be less than 3 km Two bench marks are
required for the beginning of a line of differential (spirit)

| eveling. ldentify these two bench marks in the

reconnai ssance report. If the PACSis tied to two bench marks
by spirit leveling (wthin acceptable tol erances), then the
two bench mark requirenent has been net. Leveling nmust neet
third-order (or better) requirenents listed in: Interim FGCS
Specifications and Procedures to Incorporate Electronic

Di gital/Bar-Code Leveling Systens, version 4.0, 15 JUL 94;

St andards and Specifications for CGeodetic Control Networks,
FGCC, 1984; and NOAA Manual NOS NGS 3, Geodetic Leveling,

1981. Leveling data will be submtted in "Bl ue Book" fornat
on fl oppy disks containing the final version of the follow 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 Il is the
| owest order leveling that will be accepted by NGS.

Third-order elevations determned by spirit leveling (run from
vari ous agencies' bench marks) already exist at airports that
are in the Airport Qostruction Chart (ACC) Program These

el evations (National Ceodetic Vertical Datum of 1929 (NGVD
29)) are listed on the NOS paper description formas a Mean
Sea Level (MSL) elevation, in feet. For the AOC airports that
have been entered into the NGS dat abase by headquarters, the
NGVD 29 el evati ons have been automatically converted to NAVD
88 el evati ons using program VERTCON and will be printed on the
standard station data sheets, in nmeters, with a reference to
VERTCON. Check these AOC third-order el evations agai nst

el evations determined in this survey and tabul ate the result.
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4.4 GPS OCCUPATI ON AT ALL SURVEY STATI ONS

GPS observations wll be performed using FGCS approved dual
frequency GPS receivers. Fixed height tripods wll be used
whenever practical. Separate tripod set ups are required for
each occupation of a station. General information on GPS

equi pnent requi renents and surveying can be found in the NGS GPS
SURVEY MANUAL, avail able on line at

(http://ww. ngs. noaa. gov/ ADVI SORS/ FBN GPSnmanual /) .

Fol | ow t he additional guidance bel ow

4.4.1 Antenna Set-up:

GPS antenna setups nust be done independently for each session.
The word "i ndependent" neans separate tripod setups, separate

hei ght determ nations, and separate solutions. The H nust be
measured in both nmeters and feet, unless a fixed-height tripod is
used. See ATTACHMENT 14, “GPS Antenna Hei ght Measuring
Instructions.” Mnimze the mxing of GPS receiver and antenna
types used for observations. Record the nmanufacturer, nodel

name, and part nunber of the antenna on the field |og.

4.4.2 Epoch Interval / Elevation Mask

GPS data wll be collected at 15 or 30-second epochs; and a 15
degree el evation nmask. Data may be processed at a 15 second or
30 second interval. A NGS CORS station which collects at a 30
second interval may be used.

4.4.3 Station Rubbi ngs

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 and legibly recording all markings. This photograph,
if used, is in addition to the photographs required in the
Reconnai ssance Report, and the stanping nust be readable in this
phot ogr aph.

4.4.4 \Wat her Dat a:

Bef ore taki ng weat her observations, the neteorol ogical
instrunments should be allowed anple tinme (approxinmately 10
mnutes) to stabilize to anbient conditions. Qbservations of
wet - bul b and dry-bul b tenperatures nust be observed and recorded
to the nearest 1 degree Celsius. Baronetric readi ngs 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 imedi 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
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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. Meteorol ogical

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 Cbservation Logs

An observation | og nust be filled out for each occupation of a
station. See ATTACHVENT 13 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, equipnent
mal functi on, DOD adjustnent 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.

4. 6 RECOMVMVENDED EQUI PIVENT:
Dual - frequency GPS receivers that neet the follow ng
requi renents:

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 neasuring full wavelength L2 carrier phase.

Must function acceptably in an Anti-Spoofing environnent.
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Any dual frequency receiver that is L2-squared capable may be
used for SACS observati ons.

