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SECTION 13

SELECTION OF SPECIFIC SELF-CONTAINEC EQUIPMENT
AND PRUCECURES FOR BIOLUGICAL HAZARDS

The selection of this self-contained equipment to protect divers from
biological hazards was based upon a series of rigorous tests, together with
the stipulations that the diver be able to perform work tasks competently
and safely in the equipment, and that the gear also be relatively simple
and convenient to service, wear, and operate.

Specific controlled tests were run for the Poseidon Unisuit, the
Imperial Bubble Suit, the Poseidon Jet 3uit, and the Viking Suit. A total
of 1,140 recorcec dives were made ouring the NOAA study (4) along with
approximately 60 unrecorded gives. helmets evaluatea were the AGA Divator
System, the Kirby-morgan Band Mask, and the Superlite 17.

The AGA Divator Rig. A significant portion of the testing was per-
formed to gain an unaerstanaing of now the complete AGA Divator rig would
be suitea for polluted water diving. The rig is adaptable to a surface
supply umbilical, so this aspect also was tested.

The AGA bivatcr fuli tace mask, as shown iz Figure 13,1, is outfitteo
With a skirt ang inner oral nasal manufactured of a special rubber that is
soft, rucged, ang light-weight, yet impervious to seawater and Lo extreres
of cold and limitea chemical concentrations. It has a ouilt-in second
stage regulator equipped with a safety pressure device that cCreates a
safety pressurs insice the mask. when the safety pressure is turned ¢n by
rofatinrg the valve cover towarg the Qiver, a pressure of about one inch of
water column over ampient pressure is maintained within the mask. This
safety pressure seals a reverse lip at the skirt of the mask, creatirs &
positive and comfortable seal against the facial contours. It also
preciudes in-leakage and, eccording to the manufacturer, assures that the
mask is self-purging should it be<ome recessary to remove it and put it on
underwater. w.th the safety pressure on, it is nearly impossibie to
accidentally have the mask removed underwater, making it unlikely that it
would ever be knocked off by bumping into an object or by a high current.

The faceplate consists of an extremely wide-angle, high-impact poly-
carbonate having tne same refractive index as water. Peripneral vision is
exceptionai; however, there is a pronounced “aquarium effect” where the sice
panels meet the front plate. Some of the masks used during tnese tests had
the side panels roughened up with sandpaper on the inside to eliminate this
effect. The mask accommoaates wireframed glasses without modgification. It
has a removable o-ring sealeg cover plate for installation of a micropnone.
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The AGA Divator also incorporates separate inhalaticn and exhalation
channels to minimize carbon dioxide build-up inside the mask. Iwhaled afr
crosses the facaplate, becoming moisturized as it clears the faceplate, and
enters the oral-nasal through mushroom valves. Exhaled air 2asses directly
through the orai-nasal into tne exhalaticn channel, and through a one-way
valve into the water. Because of the positive pressure insice the mask,
water is unlikely to backflow througnh tre one-way valve. This feature,
more than any other, was why the HUAA Report considered the AGA bivator
such a good prospect for biologically~-polluted water diving use.

SCUBA second stagce regulators normally are suppliea with air from the
first stage regulator at about 140 psi above ambient. The AGA first stage
supslies the mask with only 90 psi. This first stage regulator is specifi-
cally designed to mount beneath two small inverted air tanks and is not
well-suited for mounting on stanvard SCUBA tamks. Fost of Lhe testing,
therefore, was accompiished with standard tanks usirg first stage regulators
tr2t had their seconcary pressures recuced to € psi. The AGA first stage
regulator, however, alsc accommodates a surface--upplied umbilical, so tests
were run with the conplete AGA Divator rig. In aadition to reducing the
seconcary oudtput pressure of these stancard 7irst stage reguiators, they
were freeze protected. This amounts to f11ling the pressure-sensing
mechanism with silicone fluid and scaling the opening with a flexible
rubber cap., In this way the pressure sensing mechanism s isolated from
contact with the water, but it can still transmit & pressure signal! to the
control mechanism. Kits for making this modificaticn usualiy are supplied
by the regulator wanutacturer.

