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Regulatory Considerations and

a Case in Point

Jonathan Ross, Member, Ross-McNatt Naval Architects

ABSTRACT

During recent years, the United
States has paid increasing attention to
controlling and minimizing environmental
pollution. = One result of this attention
is the development of new laws and
requlations, enforced by the
Environmental Protection Agency _ﬁEPA) and
by state and local agencies. 1ese new
environmental laws and regulations are
considerably more stringent than those of
past years and they directly impact how
shipyards must_conduct their operations.
This paper discusses these laws and
regulations at_the national,
(including California, Virginia
Connecticut), and local levels.

state
and

With the environmental regulatory
background in focus, the paper proceeds
to explore the effects of the regulatory
trend on one particular segment of the
shipbuilding and ship repalr industry:
floating drydocks.  Floating drydocks
provide an illuminating example, because
of the environmentally sensitive
industrial activities carried out on
board, such as grit_blasting and paintin
with antifouling paints. The operationa

norms of floating drydock pollution
control are discussed, starting with
present day commercial and Navy

facilities, “and culminating with the
Navy®"s newest floating drydock design,
the AFDB 10.

NOMENCLATURE

BMPs - Best  Management  Practices,
which are plans to minimize
pollution by industrial

facilities such as drydocks

CHT - Collection, Holdin%r and
Transfer system for shipboard
sewage

EPA - The United States Environmental
Protection Agency

NPDES - National Pollution Discharge
Elimination System

VPDES - Virginia_ Pollution Discharge

Elimination System
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WQs - Water Quality Standards
INTRODUCT ION

The United States ing
increasing attention to  pollution
control. One result of this attention is
the _development of new environmental
requirements, enforced by the EPA and by
state and local agencies (in the context
of this report, ™requirements" include
laws, guidelines, standards, regulations
and other legal limitations). hese new
requirements  are considerably more
stringent than those of past years and
they directly impact how drydocks must
conduct their operations.

is payin

The following presentation addresses
the subject of pollution control by
providing an overview of applicable
re?ulatory requirements: examining
selected °~ approaches to _ successfully
complying with those requirements; and
presenting a recent design which is
responsive to the requirements and builds
upon past lessons learned.

In order to provide focus in what_is
a complex subject, the presentation
explores the effects of the regulatory
trend on one particular segment of the
shipbuilding and ship repalr industry:
floating drydocks. Floating drydocks
provide an illuminating example because
of the environmentallY sensitive
industrial activities carried out on
board, such as grit blasting and paintin
with antifouling paints. Other ;YPes 0
ships and marine structures wi have
their own Eartlcular requirements, but
will also share many elements in common
with floating drydocks.

TYPES OF POLLUTANTS AND APPROACHES TO
THEIR CONTROL

Followin? is a description of the

types of pollutants generally found on
oating drydocks and approaches to their

control = (1,2,3).

Spent Abragsive

The most significant pollutants from



floating drydocks are the heavy metals
present in spent abrasive. Here, the
term "Spent_ abrasive” refers to used
blast grit mixed with particles of scale,
rust, old paint and marine growths
removed from ships during blasting
operations. Spent abrasive accumulates
on the floor of the drydock during
blasting and painting operations. The
old paint particles present in the
abrasive are a potential source of
pollution. With a much greater surface
area exPosed than was present while on
the hull, the old paint is subject to
leaching of heavy metals.

The abjective in controlling this
pollutant is to prevent the discharge of
spent abrasive overboard or the leaching
of the heavy metals out of the spent
abrasives as they lay on the deck
(leaching agents includé rain water and
liquids that leak from sanitary waste

lines, cooling water lines and air
scrubber systems).
Sanjtary \aste

Shipboard sanitary waste includes
"black™ ~and  "gray" _ water. TWO
alternatives exist. for the proper
handling of sanitary waste: (1) it may

be discharged directly to a shipyard
sewer system: or (2) itmay be placed
into a holding tank for subsequent
removal from the drydock and drainage to
asewer system.

Trash and Sediment

Miscellaneous trash and sediment
accumulate on_ the floor of_drydocks
during shipbuilding and ship repair

operations.- _ITf not removed -prior to
mwockhﬂn%. this material 1is discharged
during ballasting. The discharge of

trash and sediment may be minimized
through the diligent "use of waste
receptacles or a thorough cleanup of
prior to flooding.

New paint

An estimated 5 percent of the total
paint to be applied to the hull is lost
to the drydock and can be discharged to
the recelving water. These _ losses
include: paint spilled_ within the
drydock; excess applied paint which drips
to the floor of the dock overspray due
to_improper use of: and wind carried
paint which lands in the dock.

APPLICABLE REGULATORY REQUIREMENTS

Generally speaking, state water and
air _ quality _ control regulatory
requirements derive from Federal laws,
adninistered by the EPA. Each state
builds upon the Federal laws, adds its
own needs and concerns, and passes its
own water and air quality control laws.
These form the basis from which state
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boards develop regulations and the
administrative structure of a state water
and air quality control program. When
such a program is in place and accepted
by the EPA, the EPA delegates its water
and air quality control enforcement
functions to the state, and the state
board implements the Tfunctions through
state and regional departments. Figure 1
illustrates a typical structure of the
laws and regulations, and Figure 2
presents typical administrative
structure for this approach.

Federal Laws

Clean Water Act Clean Air Act

State Laws

Air Pollution
Control Law

Water Pollution
Control Law

State Regulations 1

Regulations for

the Control and
Abatement of

Air Pollution

l

Industry

Regulations for the
Control and Abatement
of Water Pollution

Interface With

National Pollution Memorandum_of
Discharge Elimination Understanding
System (NPDES) Permit

Industry
Best Management Shipyard
Practices Procedures
FIGURE 1

WATER AND AIR QUALITY CONTROL
TYPICAL REGULATORY  STRUCTURE

Following is a description of EPA
and selected state and local regulatory
requirements, Tocusing on the states of
Connecticut, virginia, and
California.

