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SUSCEPTIBILITY OF BUILDING MATERIALS TO DAMAGE




APPENDIX I

SUSCEPTIBILITY OF BUILDING MATERIALS TO DAMAGE

An important consideration in the decontamination of a buillding
is the extent of damage to the building materials caused by the decontam-
ination technique. Other than the physical/abrasive decontamination
methods, damage can result from two forms of treatment, i.e. thermal and
chemical, Thermal damage can result from exposure to the alevated tem~
perstures achieved in thermal decontamination methods. Damage from chem=-
icals can result from exposure to the chemicals used in either the chem=~
. ical or physical decontamination methods. Each type of btuilding material
é will have a different stabllity to thermal and chemical exposure with the

extent of damage dependent on aither the temperature or the nature of the
\ chemical to which the material is exposed, The following section will
, discuss the effects of thermal and chemical exposure on specific bullding
E materials typical of agent production facilities, i.e. concrete, cement,
steel, brick, terra cotta tile, Monel and glass. The major emphasis will
be focused on concrete, cement, and steel, as these are the main building
. constituents.

Cement and Concrete

Thermal Stability

Although concrete is non-combustible, elevated temperatures have
a significant influence on the properties of concrete.(l) The high tem-
perature behavior of structural concrete 1s first observed at a lower
boundary temperature of 100 C whure free water starts to be driven off.
In general, the engineering properties and behavior of concrete up to this
temperature vary by only a few percent from those measured at room tem=
perature. As the temperature is increased above 100 C, chemically bound

water is progressively released from the hardened cement paste. Above

. A

about 150 C, cement dehydration reactions, thermal incompatibilities be-



tween paste and aggregata, and other physiochemical effects lead to
thermal stresses, microcracking and a worsening of most structural prop-
erties (e.g. compressive streagth, flexural strength, etc.).

In the range of 400-6C0 C dehydration of calcium hydroxide to
form calcium oxide ta'es place. Other dehydration reactions, which are
often irreversible, gtart as soon as desorption of evaporable water is
completed and proceed up to a temperature of 800 C. Between 160 and 980 C
calcium carbonate breaks down into calecilum oxide with release of carbon
dioxide, After axposure to sustained temperatures of 650 to 815 C, normal
concrete ig friable, highly porous, and, after cooling, usually can be
taken apart with the fingers.,

Thus, an absolute upper limit for non-destructive exposure at
sustained temperatures can be taken as 650 C. However, within the allow-
able temperature range of 100-650 C, a wide varlation of structural and
thermal properties is expected, .

When a concrete structure is exposed to elevated ta=mperatures,
the maximum allowable exposure temperature will depend largely on the ex=
tent of damage that is permissible. 1If no damage is permissible, then the
allowable temperature range will be quite low., For most concrete struc-
tures, minimal damage 18 expected up to about 150 C. If some damage can
be tolerated then the allowable temperature range will be increased. Be-
tween 200 and 400 C, most concrete remains gubstantially intact. However,
some cracking may be produced and the flexural strength may be gignif-
icantly reduced. Above 400 C, a rapid weakening of structurally important
properties (e.g. compressive gtrength) typically occurs., Exposure to
temperatures abova 600 C results in extensive damage, and should be
avoided. It should be noted that these temperature ranges are only ap-
proximate, and each gpecific type of concrete may exhibit different ex-—
tents of stability. lAlso, the extent of damages by thermal expansion will
depend on the structural configuration and presence of expansion joints.

The following guidelines provide measures to minimize concrete

damage at a given temperature.
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e Cyclic heating should be avoilded.

e The duration of temperature exposure has little effect up to
about 24 hours, Beyond this time, the duration should be
kept to a miniaum.

e Following high temperature exposure, slow cooling should be
allowed. Once the concrete has cooled, gsoaking with water

should follow to allow regain of compressive strength, etc.