There is a pressure sensing mechenism inside tne AGA oivator first
stage regulataor that will keep tne diver sreatning umbilical z27» <o iong as
it is suppliea ac a pressure greater than 90 psi. AS ¢isCussed in the prev-
ieus section, however, pressure greater than 110 psi wil! break the
pressure-patancing citaphragm inside the seconc stage mechanis®. when the
umbilical pressure dreps below 90 psi, tine reculator automatically switches
to the tanks, ana the diver does nol knoe this is happening. Ouring fiela
tests in this mecde, cccasionally a diver Tuund nis tank press.re ruch lower
than it shculd have been when he switcred 0 iis tashs. INE reason was
tracec to this phenomenon. To prevent this during the tests, %ne AGA tinks
were secured by the civer until he actually neeced *nem. nis turned out
to be practical andg easy to do.

buring early dives with the complete AGA Divator rig, divers found they
were excessively heavy. It was determines that when the £G4 tanks are
filled witn air they are 1Y pounds negative in fresh water. “his irplies
that a wet-suited civer needs no extra weight when diving with .nhis rig,
arg a dary-suited civer can use 19 pounds iecs than ne normally would use.
Tnis resuits in an extremely comfortable dive, especiaily when diving in a
non=negarene suit. '

During an evaluation dive, the diver descended or surfarcs supply and
at vepth he switched from umbilical to tanks. ¥ery shortly ticreafter he
experienced heavy breathing resistance. He commenced icmeciz-e ascent ta
the surface. dy the time he had reached the surface, he couls get nu air
at all from tae mask, jet his tank gauge snowed rearly 4,000 pst in the
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tanks. In the field this could have been a potentially disasterous problem,
although it was easily handlea under the controlled circumstances of the
in-depth study.

A detailed loock at this problem determined that water from a previous
.dive which had found its way i.side the AGA first stage regulator had not
been complete!y removed by the five minutes of free-flow. It had penetrated
around the main valve spring where it was isolated from umbilical air
flowing through tne regulator. Wwhen the oiver disconnected his umbilical
and switcheo to his tanks, water around the main spring was distributeu
throughout the regulator by the high-pressure tank air flowing past the
spring. The adiabatic pressure change aropped the regulator body tempera-
ture below freezing, and the entire regulator becane clogged with ice.

This seems to be a aesign defect of the AGA Divator first stage
regulator, since there appears t0 be no way to get water away From the main
spring witnout using tank air which immeciately freezes up the regulator.
This problem effectively precluaes its use fur combined surface-supply and
SCUBA ocperations except under carefully controlled circumstances where
there is absolutely no chance of water getting into the first stage.

AGA Livator ang dry suit compatibility. The AGA Uivator seats against
the face with a brgag, turned inward skirt. The internal safety pressure
assists in making the seal. ULives were made with the mask seal again-t the
face and the houd scal against the mask, and the other way round. Some
face seals had been mogified so that they maue a .good seal with the ocuter
side of the AA Livator mask. Some of the face seals were designed with a
smooth rugber surface facing out so that the mask could make a good seal
against it. Thus, the two basic configurations were mask wutside of hood,
and heod eutside of mask. '

The AGA Livator contormes well to most facial contours and so generally
made a good seal against tre face. In cases where the diverfs facial
cantours or nis facizl hair iaterferec with a complete seal, air leazed ocut
from arouncd the mask. kith tne hood outsice the mask, tne hood filled with
air. For ogivers experiencing this problem, it was found that tane heood made
a better seal against the face than tne mask did . These divers were more
salistied witp tne mask against the outside of the hood seal. in casas
whare the hood seal outer surface was nylon, there was a continual stream
of air leaking from arouna the mask. Where the hood seal outer surface was
smcoth rucner, the mask mace an effective seal againsl the hood and there
was no leakaye of air.

Futire suits should be ocotainea with a smooth rubber outer surface on

tne face seal, ang the mask normally should be worn against tnis surface.

The AGA Divator mask can be made conpatible with all types of dry -uit
honds. The ideal arrangeme.t, however, is a hood face seal with a smooth
rubber outer surface ayainst wnich the mask seals.