Eederal Requirements

The Federal requirements consist of two
laws, the Water Quality Act and the Clean
Air Act (4, 5, 6). Eachof these laws is

discussed below.

Water Quality control. Almost all
of the EPA requirements that affect
drydocks fall within the water quality

control category, that is, within the
Water Quality Act. Within the_framework
of this Act, the EPA requires that
industrial direct dischargers of
pollutants, such as floating drydocks,
obtain_ and _ comply with a_ National
Pollution Discharge Elimination System



Eederal
Environmental Protection Agency

State

Water Quality Air Quality
Control Board Control Board

Department of Water Department of
Quality control Air Quality
Control

Local
I
Air Quality

Control
Regional Office

Water Quality Control
Regional Office

Industry

Shipyard Shipyard
FIGURE 2

WATER AND AIR QUALITY CONTROL
TYPICAL ADMINISTRATION STRUCTURE

(NPDES) permit (7). This permit is
tailored to each industrial facility and
its aim, as its name implies,
minimize pollution discharge. It does
this by either stipulating discharge
limitations and monitoring requirements,
or stipulating Best Management Practices
(BWPS).

The discharge limitations comprise
numerical maximum amounts of named
pollutants that the industrial facility
may discharge during specific periods of
time (e.g.-, Weeklyg Into_named waters
(e.g., @ bay or river). The_ monitorin
requirements call for the industria
facility to monitor discharges for
pollutants at specific intervals of time
and to report the findings_ to the agency
that issued the NPDES permit.

BWPs are designed to help minimize
pollution discharges in those cases for
which numerical discharge limitations _are
not practical. The BRPs are guidelines
that are to be followed by the industrial
facility in the conduct of its day-to-day
operations. An example set of BRPs for
drydocks is presented below.

cantrol of Large Solid
Materials. = Scrap metal, wood
and plastic, -miscel laneous
trash such as paper and glass,
industrial scrap and waste such
as insulation, welding rods,
packaging etc., shall be
removed from the drydock floor
prior to flooding or sinking.

BMP 1.

BWP 2. Control of Blasting Debris.
Cleanup of spent paint and

abrasive shall be undertaken as
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BWP 3.

BWP 4.

BMP 5.

BMP 6.

art ; -
Broductlon activites the
degree technically feasible to

prevent its entry-into drainage
systenms. Mechanical cleanup
may be accomplished by
mechanical sweepers, front
loaders, or innovative
equipment. Manual methods
include the use of shovels and
brooms. Innovations  and
procedures which improve the
effectiveness of cleanup

ogerations shall be adapted,
where they can be demonstrated
as_preventing the discharge of
solids. Those portions of the
drydock  floor _ which are
reasonably accessible shall be

"scraped “or broom clean” of
s?ent_ abrasive prior to
flooding.

After a vessel has been

removed from the drydock and
the dock has been deflooded for
repositioning of the keel and
bilge blocks, the remainins
areas of the floor which were

Breviousl inaccessible shall
e cleaned by scraping or broom
cleaning prior to the

introduction of another vessel
into the drydock.

Oil. Grease. and Fuel Spills.
During the drydocked period

oil, grease, or fuel Spills
shall be prevented from
reaching drainage systems and
from discharging with drainage

water. Cleanup shall be
carried out promptly after an
oil grease spill is
detected.

d Solvent spills

Paint and solvent spills shall
be treated as oil-spills and
segregated from discharge
water. Spills shall be
contained until cleanup is
complete. Mixing of paint
shall be carrie out in
locations and under conditions

such that spills shall be
prevented from entering
drainage systems and
discharging with the drainage
water.
Abrasive Blasting

i Abrasive
blastin debris® in graving

docks shall be prevented from
being discharged with drainage
water. Such blasting debris as
deposits in drainage channels
shall be removed promptly and
as completely as is feasible.

Flows 1n Drydocks The various
p r O C e s gastewater streams




shall be segregated from
sanitary wastes. Gate and
hydrostatic leakage may also
require segregation.

contact Between Water and
Debris. Shipboard cooling an

process water_ shall be directed
so as to minimize contact with
spent abrasive and paint and
other debris. Contact of spent
abrasive and paint by water can
be reduced b proper
segregation and ‘<control of
wastewater streams. _ When
debris is present, hosing of
the dock should be minimized.
When hosing is used as a
removal method, appropriate
methods should be incorporated
to prevent accumulation of
debris in drainage systems and
to promptly remove it from such
systems to prevent its
discharge with wastewater.

BMP 7.

BWP 8. d
Closure. Leakage through the
gate shall be minimized by
repair and maintenance of the
sealing surfaces and proper
seating of the _ gate.
Appropriate channelling of
leakage water to the drainage
system should be accomplished
in a manner that reduces
contact with debris.

Maintenance of Hoses. Soil
connections, valves, pipes,
hoses, and soil chutes carrying
eitner water or wastewater
shall _be replaced or repaired
immediately. Soil chute and
hose connections_to the vessel
and to receiving lines _or
containers shall be positive
and leak free as
practicable

BWP 9.

BWP 10.

and Water ConeAbrasive
. When

water blasting, hydroblasting,
or water-cone blasting is used
in_ graving docks to remove
paint _ from  surfaces, the
resulting water and debris
shall be collected in a sump or
other suitable device. this
mixture then will be either
delivered to appropriate

Water Blastin%, hydroblasting
ne

containers for removal and
disposal subjected to
treatment 1?: concéntrate the
solids for disposal and prepare
the water for reuse or
discharge.

Note that, while these BMPs address
a variety of pollutants, the EPA"s major
concern with respect to potential water
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pollution is_ with spent paint and
abrasive blasting material. This concern
is addressed by BWPs 2, 5, 7 and 10.

Air Quali Federal air
uality requirenents are presented in the
lean Air Act of 1990 (%)_ Note that

certain drydock-related requirements are
still in the developmental stage by EPA,
examples of which follow (8).

