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ABSTRACT

A set of guidelines to be used in rendering advice ard

assistance to a nation attempting to establish a nationel

nhydregrarkic agency 1is warranted by various agencies oi the

U.S. Government. This thesis adiresses the many aspects

which need to be considered in setting up suck an agencv

including the need for accurate nautical charts; a statement

of mission, objectives and goals; organizational structure
and functior; training recuiremerts; technical assistance
available; and space, time, and cost estimates durirg the
span of agency develorment.

The organization will be able to accomplisk its obiec-
tives with a total of 23 employees divided into two organi-
zaticnal units. It is shown that a siarvey launch with six
survey personnel is all that is necessary to achieve the
identified rear-term survey mission requirements. Tine
requirements will vary depending on whether survey opera-
tions can ke conducted either on a year-round or seasonal

basis--both scenarios have been identified.
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I. INTRODUCTION

A. WBAT IS HYDROGRAPHY?

1. Defirition

Hydrography has been defined in a variety of wavs
and no concise, agreed upon definition has yet been estalb-
lished. Bowditch [Ref. 1, p. 848] defines hydrography as
that science which deals with the measurement and descrip-
tion orf the physical features of the oceans, seas, lakes,
rivers, and other waters, and their adjoiring coastal areas,
with rarticular reference to their use for navigational
purposes. A definition which relates more appropriately to
this thesis is that hydrography i1s the science of measurirg
and depicting those rarameters that are necessary to
describe the precise nature and configuration of the seakted,
its geoyraphical relationship to the landmass, and the char-
acteristics and dynamics of the sea. The above parameters
include rathymetry, geologqgy, geophysics, tides, currents,
waves, and other physical properties of the seawater.

[Ref. 2, p. 67] Regardless of which definition one chooses
to use, the basic concept of a hydrographic survey is the
same. Depth measurements are made whose Lorizontal posi-
tions have been accurately determined and with sufficient
density so that the ceneral bottom topography of the survey
area can be inferred.

Coastal hydrcgraphy relates to water areas that in
general are less than 30 meters in depth. Offshore hydro-
graphy can te regarded as having a limiting depth of aprrox-
imately 100 meters and bevond this depth the term oceanic
hydrography is used where oceanic implies the deep ocean

realm.
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2. Eurpose

The principle reason for performirng a hyvdrograrhic

survey is to obtain information about bottom topography and

adjoining coastal areas which will serve as the source for
nautical charts, Coast Pilots, and other publications of
importance to the mariner. Hydrographic survey data are
also used in the study of marine resources ani the marire

environizent.

B. BASIC OBJECTIVE CF RESEARCH

The purpose of this thesis is to establish guidelines
to ke used in the form of advice or other assistance by
various agencies of the U.S. Government. This assistance
would be offered to aid nations with limited or no present
hvdrograrhic capability in setting up a natioral hydro-
graphic agency whenever such assistance is requested.
Various cther presentations have discussed either several
aspects and guidelines in generalized form or just a few
criteria in specific detail. At the present time, there
appears to te no one source of information from which U.S.
experts are able to extract all that is requirei.

The persor or persons working on hydrographic agency
estatlishment should have at least one of the followirng
references on hand (preferably all of them) since these
references deal with vital issues and specifications

relating to the science of surveying and charting. These

are the Yational Ocean Survey Hyvdrographic Marual (4th =d.),

Nautical Chart Manual (6th &§ 7th Fd.), Admiralty Marual of
Hvdrographic Surveying (Yolumes I & II), and General
Instructions for Hvdrographic Surveyors [Refs. 3, 4, 5, 6,
and 7]3.
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C. NEED FOR UP-TO-DATE NAUTICAL CHARTS

Since the 1960s, there has been a dramatic increase in
the demand for precise and accuratel! surveys throughoit the
world. The majority of the nautical charts in use today are
tased on surveys conductel years ajo, many dating back well
over a century. Most of these surveys were done by coicnial
powers where the needs were clearly based on the priorities
and requirenments of the nation conducting the survey. Today
the situation is dramatically different. A large number of
countries achieved independence after 1969. 0Onpe of the
consequences of this freedom hLas been a withdrawal of much
of the hyérographic support formerly performed bty the major
charting nations. Lack of support has led to the need cf
many of the developing nations, both with and without any
hydrecgraphic capability, to acnieve their own self-
sufficiency as many have been late developers in providing
raw materials and otler goods for export. Thas, the predom-
inant needs are now tased on local priorities and recguire-
ments which are daily increasing in number and scoge. Tiis
set of circumstances is further aggravatedi by the fact that
individual sovereign nations are now mainlyv responsitle for
surveyinrg their own waters, especially since many natiors
which in the past did some international work now have
greater domestic requirements than ever before, with little
time cr monetary resources to aid those mnst in reed at the

rresent time.

lAccuracy indicates how well a single measurement or the
average of a set of measurements agree with an adopted stan-
dard.” Precision describes how well a sirqgle measuremernt
agrees with another similar single measurément.

12
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D. ASSUMPTIONS MADE IN ESTABLISHING GUIDELINES

The rost important guestion to consider when studyirng

tke case of agency establishment arywhere is: What are the

LGNSRy N J‘-‘_JAJ_‘L“-_-L‘_J_.».A‘EJ

hydrograrhic requirements in this situation and what organi-
zational approach would best satisfy these requiremerts? It
is possitle that estalklishment of a separate hydrographic d

service might not always be the best solution after close

examination of the particulars is completed.? For the
purroses of streamlining this thesis, a rumber of assump-

tions have teen made. It i1s possible that one or several of

|
)
these assumptions may not apply in the case of a particular
nation. 1In that case, it will become necessary to take

additional factors into account when developing any

U.S.-srcnsored report on recommendations and aid in regari

to national hydrogragphic agency formation. The assumptions

made are as follows:
i. A natural approach is to make the hydrojraphic ser-
rather than a private body, due to sovereigntv

considerations of offshore territory and resources.

Therefore, all future considerations pertairing to

1
vice fall under national governmental jurisdiction,
hydrographic agency establishament brought forward in
this presentation will be based on this fundamertal
assumption. This assumption is critical because
Fublished charts and related publications must have |
appropriate legal authority.
ii. The nation presently has staff on hand knowledgeakil=
in the various aspects of establishing horizontal

]
)
geodetic control. Specifically, experience in the ?
4

21t serves no purpose to build up an elaborate ard
costly organization ii it were unjerutilized in the _long
term, an éxample being a nation with limited shorelire and
few ports, Different alternatives will be looked at later ‘
ir this thesis. : l

13
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establiskaent of geodetic control points reeded in
the field for oifshore positioniny is reguirel ani
is prresured tc exist. This experience is assured
Lecause most rations already have a land-surveying
department in operation. FEven tle lesser-developed
nations tend to have expertise in this area, mostly
due to influences of the mother country and needs in
the past where locals were trained in land surveying
frocedures and methods. Other assumptions in this
regard include availability of necessary equipment
for measuring angles and distances, personnel capa-
tle of perforring field measurements under any
conditions and in remote areas, and computer su;port
capability needed in the reduction of raw data to an
appropriate geodetic datum and geographic position
suitable for charting rpurposes.

All personnel acting in the capacity of surveyor
have a good working knowledge of the sources of
errors when using equipment to measure angles and
distances. In adiition, they have a familiarity
with the appropriate methods to use to minimize the
effects errors have on the measurements obtained
during the survey.

Topographic mapping capabilities exist and are
well-established in the nation. Cartographic skills
are available covering the full range of expertise
required for the production of nautical charts.

The nation presently has the printing capacity

needed to produce final versions of updated nautical

charts.

now used
expanied
nautical

Adequate

Any facilities already present which are
to print topograrhic maps can easily be
to include space required for printing
chart products.

numkers of naval personnel are availakble

from which the newly-created hydrographic agerncy
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will be able to draw, such that the basic require-
ment of prior sea experience by some menbers of the
hydrographic service will be satisfied. Sea
experience is a critical factor: Survey planners
require knowledge and experience in vessel apprc-
priation, utilization and logistics support; and a
survey party requires skills in all aspects of
vessel operation ard maintenance--these have a
direct relationship to quality surveying efficiency
and performance.

The hydrograrphic establishmert will have the power
to actively recruit personnel from the existing
infrastructure. Geodesists, cartographers, and
naval officers, all assumed to be presently avail-
able, can be easily transferred to the hydrograrhic
department as the need dictates.
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p II. NATOURE O
z NATURE C

f. A. REQUIREMENTS JUSTIFYING AGENCY FORMATION

The specific requirements which have necessitated the
b need for mcre accurate surveys are many. The priority
ranking of any of these over the others will be a function
.. of specific factors in a particular nation. At the present
‘ time, charts are published periodically which cater to a
h particular user or class of users. 1A typical National Ocean
Service (NOS) classification of charts [Ref. 8] is givern
below:

r Srall-Craft Charts--These specially designed charts are
| @ publisked with smail craft information.
C

onventional Charts--The conventional nautical charts

q HARROE CHARTS are published at scales of 1:50Q,000 and
8 larger. They are intended for navigation arnd

i, anchorage 1n harbors and small watefways.

}

COAST CYARTS are published at scales ranging from
1;0,000 to 1:1%0,090. They are intended f£o6r coast-
wice ravigation inside the Offshore reeis and shoals,
entering bays anrd harbors of considerable size, and
navigating certain inlanrd waterways.

GENERAL CHARTS are published at scales from 1;150,000
to 1:600,000. They are for use when a vessel's course
is well offshore, but when its position can be fixed
by landmarks, lights, buoys, ani characteristic sounli-
ings.

SAILING CHARTS are at scales _smaller than 1:600,000.

They are _plotting charts usel for offshore sailing

between distant Coastal ports and for approaching the
° coast from the cpen oceal.

Tidal Current Charts--These charts present a comprehen-
51Vveé view of theé tidal current movement_ 1in the resgec-
tive waterways as a wkole and also sugply a means for
ra 131¥ determining for any time the direction and
velccity of the cufrent at various localities

® throujhout the water areas covered, when used with
accompanying Tidal Current Diagrams.
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1. Safe Yavigaticn and Trade

The nautical chart is absolutely essential as a
medium cf information and as a tool for all maritime
traffic. It must contain all the information reguired for
positior fixing and route finding, for the avoidance of
dangers, and the safety and ease of navigation. Schmidt
[Ref. 9, p. 76] defines the different navijation subdivi-
sions as follows:

Overseas navigation comprises ocean, marginal sea, and
inland sea crossings.

Coasting refers to navigation _in coastal areas, . .
entailing navigaticn from headland to headland _in sight
of land, or su.f;c1entl{ often in sight of land to fix
the ship's position by land features.

Approach is defined as steering for the coast.

Entrance is steering into a channel or harbor.

Channel navigation is the way through narrow channels or
carals.

Port pavigation includes approaching berths and the
actual process of terthing and unbefthing.

Maritime trade relies on safe navigation. Tciav
shipping still accounts for the largest percentage ty far as
a means cf transporting goods and materials tetween nations.
International trade is growing more every day as exyploita-
tion of resources worldwide continues to accelerate. Since
the early 1960's vessel drafts have significantly increased,
a direct result of both increased oil tanker traffic and
larger vessels for transport in general which tends to
reduce overall shipping costs and increase profitabilitv.
Many past surveys did not take soundings any deeper than
drafts prevalent at the time the surveys were performed. As
a result many past surveys, and the corresponiing present
day nautical charts, are grossly inadequate. 1In some cases
these charts represent a hazard to navigation when used by

today's larger and deeper draft vessels. The potential
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risks involving the loss or damage of expensive cargoes Jue
to s*caling or other navigation hazards makes trading alorg
y~' certain routes undesirable. The risks relatel to getting in
. and cut of certain ports and the high costs of insurance
associated with these new classes of ships result ir a limi-

tation of trade when inadequate rautical charts are used to

represent the true nature of the Lbottom in these areas.
Additionally, many nations now have requirements which call
for adeguate charts (tased on varving specifications) tc
exist tefore ships may venture into their ports. At the

rresent time adequate charts are rot always attairatle.

2. Increasing lLocal Reguirements

The United Nations Law of the Sea Conference,
although still in its negotiating phase, will undouttedly
have far-reachirg effects upor all nations but places an
extraordinary burden cn maritime nations. The Law of the
Sea Conference will define limits of the territorial sea,
the Fxclusive Economic Zone (FEFZ) and the contirental shelf.
In general terms, the informal negotiating text cited by
Kapoor [Ref. 10, p. 8] defines various limits of natioral
jurisdictinon as shown below.

The Territorial Sea is an adjacent belt to the lard
territory and internal waters over which the coastal
State exercises sovereignty. Every State has the right
to establish to breadth of its territorial sea up to a
limit not exceeding 12 nautical miles, measured from the
appropriate base lines.

The Exclusive Economic Zone is where the coastal
State Las sovereign rights for the purpose of explorinj
and exploiting, conserving, and managing the natural
resources, whether living or non-living, of the seabed

and suksoil and superjacent waters.

18
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The Contirental Shelf comprises the seated and

sulscil of the submarin= areas that extend bevond a
distance of 200 miles throughout the natural prolonga-
tion of the land territory to the outer edge of the
corntinental margin.

An important aspect in the establishment of natioral
toundaries from a legal standpoint is the delineation cf
both the mean low waterline and mean lower low waterline in
datur determination. The different datums reflect one of
the many problems of non-standardization which will te
discussed later in reference to International Hydrograrchic
Organization (IHC) olLbjectives. The importance of a tidal
datum is paramount since in most cases it is the basis in
defining the legal boundary separating local, national, ani
international jurisdiction.

If the 200-mile EEZ were to become international law
there would be an imrediate ard dramatic increase in the
need for accurate surveys. The Law of the Sea Conference
will make it mandatory for each nation to accuratelv define
its 200-rile zone linrit and produce charts which show the
limits cf national jurisdiction at a scale or scales with a
resolution3 adegquate for accurate determination. The magri-
tude of this problem in carrying out detailed surveys has
been tabulated in the U.N. Report of the Group of Exrerts
[Ref. 2], from which selected excerpts have been taken for
illustrative purposes (Table I).

To realize the full benefits of the EEZ, each nation
must first obtain accurate surveys anil provide charts which
will lre frereguisite to any exploration. One needs to know
the character and slope of the bottom if exploration is to
proceed in a cost-effective manner. It will only ke later
that fpossible exploitation of the EEZ in these coastal areas

. 3Fesolution is Jefined as the smallest unit to which an
item can be measured.
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TABLE I
Theoretical 200-mile EEZ Areas

. . (all areas in thousand km2)
(consider figures as order of magnitude values only)

Area
Increase
(percent)

Exclusive
Zone

Econonmic

Total
Land
Area

Country!
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refers also to territories or areas.

"Ccuntry"
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can te fully realized. =Zxploitation cannot proceed without
exploration and its [prerequisite of accurate charts to
determine where such exploraticn is most apt to yield posi-
tive and fruitful results. Thke rautical chart anéd conseg-
vently the hvdrographer plays a major role in all phases of
resource exploitation. These include Jdetailed surveys cf
the seabed configuration usei in the location and placement
of drilling platforms and wellheads, for the laying of fpirpe-
lines and cables, and the precise location of lines of
demarcation for bidding on tracts related to oil and gas
exploration or mining concessions. The ETZ or any coastal
waters also include tiological resources, such as fiskirg
grounds, which are becoming more important as nations look
to the sea for increasing supplies and new sources of food

for turgeoning populations.

3. Military Consideratio

1
—_————= — —-— e

Military factcrs always need to be considered when
dealing with coastal zone management. Precise nautical
charts are necessary for both the individual nation and its
allies so that movement of naval vessels is not impeded in
any way, applying equally to surface and subsurface ships.
Vith the complexity cf today's international scene this
requirement has taken on new significance and as the
Exclusive Economic Zcre and subsequent exploitation eventu-
ally becomes a reality, this will only increase the impcr-
tance from a military standpoint. It will be tantamount Zor
all naticns to protect natioral interests in additicn to
personnel and equipment involved in exploitation activities
of fshore; this point cannot be overstated especiallvy when
one considers the enormous sacrifices that any sovereign
state will need to make in diverting large sums of capital
in providing the ways and the means to achieve hydrograrkic

capability and future resource utilization.
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An additional item of significance relates to the

mandatory function cf any nautical chart to accurately
delimit all military zornes. General shipping must be fully
aware of exactly what routes are available for coastal navi-
gation to irsure that they do not venture into restricted

military waters.

4. Recreational Activities

Fecreational tcating has forced an additional demard
on the recuirements cf nautical clkarts, one that has been
growing substantially in recent years. Clear v»ortrayal of
hydroqrarhic features at large scales is btecoming increas-
ingly expensive, labor intensive ard time corsuming. Many
ports worldwide are finding that an increasing percentage of
nantical chart users fall into the category of the recrea-
tional ltoater or cruise vessel operator. Such an increase
is a direct result of improved economic conditions worldi-
wide, with tke result that the requirements of local needs
have superseded the more developed nation's needs regarding
safe navigation in local waters of these developing natiorns.
Cruise ships, with tte obvious berefit to a developing
country of placing one or more of its ports as a pert-of-
call, are also increasing their role as many routes are
looking to expand, ofpening up more areas to tourists on arn
international scale. Before a captain will adld a new port-
of-call to a cruise itinerary, the captain must be assured
that arpproaches to the port and pier facilities are

adequately and accurately charted.

