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s S'I‘AN@_RD NAVIGLTION RRIEFING

‘ ogxog D/Conninq Officer/Bridge-CIc ship Control Teams

& Réview of charts and track
Ty ?1anned fix intervals
..‘3"-";(2) anticipated NAVAIDS
ﬁﬂazards to navigation

(1) Danger'bearings/ranges

{2) Danger soundings
{3) Navigation warnings
c. Maximum allowable deviation from track
4. Maximum safe speed for each leg
e. Areas where ship can divert to or anchor in emergencies
£. Anticlipated maritinme traffic
g. Environmental conslderations |
{1) Tides
{2) Currents
(3} Weather predictions
= h.. pemarcation lines
(1) Inland/international rules of road
{(2) Bridge-to-bridge RT
i, Buoyage systen in effect (lateral or cardinal)
j. Port :equlrements/regulations
x. HNavigation equipment status
1. Berthing/mooring configuration

m. Tug(s)/pilot assignments
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: JUN 03 1988 :
NAVIGATION CHECKLTST

YES NO

. 1s there-a navigation bill (doctrine) that

prescribes uniform responsibilities and procedures

for the safe-navigation of the ship, including

navigation in restricted waters under conditions ,

« " :o0f low visibility? Ref: OPNAVINST 3120.32B, . :
C-Arts. 630.13 and 630.13.5 -

2. Is the watch, quarter and station bill current,
complete and readily available to navigation
personnel? Ref: OPNAVINST 3120.32B, Art. 602

a. Does the organization provide for and ,
designate statfons for personnel to pilot the ship

{1} During special sea and anchor detail?
12) buring general quarters?
{3} During low visibility?

3. a. Are appropriate steering casualty procedures
available at all steering stations?

b. Do procedures cover individual responsi-
bilities? Ref: OPNAVINST 3120.32B, Art. 640.3
and COMNAVSURFPACINST 3530.2B

4. Are speed and RPM tables posted at all
conning stations?

5. Are extracts from the O0il Pollution Control
act of 1961 readily available to the 00D?

6. Is the Officer of the Deck Standing Orders
Book readily available to the 00D? (0OD Notebook)

a. Does it contain OOD standing orders?
Ref: OPNAVINST 3120.32B, Art. 1003

b. Does it contain tactical data and checkoff
1ists? Ref: OPNAVINST 3120,32B, Art 630.21.5

7. 1s the Captain's Night Order Book maintained?
Ref: OPNAVINST 3120.32B, Art. 1003

8. Are all foreign articles stowed away from
21l electric and electronic equipment?

9, Are operating instructions available for all
electronic equipment?

10. Is all emergency lighting in operating
condition?

}1. Are effective editions of the following
instructions on board and readily available to the
navigator? Ref: COMNAVSURFPAC Notice 5215 (current)

a. COMNAVSURFPACINST 3180.2E
(subj: Pacific Fleet Replenishment Guide)

b. CINCPACFLTNOTE C5440 {current)
{Subj: PACFLT Organization)




COMBRAVSURFPPACINST 3530.2B

JUN 03 1088
: - YES NO
. c. FACSPACSDINST 3120.1M (Subj: '
. Manual of Fleet Operating Areas)
d. OPNAVINST 3120.32B (Standard Organization
.and Regulations Manual of the U. S. Navy)
e. COMNAVSURFPACINST 3530.2B (Navigation
Standards and Procedures) . N ot
12. 15 a complete file of the following properly
maintained? ’
a. Weekly Notice to Mariners?
b. Local Notice to Mariners?
{Eleventh Coast Guard District) -
c. HYDROPACS/NAVAREAS?
d. Broadcast Notice to Mariners?
e. Summary of Chart Corrections?
Y313, 1Is there an adequate system in force to ensure
that the navigator receives all radio message T
traffic concerning navigational hazards?
14. Are the following on board and properly
maintained?
a. Magnetic Compass Record Book? Ref: OPNAVINST
3120.32B, Art. 422
b. HNavigation Work Book? Ref: OPNAVINST .
3120.328, Art. 323 and OPNAVINST 3530.3B

(1} Is a U, S. Navy Navigation Work Book
used?

{2) If not, is a green record book used?

{3) Has the commanding officer specified in
writing that the green record book is the command's
official work book? Ref: OPNAVINST 3530.3B

c. Sounding Record Book? Ref: OPNAVIRST
3120.328, Art. 323 {Recommended)

d. U. S. Navy Standard Bearing Book? Ref:
OPNAVINST 3530.3B and COPMNAVINST 3120.32B, Art. 323

e, Ship's Deck Log? Ref: OPNAVINST 3100.78

f. RADFO Log? Ref: NWIP 50-3, Appendix "E”

15. Has the commanding officer determined in writing
which charts and publications are to be kept corrected
up to date? Ref: OPNAVINST 3120.328, Art, 323 and
Art. 630.13.4

16. Are the following on board and properly correctéd
up to date if required by -the commanding officer?

a. HNautical chart and Publication Allowance,
CINCPACFLTINST 3140.3. List discrepancies:

R A
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:s,'ém'ihﬁnbél'i‘B{xi_letin" Digest: DEC/JUN

Monthly bulletin - JAN/JUL
ERRENC " FEB/AUG
MAR/SEP

APR/OCT

MAY /NOV

d. Catalog to nautical charts (1 through 9)

List deficiencies:

e. COMDTINST M16672.2A (Rules of the Road)

17. Are short corrections for sailing directions
correctly applied? :

i8. a. Is the basic ninimum oceanographic office
chart and publication allowance on board?
Ref: CINCPACFLTINST 3140.3

L. Are the latest editions of approach and
harbor charts for designated home port on board?

19, Are chart and publication correction record
cards prepared for the full allowance of charts
and publications? Ref: CINCPACFLTINST 3140.3

20. Are the chart and publication correction record
cards changed through the latest Notice to Mariners,
o Local Notice to Mariners if applicable?

21. Are those charts corrected through the latest
Notice to Mariners, Local Notice to Mariners, Broadcast
Notice to Mariners and HYDROPACS, if applicable?
22. Have all magnetic compasses been tested for

sensitivity when first received on board and during

each regular overhaul? Ref: S9086-HW-STM-000; Ch 252

{must be recorded in Magnetic Compass Record)

23, Have all magnetlc compasses been adjusted within

the past twelve months or since the last overhaul?

Ref: S9086-HW-STM-000; Ch 252

24, 1Is the observed deviation within 30 deqgaussing
off and 50 degaussing on?

25. a. Is a current copy of the deviation table
posted at or near each magnetic compass?
Ref: S9086-HW-STM-000; Ch 252

bh. Is a copy available for use at Nav Plot and
CIC?

26. Do the observed deviations recorded in the
magnetic compass record book correspond to the
table deviations?

27. 1Is the following navigational equipment in
satisfactory operating condition?

. a. Steering casualty alarm?

‘.‘- o F ‘ _ Lo | Enclosure (3. !T.{,_
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b. Gyro repeaters? (error displayed and-
dated) (daily) S

¢. Gyro alarm?

d. Navigational lightsa?

e. Ship's whistle?

f. Bridge radar repeater? (Range and bearing
error displayed and dated, daily) :

g. Bell and gong for fog signals? Ref: NSTM
9240.121

h. Fathometer? (operating instructions posted)

i. Does ship“have a lead line?

'j. Speed log?

k. Dead reckoning analyzer?

1., Chronometers?

m. Sextants, 3-arm protractor?

n. Alidades?

0. Stadimeters?

p. Aneroid barometer? (Ht, correction and
calibration date)

g. SATNAV (operating instructions posted?)

r. Degaussing system?

s. OMEGA (operating instructions posted?)

t. LORAN € (operating instructions posted?J

1, Gyro repeaters have relative bearings
indicated/or dummy compass card?

28. Are the largest scale corrected charts
available and used at navigation plot in CIC as well
as the bridge?

29, Do CIC and the bridge Nav plot use the same
charts and tracks?

30. Are all turning points based on advance and
transfer, complete and accurately determined?

31. Had the gyro error and repeater errors been
determined by a range and dated and posted at all
conning stations?

32. Was radar range error determined dated and
posted on all radar repeaters?

33. Was the bridge~to-bridge radio telephone

operational and used, and the R/T Log properly
maintained? Ref: Public Law 92-~63

34. Are the watches fully manned in accordance with
the SORM and CIC Doctrine?

Enclosure {(3) i:“:, o : 4
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YES o)
watch personnel poS-qualified for their
n dipositions? ‘

“‘are experienced personnel, as opposed to the
" pewest members onboard, designated to maintain
the logs? (The purpose of the logs {s not only

. for historical record but for reconstructing ship
.evolutions.)

37, -Are senior and experienced petty officers on the
watch bill as watch supervisors to lend maximum
professionalism to the performance of the watch
teams?

38. Is the bridge organized to swiftly transition
to a LOWVIS piloting team? (The bridge should be
augmented, not replaced, by CIC as the primary
LOWVIS team.)

" .39, Are the ship's tactical data available at
navigation plots?

40. Are communicatlions on the navigation circuits
checked prior to getting underway and the results
logged in the appropriate logs?

41, Are clocks synchronized between CIC and the
bridge prior to getting underway oOfF before commencing
a coordinated piloting evolution, €.9-. coastal
navigation or returning to port?

42, Are the LOWVIS watch bille published prior to
getting underway to facilitate immediate
. implementation?

43. Does the navigator hold a formal letter of
designation and instruction regarding maintenance
and correction of nautical charts and publications?

44, Did the navigator conduct the briefing
regquired by COMNAVSURFPECINST 3530.23?‘

45. Have wind, tide, current and other weather
conditions been determined and posted at all plotting
stations?

46, Has the intended track been appropriately
1ai{d cut on the chart?

47. Does the track include danger bearings, proposed
turn bearings and labeled shoal waters?

48. Fix frequency will be as dictated by the
circumstances and the judgment of the command.
However, the general guidelines laid down by
international agreement as outlined in DUTTONS 12th
ED, Chap 14 Article 1408 sexrves as a useful reference.
qere fixes taken at {ntervals of three minutes or

es8?

—_ P P

249. Were all fixes of the bridge and CIC team coordinated,
compared and analyzed by the navigator? For minimum
bridge noise jevel, the navigator should quietly

receive CIC's fix/position information via a navigation
s/P phone circult, compare that {nformation with his plot,
and merely add in report to conn that CIC concurs/does

not concur in his fix/position.

~50. Do the navigator's fix reports to cond include ; S o
the following information? S e !

5. _ Epcloshtek(33
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_ 'YES‘
a. Quality of fix;

b. Time;

1]

c. Position;

4. Depth of water beneath keel and nearest.shoal.
water or navigation hazard;

e, Course recommendation;

f. Turning point (visual aid); fi
g. Next track: course; .

h. fTurn bearing;

i. Set and drift;

NENEEN

J. Length:of present course;

K. Turn time:;

s+ 1. Method of turn (upon navigator's
recommendation); and,

m. CIC concurs/does not concur.

51. 1Is the bridge quiet, orderly, and free of
non-essential noise?

52. Are the navigator's fix reports to the conning
officer clear, concise and meaningful? An appropriate
example is provided as follows: "Based on an excellent
fix at time 0B10 X hold the ship 50 yards to the right
of track, depth of water under the keel is 7 fathoms,
nearest shoal water is on the starboard beam 500 yards.
Recommend coming left to 3000T to regaln track

at next turning point which is buoy #2, Next track
course is 2850T after passing Buoy #2 on the port
beam on turn bearing 2900T on the Coronado water
tower., Set and drift is 14007 at 3 kts., Length of
present course is 1500 yards, turn time on ny
recommendation is 0814, CIC concurs.

53. Does the conning officer hear, evaludte and
formally acknowledge the navigator's recommendations?

54. Was there a continuous and healthy dlalogue/exchange
of information between the conning officer and navigator
after each fix report? An example of a typical exchange
follows: “Conn aye, concur, will remain on 3150T to
avoid shipping for approximately 500 yards, then come
left to 2980T to regain track," Navigator: “Navigator
aye, 3150T is a safe course for 500 yards."

35. Are turn bearings effectively forewarned, used
and adjusted as necessary?

6. Was there an effective turn bearing countdown?
Was the turn bearing valid?

57. 1Is fathometer 1nformatioh directly available to
the navigator and recorded with each fix?

58. 15 SONAR and FC radar information available
in the event of low visibility?

" Enclosure (3)
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YES NO

:59.°"1s a DR effectively used at all times and extended
.“to ‘the maximum length appropriate to the circumstances?
i "(as a rule of thumb, the minimum DR should be twice the

" fix interval.) - :

60. ' Did the ship utilize the bridge-to-bridge .

B ‘ communications on an initiative basis to advise ships

-4 . astern of hazards to navigation or changes in weather

' conditions, if appropriate?

61. Were changes initlated only by the person required
to sign the log? (OPNAVINST 3100.7B) ’

§2. Did the 00D sign the log upon being relieved?
(See para 2-13 and log example sheets in OPNAVINST
3100.7B}

€3. Are set and drift accurately computed and
considered in making recommendations?

64. Does the navigator inform the conn when to use
international/inland navigation rules?

65. Is the navigation plot complete and legible?
66. The watch team principals should be intimately
familiar with the collision regulations {COLREGS)
published as Havigation Rules effective 23 Dec 1983.

Is there a knowledge of COLREGS demonstrated by
the command?

67. Does the ship's standing orders reflect the
v/ requirements of COLREGS?

68. Under conditions of low visibility, did the 00D/
JOOD order:

a, Qualified fog lookouts to be posted? (No
other duties, unimpaired by sound powered phones, an
in addition to regular lookouts) .

b. Chains to be manned and ready with equipment
on station? (Qualified leadsman with lead line must
be on station.)

ec. Anchor(s) to be manned and ready for
letting go? ‘ :

d. Material Condition Zebra to be set main deck
and below?

e. Running lights turned on?

Y

f£. Silence on the bridge, all hands in pilothouse
{or at conning station) to 1isten for and report sound
signals (horns, whistles, bells, etc.)?

g. Ship's whistle sounded to conform to inland/
international rules as appropriate?

69. Was safe speed used as prescribed by rules in
COLREGS? .

70. When a fog signal was heard forward of the beam,
. was speed reduced to that requlired?

71. Were all uncorrelated fog signals identified
and all risk of collision determined not to exist
before the ship proceeded on? . :

7 Enclasuras {3V
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CiC SURFACE CONTACT MANAGEMENT ANLD LOWVIS PILOTING CHCCRLIST

YES NO
1, Are watch standers properly qualified in accordance
with PQS standards for each watch station they
will occupy?

2. Are all the stations manned as required by the SORM
and CIC Doctrine? (Watch stations should be manned and
tasked with realistic work locads.)

3., -‘Are phone stations manned by knowledgeable and
qualified talkers?

4. Were communications on the NAV circuits

checked prior to getting underway and results logged
in .appropriate logs?

5. Are the communications procedures adeguate to
ensure rapid exchange of vital information between
sCIC/Conn/navigator?

.6. . Are dll contacts designated and logged in the
Contact Log while underway?

7. As a minimum, is the following contact information
determined/recorded:

a. Time/date

b. Designation

c. Range/bearing

d. Course/speed (and changes thereto)

e, CPA ({including time of CPA, bearing, range
and changes thereto)

f. Remarks {e.g., identification, opening, closing,
fading, scrubbed, lost)

8. Are contacts tracked and reported, in accordance ' -
with the command policy directives?

9, Are contacts "scrubbed” and "watched"™ by the
authority outlined in command directives?

. 10. Are lookouts relaying contact information to -
CIC/conn? =
Are they coached onto new contacts?

11, Are loockout contacts correlated by CIC with
radar contacts?

12. 1Is the nRT/NC-Q operator proficient in DRT mechanies
of operation, symbology and plotting legibility?

13. When potentially dangerous situations become
discernible, do all watch standers understand the
responsibility to make the facts known to the conn,
including means of communications alternative to
the JL circuit such as the 21 MC and messenger to
the bridge?