Spray Painting - a control
technique guideline is being
written. It will be given to the
states to assist them in writing
their regulations and will

) be within
the area of "marine vessel coating."

Sandblasting No Federal
regulatory initiatives are presently
under way.

. Diesel Engine Emissions - there
will be additional NO, requirements
in the coming years. They will
aggly throughout the north-eastern
U.S., mainly for major emitters,
i.e., stationary internal combustion
engines. For small engines, such _as
those typically found on floating
drydocks  for cranes or diesel-
generators, these future EPA
regulations would not apply (9).

Connecticyt State and Local Requirements

_As is the case with the Federal
requirements, the state water and air
quality control requirements are divided
into the categories of water quality

control and air quality control. A
discussion of these requiréments follows.

3 ualit

Connecticut™s water _qualit control
program is based upon its "Water Quality
Standards"™ (WQS)(10). These Standards
set the overall policy for management of
water quality iIn accordance with the
directive of Section 22a-426 of the
General Statutes of Connecticut. The WQS
consists of three elements:

Standards for water guality,
inculuding classification of
different water resources according
to the desirable use,
degradation, allowable types of
discharges and fundamental
principles of waste assimilation.

2. _  _Criteria, consisting of
descriptive and numerical standards,
that describe the allowable
parameters and ?oalg for the various
water quality classifications.

3. Maps, which
classificaé%on assigned
surface and groundwater
throughout the state.

show the
to each
resource



The presentation in the WQS is not to the
level of detail of industrial activities,

such as shipyards or ship repair
facilities.
Air Quality control connection®s

air quality program is described in the
"Regulations of Connecticut  State
Agencies, Abatement of Air Pollution”
11). The regulations are based on
Section 22a-174 of the General Statutes
of Connecticut. Included are sections
that deal with registration and other
instructions:  regulations; and civil
penalties. As with the water quality
regulations, the treatment is not to the
level of detail specific to certain
industries, much less to drydocks.

Virginia State and Local Requirements

Following is_a summary_ of Virginia's
water and air quality control
requirements.

Watenﬁguality_ﬁnntrol _ _Virginia’s
water quality control requirements are
set forth in "the State Water Control Law,
which 1is implemented by the Virginia
Water _ Control Board, within = the
guidelines of the 'Commonwealth of
Virginia State Water Control Board
Statutes” (12). As with other states,
the Virginia Water Control Board is
authorized bY the EPA to administer the
National Pollution Discharge Elimination
System (NPDES) permitting program (13).
Toward this end. Virginia issues Virginia
Pollutant Discharge- Elimination System
(VPDES) permits, which tailor the NPDES
regulations to the needs and conditions
of Virginia. For_example, shipyards are
required to acquire VPDES permits for
saecific effluent. and must provide BMPs
control the pollutant loadings that
are stated in those permits (14).

Virginia has focused particular
attention on shipyards, and has developed
a document entitled "Best Management
Practices Manual for the Shipbuilding_and
Repair Industry (Draft)” (2)- This
document provides 24 BMPs, of which the
following directly impact the operation
(and often the design) of Tloating
drydocks:

Sanitary Waste Dis?osal
Gray Water Disposa
Bilge and_contaminated Ballast
Water Disposal
Leaking Pipe, Hose and Valve

Connections
Floating Drydock Cleanup
Sally  port Screening and
Filtering
Shrouding

Water Cleaning

Water Blasting, . Hydroblasting,
Water-Cone Blasting and Slurry

Blasting.

Virginia®s main _area of concern
regarding water pollution by drydocks is
rain water runoff, which may contain
entrained paint pollutants in blast grit
as well as oil and grease (12)

_An example of where the VPDES
requirements are being used is the VPDES
ermit for the U.S_ Navy"s Sewells Point
aval Complex, Norfolk,” Virginia. This
VPDES permit is_presently in the draft
form and specifically addresses the BMP
areas described above. _ Following are
examples of practices stipulated in this
permit (15).

Acceptable methods_of control
shall_be utilized during_abrasive
blasting and spray painting, with
the intent of preventing blast dust
and overspray from falling into the
receiving water. These include the
following: downspraying of blast
materials and paint: barriers or
shrouds beneath the hull: barriers
or shrouds between the hull and the
wing_ walls of the drydock: and
barriers or shrouds hung from the
flying bridge to the drydock, from
the bow or stern of the vessel, or
from temporary structures erected
for that purpose.

When water blasting.
hydroblasting, or water-cone
blasting is used to remove paint
from surfaces, the resulting water
and debris shall be collected in a
sump or other suitable device. This
mixture then will b e either
delivered to appropriate containers
for _ removal and disposal
subjected to treatment to
concentrate the solids forproper
disposal and prepare the water for
reuse_ or discharge through an
authorized outfall.

All shipboard cooling water and
process water shall be directed away
from contact with spent abrasive,
paint and other debris. Contact of
spent abrasive and paint with water
will be prevented by proper
segregation and control of
wastewater streams. When debris is
present, hosing of the dock shall
not take place.

For vessels in which sanitary
waste tanks (holding tanks) are
installed, all sanitary wastes from
the vessels shall be” removed and
disposed of by a commercial waste
disposal company or discharged into
the  shipyard®s sanitary waste
systenm.

For vessels without sanitary
waste holding tanks installed, the
vessel"s sanrtary systems shall not
be permitted to discharge overboard
into the adjacent river. Vessels



wi t hout hol ding tanks shall be
connected to a holding tank or
shoreside system in conpliance with
Virginia Depart ment of Heal t h
Regul ati ons.

air quality control, Virginia has
devel oped the Virginia Ai'r  Pollution
Control Law (Title 10.1, Chapter 13 of
the Code of Virgini a)b.. This law fulfills
Virginia's responsibilities under the
EPA"s Federal Clean Air Act and serves as
a basis for Virginia's Departnent of Air
Pollution Control's "Regulations for the
Control and Abatenent of Air Pollution"
(16).