Use GPS antenna nodel s that have been calibrated by NGS (See the
NGS Antenna Cali brati on web page at
http://ww. grdl.noaa. gov/ GRD/ GPS/ Proj ect s/ ANTCAL/ )

Ant ennas equi pped with a ground plane or choke ring are preferred
for observations on the PACS and NSRS ti es.
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5.0 VECTOR PROCESSI NG

Vector processing will be perforned using the | atest version of

t he NGS software package PAGE-NT or equivalent. The 'equivalent'’
of PAGE-NT is subjective, based on the software's ability to
correct for the same systematic errors that PAGE-NT corrects,
apply the NGS required antenna offsets, and its ability to
reproduce the sane results as PAGE-NT. This determnation wll
be made by NGS.

The NGS PAGE- NT software package and User’s Manual are avail abl e
vi a anonynmous FTP from NGS (see ATTACHMENT 15). Follow the
vect or processing gui dance bel ow, The PAGE-NT User’s Mnual, and
the Vector Processing Qutline in ATTACHVENT 16.

The grouping of vectors into processing sessions for each day
of observations are determ ned by two factors: 1) The
required reference station, and 2) The di stance of each solve
station fromthe reference station. This vector distance
determ nes the final solution type to be run in PAGE-NT.

Ref erence station requirenents are detailed in the sections
below. Use the followi ng table for grouping vectors together
into sessions according to vector |ength:

PAGE- NT Final Solution Type Determ nation

Vector Distance 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 Fixed or Partially Fixed

| GS precise orbit data and NGS National CORS data nust be used
in data processing. For information on down | oading CORS data
and epheneris data from NGS via the Internet see ATTACHVENT
15.

International Terrestrial Reference Frane (I TRF) station
coordinates will be used for all vector reductions.

I nformation about | TRF is avail able on the NGS WWV Hone Page,
under "PRODUCTS SERVI CES'. The current | TRF epoch must be
used in conputations.

The Antenna Hei ght value entered into the PACGE-NT “Station
| nformation” Menu, “Up” field, is the nonunent to the Antenna
Ref erence Point (ARP). For exanple, 2.000 for a fixed height
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tripod. The nmonunent for a CORS is generally coincident with
the ARP, therefore, 0.000 is entered for a CORS station unless
an offset is listed on the CORS coordi nate sheet. PAGE-NT
will automatically add a constant factor for the ARP to L1
phase center di stance when it nerges the data.

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

Tropospheric Unknown Settings for PAGE-NT Sessions

Vect or Length

Ref erence Station

Sol ve Station

Setting Setting
Under 3knt OFF/ FI XED OFF/ FI XED
(Not Hi ghlighted) (Not Hi ghlighted)
3-100km OFF/ FI XED QN SOLVE
(Not Hi ghlighted) (Hi ghlight ed)
100+km OV SOLVE OV SOLVE

(Hi ghl i ght ed)

(Hi ghl i ght ed)

*If a station is within 3kmof 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.

Revi ew t he PAGE-NT generated plots and text outputs to anal yze
each processing session. PAGE-NT's overall RMS-of-fit of the
post-fit double-difference residuals should not exceed 2.0 cm
| nvestigate individual satellites with a relatively high RVS
or where integers could not be fixed. Also review the files
for input errors such as inproper reference station

coordi nates, antennae height errors, or inproper station
nanes.

Conpare the | TRF coordi nates of all repeat baselines and for
NSRS ties that were occupied nore than once. |Investigate any
station coordi nate conparisons that do not agree within 3cm

Submit all files and printouts as required in ATTACHVENT 16.

5.1 CORS to CORS VECTORS:

Uilize data fromas nany National CORS in the project area as
feasible. CORS to CORS vectors strengthen the GPS network and
allow for easier error detection. Discuss with NGS the CORS to
CORS vectors to be processed. Generally, two 24 hour vectors

wi |l be processed between the CORS stations to form an

i nterconnecting network. See section 4.1 for nore information on
CCRS dat a.
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5.2 CORS to CTCORS VECTORS

Three i ndependent sessions between the CORS and CTCCORS are

requi red at the beginning 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. If the new conmputed | 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, nmust be descri bed
in the project report. Note, the PACS accuracy requirenent is
relative to a CORS, not a CTCORS, so any discrepancy in the
CTCORS position will 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.