The summary of the AuA Livator evaluation and testing is os follows:
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1. Any first stage reculator from the top list in the Navy Experi-
mental Diving Group regulator study (Micdleton, 1980) can be used to supply
w2 ABA Divator mask. Care must be takenm to eusure that the regulater,
adaptor fitting (if any), ang hose are compativle. The regulator must have
its secondary output pressure reducea to 90 psi, and the pressure sensing
mechanism must b2 freeze-protected.

2. lhe complete AGA Givator rig, including mask, first stage regu-
lator, tanks, and backpack, 1s compatible for polluted water dgiving, but
there are certain drawbacks. The unit cannot be used in the combined
surfece supply-SCUsA moce without very special precautions. The suit air
supply must be thought out in advance, and care must be axercised to ensure
that fittings are compatible. An appropriaie charging source for the tanks
also must be available for full utilization of the rig.

3. A flooded AGA Divator mask will dewater itself automatically if
proper procedures are used; however, the diver should be trained and
practiced in these procedures. It is wunlikely that tee mask will become
gislodged or knocked off accidentally.

4. The AGA Divator mask can be made compatible with ali types of dry
suit hooas. Tne ideal arrangement, however, is a hooo face seal with a
smooth ruboer outer surface against which the mask can seal.

5. wWhen used with an AGA Divator, snug-type dry suits consume about
one-thira less air than go bulky-tvpe suits. Bulky-type non-necprene suits
consume about one-thira more air than do bulky-type necprene sulis.

The Kirty-tiorgan Hana rlask

The ligntweight diving outfit 1is surface-supplied with air for
greathing, but unlike the aeep-sea outfit, it does not aomit air into the
giving ¢ress for puoyancy centrol. Uiving which uses jightweight equipment
1s limite¢ in cepth, depenaing upon the equipment being used.

If the KM Band hask ¢or USN MK 1 shown in Fig. 13.2 is usea, depths are
limited to 130 feet ' (39.6 meters) without the support of an cpen bell and
190 feet (57.5 neters) with a beli. Tne basic components of a lightweight
outfit are: !

The mask group which includes all valving. There are two different

modeis of lightawight masks--the standard or “Jack Browne® rig, which

is not suitable for polluted water operations, or the X¥3 iask and USN

MK 1.

The diviny dress group, which includes the diving aress (with two
styles, wet or dry, availablej, and gloves, shoes, chafing pants,
weightea belt, ana knife.

The hose group; which includes the air hose and fittings, lifeline,
comtunications cable (if applicable} and the pneunofathoreter.
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Figure 13.2 Pathogenically Protected Diver with Heavy Duty Viking Dry

Suit and Surface Supplied Kirby Morgan Band Mask
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Tha Band Mask is an improvea version of the standard lightweight mask.
it permits two-way voice communication between the diver and the surface,
and it has features that minimize the dangers of ficoding, face squeeze,
ant CUp buildup. The mask is vasically a demand breathiny apparatus, but

“incorporates an emergency free flow capability for defogging the faceplate.

This free flow may also be used as 2n emergency bre ihing mode or for clear-
ing the mask when floodea. The cemand regulator s manually adjusted during
a dive 0 accommodate changing overbottom pressures supplied to the mask.
It can be adjusted to provice coantinuous flow through the oral-nasal mask
should a specific operational dive scenario require this. The mask, how-
ever, is basically a demand mask and provides all the air requirec by the
diver when used in the aemano moge; the above "dial-a-breath“ and emergency
free flow are not routinely utiltized. For acge¢ safety beyond 60-foot
depth usage, the mask is equippea with a backup air supply bottle commonly
referred to as a "come home onttle,” or “pony bottle."

The band mask is built around a molged plastic frame upon which are
moynted a rubber face seal, a head harness, a faceplate lens made of
1/4«inch acrylic plastic, a siae block assembly, a demand regulator and a
moveable nose pad, which can be used by the agiver as dan aid in clearing his
ears ang sinuses.

-- Side Block Assembly -- This assembly functions as & manifald. It
is fitted with an on/foff defogger valve, which controls a steady
air flow into the mask and across the inside of the faceplate.
This feature is alsc used as an emergency breathing mode in the
event of demand regulater failure. The emergency breatning supply
valve for the ccme home boftle is located or the rear of the sige
block. The non-return valve 1s leocated within the side block
-assembly.