To inmplement the Virginia Air
Pollution Control Law at the shipyard
level, the Virginia Department of "Ar
Pol lution Control devel ops nenoranda of
under st andi ng with i ndi vi dual
organi zations. A typical nermorandum of
understanding with a shipyard is about
three pages in length and stipul ates
requirenents such as those shown bel ow
(17).

Establish, inplenment, and submit
a witten policy and procedure for
out door abrasive blasting and spray
painting ~operations which takes
'reasonabl e precautions to prevent
particulate matter from becoming a
airborne." This procedure shall be
subject to mutual agreenent.

Install wind direction and w nd

speed i nstrunents | ocat ed
conveniently to central shipyard
out door abrasive blasting and_ spray
pai nt operations, and shall maintain

records of wind direction and speed.
- Terninate abrasive blasting or
spray painting operations if the
w nd speed exceeds a sustained 25
f(twenty-flve) mles per hour at the

acility, unl ess ef fective
contai nnent nethods are utilized or
wind direction is such that
particulate matter will not be

transported to adjacent

| mproper |y
property.

Use adequate containment mnethods
such as curtains or shrouds where
possible and practical, and |ocate
the  operations to mnimze
particul ate mat t er from being
transported adjacent property.
Vhen it is not possible and
practical to  take reasonabl e
precautions to prevent particulate
matter from becom ng airborne and
the wind direction and speed is such

t hat particulate  matter is
transported to adjacent property
or spray palnting

abrasive blasti ng
e

operations wl| t erm nat ed.
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Thus, the content and scope of the
air quality menmorandum of understanding
is simlar to the BMP approach, even
t hough virginia has established nunerical
anmbient air quality standards. These are
set forth in. Reference 16. For exanmple,
Section 120-03-02 states that the dprimary
ambient air quality standards for
parti'culate matter are a maxi mum 24-hour
concentration (not to be exceeded nore
than once per year) of 260 micrograns per
cubic meter, and an annual geonetric nean
of 75 microgranms per cubic neter.

Hawaii State and Local Reguirements
. As is the

case wWth other states, Hawaii operates
its water quah}_i)e/l program within the EPA
franmewor k. waiis water quality
control requirenents are set forth in
Chapter 342 of the "Hawaii Revised
Statutes." The water quality programis

adm nistered by the State Departnent of

Health, which uses its Water Quality
St andar ds" (18) to provi de t he
admi ni strative guidelines. The "Water

Quality Standards" classifies the State

waters” for various uses: provides water
quality criteria: and describes water
quality certification and inspection and

The Hawaiian State Departnent

anal ysi s. 1 )
i ssues NPDES pernmits to

of "Health
facilities.

The draft NPDES pernit issued by
Hawaii to the floating drydock COVPETENT
(AFDM 6) is an exanple of effluent
limtations at the Naval Submarine Base,
Pear| Harbor (19).

. Hawaii's air
requi rements are set
forth in Chapter 342 of the "Hawaili
Revised 'Statutes.” The air quality
programis admini stered by the State
Department of Health, which uses its "Air
Pol lution Control Rules" (20) to provide
the administrative guidelines. The "Air
Pol lution Rules" describe prohibitions
and general requirements, describe and
limt open burning, discuss stationary
sources of air pollution, and discuss
source applicability and exenptions. The

rules are general in nature.
California State and Local Reguirements

quality control

Hater ouality control. The
California water quality re%i'rerrents are
contained in the Porter-Col ogne Water
Quality Control Act (21) and the Wter
Quality Control Plan for Enclosed Bays
and Estuaries of California (22&0. The
State \Water Resources Control ard is
designated as the state water pollution
control agency for all purposes stated in
t he Federal ter Pollution Control Act
and is authorized to issue NPDES permits.
Under the State Board are nine regional
boards, one of which is the San D ego



Regi onal Board, the Act at

| to inplement
the regional

[ evel .

The requirements in (21 and 22) are
not specific to drydocks, but are general
in nature, Fol l owing are exanples of
water quality objectives from Reference

(22)

Narrative Water Quality bjec-
tives
estuarine
popul ations,
i nvertebrate,
shal |l not be
result of the

Encl osed. bay and
comunities and
including vertebrate,
and plant species,
degraded as a
discharge of waste.

The natural taste and odor of fish,
shelIfish, or other enclosed bay and
estuarine resources used for human
consunption shall not be inpaired.

be
will
resour ces
to human

Toxic pollutants shall not
di scharced at |evels that
bi oaccumul ate in aquatic
to levels which are harnful
heal t h.

The concentrations of toxic
pollutants in the water colum,
sediments, or biota shall not
adversely affect beneficial uses.
Toxicity Objectives

There shall be no acute toxicity in
anbient waters, including miXing
zones.

There shal |
in anbi ent
zones.

be no chronic toxicity
waters outside m xing

Nunerical Water

. Quality bjec-
tives

For enclosed bays and estuaries,
nunerical water ‘qualit ob|| ectives
for the protection of saltwater
aquatic life are presented

Tables 1 and 2 of Reference 22).

. . . i forni a
air quality requirenents are contained in
Titles 13, 17 and 26 of the California
Code of Regul ations. The Code designates
that the Air Resources Board is the State
agency charged with coordinating efforts
to attain and maintain anbient air
quality standards and to conduct research
into the causes of and solution to air
pol I ution. The Air Resources Board
publishes a docunment entitled "California
Air Pollution Control Laws" (23), which
restates the air quality laws of the
California and serves as a quide for the
public and the Board.

(in

California is divided into air
pol lution control districts. One of
these districts is the County of San
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D Pol lution Control District,
whi ch publishes a gui dance docunent
entitled "Rules and Regulations" (24) and
i ssues Permts to operate equi pment that
may pollute the air. For exanple, the
District issued a permt to the Naval
Submarine Base, San Diego for ARCO ( ARDM
5) to operate the diesel engines for its
two cranes; to operate its energency
diesel generator; and to apply marine
coatings ~ (25).