B. CHART UPDATE REQUIREMENTS

There are innumerable reasons why the need for accurate
nautical charts is sc paramount. Some of these have been

allnded to previously in a basic sense. The predominant
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factors to consider include deeper draft vessels and ccerii-
tion of rrevious surveys which incorporated methods and
procedures inappropriate and substandard giver today's accu-
racy and precision recuirements. Others involve the aisuse
of equirpment, surerficial quality control, and technicians
making erroneous or irnappropriate decisions due to the lack
of in-depth hydrographic knowledge and expertise. TIn scnre
cases, inappropriate decisions have lel to enoramous expendi-
tures of additiornal capital, labor, and time whtich could
have teen avoided if a professional hydrogranhic viewpoint

were consgidered.

1. Deeper Draft Vessels

The extent of hydrographic surveying in a port is
typically a function of the relationship betweer the largest
and deepest draft vessels utilizing the port, the associated
depthts cf channels and harbor approaches, and the degree of
stakility of the bottca (Fig. 2.1) [Ref. 11, p. 5].

Ship captains very often utilize every inch they
kelieve to be available for under keel clearance.
Subsequerntly, this narrow margin demands a very high stan-
dard of accuracy. Time is money. Thus at times the cartain
will push the ship to the limit rather than waiting for a
high tide to enter a fort.

In areas where no changes in the bottom topograrhv
are known to occur, or where changes are systematic and
predictable, pilotage within channels arnd subsequent
terthing alongside a fpier pose few problems--this is
especially true where the port in guestion is utilized
predominantly by local mariners and by piloted vessels.
Unfortunately, there are many situations that alter the
tottom tcpecgraphy creating shifting shoal areas and unstatle
channel conditions, cfter occurring to do charnges ir a river

estuary, meteorological conditions, or the addition or

23
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alteraticn c¢f structvres. Such factors work either in
conjurction with one another or independently and have the
net effect of changing sediment load capacities in the
estuary, determining directionral movement and speed of
pijrating sand waves, and altering longshore sandé transport.
Surveys rneed to be performed on a periodic basis to accu-
rately portray such changes when these situations occur.
Catastrorphic results could occur with the grounding
of anr o0il tanker or hazarlous chemical carqgo vessel with the
likelihood of severe damage to local beaches, fish ropula-
tions, and related ecoloyical factors. Damage could
alversely affect the area for years after cosmetic cleanup
has been corncluded. Cos*s related to cleanup of a spill cf
even moderate magnitude can be millions of dollars. The
situation becomes even more acute when one corsiders the
amount of maritime traffic transporting similar cargoes
passing in and out of major ports with an occurrence
approaching one every few minutes >n a contirnual basis. The
possibility of bearing cleanup costs could dwarf the costs
involved in maintaining updated charts on a periodic lasis.
Being aware of tidal fluc?uations makes it easier to
paintain proper port management so larger vessels will re
able to utilize this information and decrease potential
downtime in docking cffshore. Automatic recording tile
gages, Jdirect-reading current meters, and appropriate
devices for recording parameters of temperature, salinity,
and suspenced silt will allow for more effective work in the

measuredent of tidal movenent and water composition.

-~

2. Condition of Prior Surveys

More than one half of the nautical charts in use
today are at least partially based on obsolete surveys; scne
areas have not been resurveyed since the eighteenth century.
Surveys performed as recently as the 1930s contair many of

the same basic flaws as those done 20) years earlier.
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a. Accuracies in Position and Depth

There are a variety of reasons for which to
doubt the accuracy and precision of much of the information
presently being portrayed on nautical charts. It is
possible to have cases of precision without accuracy or
accuracy without precision, neither of which would neces-
sarily yield the true representation of the actual value.
It is the simultanecus occurrence of both factors above
being demanded ir present specifications and standards
worldwile. TIf only cne measurement of a guantity is avail-
able it is difficult to ascertain whether that measurement
is either accurate or precise.

Shoreline mapping, positioning, and depth are
three areas where obsclete survey methods from the past

might have led to inaccuracies in present day charts.

i. Shoreline Mapring--Shoreline mapping in the past
utilized methods considered crude by todavy's stan-
dards. It is likely that the position of the
charted waterline is corsiderably in error if mcdern

photogrammetric methods have not been emplovei.

ii. Positioning--fFast methods and procedures frequently
provided questionable positions. Electronic posi-
tioning system accuracies, questionable regarding
present manufacturer's claims, were undoubtedly of
vastly lower quality in the past. Errors in posi-
tion of 0.3 miles on a chart used for merchant
marine navigation across the open ocean aight be
perfectly acceptable, but for nearshore piloting
and navigaticn, this magnitude of positioning accu-
racies is totally unacceptable. Lorar positioning
is utilized mcst often in coastal navigation. Fith
loran systems, precision is very high but accuracy

is often very low, meaning a ship obtaining a fix

26

At A e

—

AN A

- . .

deandendemted el i

8

Iy Y

AR e e




with Loran may be akle to navigate back to the R
exact same location but daily changes may prevert ]
even this frcr happering. It is unlikely that 1
correct values of latitude and longitude could te

cbtained for that position, although hyperkolas are
drawn around a known point so that any discrepancy ﬁ

tetween geographic positions obtained by Loran q
rates and the true geographic positions can Le kefpt :
to a minimum. Conversely, accuracy is imperative .
in performing hydrography so that soundings

ohtained are able to te represented by geographic

coordinates which correlate to exact positiocns

L,

Flotted on a rautical chart.

iii. Depth--lead line soundings, on which a vast major-

.l

ity of the older surveys are based, are in many

cases poor in accuracy and have not been super-

PRSI R,

ceded. Slant measurement of depths often have Leen
recorded in areas of strong currents or due to

scunding vessel speed. %
t. Methods ard Procedures

Another factor relating to the accuracy of data

deals with proper calibration techkniques of various types of

L &

instrurentation used in determining position and depth
information. Echo socunders on small vessels are usually

calitrated for shallow water by the bar check method. Bv

. YPURRE

lJowering the bar to rremarked known depths the accuracy of
the echo sounder is determined. Bar check data are also

used to determine velccity correctors for the approrriate

LTt e
PRSP YL )

speed of sound withir the water column to obtain the true

19

depth below the echo sounder as a function of time. 1In
deeper water, greater than that which the bar check can

practically be utilized, the water characteristics can vary
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to a larje degree. Scre other method must be used in
conjurction with the tar check to insure that the correctors
usel are appropriate when sourding in deeper water.

Veloycity 1rn seawater is a function of temperature, salinity,
ar ! rrersure. It is essential that measurements throughout
tte warer columi be made periodically by use of an ocearo-
Gra; . ic cast or velocity sensor in order to correctly deter-
mine tle. velozitv prcfile. 1Irn urstable areas of freguently
cian iiln; craracteristics in temperature and salinitv, parti-

vy ir. estuary environments or in locales with menscorn-

[

.

C,

tvue climate conditicns, one of these methods shoulld be
e

emp.cved fregjuently tc detect charges over time. In
sumuary, tar checks are useful in determining consistency in
depth readings on a daily basis and are guite appropriate in
deducing velocity correctors by themselves in areas of
shallow water. However, in deeper areas other means need to
be used to determire velocity correctors.

For shallow water surveys, a necessary test to
te performed is settlement and squat of the sounding vessel.
One needs to know the depth below the water line of the
transducer when the vessel is dead in the water so that
final true depths can be determinedl after raw depths have
been corrected for changes in sourd velocity. Since bar
checks are performed at a staticnary point, additional
settlement and squat correctors at varying vessel speeds are
required to reduce soundings taken on line when the vessel
is in motion. An impcrtant prerequisite is to log the spee?
of the vessel at all times when hydrography is being rur,
otherwise the final reduced depths cannot be obtained.

Calibraticn of base lines, when using electronic
navigation distance reasuring equipment, is another neces-
sary function which at times has been overlooked. Without a
tase line calibration both before and after tlLe survey,

there is no way to determine whether or rot the electroric

(Sl S
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ravicaticn equipment is functioningy properly. Dailv checks
of the ranginjy system are necessary; these checks performed
at the begirning and end of each survey day are used to
verify the consistency of the daily data, as well as making
it easier to determine which data are valid if discreparcies

should occur.
€. Inappropriate Use of Eguipment

In the past, there has been a terdency to use
tried methods and systems beyond the limits of their cara-
bility; this is especially true when nmethods and systems
developed to solve problems from the past are used in
dealing with activities in today's world with Jreater stan-
dards of accuracy. Fxamples of this misuse have been
written ty Haskins [Ref. 12, pp. 22-23]:

The use of the 2-MHz phase comparison radio posi-
tioning systens, ipitially developed for inshore coas*al
surveys, for far offshore exploration surveys withk the
associated proklems of sky waves, night effects and
ambiguity of lane ccunt in remote, unreferencealble
areas.

The use of 100-kHz phase comparison ravigation
systems for higher grecision of survey control, some-
tking they were never intended for. These data stay c¢n
record for years and are later extracted and taken as
truth.

The use of self-recording tide gages, designed for
deplcyment in protected inshore Sites, in exposed areas
offshore with usually unsuccessful results.

The measurement of water depths critical in engi-
neering design in very deep water by wide-bean echo
sounders through water columns of unknown or indetermi-

nate characteristics.
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The use of graphical solutions for positioning reas-

urements stemming from the days of optically measured

PR A

position lires long after multi-line radio positioriry
became availalble.

The ever increasirj pressure to use acoustics
throujgh the water fcr various end results utilicing,

inevitably, eguipment of a previous Jgeneration.

3. guality Contrcl

There have been numerous cases of shortcomirngs
cornonly encountered in contracting work to private organi-
zations, particularly in the absence of personnel kncwledjge-
able in checking specifications for and the results of
surveying work. Several case histories have been cited by
Sathaye [Ref. 13, pp. 17-187]:

A port authority awarded a contract for new bherth

construction to a reputed firm. After project construc-
tion had already begun, a hydrographic expert found that
the berth alignment was normal to and in the direct path

of the sedimernt transport flow pattern. Only timely A ]

Lk

modification enabled the situation to be corrected.
A large o0il corpany awarded a contract for dredjing

and a rpost-dredging survey. The firm's result claime?

il SSRGS A A 4

that the channel was indeed dredged to the projected
depth. The port hydrographer, upon checking the survey,
found that depths 1 meter shoaler than the projected
depth still existed.

In its desire to accommodate larger vessels at new
facilities under ccnstruction, one port authority
decided to Jdeepen a channel from 41 to 49 feet at a cost
of $3.% million. The port hydrographer, after analyzing é
the vessel drafts and prevailing tidal conditions, focund
that a 42-foot depth would be sufficient without
hampering navigaticn of larger vessels saving 33.2
million, 90 percent of the original estimated cost.
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In the case of a poorly investijgated seabed, an oil
pireline fractured under pressure due to the preserce of N
a soft strata on the seabed. PRectification cost the q
comrpany a great deal whereas the cost of bottom sampling )
would have been minisal by comparison. .

Cuality control related to all aspects of coastal

zone managerent is of paramount importance, regardless of

DR Y VoS

what type of survey is beinqg performed. This control has to

e established in any prospective hydrographic organization
at all levels and adhered to rigidly without reservation,

:‘ particularly when attempting to meet today's highk standards

o R A

of positiorn and depth specifications.
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ITI. STRATEGIC PLANNING GUIDELINES

1

A. INMPORTANCE OF STRATEGIC PLANNING

Strategic planning is the formalized, lonj-range rlar- 1

ning process to define and achieve organizational goals. ;
Basic important questions relating to strategic planring car ;
te posed. Which groufrs represent the primary users of cur k
nautical charts and who should they be? Vhich of the avai’ ;
able courses of acticn will be most consistent with ocur ?

strategy? One of the most impcrtant reasons why strategic
planning has become critical is that it enables managers to
prepare for and deal with the rapidly changing envircnment

¢ in which the hydrograrhic organization operates. These

S

changes can be in eccncmics throuyh budgetary cuts, legal
decisions, and interrational laws and regulatiors. B

A country's decision-makers must understand the tenefits

to be derived from the formation of a hydrographic service. é
There are btoth short—~term and long-term advantages to be -
achieved in this regard. Since financial resource commit- ﬂ
ment is necessary in establishing this service, it is likely -
that political decisions will play a role in funding cara- i

kility. For this reason, adninistrators at appropriate y
governmental levels must be made aware that only througtlt a R

statle and efficient hydrographic organization will tenefits

of economic development such as exploitation of offshore
resources and trade expansion become a reality. The need
for hydrographic service capability having previously been
establisted, it is ncw appropriate to review aission

requirements and objectives continjent on the identified

needs.

PN S S
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B. PURPCSE CF THE ORGANIZATION

The kroad aim of a hydrograpkic ajency is to Lte a
complete, self-snfficient oceanographic information service
in the long term. This aim provides the mearns with which to
gain a thorough and ccmplete knowledge as it relates to all
aspects of the marine environment for the benefit of
science, commerce and industrv. As this aim is only ameant
to be achieved in the long term, individual priorities and
associated time requirements will follow a seguential
buildup in order that this goal will eventually becone
reality.

C. ORGANIZATION MISSION REQUIREMENTS

There are two positions from which one could relate
pissicn requirements--wide versus narrow scope. In its
troader context, the mission of the newly created hydro-

graplic service should contain the following elements:

i. The production of nautical charts basei on accu-

rately performed hydrographic surveys to ensure safe

navigation in all appiicable areas falling under
national jurisdiction.

ii. Planning and surveying of ports whose establishmert
and upkeep is necessary to ensure economic viability
in internaticnal trade.

iii. 1The determination of maritime limits of the territo-

rial sea, the EEZ, and the continental shelf as

called for by the present Law of the Sea Conference

SR A 0L Auh. ae st au=

negotiations and the acquisition of data to acguire
P kncwledge of resource potential in this marire
environment.
iv. Collection of information and data useful in the

§ protection of the marine environment.
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The guidelines tc be addressed will be limited ani deal
with the rnarrowest sccpe of the above long-term mission
requirements, that teing the production of nautical charts
to ensure safe rnavigation, except in cases of special
interest cr concern. All other items above have been previ-
ously aldressed as to their relevance and importance in tte

introduction.

D. MISSION OBJECTIVES

An oljective is defined as a target that must te reacheil
if the organization is to achieve its goals as defired ty
its mission. Regarding the mission of nautical chart
production, objectives can only bhe met if approached frem
the standpoint of development through a series of planned
stages achieved progressively over time. It is logical and
necessary that ncrmal progression will be accomplished from
modest beginnings, with plarnned growth evolving as a func-

ion of emerging needs, financial considerations and
constraints, and manpcwer availability. The objectives are
expressed as a function of both likely priorities and time,
and outlired below as five basic steps of planned stage
development [Ref. 2, p. 84].

Plapned Stage Development

i. The identification of the appropriate agency to act
as the fccal roint for hydrographic matters.

ii. 7The training cf essential personrel which would
initially be very few in number.

iii. The establishrent of a minimum service to survey and
chart ports and harbors, approiches to ports and
harbors, and inner coastal waters.

iv. The expansion of the service to survey and chart

cuter coastal waters and offshore areas.
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v. The further expansion of the service to fully er-
krace bathymetric and geophysical surveys of

oceanic waters.

The atove develofment sequence is directly deperdent on
specific need priorities identified previously in this
thesis. 1If the overriding need is resource identificatior,
exploration, and development or is tased on military consid-
erations, then the last two steps in planned stage develop-
ment listed above likely would take on an increased
priority. Many rescurces are located well offshore ani a
particular nration migkt need to begin surveys offshore in
conjunction with port facilities inshore if resource devel-
opment is the most demanding priority. An extra initial
turden of increased equipment and personnel would then occur
since offshore survey work reguires a different positiorning
system, equipment asscciated with bathymetric and
geophysical surveys, and a larger vessel with its increased
crew rejuirements, fuel consumptiorn, and maintenance.
Military priorities wculd demand accurate and complete tath-
ymetric surveys to fully represent the configuratior of the
seabed with all frinnacles, wrecks, sand wa;e positions, and
other least depths precisely portrayed to allow for safe
navigation of both surface and subsurface ships.

The primary scope of the mission has been identified as
the rroduction of nautical charts to ensure safe navigation.
It is now appropriate to identify the mariner's requirements

of such a chart.

E. THE KAUTICAL CHART

As identified in the introduction, safe navigaticn and
trade requires that the nautical chart give information
essential to all vessels inclulding data for positior fixing,

route finding, and safety and ease of navigation. Detailed
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recommendations regarding essential information to he
portrayed on a nautical chart are a function of chart use
and navigation subtdivision classification. Various IHO
Technical Eesolutions have identified specificationmns
involving the portrayal of this essential information.?

Schmidt [Ref. 9] advises that any list serve only as a

framework for selecting the required
be used as a Jefinitive check list.

mendations a charting divisiorn night

information and nct to
Regardless which reccm-

choose to adopt, 1t

will e necessary to determine the purpose oZ the chart sc
that approypriate items to be portraved as neeiedi for »osi- q

tion fixirng, route finding, ari navigatiorn safety can be

identified.