~~ Demand degulator -- The demand regulator is set into the mask in

front of the diver's mouth. This regulator 1is similar to tre
second stage of a single hose SCUBA regulator. Air passes to tne
gemand reguiator from the side tlock assembiy through a hard pipe;
the flow of air is controlled by the diver's brezthing rate. A
manual purge buttcn permits the aiver to establisn a free flow
through the regulater. The regulator is-adjusted by a knok on its
side to accommodate air suppiied at overbottom pressures as
necessitated by operaticnal requirements. The knob can be gpened
slightly to perwit a free flov through the oral-nasal mask as
giscussed previousiy.

-~ FEmergency Air Supaly -- The emergency breathing supply valve
provides an air supply patk paraliel to the non-return valve.
Threads on tie inlet of this valve permit attachment of the “come
home hottie® whip. The “come home bottle" is eguippea with a
SCUBA type first siage regulator.

-- Frame Exnaust Valve -- This is a mushroom-type valve which is
focatea in the mask frame under the cemand regulator. The exhaust
valve is at the lowest point in the mask, therefore, when the mask
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is upright, tne discharge throygh the vaive automatically purces
water from the mask.  Under ordinary conditions, this valve
aczommodates the steady defogger iow.

-- Oral-hasal mask -- This unit 1s mounted incid~ the main boay of the
mask, an arrangement which reduces both dead space within the mask
ana the potential for CU; build-up. In normal demand operatien,
the air flows directly into the oral-nasal mask and 1is cirected
through the reguiator rxhavst. When emergency free flow,
defogying, or venting is .xecuted by opening the defugger vilve,
part of thr flow enters the oral-nasal mask through a ciicck valye
in its wall and passes out through the regulator exhaust valve.
The oral-nasal mask is a vital component of the MK 1 mask znd must
never be removed. :

-- Communicaticns -« Earphone and microphone assemblies zre installed
In the mask. Comuunication wires pass through a watertignt fitting
in the mask frame ana are appropriately connected to internal
terminal pestc. Standard Wavy amplifiers are compatible with this
equipment.

The diving dress which has been utilized with the opanrd mask
includes the Unisu't, Viking Dry Suit, and stancard wot suit.

A summary of tne bana mask test eévaluations is as follows:

l.  uvemand rmogez, normally used for band Mmask opergticns, camnel be
used for poliuted water atving. :

2. Upen ¢ircuit mode is eftective for poliuted water diving, tut only
should be used with surface supply because of high air consumpticn.

3. Both hog 1 and oo 2,
hood, can be usea for pollute
supply muode.

when couplea to a polluted weter-—cdified
water diving in either SCUBA o~ surface-

loaification one (iod 1) consistea of placing U.S. Divers' ExFalation
flutter vaives over the ezhaust te: ends to prevent backflow oTF saiar into

the second stage regulator attached to the mask. The stancard rooz, which
has a slide fastener from the top of the head down the back for zase of
entry, was replacea with a ncod minus the stide fastener. Tnis was
gesigned specifically for ease of mating to the neck seal using Viking neck
clamps.,  Mod 1 was .intenueu for SCUBA use in demand mode cniy excspt for
occasional use of the cefogger valve to clear the facepiate. Luring
surface-supplied tests, beth demanc and open circuit were used.

modification two (Fod 2} consistea of removing the second stzge exhaust
valve entirely, blanking off the opening, and reversing che nushroc valve
througn tne oral-nasal so that air flow was rfrom the oral-nasa! to tne mask
insteao of the otner way around. In this configuraticon, treathing air
could te obtaineg only through the agemand valve. Alr from the cafogner
valve coula be used to clear the facepiate, but was not avaiisbie for
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breathing. Hood modifications were identical to those for Mod 1.

The band mask is supplied from a first stage regulator just as standard
SCUBA regulators zre. The Tirst stage regulator must be freeze protected
as with the AGA Uivator. Uuring these tests, the U.S. Divers Conshelf and
the Scubapro hark 5 were used, but it must be remembered that the Mark 5 is
difficult ‘to freeze protect. The test aives were fu clean water, so freeze
protection was not critical, and the available supply of freeze protected
first stage regulators was augmented by the MARK 5 regulators present.