EXI STING DRYDOCK ENVI RONMENTAL  PROTECTI ON
APPROACHES

ego Air

Fol l owi ng are three exanples of how
floating drydocks conply wth Federal,

state and local water and air quality
control requirements. The exanples are
National Steel and Shipbuilding Conpany's

NASSCO BUI LDER; Sout hwest Marine's PRIDE
CF SAN DIEGO and the U.S. Navy's ARCO
(ARDM 5). Al three facilities are
l'ocated in San Diego Harbor. Thei r
environmental protection approaches are
summarized in Table I.

TABLE |
APPROACHES TO DRYDOCK
ENVI RONMENTAL  PROTECTI ON

Appr oach NASSCO SWM AEDM AFDB

10

Sedi ment ation Sunp

and Punp X XX X
CHT Wth Connection

to Shore X XX X
Abrasive Blasting

Shrouds X X
Pont oon Deck

Coani ng X XX X
Manual Sweeping of

Pont oon Deck X XX X

Nationa) Steel and Shipbuilding Company

The
aﬁpr oach of
Shi pbui | di ng
contained in ]
Practices Plan" Igze ) This
addresses environmental protection
shi pyard-w de perspective and includes
sections on policy, objectives, risk
identification and assessment, reporting
of BMP incidents, inspections, records
and training. Its focus is operational
in nature.

envi ronment al
Nat i onal

Conpany

its " Best

protection

St eel and
(NASSCO is
Managenent
docurent
from a

One part of the BMP is NASSCO s
wat er ﬁolluuon control plan. It states
that " 's general strategy for water
pollution shall be the-- continued

avoi dance of the deliberate discharge of
any waste category directly into San



y. Regarding their steel

drydock,” NASSCO BU LDER the

s that "no deliberate discharge

Dilego an of any waste category
owed. '

s3]

Sout hwest Marine Inc
~ Southwest Marine's BMP (27, 28) is
simlar in scope and content to that of
NASSCO, as are the procedures followed
aboard the conpany's drydocks, such as
the 22,000-ton, steel floating drydock,
the PRIDE OF SAN DI EGO

ARDM 5

The Navy's steel, 7800 ton capacity
floating drydock ARDM 5 is spud
moored to a concrete pier at the Naval

Submarine Base, Point Loma, San Diego.
ARCO provides docking services to vy
attack submarines.

For ARDM 5, the Navy's environmental
pol lution control approach is simlar to
those of NASSCO and Sout hwest Marine.
The environmental features aboard ARDM 5
for water quality control include a
sedimentation sunp and punp system and a
CHT system There is no need for air
particul ate contai nment curtains on ARDM
5, because sandblasting is not carried
out: hydro-blasting is used instead.

For air quality control, ARDM 5
holds pernmits to operate two non-
emergency diesel engines (for its two
traveling cranes): one energency diesel
generator: and  one marine ~ coating
application station (30). Al three
%‘ermts.vvere i ssued by The County of San

ego Air Pollution Control District.

For the non- emer gency di esel
engines, the pernit restricts operating
time on an hours-per-day and an hours-
per-week basis; the number of gallons of

fuel on a gallons-per-day and a gall ons-
per-year basis: and the sulfur content in
the fuel. Also, daily records of fuel

usage nust be maintained, and the engines
may be operated only with turbo chargers
and aftercool ers functi oning %t he
emergency diesel engine pernit does not
include these restrictions).

~The marine coating
station permt is for four Gace Hydra-
Spray supply punps and eight WAgner
Airless spray guns. The pernit requires
that  detailed daily records be
mai nt ai ned.

ENVI RONMVENTAL PROTECTION ON AFDB 10

AFDB 10 s
floating drydock.

application

the Navy's newest
; It is still in the
design stage. The design approach to
ensure that AFDB 10 conplies with
applicabl e Federal, state and local water
tquaplt()j/ and air quality requirenents is
wof ol d:

2A
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I'l) M ni m ze the production of pol-
utants, and

2 Mai ntai n maxi rum control
pol lutants that are produced.

Table | sunmarizes the environment al
protection features on this drydock.

of any

As is the case on ARDM 5, there will
be no grlt bl asting, only water blasting
on AFDB | o Thus, there is no need for
air particulate containment curtains.
Al so, the cranes are electricall
powered, so there will be no diese
em ssions  during  nornal operations.
Finally, AFDB 10 has a stand-by diesel-
generator system This will be operated
only if shore power is interrupted and,
thus, emits a mninmal anount of pollution
into the air.

CONCLUSIONS

The Federal governnent and the
overnments of the three states reviewed
ave devel oped detailed requirements to
help control environnental pollution.
These requirenments are becomning nore
stringent and they are becom ng nore
detailed in their Scope. For exanpl e,
new requi rements focus on particul ar
industries, such as the marine industry,
and on specific types of facilities, such

as floating dry docks. Comercial and
Navy facilities are conplying with the
requirements. In particular,-the Navy's
newest floatina drydock. AFDB 10. wll

i ncor por ate envi ronment al pol l ution
control features that were instituted at
the inception of its design.
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ABSTRACT
The nodification of the caisson
drydock is in many ways nore
difficult t han conventional ship
modi fi cati ons. This is because of the
accuracy required, location of the
measurenents  and the size of the
structure. The devel opment of conputer

based mul ti-headed el ectronic theodolite
systens nmade it possible to extract
accurate data on | ar%e structures.
This data was formatte

. . ( so it could be
input directly into a conputer aided
desi gn system The nmulti-headed

el ectronic theodolite system was used
to transfer new design information
directly to the structure. The caisson
structure was nodified and nmoved safely
into position with the aid of a water
castor system for final assenbly. Final
di mensi on checks verified the accuracy
of the system