Chemical Stability

In general, concrete has excellent resistance to chemical at=
tack, There are a few chemical environments, however, than can cause
concrete daeterioration. In particular, many acid solutionas and sulfate
solutions are capable of deteriorating concrete. Table I~1l indicates the
chemical effects of various materials on unprotected concrete.(2)

The rate of concrete attack in sulfate environments is usually
quite slow. For example, aggressive industrial wastes with a high sulfate
content have been reported to result in a reduction of wall thickness in
concrete sewers of up to 1/4 inch per year.(3) In acid soluticns, the
rate of attack can be greater. For example, a 5% sulfuric acid solution
(pH of 0.2) was veported to cause a 50% loss of weight from progressive
surface deterioration after 12 weeks of immersion.(4) For a short term
exposure, however, even this rate of attack would probably be permigsible.

Thus, for short term exposure to most chemicals, concrete
deterioration should not be a serious problem. However, many factors in-—
fluence the rate of chemical attack, such as concrete type, surface coat-
ings, temperature, concentratlion of aggressive chemical, etc.,, and there—-
fore each specific chemical enviromment that 1is suspected of causing rapid

deterioration should be further characterized.
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Steel

Thermal Stability

Although steel is ncn-combustible, exposure to elevated temper-
atures can adversely effect its physical properties. From a astructural
viewpoint,, the yleld stress of steel 13 the 3significant parameter in
establishing load carrying capacity. A temperature of about 600 C is
normally considered to be the critical temperature.(4) At 600 C, the
yield stress in the steel has decreased to about 60% of the 100 C temper-
ature value which is approximately the level normally used as the design
working stress. At temperatures above 600 C, the yleld stress declines
rapidly. _

Another property of steel that has an effect upon its perform-
ance at elevated temperatures is its coefficient of thermal expansion.
The linear coefficlent of steel which increases with increasing temper-
atures affects a building structure in two ways. If the ends of a struc-
tural member are axially restrained, the attempted expansion due to the
heat causes thermal stresses to be induced in the member. These stregses
combine with those of the normal loadiné causing potential collapse. If
the structure is not axially restrained, the increased stresses do not
occur; instead, movement takes place. This movement causes the ends of
steel columns to be moved laterally, producing an eccentrically loaded
column. In other cases, walls can be moved to the point of collapse by
expansion of beams., Thus, the maximum allowable temperature in steel
membars before thermal expansion becomes excessive depends largely on the
specific structural configuration. .

It should be recognized that the temperature of interest with
respect to thermal expansion and yleld stress values is the temperature
within the steel, and not the ambient or surfacc temperature. Fof short
term exposures, steel surfaces can be exposed to quite high temperatures

without danger of weakening or thermal expansion of the entire member.

However, since steel has a high thermal conductivity, it can rapidly at-




tain high internal temperatures and long term exposures at high tewper-
atures should be avoided.

Chemical Stability

Corrosion of ateel can occur in many chemical environments. In
general, exposure to most acids should be avolded, except for short-term
duration, The common alkalies such as caustic soda (NaOH) and caustic
potash (KOH) are not particularly corrosive to steel, unless elevated
temperatures are employed, Ammonia and ammonia solutions do not present
difficult corrosion problems. Most organic solvents have little effect on
steel.

Other Building Materials

Many materials other than concrete and steel are commonly used
in building construction., Within the scope of the prasent project, the
remaining materials of interest are brick, terta cotta tile, Monel and
glass. These materials have widely varying thermal and chemical stability
characteriatics, and a detailed'consideration of each material is not
pregsently warranted. A few general considerations will be discussed,

however,

Thermal Stability

Brick and terra cotta tile are quite stable at high temper-
atures. Monel has a melting point batween 1300 and 1450 C. Window glass
begins to soften in the 700 to 750 C range, but cracking can occur at much

lower temperatures if thermal gradients are imposed.




Chemical Stability

Bricks and terra cotta tile are resistant to most chemical en~

vironments, except strong acld solutions. Glass and Monel are resistant

to most corrosive cheaicals.

l.

2.

3.

be
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APPENDIX 7!
COST ANALYSIS

An order of magnitude cost analysis was performed on those con-
cepts selected as the best concepts. The concepts are Hot Gases, Infrared
Heating, HMydroblasting, RadKleen, Steaming, Vapor Circulation, Liquid
Reactant, Gaseous Reactant and Volatilization/Aerovsol Decontamination.