During normal use, most divers put a small hole in the top of their dry
suit and band tiask hooas. hWhile diving, air often escapes around the neck
seal or face seal and accumulates in the hood. This hole serves to let trat
air out. This hole alsc lets water im, s¢ this practice is uracceptable for
diving in contamirated water. A provisional solution to this problem was
found during the field studies. A Sea Quest BL overpressurization valve was
installed in the hoods. The valve was fitted with the lightest spring
available from Sea fuest, but when this proved to be too stiff, it was
further reduced by clipping off various lengths until an apparently satis-
factory size was found. BC overpressurization valves acjusted in this
fashion were installed in all suit and band mask hoods.

4. when the modified hoou is mated to a dry suit, care must be taken
to ensure that thne whole arrangement is not too tight. Removal of thick
neoprene hooas from the dry suit, leaving enougn material to mate with the
band mask hood, zppears to be the test solution wheve thick hoods cause
excessive tigntress.

5. erffective nooca relief valve cracking pressure experimentally is
less than U.2 psi. Tne position of the spring within valve housing, o1 the
valve housing usec, is not a significant factor. Relief valve Firgings are
skelchy, nowazver, 2nd mere work 1s needed betore further cefinitive
statements Cdan be race.

gecommended Liviny vress tor Microbiclogical hazards

The recommencsa systam preo<ented here is not the only sotution to the
problem of protecting a SCUsA diver from the hazards of polluted water. It
certainly is not tne oest solution, for gaps still exist, &nd research still
goes forwdra; but 1t is a working solution, one that the findings of thic
study clearly show adequately protects the SCUBA diver. It can be
considered an interim sclution for biologically-contaminated water, cne
that can be, anro already is beiny used around the world where standara
SCUBA tecnniques are inadequate, and where surface supply cannot be used.

Une of the basic premices of this undertaking was that the final solu-
tion had to incluce eguipment that was available off-the-shelf with little
or no modification regquired to make it functional for use in contawinatea
witer. Also, it hza to be reasonably priced, simple in design, and easy to
use.
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There were two elements specifically required, a suit and a mask. The
research turneg up a gereralized suit solution, and two mask solutions, one
generalized, and the other brand speciiic, the preferred solution being the
Jatter. Williscraft (15) went to great lengths to avoid specific brand
endorsement or disparagement during this study, and the inclusion of a
specific mask in the recommended soluticn shouid not be considered as an
endorcement of the manufacturer's product; rather, it should be considered
as an endorsement of the underlying prinsipics thc manufacturer chose to
apply in the productien of this particular mask. Any future mask appearing
on the market which would possess similar characteristics would be equally
acceptable after a suitable series of tests to ensure that it did not
compromise the essential requirement--absolute exclusien of the outside
environment.

The suit. The recommended suit is a “smocth skin® dry suit having the
following characteristics: Il must have an attached hood and attached
boots, although the hooa may be removable so long as it can be mated to the
suit with a waterproof seal as in the Viking Suit. It must have a means of
inflation from either the aiver's air tanks or frem an -=xternal “pony
bottle.® Care must be taken to ensure that any acaptors used in the
inflation hose are flow matched to the hose. It must have a aiver-
controltable axhaust valve that keeps water out of the suit. The hood must
have an installed relief valve that relieves automatically to vent off any
air accumulating in the hood. Anag above all, the suit must keep the diver
completely dry on a test dive in clean water.

A diver requiring hand protection can adc special cuffs to his dry
suit and attach heavy-duty rubber gloves with long cuffs to these suit
cuffs. Attachsent can de accomplisihea by slipping a short piece of plastic
pipe over hana and wrist, and clamping the glove and suit cuff to this pipe
section witn a hose clamp. Care snould be taxen to ensure that tne seams
where the cuffs attach to the suit are genuinely waterproof.