Production of a precise rauatical chart reguires that an
equally precise quality of survey 3lata be obtained. It is 4
necessary to specify both positioring and sounding accura- !
cies and sounding intervals of the survey. It is recom- :

mended that all nations utilize survey standards and ' ]

specifications adopted by the latest edition of the IHO
44 [Ref. 14 ]. Book 1 of this publi-

cation is entitled Thke IHO Stardards for Hvdrographic

Special Fublication No.

", ...a uriform set of criteria for classifyiny tathymetric
soundingjs after they have been taken, for record purgoses,
and the gquidance of cartographers,

scientists and other ‘
14 1.

users" [ Ref.

4Ffor another viewroint, it is recommended that the
Eeport Ly the German Hydrographic Institute Workirg Greup be
consulted. Although not iugllcgted here, the threé tables
from that report can be useful in Jealing with depicticn of
chart information and can be fcund in Ref. 9, pp. 78-80,
Tables 7, IT and III. It should be noted that inr some cases
items identified in, this Worklng.GrouE Report occasionally
conflict with existirng IHO Technical Resolutiomns.

A MR A a A AN A )t
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The IHO plays a major role in rfostering interratiocnal

cooperation in the standardization of hylrographic symbology
portrayed on the nautical chart, Through its forum cf
regular conferences every S years, thev have Leen successful
in promoting similaritv ir production of charts and related
publications: These items include overcoming language fprob-
lems; standardizing symbols and abkbreviations; standardizinj
light 1lists; written descriptions of coasts, ports and
dangers; directions fcr safe sailing; and tilal informaticn.
TRef. 15, p. 480]

The actual procedures and specifications mentiored
previously will be determined bv the purpose rfor which the
nautical chart is to te used. Shallow areas constituting a
hazard tc navigation must be very preciselyv sounded wherecas
the deeper areas are sounded with the broader aim of
obtaining an accurate portrayal of the representative
cutline of the seabed. 1In cortrast, for a bathymetric
survey all areas should ke surveyed with egqual precision.

In either case, it is necessary to first determine the scale
of the chart. This determination will then enable one to
define the smallest feature that can be represented at the
chosen scale, and sounding standards aeetirg THO specifica-
tions can then be determined and used in conducting the
survey.

It is advisable tc follow some basic rules of thumb in
the preraration of nautical charts. Several of the fourteer
rules that follow have teen summarizel from Newson [Ref. 16,
pp. 356-358].

i. Each detail nust be assessed for its usefulness %o
scme important class of user in the context of tthe
surrounding details and the scale of the chart.

ii. Chart format sizes and specifications according to
THO specifications of the International Chart

should be used whenever possible (see Ref. 17).
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iii.

iv.

vi.

vii.

viii.

ix.

xi.

xii.
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Petailed depth information in reguired areas should
te shown in a specific order. Least depths on

stoals and in navigable channels should be shcwn

first, follcwed by a specified range of derth )
curves, and then by selected soundinjs slowing the
trend of rottom features not brought out by the

depth curves.

KX RN

All deeps need to be accurately depicted on the

survey so that determination can be made by the
chart compiler as to whether the Jjeep is a sigrif-

icart feature which shoulld be shown on the final

ada A -

version of the chart.

Small-scale charts should show a complete overview
of the surrcunding marine environment to aid in ‘
Filoting.

Coastal navigation charts must not have areas of ?
great traffic dersity or course alteration roirnts
located at the juncticn of adjoining sheets.
Coastal apprcach charts must depict prominent laznd i
features necessary for taking bearings and ranges '
to aid in vessel piloting.

If possible, all the significant variations of

bottom quality should be identified *o aid in
anchoring and when navigating in shoal areas.

This information is of great interest to fishermen.
The depicticn of all of a port should be shown on
the same chart whenever possible.

Adjoining nautical charts need to have significart
overlap between them to aid in navigation. Tt will
be the job cf the chart compiler to judge what
overlap is significant in a particular situation.

A chart scale should be selected that depicts
detail in accordance with the purpose of tle chart.
Topographic features are of jreatest interest to

the navigator when piloting along the coastline
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xiii.

xiv.

and these features assune less importarnce with
distance frcr the water. Tt is the unijue cor
unusual feature of thLe topography that the rariner
needs for determining position and thus must be
portraved.

Piffering lettering types and weights should nct
Fe used to represent specific facts on a nautical
chart as they are often difficult to distinguish
and could lead to chart ambigaity.

Most charts must be updated periodically, but
unless absolutely necessary should not ke acccen-
plished by the commission of ancther survey. One
effective method in disseminating relevant infor-
mation is by corrections issued as attachments tc
Notices to Mariners. Dissemination can easily ke
accomplished through the set-~up of a local infor-
mation gathering unit who can relate any useful

items to the appropriate charting authorities.
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IV. PLANNED STAGE DEVELOPMENT

el ® Lo

A. OVERSEER OF HYDRCGRAPHIC SERVICE

There are several alterrative solutions to the questicn
of which governmental department will be the parent organi-

zation tc the newly established or expanded hyvdrograrhic

service, keeping in mind the assumption of national juris-
dicticr made in the introduction. j
Eistorically, it has been logical for a country to ﬁ
utilize its raval orgarization to administer hydrograrhic -
affairs. Any beginnirg hydrographic service will be heavily
involved in problems cf vessel acguisition, logistic

support, etc. These rroblems are much easier to handle and

U W

Flan for when under the direction of a national military
estaklishment. Advantages include dealing with procurement

and overtauling of vessels so that they can be utilized in a

."“

hydrographic mission, wide-ranging access to sea-experienced
personnel, and echo-scunding and navigation positiorn-fixing
équipment. There is a recognized hierarchv in the defense

community within which a hydrographic agency could adapt and é
adjust easily. Perscnnel are trained to do exactly what
they are told. Followirg instructions precisely is espe-

cially crucial in hydrography where attention to detail can

make the difference between success and failure of a survey
and subsequent chart rroduct.

The greatest disadvantage of naval jurisdiction is that
in times of war or national emergency critical personnel may
not be available to the hydrographic service. Even ir
peacetime, military personnel rarely perform more than a
3-year tcur of duty lefore being transferred somewhere else.

It is always difficult to maintain precise planning and
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scheduling if the prcspect of continued interruption in
personrnel is a likely occurrerce. In additiorn, pursuit of
sciertific knowledge is not always one of high priority to
the defense establishrent and as such the agerncy would not
always receive the sufport necessary to carry out its full
range of scientific functions needed in hydrographic study.
Pecruitment in geodesy, surveying, cartographv, and other
typically non-military fields could pose problems for the
military in staffing the agency.

In contrast, there are advantages to civilian control
under direction of either the geodetic, topoyraphic, or
cartograrhic agencies. Highly trained and competent
civilian personnel can be courted on to provide a corntinuunm
to the staff with which the hydrographic agency can work to
accomfplish its mission in a smooth-flowing and efficient
manner. There is also a greater degree of flexibility in a
civilian environment and this lecomes important whenr dealing
with rrotlems posed by rapidly-changing internal and
external environments. Good managers are hard to come Ly
and thus the agency must strive to maintain these management
Feople orn a career basis.

Using the IEO 1982 Annual Yearbook [Ref. 18], parent
organizaticns of respective national hydrographic agencies
have teen identified as members of the IHO (Table II) or as
nonmenkters (Table ITI). Many of the nations listed do not
presently have a hydregraphic agency per se. Some agencies
are strictly port authorities and others have only a minor
semblance of hydrograrhic capability. Civilian jurisiiction
has been broken down as follows: Marine--marine and port
authority; Survey--survey and public works;
Transport--transport, trade and industry, justice, ard
conmunications; and COceans--oceans, fisheries, and
envircnment.
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TABLE II
Farent Body Overseeing Hydrography of IHO Members ]

Ccuntry Milijitary Civilian

] Marine Survey Transport Oceans
Argentina
AuStralia
Belgium
. Brazil
- Canada
. Chile
b Peogles_Rep X
: of China

X

b4 >4 M

Denmark

Ccmirican
Republic

Ecuador

E t
FEXEand
France
Federal Rep X
q of Germany
‘ Greece
Guatemala X X
: Iceland X
E India
- Indonesia
’ Ttal
a
Lt Ja a% .
Malaysia

oF Netherlands
S New Zealand
b Nigeria
- Ncfway
Pakistan
Peru.
Phlllgplnes
Pclan
Portugal X
Rep c¢I Rorea X
Scuth Africa
Singafpore X
Sfaln X
Sweden X
Szr;a X
Thailand X
Trinidad X ‘

& Tobago A
Turkey :
Usse
UK
gSA
{ rugua
Venezugl@
Yugoslavia
Zaire X

r‘! Culka

>4 >ddd DD
>

>4

-4

SEDABEDY i e D4

>4
N1 DU, ¥

> D > > >l DG g
-~
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TABLE III
Parent Body Overseeing Hydrography of Non-IHO Memters

lJ_i.AL.l Y

Ccuntry Military Civilian

Marine Survey Transport Oceansc

A 7!

Algeria X
Bahgladesh z
Earfados X
Benin, X
Bclivia
Burra
Camaroors
Cclomkbia X
Con%o X
Cook Islands X ]
Costa Rica X
Cyprus,
Cambodia
E1l Salvador
Ethiopia
Fij1 X
Gabon X
German_ Dem X
Pepublic
Gharna
Hcniuras X X
ITreland b ¢
Israel X
Ivory Coast X
Jamalca X
Jcrdan X
Ruwailt X
ﬁe&anon 2 % X
alagasy Rep
Maldgves
Reputlic
Malta
Mexico
Mgrocco
Nicaragua X
Pananma
Papua . X
New Guinea
Paraguay X
Rcmainia X
Sri larka K¢
Sudan | X
Tanzania X

i d
.

>4
A i

> d

_p———————"




Pad I AN A A Al e A Al LA At it " i P S R M St B ) T, nd (2R S s A R A of

The case for military or civilian jurisdiction must row

= re decided. Considering naticns with present IHO menmber-

WL s e e B . . . d

1 ship, 65.3 percent have hydrographic services under militarvy

( jurisdiction while orly 34,7 percent fall unier some form of

civilian control. In contrast when looking at those naticns

not relonging to the IHC, 78.0 percent fall under civiliarxn
authority while just 22.0 percent have military ties.

Fi Evaluaticn of the abcve statistics, in light of the rrevious

discussicn of military versus civilian agpplicability,

strongly influences the decision regarding jurisdiction.

r‘ Nations which presently 4o not belong to the Internatioral
g Hydrograrhic Organization are most likely to be tke ones
seeking aid and alvice in setting up a full hvdrograrhic
service. The present skeleton service of these naticns is

predominantly in the hands of a civilian authority. 1Ir

R e JatSmn cuih S JARS A4

addition, hvdrographic needs are an increasing function of
local reguirements, specifically trade and resources which 1

naturally lend themselves to civilian control due to 1

v ¥ v v ¥
PR I
b

economic considerations. Based on these points, and the
assumpticn made earlier that most nations have an estab-
lished jeodetic, topcgraphic, or cartographic capability,

{ rommand from the civilian sector of government seems a

. natural choice in most cases.

in design. The proposed organization (Fig. 4.1) attempts to 1

@
,
: B. ORGANIZATIONAL STROUCTURE AND FOUONCTION

There are numerous ways in which any organizaticn can be
r’ structureé and a hydrcgraphic organization is no exception.
8 A review of those in operation today show a wide diversity
8

achieve a talanced mix of expertise incorporated into a

smooth-£flowing, efficient, well-managed, production crientei

e
.y e

ajency.
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Nations attempting to estatlish hydrographic capability

need reofle of action to get charts revised and urpdated to
rresent standardls, nct to create an allitional hLurdensore
admiristrative bureaucracv., Such an organizational struc-
ture reflects the prirary mission involving nautical chart
rroduction. ULater on, other scientific disciplines suct as
oceanoqraphy couid te easily integrated as a new division or
as an independent agencv--this will be purely a function of
the circumstances of the individual nation involved.

lean staff support is recommenda2d as a lesson to be
drawn frcm the business successes of today. & combiratior
of a pminimum number of highly-skilled top management
personnel and a wise, decisive, ard relatively independent
team of production maragers capable of successful problem-
solving is all that is needed. Working together, this rmix
will te a major factor in determiningj success in maragenent
and production as well as high productivity and career moti-
vation of employees.

The director must have time-tested and proven management
skills and abilities. It is highly recommended that this
person also have both experience in hLydrographic sciences
and a degree in a related field such as natural scierces,
ergireerirg, or surveying. Only if the Director is fully
aware of the overall requirements necessary to fulfill the
organizatior's missicn can he or she then obtain, through
recruitment, personnel most likely to aid in mission accoa-
plishment. Management skills relating to the initial set-up
are also imcportant, as any decision made at the beginning
often sets the tone regarding organizational long-term
values. Pesponsibilities include evaluation and procurement
of equipment for both surveyv and survey-support functiors,
vessel acquisition, tudgetary knowledge for personal
decision-making and recruitment of a budgetary specialist,

recruitment of the two divisionr heads, ard the foresight to
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plan for future organizational growth.S5 Such planning

includes arrangement for the training of newly acquirei
personnel needed in the long terr in order to create a fully
qualified, multi-functional working group capaktle of inter-
discigplinary functioning, allowing for far greater flexi-
Pility in times of crisis or changing priorities.

The overwhelming single reason for success in apy organ-
izaticn is the selection of the right individual at the
helm. Peters and Waterman [ Ref. 19] state emphatically,
with numerous examples to back up their claim, that it is
the value structure established under a strong, knowledge-
akle, visionary leader which 1s paramoant to success. The
director of the agency will need to have such gqualities to
instill these ideas into the organizational fabric so that
success will be a natural cornsequence of hard work and dedi-
cation. The right value structure permeates the organiza-
tion and leads to personrel stability, career motivaticn,
and higlter quality and productivity. A nautical chart
product is no exception and highly motivated individuals
inspired by the right leader are capable of things that they
as individuals might not have thought probable to achieve.

Current management theory states that the first crisis
roint to occur in any organization as it ircreases 1in size
and age is a "crisis c¢f leadership."™ It can occur because
"....the founders, incapable or unwilling to change their
management styles, may have to step aside in favor of a
strong manager who can refocus the organization" [Ref. 20,
p. 370]. The importance of the right management persorn at

the tcp from the bedginning is again underscored; one who is

Sstrong, decisive leadershlf is required at the division
level if the lean or anlzatlona staff is to succeed.

Unless the Director has these %ualltles it is unljkely that
he or she will be able to idernfify these same gualitiés in
others. Addltlonall¥ it is ratural to assume that any top
quality manager, mlgh resist taklng a division head position
1f it was perceived that the Director had less than top
quality management skills and abilities.
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able to adjust to changing needs and priorities easilv with
minimal crganizational disruption.

Two divisions are irtended to handle the full rarge of
production functions necessary to create the final nautical
chart prcduct; these are the Hydrographic and Charting

Divisions, each with its own area of responsibility.

1. Hvdroqraphic LCivision

The Hydrograrhic Division performs functions related
to all aspects of survey operations and is subdivided irnto

four rrarches.
a. Hydrograrhic Planning Brarch

The functions of this branch include the tech-
nical ard logistical rlannirg necessary before a survey
project is to begin. Once the branch has been made aware
that a particular survey is needed to support chart revi-
sion, many functions have to be performed froz the planning
aspect in support of the upcoming survey.

All items relevant to the hnistorical recori of
the area must be assembled. Amorg these are prior surveys,
previous charts of the area and associated junctioning
charts, geodetic control data, and all other additiornal
irformation which is rertinent when proposing a plan of
attack for the survey.

A geodetic control packayge is regquired which

identifies all existing horizontal control and ascertains

whether the control
recovery notes., As

people are notified

lished if necessary.

still exists by examining station
a first priority, the geodetic field
sc that additional control can he estab-

Geodetic information is needed to reet

requirements for both photogrammetric control for shorelin

mapping and hydrographic survey positioning.
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T"he planners also activate the tides secticr to

accumulate necessaryv historical tidal information and to
determire tidal zoning boundaries--this information will te
forwarded on to the fhotogramretric section 1f rneeded.

The next determination is whether shoreline maps
presently on £ile are adequate or whether new shoreline maps
are needed. If needed, this ster would inclule plarning for
new tide-coordinated rhotographs of the area through whickh
rhotogrammetric techriques coull be applied in generating
the urdated shoreline maps. Although the actual photoqram-
metric field work planning does not origirate in this
tranch, the planners are responsible for the logistic
support of the field unit through arrangements involved in
procuremernt of necessary equipment. Logistic support can be
arranged through some other government agency or through
contract, depending on feasibility anld availability.