5.3 PACS, SACS, and NSRS Tl E VECTORS

The sequential order of vector processing is listed below The
selection of either L1 or lon-Free for the final solution type is
based on vector lengths. See the Solution Type Determ nation
Tabl e (Section 5.0) for guidance when grouping vectors together
for a processing session.

Di scuss the plan for processing any “shared” HARN and bench mark
ties wwth NGS. Generally, each HARN or BM observation shoul d be
included in only one processing session. Use the follow ng

gui dance for preparing the processing plan:

If a HARN station tie is NOT also a PACS, SACS, or BMtie for
an airport, and it is greater than 50kmfroma PACS, it may be
processed in the CORS to PACS session. The PACS observed
simul taneously with the HARN to “share” the tie will be tied
toit indirectly in the group adjustnment. Separate processing
sessions fromthe PACS to the HARN are not required.

If a HARN station tie is NOT also a PACS, SACS, or BMtie for
an airport, and it is wthin 50kmof a PACS, it should be
processed directly fromthe closest PACS. A second nearby PACS
t hat was observed sinultaneously to “share” the HARN tie will
be tied to it indirectly in the group adjustnment. A separate
processi ng session fromthe second PACS to the HARN i s not
required.
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Shared bench mark ties should be processed to their closest
PACS. The second, simultaneously observed, PACS will be tied
to the bench mark indirectly in the adjustnent. Again, a
processi ng session fromthe second PACS to the BMis not
required.

Substitute CTCORS for CORS in the steps below if applicable:.
The sequential order of vector processing is:

Step 1 - Process first CORS-to-PACS vector, with CORS as
reference, using the latest |ITRF coordinates. Note, if nore than
one PACS was observed sinultaneously, include these PACS in the
session if they conformto the vector distance |limtations for
the session (See Sol ution Type Determ nation table above). Also
i ncl ude any appropriate HARN stations in the session.

Step 2 - Process the second CORS-to-PACS vector, with CORS as
reference, as above. Again, include appropriate PACS or HARN
stations that were observed sinultaneously into this session.

Step 3 — Conpare the resulting | TRF coordi nates of the PACS
sessions. Use a spreadsheet to show the differences between the
sessions and the cal culation of the nean (See ATTACHVENT 18 for
an exanple). The two PACS coordi nates should conpare within 3
cm |If they do, nean the positions and go on to Step 4. If not,
contact NGS. The PACS may need to be reprocessed or reobserved.

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

Step 4 - Process the first PACS to (HARN and/or BM session using
the PACS as the reference station and using the nean | TRF
position calculated in step 3. Include stations for this airport
that are over about 5kmfromthe PACS. BMor HARN stations that
are less than 5kmfromthe PACS will be processed in a separate
L1 session. The frequency of the final solutions is based on the
l ength of the vectors. Use the Final Solution Type Determ nation
Tabl e for gui dance on grouping vectors together for processing.

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 the nmean | TRF position cal cul ated
in step 3. BMs and HARN stations that are within 5km of the
PACS may be included in these sessions. Process these short
lines using the L1 frequency only.

Step 7 - Process the second session SACS data as above.
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Step 8 — Conpare the | TRF coordinates of all repeat baselines and
NSRS ties that were occupied nore than once. Include this
conpari son on the sane spreadsheet used for the PACS conpari son

| nvesti gate any station coordinate conparisons that do not agree
within 3cm (if vectors are fromthe sane reference station) or
5cm (if vectors are fromdifferent reference stations).
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6.0 ADJUSTMENT PROCESSI NG

Al'l airports in a project area should be adjusted together, or
the area can be subdivided into groups of airports which are

| ocated cl ose together and share tie stations (CORS, BM HARN)
Airports can be adjusted individually only if approved by NGS
Di scuss an adjustment plan with NGS prior to running the

adj ust nent .

The adj ust software package can be downl oaded fromthe NGS hone
page (http://ww.ngs. noaa. gov) by accessing the “PC Prograns”
link. ATTACHVENT 17 contains a detailed outline of the

adj ust ment process for airport geodetic control projects. Follow
the attached outline, the guidelines found below, and the witten
Adj ust docunentati on when perform ng the adjustnent.

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
hel d) .

ADJUST's ' Mean Absol ute Residual' statistics (from Adjustnent
#1) nmust 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
hori zontal 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 the Final
Report.