Several general assumptiocns were made to provide a basis for

cost analysis including:

One site is analyzed. The site is comprised of three hypothet-
ical structures in proximity to aach other. Datails of the structures are
glven in Section 3.4.2,

Each bullding contains a total of five tons of steel as equip-
ment, piping, metal stairs, etec.

A maximum of one month decontamination time per building is

allowed.

Capital Cost

Capital equipment coste were estimated from Peterson and
Timmerhaus (P4T) (Reference 1) (adjusted to 1982§), Means (Reference 2),
the Dgggmmissionihg Handbook (Reference 3), the Chemical Marketing
Reporter (Reference 4) and in-house edgtimates. It was assumed that

the equipment could be reused at each building.

Operating Costs

Operating costs are:

e Labor at $10/hour,
¢ Administration and Overhead at 4X labor cost,
e Materials/Other.
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The labor cost includes labor for set-up, operation, tear-down, incinera-
tion, hauling to landfill, and refinishing building. Several assumptions

made for the labor cost include:

¢ Equipment removal time is 75 percent of set-up time
¢ Normal clean-up requires 80 hours per building and

includes repainting.

Estimatea on labor time were also found in the previously cited references
(1~3).

Administration and overhead includes purchasing, safety
analysis, verification of decontamination, and normal amounts of utilities
(steam, electricity, water, sanitary sewage). Large utility usage will be
charged:

e Electricity $.06/kwhr.
e Steam $.01/1b.
e Kerosene $2/gal.

Waste disposal costs are assumed part of overhead if no unusual materials
are treated. Each facility will be assumed to have a method of disposing
of its wmanufacturing wastes. If unusual materials or quantities are
generated, solid debris will be disposed of in either a hazardous landfill
or by incineration at $25 per cubic foot. For liquid waste disposal, the
facility will have a sanitary sewage treatment plant or access to & mun-—
icipal plant. If other wastes are generated, a speclal facility for
treatment or evaporation must be built and charged to capital cost or the
wastes can be sent to a disposal company.

Materials costs will be the delivered price of the material. The
material cost will be estimated from Chemical Marketing Reporter or a

speclalty chemical catalog.
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Protective gear (non-agent) is $1,000. If agent protective gear
is required then it 18 assumed the gult. uare non-reusable. At a cost of
$100 per suit and a working time of 2 hours, the cost of the suilts per
manhour 18 $50.

- A summary of the costs and methods used to obtaln equipument

specifications follows.
Hot Gasas

Ag described in Appendix III, the following equipment is

required:

e Direct-Fixed Hester
¢ Turboblowers (2)

e Fan
e Absorber

Ancillary equipment and materials includes:
e Ductwork
¢ Kerosene

¢ Insulation

Direct-Fired Heater

The size of the direct-fired heater which supplies the hot gases

can be determined from the heat duty requirements for the three buildings.

The following are the heat duty requirements for the buildings.
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Total Heat Decontamination Heavy Duty

Building __(BTU), _Time (hr) _(BTU/Hr)
Concrete Block 167.2x106 40 4,2x106
Concrete 167.2x106 40 4.2%106
Tarra Cotta 121,5%10% 40 3.0x106

Thus, a direct fixed heater with a rated output of 10x106 BTU/hr would be
more than sufficient to supply the required heat duty. A quote of $25,000

was obtained from a manufacturer.
Turboblower

In order to size the turboblower, the volumetric flow rate of
combustion gases must be calculated. Assume kerosene 1is used as the fuel
and that it 1is composed of 88 wt percent carbon and 12 wt percent
hydrogen. Then:

11.53 x wt fraction C + 34.34 x wt fraction H =

(1b air)/(1lb fuel) (Stoichiometric)
11,53 x .88 + 34,34 x .12 = 14.27 (1b air)/(1lb fuel
CO; = 3,66 x wt fraction C = 3,22 (1lbs CO2)/(1b fuel

Ho0 = 8,94 x wt fraction H = 1,07 (1bs H20/(1lb fuel)
Flue gas flow rate 1is then:

: 14,27/29 + 3.22/44 + 1,07/18 = 0,625 (1b moles)/(1lb fuel)
= 224 ££3/(1b fuel).
If the direct fired heater is operated at maximum, then with a heat of
_combustion of kerosene of 120,000 BTU/gal, the fuel requirements are=
10x106 BTU/hr x (1 gal)/(120,000 BTU) x 0.13368 ft3/gal x
48.1 1b/£t3 = 536 (1b fuel)/hr
The flue gas flow rate is then:
536 x 224 = 121,000 SCFH ~ 2000 SCFM.
Petergson and Timmerhaus (P&T) give a cost of $8700*% for a 3 PSIG maximum

pressure discharge, 2000 SCFM capacity turboblower.
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Fan

Agsume | equivalent air change in the bullding is desired every
5 minutes. Then for a 60x30x25 = 45,000 ft3 building a 9000 CFM fan is
required. The cost from P&T is $2300.%*

Abgorber

An absorber cost of $10,000 is assumed.

Ductwork

It will be assumed that the direct fired heater and turboblowers
are insi:-lled, one per site, with ductwork carrying the flue gases being
interchanged between buildings. For a 10 MPH output velocity at 2000 CFM:

2000 CPM / [(10 MPH)/(60 minutes) x 5280] = 2.2 ft2
For an area of 2 ft2, the cost (P§T) of insulated iron ductwork is
about $7.00 per linear foot., Assume 100 feet are required.

Fuel Requirements

The fuel requirements are calculated from the building heat duty
requirements as:
(167.2x106 + 167.2x106 + 121.5%x106) / 0.5 (efficiency) /
120,000 BTU/gal = 7600 gal x $2.00/gal = $15,200.

* Adjusted to 1982 dollars.
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Insulation

According to previous caleculations, insulation is required. For
Metalized Polyester Facing insulation at R=13 (4 inches thick), the cost
(Means) 1s $0.49/ft2, The insulation will be assumed to be reusable on
the three buildings.

Operating Time

Operating times were either obtained from P&T, Means or
estimated. During actual decontamination activities it was assumed that
two operators and one supervisor were required. A summary of the costs 18
given in Table II-l1.

Infrared Heating

For simultaneous heating on both internal and external building
surfaces the following heat duties are required:

Decontamination
Building Total Heat (BTU) Time (hr)
Concrete Block , 153.6x106 172
Concrete 152.6x106 1/2
Terra Cotta 109.7x106 1/2

It may not be feasibile to decontaminate the entire building at one time
because of the power requirements. Commercially avallable infrared units

rates at 18 KW are avallable as 1 foot x 5 feet units at a cost of $700

(quote). If 100 units are used then 250 £t2 can be treated at one time
(50 units on both sides of the building).
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TABLE II-1.

HOT GASES CONCEPT COST ANALYSIS*

Total Labor Time = 1206 Hours

Labor Cost at $10/Hr: $ 12,060
: Ovethead at 4 x Labor Cost: 48,240
3 Other Operating Costs: 19, 300
a TOTAL OPERATING COST: 79,600
g TOTAL CAPITAL COST: 55,400
TOTAL COST: $135,000
: CAPITAL COST
; — ~ it~ Ualt  Source  Nawber  Total
4 _Equipment Desceiption Size Cost _  of Cost _ Required  Cost _
“ Direct Fired Heater 10%10% Beu/ne $25,000  Quote 1 $25,000
3 Turboblower 2000 CFM 8,700 P&T 2 17,400
' Fan 9000 CFM 2,30  Psr 1 2,300
i Absorber System 2000 CFM 10,000 Eat: 1 10,000
5 Iron Ductwork (Insulated) Linear ft 700 P4t 100 700
I TOTAL CAPITAL COST: $55,400
: .
) OPERATING COST .
; - - Unit Hours/ Units/ Total
' Operation 8ize Unit  Site Hours  Source
. Building Preparation Bldg 40 k| 120 Estimate
' Heater [nstallation Site 60 1 60  P&T
Blower Installation Site 10 2 140 P&T
' Fan Installation Bldg 10 3 30 Estimate
: Absorber Installation Site 40 1 40 Estimate
R Insulation Installaction Bldg 45 3 135 Means
" Ductwork Installation Bldg 16 3 48 Maans
Concrete Building Decontamination Bldg 40 1 40 Sec. 3.5.6
Concrete Block Decontamination Bldg 40 1 40 Sec. 3.5.6
Terra Cotta Decontamination Bldg 40 1 40 Sec. 31.35.6
Equipment Removal Site 135 1 135 Estimate
Insulation/Ductwork Removal Bldg 46 3 138 Eatimate
i Cleanup Bldg 80 3 240  Eatimate