All informational inputs are accumulated Ly the
Hyvdrcgraphic Planning Branch. It then becomes the responsi-
trility of this branch to write the Project Instructicns tc
te used Lty the survey team in the field based on this total
accumulated informaticn. These instructions attempt to
cover most of the contingencies which could arise and
dictate surveying specifications which need to be followed
in the field, The office staff also generates a Presurvev
Peview which identifies areas ard items which need tc be
investigated further to prove or disprove an item on a
previous chart edition which might be in dispute regarding
its validity. Peported shoal areas are identified and
investigative requirerents related to the search and identi-
ficaticrn rrocedures in these areas are spelled out clearly
to jive the field unit as full a set of guidelires as
pcssitle.

The Marire Support Specialist also plays a crit-

ical role in the Hydrcgraphic Planning Branch with such

usg
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varied responsitilities as conducting logistical support for

aa Bl
1
PRI ]

the survey team; making appropriate decisions regarding

ALl

-

type, function, and subseqguent procurement of vessel; and

NN

preparing the survey vessel with an appropriate corpliment

of hydroagrarhic equirrent necessary to accomplish the survey

T

as descrited in the Eroject Plan.

NS

t. Survey Ofperations PBranch

- The Survey Operations Branch will be responsitle
S for all aspects of field operations® and will be organized

q in five sections. -
X

(1) Geodetic Section.

) Functional requirements of this section

{ relate to field work needed in establishing or verifying

3 control information to be used in photogrammetric control
and by the survey party in position fixing. The personnel
might need to go into the field irn advance of the hydro-
graphic survey team when deemed necessary in areas of sparse
or no contrel. The land surveying capabilities of these

N

field rpersonnel must therefore include expertise in the full
spectrum of methods with which establishment of adeguate "

geoldetic control can te accomplished. Ground survey azethods

include traverse, triangulation, and trilateration.

Knowledge in these methods is absolutely essential, and if
other satellite-aided methods are available, these tco
should fall within the realm of expertise of the surveyor.
Any particular method to be employed will be a function of
availakle alternatives, past experience, and applicability
to the particular situation. Again, cross-functioning will

exist whereby this information is added to the presurvey

planning package before the survey bejins. After survey

—— e — o o —— e s et e

€¢It is recommended that the IHO's Stanrdarls of
Competence for ﬂ{égographlc surveyors [ReE, 2Y] _F€ usei as
tre guide in evaTluating experience Ieévels in hydrographic
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data acqguisition geodetic processing migjht again te requirel
to reduce ard verify any field-gerneratel qgeodetic measure-
ments and positions.

(2) Tides Section.

Pesponsibilities include functions which
need to e performed toth before and after the actual
survey. Ticdal zoning recommendations are nade based on
historical data priecr to actual tidal data acyuisition.
Zoning is based on historical data and information
concerning the rature of the coast anl the interrelation-
ships c¢f varied meteorological and geographical effects
whick play a role in determiring the actual tides. The
secticon needs to comrile a full historical tidal package
including data of rredicted values and location of primary
statiors and any seccndary locations which might still te
operating. The historical record and zoning information is
then forwarded back to the hydrographic planners to te
included in the total presurvey package. After completion
of the survey, the Tides Section ayain becomes involved to
analyze the actuwal tidal record from all tidal stations.
This analysis produces the real-time tidal correctors whick
are arplied to the raw survey sounding data later to be
compiled for the nautical chart.

(3) PRhotogrammetric Section.

Whenever applicable, depending on reqguire-
ments, this section will have the function of flying the
tide-coordinated photography and producing shoreline mags.
The photcgrammetric mapping should be performed after loth
control and tidal information has been received. Deter-
mination of panelling requirements for photo-identification
needed tc achieve satisfactory control coverage, for the
accurate portrayal of shoreline positions, woulil then te
made easier. In addition, it could be possible to oktain

positicns of certain hazards to navigation which might te
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clearly visibtle on tte photographks. The final shorelirne
paps are forwarded tc be incliluled alony with all other
irputs to the total fpresurvey package.

(4) Hydrographic Survey Section.

After all the prelinminary source informa-
tion has been amassed, the actual field survevy can ltejir,
The functiorns of this section include conducting the actual
survey whick includes sounding and positior fixing as per
specifications in the Project Instructions. Tield
processing of the raw data is a quality control function
wherety the lata are scanned daily in order to examine ail
positiors ard depths, discarding those that appear to be in
error. The field sheet is alsc examined daily to determine
whether tottom features require further investigation.
Close examination is important to accurately represert a
true portraval of the bottom and also to verify that all
least derths are identified and represented on the field
sheet. Soundings are adjusted for predicted tides anid
Flotted on the field sheet. The National Ocean Service
hydrograrhic survey flow chart (Fig. 4.2) can be used as a
field checklist to make sure all rnecessary functions have
teen carried out as required.

(5) Miscellaneous Tasks.

Various additioral tasks might be
required, depending on the Project Plan and Project
Instruction specifications listed in the presurvey packaje.
One such task might involve forwarding the present editiorn
of the Zoast Pilot and any special project needs on to the
survey as part of the total package. Instructions nust
specify whether Pbottcr samples need to be taken and if so,
what sampling density is necessary. 1A 71ser evaluation is
also performed and fcrwarded with the Coast Pilot informa-

tion to the survey urnit.
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c. Data Processing Branch

The Data Frocessing Branch receives all the
survey data, the Coast Pilot report, and the Descriptive
Report upon completicn of the field survey. This tranch is
responsitle for all fcrms of verification with some
rerformed directly by rpersonnel in the branch. In the case
of tide and geodetic information, the branch acts as a
disseminator sending the material to the appropriate area of
expertise for verification. The actual tide data received
from the Tides Secticn are in the fora of tidal correctors
and tidal zoning information to be applied to the raw
sounding values. The geodetic information is returrned fully
adjusted and reduced with field-generated control positions
verified and geographic positions determined. The Coast
Pilot report, if generated from the survey, is sent tack to
the arprropriate section for review with deficiencies
reported; a new printing of the Coast ?ilot will then take
place if deemed approrriate.

After all data are returned to the verification
center, the branch performs the full reduction of position
and sounding data and makes a full inspection of all
material as the processing proceeds. Additions are also
A Natioral

u.3)

made as appropriate tc the Descriptive Report.
Ocean Service office data processing flow chart (Fig.

illustrates work flow in the Data Processing Branch.
d. Data Archives Branch

Two different sections of data archives shculd
Ye maintained. One will act as the permanent data file,
retaining all original survey data and related tide and
geodetic information. File negatives generated by tne Chart

Compilation Branch will be in permanent storaje herc as
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well. The other section will contain material necessary to
continue with present chart production. This material
includes the final smooth sheet and the Descriptive Report,
both released to the Chart Compilation Branch on a tempcrary
tasis. Minimal staff is required to maintain this tranch.
Inritially, one person, being well orjanized with good secre-
tarial and research skills, will ke fully able to perforr
the functions of the archives. later on, as a series of
continual chart products are teing co-generated, additiocnal

staff might be rrgquired when deemed necessary by the

organizaticn.

2. Charting Division

The Charting Division performs functiorns related to !
all aspects of charting and is subdivided into four

tranches.
a. Chart Planning Branch

The Chart Planning Branch perforas the first
functions in chart production. The basic responsibilitv is
the determination of survey and chart needs with an on-going
review regarding update requirements. Planners are charged
with perfecrming overall assignment scheduling tasks neces-

sary to insure full, cost-effective utilization of resources

A& 8 AWESAL . 4 .u

after priorities have been established. The full set of

o

chart requirements are forwarded to the Hydrographic

Civisicn fcr subsequent individual scheduling based on the
Chart Planning Branch overall scheduling scheme.? Inruts to
the tranch could come in the form of Aeficiencies reported

in the Ccast Pilot necessitating a reprint. Additional

. .TWork flow, after initially being in the Chartirng
! Division, Charﬁ Elgnnlng Branc will remain 1in the
b gydrograpblc Division through tﬁe archiving of the_ survey

ata,” Trom that_foint until final distritation, all
1 remaining work will fre in the Charting Division.
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irputs cculd include the identification of new needs,
information related tc prior surveys not meeting require-
ments (i.e., in quality or area surveyed), or deficiencies

in Jotice to Mariners regarding shoals and obstructions.
. Chart Compilation Branch

At the corclusion of work flow in the
Hydrograrhic Division, the smooth sheet and Descriptive
Report are forwarded to the Chart Compilation Branck from
the Data Archives. Cartographers are reguired to prevare a
nautical chart compilatior from which color separaticr can
ther Fegin. The end results of this process are a full set
of reproduction negatives from which a final print car te
made and the precurscr file negatives which are forwarded to
the archives for permanent retention. Quality control is
essential in this branch to insure that the original survey
"integrity" is maintained. Representation of botton
features should remain intact and critical Jefects shoull
be identified which were not located by previous

investigations.
c. Chart Printing Branch

The Chart Printing Branch produces the final
nautical chart product from reproduction negatives furnishet
Ly the Compilaticn Branch. Again, a gquality control func-
tion is performed. A random saampling of charts is done to
insure a continuity in product accuracy. It eliminates the
possitility of printing massive quartities of charts having
a critical defect due to a problem with the printing press
itself.

d. Chart Distribution Branch

The primary activity of the branch is the

distribution of the final nautical chart product.
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A graphical representatior of the work flow seguence

for the crganization's two divisions woull be particularly
useful. Work flow is shown for vear-round surveying
capability (Fig. 4.5) ard time based on seasonal surveying
capalkility (Fig. 4.4), both assuming normal priority. Tirme
estimates are subject to alteration with changing priorities
of a particular chart product and also related to the rurter
of emrloyees utilized to perform a specific function at any

point in the work seguence.

C. ESTABLISHMENT OF A MINIMUM SERVICE

The establishment of a minimum service as outlined in
this thesis assumes no present hydroyraphic organization or
capakility exists. In most cases, the first priority will
te conducting surveys of harbors and their associated
approackes and channels to produce an accurate chart prcduct
capaltle cf providing safe navigation for today's size shirgs.
The first step after rlans for hydrographic agency estat-
lishment have been apfroved is to immediately begin working

o ot jectives necessary to fulfill the agency mission.

A critical decision must be made initially regard-
ing the size of the unit expected to perform hydrograrhic
field survey operaticns. To relate various operating units,
data from the Pacific Marine Center (PMC) of NCS have been
compiled using actual 1984 operational expenditures (Taktle
IV). The operating units being compared are ship RAINIER (a
221-foot Class II vessel), ship DAVIDSON (a 175-foot Class
IIT vessel), and the Facific Hydro Party (a hydrograrhic
field party).
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TABLE IV
1984 PNC Survey Operation Costs
Operations Plans--FY 84
($1,000)
{ EAINIER DAVIDSON  HYDEQC PARIY )
i Salaries _ 915.9 505. 0 61.21 .
Cther Compensation 421.6 216.1 2.8 -
Benefits 93.7 129.8 €.6 :
- Travel?2 . 11.3 17.9 5€.5 i
‘ Transrortation3 4.4 6.0 1.€ s
} Rents 45.9 23.5 6.0 f
Printin . 0.8 2.0 1.3 .
Contract Services 28.3 22.0 10.0
Mess 109.9 53.5 0.0
Fuel 270.90 190.0 0.0
Supplies 72.6 82.0 12.0
! Eguipments 21.1 2.8 0.0 g
! TCTAL 2,008.7 1,244.7 165.0
POSITIONS:
Commissioned Officers 9 8 2 ;
Permarent 42 23 3 1
Temporary 18 12 1
Maintenance Plan--FY 84
(%1,000)
Electrical Yessel  Total
Maintenarce REPAILS
EAINIER 158.0 210.9 368.0
CAVIDSON 36.0 253.0 289.0
HYDRO PARTY 5.0 4.9 9.0
1 Salaries include onlg Commissiored Officers
2 Includes meetings and/or per dien
3 Transportation Costs due to shipment
4 XYerox, telephone, helicopter, trailer space, etc.
s Includes new ship items
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Close examination of these operating costs illus-
trates the dramatic difference between ship and field party
expenditures--it is a full order of majgnitude. In a nation
attempting to start a new hydrographic agency, consideration
of this cost differential becomes an important factor.

In the initial stages, it is foreseen that necessary
surveying work could te achieved with a small hydrograghic
field party consisting of six personnel. Slijht variatiors
may te required depending on the method of data acquisition.
The usual field party eguipment will consist of a covered
survey launch for data acquisition, one or two smaller work-
toats for establishirg and checkiny control and tendinjy tide
gages, an cffice trailer, and two vehicles. For the field
party to function effectively, the personnel need to be atle
to perform (1) supervision of survey processing, daily
review, administration, supply, and maintenance (Partv
Chief); (2) supervisicn of data acjuisition (Assistarnt 2artv
Chief); (3) maintenance of electronic and electrical eguip-
ment; (%) geodetic surveying; (5) drafting skills; (6)
report writing; (7) tide station construction and mainte-
nance; (&) diving exfpertise; (9) Loat-han?ling experience;
and (1)) seamanship skills.

The above functions are broken down into approximate
percentages of total field party time as follows: 20
percent geocdetic, 30 rercent survey launch data acgquisition,
30 percent processing and report writing, and 20 percent
admiristrative.

Cne important ingredient *o a successful field party
is the interdisciplinary skills associated with thLe various
perscnnel. Such an approach is considered absolutely essen-
tial. It would be unacceptable and counterproductive if
each menter was only knowlelgeable in one aspect or area of
expertise. As a field party, based locally in the survey

area with its own facilities often far from office support,
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many things can occur which could hamper survey operations.
Examples include egquiprment breakdown, Jdecreased personnel
strength due to illness, or a change in weather. With an
interdisciplinary aprroach these temporary inadequacies
could be alleviated Lty a transifer of responsibility,
providel that the exrertise is available on site.

The field unit will typically be involved ir data
acquisition, data processing, and tide station maintenarce.
All rrocessing of data is done on site in office trailers
whick make up the primary logistic support facility for tthe
field party.

In the determination of the capability of a parti-
cular methol of surveyv operation, estimates have been devel-
oped Lty the Nautical Charting Division of NOS regarding tte
number of linear nautical miles (LNY) each type of operation
is atle to perform. A Class II or Class III ship ccrprletes
1000 to 2000 LNM of ship hydrography per month, while launch
hydrcgraphy for a Class II and Class I1III ship complete 500
to 750 LNM and 250 to 500 LNM per month, respectively. This
is in contrast to the hydrographic field party which
completes 50 to 500 I1NM of launch hydrography per month.

The range of values has been based on the nunber and Jiffi-
culty of the tasks performed other than running main-schene

hydrography. {[Ref. 22, p. 9]

2. Start-Up Reguirements

If manpower and funding deficiencies are enccuntered
at tLe beginning wher the organization is in its initial
building stage, then logic dictates that the full organiza-
tional design previously described will itself take on the
status of an objective over time. Instead, it has to be
decided what bare necessities coull be utilized immediately

so that production could begin.
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a. PRestricticns on Size, Equipment and danpower

The initial organization could function gquite
adequately with a very lean staff. The Canadian
Hydrographic Service, Department of Fisheries and Oceans,
has formulated a detailed proposal for the establishment of
ar Irish Hydrographic Service [Ref. 23] which discusses tte
personnel necessary to support a modest yet elite organiza-
tion. The size of the agency in its beginning phases as
originally perceived for this thesis is ia basic agreement
with the detailed Canadian Fydrographic Service study.

Several key assunmptions have been made in regard
to certain tranch functions:

Cross-functioning at the planning level can be
utilized if dictated by priorities, which means that
maragement personnel in these positions will hLave apfpro-
priate rackgrnunds in both survey and chart plannirng.

Regardless as to what arrangements are made in vessel
procuremert (be it direct purchase of a new vessel,
purchase and re-outfitting of ar existing one, contracting
out for a vessel-on a when-needed basis, or a vessel
suprlied by the Navy on loan) the orgamization will rneed
to rely or naval support for periodic maintenance arna
overhauling during the initial years.

Additional data processing and verification carability
could be drawn from cne of the other branches durinyg
periods of Jdown-time. This branch will have the first
priority in future hiring after the initial personnel have
been employed.

Chart printing and distribution can initially be
performed at the national topographic mapping facility
printing center until such time as funds are available to

establish a self-sufficient chart printing capability.
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Twenty-thkree hydrocqgraphic personnel are deemed
the minirum recessary to fully perforam the primary crganiza-
tional mission (Table 7); these personnel must then ke iden-
tified within the organizatior from the point of view cf
trarch functioning (7Table VI).® The division heads will plav
kev roles in the resrpective planning functions. The
Secretary/Records Clerk will have a dual role temporarily.
Initially this responsibility would be manageable ty omne
person. Over time, as general work flow is increased, a

permanent Data Archives person would need to be added.

TABLE V

Initial Personnel Organizational EKequirements

Director

1 Budget Specialist
1 Secretary/Records Clerk

dydrographic Division (14) Charting Division (6)

Supervisory Hydrcgrapher 1 Supervisory Cartcgrapher
Survey Plahner 1 Chart Planner

Marine Specialist 1 Senior Cartographer
Geodesist = 2 Cartographers L
Tides Specialist 1 PhotoJraphic Specialist

Photogrammetrist

Sr. Hydrog./Hydrographer,
Chief/Sr. Survey Technician
Survey Technicians_

Asst. Su;ve¥ Technician
Electronic_Technician .
Afle Bodied Seaman/Mechanic
Frocessing/Verif. Spec.