The mask. The recommenaed mask is the AGA Livator mask coupled to any
standara first stage regulator uoted in the top ltisting of the hav y
Experimental wviving Group reguiator stuoy {hNiadleton, 198C). This first
stage regulator must have its secoraary oucpul pressure reduced to 90 psi,
and it must be freeze-protected. Since the AGA Uivator is manufactured to
metric standards, ana most of the first stace regulators on tho Kavy 1ist
are manufactured to U.S. standards, it may be necessary to use adaptors to
connect tne two items. where possible, the AGA vivator hose should have
its metric fittings removea and an appropriate fitting attucned. Utherwise,
care must be taken to ensure that the adaptors ate flow matched to the hose.
In use, the mask safety pressure must alweys be turneg on.

Th ccmplete AGA Uivator rig also is acceptabie, provided appropriate
means are used to supply air for suit inflation. This complete outiit,
however, is quite expensive, especially when one considers the reguired
ancillary equipment, so this solution aoes not really meet the originally-
stipulated cost reguirements. : :

It is possible that other manufacturers will choose to produce masks
that, like the Uivator, are internally praessurized to prevent in-leakage of
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water. khen procuced, such masks also will be acceptable proyided in-
leakage is absolutely prevonted. A particular point {0 watch out for is
back-seepage around the exhaust diaphragm. In the bivator, this problem is
circumvented by separaczine the inhalation and exhalation Channels. Any new
mask must soive this prablem with equal success.

The other recommences mask solution is a Lend mask, Mod 1 or Mad 2.
Mod 1 ccnsists of attaching flutter valves to both sides of the mask exnaust
tee. lzd 2 consists of resoving the second stege regulator exhaust dia-
phragm ana housing, blanking off the opening, &ra reversing the mushroom
valve in tie orai-rasal. For both mogifications, the hood is replaced with
one having no slide fastener and having a straight reck designed Tor attach-
ment to the suit neck with & ring and clamp similar to the Viking Suit ring
and clemp. [he hocd also must have a refief valve near the *op set to
release at no mora than G.2 psi.

The band mask is not tke solution of Chaice, because, like the complete
AGA uivator rig, it is quite expensive ant, therefore, ouisice the origi-
natly stipulated cost requirenents,  Many diving organizations, however,
already possess one ur more such masks, and in this case, this solution is
much less expensive than any other. It must be stressed that diver comfort
is lower than with the ACA Uivater, and the bang mask configurea for
pollutes water diving is rocre cumbersome to put on and take off. Diver
abandonuent of his bresthing equipment uncerwater also is much more
oifficult with this eGuipment, bult this action always should b2 considered
as the very last resort din tolluted water.

A Tipx) corsicerstion when using a mooifiea Garc mask for rolluted
weler 2iving Is trnan 1T say ne NECESSary 10 resove reoprene ory suit hoods
in.orcer to rake e rig sufriciently cemfortszble.  Should tnis he dene,
ernoiugh suit hood raterial must be left to allow tor rating of the hand izsk
hoou to tne dry suit.
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SECTION 24
DECONTAMINATION PROCEDURES

As part of the system to prevent or reduce the physical transfer of
contaminants by people and/or equipment from on-site, procedures must be
instituted for decontaminating anything leaving the Exclusion Area and
Contamination Reduction Area. These procedures include the decontamination
of personnel, protective equipment, monitoring equipment, clean-up
equipment, 2tc. Unless otherwise demenstrated, everything leaving the
Exclusion Areca should be coasidered contaminated and appropriate methods
established for decontamination.

In general, decortamination at the site consists of rinsing equipment,
personnel, etc., with copious amounts of water and washing same with a
detergent/water solution. If contaminants are known, then a specific
detergent and/or solvent can be used to decontaminate. Fig. 24.1 illus-
trates the maximum physical layout for personnel decontamination during a
worst case situation. Fig. 2%.2 illustrates the minimum physical layout
for personnel decontamination for a relatively small well-identified
situation. Each site requires spLecial consileration and the decontamin-
ation procedures should be modifiad from the maximum to minimum layout
based on known information.

Decontamination {Necon) and Pinse Solutions

The decon solutions should be solutions of water and chemical compounds
designed to react with and neutralize the specific contaminanis. Tne tem-
perature and contact time also should be considered in order to insure
complete neutralization. An excellent unit for applyina decon and surfac-
tant solutions is a La-Pressure Washer, Model 914, The washer delivers
4 GPH at 1000 psi and can withdraw decon solutions via a siphon feed hose.