BACKGROUND

Phi [ adel phia  Naval Shi pyard' s
Drydock No. 3 is one of the deepest
graving docks on the East coast. Built
In the 1920's, its original planned
mssion was to provide a-full service
drydock for all ships of the United
States Navy, including battleships. The
original caisson for this drydock was
still in wuse in 1990 It was a
hydroneter style caisson of riveted
construction. The caisson acts as a dam
to seal the drydock opening and needs
water ballast to nmaintain its position
and provide an effective seal. AnY
significant reduction in ballast due po
loss of water could result in
catastrophic flooding of the drydock.
The caisson had nmgjor corrosion of
structural nenbers in the trim and
bal last tanks. Its top deck or wal kwa
was wooden and in need of replacenen
and the rivet

th seans were in poor
condi tion and weepi nﬁ. Because of the
poor condition of the caisson, maj or

repairs were budgeted so the drydock

could continue in a certified status.
Repai ri ng this old riveted
structure in the 1990's posed nmjor
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robl ens. Maj or structural elements on
he inside would have to be replaced.
There would have to be a great deal of
welding close to rivets. Maj or
structural menbers enbedded in concrete
appeared to be corroded. Most
importantly. all of the rivets on the
structure” had been rin% wel ded and
seams were |eaking, so there was no way
to properly sound rivets and certif

the structural integrity of the overal

structure. ] .

A new cai sson was estimated to cost
over 4 nmillion dollars, which exceeded
the repair budget. Fortunately there
was a large caisson on the base which
was built by the now defunct, New York
Shi pbui I ding Corporation  (NYSC) Figure

, had been in service in Canden,
New Jersey, for a special drydock used
in the construction of the USS KITTY
HAWK (CV63) in the mid 1950's. Because
the caisson was stored in fresh water
and had only limted use at NYSC it
was in virtually new condition. The
overal | dinmensions of the caisson, with
the exception of the length (8.38 m
27.5 ft longer) were very simlar to
the original caisson. Its all welded
construcgion erpge it easy to nodify.

S

(1) It

~ Figure 1L o
New York Shi pbuil di ng Corp. Cassion

As a final
di nensi onal
drydock seat

feasibility check, the
attributes of both the
and the NYSC caisson were

measured using conventional tools such
as steel tapes and plunb bobs. The
survey was accurate enough to verify



that the NYSC cai sson could be nade
compatible with the drydock  opening.
However, it failed to show discrepancies

based on existing plans in the slopes
between the caisson and the drydock and
the radii at the corners. In "addition,
the overall length of the drydock
opening appeared to be in error. It
was therefore deternined that a nore
measurenent woul d
accurate design

were to be

accurate neans of
have to be used if
nodi fication details
devel oped.

I NI TI AL SURVEY

The
choi ce for
mul ti - headed
ﬁgstem (AIMS 11

asuring System.
of t wo (2)

t ool of

was

measur ement
this proj ect
el ectronic t heodolite
Anal ytical Industrial

This system consi st
t heodol ites ['inked
electronically to a personal conputer to
give real time data. The theodolite
system was the logical choice due to
several factors. ta P0| nts of the
drydock opening (seat), although visible
only from the river side could be
captured from the drydock floor.
Secondly, the new caisson would be
| ocate in the center of the same
drydock. The stability of the drydock
floor allowed the measurement group to
use the theodolite system and not be
restricted to other measurenent tools,
such as photogrametry. Finally, time
constraints required a quick turnaround
of accurate data.

The first task for
roup. was to provide
xi sting drydock opening
Deternination of theodolite
was the first concern. Placing the
instrunents between the inner and outer
seat was elimnated for two reasons.
First, a linted sight distance and
very  poor geonetry bet ween t he
theodolites and the data points inpeded
the accuracy. Second, with the existing
cai sson continuously | eaking and the
readings taken in ‘the wi nter nonths,
very hazardous safety conditions existed
in'this area with partial freezing of
standi ng water. It was then determ ned

the measur enent
data of the
(figure 2).
osi tioning

that the theodolites would have to be
|ocated on the drydock floor. This
created a situation where nost of the

data points would be hidden from sight
(figure 2).

Hi dden points were captured using a

hidden point stick which is a targeted
measured rod. sighting the targets
of the rod the theodolite system can

automatically interpolate for the hidden
point using the software (hidden point
routine) cFrow ded with the system Data
for the drydock seat area were taken at
various stations with tw points per
station. One representing the upper
edge of the seat, which was visible and
the other representing the bottom corner
which was hidden. Points were taken at
four stations along each side. Al so,
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in the
for

points were taken at 15 stations

radius area, because it was critical

OUTER SEAT |

fit.

r

i
)
I
)
OF CASSION SEAT !
]
INT:

l 'l._,xmpbom bata
Lo.ﬁln(Zd in)
Figure 2.

Drydock NO. 3 Opening

The second part of this initial
measurenent phase was to establish the
outline dimensions of the new caisson.
Wth the new caisson on blocks in
drydock 3 the theodolites were |ocated
on" the drydock floor. From this
vantage point, the dinmensions required
were captured. Data points were taken
along the sloping ends at four
| ocati ons. The radius corners were
identified by data points at each
tangent point and three internediate
points. O her «key di nensional | ocations
were captured such as the top deck of
the knuckle areas and the bottom seat
area. Each point was located first by
sighting with a laser attached to the
theodol i te. These points were then
scribed in for reference for future
modi fication and dinensional checks.

. _The neasurement data fromthis
initial phase was el ectronicall

transferred to the  structura
department's CAD (Conputer Aided Design)
system  This would lay the ground work
for the entire project and allow the
structural department to work from
accurate data when determining the
structural rmodifications required for
not only correct fit of the new caisson
to the drydock opening, but also to
ensure proper buoyancy and structural
integrity.



CAD DEVELOPMENT

Data taken from the survey was
transferred (using a 5 1/4" fclﬁ}))py di sc)
d|_rectl¥ into the shipyard system
This allowed viewing all the data taken

By using curve

in three dimensions. .
fitting techniques, an accurate picture
of the seat of the caisson and the
drydock opening could be obt ai ned.
figure 3 shows a CAD overlay of some
measur enment data taken.

CAl SSON
SEAT EDGE

\ -l bz 23m (9in)
!