- eded N b d b

82 listing of jol titles anl job descriptions for mcst
lower level emgloyees identified in this presentation can be
found in Appendix’ A.
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TABLE VI
Tdentification of Branch Personnel

dydrcgraphic Planning Branch
SUFETvisory Hzarograpﬁer
SurveVv Planner
varine Srecialist

Field Operations Branch =
Geodesist and ASS¥. Survey Technician
Tides Specialist
Photogrammetrist
Sr. Hgdrog./ﬁydxcgrapher, Chief/Sr. Survey Tech.,
2 Survéy Technicians, Electronic Technician,
Able Eodied Seamarn/Mechanic

Data Processing Branch
ProcessE1ing/Verification Spec.

LCata Archives Branch
Secrétary/Kecords CTleTk

Chart Planning 3ranch
SUpEervisory cartographer
Chart” Planner

art Compilation Branch
SenioT cartographer

2 Cartographers_
Phctographic Specialist

Starting a hydrographic service with only tasic
egnipment and a relatively small vessel is advisable. ThLe
basic eyuirment could consist of sextants and theodclites,
these being the minimum needed to obtain a position fix.
The limiting factor with either method is visual line cf
sight, which itself is a function of the height of the land,
the visual range capatility of a particular observer and
time of day. The twc main advantajes of such sinmple
surveyinc methods are that training in use of the eguifprent
is btrief and the costs involved in procurement are signifi-
cantly lower than electronic position-fixing eguipmert.
However, it is appropriate to note that not all kinds of

electronic position-fixing equipment are cost prohibitive.
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Tn fact, most nations today do rely on some fora of elec-
tronic ranging capabilitv, especially range/range microwave
systems (3 to 10 GHz) within line-of-sight and redium-
frequency systems (1 to 5 MHz) capable of extended over-the-
horizcn fpositioning. The use of an electrornic
position-fixing syster allows for a reduction in the nurber
of people which would be required when using a visual
position-fixing system. The related maintenance suprort
needed to keep the electronic eguipment functioning properl:
would require additicral electronic technician expertise
availatle on site. The appropriate balance would be deter-
mined by the Director with input from the Marine Specialist
and ultimately would depend on available personnel support
versus Ifunding capability.® There are numerous tradecffs
whicl have to be considered when formulating the survey
field party. Decisicns in this rejard will need to ke rade
y the Director and the planning staff after all the alter-
natives have been investigated.

The determination of a particular type of hvdro-
graphic survey vessel depends on whether the vessel is to te
erngaged predominantly in basic chartinj activities or
ocearnographic research. Furthermore, basic charting activi-

ties can vary; this has a direct impact on the type and size

of vessel required. A ship would be needed in leep ccear
areas or areas well offshore, whereas a launch would be nost

adequate and likely mcre responsive for the majority of data

acquisition in nearshore locations. The smaller boats would
have the capacity to survey in shoal areas due to shallow

draft ard in locations inside harbors where maneuvering and

M parieg

surveying alongside a wharf or amongst anchorage buoys coull

rrove hazardons ard difficult for a larger vessel.

p———

-

P‘ .9For a complete listin% oL electronic position-fixing
! equifrment available see Ref. 2¢
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Vessel determinations will allow the planners to
choose a vessel having the required capatktilities in size,
range, endurance and speed. Dyde and Jhiig [Ref. 25, p.
92-93] offer some guidelines 1in attemptirg to arrive at tte
approrriate capakbkility of a vessel. They recomm2nd trans-
lating a customer's data requireament into a specific hviro-
graplic or cceanograrhic task and ther approxiaating this
task to a corresponding number of operating surveying years
or other appropriate unit of time. Their presentation iden-
tifies four physical rarameters which have special impor-
tance in deciding on the type and size of vessel recuired,
including prevailing weather and sea conditions, availalle
manpower and associated experience, available shore surport,
and the =ize of the operational area. They also stress that
the interdependence cf several of these factors could cause
conflicting requirements. For example, a larce operatirng
area and Leavy seas cver an extended period would imply a
larger vessel, but a large area with limited shore support
might yield greater survey effectiveness with a smaller
vessel.10 Analysis of all factors enables one to judge the
cost-effectiveness of the proposal and the associated vessel
required to perform the necessary functions.

There will be situations where those charged
with setting up the organization will fird it more advarta-
geous to go with a larger vessel. For exampie, the Navy of
a particular nation might have a vessel which could te
outfitted for hydrographic work with minimal cost outlays or
priorities might dictate that a larger vessel be employed.
Inr cases where a larger vessel is to be used, personnel ard
equiprent would have to be increased with accompanying

increases in overall maintenance expenditures.

10For a detailed description as to how these phvsical
g@rameters interact and specific recomaendations made for
diff{erent situations, a further irnvestigation of pp. 93-95
in Ref. 25 is adviseld.
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The individual specifics for the case of a
larjer vessel will not be developed in-depth, but a study
performed by the NOS Planning Staff entitled "Analysis of CY
1683 Hydrographic Survey Projects" points out basic differ-
ences in the three tyres of capabilities presently in use by
NOS. TFor ease in presentation of comparisons orn an crder of
magnitude basis of tre highly detailed NOS Planning Staff
feport, West Coast and East Coast operations for each tyre
of operating unit have been averaged with one value for each
type listed (Table VII).1! Items pertinent to this ¥CS anal-
ysis are listed below:

Class 1T ships carry four automated hydrographic survey
launches, four open boats, and 68 personnel.

Class I1I ships carry two automated survey launches.
two or three open trcats, and 36 personnel.

Hydrograghic field rarties in this studi consisted of a
launch, two_small tcats, an office trailer, two to
three vehicles, and five to seven enmployees.

Operating expenses (salaries, personnel Lenefits, fuel,
regpairs, sggflles, etc.) and depreciation of capital
eguipnment illustrate a cost index based on the opera-
tion of field units on a daily bkasis.

The cost for ships was computed based on a S-year
averaje (1978 to 1662).

The costs used in the analysis to derive averages were
actual expenditures and not adjusted for inflation.

Cost values represent a "cost irndex" used in making
corparisons between the different operating units, "and
do not represent actual costs in 1983 dollars. These

cost index values represent an average cost over
several years.

Survey edquipment requirements will vary
depending on the needs of both an individual country and the
particular survey involved. Certain types of egquipment are
considered standard fcr a minimum hydrographic service and

should te carried atoard the survey vessel (Table VIII).

11The data listed in Table VI
extracted from Attachment I of th

pp. 8-97.

I containg information
e NOS analysis [Ref. 22,
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The individual specifics for the case of a
larjer vessel will not be developed in-depth, but a study
performed by the ¥OS Planning Staff entitled "Analysis of CY
1983 Hydrographic Survey Projects!" points out basic differ-
ences in the three tyres of capabilities presently in use by
NOS. For ease in presentation of comparisons on ar crder of
magnitude basis of tlke highly detailed NOS Planning Staff
Feport, West Coast and Fast Coast operations for each tyre
of operating unit hLave been averaged with one value for each
type listed (Table VII).1! Items pertinent to this MOS anal-
ysis are listed below:

Class IT ships carry four automated hydrographic survey

launches, four open boats, and 68 personnel.

Class III ships carry two automated survey launches,
two or three open tcats, and 36 personrel.

Hydrograghic field parties in this studi consisted of a
launch, two_small tcats, an office trailer, two to
three vehicles, and five to seven enployees.

Operating exrenses (salaries, personnel hLenefits, fuel,

rerairs, sggflles, etc.) and depreciation of capital
equipment illustrate a cost index based on the oOpera-

)

tion of field units on a daily bkasis.

The cost for ships was computed based on a S-year
averaje (1978 to 1682).

The costs used in the analysis to derive averages vere
actual expenditures and not adjusted for inflation.

Cost values represent a "cost irdex" used in making
corrarisons between the different operating urits, "and
do not represent actual costs in 1983 dollars. These

cost index values represent an average cost over
several years.

Survey equipment requirements will vary
depending on the needs of both an individual country and the
particular survey involved., Certain types of equipment are
considered standard fcr a minimum hydrographic service and

shonld te carried aktoard the survey vessel (Table VIII).

11The data listed in Table VII contains information
he NOS analysis [Ref. 22,

extracted from Attachment I of t
pp. 8-97.
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TABLE VII
Summary of NOS Cost Estinmates

Yearly Costs (3$1,000)

Qperatin Operating Deprec. Total Sea Cost er
“REparpt?  SRggdptd TeRREE RS 3ys Sea pay-
Cla§$ 1T 2554 273 2827 ‘ 191 14.8
i
ClassPIII } 1401 186 1583 194 8.2
Shir |
dydro 1 I ‘ ‘
Field | 227 12 239 240 1.0
Party | | I

E. Estimaticrn of Space Requirements

Space requirements have been developed wkich
conform to the proposed minimum organization already speci=-
fied (Tabkle IX). ©Note that these requirements represent
neither rerthing facilities which must be made available nor
storage facilities necessary for the field equipment. Such
factors will have to te considered on an individual basis
dependirg on the vessel used ani amount of field equipment
to be housed in storage. 1In addition, chart printirg
capacity has not been included since this capability will
come later after the organization has beer operational for a
period of time.

D. AUICMATED HYDROGRAPHIC SURVEYING OPTIONS

If all the survey vwork is initially to be 3one in
harbors, channels, or other areas within optical line-cf-

sight frem shore as the primary organizational objective,

choices are available in allocation of funds. Strictly
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‘! TABLE VIII
3
Basic Equipment Required For Survey

survey Eguipnent

Survey launch
. Workkoats, K |
Electronic Positiopn-Fixing System
Electronic listance Measurinj Inhstrument
Sextants
3-Arr Protractors
Cdyssey Protractors
Theodolites
Levels and level Rods
Tide Gages
. Echo Sounder and Bar Check Apparatus
Automatic Data Reccrding_ Equipkent or §ound1ng Volumes
Soundlng_ lock
Lead Iine
Towed Dual-Channel Side Scan Sonar Systen
Bottom Sampler .
Fortable Radio Communication Equipment

Supplementary Equipment and Supplies

Signal-Building Material
TD or STD Equipment
. Winch Device
Wire Sweeping Gear
Meter Bar
Straight Edie
Soundlng,Po e
Survey Lights
Survey Tapes
Station Disks
Shovels
. Cenent .
Other Miscellaneous Field Equipment
Full Compliment of Necegsary Standardized Fornms i
Tape, Paper, Related Sufplles (fens, pencils, etc.) 7
Drafting and Plotting Instruments

v._J¢

manual methods such as three-point sextant fixes or aziguth/
azimuth positioning with a theodolite could be used. Either

of the two modes are preferred if funds needed to purchase

electronic rositionirg equipment are in short supply, if the
geometry of the area is satisfactory, and if manpower
capacity is available to suppcrt such operations. A fall

crew coxpliment is essential at all times when perfecrming a
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TABLE IX
Space Estimates

All areas are ft2

. Offices
Dicectecr 309
Division Heaj 200
Division Head 2090
Secretary/Records Clerk 100
Miscellaneous
Hgdrograpﬁlc PIvision 1209
Chart Planglng Branch 400
Cartographic Work Area 1000
Flectrfcnic Work Area 309
Photographic Work Area €09
Admin. Files/Tech. Recorlds 409
Conference Roon 500
Rest Rccms (2) 200

5400 ft2 Total

survey that utilizes visual positioning. 1In contrast, if
funds are readily available and manpower happens tc te the
limiting factor, it would be advantageous to utilize sonme
degree of automation in securing position fixes. The reason
is trat any degree of automaticn requires less personnel in
survey data acquisition. However, in situations of equip-
ment failure with this scenario it must be assured that
expedient repair could be accomplished so as not to indefi-
nitely hamper survey cperations.

There are situations which could dictate some degree of
automaticn regarding data acquisition, data processing, or
data dissemination even in initial stages of agency forra-

tion. The Australian experience is an excellent example of

such a situation. The Royal Australian Navy Hydrographic ®
Service concedes that its size in relation to its large area
of responsibility has placed a strain on the traditicnal
L
72 :
L]
I T _-,';;\i...l___ I A P S AP P PO LY o PO S % "




A\ Bl e el S AN SVl s St e Base f M Rrie - A e e I/ Tt S0 Ay it Sl Sl it O A2 A G A AT b A A feof S SR API At SR AL AEME AR Mt VM MV st in e e < PRl

5_ methcds of data acquisition and processirng. Lacking the
capacity to absorb large expenditures in research, the
Auystralians have utilized the present technology of systemn

suppliers and have emtarked on a program of practical

T P —

automaticn.
With a shortage of manpower, nations with charting

requirenents covering very large areas have a definite

"r ‘

problem. Systems are available which interface Jepth and

. electronic position fires, both correlated with time.

Together with supplemental inputs (i.e., tide correctors) on

T RN

P—

»‘ an aprrogriate medium such as magrnetic or paper tape, depth
ard position can be fully integrated on-board in real time
and electronically plctted. Further sophkistication can

achieve sounding scheres based on a system of parallel

T

straight lines rather than arcs atout some electronic
ranging system signal. The most recent technologies allow
for information to be programmed in a way so thkat if a

particular sounding £alls outside certain range limits tased

7 TERN

on previous soundings, it would e rejected as bad data.
likewise, electronic fosition fixes can be similarly
programred whereby given a starting grid position, speeld,

direction, and preset time interval between fixes, a

AR e

computer can determine if a particular position fix tasel on
range rates is indeed accurate or if the fositiorn needs to
te discarded. Depth cr position information can be
rrogrammed to average a particular nuamber of readings to
yield one value which can thern be recorded. Computer

smoothing of the depth and position data is also poscsitle.

et e et

Automation is alsc used in both field data processing

and subsequent office data processing, although the fprctlenm

WY JPw

of lcgging potentially bad data has not been totally

resolved.

Pegardless as to what degree of antomation is used,

certain conditions are apparent when automation is involved.

e
i
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User employees need to have a reasonable amount of experi-
ence in conmputer programming and computer operations. *™ore
expertise must be availalle in electronic maintenance and
repair; thus one full-tinme electronic technician prorosed
previously when automation wasn't considered woull probably
be insufficlent if automation were to be utilized.

Any decisions to employ ccaputer-assisted technigues in
hydrocgrarhy must be carefully considered. The personnel 1
involved in the planning of such systems must take irnto
account user satisfaction, user acceptance and system reli-
ability. There are many guestions which must be posed after
the decision has been made to utilize a shipboard automated 1
system. Selection of the appropriate system will derend cn
the answers to these gquestions. Veeks [Ref. 26, pp. 30-37)

Las developed an excellent set of Juestions that any

PRRY .V SRR v

Frospective user should pose to a aanufacturer before final
selection of the shiptoard automated system is made. A

partial listing of Weeks' questions deemed critical follows:

General ) !

Are soundings drawn online or offline?

What are the limits of speed and scale at which the
systenm can be used?

o
Phat are personnel requirements, specifying both number !
and skill level? R
What outputs are prcvided by the systen? j
What is the recommended method of maintenance? J
"hat is the lanquace of operation and maintenance? 0
What warranty is prcvided and what is the cost? K
dardware
That type of computer is used? é
How much memorv is supplied and how much memory can tte N
comfuter accept?
What are the standard peripherals?
Vhat is the power ccnsumption? -
.
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Is protection against shock and vibration provided R
and/or necessary?

{ : What programming languaje is used?

2]
o
P—h
t
t
oY)
I3
o
Ry, At

dhat operating system is used?

p: What provision is made for the user to modify the
prcgranms?

{ How many decimal digits of accuracy are provided?
s %hat high level languages are available rfor user
programhing with and without additional hardware?

! Positicn Processing

. e ¥

}
{ How many position inputs can be processed simultane-
4

What smoothing or filtering can be applied to the raw
4 data?

$~ When data is smootled is the raw data recorded?

-
i

What is the procedure for correlating positions and
other data, and for correcting any time delays between
measuremenf and accertance by the computer?

Do rosition computations use spheroidal, spherical, or
piane geometry?

.9,

What projections are acceptatle?

Is any indication given to helmsman of distance along
track?

What assist .
2 Z positioning systems?

ance is provided in maintaining whole lane
cournt cf 2- ?
i
n

S

can errors

n

H

n.positioning inputs or in position data te
corrected onlin e

ine? Can they be corrected offline?

Depth Processin

2

If €0) depths per mirute are available from the sounier,
how many are processed or recorded as maximum, average,
and minimoum?

Is depth selection performed online or offline?

#hat is the method used for rejecting false echoes?

B0 JUINA. S

What metkod is used to select soundings?
How are tide correctors applied?

What provision is made for correcting depth sounder
errors?

h
ak prars .
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Is there any provisicn to correct for the vertical
motion of the vessel?

Chart Preraration

That are the limits of chart size, chart scale, angd
chart ocrientation?

What annctation is provided?
Can points or lines be preplotted by their coordirnates?
What size figures are used tc plot soundings?

Wkhat is the locaticn of a sounding showr by a grougr of
digits?

How are decimal values shown?
Phat means are provided to correct for distortion cf the
plctter paper?

What _means are provided to relate the firal chart to the
raw data, so that soundings may be checked?

What is the accuracy in computing an xy position?