The contaminants will not always be known in a majority of cases and
it will be necessary to use a decor solution that is effective for a

variety of contaminants. Two of these general decon solutions are listed
below:

o Decon Seclution A - A solution containing 5% Sodium Carbonate
{Na»C03} and 5% Trisodium Phosphate {Na3P04). Mix four
(4) pounds of cormercial grade MNazCC3 plus four (4) pounds
commercial grade MagP04 with each ten (10) ecallons of water,
These chemicals are available at most hardware stores.

24-1
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o Decon Solution B - A solution containing 10% Calcium Hypochlorite
{Ca(C10}§). Mix eight (8) pounds of Ca{C10)7? with each ten
(10) gallons of water. Calcium Hypochlorite {HTH} {is available at
most hardware or pool supply stores.

The rinse solutions used in decon should have the ability not only to

remove the decon solution physicaliy, but also to neutralize excess decon
sotution,

A general purpose rinse solution, used for both decon solutions Visted
above consists of a five (5) percent solution of Trisodium Phosphate. Mix
four (4) pounds Na3P0a with each ten {10} gallons of water.

A final rinse of 1iquid Ivory soap solution is recommended on ail decon
procedures followed by fresh water, {See Figures 24.3 and 24.4)

(perational Considerations

The decontamination procedures illustrated in Fig. 24.1 are for Level A
protection which more often than rot requires a detailed decontamination
process during a worst case situation {i.e.,, Dioxin contamination, chemical
fire, irnediately dangerous tc 1ife or health atmospheres)., Fig. 24.2
fllustrates the minimum physical 1layout for personnel decontamination
during a relatively small, well-defined situation (i.2., pesticide spill,
solvent spill, etc.).

Less extensive procedures for decontamination can be subsequently or
initially established when the type and degree of contamination thyrough
analysis becomes known or the potential for transfer is judged to be
minimum. These procedures qenerally involve one or two washdowns only, and
fewer precautionary measures in doffing equipment. These procedures would
not involve additional decontamination of the protective clothing which is
removed. Table 241 lists general decon selutions and their applications.

In extreme situations when there may be a question of the efficacy of
decontamination to known or strongly suspect substances of a highly toxic
nature, protective clothing may have to be discarded after use or tested
after decontamination:

Consideration must also be given to the protective equipment worn by
those personnel operating the decontamination line. In most cases, chemical
protective clothing, boots, and gloves should suffice, Unless it is suspec-
ted and/or confirmed that personnel needing decontamination are highly
contaminated, air-purifying respirators with suitable canisters can be worn
(Level C Protection).

Decontamination solutions should be designed to react with and
neutralize the specific potential contaminants involved in an incident.
Hewever, since the contaminants at an uncontrolled waste site will be
unknown in the majority of cases, it is necessary to use a decontamination
solution that is effective for a variety of contaminants., Several of these
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f . Dockside Decon of
; Superlite 17 Rig
bl s e e d e -

Gross Initial Washdown
of MK-12 Rig

B

Final Decon of
MK-12 Rig

Figure 24.:3 Dockside Decon Onerations
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Initial Gross In-Water
Contaminant Washdown
.. of Superlite 17

Final Shinbgard
Decon of MX-12 Rig

Pressure Hasher w/
Concentrated Decon
Selutions

Figure 24.4 Shipboard Decon Operations
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general purpose decontamination solutions (some ingredients are available
at hardware or swirming pool supply stores) are listed below:

o Decon Solution A - A solution containing 5% Sodium Carbonate
{Ma,Cn3) and 5% Trisodium Phosphate
{Ka3P04).

4] Decon Solution 8 - A solution containing 10% Calcium Hypochlorite
(Ca{Ci0)2).

o Decon Solution C A solution containing 5% Trisodium Phosphate

- (%a3P0a). This solutfon can also be used as
. a general purpose rinse,

o Decon Solution D - A dilute solution of Hydrochloric Acid {HC1}.

A1l diving helmets, jocking harnesses, wéight helts, and umbilicals must be
thoroughly scrubbed, deconned, and rinsed after each operational day.