DRYDOCK
INNER
SEAT

DRYDOCK
OUTER
SEAT

DATA
POINTS

FI GURE 3.

CAD OVERLAY OF THECDOLI TE DATA

The slope, radius and depth of the
seat would all be critical dinensions
which interplay with one another. It

was decided early in the design process

that the nodified caisson should have
anrOXI mately .076 neters (3 inches)
clearance on each side of the sloping
drydock side walls. This clearance
woul d provide for dinensional changes in
the structure and allow sufficient
operational clearance to seat the
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caisson in a nuddy river environnent
where debris can easily be [odged
between the caisson and "the drydock

wal | Wile the task may seem easily
solved by a conventional |ayout process,
it becomes nuch more difficult when one
considers that the design must allow for

a good seal if all clearance is shifted
to one side. Also, nmud in the seat
under the bottom of the caisson could
cause it to tilt forward from the side
wal | s. A CAD sinulation would allow
for these or any conbination of other
conditions to be examined wth the

caisson nodified in many different ways.

The neasurement data verified our
initial dinensional analysis of the
cai sson proving that the "drydock seat
and the seal area of the NYSC caisson
had different  slopes. Addi tional
structure woul d have-to be added to the
sides of the caisson which had |ess
slope. This would prevent an excessive
clearance at the top of the seal area.

. The radii between the ends of the
cai sson and drydock wal | wer e
sufficiently different to allow for
clearance but the position of the
centers between the two would be
critical in determining fit clearance.
| f positioned too close. the curved
surfaces would intersect which would
cause the caisson to rest on its curved
edge rather than rest along its base.
[f~ too much clearance was allowed it
woul d be inpossible to maintain a good
seal along the sloped sides.

Several different scenarios were
evaluated. The nost cost effective one
was to nodify the caisson asymetrically
bK' adding structure to one side only.
This woul'd make the clearance different

at the ends if the caisson were
positioned at the centerline of the
drydock. But the clearance would still

be within allowable tolerances if the
caisson were shifted to one side or
rotated 180 degrees. jogging the
seal about 6.1 neters (20 eet% romthe
base and removing 8.38 m (27.5 ft) from
the center of the caisson we were able
to meet all dinensional clearance
criteria. Final dinmensions are shown in
Figure 4.

LAYOUT

The
measur enent
t he

for t he
involved translating
di mensional data. for renoving the
center section, from CAD to the caisson
itself. Design engineers had detern ned
the optimm |l ocation for the center

second t ask

group

section removal which would ensure the
structural integrity of t he t wo
remainin ends once rejoined. To
establis these  di nensions t he
exi sting caisson, physical measurenents
from internal structural menbers were
made. These data points were then

established by drilling a hole through
to the outside of the caisson. Thi's
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hole was sighted by the theodolites and
used as a reference point for inside and

outside dimensions. Laying out of two
parallel lines is rel atwe?y easy until
one realizes that these lines nust pass
under the caisson up the backside, along
the top and eventually end up at the
same starting point while remaining
paral l el ed throughout. Several setups
and transitions from pass point to pass
point were required. The accuracy of

the system and the attention to détajl
of the system operators proved to be the

cornerstone to the success of this
proj ect.

MODI FI CATI ON AND ASSEMBLY
Producti on shops used the cut

lines layed out by the neasurement team
to precisely cut a perfect match
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between the two halves of the caisson.
Shipfitters and welders worked to renpve
the large portions of plating and beams
fromthe center section (Figure 5).

|gUre o.

Steel Renmoval, Center

Section

The area of steel renpved was about

8.38 38 (27.5 feet) long, 10.67 m (35
feet) high and 6.1 m (20 feet) w de
across the top.

The bottom portion of the casisson
contained a large anount of concrete
used mainly for ballast. A concrete
cutting conpany was tasked to make one
cut at each end of the center section so
that shipyard riggers could "roll" the
| oose wedge of concrete out of the way
(Figure 6 and 7). The wedge renoved
was about 8.38 m (27.5 feet) Ion% by 6.1
m (20 feet) wide by 3.35 m (Il Teet)
high and it weighted about 250,000 KG
(275 short tons). The cutting of the
concrete was acconplished using a
dianmond strand blade which runs through
a min drive assenbly around the
concrete to be cut and back through the
assembly.  Each cut took about 10 hours.

then installed

The shipfitters
the concrete

tenporary supports to_
section's steel skin (Figure 8).  The
supports were designed by ‘shipyard
engineers and a drawing was prepared to
provide direction to the shops for
fabriction of the supports. In
addition, steel plates were laid on the
floor of the drydock to provide a path
for the concrete section to travel. A
st eel plate guide was placed on the
inside of the path to keep the section
from drifting. Riggers then used the



273,000 KG (300 ton), jacks to raise the

s NS S
Figure 6.
Concrete Cutting; Top View

section about 0.1 m (4 inches) to insert
4 nini-rollers under the temporary
supports. The main problem with the
mni-rollers was shifting of t he
rollers under the supports which caused
delays in the nove. he rollers had to
be realigned under the center of the
load fromtine to time to avoid gn
instability. Unevenness in the drydoc}é
floor, regardless of the presence of
the steel plate path was the main reason
for the mni-rollers shifting.

Keel bl ocks were stacked about 12.2
m (40 feet‘) from the concrete wedge at
the end of the steel path described
above.

Chain falls were connected between
the keel blocks and the tenporary
supports to allow riggers to pull the
section from between the two halves of
the caisson (Figure 9). This process
took about six hours.