How has manuiacturer determined accuracies--are they
Ea$eg gn theoretical considerations or actual field
rialsz

What accuracy of degth selection is warranted by the |
manufacturer with réspect to frequency of bad sdundings :
and standard deviation of the reilaining soundings?

Additicnal Features
What is the procedure to be followed to delete, amend,
or insert soundings on the output tapes?

What features will help to detect or prevent operator
error?

w%atvfeatures provide greater convenience for the cper-
ator?

zbataare the means for checking correct hardware opera-
ion~

By ottaining answers to these gJuestions, a carefully
calculated decision can then be malde as to which system
would be most appropriate under a given set of
circumstances.
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E. HYDRCGRAPHIC AGENCY BUDGET ESTIMATES

Very specific criteria need to be set to before forrmua-
lating an organizaticral budget. In the organizaticn
rroposed in this thesis, the key elements affecting all ccst
outlays are based on the following:

Iritially, there will be 23 employees in the
organization.

All survey operations and related £ield work will be
acccrplished with ore 29-foot launch ard two spaller
workbocats. The survey launch used in this analysis is
an aluminum hull Jensen. The workhboats consist c¢£f one
16-foot Boston Whaler and one 17-foot Monark. The
Whaler will be a field operations support boat used to

tend tide gages and make beach landings when necessary.

It performs better in areas of sea action or open ccearn.
Conversely, the Monark offers a stable platform and will
be used as a hydrographic workbeocat for data acquisition
in hartor areas where space or depth limitations would

L
N YRR

discourage use of the Jdeeper draft Jensen launch.
There will be conly one hydrographic field party
availatle to perforr surveys.

The survey launch will be both covered and large

enough to accommodate any electronic equipment which

o .

might go on board.
If the agency sees a need for a larger survey
F vessel, it would take anywhere from 2 to 4 years to

-
. JODPY

r acquire and outfit. All equipment, personnel, and main-
tenance costs would then need to be adjusted.

Appropriate vessel size is something the agency plarners
need to evaluate carefully.

19 ..

1 Photogyraphic requirements generating color proofs,
file negatives, and reproduction negatives should

utilize the most up-to-date technology. This techrolegy

-
Y
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includes the new daylight working-tvoe f£ila which neeilds
a 1000-watt quartz light and requires only subdue?d
lighting in the phctographic area. Such film has a
lower silver content and therefore lower costs per roll.
A processor is needed which is capable of handling the
approgriate sized negatives used to make the rautical
chart. Additional fhotographic equipment includes a
film cutter, shop microscope ard densitometer, manual
puinch for registration of material, a vertical camera,
and a vacuum frame with pump and exposing light. It is
suggested that rub-ons be used to generate color rroofs
required in gquality control since this process is bty far
the cheaper alternative.

Silver recovery of Jiscarded negjatives should te
practiced at all times to reduce costs.

To ascertain what estimated costs would be incurred in
setting up the hydrographic organization, it is first neces-
sary to itemize the rersonnel and equipment needed in tle
first 3 years of agency formation (Tables X, XI and XII).

Tt is clear that the hydrographic field party has the
lowest daily costs (see Table VII), and combined with tke
data using actual 1984 costs (Table IV) illustrates that in
most sitvations a hydrographic field party would be the

it LS Rl s At ?"v'."-.r'-r-v—:‘-—vvr

rreferred mode for survey operations. These data also show

that launch
constraints
operations.
hydrogratchy
anotler key

hydrograplty is the most practical when firancial

weigh heavily in decisions regarding survey
Previous discussion pointed out that launch
requires the least amount of personnel which is

factor in determiring the survey mode most

applicable to a country's situation. For these reasons, all

tudgetary estimates to follow will consider the laurnch-

ecuipred field party as the means by which operational costs

have teen determined. ¥or a scenario utilizing a larjer

vessel, it will te easy to extract the necessary values and

PP LA I . PRI PN o« 4
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‘ TABLE X
Year One-—-Personnel and Equipment
l Fersonnel Hired Equipment Purchasel
g 1 Directort 1 26-ft Jensen Launch w/
h 1 Budget Specialist hull-mounted transiucer
v 1 Marire Specialist 1 Office Trailer
t; 1 Super. Hydrographer 1 16-ft Boston Yhaler
. 1 Super. CartogJrapher 1 17-ft Monark with
- . 1 Tides Specialis hull-mounted transducer
. 1 Secretary 1 Short Range Electronic
) ) . Positioninyg Sgstem
9 Cffice Equirpment 1 Level § Level Ro
1 . 1 Automobile {
A Desks & Chairs 6 Sextants
Filing Cabinets 2 Theodolites
Crafting Tables 4 Fadios .
Drafting E§glpment 4 Bubbler/ADR Tide Gages
Misc. Supplies 2 Handheld Calculators

Photocopy Machine

F‘ 1 The director shculd be hired immediately.

!

;i perform proper substitutions to obtain the appropriate
s ) costs.

A summary of costs which would be incurred by the agerncy

in start-up (Table XIII) assumes the purchase of one 29-fcot

Jensen survey launch, one 16-foot Boston Whaler, and one
17-foot Monark for survey operations. A substitute for the
Jensen launch or any additional vessel appropriation will

require changes in the proposed budget figures,1?2

e 123 detailed iterization of costs carn be £found ir
Appendix B.
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TABLF XI
Year Two-—-Personnel and Equipment
Persornel Hired Ecuipment Purchasel
1 Geodesist . 1 Sarveyv_ Echo Sounder
1 Photogrammetrist 1 Portable Echo Sounder
1 Survey Planner 1 Laser EDMI
1 Chart Planner 1 Medium Range Elec.
1 Chief/Sr. Survey Tech Positioning Systen
1 Sr. Hydrograrcter 1 4-Wheel Drive Truck
1 Sr. Cartograther 1 Sound Velocity Sensor
1 Electroric Tech disc. Survey Eguipnment
1 ABS/Mechanic
2 Survey Techs
Cffice Eguipment
Desks_ & Chairs
Drafting Talkles
Irafting Equipment
1 Office Satfe
2 Flat Files
TABLE XII
Year Three--Personnel and Equipment
Personnel Hireid Ejuipment Purchased
1 Survey Tech Diving Supgort Zquipment
2 Cartographers 1 Curfent Reter
1 Photographic Srec. 1 Side Scan Sonar Systen
1 ProcesSsing Spec.

Cffice Egquipment

Desks & Chairs
Drafting Tables
Crafting Equipment
Fersonal Computer
Phctographlc Egquipmnent
Farkroom Equipment
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i TABLE XIIXI
|
Sumpary of Expenditures

f ($1,000)

Year 1 2 3 4
q Oper. Costs 242 €1 753 748 748
3 Capital Costs 295 = 281 120 290 290
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V. TRAINING RECUIREMENTS & TECHNICAL ASSISTANCE

—_—

Hvdrography embraces a wide ranging and diverse set of
scientific disciplines. These include geodesy, rhotojrac-
metry, hydrographic surveyinj, nautical science, and cartog-
raphy. Special knowledge is also required in the following
areas: flectronic equipment use and methodology; matherat-
ical error analysis and measuremert adjustment; managemerLt
expertise and administrative skills; establishment and
conduction cf training programs for lower level employvees;
and strategic planning capabilities. It is unlikely that

ary one person would ke well-versed in all these topics.

A. TERAINING

Upper level emplcyees in the newly established agency
should be hired as early as is possible without sacrificing
gquality. An in-depth search for these personnel will te
needed to find those that are highly gualified, especially
in a field such as hydrography where there is a definite
lack cf available and experienced people in the pool frenm
which to draw. Recruitment could prove extremely
difficult--possibly the most difficult task the agency right
ever perform, There should not Le any apparent weaknesses
in abilities when recruiting the positions of Director,
Marine and Budget Specialists, Survey and Chart Planners,
and the Supervisory Hydrographer and Cartographer. All need
to be highly trained specialists in their respective fields
with a troad background in related areas covering the full
hyirographic spectrum. They should also te capable of
exteided periods of independert work without supervisicn and
have enough knowledge to oversee ani participate in in-house

training programs within each realm of expertise.
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When recruiting lower level employees trainirg
tecomes critical, both immediately after they are hired and
later on as the organization progresses from its initial
stages, One carnot expect to train lower level personnel
with differing expertise and backgrounds within the confines
of a singyle training frogram, yet there are some areas that
all employees should te trained in as a mandatory regquire-
ment. A course spanning approximately 10 weeks in Mautical
Science similar to the one given to NOAA Corps Officers at
the Kings Point Merchant Marine Academy falls urnder this
category. ~That course gives all new officers the necessary
exposure in all aspects related to navigation, seamanship,
and rules ard procedures as they relate to the mariner. A
course like that one would give all employees a real feel
for just what the chart product is used for and would illus-
trate the importarce cf a product that is accurate, easy to
read and understand, and one that clearly portrays the
nature of the bottom topography.

A1l personnel should also have training exposure
related to practical aspects of survey operations, sranning
6 to 10 weeks and include a balance between classroon
instruction, laboratory exercises, and field procedures.
Finally, they shculd re required to undertake training irL
basic cartographic procedures and principles to imfprcve
drafting akilities and gain a basic understanding in the
production of the primary product, the nautical chart. A
kasic cartographic course conld be condensed into 4 or €
weeks for all those not initially hired as cartographers
with additional trai ing of aprroximately 6 weeks for the
required cartographic specialist expertise.

The total mandatory training time thus required will
range from 20 to 26 weeks in duration. All three of these
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initial training courses (Table XIV) hopefully could be

accorrlished within the borders of the individual nation as
an in-house operation. The Nautical Science training could
be integrated with the Navy at a Navy facilitv. The Marire

Cartographic training could easily be accomplished with only

TABLE X1V
{ Required Training For lower Level Personnel

—-mm—mm s meRElaao

Fg Nautical Science

{ Coastal Navigation and Piloting
Celestial Navigation
Fules of the _Road )
Use of Radar and Radar Plotting
Srall Boat Handling
Ship Stability
f. _Seamanskhip
Nautical Termlpology .
Damage Control and Fire Fighting
K Safety at _ Sea
. . . First Aid.
: Communications and Radio Procedures
Law of the Sea

35 Field Survey QOperations

Horizontal Control
Importance of the Field Sheet
Operaticn of Electronic Eguipment
] Fositioning Methols )
Operation of Visual Pcsitioning Equipment
Combined Survey Operations
@, Hydrographic Survey Techniques
- Survey Speciiications,
; Shoreline Sounding Orerations
Field Edit Procedures
Corrections to Soundings
Tides and Water levels
ere-Drag Operations
Technical Rkeport Writing

Cartogqraphic Training

Chart Compilation Techniques
Color Separation Technigues
. Ehoto Lab Training
Cartogrqghlg Specifications and Procedures
izing/Plotting of Data (if applicakle)

.""‘:( Ml et ey
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minor revisions to the syllabus at a national cartographic

training certer. The survey experience could begin as socn

Malied mianan)

N

as the end of Year Twc after the launch has heen obtainel
and outfitted for survey operations. If the ir-house

[ training programs are€ not possible to coordinate, even taese

tasic training courses are taught at numerous locaticns
worldwide and could ke accomplished with interrnational coop-
eration. 1Ideally all mardatory training programs, irrespec-
tive of where they are held, should be completed by the eni
of Year Three.

Depending on the circumstances, there is a rpossi-
rility that the managemert personnel might feel the reed to
include themselves in the mandatory training programs just
descrited. Overriding factors mijht play a role in discour-

° aging this rrospect or at least delaying it until circun-
stances allow the liberty for these people to be away fror
production planning and operations for an extended period.
However, it is important to note that any of the managerernt

" . personnel who intend to actively participate in one or more
of the training programs as an instructor should conduct a
thorough review of their particular realm of experience

prior to the instruction.

2. Advanced Training

Further advanced training will be reguired for each

= of the different areas of expertise; such training cculd

® occur over time and re integrated in such a way as not to
disrupt work flow to any significant degree. Tn tire,
cartograrhers shculd te trained in advanced geodetic arnd
hydrographic surveying principles and techniques. Survey

b technicians and hydrographers should be trained in advanced
cartograrhic metlods and applications. Likewise, seamen arnd

electronic technicians should be further trained in more

advanced principles of geodesy and surveving. Advanced




rvﬁ. LA k" S b e Sl St Ead Mefl Negh Mad Jiad i R e T Ty Ty T Ty e s

. training would eventually permit total interdependence
tetween employees in the hydrographic survey party. It

would also enable full cross-rfunctioning to occur under all

circurstances to keer surveyv work flowing in times of foten-
tial crisis due to temporary loss of critical personnel. 1In
additior, personnel mobility would be an available crticn
tetween the two production divisions in times of shifting .
priorities, placing cartographers in the £f£ield or surveyors q
in the office when deemed necessary and appropriate.

Any potential employee picked for advanced training,

especially if it invclves going atroad, must have the arpro-

il

priate educational background to handle the advanced torics
he or she will be expected to learn. The employee alsc must
have the language skills necessary to coamprekend and atsorb
the material being taught at the advanced learning center--

otherwise the entire process might be a waste of time ari

. TN

money.

ik

Depending on the circumstances, some nations might

have a further requirement for training in automated tech-
niques as applied to hydrograrhic data acguisition and/or
digitization of cartographic information. Trairing in auto-
mated techniques would depend.on whether these skills were

necessary in a particular situation in the country involved.

These skills would most likely not be needed immediately,
tut with rapidly changing technology and advantages that
automation offers regarding increased production and
decreased man-hours, this situation could change. As the
prices for much of tle electronic equipment presently on the

market continue to decrease, automated capabilities are

e W

potentially within tle financial reach of many nations not
presently utilizing tkis technology. A result of any auto-

L. SN

mated capability would be the need for increased training in
computer operations and computer programming for scme cf the i

enployees.
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The IiC, as cne of itc functions, will advise any
nation with the name ard address of the appropriate national
contact who will aid in the arrangement of overseas training
Frograms, accomplished by mutual consent between the Jevel-
oping ccuntry and the individual ration conducting a parti-
cular training prograr. A list of those nations which
sponsor major training programs in surveying, mapping, and
related areas (Table XV) has been extracted from conference
pp-90-91] and [Ref. 27, pp. 342-349].

Included in this list is supplemental informatior relevant

papers [Ref. 2,

to the particular programs involved--non-availability of
information is sheown ty a hyphen.

A noteworthy item regards training of personnel in
the ccuntry establishing the hydrographic program by
outsiders rather than the country sending their employees
overseas to a foreign training center. Ar example of this
type of program is tle Hydrographic Survey Assistance
Program (HYSAP) conducted by the U.S.

Office. The country receiving the training provides survey

Naval Oceanograrhic

personnel, a survey vessel including fuel and crew, logistic

support, and work space. The advantages to this aprroach
are numerous:

It is easier to find a small number of gqualified
instructors conversant in a particular language than it is
to teach a language to those who would attend training
progranms at different locations around the worli.

Training people in an atmosphere and culture familiar

This

includes utilizing the same equipment and vessel that will

to them is always more effective and fruitful.

be the tools the trainees will be using after the training

has ended and hydrcqgraphic work has begun.
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TABLF XV
Major Training Programs in Surveying and Mapping

Country Category level Duration Language
Argentina Surveyor Advancel 4 years Spanist
Australia Surveyjor Basic 1 year Englieh
Australia Sur. Asst.| Bas./Adv.| 12 weeks "
Australia Surveyor Advanced - "
Austria Surveyor Advanced - En/Fr/Ger
Brazil Sur. Asst.iSpecialist| 40 weeks |Portugese
Brazil Sur. Aasst. ntermed.|{ 19 weeks "
Brazil sarveyor Advanced 1 year "
Canada Surveyor Advanced 12 weeks English
Eggpt Surveyor Advanced 2 years -
Féd. Rep. Surveyor Advancei 1 year German

of Germany Cartog. Advanceqd 3 years "
Finland Surveyor Advanced 3 years -
France Sur. Asst. Basic 2 Vears Frernch
Frarnce Sur. Asst.| Advanced 1 Vear "
France Surveyor Advanced 2 years "
GlLana Sur. Asst. Basic 3 years -
Gkana surveyor Advanced 2 years -
Jungary Surveyor Advanced 2 years -
India Surveyor Basic 16 weeks English
India Surveyor Advanced 37 weeks "
Israel sSurveyor Advanced 3l years flebrew
Italy Surveyor Advanced 65 weeks Italian
Ivory Coast|Sur. Asst. Basic - -,
Jargan Surveyor Intermed.| 25 weeks English
Kenva Surveyor Basic - -
Malaysia Cartcg. Basic 7 months -
Netherlands|Photogram.| Advanced 8-18 mos Fng/*r
Netherlands Cartog. Advanced 1 year "
Nigeria Cartcg. Basic = Eng/Fr
¥igeria Cartcg. Advancedl - "
Norfway . Cartog. Basic - -
Phlllgplnes Surveyor Advancei 5 years English
2o0lan Cartcg. Advanced 3 years -
Sgairn Cartog. 3asic 2 years Sraniskh
Spain surveyor Advancel 3 years "
Spain Sur. Asst. Basic 1 year "
Sri Lanka Sur. Asst, Basic - -
Sudarn Photogran. Basic 2 years -
Switzerland|Photogram.|{ Advancel 18" mos Eng/Frv/
Switzerland Cartcg. - 4 years Gef/Sran
Turkey Surveyor Basic 1 year Turkish
Turkey Sur. Asst. Basic 1 year "
U0.S.S.P. Cartcg. Advanced 58 mos Russian
J. K. Surveyor Bas./Adv.| 10-24 wks| Fnglish
U.K. Sur. Asst.| Bas./Adv.| 8-14 wks "
J.K. Surveyor Basic 5 weeks "
U.K. Surveyor Advanced |6 mos+2 yr "
U.S.A. Surveyor Advanced 2 years English
U.S.A. Surveyor Advarnced 1 year "
J.S.A. Surveyor Advanced 48 weeks n
J.S.A. Surveyor Basic 13 weeks "
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The studernts wculd feel more comfortable in their
\ natural environment and therefore would be more receptive
( to learnirng.