Insofar as possible, measures should be taken to prevent contamipation
of sampling and monitoring equipment. Sanpling devices beccme contaminated,
but mcnitoring instruments, unless they are splashed, usually do not. Once
contaminated, instruments are difficult to clean without damaging them. Any
delicate instrument which cannot be decontaminated easily should be protec-
ted while it §s being used. It should be bagged, and the bag taped and
secured around the instrument. Openings are made in the bag for sample
intake. .

The following are specific areas of concern in decontamination
cperations:
1. Sampling devices

Sampling devices require special cleaning. The EPA Regional
Laboratories can provide information on preoper decontamination
methods.

2. Tools

Wooden tools are diffizult to deccntaminate because they absorb
chemicals, They should be kept on site and handled only by
protected workers, At the end cof the response, wooden tools
should be discarded. For decontazinating other tools, Region
Laboratories should be consulted, '

3. Respirators

Certain parts of contaminated respirators, such as the harness
assemb'y and 1leather or cloth components, are difficult to
decontaminate. If grossly contaminated, they may have to be
discarded. Rubber components czn be soaked in soap and water and
scrubbed with a brush, PReoulators rust be maintained according to
manufacturer's recommendatons. Persons respensible for decontami-
nating respirators should be thoroughly trained in respirator
maintenance.,
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5.

beavy Equipment

sulloozers, trucks, bpack-hoces, bulking chambers, and other heavy
equiptent are difficult to decontaminate. The methoo geuerally
usea §s to wash them with water uncer high pressure and/or to
scrub accessible parts with detergent /water solution under
pressure, if possible. In some cases, shovels, scocps, and lifts
have been sand biasted or steam cleaned. particular care must be
given to those components in direct contact with contaminants such
as tires and sccops. Swipe tests shoutd be utilized to measure
effectiveness.

Sanitizing of Personnel Protective Equipnent

Respirators, reusabie protective clothing, and other personal
articles not only must be ocecontaminated before being reused, but
also sanitizea. The inside of masks and clothing becomes soiled
due to exhalation, boay oils, and perspiration. The manu-
facturer's instructions should be used to sanitize the respirator
mask, If practical, protective clothing should be machine washed
after a thorough decontamination; otherwis2 it must be cleaned by
hana. : '

Persistent Contamination

In some instances, clatning and egquipment will become contaninaled
with substances that cannat be remcved by normal decontamination
precevures. A solvent may De useg to remove such contamination
from equipment 3f Jt coes not destroy oOr degrace the protective
material. If persistent contamination ts expected, gisposanle
garments should be used. Testing for persistent contaminaten of
protective clothing ang appropriate decontamination rust oe done
by qualifiec laporatory sersonnel.

uisposal of Contaminateg raterials

All materials and equipment useo for decontamination must be
disposec of properly. Clotning, tools, buckets, brushes, and all
other eguipment that is contaminoted must be secureg in arums or
other containers ang lzbeied. Clothing not conpletely aecontami-
nate¢ on-site shoulo ce secured in plastic bags before being
removeg from the site.

Contaminated wash -and rinse sslutions should be contained by using
step-in-containers ({(for example, child's waging pool) to hold
spent solutions. Anotser containment method is in aig a trench
about 4 inches deep an2 line it with plastic. In both cases the
spent soiutions are transferred to arums, which arée iabuled and
disposed cf with cther substances on site.
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Appenaix F, Annex 1, &, anc 3 describe basic decoentamination procedures for
a worker wearing tevel LA, B, or C protection. The basi¢ decontamination
lires (>ituation 1), consisting of approximately 16 stations, are almost
foentical except for charges necessitated by different protective clothing
or respirators. For each annex, three specific situations are described in
which the basic (or full decontamination) procedure is changed to take into
account differences in the extent of contaminaiton, tne accompanying
chanyes in equipment worn, and other factors. The situations illustrate
decontamination setups ba. »d on knewn or assumed conditions at an incident.
Kany other variations are possible.

Annex 4 describes a minirum Tayout for personnel decontamination. The
nuber of individual stations ahve been reduced. Although the decontami-
nation equipment and amount of space required is less than needed in the
procedures preyicusly described, there is also a much higher probability of
cross-contamination.
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