_1gqﬁc16§ur§p(3f
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COMMaNDER NAVAL SURFACE FORCE S '
i UNITED STATES PACIFIC FLEET
NAVAL AMPHIBIOUS BASE, CORONADO

SAN DIEGO, CALIPORNIA 92155-5835

COMMANDER NAVAL AIR FORCE
UNITED STATES PACIFIC FLEET
NAVAL AIR STATIONM, NORTH ISLAND
SAN DIEGO, CALIFQRNIA 92135-51048

. COMNAVSUREPAC/

COMNAVAIRPACINST 3538.3B
Code H52/WPC-127-88

05 JUN 1983

COMMAVSURFPAC IISTIUCTIOH—353..38£COHIAVAIRPLC INSTRUCTION 3538.3B
Subj: STANDARDIZED NAVIGATION PROGRAM

Encl: (1) Joint COMNAVSURFPAC/COMNAVAIRPAC Navigation Guidelines

1. Purpose. ToO promulgate joint navigation guidelines to be observed by
COMNAVSURFPAC and COMNAVAIRPAC vessels.

2. Cancellation. COMNAVAIRPACINST 1530 .3A/COMNAVSURFPACINST 353@.3A.

3. Action. Effective upon receipt, enclosure {1) shall be utilized as a
gquide 1in Improving navigational accuracy.

L.]a. (;Mv?m | & : E : =5

J. B. PERKINS IIX

L. R. CANEPA Deputy and
Chief of Staff Chief of staff
’ COMNAVSURFPAC

pistribution:

SNDL Parts 1 and 2

26A2 Amphibious Group PAC

282 Carrier Group PAC

2882 Cruiser-Destroyer Group PAC

28C2 surface Group PAC

28D2 Destroyer Squadron PAC

28E2 Surface Squadron PAC _

28G2 Mine Squadron and Division PAC -

2812 Craft Opportunity Mine Squadron and Unit PAC (COCPMINERON 1l only)

2832 Combat Logistics Group and Combat Support Squadron PAC

28L2 Amphibious Squadron PAC

29A2 Guided Missile Cruiser PaC (CG) (CGN)

2982 Alrcraft Carrier PAC (CV) (CVN)

29E2 pDestroyer PAC (DD) 963 Class

29F2 Guided Missile Destroyer PAC (DDG)

29H2 Frigate PAC (FF) less 1848/1097 Class

2932 Frigate PAC (FF) 1248/1851 Class

29K2 Frigate PAC (FF) 1852/1877 Class

29L2 Frigate PAC (FF) 1#278/1897 Class

29R2 Battleships PAC (BB)

29AA2 Guided Missile Frigate PAC (FFG) 7 Class

29BB2 Guided Missile Destroyer (DDG) %93 Class PAC

39A2 Minesweeper, Ocean {Nonmagnetic) PAC (MSO)

jac2 Mine Countermeasures PAC (MCM 1) Class and Fleet Introduction Team
31a2 Amphibious Command Ship PAC (LCC)

31B2 Amphibious Cargo Ship PAC (LKA)

31G2 ‘amphibious Transport Dock PAC (LPD)

31H2 Amphibious Assault Ship PAC {LHA) (LPH)

3112 pock Landing Ship PAC (LSD) 41 Class

3132 Dock Landing Ship PAC {LSD)

31M2  Tank Landing Ship PAC (LST)

322 Destroyer Tender PAC (AD)

jac2 Ammunition Ship PAC (AE) : )L,
32G2 Combat Store Ship PAC (AFS)

32H2  Fast Combat Support Ship PAC (AOE) /
32N2 Oiler PAC (AO0)

32qQ2 Replenishment Oiler PAC ({ACR)

3282 Repair Ship PAC (AR)
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SECTION 1 05JUN 1989

INTRODUCTICN

1. Backsfround. While a great deal of emphagig must always be placed on
piloting and navigation in restricted water, the increasing use of tactics
designed to exploit the capabilities of advanced zurface, sub=urface, and
airborne weapong systems has caused a greatsr emphasiz to ba placed on open
ocean navigation accursacy. Over-tha-Horizon Targeting (OTH-T), Direct
Support operations (DS), and the requirement for rendezvous under EMCON
conditions demand highly accurate ship navigation. Complex cperations which
combine surface forces with submarines and long-range ASW aircraft require
accurate navigation during tactical maneuvering to properly employ thosze
gystems which rely on geodetic positioning to obtain entry and egregs point
in the operating area. The use of Harpoon and Tomahawk mimziles in battle
group tactics extendz the meaning of the hallowed phrase “safety of the
vyessel” far beyond the avoidance of colliaion, grounding, or atorm damage.
Only accurate navigatioen by each unit and an accurate plot of force elements
by the officer in tactical command (OTC) will enszure that weapona deztroy
the intended target and not a member of the battle group or another friendly
unit. Studieas have gshown that navigational accuracy can be adversely
affected by a number of factors; included are:

a. Accumulation of errors in information flow.

b. Deteariorated expertise in conventional navigation techniques because
ot a heavy dependence on electronic navigation.

¢. Lack of proper emphaais on navigation accuracy.

d. Improper determination of set and drift, and failure to properly
apply set and drift to manual DR.

e. Improperly calibrated EM log, and inaccurate or improper azimuth
reference.

Accurate open ocean navigation can be congiatently achieved with proper
emphasis, firm understanding of all navigation aids (both electronic and
conventional), proper training of navigation team personnel, and strong
management of the navigation problem on a continuous baais.

2. Purpose. This document can help ship’'sa personnel attain the navigation
accuracy needed by the tactica and weapons employed by their individual and
battle group unita, The document presents organizational relationshipas and
operational procedures that will help the navigation team use all the
regources at their disposal to obtain accurate fixes and eatimated
positionz, while maintaining the DR plot within the required standard. It
provides gome management techniques which will contribute to improved -
navigation and cperational effectiveness of the Force.
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THE NAVIGATION TEAM

1. Backgreound. In addition to being thoroughly proficient in piloting and
navigation in restricted waters, the navigation team must effectively
combine sound navigation and seapanship skills with an understanding of ASW,
AAW, STW, and ASUW tactics to navigate in a hostile environment. Tactical
navigation demands the highest level of professiocnalism from those who
direct or contribute to it. Great care must be taken in organizing and
training the team which will perform this crucial function. The navigator,
quartermasters, CO, 00D, TAQ, CIC watch officer, and other supporting

warfare coordinators are all producers and users of navigational data., They
must all participate in the tactical navigation effort. These participants -
must establish, maintain, and use effective lines of communiation to
disseminate the ship's current navigation data during battle group tactics.

2. Organization. The navigator must organize the navigation team so it 1s
flexib?e enough to meet demands of the ship's missions. Section 3 provides
a standard navigation bill with associated duties and responsibilities.

3. Non-Hostile Environment. The navigator shall advise the CO and 00D of
the ship's movements, and of best courses to steer. He should operate and
coordinate the maintenance of the ship's navigational equipment.

a. The navigator is supported by personnel whose dutjes and expertise
support his responsibilities. Quartermasters support the navigator by
maintaining the DR and deck log. and by helping fix and estimate the ship's
position. The QOD supports the navigator by reporting radar and visual
navigation landmark sightings, and indicating course and speed changes to be
logged by the QMOW. It must be stressed that the QMOW is not the navigator
on watch, in the absence of the ship's navigator. He ig a vital assistant
to the 00D, who must take an active tole in ensuring the ship is properly
and safely navigated at all times. The CIC/CDC navigation team provides
radar bearings and ranges to known points, and tracks ships and other
hazards which might endanger the ship. The CICWO maintains a separate DR
and track plot to support the bridge navigation efforts.

b. The navigator draws navigation data from all available sources,
including the guartermasters, CICWO, and 000, tc determine the ship's
position and its relationship to hazards to navigation. He provides the CO
and 00D with ship's position and recommends courses and speeds. The
navigation team must strive to navigation data that is as accurate as

possible.

c. The QMOW maintains the navigator's plot on the bridge as a record of
the shipts track and intended movements. He updates this navigation plet
with course and speed ordets issued by the 00D, and fixes or estimates
positions as directed by the navigator. This plot must be maintained on the
largest scale chart available. The QMOW's performance is the foundation for
maintaining the required standards of accuracy and precision of geodetic
positioning. He maintains the watch-to-watch vigil on the navigator's plot
and modifies it to reflect the ship's current and projected movement and
intentions.

d. The checklist provided in Appendix E is a guide to properly turn
over a watch and to maintain standards of accuracy. All oncoming and
offgoing watch QMOW's should use this checklist.

e. bDuring piloting, a radar navigation team in CIC/CDC plots the ship's
track in otder to help the bridge navigation team. The CIC/CDC track is
compared with the ship's position as supplied by the navigator. When
necessary, the CIC/CDC navigation team maintains a mechanical DR track on
the DRT or NC2. In other than piloting situations, C1ic/CDC provides radar
range and bearing data for position comparison, errot detection, and DRT
track validation. Effective exchange of information between the bridge,
cic/cpc, and the navigation watch will reduce or preclude errors from
occurring and will aid in resolving differences.

4. Hostile Environment. The navigatlon team is faced with additional
duties when cCondition III or I is set, to provide the CO and TAO with the
timely geodetic positioning data that they may requlre to pesition the ship,
acquire the target, and employ all required weapons and tactics while
fighting the ship. The importance qf smooth and continuous flow of
information between the navigator and TAQ cannot be overemphasized. 1In an

2-1
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T tugﬁion, even a minor discrepancy between the plots held on the
bridge, in CIC, and weapons plot can make target acquisition impossible,
The navigator must assume an integral role in determining position data used
in tactical data systems in order to ensure that the most accurate
navigational/position data available is provided to these systems. It has
been shown in numerous exercises that position data supplied automatically
to NTDS from inertial and navigation inegrator devices results in the most
geodetically accurate data links. However, the navigator must constantly
compare automatically supplied data to fix information obtained from all
sources and take action to override automatic data determined to be less
accurate than his navigation team's position information. Ship's fighting
doctrines should include procedures to ensure that the navigator's role in
tactical situations is clearly prescribed,

a. In a tactical situation, the navigator becomes the TAQ's primary
source of geodetic positioning data for the tactical plot. He receives
inputs from all available rescurces to aid in developing the ship's
position. He delivers this data to the TAO for display and/or input into
the NTDS. He communicates with the TAO to accommodate changes in the TAO's
requirements for accuracy and precision, and provides for the detection and
correction of errors,

b. A necessary ingredient in the maintenance of accurate navigation
throughout the entire combat system is the detection and correction of
errors. This can be accomplished by the following:

(1) The producers {i.e., navigation team) of navigation information
should utilize all possible navigation aids in determining the fix.

{(2) The users (i.e., CIC, weapons, etc.) of navigation information,
in conjunction with the producers, should plot all fixes and compare data
for accuracy. .

S. Training. Maintaining the ship's position within the normally accepted
accuracy standards found in Appendix C, Table C-1, demands an aggressive
training program for all personnel involved in ship's navigation.

Electronic navigation and data systems have provided precise fix accuracy
that is fregquently 8.25 NM or less. Thorough training in the understanding
of principles of operation, as well as operational use of the various
equipments, is mandatory. However, basic conventional navigation skills,
including celestial navigation and plotting accuracy, must be maintained
through training and practice, Remember that inherent inaccuracy of charts,
dependent on scale, can be considerable.
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szeTION 3 05 JUN 1989

STANDARD MAVIGATION BILL

Rafearences: (a) OPNAVINST 3120.32B {SORM)
(b) U.S. Navy Regulations
{(c) COMNAVSURFPACINST 3830.2B, Navigation Standards
and Procedures
(d) COMNAVAIRPACINST 3%30.2, Navigation and Surface
Contact Management

1. Qeneral. Thig section contains a standard navigation bill that can be
adapted for uze by the navigation team. It will serve as the toundation for
the development of ship's inatructions.

2. Reaponsibility fop the Bill. The navigator ia responaible for
maintaining thisz bill.

3. Dutieg and Responaib ties. With prespect to navigation, the tollowing
dutie=s and responsibilities exist as stated in references (a) and (b).

a. Commanding Officer, The commanding officer is vesgponaible for the
safe navigation of hiz ahip. He shall:

(1) Ensure that the current authorized allowance of nautical and
asronautical charts and publications are on board and that guch charts and
publicationg are corrected to date prior to any use for navigational
purposges.

{(2) Make every effort to obtain from reliable sources (foreign or
otherwize) all information that will aid him in any case of doubt about asate
navigation over routes he proposez to take or ports he intenda to visit.

(3) Keep himsel!f informed of the error of all compagses and other
deviceg avallable az aida to navigation.

(4) Immediately before leaving and as soon as practicable after
entering pert, require the navigating officer to ascertain the draft ot the
ghip, torward and aft, and enter it in the log.

(%) Have the anchors ready tor letting go when the proximity of land
or the depth of water iz such that there ia danger of grounding.

(6) Ensure that lookoutas are proficient in their duties and are
atationed, as necessgary, in accordance with the beat practice of seamanship,
having in mind any special conditiona, the raszulta to be accomplished, and
the phyaical limitationa of personnel. When underway during low vigibility,
or when approaching or traversing congested traffic lanes or areas, at leaat
one lookout shall be atationed in the bow as far forward and as near the
water as 1z feasible.

(7) Require that available electronic and other devices appropriate
as aids to safe navigation be employed during periods of low viaibility and
at other times, when needed.

(8) Ensure that efficient devices for fixing the ship's position and
tor ascertaining the depth of water are employed when underway, or gounding;
entering or leaving port; or upon approaching an anchorage, shoal, or rock,
whether or not a pilot is on board. If ecircumsztanceg warrant, he shall
reduce gpeed to the extent neceszary to permit these devices to be operated
efficlently and accurately.

(9) Obgerve every precaution prescribed by law to prevent collisions
and other gccidents on the high aeaa and inland waters.

{10) When underway in restricted waters or cloge inshore, and unleszz
unugual circumstances prevent, steam at a gpeed which will not endanger
other a2hips or cratt, or property cloze to the zhore.

(11) Take special care that lighta required by law to prevent
collizslion=s at =ea, in port, or in the air are kept In order and burning iIn
all weather from sunset to szunrisze, or other times 1t i3 deemed neceazary,
and require that means for promptly relighting or replacing such lights are
available.
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5Jurﬂllqaaeop a night order book, which shall be prezerved ag part of the
ship’s official records, in which zhall be entered the commanding officer's
ordera with reszpect to courses and spacisl precautions concerning the gpeed
and navigation ot the ship, and all other orders for the night for the
officer of the deck.

(13) When under the tactical command of a senior, promptly give
notice to such sanior and to the zhip or aircraft endangered if he finds
that the directed course is leading his ship or airecratt, or any other =hip
or aircratt, into danger.

{14) When undar the tactical command of a geniov, perform no
independent evolution without orders trom such senior, eXcept ag necassary
to avold collision or imminent danger.

b. Navigator. The navigator iz the head of the navigation department.
He will nermally be senior to all watch ofticers, except on small veszels.
He iz responaible, under the commanding officer, for the szafe navigation and
pileting of the ship. He will recaive all orders relating to his
navigational duties diractly from the commanding officer and will make all
reports in connection therewith directly to the commanding officer.
Additional duties of the navigator include:

(1} Advising the commanding officer and officer of the deck as to -
the ship’'s movements, and if the ship is running into danger, a gafe coursae
to be steered. To thiszs end, he shall:

(a) Maintain an accurate piot of the ship's position by
celestial, visual, electronic, and other appropriate means. Establish a
sound lialson betwean CIC/CDC and NAVPLOT when comparing navigation
information.

{b) Prior to getting underway, navigation team will obtain
ship’a tixed position by all available mesana. Fixes from various sources
will be compared to determine {ix arror. When error is conszidered
exceseive, the navigator will investigate and resolve problem. Conditions
permitting, the game procedure will be employed prior to entering reatricted
waters.

{c) Giva careful attention to the course, speed, and depth of
water, when approaching land or shoals.

(d). Maintain record books of all observations and computationz
made for the purpose of navigating the ship, with resultz and dates
tnvolved. Such books shall form a part of the ahip’s official records.

{e) Report in writing to the commanding officer, when underway,
the ship's position at 0800, 1200, and 2000 each day, and at asuch other
time= as the commanding officer may raquire.

{f) Procure and maintain all hydrographic and navigational
charts, 2ailing directions, 1ight liats, and other publicationz and devices
tor navigation, as may be required. Maintain recorda of corrections
atfeoting such charts and publicationa. Correct navigational charts and
publications as directed by the commanding officer and, in any event, prior
to any use for navigational purposes. Corrections shall be made in
accordance with directions publizhed within DMA Catalog of Mapa, Charta and
Ralated Producta, Part 2 Hydrographic Products, or the individual document
or document change, using officially promul gated navigation data. HRecommend
to the commanding officer changes to the list of chart poertfolios to be kept
continuaugly up to date.

(g) Personally supervise the navigation of the ahip when the
ghip i3 in restricted waters and when at battle stations, unleas
gpecifically designated to stand another watch, in which case another
oftficer qualified to serve a= navigator will be directed to perform these
duties by the commanding officer.

{h) Prior to entering piloting waters, study all available
gounrces of information concerning the navigation of the ship therein.

(1) Upon anchering, enaure that the appropriate chart showing
the ship’'s anchorage/position, and all navigation aida to be used with
commonly used boat landings, are maintained and available toc the officer of
the deck. Ensure drag circles and swing circles are plotted properly and
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{j) Prepare, for the commanding officer’s night orders, a
navigator's night steaming orderz sheest in auch a format az 1s prescribed by
the commanding officer. As a minimum, oparating areas, night ateaming
instructions, atds to navigation, and fix interval (if other than prescribed
in the standing orders) should be included.

fix timesz esztablished.

(k) For nuclear-powered ships, the navigator shall veritfy the
ship will moor or anchor at an approved berth or anchorage in accordance
with OPNAVINST C3000.8 series (authorized berths and anchorages for
recurring use by nuclear powered ships) when entering port or gshifting
berths within & port.

(2) The coperation, care, and maintenance of the ship’s navigational
equipment. To this end, he shall:

(a) Detarmine daily, when the ghip is underway and weather
permits, the error of the INS, master gyro, auxiliary gyro, and magnetic
compasses {az installed), and report the results in writing to the
commanding officer. He zhall cause {requent comparisons of the INS, gyro,
and magnetic compass to bs made and recorded; adjust and compensate the
magnetic compassas, when necessary, subject to the approval of the
commanding officer; and prepare a table of daviations, keeping correct
copies pozted at the appropriate compass stations.

{b) Ensure that tha zhip's clocks are properly set in accordance
with the standard zone time of the locality or in accaordance with the orderas
of the senior officer prasent,.

(c¢) Ensure that the electronic navigational equipment assigned
to him is kept in proper adjustment and, i¢f appropriate, that calibration
curves or tables are maintained and checked at prescribed intervala.

{d) Due to weather conditionsz the sun is often obgcured, which
preciudes compasa error by azimuth or amplitude. However, the zky will
often clear up at night. It iz therefors important to train and practice
alternative methodz of determining compass error. Stars, planets and the
moon can be used as well ag the sun. Pub 9 “Bowdich’ explaing numeprous
methods of obtaining compass error.

(3) Advise the engineering officer and the commanding officer of any
deficliencies obsarved in the steering systemsz, and monitor the progresgsa of
corrective action.

(4) Ensure the correct preparation and care of the deck log. He
will daily, and more cften when necessary, inspect the deck log and take
auch corrective actions as may be necegszary and within his authority to
ensure that it is properly maintained.

(%) Ensure the preparation of such reports and records ag are
required in connection with his navigational duties, including thosge
pertaining to the compassesg, hydrography, oceanography, and meteorology.