HARN ties to "A" or "B" order stations should check within 5
cm horizontal and 10 cmellipsoidal height conpared to their
publ i shed positions. Notify NGS imediately if checks exceed
t hese tol erances. Show the coordi nate conpari sons on a
spreadsheet (See ATTACHVENT 18).

Bench mark el lipsoidal heights should agree within 10 cm and
bench mark orthonetric heights within 15 cm of published

el evations. Notify NGS immediately if checks exceed these
tol erances. Show t he hei ght conparisons on a spreadsheet (See
ATTACHMENT 18).
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Section 7 of the Bluebook, Annex L, are superseded by the
foll ow ng guidelines for adjustnment processing and submttal. Use
t hese guidelines along with the step by step Qutline of the

Adj ust Procedure in ATTACHMVENT 17.

Al adjustments will be run in three dinensions. Do NOT scale
the gfile for ANA geodetic control projects. Ensure all input
files are conplete and free of format errors by utilizing the
checki ng progranms. *86* records should be in the bfile before
begi nning the adjustnment. Do not insert GEAQ D heights until the
hori zontal adjustnents are conpl ete.

Ensure the proper code was inserted into the solution coordinate
system code (cc 52-53) of the Gfile created by PAGE-NT. Adj ust
Wi ll use this code to internally transformthe | TRF vector
conponents to the NAD 83 reference system

ADJUSTMENT ONE- A free adjustnent to determ ne the strength of
the GPS network. Hold the NAD 83 position and ellipsoid height
of one CORS station fixed. Constrain the CORS that was used for
the majority of the vector reductions or that is |ocated near the
center of the project area.

Resi dual s on any vector conponent should not exceed 3cm and nust
not exceed 5 cm CQutliers remaining after a review of the vector
reductions may be rejected if sufficient redundancy exists or
upon approval from NGS headquarters.

ADJUSTMENT TWO- A fully constrained horizontal adjustnent to
determ ne new NAD 83 coordinates. Constrain the NAD 83
coordinates (latitude, |longitude, ellipsoid height) of all CORS
or CTCORS stations used in processing. This adjustnent would be
run in a simlar fashion to the free, except for holding any
addi tional CORS or CTCORS stations fixed which 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 shall be nmade between the coordinates determned in
this adjustnent and those currently published by NGS. Use a
spreadsheet to calculate the differences in the X, Y, and Z
conponents (See exanple in ATTACHVENT 18). Program | NVERSE3D
shoul d be used to determ ne the exact Delta Hei ght and

Ell'i psoidal Distance for conparisons that do not fall well wthin
tol erance. As noted previously, differences of 5 cmhorizontally
and/or 10 cmin ellipsoidal height wth published positions
shoul d be imedi ately brought to the attention of NGS for
investigation. Submt all conparisons with the final report.
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ADJUSTMENT THREE- A suppl enental, horizontally constrai ned

adj ustnment holding all CORS and HARN stations fixed for NGS use
in deciding on the final constraints. Submt the results of this
adj ustment, but use the results of the previous adjustnent
(holding all CORS stations only) for the final files and for
conputi ng accuraci es.

ADJUSTMENT FOUR- A mnimally constrained free adjustnment to
determne the length relative accuracies of the adjustnent. Run
program QQRECORD to add QQ records to the afile. Hold the NAD 83
position and ellipsoid height of one CORS station fixed. Use the
output bfile fromadjustnent 2 as the input bl uebook.

Use program BBACCUR to derive a listing of the accuracies.

Exam ne the accuracies to determine 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 shoul d be

| :100,000. PACS will be published as B-order; SACS and bench
marks as first-order. Discuss any problenms with NGS and det ai
themin the report. NOTE: The final PACS and SACS coordi nates
must neet FAA docunent No 405, Fourth Edition, accuracy

requi renents. The conputed accuracies will help in the analysis
of neeting those requirenents.

Use program ELLAC to derive the order/type of the ellipsoid

hei ghts. This value nust be edited into the *86* records of the
final B-file. The value chosen should be that of the majority of
the lines and will be used for all stations.