The novenent of the two hal ves of
the caisson was acconplished by using
water castors to "float" one half to the
other along a steel plate path.  The
process was very safe, provided maxinmum
control, required very little
horizontal force to nove the section,
and was cost effective. TWO = other
options were considered, floating the
sections in place and using a rail
system The idea of floating one half
of the caisson to the other is the
typical one of choice used by shipyards
in shorteni ngF or enlarging ship
m dsections. or exanple, this was the

method used in the down sizing of the

KEYSTONE CANYON in 1990 by Northwest
Marine. As noted in reference (1), the
bow section had to be refloated three
times before alignment was
¥ ot N - Sl e N

T %

)

7.
Cutting; Side View

Figure 8.
Tenporary Supports For Concrete Renoval

adequate to begin welding. This nethod
was quickly elimnated ue to the cost
of flooding the drydock and the need to
build a coffer dam at the open end of
the section. In addition, the lack of
total control of the buoyant section
for repositioning made this nethod
unacceptable.  Another option considered
was a rail system but it proved to be
too expensive due to the high cost of
building a very large structural system
to accommodate nultiple rollers.

2A2-5



The castors operate on a water film

created under the castor by water
| eaking from the bottom of a diaphragm
(Figure 10).

Fi
Ri gging For Concrete Renoval

gure 9.

This allows the entire castor/caisson

to "float" just like a glass filled wth
fluid on a wet smooth surface. The
castors are flexible, so they could

acconodate the lack of flatness of the

LANDI NG

PADS MOUNTING

WATER INLET

MOUNTING PLATE

\_LANDING

PAD
FABRIC ASSEMBLY
OPERATING

Figure 10.
Water Film Castor
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Al'so, because of their
flexibility the load per castor would
remain fairly constant during the nove,
allowing the supporting steel fixture
to be optimsed around well defined
factors of safety. Steel plates welded
together were placed along the drydock
floor to prevent loss of water due to
small irregularities such as holes in
t he concrete surface. The castors
nmoved with the caisson along the steel
late track due to the differences in
riction between the tenporary support

drydock floor.

surface and the steel path surface. The
castors used during the nove required
about  0.483N mf 70 PSI) of water
pressure at each of the castors in
order to obtain 0.08 m (3 inches) of
lift off the keel blocks. Production
shops manuf act ur ed t wo separate
mani f ol ds with ten auges, . each
dedicated to one castor for  monitoring
pur poses.

The castors were rented with a
representative from the vendor providin

technical characteristics such as |oa
capacity, friction factors, surface
sl ope, and water supply. Using this
information, tenporary Supports nade of
steel | beans and plates were designed.
Each support was fabricated out of
three | beams spaced |like a tripod, over
each castor to handle any rotations
(Figure 11).

+~CAl SSON

Figure 11. .
Tempoary Supports For Floating Half of
Cai sson

In this way the lifting force at the
center of pressure of the castor, would
remain stable in the area defined by the
supporting |egs. Cal cul ati ons  showed
that a total of 20 castors would be
required providing a capacity of 725,750
kilograns (1.6 mllion pounds). The
section to be noved was 589,670
kilograns (1.3 mllion pounds) and the
center of gravity was calculated to be
3.05 m (10 feet) up from the bottom

The castor nodel chosen was by AERO GO
and its designation was 4K48HDL. It was
1.22 m (4 feet) by 1.22 m (4 feet) by
0.07 m (2.75 inches) thick with a lift
of 0.08 m (3.0 inches). H The castors

t he

were placed between temporary



supports and a relatively "flat" steel
pa simlar to one provided for the
concrete renoval . .

A ﬁm de track was installed along
the path, laid on both sides of the
cai sson, to keeEI the caisson from
"floating" off the steel path. In
addition, guide wires were {:)I aced from
the top of the caisson to tiedown
fixtures at the top of the drydock _to
provide additional control . The

floating section of the caisson was
pulled to the stationary section by
using chain falls. The final position
(1)£ the two halves are shown in figure
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Final Position of Caisson Halves
Two ten ton chain falls proved

more than adequate as the floatin
section noved easily. A maximum of 0.1
mmn (.5 ft/mn) rnovenent between the
stationary and floating section was
mai ntained to avoide the noving section
from  devel oping excessively hi gh
monent um Shipfirtters quickly welded
steel flat bars perpendicular fo the two
cai sson accross the unwelded seam to

rlevent relative msalignment of the two

al ves.

The third and final task for the
measurenent group was to nmake a final
check prior to production welding. The

ing together of the caisson was
conplete by the end of the first shift
on a Tuesday. Wth the start of the
second shift, the measurenent %roup set
up the theodolite system and began the
final check of key control points along
the entire  caisson. Wth the data
points nmeasured in_ three dimensional
coordinate system it was possible for
t he measur enent grouP. to verify the
final construction con |%urat|on during
the same second shift. able | shows a
conparison of design dinmensions and
final neasured dinensions. The go
ahead for final production welding was
given the following norning (1st shift
\\ednesday) .

bri nlq

2A2-7

PO NT | PONT 2
: X
DESIGN |MEASURED|| DESIGN |MEASURED
X 0.0 0.0 (1568 501N USE0 BTN
Y 0.0 0.0 0.0 zo";a%%??‘m
15,118 15.13M 15.11N 15,121
Z 1595.001N) (535.61IN) 595.001) | 1595.2452(N)
TABLE 1. DESIGN D MENSI ONS VS. MEASURED DI MENSI ONS

There was no need for additional
fitting, and welding the |large seam
connecting the two halves coul d begin,
as. well as welding nmany internal
stiffeners. Shipfitters also proceeded
to install an additional steel section
to one end of the caisson so that the
rubber seal would rest on the drydock
seat when the caisson was finally
install ed. In addition, they al so
added a steel wal kway about 1.21m (4
feet?1 on top of the caisson to raise
the height of the caisson to that of the

exi sting drydock opening. .
Internal moditications and repairs

to electrical and mechanical systens of

the caisson were also nade. Pai nt and

preservation neasures were made inside

and out, making the conpleted caisson
ready for operation.
CONCLUSI ON
This project proves that a mlti-

headed el ectronic theodolite systemin a
drydock environment can extract data and

| ayout data accurately to achieve a
first time quality it for large
structures.

In addition, the use of the

t heodol i te system and CAD system al | owed
for the rapid and accurate transfer of
large amounts of data.