(8) Ensure the conduct of required navigational training of all
personnel, such as junior officersz, boat coxswainsg, and boat officers: the
training of all quarter-deck personnel in the procedures for honors.and
ceremoniesg: and of all junior officerz in Navy etiquette.

(7) Normally, be vesponsible for honors and ceremonles and other
special occagions.

(8) Relieve the officer of the deck, as authorized or directed by
the commanding officer {in writing).

(9) QOrganizational velationshipa. The navigator reports to the
commanding officer in all matters pertaining to the navigation at the ship,
and to the executive officer in matters pertaining to the adminiastration of
the navigation department and the training of deck and watch officers. On
smaller ships he may report to the senior watch officer for the training of
deck and watch officers in navigation.

e. The Assistant Navigator. The assistant navigator will azsist the
navigator in all aspectg of navigation, piloting, and administration of the
navigation department. He will ensure proper preparation of the various
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reporJghrlagsrid by higher authority.

4. Organization of the Navigation Team. In addition to the commanding

officer and navigator, there are saveral othar key mamber of the navigation
team. Thesze include the command duty officer, tactical action officer,
officer of the deck, and CIC/CDC watch officer. Their duties and
responsibilities are described in raferences (a) and (b}.

5. Training. The zhip's and departments’ training instructionz must
provide for adaquate training necessary %o educate, qualify, evaluate, and
pericdically requalify assigned personnal.

a. W ua ca n

(1) Initial watch qualification shall be accordance with the ghip's
perszonnel qualification standards {PQ38).

(2} Watch station qualification will provide for a formal method to
enzure minimum standards of knowledge are demonstrated for each watch
station. Qualification cards, which speciiy areas to be knowledgeabla in
and provide for gignatures of appropriately designated persons who will
certify that minimum standards have been met for that specific area, will be
used. The final qualification zhould include a writtien examination and
practical demonstration of skills which are certified by the navigator or
hisg designated represantative.

b. Watch station requalification will be required to ensure adequate
level of knowledge iz being maintained for all qualified watchstanders.
Watch station requalification should be required, az followsa:

(1) When more than #ix months have passed since the watchztander has
g2tood the watch

{(2) When changes in procedures or equipment require it in the
judgment of the senior watch officer or commanding officer as recommended by
the navigator

{3} When, through poor parformance, the watchstander has been
disqualified

c¢. HRequalification shall be conductad in & manner similar to initial
qualification and will consist of demonstrating a satisfactory proficiency
level by completing the appropriate seactions of the qualification card, as
determined by the senior watch officer. The commanding officer ahall
certity completion of the requalification.

6. Logs and Records

a. Log Keeping

(1) The importance of keeping complete, concise, and accurate
navigation logs and records cannot be overemphazized. Besides providing the
recorded history of the ship, they become a basis for analysis, evaluation
and correction of material, cperational and personnel deticiencies in
warfare, and should it ever become necessgary, comprize the legal records
examined by courtz of inquiry and official investigation.

{2) The uge of erasures is strictly Torbidden in all navigation logs
and recorda. Corrections may only be made by neatly lining out and
initialing an entry. Black ball-point pen will be used throughout, except
tn the navigation workbook and the navigator's sight log, in which pencil is
authorized for recording and computations.

b. Ship's Degk Log

(1) Purpose. The deck log shall be a complete daily record, by
watches, in which shall be described every circumstances and occcurrence ot
importance or interest which concerns the crew and the operation and zatety
af the ghip, or which may be of hiatorical value.

(2} lnstrustions for Maintenance. The deck log shall be maintained
in accordance with the inatructions promulgated by the Chief of Naval
Operationz (OPNAVINST 3100.7). A copy of these inatructions zhall be placed
in the front of the log, tf not provided by preprinted format, In additioen,
the following instructions apply:
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(a) The deck log l2 the official record of the slﬁ"ps Mo page
ghall be removed therefrom, nor shall. any page be used for other than its
intended purposs.

(b} The deck log shall be kept by the quartermazter of the watch
at gea, and the duty quartermaster/petty officer of the watch in port. The
officer of the dack/duty officar szhall review the log, add any neceazary
comments, and sign tt.

(c¢) The following entries, required by refarence (a), will be
included asm appropriate:

]l Orders under which the ship iz operating and the character
of duty in which engaged

2 Significant changes in the state of the sea and weather,
i.a., water spouts, discoloration of water, eto.

3 Courses and speedz of the ghip

4 Bearing and distances of objects detected

=

Position of the ship

=]

Tactical formation of the shipa in company

Draft

o

Sounding
8 Time zone description
10 Particulars of anchoring and mooring

1] Changes in the status of ship's personnel or paszengers,
except for the recording of receipta and tranafers of officears by reaszon of
permanent changes of station, and except for the recarding of receiptzs and
tranasfarg of enlisted personnel

12 Damage or accident to the ship, ita equipage, or carge

13 Death or injuries to personnel, pasgengera, vizitors,
longshoremen, harbor workers, or repairmen ’

14 Meeting and adjourning, recessing of courts-martial, and
other formal boards

18 Arreata, suspensions, and restorations to duty

18 Such other matters as may be specified by competent

authority
©¢. Ship's Position Log (OPNAV Form 3}00/3 (6-768). A ship’'as position
record shall be maintained during coastal and open ocean navigation. It

zhall be a record of positiong and soundings from all aourcea used. In
addition, DR poaitidéna, zet and dritt and reseta of SINS, NTDS, DRAI, etc.
ahall be recorded. In light ot different ship configurationa and mig=zions,
the format for the redord shall be decided upon by the navigator. The
zhip's position log (OPNAV Form 3100-3 (6-76)), bearing record book and
locally prepared forms ar logs may be used. )

{1} Responeibility. The quartermaster of the watch i3 reaponsible
tor maintaining the log, and shall ailgn the log upon being relieved. The
navigator will revisw daily.

(a) The ship’'a position log is a record of the ship’'a poaition,
including fixes, dead reckoned, and eatimated positiana. It 12 also a
record ot pregats. It shall be maintained by the QMOW in accordance with the
inatructions printed inaide the front and back covers, with the following
modifications:

1l Az a minimum, the DRAI, corrected INS, dead reckoned
pogition, and others ag sgpecified by the navigator, 2zhall be recorded at
half-hour intervals,
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2 Whenever a fix is deterninad, a DRAI position, dead
reckoned poaition, LORAN position (if applicabdle), SINS/WSN~5 posgition,
NAVSAT position, and OMEGA position will be recorded. The navigator may
1imit this to once every 30 minutes if frequeant fixes are obtained. Resets
will ba conducted az directed by the navigator or commanding officer. An
*%x° will be antaerad in column 217 to indicate that the DERAI, MNAVSAT, LORAN
(if applicable), or OMEGA wers reset. If reset, the new position will also
be recorded, unleszs this function is pertormad by automatic equipmoﬂt.
(NOTE: INS reset may also ba computed; however, INS will only be reset on
ordera from the navigator.)

3 A sounding shculd ba obtained and recorded in the remarks
column, with each fix. (In cases where operating in reatricted or piloting
waters, soundings will be recorded in intervals not to exceed 10 minutes.)

4 Tha position log may be sscured with the concurrence of
the navigator or aszistant navigator whenaver tha standard bearing book is
utilized in piloting waterz. When entering piloting waters from open 3ea,
the initial pileting fix will be recorded in both the position log and
gtandard bearing book. The same iz true af the last plloting fix when
leaving piloting waters.

(b} Thiz log shall be retained for threa years after the date ot
the final antry, unless it muat be destroyed for reasona of gecurity.

d. YNavigation Workbook (QPNAV Form 3830/1). The navigation workbook is
the record of all celestial observations and LOBAN readings, and the
resulting computationa. The navigation work book shall be maintained in
accondance with OPNAVINST 3530.3B. All computations used to navigate the
ship shall be entared. Loecally prepared strip forms ahall be atfixed to or
recorded in the work book. If calculators or computers are used, enough
data must be recorded in the work book to reconstruct the computation. Feor
axample, for a atar aight, the following data must be precorded: GMT, date,
DR poszition, body, IC and height of eye.

(1) Responsibility for Majintenance. The navigator i2 responsible
tor proper maintenance of this log.

(2) Reasponsibility for Review and Approval. The commanding officer
will review the navigator's workbook quarterly.

(3) Dispositien. This pecord will be retained three years from the
laat entry, as part of the ahip's official records.

e. Standard Bearin ck (OCPNAV Form 0/
(1) Re=ponsibility. Bearing pecorder during special detail;

otherwize the quartermaster of the watah.

{(2) The bearing record book 1s a record of the data obtained to
detepmine the zhip’'s pogition by visual bearinga, RDF bearingsz, radar
.bearings, and/or radar ranges. It zhall be maintained in accordance with
the instpuctiona printed inszide the cover, with the following modificationa:

{a) The chart in use ahall be recorded at the top of the initial
page each day. Each ahift of chartas will be noted in the firet avatlable
blank line of the log.

(b) The time zone and date will be indicated,

{c¢) Radar ranges will be labeled Yd (yarda) or NM (nautical
mileg). Stadimeter ranges will additicnally be labeled “STAD.°

(d) Sounding will be in column 7 at the time each fix 18
obtained and labeled FT (feet) or FM (fathoms) .

(e} All bearings are true, unlesas otherwize indicated by R
{relative). .

{(f) All abbreviations must be in accordance with Chart No. 1,
Nautical Chart Symbola and Abbreviations.

(£) The current gyro error shall be nrecorded at the top of the

initial page each day. Any revized gyro error szhall be noted in the tirst
avajilable blank line of the log. The radar bearing error and range error,

3-6
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i1t determined, will be enterad at the top of the initial pagegqach day

NOTE: WHEN ABBREVIATIONS ARE USED, THKY MUST BE READILY IDENTIFIABLE IN THE
EVENT THIS RECORD IS EVER REQUIRED 1IN AN ADMIRALTY COURT OR FOR USE AT A
BOARD OF INQUIRY. COMMON ABBREVIATIONS MAY BE FILED IN THE BOOX FOR HEADY
REFERENCE.

(3) The bearing log will be signed on the next available line, by
the bearing recorder, at the end cf hiz watch.

(4) The bearing book will be retained on board for three years after
the date of the last entry, az part of the ship's official records.

f. Chart/Publication [

{l) BPurpcse. A record of all correctiona for the current allowance
of DMA charts and publications established by the current edition of the
Nautical Chart and Publication Allowance,

(2) Format. Chart/Publication Correction Carda (DMAHC B8660/9) will
be used.

{3) Instructions for Maintenance. Theas cards will ba on board and
maintained in accordance with the instructiona contained in CMS Catalog ot
Maps, Charta and Related Froducts - part 2 Hydrographic Producta
Requigitioning Procedures. In addition, at least three extra copiez of
appropriate OPAREA and harbor charts will be maintained.

(4) R naib r_Ma nance. The chart cuatodian will enter
corrections to the chart cards and the publication cuastodian will enter
correctionz to the publication carda; howaver, the duty quartermazter ia
respongible to enter all correctionsa to chartas and publicationa required for
current uze, as received. Local area charte and those portfolios deaignated
by the commanding officer will be maintained up to date at all times. The
correctiona for all other charta will be indexed and theae changea entered
prior to chart use. Thoase publicationa designated by the commanding otfficer
will be maintained current at all times.

(5) Responsibilit r Review and Approval. The department leading
quartermagter is responaible for reviewing the 2zhip's charta, publicationa,
and correction files to ensure their proper maintenance. During audita, he
will enaure that applicable allowance liszts and listz of effeative
correctionz are reviewed prior to inventory.

(6) Disposition. Correction cardas will be kept in a file box, and
maintained in an up to date status for all chartz and publicationsz on board.
When a chart or publication ia destroyed, itz correcticn card will alzo be
deztroyed.

g. Weekly Notice to Mariners/Summary of Corrections

(1) Purpoae. To establish a file of informaticn that hasz not yet
been entered on appropriate charts or in specific publications.

(2) Responsibility. Publications cuatedian.

(3) Instructfonaz. A geparate file for each will be maintained, as
follows:

(a) Weekly Notice to Mariners File. The Weekly Notice to
Marineras file will be maintained as sat forth in DMA Catalog of Mapa, Charts
and Related Products - Part 2 Hydrographic Products by each work center
maintaining charts.

(b) The gummary of correctionz is a gerieszs of catalogs that
incorporates a higtoric record of correctionas dating from the latest edition
date for that particular D.M.A. product.

(4) Responsibility for Revjew and Approval. The leading

quartermaster.

(8) Disposition. Theae bullating will be retained on board until
all pertinent information has been extracted from them. They will then be
deztroyed.
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h. Classified Notige to Mariners .

{1) Purpose. To establish a file of information that has not yet
bean entarad on tha appropriate chartz or publication.

(2) Responsibility. Axsiztant navigator.
(3) Instructions. Classified Notices to Marimers:

(a) Will be maintained in a-tile contaimed im publication 1-W-8
until corrections have been entered on pertinent charts (and/or unclaasified
BC charts) by esch work center maintaining charts.

(b) Will be returned to the appropriate classified material
control ofticer upon completion of entering corrections for dastruction.

1. HYDRQPAC file

(1) Purpose. To maintain a file of the latest navigational aid
discrepancies and hazards to navigation.

(2) Format. All HYDROPAC messafes will te filed chronclogically, by
numbar, on & ¢lip/wire message board or binder. A review signature shaeet
and HYDRO's in etffect for the local QPAREA status sheet is attached to the
front cover. Copies will be provided each work ceater maintaining charts.

(3) Instpuctions for Maintenange and Eeview

(a) At zesa, HYDROFPAC's are routed to the navigator and agsigtant
navigator/leading quartermaster, with a copy to the QMCW for the HYDROPAC
tile. In port, HYDROPAC's will be routed to ths duty quartermagter. When
pecaived, they will bs reviewed to determine if there i= any pertinent
information that should be {mmediately brought to the attention of the QOQD
(at sea), and to the attention of the navigator o leading quartermagter, it
in doubt at anytime.

. (b) The azszistant navigator/leading quartermaster will review
the HYDROPAC file daily, at =mea, and tha day befere getting underway from an
inport period. The HYDROFAC file shall be routad to the commanding officer
prior to getting underway.

(e} All navigation parsonnel will review the HYDROPAC file and
gtatus shaet prior to getting underway or returnimg to port and before
relieving the watch at zea, in order to datermine whether there are any
HYDRO's in effect that may influence the navigation of the =zhip. Personnel
peviewing the HYDROPAC file will initial the sigaature sheet.

(d) The assistant navigator will ensure eftecttve HYDRO’2 are
noted and correctiona made to charts actually in use, &% necesgary.

(4) Disposition. Canceled HYDROPAC's wilil be destroyed; all others
remain in effect until canceled. :

j. MNAVAREAS: BHadio Navigational Wapnjing System Eghe

{l1) Disposition. To be handled the same az HYDBOPAC's. They must
be filed ‘separately, as they have a different set of sequantial numbers than
the HYDROPAC’a.

k. Coazt Ouard Local Notlce to Marjinersz File

(1) Purposze. To be handled the szame az EYDROPAC'=. Recommend these
ba held on board for gix months {rom date of issue, gince it may take from 6
to 18 weekz to incorporate 2 gaigniticant change to a Weekly Notice to
Mariners. .

1. Navigation Hazardoug Message/Speqial Wapnings File

(1) Purpose. To maintain a file of miscellanecus messages and any
other intormation containing correcationg to charts orF publicationa used by
thia veasel. : .
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(1) The Magnetic Compass Record is a complete record of all magnetic
compasg readings and comparative true headings. It iz also a record of
computed gyro erronss. While the ship is underway, gyro error ahall be
computed daily, if possible, for all gyros and recorded in the ramarks
column of aach page. (A separate log for the computation of repaater arror
may be utilized which should also record the computed gyro error, but this
log does not obviate the Tequirement to record computed gyroc errors in the
Magnetic Compass Recond.) Compass cooparisons batween the magnetic compass
and the helm repeatar in use for stesring shall be made and recorded every
half hour and every time a naw order course is steered. Helm repeater arror
shall be computed and recorded avery four hours, comparing the SINS and
torward gyro to the forward helm repeater and the atft gyro to the aft helm
repeater. Compass checks shall be made anytime a gyro compass alarm i=
received.

m. e Magne ompazs Recor NAVSE

(2) It the stesring repeater and the heading source do not
corpespond within 1.0 dagree at the time of obtalning a compass check,
immadiately repeat the check for posszible error in reading. 11, at thiaz -
time, there ig still an error, immediately inform the 0OD, navigator,
azgistant navigator, and leading IC electrician. Additionally, 1f the SINS
and MK1¢ gyros do not agree within 1.0 degree, inform the 00D and navigator
immediately.

n. ‘s Po [
{1) Purpose. To provide a means of reporting the ship's position.

(2) Fopmat. Ship’s Position Report, MAVSHIPS Form 9240/1 or loecally
prepared forms may be usmed if containing, as a minimum, that information
pravided on the NAVSHIPS form.

(3) Instrugtjon for Majintenance. Each day at sea, prior to 0800,
1200, and 2000, the assistant navigator will prepare or causs to have

prepared a ship's position report. After the navigator haz signed the
pogition report, the original copy will be delivered to the commanding
officep at the appropriate time. A copy will be placed in a file retained
in thé chart house, and CIC/CDC should recelva a copy. Ensure that correct
security classification of the report ia indicated. (When a genior officer
ia embarked, a copy of each position report will be provided to him unlezs
otherwize directed.)

(4) Responsib t or Majntenance. The assistant navigator lis
responsible for maintaining the file of duplicate position reparts.

(5) Reaponsgjbility for Review and Approval. The navigator is
responaible for reviewing the ship’'s po&itien reporte and approving them by
gignature, prior to their =zubmiassion to the commanding ofificenr.