ADJUSTMENT FI VE- A free vertical adjustnent to determ ne the
strength of the vertical network. Insert geoid heights into the
output bfile fromadjustnent 2 and use it as the input bfile.

Use the | atest version of NGS geoid software to derive the geoid
hei ghts. Hold the NAD 83 |l atitude and | ongitude of one CORS
station and the NAVD 88 orthonetric hei ght of one bench mark
(center of project area) fixed. Conpare the published bench mark
el evations with those obtained in this adjustnment and notify NGS
of any exceeding 15 cm

ADJUSTMENT SI X- A constrained vertical adjustnent to determ ne
the new GPS derived elevations for the project. This adjustnment
may need to be run several tines to determne the optim

sel ection of bench marks to use as vertical constraints.
Constrain the NAVD 88 el evati ons of bench marks that checked the
best with their published positions based on the free verti cal
adj ustnent. Run the adjustnent and review the results. Continue
to add constraints until any “poor fitting” bench marks are
determ ned. Allow poor fitting bench marks to float in the final
vertical adjustnent. Use the orthonetric heights fromthis
adjustnent for the final B-file.
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Submit a spreadsheet which shows the height difference between
t he published NAD 83 bench marks and their final adjusted

el evations. Discuss any outliers in the project report. Also
docunent any actions taken as the result of poor bench mark
checks.

The final B-file submtted nmust contain the positions and

el i psoidal heights derived fromthe final constrained adjustnent
(ADJUSTMENT TWO) and the orthonetric elevations fromthe fina
vertical adjustnent (ADJUSTMENT SI X). Program ELEVUP can be used
to easily conbine the files. The B-file nust satisfactorily run
t hrough the required checking prograns.
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7.0 FINAL PRQIECT REPORT and DI G TAL DATA SUBM SSI ON
A final project report detailing the GPS observations, vector
processi ng, and adjustnent shall be submtted to NGS. This
report is in addition to the Reconnai ssance Report that is
described in Section 2.9. Photographs, updated sketches,
descriptions, and other information concerning mark setting
performed for the project nust be submtted separately as a
suppl enent to the Reconnai ssance Report.

Ceneral guidance for project reports and data submtted to NGS
can be found in Annex L of the NGS Bl uebook, and in Policy of the
Nat i onal QOcean Service Regarding the Incorporation of Geodetic
Data of Other Organizations into the National Geodetic Survey
Dat a Base, dated Septenber 1994 (available on line at

http://ww. ngs. noaa. gov/ I NFQ i ncorp data. htm).

The Project Report shall contain at |east the follow ng:

An overview di scussion of the field work, data processing, and
adj ustment perforned. This discussion should include a
summary of the results, problens encountered, and any unusual
ci rcunst ances or deviations fromthe requirenents in the
Project Instructions or these General Specifications. Include
comments on any deviations fromthe Reconnai ssance Report.

A listing of personnel who worked in the field or were
invol ved with the data processing for this project.

A listing of the brand, nodel nunber, and serial nunber for
all the GPS receivers and antennas used in the project. List
the quantity, brand, and type of tripods used. |nclude any
instrunmentation used for differential |eveling.

A listing of all software, including version, used during the
project for RINEX conversion, vector processing, adjustment,
and verification (all checking prograns).

A final station list. Use a table format to |ist each
station, the station type (PACS, SACS, etc.), and each
observation session for the station.

A final Project Vector D agram Update the vector diagram
submtted with the Reconnai ssance Report (see Section 2.9).
Submit only the large size plot. Discuss the final |ayout
W t h NGS. I ncl ude processing session designations on the
vectors if feasible. Showindirect ties to “shared” HARN

stations and bench marks.
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Submit the original copy of all field | ogs (Qbservation | ogs,
Penci| Rubbing forns, updated Station Location Sketch and
Visibility D agrans).

A vector processing schene tabul ated by airport and session
which lists: reference station and solve stations with their
station type; observation tinme for the vector, solution type
(L3 fixed, etc.), and final RVS for the session. Note the

t ropospheric unknown settings for each session. Provide any
coments on problens encountered or anonmalies with the
processi ng session. This table can be incorporated into the
spreadsheet descri bed bel ow

A spreadsheet show ng the conparison of the I TRF coordi nates
(X,Y, and Z2) of all repeat baselines and for NSRS ties that
wer e occupi ed nore than once. Show the solution type, final
RMS, and di stance for each vector. Show the cal cul ation of

t he mean PACS coordinate. See ATTACHMENT 18 for an exanple

spr eadsheet.