The overall training costs and supplemental expendi-
tures would be decreased dramatically. There would ke a
dramatic decline in travel expenditures, living expenses

‘. for food and lodging, and in the cost ratio of dollars jer

i e R __ . WL

student-hcur of trairning.
There will undoubtedly be circumstances unique to each

nation. If the training is conducted at home, this urnique

T WL

il situation would be recognized and thus could be dealt with
in an appropriate manner. Examples include use of parti-
cular equipment items not ordinarily utilized which hapren
to lre available requiring srecial instruction or the
unusual aspects of the prospective survey areas which
might dictate a unique approach that should be addressed.
If the trainee were enrolled at a foreign training center,
the individual attertion reguired to utilize such special
equipment would put too great a strain on the time and
resources of the training progranm.

Many ideas and concepts represented by technical
terminology are likely to be lost due to translation of

the language if the student was enrolled at a foreign

significant a degree
locally. This would
by an individual whc

translator, familiar

students.

training center. Such a situation would not occur to as

if the training were conducted
be true if the training was perfcrmed
spoke the native tonque or if a

with hydrographic terminology, was

responsikle for getting these ideas across to the




B. TECHNICAL ASSISTANCE

%hen one considers the limited resources of developing
nations, any attempt to establish a national hylirograpaic
agency would undoubtedly require some degree of technical
assistance., There are maLy tyres of technical assistarnce
available from a wide variety of international and naticnai
organizaticns. Assistance can be provided in various forms.
Advisors are provided when needed to train persornel in the
develoring nations, eguipment is supplied to support survey
operations, and finarcial ail grants are used to surplemernt
agency costs both at the time of ajency establishment ani
later cn for daily operations. Financial assistance car
very often make the difference between success andi failure
of any organizational mission. TFunds are often needed to
lure the best and most qualified personnel into permanent
employment and are equally crucial wher monetary shortages
can lead to a lack of necessary or suitable equipment. A
summary cf organizations follows, each with a brief descrip-
tion of its mission and objectives.

International Hydrographic Organization--Numerous kinds
of technical assistarnce are available from the IHO. 1Its
missicn is to remain in the forefront in acting as the
source of technical advice and as a coordinating tody in
rromoting establishment or strengthening of hydrograghic
capabilities upon regquest by recipient countries. The IHC
will arrange for experts from the International Hydrcgraphic
Bureau (IH0 headquarters in Mcraco) or Member States to
visit developing countries upon rejguest. The experts will
assess existing facilities and needs, render advice in
estalblishing or strengthening hydrographic capabilities,
including guidance provided for the establishment of a
hydrogragpnic service, and provide advice in the formulaticn

cf projects. An inventory is mairntained of all hydrcgraphic
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training courses offered worldwide. The IY0 encourages and g
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follows the development of bilateral arrangements between

countries with well established hydrographic offices ard

|
R

those desiring establishment of hydrographic capabilities,

rarew

and investigates the availability of funding from the inter-
national community.1!3

Intergovernmental Maritime Consultative Organization-- L

.u-ﬁ

The Intergovernmental Maritime Consultative Organizaticn is 4

a specialized agency c¢f the United Nations (U.¥.) with a

-

missicn which is solely concerned with maritime affairs. P
:‘ The mission objectives include facilitating governmertal q
1 cooperation on technical matters relating to shipping, 1
safety at sea, and navigation.

Intergovernmental Oceanographic Commission--The objec-
tive of the U.N. Intergovernmental Oceanographic Commission q
is tc prcmote research in oceanographic processes, dynarics,
and resources through governmental interactiocn.

Colombo Plan for Cooperative Economic and Social
Development in Asia and the Pacific--Founrded in 1957 by the o
U.N. to rromote the development of newly independent Asian .

remker ccuntries, the Colombo Plan for Cooperative Econcmic

and Social Development in Asia and the Pacific rresentlv has 1
26 member countries. Colombo Plan aid covers all fcras of |
socio-economic develorment, Capital aid cornsists of grants §
and lcans from six developed countries to the develoring 1
member ccuntries of the Plan and technical assistance is
provided through services of experts and techricians,

training fellowships, equipment, travel fellowships, and

funds fcr ccnferences, training and research.

el e

F NP )

13For a detailed description, see the_Internatiornal
Hydrographic Biareau Srpecial Pulklic atlon 47 entitled Zraining
and Téchnical Assistance in Hydrogqraphy.
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Delegation of the Commission of the EBuropean Communities

in the Pacific--Funds allocated urier particular progrars of
the U.N., such as the Delegation of the Commission of the
European Communities in the Pacific, are used to finance
projects in areas of techrical cooperation, especially in
fields of training and technological adaptatior or innova-
tion. Carpital projects related to rural development, indus-
trialization, energy, mining and tourisa, all of which coulAd
relate to hvdrographic mission reguirements, are also funded
vy the Ccmmission.

Econcmic and Social Commission for Asia and the
Pacific--The Ecoromic arnd Social Coamission for Asia and the
Pacific (ESCAP), under the auspices of the U.N., initiates
ard participates in reasures for facilitating concertel
action for economic and social development. Recent
hydrographic-related activities irclude development of ship-
Fing, rorts, inland waterways, technology, intertaticral
trade, and natural resources. ESCAP identifies commoen prob-
lems among member countries, facilitates internatioral cocp-
eration, allocates funds, provides training, extends
technical assistance ar.d advisory services, and acts as a
disseminatcr of inforration.

ESCAP Regional Mineral Resources Development Center--The
ESCAP Regioral Mineral Resources Development Center organi-
zation objectives include providing technical assistance
through a group of internatiornal specialists on aineral
exploration and explcitation, an area of vital significance
addressed by hydrography, ir addition to bilateral or multi-
lateral funding.

Institute of Marine Resources--Sponsored by the U.N.,
the Institute of Marine Resources carries out research ir
regional marine resources and cffers funds to be used in
trairingy and developrent of ecucatioral programs. When

fully estatlished, its scope will include topics such as
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rarine geophysics and geology; physical and chemical
ocearography and related maritime meteorology; ocear,
coastal ard environmental engineering; and marine arnd fisk-
eries biclogy.

Several individual nations also offer various forms of
technical assistance. The United States, through arrarnge-
ment by the U.S. Naval Oceanographic Office and the Defense
Mapping Agency urnder the auspices of the HYSAP progran, '
rrovides on-the-job field survey assistance in a develoring
country. This includes technical assistance and advice,
training, technical material, equipment loan, cartographic
assistance, and liaison assistance.

New Zealand has been providing technical assistance ani
training in surveying and mapping to Pacific ard Asian
territories for over 25 years. The assistance ranges fron
the establishment of training centers outside New Zealand to
providing personnel designated to work in the develoring
country to advance surveying and mapping capabilities. The
lJatter assistance has declined in recent years since neces-
sary skills are increasingly being acguired by local
perscnnel.

The Federal Repullic of Germany, in order to meet the
derand of continued information exchanje on technical
matters ty top-level ranagers and specialists, iritiates the
organization of workshops of 2 to 3 weeks duration at inter-
vals of 2 to 4 years. Technical cooperation is also imple-
mented in the form of technical assistance projects in
surveying and mapping. These involve pilot projects Jealing
with instrumentation, on-the-jok training, and technical
cooperation in the establishment of educatioral facilities.
Courntries desiring technical assistance must initiate a

request directly through the embassy of the Federal Republic

of Germany in their ccuntry.

oL s
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- Manv nations provide international cooperation in hvdro-
grapnic surveving, primarily tc cromote safe ravigation. As
L e an example, a hydrographic survey was conducted along tthe
fc. Straits of Lombok and Makassar bty Indonesian personnel in
1975 with the Jaranese government providing necessary
expenses for the survey incluading survey equipmernt,

receivers, and some telecommunication eguipment. Swcoth

_. operation of the sophisticated equipment was accomplished

3 with Japan supplying the necessary technicians and the

; training cf Indonesiarn operators. Previcus to this,

‘(! Indonesia, Japan, Malaysia, and Singapore conducted the Four
)

Naticn Jcint Surveys of the Malacca and Singapore Straits,
which lasted from 196& to early 1$75. [Ref. 28, p. 349)]

Similar programs have been initiated worliwide through

international cooperation based on mutual interests of *he

ratiorns involved.
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VI. SUMMARY AND RECCMMENDATIONS (

A. SINOFSIS OF GUIDEIINES

The quidelines outlined in this thesis have Leen based
on a wide variety of assumptions. The introduction
allressed assumpticns regarding agency jurisdiction,
personnel availability, and geodetic, topographic, ard
printing support capakility. Other assumptions dealt with
mission and objective priorities. All of these assumptiors
have influenced the cost estipnates established to support
the agency as proposed in these guidelines.

It was first necessary to investijate the need for accu-
rate and up-to-date nautical charts by developing naticrms.
After the need was identified, several factors were cited to
justify hydrographic agency formation. Accuracy is pres-
ently demanded regarding safe navigation, increased raritinme
trade, military considerations, recreational activities, ani
rising local interests of developing nations. In many cases
the users associated with these requirements are at-.rresent
dissatisfied. They see a continued need for updated charts
due to deeper draft vessels, the condition of prior surveys,
and quality control methods utilized in the past which have
occasionally led to nautical charts of questionable quality.

With this as background, the proposed organizaticnal

purpose, mission, objectives, and primary product were then
identified. The production of nautical charts to ensure
safe navigation was shown to ke the primary mission, with
the most immediate objective usually being the recharting of
ports, harkors, and their approaches. Important aspects of

the nautical chart were discussed, dealing with the identi-
fication and portrayal of necessary information and features

crucial to the mariner.
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The development cf a hydrographic office is a progres-

sive process as summarized below.

‘[ ,.. . a2 - 0.-.~ . ‘

Overseer of Hydrographic Service
After examining several factors it was concluded that
the civilian sector of governzent as overseer would le the

most arpropriate for those nations not presently having a

hydrograrhic capability.

Organizational Structure and Function

The organizaticn has been set up from an action perspec- .

tive. 7Jpdated hydrographic surveys and nautical chart revi-
sions are priorities. The agency design has been formulatel
in an attempt to limit bureaucracy and maximize toth wcrk
flow and product output. With the needs as outlined, a
srall, highly skilled cadre of 23 employees are capakle of
fulfilling the missicr in the near term. Personnel will Le

added later as management deems necessary.
The functional bliccks of the organization follow this

action orientation. Peginning with chart requiremernts,

.J'..s TN

rlanning is done to set all criteria regarding alternatives
in satisfying these requirements, including identification

of priorities and scledviing. Priority items which require

updated surveys are fcrwarded to thke Hydrographic Division.
Here, survey planners prepare writter Project Plans and
Project Instructions for each survey project. Peripheral
information is also disseminated to the necessary field

survey support functicrs (i.e., tides, photogramnmetry,

T DRSNS 3 DRI

geodesy) as needed. The entire package is then assemblel
bty the Hydrographic Planning Branch and forwarded to the
field party personnel. The survey continues with daily
checking of data and upon completion of the survey data

.

y acquisition, office verification and processing of the data B

q begins. Disseminaticn again occurs, with tidal and fielad -

4 geodetic data sent off for specialized verification. Tte s

b . b

[ |
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adjustments are returned to the Data Processing 2ranch where
a full juality contrcl check is performed. The result
yields a final smooth sheet of corrected and verified posi-
tions and soundings, which is then archived until chart
compilation is to begin. Finally, the printed charts are

distributed to accomplish the mission of the organizaticn.

KN VDRI ¥ SRR RS ] B

Start-Op Requirements

s Al

After investigaticn of possible alternatives, this
thesis identified criteria needed to accomplish the missicn
of the hydrographic office. 2lthtough each topic has been

fully discussed in thre text, citation of appropriate talles

PSR DU

and fiqgures which rerresent particular ideas and concefts
are included below as an aid to easy access of such informa-

tion. Initial success was shown to be achievable with a

[ S

total of 23 employees with a list of personnel (Table V) anA
accompanying functional breakdown (Table VI); full job
descriptions for most lower level employees are detailed in ‘
Appendix A. Surveys would be performed with a hydrograrhic i
field party of six personrel utilizing a launch as the
appropriate type of survey vessel. Basic eqguipment and
. space requirements are illustrated (Tables VIII and IYX,

respectively) and estimates have been diagrammed showing

AR

year-round surveying capability (Fig. 4.5) and seasonal

survey orerations (Fig. 4.4) as they relate to overall time
requirements. Pased cn all the above, start-up scheduling
kas been formulated and identified for the first 3 years of
agency establishment (Tables X, XI, and XII). A summary of

estimated expenditures over both the near and intermediate

e Ay . -t

terms is given (Table XIII) with a full breakdown of ccsts

shown in Appendix B.

1

Training
Trairing was addressed on several levels. Topics

dealing with initial training of lower level personnel Lave

S7
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teen put forth (Zable XIV), followed by investigétion ani
discussion of advanced training needs over the longer term.
Major worldwide training programs covering the full spectrum
of surveying and mapring have also been identified (Table
XV). In addition, a full range of national and interna-
tional technical assistance rrograas have fkeen ontlired,

each with its own surrarv of program objectives.

To get a better feel for what many developing naticns
see as problems in establishing or expanding hydrographic
capability, a guesticnraire was mailed to approximately 40
countries. Fifteen responses were received from around trle
world. Many items were ijentified, but some were more note-
worthy rased on the frequency of occurrence. The greatest
problem identified was funding. The reasons for increased
funding dermands vary from the high costs associated with the
purchase of modern scrvey equipment these nations deem
recessary, to chart printing and cartographic digitizing
equirment, to the purchase of new survey vessels needed to
replace those presently in use but outdated by today's stan-
dards. 1language problems were also coamonly mentioned as an
obstacle, especially in situations where a nation has sent a
trainee overseas for advanced schooling. Lack of adequately
trained and experienced personnel was frequently cited.
Points expressed as general statements include an over-
whelming number of responses stating that navigation safety
is the highest priority objective and that most data acgui-
sition and data processing are presently performed using
manual frocesses. Both points were among the assumptiors
made earlier in this fresentation. The 15 nations
responding represent a global cross section of socio-
economics, and it is highly likely that similar situations

exist among most developing nations arourd the world today.
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B. PRECCHMMENDATICNS

Zxisting hydrographic units within developing naticrs
should make a stronger bid for funliing support. Survey
departments in most nations have made cadastral surveying
the greatest priority, followed by topographic surveying,
with hvdregraphic surveying coming a distant third as the
lowest of priorities. 1In those nations where basic hydro-
graphic work is performed by the military it can ke very
difficult to obtain increased fundiny for what is perceivel
as a non-military expenditure.

Developing nations should recognize thke importance of
retaining personnel, which increases the experiemnce level of
the agency and allows recovery of funding for training in
advanced subjects. Adequate wages must be paid to decrease
the lure of higher pay afforded by the private sector.
Develoring nations cannot afford to continually hire new
employees to replace trained ones who have left the orgari-
zation for lretter paying jobs.

It is in the best interests of all developing naticrs
not presently active in any of the various forums associated
with hydrography to increase their awareness of rpresent ard
future hydrographic capabilities. In some cases it will
simply be a matter of education to show Low hydrogratghy
plays a critical role in economic and social development.
Every natior should jcin the IHO to gain knowledge and
tenefits frcm association with members of the internaticnal
hydrographic community. As already seen, the United Yations
participates in a wide range of hydrographic related disci-
plines ty means of ccuncils, projects, etc.

The international community must establish mandatcryv,
uriform standards. A1l charts will not have equivalent
accuracies when people are trained at different locations

under varying standards--lower standards inevitably lead to
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lower guality. Conversely, standards cannot ke made so high
initially that they are incapable of being met by a large
percentage of those nations expected to take on increased
surveying and charting requirements in the future.

Although national authorities need to consider seriously
the advantages and benefits derived from establishing a

hydrecgraphic office, there could be cases where such estat-

. lishment would not be the best way to proceed. With a
limited requirement it might be more advantageous and expe-

. dient to have the necessary survey work done by contract.

v
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APPENDIX
F E

JO3 DESCRIPTICNS OF LIOW

A
R LEVEL PERSONNEL

Senior Cartographer (Nautical)?
Duties:

(1Y  Applies sound cartographic gudgement in the selection,
portrayal, and compilation_ of data to new charts and new
editions using material which consists of, or is extracted
from the folldwing: anal{zed and evaluated field regorts,
hvdrograrhic_ surveys, photogramietric manuscripts, foreign
chartg&, Sailing Directions, Notice to HMariners, List of
lights, Cautionh Notes, and miscellaneous information.