(68) Digposition. The duplicate ship's position report will be
retained az may be convenient, but will not normally be retained beyond the
duration of the voyage unleza directed otherwiae by the navigator.

o. Captain's Night Order Book. Captain’s night order book 1is
maintained in locse-léaf or bound ledger form and containz the orderz of the
commanding officer for the operation and zafe navigation af a zhip during
the night, while underway. The orders for each night are written on a
geparate zhéet and szigned by the commanding officer. They include auch
itemz as coursmes and gpeedz to be maintained throughout the night, expectad
sightings, engineering data, the tactical situation, and supplementary
ordera to the officer of the deck. Thia book lg required by reference (b}
and forms a permanent part of the records of the zhip’'s operations.

7. Piloting Procedures. The following procedures should be followed when
preparing to get underway or enter port:

a. Ppepare a plan for =zafe and prudent pansége, ineluding piloting.
This plan ghould be reviewsed with the commanding officer. In preparing this
plan, the following pointa should be conaidered.

{1) The zailing directions, coaat pilote, and tleat guides are
correct and contain the latest reviaion.
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harts to be used are correct and all area charte are compared
ts enzura that hazardz to navigation are properly diaplayed and highlighted
on all charts in uss. Navigation charts should normally be selected from
the largest scale charts available.

(3) The aship’s proposed track is laid down on all chartix used for
navigation, including thoae uzed on the bridge, navigator's and CIC/CDC
navigation plota. On all tracks, the following ltems should ba accurately
" plotted or indicated:

(a) The course and distance of sach leg
(b} Danger bearings and ranges to navigation hazarda

(c) Turning bearings/ranges and glide bara shall be properly
plotted allowing for the ship'a advance and transfar, and corrections, bazad
on zhip's tactical data.

(4) The track chart zhould be checked independently, by a second
person, for accuracy and corractions,

{5) The day and/or night characteristics of all navigational
landmarks intended for use have baen d.tnrnlned..

(8) Track charts in use are annotatad for shoal water, or points of
hazarde or danger including overload obstrugtions, with danger bearing/
ranges laid out for hazards. Frimary and secondary plot charts sghould be
signed after being prepared or updated.

Prapared by:

Submitted by: (NAV)

Approved by: (CO)

(*CO =hall approve NAV PLAN")
(Ref: COMTHIRDFLT TACMEMOQ)

{7) The navigator ghall brief members of the navigation tean,
including the assigned 00D, before getting underway or entering port. This
briefings will conform to the following guidelines: (See Appendix B)

(a}) It zhould inciude a review aof all track charts to be uzed
while in restricted wateras, with emphasis on navigation hazarda, navigation
aida anticipated to be used, the nomenclature to be used by all members of
the team when refarring to these navigation aids, asaignment of pergonnel to
team ztations, and a review of team duties.

{b) The briefing may be modified by the navigator, for entry or
departure from homeport and portz frequently vigited, to require attendance
only by key navigation team peraonnel. However, the entire team should be
briefed on homeport sailings, at leazt quarterly.

{(a) The navigator shall verify that all navigation equipment ls
on board operating properly and in calibration, and that navigation pre-
underway or entering port checks are completed in accordance with the ghip's
standard operating procedures, navigation department check-off liate, and
individual equipment operating procedures. He shall also review the gtatus
of equipment. Esztimated time of repair (ETR) shall be provided by the EMO
or electrical officer, as appropriate.

b. Underway Piloting Procedureg;ggg_ghggkl. The following procedures
should be employed while underway in & piloting gituatién:

(1) The navigator’'s plot is designated aa the primary navigation
piot. Navigation informaticn maintained in CIC/CDC, demignated az the
gecondary navigation plot, ahall supplement the navigataoar'a plot. Tha
commanding officer may authorize a shift in the leocation of the primary plot
to suit a particular 2ituation. The navigation team should adhere, insaofar
ag possible, to the tollowing fundamental piloting principle that:

{a) An optimum balance between accuracy and speed must be
achieved while piloting. When operating in close proximity to shoalg or
hazarda, accurate present and projected ship pogition information iz
required. In addition, such fix information must be updated sufficiently
often to provide timely warning if the gzhip is standing into danger. This
ig particularly true when in reatricted waters. Prudent mariners will
always utilize at least three LOP’s.

3-10
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{a) Data for fixaes are taken in such gequence that effects of
ghip's motion are minimized. In piloting situationa, the tipst line ot
bearing taken on sightings should be thosze whose bearing is changing mosat
rapidly (close to the beam). {The navigator shall use ax a minimum three
LOP's for each fix.)

(b} The ship's position is fixed at an interval that ensaures
zate navigation. A two-minute i{ntarval ‘is recommanded when in a harbor,
channel, or other zevarely restricted area. The standard for fix accuracy
stated in Dutton’'s iz 30 yards. The interval between fixez may be inareaged
by the navigator ag a function of watar depth, current, bottom contour,
ghip’s depth and track, asmegsed position accuracy, width of channel, and
other factorsz. Two minutes may not be adequate to accurately determine get
and drift (some legs in harbors are quite ghort). One recommendation ig
two-minute fixesz on lege of 2000 yards or less, and three minutes on lega in
excesz of 2000 yards. The thres-minute interval correszponds moat easily
with the three-minute rule for distance (5 knotzs = 500 yarda in three
minutes). There iz a speed graph which can be made up for any chart which
eazily accommodates one, two, or thpee-minute fix intervala. A good rule ot
thumb i& °"if ghoal water falla within a circle ot which whose radius ia that
of two DR intervals” then the tinme interval between fixes 18 too long.

{(c) GQyro errora are determined frequently. Maater gyro and
repeater errors should be determined prior to getting underway or entering
port, and ahould be checked against available navigational ranges when the
opportunity exizta. Changes to gyro error zhould be entared in bearing
record books and applied to fix information by the plotter.

(d) Set and drift are accurately determined, logged, and kept
updated.

The 0OD and CIC/CDC should be periodically advised of the calculated set and
dritt. {Set and dritt shall be determined on each leg when faasible and
more often whan required, and applied to the DR to obtain an EP.)

(a) Every f{ix must have a DR track projected far enough ahead to
inciude pozitiong for at least the next two fixed intervals.

(f} Eveny tix and projected DR track does not endanger the ship.

(g) Course changesz are based on turn pointa and bearings plotted
on the chart; conaider advance and tranzfer: and conditions of wind, sea,
visibility, and currents. Enaure that the track of the recommended courze
iz clear of navigation hazarda. A fix should be taken as goon az the =zhip
iz steady on the new courte.

(h) Fixesz are obtained from aids to navigation and tixed markers
pather than buoys, whenever posaible. Bearings to buoys may be used to help
clarify the navigation picture when no other objacta are available.

However, the navigator must be circumapect in hig use of such information.

(1} Positions and fixes are verified by all available means,
ineluding soundings, buoys, radar, INS, electronic aids, feog aignals, and
active sonar.

(i} The fathometer is energized and recording whenever in
reatricted waters or lesa than 100 fathoms. Under these conditionsg,
goundinge will be taken continucusly. Soundings zhould be reported to the
bearing recorder and the 00D, and immediately reported to the OOD whenever
goundings are les= than the minimum valueas designated. Soundings are
reported to the navigator whenever the navigator deairez such reports.
Soundings are to be compared with charted depthz on each fix and reported to
the 00D. All szoundings will be logged. .

{(k} A fix i2 not erased because it appears in error; another fix
should be taken immediately to azcertain the ship'as poaitiocn. I{ a uzable
fix of the ghip's position iz not determined in three succeszive attempts,
then the recommendation shall be made to slow down, turn away trom danger,
or stop the =hip until an accurate fix of the ship's pomition iz obtained.

{1) Aeccurate records and logs are maintained. Complete
reconstruction of the ship's track should be poszsible at any time.
Replotting of logged data at a later date provides a good evaluation of the
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navigation team's proficiency and can be an excellent training aid.
(m) Checklists are used in routine navigation.

{n) Bridge and CIC/CDC shall coordinate chart shifts so that
both are not shifted at the zame time and so that they do not require
ghiftting during or at the time of an impending turn.

{o) Every fix determined from the primary navigation plot 1a
compared to the fix obtained at the secondary plot. In addition, the phrase
*CIC/CDC concurs/CIC/CDC does not conaur/CIC/CDC has noe fix,” with
appropriate amplifying information, shall be included in evary verbal
pogition report made by the navigator to the commanding officer and 0QD.

c. Nav n_Te
(1) The navigation team should use designated sound-powered phone
circuits when operating in piloting or restricted watera. Additionally,
primary and backup lines of communication should be established for each
egzsential navigation team function. Alternate meansa of communications need
not be aocund-powared, but should be exercised paricdically.

(2) Rudder and engine ordersz shall be given using standard
phrasesclogy. Onrders should be paralleled on a sound-powered telephone
oircuit. If conflicte arise, the engine order telegraph (EQOT) =should take
priority until the contflict ia resolved.

d. Duties of the Navigation Team {n piloting of pestricted waters. In
addition to the commanding ofticer, navigator, and officer of the deck,
whosze duties are covered eslsewhere, duties of other members of the
navigation team include:

(1) Bridge Team

(a) Navigation Plotter. Maintajina the navigator's plot. He
shall plot and labal each fix on the chart in use. He zhall extend the DR
at least two fix intervals, compute sget and drift since last fix, and
evaluate ship's projected movements. He shall make recommendationa to the
navigator. He shall compute such items as time and distance to the next
course change, revized turning bearings, and any other tasks directed by the
navigator, -

(b) Bearing Recorder. Actz as the navigator's talker on the
deazignated sound-powered telephone circuit, relays information recetived to
the navigator, maintains the bearing record book (U.S. Navy Standard Bearing
Book OPNAV Form 3530/3) in accordance with current directives, and may give
*markz" to the bearing takers, as directed by the navigator.

{c) Bearing Takera. Obtailn accurate bearings to navigation aids
degignated by the navigator. They advise the navigator reganding the
navigation aids avajilable for use, including the gaining and losing of
navigation aida from sight. They zhall keep the ailds in =2ight between
eghats.

{d) Leadaman Talker. If required, hiz soundings will be =ent
over the maneuvering and docking circuilt to the bridge. This information ia
uzually desired by the captain and the officer of the deck, az well ag by
the navigatonr. .

(e) Surface Search Radar Operator (Navigators). Ia in closge
proximity of the navigator and plotter, and provides all radar data
considered pertinent, when directed by the navigator.

{t) Fathometer QOperator. Operates the fathometer on a =acale
designated by the navigator. The OOD should be adviged whenever the scale
12 szhifted. Sounding shall be reported to the bearing recorder. The
minimum sounding expected should ‘be¢ known and reported, if reached. The
navigator must be advised 1f difficulty is experienced obtaining a sounding.

(g) Quartermaster of the Watch. Maintaing the deck log in
accordance with guidance provided, in addition to those duties which are
prescribed in other navigational department inatructions.
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(a) CICWO. Supervises the parformance of the CIC/CDC navigation
team, ensuring smooth flow of information within CIC/CDC and betwaaen ¢cI1c/CDC
and the bridge.

(2) CIC/CDC Navigation Team

(b) Supface Seaprch Radar Operator/Surface Tragkep. Tracks
surface contacts and provides information to the navigation team. The range
gcale umed will be appropriate to manage the surface picture, as well as
obtain accurate navigation information.’ The radar operator zhall normally
report all contaats to the 00D and the CICWO. He will track radar contacts
dasignatad by the 00D or CICWO.

(c) Watch Suypervisor. Supervisas the CIC/CDC team,

(d) Plotter. Shall maintain a plot on the appropriate chart, as
directed by the CICWO.

{e) Lookoutsz shall be so stationed as to provide 360° coverage
ot the horizon. They shall have no other dutiez while acting az lookouts,
and zhall ba rotated to ensure that they can efficiently and viglilantly
perform their duties. During periods of low viaibility, lookout= szhall be
provided phone talkersz to allow lookouts to conduct their dutiez unimpaired
{both liztening and looking for potential hazards).

(f) Mayigation Radar Operator. Whan called to “Mark," asz
rapidly and accurately as possible, call ranges in yarda or 10tha of miles
from own ship to designated navigation points. Maintain communications with
the navigation plottar, keeping him informed of designated points available
for use. Mark those pointa which are changing most rapidly tirat, to
improve accuracy of the plot.

(g) Navigation ter. Swing range ARC’'s as rapidly and
accurately aaz possible. Plot own ship DR'z at least two fix intervals
ahead, compute, and plot sgat and drift at least once each leg and compute
correcting/compensating course, as neceasary. Maintain communicationz with
navigation zcope, and navigation recorder for navigation point information.

{h) Navigation Recorder. Call mark at the zame time as the
bridge team, allowing for continuity, log reported point ranges ftrom
navigation gcope, log fathometer reading: log fix time, be prepared to
agzume marking regponsibility from bridge team in low viaibility.

(1) Piloting Officer. Evaluate fix accuracy. Keep shipping
officer advised of pending course/gpeed changez in order to determine which
contacts should be tracked. Supervise action of the navigation radar
operator, navigation plotter, and navigation recorder. HReport the following
information to OCD and navigator.

I~

Fix time (reported gach fix)

(1

Fix accuracy (reported each fix)

(%]

Fix poaition in raelation to proposed track (preported each
tix) .

4 Neareat danger to navigation (reported each fix)

5 Depth af water beneath the keel and compariaon to charted
depth (reported each fix) )

& Nearest AID to navigation (reported each leg or more cften
ag required, {.e., when channel buoys are on the bow and on the beam)

7 Time tc next turn (reported each leg or more often as
changes occur)

: 8 Coursze on next turn, enszuring BRG clear with shipping
(reported each leg and updated as changea occur)

9 Any recommendation to regain/maintain propoged track
(reported each leg and az changeg occur, or as required)

10 Report computed set and drift (reported each leg and
updated az changes ogour}

T_ 17



COMNAVYSURFPAC/

AL :

HOTE: Set and drift shall be calculated aach for report once each leg,
update as changes ocour. .

11 CIC/CDC concurs/does not concur {reported each leg or more
often as required)

(1) Shipping Officer. Evaluates surface picture. Deszignates
contacts to ba watchad or tracked in accordance with ship’'s directives as
directed by the Q0D. The shipping officer shall:

1 Keep the 00D/CICWO/piloting officer advised of the surface
pleture.

2 Keep the piloting officer informed of the location and
movemant of all surface contacts in ordar that the piloting officer may make
timely and intelligent recommendations to the bridge.

3 Direct optimum range mcale for surface saarch radar
oparator/surface tracker, based upon the denszity of surface contacts and the
piloting situation.

4 Pasza bearing, range, course, speed, and CPA of signiticant

contacts to the 00D in a timely manner.

8 Supervisze the actions and performance of the surface
search radar operator/surface tracker DRT operator.

8 Correlate visual reports/tog signals from loockouts with
surface contacts and report evaluated information.
(Note: When the whipping officer i= unable to correlate fof =mignalsz forward
of the beam or abaft of the beam and getting louder, he zhall immediately
make recommendations to aveld in accordance with applicable rulea of the
road}.
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STANDARD NAVIGATIONAL PRACTICES

1. @eneral. This section contains and provides guidance on the standard
navigational practices which gerve as a foundation for the development of a
type ship routine.

2. Poljgy. When at sea, the officer of the deck shall keep himzelt
informed of the position of the ship and all other particulars which may be
used to keep the ship out of danger. He ahall employ all means available
tor detecting and avoeiding danger. The ODD, the QMOW, and othar
watchetanders responsible to the GOD should never hezitate to station or
recommend atationing the full navigation team, or teo request additional
navigational personnel assistance. The 00D is totally responmible to the
commanding officer for the safety of the ship.

3. Voyage Preparatjons. This guide provides the basic steps to ensure
propar preparation. They are as follows:

a. Establish the overall track tc comply with operation crders and sall
orders.

- b. Prepare, in detail, the navigational and operational plang for those
portiona of the voyage outzide af restricted waters.

c. Prepare, in detail, the navigational track and asupporting
information required for maneuvering in restricted waters while departing
from port, operating within raatricted watars during the operation, if
applicable, and arriving in the next port.

d. Thoroughly brief the appropriate members of the =zhip’'s navigatiocn
and operational teams on each of the phasesz. .

e. Verify the proper operation and calibration of navigational
equipment including radars and completion of the appropriate preparationsz
prior to their use or need.

1. Record the statug of eleatronic aida and the inoperative operational
gtatus of electronic NAVAID'a, and poat them in a prominent location.

4. VNavigational Practices While in the Open Sea. The QMOW 12 the principal
navigation asgistant to the 00D in each watch section. As sauch, he must
continually strive to accurately fix the ahip's position by all available
means. The QMOW must be alert to navigational hazards and anticipate
indiecations which can identify posaible problems. The QMOW ghould never
allow himself to become distracted or occupied to the point that it
{nterferez with his primary rasponsibility, which is the =zafe navigation of
the ahip. The QMOW has numerous dutles, including the keeping of the deck
log, weather, and obtaining fix information. The OCD must recognize this
and, 1t fix taking becomez so involved to the point of sacrificing his other
duties, then the navigator/assistant navigator should be informed ao az to
provide additional assistance to the GQMOW.

§. Ehip's Pesition. In the open =ea, the following guldelines should be
utilized for obtaining an accurate fix by both primary and zecondary plote.

a. Fix the ship's position at least half-hourly, when posaible,
assuring that fix data iz available from NAVAID'=s.

b. Compare navigation data from multiple sources, such as electronic
NAVAID'a, radar, and celeztial sources.

c. It comparisonsg indicate excessive deviation, determine the source of
excegsive deviation from regultant best fixes and analyze them to determine
the caumse for the deviation.

d. Report the ship’s position, half-hourly, to navigation intormation
ugsers, such aa the CICWO/TACG, 00D, embarked commander, and OTC, az directed.

e. Set and drift should be computed each time the ship’a position i=
tixed. The ship's course will be compenaated as directed by the navigator.
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OSJUNEmat when directed by the commanding officer, a sounding will be
taken with every fix and at leaagt eveny 30 minutes. Soundings ahall be
recorded and compared to the =zhip’a position.