Subm t paper copies of the COVBI NED. SUM files for any
processi ng sessions that were difficult to process or produced
guestionable results. Submt paper copies of any other files
requested by NGS for quality control.

Subm t paper copies of the coordinate sheet for all CORS and
CTCORS stations used during vector processing.

Submit a detailed description of the project adjustnent.

D scuss each of the adjustnents separately, including points
hel d and the source of the position or elevation used. Explain
unresol ved error nessages fromthe checking progranms. D scuss
the anal ysis perforned and the results of the adjustnents.
Submt the spreadsheets or tables used to conpare the adjusted
coordinates with their published coordi nates (see Section 6).

Submt a paper copy of the output for prograns COVPGB,
NEWCHKOB, OBSCHK, OBSDES, CHKDESC, BBACCUR and ELLACC. Submit
any ot her paper copies of adjust files requested by NGS for
quality control

Submit a detailed directory tree listing, on paper, to be used
as an index for locating all processing, adjustnent, and
supporting files that are submtted in digital format. Do not
l[ist the individual files within the PAGE-NT vector processing
directory for each session or the files in the RAWand RI NEX
data directories; Just provide a summary expl anation of the
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files to be found in these type directories.

If the RAWand RINEX data files are not nanmed by their
occupi ed station 4 character ID, submt an index of station
name to RAWand RI NEX file nane.

Submit a transmittal letter listing all itens submtted to NGS
with the project report.

Digital data should be submtted on CD-ROM or | OVEGA ZI P di sks.
The followng digital files shall be submtted:

PAGE- NT fil es-

Submt all the raw data, RI NEX data, precise epheneris, and
PAGE-NT files in accordance with ATTACHVENT 16. |nclude the
CORS RINEX data files used for processing.

Submit the spreadsheets used for conparing the vector
processing results (see Section 5).

ADJUST fil es-

Submit all ADJUST and checki ng prograns input and out put
files in accordance with ATTACHVENT 17.

Submit the spreadsheets used and/or | NVERSE3D program out put
files used for conparing published coordinates with their
adj ust ed coordi nat es.

Submt the digital data sheet or coordinate file for stations
used for fixed control during the adjustnent (CORS

| og/ coordi nate sheets, NGS data sheet for HARN and bench mark
coordi nates, etc.).

O her Digital Files-

Submit the finalized description file (D-file and . ha format)
fromthe NGS DDPROC software.

Submit any other digital files required by the Project
I nstructions, these General Specifications, or requested by
NGS that were not submtted previous to this report.
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GLOSSARY

(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 - Azimuth 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 1.

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
establ i shed 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 dianeter, 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.

DOD - Depart nent of Defense
FAA - Federal Aviation Adm nistration
FBN - Federal Base Network (NGS)
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FGCS -
GPS -
HARN -

| TRF -

MARK -

MONUMENT -

NCS -

NSRS -
PACS -

RM - Ref
to

Federal Geodetic Control Commttee (Changed to FGCS in
Cct ober 1990)

Federal Geodetic Control Subcommittee
A obal Positioning System
Hi gh Accuracy Reference Network
International Terrestrial Reference Franme
(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.
A structure that marks the | ocation of a point
determ ned by surveying. In the case of a disk in
concrete, the nonument would be the entire structure.
Mar k, monunent, and station can nean the sane thing.
North American Datum of 1927
North American Datum of 1983
North American Vertical Datum of 1988

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

Nati onal Ceodetic Vertical Datum of 1929

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

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

Nat i onal COcean Service. Disks inscribed wwth this NOS
name were set from about 1983 to the present.

Nat i onal Spatial Reference System
Primary Airport Control Station

erence Mark: A survey mark of permanent character close
a survey station, to which it is related by an

accurately neasured di stance and azinmuth. For a
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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

Wi

th the next consecutive reference nunber used if an

earlier nunber was destroyed. See ATTACHVENT 1.

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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