(2) Applies the follewing cartographic techniques and
emplcys instruments tc compile various types of charts:

Comzutes, compares or checks computations for projec-
tion and grid coordinates. . .
Measures dimensicns of source material to Jetermine
scale and selects method of enlargement or reducticn to
scale desired and reconciles geodétic control data as
accurately as pcssible in poorl{ cortrolled areas.
Selects, Jauges and specifles acement of appropriate
type (letter sizes, line weight, numbers and colc¢crs), pat-
terns and accents for geographiC names, note titles, “tables,
and marine and_air navigational Zones. .
Frepares detailed drafting or scribirng and reproduction
instructions and manuscripts.
P;eiares_a complete and accurate chart recorl of essen-
tial rroject recommendations, computations, sources and
documents utilized and decisions rendered. L
Feconmends new and modified chart plans and specifi-
cations when necessitated by unpredictable proktlenms
encountered or new data received which affect chart
Ero;ects under way. ..
refares reports, evaluates and recommends publishned
hydrographic data for use as supplementary information to
mars puklished Ly other governmenht agencies.

() Examines_and notes _corrections and additions on draftei
or scribed originals and reproduction progis to assure
accuracz, adequacg.and completeness, onducts a firal check
on the latest nautical information received, e.g, Notice to
Mariners, list of Lights, Chart Standarls. Cer Lfles in
chart record that such examination and investigation has
teen made prior to release of drafted or scrihél originals
ard reprcduction proofs.

(95 Cn a _rroject _basis is assigned special studies anl pro-
vides gquidancé and sugpervision to lower grade cartograrhers.

1Descriptior from Defense Magping Agenc Hydrograpbic/
Togggraphlc Center, Field Office5 Départment, Providence
Office, Fydrographilc Tlivision, West Warwick, Fhode Islani
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P i
> Cartographer (Nautical)? ]

Puties:

- (1) Applies sound cartogrqghig judgement in the appli-

:l cation, rortrayal and compilation »2f data to new charts

¢ and new €ditions us1ng material which consists of, or is
extracted from the fcllowing: analyzed and evaluated field
reports, hydrographic surve¥vs .photogrammetrlc manuscrirts,
foreign charts, Sailin Dlrec{lons, otice to Mariners, List
of Lights, Cau%lons Nctes, and miscellaneous information.

(2. Applies the following cartographic technigues and
enploys instruments tc cobpile various types of charts:

BES G [Ty

Comsares or checks computations for projections and
rid coordinates.

Py

L

t easures dimensions of source material to determine

- scale and selects method of enlargement or reducticn to

- scale desired and reconciles geodetic control data as

: accurately as pcssible in poorly controlled areas. .
Selects, gauges and specifies g acement of apprcrriate
type (lLetfer " sizes, line weight, numbers and coldrs), pat-

terrs and accents ror geographic names, notes, titles,

tables and marine and air navigational zones. . )

] Frepares detailed drafting or Scribing and reprcduction ]

instructions and manuscrifts.

P;efares.a complete and accurate chart record of essern-

- tial project recommendations, computations, sources ani

| ¢ documents utilized and decisions rendered.

T I

.

[ (3) Examines _and notes corrections and additions or drafte?

¢ or scribed originals and reproduction proofs to assure
accuracy, adeqiacy, clarity and complete conformity, Con-
ducts a’ Zinal check cn the latest nautical informaticn
received, e.g., Notice to Mariners, List of lehts, Chart
Standards.  Certifies in chart record that such examination

z andl investigation has teen made prior to release of drafted
or scribed originals and reproduction proofs.

I
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2Description from Defense Mapping Agenc¥ Hydrograpbic/
”ogggraphlc Center, Field OfficeS Départment rovidence
Office, Hydrographlc Civision, West Varwick, Rhode Island
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Chief Survey Technician3

Responsikilities:

é1) Maintain adeiuate levels of performance of surve
epartment personfiel 1n supporting and carrying out thle
survey operations of the vessel.

(21 FProper care, nmaintenance, storage, and use of survey
related equlpmen{ and instruments.

(3) Maintenance of an adeguate anil accurate inventory of
survey instruments, equipmént, and supplies.

(4)y Efficient processing of survey data.

(5) Cleanliness and crder of all survey working and storage
areas including plotting room, oceanojrarhic laboratories,
offices, etc.

(€)Y Maintenance of complete ard current technical library.

Cuties:

(1) Serve as technical assistant and advisor to Survey
Planner in survey planning and operations.

(2) Flan and direct the activities of survey department
personnel, making work assignments and schedules), and
assuring performance cf assigned duties.

3{ Coordinate and supervise field processing of survey
ata and samples.

(4) Personally perform more complex and difficult tech-
nical work in Connection with survey operatiors.

(5) Maintajin records of field equipment _calikrations arnd,
where possible, correct instrument deficiencies.

(6) Prerare reports and other paper work as reguired.

(7) May e required to act as "officer ir charge" of a
party ehgaged in survey or survey support activities.

k.

b e

r 3pescription from National Ocean Service, Pacific Marine
{ Center, Seattle, Washington

[.
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o Senior Survey Technician®
b
‘ Cuties:

m All duties listed for position of Survey Technician.
(2) Provide primary _review of field reductjon of all
survey data and sarmples, and provides technical competerce
in spécial projects cr problens.

(3) Act as "officer in charge"™ of a party engajed in
Survey or survey suppcrt activities.

(4) Starnd watches as required.

(5) FPerform missicn-related duties as assigred.

s et it

Alescription from National Ocean Service, Pacific Marine
Center, Seattle, Waslinqgton
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Survey Technician$

Cuties:

(1)

or

Serve on a launch or field party, enjaged in survev

suryey support operations, rerforming normallyv the

following tasks:

(2)
(3)
(4)
(5)
(6)

Cperate all hydrcgraphic survey eguipment, includirg
sounding, navigation, automated 3Jata acqulsition, and
cther associatéd egquipment.

Carry out bottom sampling bathithermograghs, and cther
discrete oceanographic and sanmpling opérations.
Ctserve, record, and reduce geddetic observations.

Set and describe %eodetlc marks. .

Perform field phctogrammetric operations.

Install and service tide gages. ' .
Monitor alil underwav data gathering systems including
echc sounder, gravity meter, magnetometer, etc.
Document, procéss, and preserve water, boﬁtom, tiolog-
ical, etc. samples. ]

Make minor repairs to survey eguipment and instruments.
Field process _all survey data, "inZluding computer gre-
cessing of hydrographic data.

Crder and inventcry suprlies.

Train as surveyor in charge of hydrograpkic launch.
May be required to handle moorinj lines.

Stand watches as required.

Perform other mission oriented Juties as required.

-t —— - ——

Spescription from Natioral Ocean Service, Pacific Marire
Center, Seattle, Vashington
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Assistant Survey Technician®
Pauties:

Serve on a launch or field party engajed in survey cr '
survey support overations as fcllows: I

Cbserve electronic positionirg and sounding readings.
Recerd hydrograrhkic data. .
Clserve Sextant angles and giot sextant positiors.
Qbserve levels and observe distances using electrcnic
devices. . . .
hFecover geodetic control statiors, . ) :
Marually process field data 1nclud1n% data reduction. I
Fecord horizontal control and level lata.

Puild hydrographic_signals. )

Perform” tecknical drawing as reguirei,

Cperate skiffs as requiréd. )
Assist in the degloyment.and recovery of oceanograghic
survey, and sanmpling equipment and instrinernts and acn
resultant data c¢olléction. . i
Train ir the nse and operation _of ocearographic equip- l
rert ard horizorntal control _and levelinjy instruments.
Systematically annotate, file, and care for fiel?

records and sanmgples. ) .

May Fe required to assist in handling of mooring lires.
Monitors all underwayvy data gathering systems including
€echc sounder, gravity meter, magnetdometer, etc.

Documert, procéss, and preserve water, bo{tom, etc.,
samples as required. . )

Assist in the _installation of tide gages,

Train in field creration of automatéd "hydrographic data
acquisition systems and field photogrammetric ofperatiors.
Serfvice tide gaces.

Stand all reguired watches. .

Perform othel mission related duties as assigned.

. we—

Caw— L
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¢Descriptior from National Ocean Service, Pacific Marirne
Center, Sfeattle, Washington
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Electronics Technician?

Duties:

(1) Perform preventive and corrective maintenance on all
the various types of €lectronic equipment and systems used
by the aggngz. The equipment and systems may ihclude--hut
are not Iimited to--4data acquisitioh and procCessing,
systens, grec1se navigation systems, oceanograpkic instru-
ments, and test eguirpment.

(2) . Provide technical briefs concerning the status of
assignments to his/he€r designated techrnical supervisor.
Thesé_briefs may include, but are not limited to: opera-
tional conditioh of equipment; adeguacy of spare parts
1nventor¥; and need for proceaural changes, eguipment
modifications and cther changes to imprdove eléctronic
support to the agency.

(3 Initiate requisition of electronic supplies, parts,
and repair services.

(QL Conduct inspecticn and acceptance tests to insure
adherence to specifications.

(5) . Acccmrplish installation and removal of electrornic
€gqulipbnent.

(6) Cperate radio-telephone and radio-teletype eguifpmert in
1% g E

accordance with documented procedures.

Thescription from National Ccean Service, Pacific Marine
Center, Seattle, Washington
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APPENDIX B
ESTIMATED CCST OUTLAYS

OPERATICNAL COSTS--YEAR ONE?

First Time Costs

Salaries?

Director 342,000
Budget Srecialist 30,070
Marine Specialist 30,9000
Supervisory Hydrographer 35,070 ]
Supervisory Cartographer 35,000 {
Tides Specialist 30,000 é
Secretary/Records Clerk 15,00C B

P
sl

Salaries Subtotal 217,000 1
Cvertime 0 !
Travel3 (includes training) 10,000 -
- Cperational Expenditures 10,000 }
Materials & Supplies 5,000 s
[
——————— i
; First Time Costs Subtotal 242,000 §
Pecurring Costs from Previous Year —e—e 9
4
- CPERATICNAL COSTS--YEAR ONE $242,000
1311 costs are in 1984 U.S. Dollars.
¢ 2Salaries _are based on U0.S. standards. A scaling factor |
b would need to be agplled to compensate for possifle differ- -
{ ences in salary between the U.S. and other nationmns. .
[ 37ravel ircludes mandatory trairing costs for lower level }
- employees incurred during first thfee years. Beqginning in N
t the fcurth year, it will"no lonjer reflect training cosSts. }
(
; 2
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CPERATICNAL COSTS--YERR TWO4

First Time Costs

falaries
Geodesist $30,000
Photograrretrist 30,0230
Survey Planner 30,000
Chart Planner 30,090
Sr. Hydrcgrapher 30,000
Sr. Cartcgrapher 30,000
Chief/Sr. Survey Tech. 25,00¢C
2 Survey Techs @& ¢ 21,000 42,000
Electronic Technician 21,000
ABS/Mechanic 17,5930 j
1
Salaries Subtctal 285,500 3
Overtime 8,000 :
Travel (includes training) 65,0n0C -
Cperational Expenditures 10,000
Materials & Supplies 0
First Time Costs Subtotal 368,500
Recurring Costs from Previous Year _242,000
; OPERATICNAL COSTS--YEAR TVWO $610,5900
PC
t'_‘_.
-
Y
X
3
|
L. TTTTTmmssomooeees
t AExpenditures itemized in Year One costs are assumed to
L remain ccnstant through Year Two. Therefore, these
4 recurring costs are shown in the Year Two costs as a
{ single line entry.
e
1
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OPERATICNAL COSTS--YEAE

+3
X
0
m
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(L]

First Time Costs

Salaries
Asst. Survey Technician $17,5990
2 Cartographers 2 3 25,000 50,090
Photograrhic Specialist 25,000
) Processing Specialist 20,090
L
- Salaries Subtctal 122,500
‘ Cvertime 2,000
E Travel (includes training) 5,00¢C
[ Operational Expenditures 10,000
¢ (survey costs, launch ops.)
:. Materials, Sugplies 2,520
et
b
] First Time Costs Sultotal 000
hﬂ Recurring Costs From Previous Year 610,500
Lf OPERATICNAL COSTS--YEAR THREE $752,5C0
]
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o SExpenditures itemized in Year One and Year Two costs are
V- assumed to remain constant through Year Three. Therefore,
b these recurring costs are shown in the Year Three costs as
b a single line entry.
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CPERATICNAL COSTS--YEAEF TOUR

Salaries ¢ 0

Cvertime 0

Travel® (-23,5920)
Cperational Expenditures 14,300
Materials & Supplies 4,530

First Time Costs Subtotal (-4,700)

CPERATICNAL COSTS~--YEAR FOUR $747,800

' 6Advanced training costs are rot allotted for the fcurth

! vear or_ thereafter. When this training is_deemed necessary

5 cost allccation will then need to be considered and will

. depend on the availability of outside sources of fundirng.

] The églk of travel ccsts 1n Year Four and beyond are forf
per dien.




CPERATICNAL COSTS--YEAR FIVE

=t

irst

]

i

I\D
10

osts

Salaries?

Cvertime

Travel

Cperational Expenditures®

Materials and Supplies

625,000
19,000
56,500
44,370
12,000

7Adjustments might be necessary as listed salary costs do
not include an amount for yearly increases or promotions.

8Qperational expenditures taken from Table IV after.
adjusting for salaries, travel, ard materials/supplies

which have lteen itemized separately above,

112

Dbl

it b

a

‘--_.A oy AA.AJ_‘-‘.' Tt




—r T eT———" PAS SR aren ol e S Al Lt S S EENE Aok L g e A e e T T . Pt AR A R R .

CAPITAL ECUIPMENT COSTS--YEAF CNE

tionlng ggglpment and full compliment of computer sugport,
then addifioral costs of approximately 3100,900 would ke
incurred., This would mean an adjustment to the capital
budget would be necessary, sukttracting duplicated 1items.

Field Egquippment ‘qﬁ
1 Survey Launch® $150,000 3
2 Workboats w/ Motors 25,000 ]
1 Office Trailer 12,000 B
1 Short-Range Electronic 45,000 ’
Positioning Systen A
1 Level & Level Rod 2,000 ~
1 Station Wagon 10,000 _
6 Sextants 2,500 4
2 Theodolites 12,000
4 Radios 8,000 !
4 Bubbler/ADE Tide Gages 14,070 _
2 Programmable Handheld Calculators 500 q
cffice Equipment — 4
Lesks & Chairs 3,750
prafting Tables 1,500 ° i
light Table 1,700 .
Crafting Equirment 1,500 *
Miscellaneous Supplies 5,700 ;;
....... o
CAPITAL EQUIPHUENT COSTIS--YEAR CNE $295,1590
L
1
---------------- g
K SApproximate grice in¢ludes hull only. TFTor fully equipred q
electronic vessel, which would include navigation and posi- )
{
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CAPITAL EQUIPMENT COSTIS--YEAR TWO

Field Fcuipment

Survey Echc Sounder
Portable Echo Sounder
Laser EDMI (15 mile range)

-_— b - .

Medium-Range Electronic
Positioning Systen

(Two Range Systenm)

1 4-Wheel Drive Truck

1 Sound Velocity Sensor

Miscellaneous Survey Equipment

Cffice Equipment

Desks & Chairs

Drafting Tables

light Table

Frafting Equifment

Cffice Safe

3 Flat Files (5 drawers ea)

Miscellaneous Supplies

CAPITAL EQUIPMENT COSTS--YEAR TWO

114

$23,009
3,500
17,520
200,000

12,000
4,500
8,000

3,000
2,000
1,700
1,000

750

820
3,0C0

£280, 780
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CAPITAL ECQUIPMENT COSIS--YEAR TEREZ

FEield Eguipment

Piving Support Egquipment 4,000
1 Side Scan Sonar System 55,020
Current Meter 6,500

Office EFquipment

Pesks & Chairs 1,000
Drafting Tables 1,000
Crafting Equipment 2,020
Personal Computer w/Printer 3,000
Photographic/Clarkroom Equip.19 47,4800
CAPTTAL EQUIPMENT COSTS--YFAF TEREE 3119,900

YEAR EOQUR and beyond

Cngoing- capital equigment costs annually will include
replacement and new equipment. Common estimates for the
life of electronic equipment are 6 to 7 years. Annual
estimated requirement: 3$20,000.

10Costs represented include a vertical camera, processor,
vacuum frame with pusp and exposing light, manual unchz
densitometer, shop microscope, film cutter and 2000 Vatt
lights with timer. Not included are_reversal film (3358,00
fof 42 in. x 100 ft. cr 5306.88 for 36 in. x 100 ft.) and
chemicals necessarg tc make rub-on color proofs. This
information was obtained through telephone correspondence

with Mr. Gere Hack of the Defefse Mapping Agenci .
gzdgcgiaghlc(Tcpographlc Center, LoulSville ' rield Office,
hoto'la

Chief.
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