£. If weathar permits, an azimuth/smplitude of the szun or other
celestial body will be taken daily to compute gyro error.’

h. The INS shall be reset only when directed by the navigator or
commanding officer. The error and magnitude of the reset should be checked
before the reset is antered. DRAI and 4ther equipment that indicates a DR
posgition shall be reset on "good” fixes, when directed by the navigator,
Whan resetting, record the resets in accordance with the inxztructions for
maintaining the ship's position log. A DR track should be extended from the
fix through the next three fix intervals,

6. Compass Checks

a. A check of the SINS (if installed), ahip’s gyros, gteering repeater,
and ztandard compass will be made and recorded at least every 30 minutes,
and with major courze changes. It iz emphasized that the gyros (i.e. gource
of input to gyro nrepeaters) be checked ragularly.

b. Compariszonsz of greater than one degreas difference batween the ship’'s
gyros and SINS will be reported to the 00D and navigator immediately.

c. Comparison of the gyrocompass and magnetic compass headings shall be
made and recorded half-hourly and when gteady on a new heading of each
caurgze change.

7. Routine Reports. Unless otherwise directed, the officer of the
deck/quartermaster of the watch will ensure that the following reporta are
made to the navigaton:

a. Changesz in course and speed, as specified in standing orders

b. Soundings that do not correlate with the DR/fix poaition. In open
ocean, the deviation should be szpecified by the navigator.

a. Any departure from an agasigned track or operating area
d. Any sudden or large change in set or drift, two kts or greater

e. The sighting of all navigational markers, zuch az lightz, buoye,
ato,

t. When an expected aid to navigation is or iz not sighted at the time
or bearing at which it wasz anticipated

£. When a marked change in the weather is observed or the vigibility
decreagses to lega than the diztance ampecified in the commanding officer’a
standing orders

h. Any SINS/master gyrocompass/auxiliary gfyro comparison reading that
ig greater than cone degree

1. Any observed malfunction to navigational support equipment (i.e.,
DRAI, SINS, DRT, ship's gyro, etec.)

) jJ. Any time the ship's position i=s in doub£ or the projected track’'s
prudence 12 que=stionable .

8. Quaptermaster’'s Dutiez. While performing open ocean navigation, the
QMOW or destignated member of the navigation team shall:

a. Malntaln a projected track, corrected for anticipated szet and dprift,
of the intended gship's coursea and speeds, az established by the navigator.

b. At least every 30 minuteas, plot and compare both SINS and combat
gyztems (NTDS or DRAI) pozitions on the chart in use, informing the officer
ot the deck and navigator of developing errors.

c. Pay particularly close attention to the compasa comparison checks
every 30 minutes, immediately notifying the officer of the deck and
navigator if errorg are noted.
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d. Examine the charts in usze and make recommendationa to the officer of
the deck for times when the fathomater. could ba used to gain useful
navigation information. .

«. During the watch, the quartermaster of the watch ig regpongible for
the following additional specific items:

(1) Carrying out watch routine
(2) Keeping the logs and records, as applicable

{(3) Assigting the 00D, navigator, and assistant navigator in
piloting the ship

(4) Assisting in thea resetting of the DRAI, as appropriate

(%) Operating the fathometer with permigsion of the 0OD/TAC 1t
acoustic EMCON s set

{6) Baing alert to preventing any changes in the statue of equipment
supplying inputsg to the 9INS and DRAI’s such az the log, dummy lag, or
compass. He will immediately inform the navigator of any change in the
gtatus of sguch equipment and will log in the deck log of the time and nature
of such acccurrence, noting the DRAI and SINS readings at the time.

(7) Making reportz to the navigator and azssistant navigator

(8) Being careful to double check all pomition plotting calculations
and procedures

(9) Monitoring thea helmamen tfor ordered ship'a course and speed

{10} When operations permit taking an azimuth on each watch,
recording the regulta in the navigation workbeok (OPNAV Form 3830/1) and
reporting results to the officer of the deck and the navigator

(11) Eatimating set and drift, comparing to SINS zet and drift data
am obtained from raw speed vectors, when directed by navigator

(12} Correcting the DR plot. If the new fix varies more than one NM
trom EP, enguring that CS and IC personnel Aare intormed that the dead
reckoning analyzer and tracking equipments require inveatigation.

(13) Preparing the ship'a 2000 positién report for digtribution to
the CO, CICWO (TAC it on watch), any embarked commander, and the OTC

(14) Preparing notes for the night orders notebook

(18) Computing the time of the beginning of the next morning's civil
twilight and preparing a list of celegtial observations. Aszgignment of
peraonnel to accomplish specific elementa of the day's routine ghall be made
by the navigator, bazed on an agssegsment of experience and expertise
demonatrated by the QMOW.

t{. Timesg for accompliszhing these elements are not defined, due to
variations in the times of celestial observationa. Agsignment of perszonnel
to accomplish gpecific elementa of the day's routine zhall be made by the
navigator, based on an agsesament of experience and expertise demonatrated
by the QMOW.

g¢. Engure proper watch turnover ig executed by QMOW, utilizing a
checklist auch as that detailed in Appendix E.
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INTEGRATED NAVIGATICN

1. Bagkground. The accuracy ot navigation dependa on a knowledgeable
assegsment of all position data. Each gource and fix technique ie zubject
to some arror. The prudant navigator, thersfore, must aasess each poaition
determination and evaluate it with respect to others.

2. Usze of Available Hesourges. Evaluating from all electronic aids,
celestial, vizual, and DR/EP computations provides the baais for
knowledgeable avaluation of the ahip’s position. Each source of fix lia
subject to some degree of error and accuracy. Ths navigation team must
understand tha sources of epror that each fix gourcs iz zubject to, and
apply that knowledge combining multiple sources to the beat position. This
type of application will also be useful in identifying a fix source that has
a gignificant error. By integrating as many aourcea ot fix information a=z
iz reasmonably possible, mutually gupportive fixeas will improve position
accuracy and raise the confidence in data produced. The integration of
several NAVAID'a to derive & composite fix requires:

a. Understanding those factors influencing their day-to-day or zeaaonal
variation and effectiveaness.

b. Precise data collection, plotting, and analyzisz at the precisze time
set for tixing the ship’s position,

Thig effort requires that the sum of the navigator's experience,
judg¢ment, and contidence in this woerk will be employed. This decision to
gelect a aingle source of positioning data or an averaging approach ia based
on hiz analysiz of the factoers which intluenca NAVAID accuracy, and the time
available to gather and analyza the data.

3. Ppocedures for Data Collectjon and Reduction. For integrating any
navigation data:

a. Draw pogitioning data from visual sightings, celestial observations
(sun line LOP), and the ship's NAVAID's. Note the precige time of data
colleation for each aid. Enter the LOP’'z obtained iIn the Standard Bearing
Bock (OPNAV form 3%30/1) ae appropriate.

b. HReduce the raw data obtained and record the tixea developed in the
appropriate logs and as apecitied by the CO.

e. Plot LORAN € and OMEGA fixes on the special charts available for use
with these aystems. Some LORAN C and OMEGA gystems produce fix data in
latitude/longitude format and do not require speclal charts.

d. Plot GPS/SATHNAV fixes (if avaiiable).
e. Advance/retird all fix data to common time reference.

¢{. fTranglate all fix data acquired to latitude and longitude valuez for
transfer to the navigataor’'s plot.

£. A convenient method of handling data collection 12 provided through
the use of the =zhip's poszition log (OPNAV 31006/3). The log is a
chronological record of the ship's podition in latitude and leongitude, as=
developed by NMAVAID’s, the precise time the fix was taken, and the initial
of the person acquiring the data. Space is allocated for the navigator’s,
evaluation of the composite eztimate of position, an indication of
verification agalinst the DR, radar (when possible), and remarks related to
the statua of specific NAVAID'a2 or conditions which preventad fixing through
any given technique. This log 1= used for reconstructing the track and
tforms a data base for estimating the acquracy of the ship's# NAVAID's., When
resetting the DRAI, the old and new reset positionz must be logged.

4. Procedures for Data Analysgis and Display. One method of plotting the
fix data recorded in the ship's positicn log would be to:

a. Plot the fixes on the navigator’'s working plot, indicating the
precize time of initial data collection and the NAVAID usged to derive the
fix (Figure 5-1). -



COMNAVSURFPAC/

A AGINS ol __
AT

. Advance or retard the fixez to common time reference ag eatimated
pogitions (Figure 5-1) in thia case 0645 the time of the NAVSAT tix.

o. Ingert an estimated error of each NAVAID utilized (Figure 5-3),
based on data derived from previous NAVAID parformance and accuracy of data
obtainad or representative accuracies found in Appendix D.

d. A& an axample from previous performance and system capabilities
NAVSAT has been zelescted as the most accurate fix of current position.
Comparison of the NAVSAT fix with all other NAVAID fixes indicates the
NAVSAT fix falls within each of the other NAVAIDS CEP, thus verifying the
validity ot the NAVAID fix.

@. Record the latitude and longitude of the NAVSAT fix on the work
gsheet, evaluate itz quality, and verify 1t against the DR and, 1f posszible,
with radar.

All data muast ba plotted on the largest scale chart available. All too
often, the navigation team plots the ghip’'s track and DR positionz on a
scale which permits them to maintain the °big picture.” While this isg
convenient and reaszsuring for the CO and membersz of the bridge team conning
the =zhip, it severely limits the ability of the navigation team to maintain
their plotting accuracy when one NM can be lost in the width ot pancil lead.
More importantly, changing from small to large-scale charts at the onzet ot
potential hogtilities multipliea the odds of inducing a plotting error
during the transgition to the new chart. Any big picture representation of
the track for the conning officer should be maintained separately from the
working plot uzed by the navigation tesm. The 00D, and others, muat not
mark on nor alter the navigator'as working charts. Inserting the estimated
accuracy values for the NAVAID's plotted is a smignificant step in deriving
an approximate gecdetic position, and visually displays the
interrelationship of the various NAVAID accuracies. The accuracy of a
NAVAID varies, dependent upon equipment operating condition, geagraphic
location, data collection reliability, and other factors such ag seasonal
variation. The conscientious navigator can use test data to develop a
reliable estimate of accuracy for his equipmant.

&, Eppor Datection and Corprectjon. The coritical issue in tactical
navigation i when to recognize that tha DR or other fixes contain
gignificant erroras, and to pinpoint the cause of the errar. The degree ot
confidenca also depends on an awareness of the differences between fix
gource data and the degree of error involved, and the identification and
regolution of the source of errors. A propeprly maintained DR is the
foundation in determining ship's posjitjon between fives omparing fixes
when_obtained, catching errora, and regolving conflictas among other gources.
Hence, a vital factor in the determination position is the DR. Each fix
from any source ahould be compared with the DR fix at every opportunity.
Thiz comparizon wtll validate the consistency of that method or indicate a
degradation trend over a period of time, allowing the navigation team to
locate the mource of error and correct it. For shipa with INS the sysztem
presenta an accurate "ground truth’ between fixes that can be extremely
accurate i1f error correctionsz are applied to the praw INS data and the INS
haz been updated by a satellite fix inside its 30-hour operating window.

a. All memberz of the navigation team muast be alert to detect posszible
errors. The practice of navigation muat not become routine. PFroper
attention teo the detaila and proper internal communicatlon iz esgsential to
prevent accuracy degradation. It cannot be over atresged that an accurately
maintained DR plot 1= essential to accurate navigation.

b. Procedures. The navigator and quartermaster muat:

(1) Properly maintain the zhip’'s DR, including a running E.P. plot.
(2) Uze the DR and all available fiwes to determine a composite fix.

(3) Note variationsa in fisx cluatera in successive plota, and remain
alert to the firat indication of accuracy degradation in their data.

(4) Flag all geodetic positioning data provided to the users of
navigation information, with an agseszment of fix quality.

c¢. The TAO must:

(1) Engure that the NTDS DR position is frequently updated to

5=-2
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(2} Be alert to the quality of the fix in hia tactical evaluation to
reduce errors in tactical warfare situations.

(3) Ensure that any positioning data he receives from the navigator
is compared with the current display. Any that do not constitute a logical
extenzsion of previous fixes, and estimated poaition in relation to time, are
brought to the attention of the navigator and CIC/CDC watcoh suparvigor to
coordinate a resmolution of the error. (The navigator will provide final
verification and correction, if requiraed.) :

(4) When requesting own ship’'sz positicn or providing another unit's
position, the navigator must ensure that the data includesa:

{(a}) Latitude, longitude, time of report, time of fix on which
positian report is=s bazed.

(b} Quality og fix.

{e) Course/speed.

(d) Flagship's bearing and range it appropriate.
{e) Source of fix information.

{%) The ship'a position report provided to the OTC for force
pogition plotting zhall acontain the zame data.

d. Figure %-2 presents two exemples of arror detection by the
navigation team. In thig figure, it can be seen that the ship’'s position is=
drifting north of the position and intended movement (PIM). At 0645, when a
celeatial obgervation was made, additional fixes acquired from the gatellite
navigation and OMEGA davices combined with the DR poaition. Through
gucceeding fix plots, the relationship of the fixez developed by asatellite
navigation and OMEGA remained relatively constant with the DR position.
Detecting such shifting acrosgs succeeding tix intervals iz genarally
indicative of previouzly unknown or uncompensated gailing factors such a=s
seat and drift. (Uncompenaated velocity errorz such az set and drift could
result in a large error for the satellite navigation fix.) When, at 0745,
the navigator’'s plot indicates deviation from the PIM exceeding two NM,
changes in course and speed are ordered by the 00D to regain the PIM. By
0000, the ahip is well on itz way to resolving the error.

@. At the time ot the 0845 fix, the estimated pogiticna developed by
the DRAI and NTDS DR are noted to be in error, and these unitz are reset
after the fix ias developed. In succeeding plots, both begin to accumulate
error, with the NTDS DR pulling away {rom the manual DR much faater than the
DRAI. Thig ia gignificant singe both gsystems accept inputs from comman data
sourcez (log and gyro) and should track closzely together. Large variations
in the data developed by a single resource uzsually indicate equipment
malfunction and should be thoroughly investigated and resolved.
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LIST OF ACRONYMS, TERMS, AND DEfINITIONS

Acronyms
AAW Anti-Air Warfare
AMW Amphibious Warfare
ASU Anti-Surface Ship Warfare
ASW Anti-Submarine Warfare
CASREP Casualty Report .
CEP Circular Erxor Probability
CIC Combat Information Center
cDC Combat Direction Center
CICWO/CDCWO CIC/CDC Watch Officer
CNO Chief of Naval Operations
co Commanding Officer
CWC Composite Warfare Commander
DR Dead Reckoning
DRAI Dead Reckoning Analyzer Indicator
DRT Dead Reckoning Tracer
Ds Direct Support
EM Electromagnetic
EMCON Emission Control
EMO Electronics Material Qfficer
EP Estimated Positiocn
ESM Electronic Support Measures
ESO Educational Services officer
ET Electronic Technician
ETR Estimated Time of Repair
FCS Fire Control System
FORACS Pleet Operation Readiness Accuracy Check Site
FTC Fleet Training Center '
FTG Fleet Training Group
IC Interior Communication Electrician
1FF Identification Friend or Foe
INS Inertial Navigation System
LAMPS Light Airborne Multipurpose System
LoP Line of Position
MOTU Mobile Ordnance Technical Unit
MOVREP Movement Report
NAVAID Electronic Aid to Navigation
NESEC Naval Electronic Systems Engineering Center
NM Hautical Mile
NTOS Naval Tactical Data System
Q3T on-the-Job Training
Q0D QOfficer of the Deck
OPNAV office of the Chief of Naval Operations
QPNAVINST OPNAV Instruction
0S Operations Specialist
oTC Officer in Tactical Command
QTH-T - ’ Over-the-Horizon Targeting
PCA Polar Cap Absorption
PDL Pass Down Log
PIM Position and latended Movement
BMS pPlanned Maintenance System B
PPC Predicted Propagation Correction
QoM Quartermaster
QMOW Quartermaster of the Watch
RDF Radio Direction Finding
51D Sudden lonospheric Disturbance -
SINS Ship's Inertial Navigation System
SOA Speed of Advance
sop Standard Operating Procedure
ST Saonar Technician
STW Strike Warfare
TAQ Tactical Action Officer
T0S Tactical Data System
WLO Weapons Liaison officer
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ESTIMATE OF POSITION--The more probable position of a vessel determined from
incomplete data or data of questionable’ accuracy. 1In practical usage, it is
often the DR position modified by the best additional information available.

CONNING OFFICER--The officer actually in control of the ship's movement
through the water.

PIX INTERVAL--The time between fixes, It will be determined depending on
the type of conditions encountered, i.e. open ocCean, coastal waters, or
pileting. (See Appendix C, table C-1.)

GEODETIC POSITION--The unit's location on the sarth's surface, expressed in-
latitude and longitude coordinates.

INTEGRATED NAVIGATION--Navigation based on integrating data from all
available resources and techniques which is subjected to rigorous review and
analysis to detect and resolve potential sources of error.

NAVIGATION RESOURCES--Those practices, procedures, techniques, aids,
personnel, and experiences that can be brought to bear on the requirement
for accurate navigation.

NAVIGATION TEAM--Those members of the ship's force who develop and/or
utilize navigation data.

REEF=-- An off-shore consclidated rock hazard to navigation with a least
depth of 28 meters {(or 19 fathomsa} or less.

SHIP'S POSITION--The ship's location expressed in gecdetic coordinates of
latitude and longitude.

SHOAL-- An off-shore hazard to navigation with a least depth of 20 meters
(or 19 fathoms) or less, composed of unconsolidated material.

TACTICAL NAVIGATION-- Navigation services provided by the navigation team in
support of tactical operations.
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NAVIGATION BRIEF
Attended by:

Commanding Cfficer
Executive Officenr
Operationas Officenr
Havigator
Chiet Engineer
First Lieutenant
CIC/CDC Qtficer
Aszistant Navigatonr
CIC/CDC Surface Watch Team
(Piloting and Shipping Qfficers)
Bridge Sea and Anchor Team
(00D, JOOD, JOOW, Conning Officer, OOD(U/I))
Gacphysics Officer/AQ
QMC
Leading 0OSC
Staf?! Surtace Operationa Officer
Other personnel as directed

SEQUENCE
I. ARRIVAL/DEPARTURE TIME - Navigator

Consideration ot optiona

Tides
Operational requirements
Speed regquired

II. WEATHER - Geophysics Officer/AQ/Navigator
III. TIDES - Navigator

Ebb/tlood - range Iin feet for line tending
Sine curve ot tide for entry/departure

Iv. CURRENT - Navigator

Direction (degrees T)
Sine curve of current for CO, NAV, CONN, 00D, CIC/CDC

V. CHARTS - Navigator

Currency
Changes (Notice to Mariners, hydropaes, ete.)
Track
Major courses
Head, turn and danger bearings
Shoal water and danger arcs
¢DC and NAV track compared
Depth of water
Channel
Turning baain
Recent survey
Vigzual and radar landmarks
Degeription of anchorage or mooring
Head and drop bearings
Plier heading
Holding ground
Depth of water
Vegegel traffic separation gchedules/check in points

VI. GROUND TACKLE - Firat Lieutenant

Ready anchor - port/starboard

Scope of chain

Recommended evolution (i.e., let go or walk ocut to certain
scope) '

Status of windlags/winches

Special mooring buoy procedures
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VII. TUGS AND PILOT - Navigator
VIII. SIGNIFICAN RAFF - Expectad movements - Operations Officer

Monday morning sortie
Ferry movements

IX. s S OF NAV u - Navigator
Gyro and repeater error comparizon
Fathometer
Pit log ’
SINS
Radars and repeater arror calibration
X. STATUS OF ENGINEERING PLANT - Chief Engineer

Limiting casualties
XI. SPECIAL CON ERA NS/EVE = Navigaton

Coordination with the pilot for embark/debark
Fleat Guide, Port Guide, SOPAINST
Honorsg

Flag officer movemants

Visitors

Bridges

Helo operations (VOD/VERTREP)
Debrief =chedule

Flight deck/water washdown aysten
Boatz in the water

Accommodation ladder up/down

XII. SEA _AND ANCHOR DETAIL - Navigator
Time/Uniform
XITI. EMERGENCIES

Steering Casualty
Engineering Cazualties

Man Overboard

Rapid Weather Deterloration
Loae ot QGyro

Losa otf Radars

Plan for Lest Communications
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BASIC SKILLS

1. Introduction. - In modern naval tactics navigation ia not safaty alone;
it includes targeting and protection against engagement by iriendly forces.
In battle group applications, the OTC's knowladge of other shipe’ pozitions
ig often based on the last reportad position received, coordinated with the
OTC'z own DR and the PIM'2 of units not in company. Identification of
friendly units can be difficult unless all unita are able to maintain
acourate plots of their positions and movements. Under theas conditione,
DR'as and EP's muat be maintained and utilized with the greatest zkill.

Bazic 2killz must be stregsed and adequate training provided for, baecauze 1t
ig the foundation upon which accurate navigation iz to be maintained.

2. Fixing the Ship's Pos . A ftix is the closest pogsible approximation
of the geodetic poasition of the vessel. The reasources used may include
celestial obmarvationa, viaual beapinga, linea of position (LOP’a3) developed
by electronic aids to navigation and NAVSAT/GPS data. At the time the fix
ia taken, the pogition of the ship is eatablished in latitude and longitude.
This poszition will vary from the actual geodatic position to the extent that
errors have been introduced in the fix through inaccuraciez in procedures,
technique, and the accuracy of the NAVAID's utilized.

3. Standards. Minimum accuracy standarda for fixing the ship’'a position
and the interval beatween theae fixes are, to soms extent, situation
dependent. Table C-1 summarizes the orders of accuraciexz and fix intervale
dezcribad. QGenerally, the ship’s position should be known within twa NM
when outside coaztal waters and not engaged in battle group evolutiona which
may require a higher standard of accuracy.

TABLE C-1

SUMMARY OF FIX ACCURACIES AND INTERVALS

Distance from Wataen Bepth “Recommended
Area Neareat Danger {Fathomsa) Acouracy Interval
Pilot " "Lezs than Teza than 50 yds 2 min on lesz
Waters (Harbora) 2 NM 20
Coastal 3 - 50 NM 20 - 100 6.25 NM 3-1% minutes
Waters
En route Over S0 NM Over 100 Goal of Az conditions
Navigation .7T5NM on warrant
batter is (typically not

eatablighed greater than
for B6 oper- 30 minutes)
ations. 2ZNM

ig reaszonable

for trangita uging
celegtial navigation.

The position of the ship must be determined by all avallable means at every
opportunity. Navigation pergonnel must always gatrive for the highest degree
of accuracy possible. )

4. Procedures. To enaure that the required standards of accuracy are met:

a. Fix the =zhip’'s geodetic poaition by all available means and
rezources available. Celestial, NAVSAT/GPS, OMEQA and LORAN-C fixe= ghould
all be compared with the DR track and INS position (if available).

b. Plot OMEGA and LORAN C fixes. If direct lat/long read-out is not
available, then plot on apprepriate charts prior to tranzsferring the fix to
the navigator's plot. Ensure accurate tranafer of data.

o. When developing or plotting fixes away from the navigator’'z plot,
record the precise time the fix data was acquired and transfer this time
with the tix to the navigator's plot.
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. plot all fixes and labal the iime of fix on the largest scale chart
available to allow the greatast accuracy. Construct DR from each fix,
extending at least two fix intervals.

e. Whan recording fix data in the positiocn log, imdicate the source of
{ix and assign an assezsment of fix qualify (E-excellent, 8-food, F-fair, P-
poor, N-no tix).

f. Report fixes to the 00D, CICWO and/or TAO mith am sssezsmant of fix
quality. :

£. After obtaining a fix which ia evaluated as good or better, with the
concurrenge of the navigator, reset the DRA or DRAI. Inmform CIC/CDC to
enable the update of tactical plot information.

h. With cencurrenge of TAQ/CICWQ, update NTDS, as sppropriate, and
resolve errors, using gridlock procedures.

1. On ships which have a SINS update to NTDS, compere the posgition
information between SINS and a good or better fix. If the error exceeds two
NM, an evaluation by the navigator and CICWO and/cr TRGO should be made
whether to shift out of SINS update mode. :

§. INS resets should be made only after careful evsluation of the
proposed reset and with the concurrencae of the navigstowr. Mavigation {nputs
to aircraft systems is usually raw SINS data. SINE presets should be
carefully coordinated zo as not to interrupt aircreft aligfament procedures.
After the rezet has been completed, aircratt navigaticn systems zhould be
gatabilized with the new data.

k. Assessmants of fix accuracies must include the design apecitfications
of the equipment, as well as the environmental coaditiagmse e&wisting whan the
fix waz obtained, which could reduce the accuracy ot the ftx. In addition,
the akill, training, and other human factore involued im the personnel who
produce the navigation data muat also be considersed im arseszing fix
accuracy.

1. Detailad dezcription aof the techniquas employed to acquire fixesz may
be found in DUTTON'z, DOWDITCH, and quartermaster trainixg manuals. The
details of shipbcard electronic navigation aystens sre foumd in component
technical manuals. Some important conaiderations ssrocristed with electronic
gystemz are also described in Appendix D.

%. Dead Reckonjng. The DR plot js the most undes—uitplized source of
navigation information. It iz a projection of the ship's intended movement

from the laat fix. DR position acquracy is direcily related to the
attention given to the precision of the maintenanrs off tihe DR plot between
tixes. Factors which affact the accuracy of the IR tmelods: currents, wind,
gea ztate, advance and transfer, human factors, chartz, sczle gelection,
condition of the aship’s propulgion and steering systems, &nd performance of
the EM log. The navigation team must rely on DR se the foundation for
maintaining an acceptable eatimate of the ghip's positicwm Between fixesz. A
properly maintajined DR ia the foundation for the mavigathen plot and ja the
bagjg for the estimated poeitions until the next fyw, shghting land, or
arrival at the destination. The DR plet provides & dat® source to compare
with the estimated positions derived from the alectrantc MAVAID"a (i.e.,
DRAI, INS, NTDS) and detect potential erraraz. It slzo @bd=z in regolving
data gzource conflicta.

6. Standards. The accuracy and degree of preciston reqgaired in
conaztructing and maintaining any DR plot iz dependent upem the miaazion ot
the vessel. A properly maintained DR, gupported by = dEp s work in
navigation and frequent fixing by electronic aidse, shonld be aufficient to
maintain accuracy approaching or bettaer than one M. Under circumatances
which require a higher standard of precigion and sccurscy, attention to the
DR becomes crucial to approximate the gecdetic position, @dvance tha ghip's
position, and aveoid hazards. All standards of accurascy wihich apply to
tfixing the ship'a position apply to maintaining the Ol between fixesz. A
properly censtructed DR does not allow for any iaternal or external
influencesz acting on the ship. It is a good basis for egtabliszhing an EP
from known influences affeating the ship's progress. A DB iz aimply
projeating ordered speed and coursze ateered. Allowaneesx for known zet and
drift must be considered in establiahing an EP in the sbrence of external
intormation.
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7. Procedures. The procedures specified iIn Dutton's, w tLJ“gﬁLuld be
applied to dead reckoning en the navigator's plot, are:

a. Plot a DR position at least every hour on the hour.

b. Flot a DR position at every course change.

a. Plot a DR poszition at every speed change.

d. Plot a DR position when obtaining a £ix or running fix.

e. Plot a DR position when obtaining & single line of position.

¢. Plet a new course lina from each fix or running fix, as zoon asz it
has been determined and plotted on the chart.

g. Plot the DHE on the largest =cale chart commensurats with tactics
employed.

h. When using a DRAI, DRT, or NC2 plotter, ensurse that latitude and
longitude values drawn from an acourate fix are entered whenever the track
error between this device and the manual DR exceeds one NM, teo reduce
accuracy degradation induced by EM log and gyrocompass errors, and thoase
factors affecting set and drift.

1. When accepting speed data from dummy log, ensure that all apeed
changes are entared as they are ordered. Attention by EOOW ia required.

j. When DRT or NC2 l=2 utilized for plotting, ensure that this unit
remains energized during the courze of the voyage, including thoae perioda
when the unit is not in use. This will protect the alectrical/electroniec
componentz and improve reliabllity.

k. HRetain the navigator’'s plot as a record for evaluating performance
and for usfe in reconatructing the migsion. i

1. Updating DR.

8. Estimating Position. When ingufticlent data 18 pregent to acourately
fix the pomition of the vezzel, as estimated position may be generated by
combining incomplete data at hand from a variety of sources. The egtimated
pogition may combine the DR poasition with a single line of bearing, account
for set and drift, compensate for advance and transfer, or represgent a
combination of these and other factors, depending upon the gituation. Since
DR positions are plotted on lines derived from ordered courgeas and speed and
do not compensate for current galling factors or tactical characteriatics of
the ship, thelr relationship to the geodatic pesition may not alwaysg be
acouprate. To reduce the magnitude of error between the ship's DR positien
and the geodetic position, the DR plot must be refined duping the interval
between fixes with a plot of estimated positions.

9. Standaprds. While no rigid standards can be applied to techniques aimed
at egtimating position, the navigation team must minimize the accuracy
degradation provided by the laat fix acquired.

10. Progedures. To prodﬁce an esztimated position:

a. Usze the largest scale chart practicable to enhance the plotting
acouracy. Navigation aceuracy dependa on thisg. Tactical plots may be more
uaefully maintained on gmaller scale chartsz. :

b. Include the last DR position in any calculation leading to an
eztimate of the ship’a pesition.

a. Combine all avallable linez of po=zition 0! quegtionable quality with
DR pozition data in the abzence of a tix.

d. Estimate set and drift, and apply this data to current work on the
navigator's plot. For ghips with SINS, set and drift should be derived from
veloclty vectons.

e. During high-speed maneuvering, compenzate for advance and trangfen,
uging knowledge of the ship'a turning circle at gpeeda and rudder anglesz
other than standard, and values for determining acceleration/deceleration
disztances.
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. Use bottom contour charts and the fathometer, when appropriate, as
dascribed in Dutton's to fix ship’s position, to estadblish an egtimated
position or to increase confidence in an estimated position.
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ELECTRONIC AIDS TO NAVIGATIONS

1. Background. Electronic aide to navigation (NAVAID's2) are installed
aboard naval veaszelz to provide a broad base of poaitioning data when thesze
resgources are combined with visual and celestial tachniques. When data
provided by NAVAID’s are combined, the navigatar has pozition reference
capabilities that will aupport global all-weather navigation.
Charactaristics of position systems are-summarized in tables D-1 thrcugh D-
5.

a. Prapar ialcction and use of aids require a thorough knowledge of
their concepts, capabilities, and limitatione. Knowledge 13 beat attained
through formal achool training supplemented by on-the-job training.

b. One of the major problems encountered in employing any NAVAID is
determining the accuracy of the aid and tha level of accouracy of fixes
developed by it. The navigator must determine the acouracy of those NAVAIDS
installed in his ship because of differences in equipment installation and
material condition, geographic area of the ship's operations, training
procedures, and akillg of the navigation team. Specific procedures for
aasegeing the accuracy daveloped by selected NAVAID's are prezented in this
section.

2. Own_Ship Data Systems. Thege include the gyrocompasgs, magnetic compaza,
EM log¢, and thosme unite which provide DR data, such ag gynchro amplifiers,

campass repeaters, DRAI's2, DRT'a, and NC2 plotters. These systema play a
Tole in all phases of the navigation procesz. Any problems agsociated with
theze systems must be brought to the attention of the navigator.

a. Qyrocempass. The gyrocompass ia a spin-stabilized device which
provides true north data for navigation and steering purposges, and roll and
pitch data for gensor and weaponsz systems stabilization. Typified by the
Mark 9 Mod 4 unita installed in moat surface ships, 1t iz extremely reliable
and accurate to within 8.5 arc-minutes in the shipboard environment. This
accuracy 18 degraded somewhat by ship and latitude correctiona, and synchro
data tranamission gystems employed to bring the bearing data to the remote
compasgs indicators. When opersating within PMS gpecifications, coursge
findings at the compass repeater may be presumed accurate plusa/minus one
degrae.

b. The Electromagnetic (EM) Log. The EM log i3 a water-flow gensing

device which detects changes in electrical voltages. It converts and
displays the zhip’sz apeed in knots and the distance traveled in nautical
milea. This device meazurez apeed through the water and not spead over the
grocund. No compenszation ig made by the EM log for current gsalling factors
guch as set and drift, advance and tranasfer, or mea gtate. Since the EM log
provides one of the prime inputa to mechanical or electronic, these zources
¢! errorz muat be understood and compenzated for, and are discussed below.

{1} The EM log's specified accuracy for velocity iz 0.4 kt, non-
maneuvering; 0.7 kt, maneuvering. Velocity errora may be induced through
the synchro/servo loops trangferring log data to 1ts display device.

(2) Velocity errors from the EM log cauze errors in the navigation
and caleculations uging devices which accept EM leg inputa. Foszition fixing
or DR computations from NTDS, DRAI, NC2, or DRT will be in error to the
extent that the EM logZ speed output to theze devices variea from the tpue
apead over ground. :

(3) On ships with INS, procedures exiast to check log accuracy. The
EM log can also be checked by running a measured range. The accuracy of the
EM log will directly affeat SINS error, aince EM log input dampa SINS
plattiorm.

¢. Dead Reckoning Analyzepr Indicator. Both the DRA and DRAI are

electromechanical computers which utilize heading information from the
ship’s gyro-compass and gpeed information from the EM log. The apeed input,
resclved into east and north velocities through use of heading data provided
by the gyrocompass, is integrated with time to read disztance. The DRA
dizplays miles steamed north or south, sast op west, and the total number of
miles steamed. The DRAI providesz the three read-outg of the DREA and
read-outs of latitude and longitude. The accuracy ia primarily dependent en
the acouracy of the gyrocompass and EM log inputz. It is extremely ’
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impertant that the navigation team check the latitude and longitude readings
of the DRAI and compare them with the ship's positioa developed by the moat
recent fix, te ensure this davice continues marking accurataly 1f other
ayztems fail. Eprrorg exceading one NM must be resclved.

d. DRT and NC2 Plottep. The DRT and NC2 plottes provide a graphic
trace of ahip's DR through thae water. The DRT receives input from a DRA or
DRAI. The NC2 plotter raceives input {roa a DRAI and traces the tracks of
multiple targets. Thisz permits & constant display of target rangs and
bearing. Target data may be manually inserted or supplied by radar or =sonar
sangor inputa. Different zcales are available for use, depending on the
tactical situation. DRT/NC2 equipment should be energized whan underway
with frequent checks made by tha navigation team to ensure that the latitude
and longitude displayed by thege devices track the current estimated
pogition. Latitude and longitude errora excesding one NM, induced by the EM
log, gyrocompass, DRA/DRAI, and the signal distribution system muat be
corrected. DRT/NC2 "bugs® need not be energizaed to maintain the latitude
and longitude vreading when the plotter ix not in use, and may be de-
energized so long as DRT/NC2 itsalt Temains snargized.

3. OMEGA. OMEGA provides continuous world-wide, all-weather navigation.

1t consiats of eight transmitting staticns, designated by lettersz A through
H located around the globe at points selected for optimum coverage. It
tpansmite on VLF frequencies betwaen 10 and 14 kHz. Accuracles are
specified at +1 to +2 EM CEP, but are dependent upon geographic position and
environmental tactors.

a. Concept. OMEGA i= essentially a guided wave system. The radio wave
iz channeled betwaen the earth and loncsphers. The eight stations each
tranamit a basic gignal of 10.3 kHz for a definite duration between 0.9 and
1.2 seconds, but not all at once. They transmit in prearranged sequence,
which repeats every 10 seconds to allow for & unique identitication ot each
gtation. Sufficient redundancy ig provided by the eight astations to permit
atation maintenance without the loxs of global coverage. In mogt zhipboard
OMEGA equipment, the OMEGA phase difference between two atationa 1=
measured. The phase difference ia proportional te the distance of receivenr
from the sztations, ylelding a hyberbolic LOP. (As with any other navigation
sygtem, a minimum of two crosgsing LOP’sa i=x required for a fix, and, as in
vigual, radar, and celaastial navigation with more independent LOF'2,
obtained intersecting at optimum croasing angles result in more accurate
f{ixesz.) In theory, the ship ghould be capable of receiving a sufticient
number of OMEGA =tations whosze LOP's¢ present croasing angles sulitable for
accurate navigation.

(1) Since the wavelength for the basic fregquency of 10.2 kHz l=a
approximately 16 NM when two signals met, & phasze difference is formed which
will repeat twice in 18 NM on the baseline batween two stationa. From this
phase ditference, two lanes are formed, each one 8 NM wide or the bageline
between trangmitting stationsz. The OMEGA receiver countz the lanes as they
ape crosaed and indicates a measured traction of a lane. The receiving
equipment iz incapable of measzuring the completa lane count. The boundaries
of OMEGA'z guided wave component are the Earth'sm surface and the ionosphere.
Due to changes in the properties of the boundaries from the propagation
conrections (PPC'z) must be applied to the receliver readings.

b. Operatjon and &nomalies. Standard OMEGA receivers can recelve four
atations simultansousgly, and will provide continuous lane counts for three
station pairs. Once gynchronized, the OMEGA receiver will automatically
count lanes az they are croaged. Numerous factors will atfect the accuracy
of the OMEAGA fix. A thorough understanding of these factors iz eggentlial to
obtain the beat navigation data. Use of the most current OMEGA uszer’s
bulletin will provide guidance for proper get-up and melection of stations.
Ulse of the user's bulletin is mandatory it asccuracy is to be achieved.
Verify esquipment performance by conducting the test described in figure D-1
or utilizing the OMEGA strip form as provided in the navigator’'s workbook
(OPNAV 3530/1).

&. When tixing the =zhip's position with OMEGA, the navigator must:
{l} Froem the OMEGA charts serving the ship's intended track, =zelect
LOP'as with eptimum croszing angles and pre-work the PPC’z for these LOP
computations on a daily basis, or more often, if appropriate.
(2) Cons=ult appropriate HYDROPAC's and the OMEGA Weekly Status
Repont disseminated by the U.S. Coast Guard in AIG 8980, to determine OMEGA
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(3) Utilize the strip chart at all times, marking the lane numbers
on the chart as they are crossed. Cross-check the atrip chart with the lane
count read-cut and resolve all discrepancies between these indicationz teo
avoid undetected lane jump. A determination zhould be made of the cauge of
lane jumps. 1If propagation anomaliez are the cause (i.e., PCA'x and SID’z),
. see ltem b. The OMEGA uzer's bulletin should be consulted if smelf
interference is the suspected cause. In either case, the information from
the station undergoing the problems sheuld be seriously questioned or
degselected.

(4) If lane jump occurs, reset the lanes.

(5) Read LOP differences from the digital read-out and evaluate
these readings with atrip chart data, particularly 1f noisze or poor signalszs
are sncountered.

{8) Apply the pro-worked PPC's and plot-corrected position on the
OMEGA chart.

{7) Datermine latitude and longitude of the OMEQA fix and tranafer
thiz data to the navigator’s plot.

d. To aveid problems with OMEQA:

(1) Be aware of the geometry or googriphic relationship between the
OMEGA stations in use, and the gzhip which determines whether the LOP's
generated by the OMEGA stations intcrscct at right angles or are more nearly
parallel.

(2) Ensure that correct LOP's are aszgzigned at the day/night LOP
changeover, Consult receiver technical manual and current OMEGA user's
bullatin.

(3) Check the strip chart periodically to engure continuity of
tracking.

(4) Eneure correct geoidal height ia sat.

4. Navy Navigation Satelljte System. NAVSAT provides accurate, all-

weather, world-wide navigation information. The accuracy of this syastem is
exceptional.

a, Concept. The navigation fix computed from data obtained by the
NAVSEAT receivers is baszed on a szhift in frequency (Doppler shift) that
ocours whenever the relative distance between a trangmitter and receiver
c¢hangea. The Doppler shift 1= proportionnl to the relative velooity between
the satellite and the user,

{1} Only one gatellite at a time can be usmad to egstablish pozition.
Each zatellite continuougly tranamitsz data which provides a series of
hyperbolic LOP data giving the fixed and variable parameters which describe
itz own orbit, together with a time reference. These data are repeated
every two minutes during the 10 to 17-minute pags. Four satellite tracking
gstationa monitor the Doppler signal of the gsatellites az a function of time.
The Naval Observatory monitors the satellite time tranamisgion and
comparison information is passed to the computing center for gsatellite
update.

(2) The satellite used with the NAVSAT system transmits variable
orbital parameters affecting the two-minute data get and fixed orbital
parameters provided by the computing center., To establigh a fix with
NAVSAT, the ghipboard receiver/processor must receive and compare data from
at least three two-minute transmigsions and a minimum of three Doppler
points. While data comparison can begin immediately after the satellite
rises above the horizog. Doppler pointsz cannot be accepted before a minimum
elevation angle of 7.5 isg attained to reduce the atmospheric arrorg. which
are largest at low elevation angles. The fix is developed and displayed and
data collection continues. If the satellite elevation angle exceeda 75
during the pass, all data for that paszz iz rejected and no ftix will be
developed, since the ambiguity of the hyperbolic lines of position areate
lange arrore in the poaition fix.

(3) A satellite pass may occur approximafely every 107 minutea, with
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the Irequency increasing at the higher latitudes. Due to restrictions
imposed by the elevation angle limits, profreszsive changes in the satellite
orbitz, and the potential for those satellites which rise at nearly the same
time to interfare with each other, usable passes may occur as much as four
to six hours apart.

b. Operatjon and Anomalies. Shipboard equipment for satellite
navigation conzists of a receiver, a computer, and a display unit. Only the
ship's estimated position, geoidal height, and speasd are required az local
inputs to the shipboard equipment. The NAVSAT navigation receivers
currently deployed on surface ships differ primarily in their capability for
gingle or dual-channel operations and the lavel of automation in their
interface with other ship systems such as NTDS or SINS.

(1) Fix arrors which can be avoided or reduced include the entry of
tnaccurate geoidal height and ghip's spaed data. (Geoldal height may be
drawn from the current Geoid Height Chart WOBZC7500, available from the
Dafense Mapping Agency. This chart provides the current ratfarence for
determining variations in the height o! mean sea level.

(2) At the time a fix is=s developed by NAVSAT, computations are made
using the ahip’'s course and speed inputs. Accuracy of the ship’'s speed over
the ground i=s epitical to these calculations, since NAVSAT fix errors can
typically be 0.2 KM for each knot of speed error. The affacts of this error
incresse with satellite elevation angle and the extant to which the error ia
in a northerly direction. With automated log input, the amount of error in
speed esstimation will be a function of the atfect of thoge arror sSources
previously described for the EM log. When comparison of the navigator's plot
data for speed made good and EM log readings indicates a gignificant error
in log speed, manual entry of the ship's estimated speed i recommended.

{3) Some satellite navigation systems maintain a continuous display
of the ship's position in latitude and longitude, based on an internal DR
batween fix capability. As with any other eslectronic or mechanical DR
device, pozition errors from the EM log and gyro inputs accumulate with
time.

(4} Sgnce the satellite is only effective beatween the elevation
anglexz of 7.5 and 73" from the receiving unit., and the number ¢f available
satellitez doez not permit full continuous period coverage, the navigation
team must be able to predict the availability and rise times for NAVSAT
satellites. Thesze predictions can be made from data provided by the Navy
Astpronautics Group at Point Mugu, CA. For ships equipped with =matellite
navigation systems interfaced with the Model 4 NTDS progranm, gix-hour rize
time forecaszta are calculated az a function of the NTDS program. This
system can pradiet the rize times for up to =ix satellites, based on
estimated position and data on orbital parameters acquired during the
satellite pazs. Six-hour forecast data can only be developed for a
satellite from which a fix was derived. Other NAVSAT, such as the AN/WRN-5
or AN/SRN-9, provide satellite prediction capabilities.

{%) To fix the ship’'s position using MNAVSAT:

(a) Consult the appropriate operating instructions manual for
the equipment installed.

(b) Determine satel%ite rise tlmg. ensuring that 3he pass
elevation angle will exceed 7.57, but not 75° (in practice 10 to 707).

{c) Eatimate and input the ship’'s position’within 30 NM.

{d) Input geoidal height and antenna height (SRN-19 requires
heightz in meters), us=ing DMA chart WOBZCTS500. ’

(@) Periodically verify NAVSAT system performance by using the
available, built-in test features of these systems.

{(f) Determine the source of a discrepancy when grossg differences
exist between NAVSAT fixes and thosze developed by other means, through a
rapid and comprehensive evaluation of equipment performance, system
conastraints, and the operational environment.

c. Prudent navigation practices consider guch factorg as time since

lagt valid pama, variaticns between ship's true speed, the =zpeed input to
NAVSAT, etc., to avoid dependence upon potential faulty positicning data.
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§. Navetapr Global Pogitioning Svstem (GPS). The zystem prJgagts extremely
accurate, instantaneouas three-dimensianal (position, velocity, and time)
information. The GPS will comprise 18 satellitez distributed on three
planes of gix gatellites each. A ground network of atationa are used to
track the gatellites and update the satellite data. Currently the SEN-2%5
integrated receiver OMEGA/tranamit/GPS cbtaina GPS msatellite data and
provides position, velocity, altitude, and time information. @aFS i=a
extremaly accurate and will provide continucua pagzaive world-wide navigation
data coverage once all satellites are in place.

6., LORAN G. LORAN C iz a method of radio navigation with typlcal ranges of
400 to 1200 NM. 1t enable= a navigator to determine hia ship’'z poaition
from radio signals which are broadcast from stationa of known poaition. The
LORAN C system completely covers the U.S. inland waters, a large part of the
northern hemisphere, and limited partz of certain overseaz areaszs. During
the day, LORAN C ground waves have a maximum range of about 1200 NM.
Accuracy fnrom the magter gtation zhould be within 50 to 330 ft. The sky
waves, usually obtained at night, have a maximum range of 2300 NM.

Accuracy, using the gky wave, ia generally within two to three NM, with
corrections applied.

a. Concept. LORAN € tranamitters use a bagze frequency of 100 kHz (in
the LF band), with itz stations grouped together into chalnz. Each chain
congiats of one master and up to four =zecondary atationa (dezignated W' X,
Y' and Z). A LORAN C chain i3 deszignated by rate, which is the repetition
interval hetween pulsze groups (e.g£., a chain with rate 9930 repeatz itz
pulze groups avery 98,300 microseconds). A pair of transmittera in this
gyatem is designated by the rate and the letter of the asecondary atation
used with the mazter (e.g., 9030-X would be the maaster and aecondary atation
X ot rate 9630).

(1) A LORAN C LOP iz determined by obtaining the time difference of
the arrival of zignals from two statione. A LORAN fix i3 determined by the
intersection of LOP's from two or more pairs of transmitting stations. The
range of LORAN stationz, the type of signal received, and the accuracy of
the resulting time difference meazurement are affected by the path ocver
which the radio waves travel. The portion of the tranamitted radio energy
which travels from the tranamitters parallel to the surface of the earth ia
known a2 the ground wava. Another portion of the tranamitted radic energy
travels upward and outward, encountars alectrified layers of the atmoczphere
and t2 reflected, forming aky wavea. LORAN C dependsz upon the ground wave
component of its tranamitted s2ignal with corrections applied to the aky wave
component for accuracy in position fixing. Sky waves, because they must
travel greater digtances, muat be corrected to the ground wave. These
gpecial corrections to be applied to the sky wave are indicated in the LORAN
C tables. Consult the equipment technical manual for further intormation.

b. Operation Anomalies. The most significant LORAN C anomaliesz are
ground conductivity and station geometry which can produce nearly parallel
LOP'a ag degcribed for OMEGA. Because the LORAN C operatez at higher
frequencies and utilizes the ground wave componenta of ita tranamission, the
etfect of other propagation anomaliea are negligible. The greatest
limitation on LORAN C usage i3 ita relatively ghort-range and limited
coverage.

(1) Tailoring the system to the area in which it will be used iz of
gecondary concern. The amount of communications interference in the
frequency spectrum uased by LORAN C vanries from area to area and requires the
ugse of szpeclal filterz to minimize the affect of thisz interference.
Additional data concerning LORAN C area coverage and trdnsmizsion
characterizstics can be obtained from:

Commandant (G-WAN-2/73)
U.8. Coaat Guard
Waszhington, DC 20590

7. Ship's Inertial Navigation (SINS). 1Inertial navigation is an improved
form of dead reckoning in which velocity and position are determined through
very accurate sensing of acceleration and directien. Inertial systems, used
for long-range navigation, are completely self-contained, require no shore
support, and are independent of weather.

a. Congept. " Inertial navigatorz meaaure the total acceleration vector

in a gyroscope-stabilized coordinate system. Integrating acceleration with
time and applying the computed components to the initial velocities make it
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posgible to determine actual velocity componant and diztance traveled. The
gensorg uged in inertial navigation are gyroscopes and accelerometers.
These components make up the gsenzitive elemant. The gyroscopes {n an
inertial navigator are normally mounted on a platforwm, a5 follows:

(1} Gyro "X with its szpin axiz aligned in a morth-south direction

{2) Qyro "Z° with its spin axis perpendicular to the "¥" and °Y*
gdyros. )

(3) The X" and "Y" gyros sense the roll and pitck of the ship, and
through the use of torquing motors, keep the platform perpendicular to a
line paszsing from the center of the platform to the center of the earth.
The purpoge of the 27 gyro iz to supply heading reference data. Thue, the
gyroscopes provide & stable platform and a directional reference.

(4) Two accelercmeters are used to measure acceleration in the
north-gouth and the east-west directions. The accelerations fenased by these
components are integrated over time to yield velocity readings which are
gtored in the computer, thereby continually updating the ship's speed.
Inputs in N-S and E-W componenta are resclvad by computer fto give ground
gpeed. Ground speed and heading are continually used to update the szhip's
poeition, giving read-outs in latitude and longitude. The compariaon of E-
W, N-S speed vectors can provide data to compute set and drift.

b. A ation and Anomalies. 9INS provides comtinucus read-outz of
latitude, longitude, and ship's heading. It provides data on voll, pitch,
and velocity for weapons stabilization. It can provide imformation on the
ship'a motion, to satellite navigation equipment, and the NTDS system.
Without SINS, inputs for course and gpeed to these eystems musi be drawn
trom the gyrccompass and EM lof.

(1) The INS requires periodic rafarence to an extersal FIX scurce to
define the inherent propagation of tha machine, calcunliate the predicated
propagation curves, and provide proper reaference for LES rezet. Although
{ix sources szuch as radar, LORAN, vizual and OMEGA csm Be entered into the
monitoring program, the most accurate and most desirsble iz SEN-25
Integrated Receiver Fixes fixes. These SREN-2% fixexz, wihen properly entered,
define the INS propagation characteriastics which are thenm uged to evaluate
past and present performance, as well as predict futare raw pozition errors.

(2) A=z in any other form of dead reckoning, sny wvelocity error,
however amall, accumulates and, with time, contributes to positioning error.
In the SINS zystem, a cyclical error acourring at 2¢-hour intervals has the
greatest impact. Accordingly, SINS positioning data is subiected to
internal monitoring and iz pariocdically raset upon mavrigastional information
drawn from external sources. Once the INS srrors cuerves have been defined
uging the SKOR program, the operators monitor/review the INZ parameters and
determine when the ayatem should be given a resat. Rerets are accomplished
at a time which will maintain system pertormance antd remsim compatible with
ship's operationz and maintenance. When a re=et iz fnzerted into the
gystem, several electronics adjustmentz are made to make the platform
gyrogcopes more closely reflect ship's movement, hexce provide a better dead
reckoning product.

(3) The overall accuracy of the carrier’'a SINT will vary, depending
on external FIX accuracy, material and calibration status, and operator
proticiency. The accuracy gpecifications for the zystem require the
maintenance of geveral criteria in support of the afircraft maintenance,
fl1ight operations, and navigation accuracy. The overasll gyztam navigation
accuracy gpecification iz leas than one NM positiom error tm 30 hours of
underway time. Thiz accuracy iz sufficient to prowide ~gwound truth’ to the
battlie group during routine operationa. Although it shoold Be more accurate
than a DR obtained by other means, an INS poaition t« not & fix and prudent
navigators refrain from placing confidence in the INY posttion to the
exclusion of other aids.

8. RADAR. BHRadar iz an electronic mean of #atablishing the range and
bearing of land masses, surface vegsaels, and aircraft. While its primary
purpose ts detecting and tracking contacts, equally important applications
are its use ag an electronic aid to navigation in coagtsl piloting and
determining the ship'e relative pogition to other vesgzels af known geodetic
poaition. Radar is a useful tool, when near land magges, to fix the ship's
position and confirm fixes derived from other techmiques and pesources. The
value of padar ag a navigational aid lis greatest during periocds of low
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vigibility in hazardous or restricted waters, or where other AID’'a are
not avallable.

a. Operatjion and Anomaljes. Accuracy limitations in radar navigation
arise from vrange and bearing errors inherent in the aystem aa a whole, and
inconziatent practices on the part of perzonnel operating theze devices.
Radar accuracies usually reflect tha unavoidable and uncorrectable zystem
erpors. Other correctabla errors exist in radar zystema. To eliminate
the=ze, the navigator szhould ensure that:

(1) Radar and radar repeaatars are calibratad in accordance with PMS
gcheduling, and errors are logged and known.

(2) The bridge and CIC/CDC zsurface master repsaters are periodically
compared with a target of known range and bearing, and that range and
bearing errors are posted by sach repeatar.

b. To reduce errors induced in operating the radar repeatera, the
navigator zhould enaure that membanrs of the navigation team:

(1} Can adjust the presantation of the repeater to attain the
required balance between video, sweep, cursor, strobe, and range rings for
precize target identification and tracking.

(2) Are aware of the bearing and range error readings posted at the
appropriate radar repeater.

(3) Are aware of the optimum portion of the presgentation in which to
pozition the targets used for navigation, to maintain them as uzable
piloting points.

(4) Are aware that, when taking rangeas and bearings, to always
approach the target from the gsame direction, clockwise with the bearing
curgor and from the ship toward the target with the range atrobe. This
technique enaureas errors from the repeater’s mechanical countera remain
constant.

(8) Are aware of the possible miainterpretation of shore line
pregentationz. The shore line may appear gome diztance inland az bluffs on
elifftz back of a low, flat, or sloping beach. Falge zhore lines also make
inaccurate rangez and bearings from points along tha shore. Be aware of the
characterisgtiocs of the area i{n which operating.

9. BRDF. Radio direction ftinding techniques can be applied to navigation
utilizing appropriate radio beacon atations, airport/air atation
tranamigsiona, or commeprcial VHF broadcaast transmitters of known location.
The navigation team szhould establish the LOF'as from theze sources
cautiougly, using transmitting stations separated by more than 30° The LOP
13 gsubject to various errons, which are a function af antenna aspect, and
interference,
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OMEGA NAVIGATTONAL POSITIONING TEST -

T I D DETERNINE THE SHIP'S POSITION IN THE OWEGA LARES PLOTTED ON THE CHART.
2. ENTER THE LANE COUNTS FOR THAEE LOP POSITIONS INTO THE RECELVER, AFTER THE RECEIVER WAS
2 e Ist0, RECORD EACH LOP READING AND, WITH THE USE OF PPC TABLES, CORRECT THE PERCENT OF

LANE AND LANE COUNT, AS REQUIRED. PLOT THE DISPLATED ONEGA POSITION AND CONMPARE WITH PLOTTED
DR POSITION. ’

Lop

DATE

TIME

LANE

$ OF LANE
CORRECTION
CORRECTED
LANE/Z LANE
OMEGA POSITICN

” 7

-

\? - 3. )uu.cums THE AVERAGE DIFFERENCE FROM OYER 10 PLOTS (TAXKEN AT DIFFERENT TIMES DURING THE
| CAY)}.
. 3 c-"""——-

NUMBER OF PLOTS TAKEN e

AVERAGE DIFFERENCE {OMEGA-DR.)

FIGURE D-1
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QMOW WATCH TURNOVER CHECK-OFF LIST

WATCH

DATE

TIME ZONE

Prior to relieving the wateh:

1. Read Night Order notebook and =zign.

2. Review evolutionsg in progress and ship's intentions with 00D and
QMaW.

b. Speed ________

&, -
- ..
a. t

4. Determine status of electronic aids to navigation.

a, SATNAV up/down ETR

(1) Local time of next pass (rige time)
(2) Satellite down

b. @GQPS avalil

c¢. OMEGA up/down ETR

(1) Stationz to be uaed for fix

a. Norway e¢. La Reunion
b. Liberia f. Argentina
c. Hawaili g. Australia
d. North Dakota h. Japan

(2) Staticnz down for malntenance or degraded pertformance

ETR ETR

{3) Stationa to be deselected

(4) Correct geoidal helight
{(for NAVSAT units)

d. LORAN C up/down ETR

(1) Station Rate= to be used for fix

Rate
4990 Central Pacilific 9440 U.S5. Wezt Coazt 59650
Canadian
Wegt Coaszt 9970 Northwest Pacific
7960 GQulf of Alazka 8990 North Pacific

{2) Stationsz down for majintenance or degraded performance
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10.

11,

12.

13,

File tor

echanical Flotters

(1) DRAI up/down ETR

{a) Deviation from navigator's plot ___ NMI
(b) Time of last update ___

(2) DRT/NC2 up/down ETR ____

(a) Deviation from navigator's plot NMI

o ——

(b) Time of laat update ___;
1. Other NAVAIDS

{1) NTDS DR up/down ETR ____

{a) Deviation from navigator's plot NMI

(bi Time of last update ____

(2} INS up/down ETR ____

{a) Deviation from Navigator's plot NMI

(b) Time of last update ____
Tdentify other units in company for fix comparisgon.
Determine wind apeed _____ and direction _____ .
Read barometer.
Chack compass error (make aunline observations, asz
a. QGyro _____
b. dyro Repeater ___ __
¢. Magnetic _____
Determine ship's poasition.
Compare position with ship's track and DR.
Determine =et ___ __ and dritt _____
Fathometer reading
Call the navigator in accordance with his inatructi

Relieve the watch.

Oncoming Signature Ot!going Signature

Revizwed .

menths.

o ot

Destroy on .

P ———— Y P8 e

avallablel}.

ong.
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LIST OF NAVIGATION-RELA&ED SOURCE DOCUMENTS

1. OPNAVINST 3128.32B - Standard Organization Regulations Manual and
Regulations of the U. S. Navy

a. General/specific duties
b. Deck log
c. Magnetic compass record
d, MNavigation watches

(1) QMOwW

(2) Helmsman

{3) Lee Helmsman

(4) AFT Steering

2. S5P-15 Glossary of Oceanographic Tetrms

a., Definitions of technical terms used in oceanography and allied
marine sciences

b, Listing of abhreviations and acronyms

c., Listing of oceanographic institutions, agencies, activities and
groups .

3. Navigation Information Network Users Manual. Instructions for remote
access to the Automated Notlce to Mariners Systems {ANMS).

4. DMA Catalog of Maps, Charts, and Related Products

a. General information
b. Hydrographic products information
(1) Chart numbering system
{2) portfolio designations
(3) Chart/publication correction record card system
(4) Chart correction techniques
C. Ordering procedures
d. Crisis support information and products

5. The Mautical Almanac. Used for celestial navigation

6. OPNAVINST 3180.7 (Series) - Preparing, Maintaining and Submitting the
shipfs Deck Log

a, Forms preparation, assembly and dispesition
b. Required ship's deck log entries
c. Sample ship's deck log entries

7. CINCPACFLTINST 3148.3 (Series) - Nautical Chart and Publication
Allowances for Pacific Fleet Commands

a. Establishes minimum nautical chart and publication allowances for
PACFLT naval commands {classified and unclassified).

b. Portfolio designations
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- Maneuvering Board Manua

a. Qloamary of terms

b. HRadar and the navigation rules

c¢. Abbreviations

d. Fundamentals of relative motion

e. Examples of all types of maneuvering board problema

=] ners

a. FPrements corrective information affecting:

Charta

Coagt pilota

Sailing directions

Fleet guides

Catalogs of charts

Light liaste (USCG and DMAHTL)

Radio navigation aids

b. Containz examples explaining individual alementz of a typilcal

g. MNotice
(L
(2)
(3}
(4)
(3
(6}
(7)
correction.

10. Pub 041
installations frequently viaited by navy ships. The information includes:

il.

- Fleet

Quide. Contains information on portz with major naval

a. Mizsion of the inatallation

B. Taaking of the atation such as:

{1) Provide transportation 2ervices

(2
(3
(4)
(5)

(8)

Provide
Provide
Provide
Provide

Provide

communications aupport and services
port and harbor services
navigation aids support
riaval control ¢f shipping functiocna

general port szervices

c. Detailed navigation information such as:

(1) Approaches

(2) Qeographical and topographical description

{(3) Helated navigational factora, including:

CHART NO.

(a) Tides and currents

(b) Winds and weather

(e¢) Navigational regulations for anchorage

{d) Regtricted and danger areas

fe) Electronic navigation aids available

{f{) Genaral information

1 - Nautical Chapt Symbola and Abbreviations

a. The coagtline (nature of the coasgt)

F-2
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b. Coagt features

¢. The land {(natural features)

d. Control points

&, Units

t. Adjectives, adverbas, nouns, and.other words
g£. Porta and harbore

h. Topography (artificial features)

i. Buillding= and structuresa
J. Miscellanecua ztations
k. Lights

1. Buoys and beacons

m. Redio and radar stations

n. Fog =ignals

o. Dangers

p. Various limitas, etcetera.

q. Soundings

r. Depth contoursz and tints

2. Quality of the bottom

t. Tidesz and currents

u. Compaas

v. Abbreviations of principal foreign terms
Index to abbreviationa
Aids to navigation in United Stategs waters
IALA Maritime Buoyage Syatem

12. COMDTINS M16672.2 (Serjies) - Navigation Rulesg, International and_Inland.
Containg information on the following:

a, Navigation rules and regulations
b. Steering and sailing rules
c. Lights and day shapes

d. Sound and light g2ignals

13. Pub 1310 - Radar Navigation Manwual. Containg information on radan
navigation.

14, Pub 150 ~ World Port Index. @(ives the location, characteriatics, known
facilities, and available servicez of porta, shipping facilities, and oil
terminals throughout the world. The information includez the following:

a. Latitude and longitude of each port
b. Sailing direction number
¢. Chart number

d. Size of the port
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059“ N[‘Jgggot harbor ‘
t. Entrance regtrictions '
g. Overhead limitations 11 bridge or overhead cables exiat
h. Depth information
i. Tide information
j. Pilotage information
k. Mawimum zi1ze vesgel that the port can accommodate
1. Whether or not a turning basin is available
15. COMDINST M16502.6 - L List
a. Contalns information on lights such as:
(1) Light list number
(2) Name and location
(3) Geographic position in latitude and longitude
{(4) Light characteristics of lighted aids
(%) Height above water
{6) Nominal range of lighted aids in nautical miles
(7) Structural characteristics
5. Abbreviations
o. @lossary of aida to navigation terms
d. HRadio beacon system, including:
(1) Frequency
{2) Statien
(3) Characteriatic
{4) Range in N.M.
(5) Latitude and longitude

16. Pub 1178 - Radio Navigational Aide. Containz information on the
tollowing:

a. Radio beacons

b. Radio direction finder and radar stations

c. HRadio time signals

d. Radlio navigational warnings

a. Distregs, emergency and safety traffic

f. Long range navigational aids (LORAN)

g. Automated Mutual - Aasigtance Vessel Rescue System (AMVER)
17. United States Coagt Pilot. A series of nine nautical books that cover a
wide variety of information important to navigators of U. S. coastal and
intracoastal water and waters of the Great Lakes, such asz:

a. Aidsz to navigation

b. Pier information
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¢. Hazards to navigation 05JU-J 1539
d. Weather information
e, Pillotage information
f. Tides/currents
£. Anchorages
h. Navigation regulations
i. Conversion tables and distance tables
18. Pub No. 228 - Handbook of Magnetic Compass Adfustment. Pregents all

pertinent information regarding the practical procedures of magnetic compass
adjuatment.

19. Pub No. 229 ~ Sight Reduction Tablea., A six-volume senriez deazigned to
facilitate celestial navigation.

20. Dutton's Navigation and Piloting. Containas information that includes:
a. Introduction to navigation
b. The Earth and geographic coordinatesa
c¢. Compassges
d. Aidas to navigation
e, Nautical charts
f. Navigational publications
g. Instruments for piloting
h. Dead reckoning
i. Tides and tide predictions
j. Currents and current predication
k. Visual piloting
1. Current salling
m. Ship characteristics in piloting
n, Relative motion
o. The piloting team
p. Radar pilloting
q. The practice of plloting
r. Navigational agtronomy
g. Introduction to celeatial navigation .
t. Identification of celestial bodies
u. The Marine Sextant: Its use, adjustment and corrections
v. Time
w. Almanacg; celestial phenomena
. Sight reduction methods
y. Celeztial linegs of position

2. The complete celestial solution
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05"]&[4" lgﬁaitude and longitude obzarvations
bb. Compass checks at sea .
ac. The practice of celestial navigation
dd. The zailings
ee. Fundamentals of radio-navigation
¢1. Bazic radio-navigation systems
g£¢. Omega navigation system
hh. Satallite navigation
ti. Inertlial navigation
4. Bathymetric navigation
kk. Deppler navigation
11. Navigational computers
mm. Lifeboat navigation
nn. Polar navigation
oo. Ship weather rvouting
pp. Abbreviations

qqe. Symbols=

Standarda of precision and accuracy; mathematical rulas

rr. The metric system

gs. Conversion table for feat, fathoms, and meters

tt. The uae of electronic calculators and computers in navigation

21. The American Practjical Navigato 0
a. Volume I contains information that includes:

(1) History of navigation
{2) Baaic definitions=
(3) Chart projections
(4) Vigual and audible aids to navigation
{§) The nautical chart
(6) Inatruments for piloting and dead reckoning
(7) Compasg error
(8) Dead reckoning
(8) The sallings
(10) Piloting
{(11) Use of sextant in piloting
{12) Tide and current predictions
{13) Sailing dirvections and light lisgts
{14) Navigational astronomy

(15) Ingtruments for celestial navigaticn

F-6
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(16)
(17}
(18)
(19)
(20)
(21
(22)
(23)
(24)
(2%)
(28)
amn
{28)
(29)
(30)
(31}
(32)
(33
(34)
(35)
(368}
(37)
(38)
(39)
(40)
(41)
(42)
(43}
(44)
(45)
(48)
(47)
(48)
(49)
(50)
(51
(52)

(53)

COMNAVSTOFPAC/
COMNAVA  ACINST I530.35

05 JUNT989

Lines of position from celestial obgervations

Sextant altitude corrections

Time

The almanac

Sight reduction

Comparison of various mathédl of sight reduction
Identification of celestial bodias
The practice of marine navigation
Ship weather routing

Polar navigation

Lifeboat navigation

Navigational safety

Oceanic¢ soundinga and hydrographic reportsz
Posgition reporting systems

The oceans

Tidez and tidal currenta

Ocean currenta

Ocean waves

Breakers and surt

Sound in the =ea

Ice in the sea

Weather cbzervation

Weather elementa

Tropical cyclones

Radio waves

Radio direction finding

Radar navigation

Radio-navigation syastems

Satellite navigation

Doppler gonar navigation
Introduction to inertial navigation
Abbreviations

Greek alphabet

Symbols

Migcellaneous data

Navigation coordinatesz

Extracts from nautical almanag

Extracts from air almanac

F-7
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Yeg Long-term almanac
(88) Identification of navigatlonnl ztars
{86) Navigaticnal atars and planets
(57) Constellations
(58) Extracts from tide tables
(39) Extracts from tidal curron£ tables
(80} Extracts from Fub No. 214
(81) Extracts from Pub No. 228
(82) Extracts fraom Fub No. 249
(63) Navigational errors
{64) Loran-A
(6%) Charts and publicaticns ot other agencles
(66) Hand-held digitai calculators
(67) Underwater log calibration guidelines
(88) Beaufort wind =zcala
(60) Sea atatae
(70) Geodesy for the navigator
(71) Buoyage gsystema
{72) Extracts from Chart No. 1
b. Voluma II contains intormation that includes:
(1) Conversicn angle
(2) Conversion of compass points to degreas
(3) Traverze table
(4) Table of offsets
(8) Meridional partis
(6) Length of a degree of latitude and longitude
(7) Distance of an object by twe bearings
(8) Diztance of the herizon

(8) Distanced by vertical angle measured between sea horizon and top
ot object beyond =sea horizen

{10) Direction and speed of true wind in units ot ship's speed
{11} Correction of barometer reading for height above sea level
(12) Correction of barometer reading for gravity

(131} Correction of barometer reading for temperature

(14) Convergion table for millibars, inches of mercury, and
millimeters of mercury

{15) Converszien table for thermometer scales
(16) Relative humidity

(17) Dew point
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(18) Speed table for measured mile OSJUN 1889

{19) Speed, time and distance

(20) Conversion table for nautical and gstatute miles
(21) Converaion table for maters, feet, and fathoms
(22) Dip ot the sea zhort of the horizon

(23) Altitude cornrection for al; tamperatura

(24) Altitude correction for atmocapheric pressure

(25) Meridian angle and altitude of a body on the prime vertical
circle

(268) Latitude and longitude factors

(27) Amplitudes

(28) Correction of amplitude as observed on the visible horizon
(28) Altitude factor

(30) Change of altitude in given time from meridian iransit
{31) Natural trigoncometric functionsa

(32) Logarithms of numbaers

(33) Logarithms of trigonometric functions

(34) Haveraines

(35) The ageton method

(36) Time zones, zone descriptions, and suffixes

(37} Natural and numerical chart scales

(38) Cempact traverse table

(39) Distance by vertical angle meaaured between waterline at object
and zea horizon beyond object

(40) Qeographic range

(41) Distance by vertical angle measured between waterline and
cbject and top of object

(42) Mathematics

(43} Interpolation

(44) Compass converzions

(45) Conversion angle

(46) Distance calculationsz .
(47) Time measurementa and conversions
(48) Calculations of celestial navigation
(49) Sextant altitudé corrections

(50} Sight reduction

(51} The =zailingsa

(S52) Tide and current prediction=z

(853) Predjcted visual ranges of lightsa