TOTAL HOURS: 1206

Unit Unit Source Number Total

Other Operating Costs Size Cost of Cost Required Cost
Ingulation Sq Ft $0.49 Means 6300 $ 3,100
Fuel (Kerosene) Callon 2.00 Est. 7600 15,200
Protective Geur -— - -— - 1,000
OTHER OPERATING COSTS: $19,300

% In 1982 dollars.
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The power requirements are!
(153.5%106 + 153,5x106 + 109.7x106 BTU)/ (3415 BTU/KWH) =
122,000 KwH

Operating Times

It was assumed that 0.l hours were required to posi}ion each
heater and 0.1 hours were requ}red for wiring each time a heater was
moved, For a 5 ft2 heater, the total number of times that heaters must
be get-up are

8100 £t2/building x 3 builldings/site / 5 f£t2/heater = 4860,

It was assumed that two operators and one supervisor was re-
quired during actual decontamination. A summary of the coats is given in
Table II-2.

Hydroblasting

A basic hydroblaster unit rate at 11 GPM at 10,000 PSIG was
quoted from a manufacturer as costing $26,500 plus $6700 for accessories
that allows cleaning the inside of tanks, pipes and sumps.

The Decommissioning Handbook (3) cites that a removal depth of
0.74 inches at a rate of 10 ft2/hr is typical. The time required to
decontaminate one building when two shifts are used is

8100 £t2 / 16 hours/day / 10 £t2/hr = 51 days.

Thus, two units are required to keep the decontamination time under one

month per building.

A pump will be required to continuously remove water from the
sumps. At a maximum hydroblasting rate of 11 GPM, a pump capable of 11
GPM and about 20 feet of head is required. The cost from P&T 1is about

$850,
If the water 1s to be recycled, storage tanks are required. At

a rate of 11 GPM x 60 x 16 hrs/day = 10,560 gal/day, a tank holding one
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TABLE 11-2, INFRARED HEATING CONCEPT COST ANALYSISw

[ e e

Total Labor Time = 1962 Hours

Labor Cost at $510/Hr: $ 19,620
Overhead at 4 x Laber Cost: 78,480
Other Operating Costs: 8,400
TOTAL OPERATING COST: 106,500
TOTAL CAPITAL COST: 88,000
TOTAL COST: 5194,500
CAPITAL COST
— Unit  Unit  Source Number Total
Equipment Description  Size Cost  of Coast Required Cont
Infrared Heaters 18 kw $800 Quose 100 $80,000
Wiring - - Estimate - 8,000
TOTAL CAPITAL COST $88,000
OPERATING COST
~ Unit  Hours/ Unita/  Total
_ _ Operation Size _Unit Site  Hours Source
Building
Install IR Heaters Heater 0.1 4860 486 Estimate
Wiring Heater 0.1 4860 486 Estimate
Decon Conerete Bldg 250 fe2 1.5 100 150 Sea. 3.5.6
Decon Ylock Bldg 250 fe? 1.5 100 150 Sec. 3.5.6
Decon Terra Cotta Bldg 250 ft2 1.5 100 150 Sec. 3.5.6
Cleanup Bldg 80 3 240 Estimate
Equipment
Install, Wire, Decon, Bldg 100 3 300
Cleanup
TOTAL HOURS: 1962
~ Unit Unit Source Nuwmber  Total
Other Operating Costs Size  Cost of Cost Required Cost
Electricity kwh $0.06 Estimate 122,000 $7,6400
Protective Gear - == - - 1,000%*
OTHER OPERATING COSTS: $8,400

* In 1982 dollars

A% If either a DPE, level A or level B unit {9 required, the cost could be as

high as 1962 hrs % $50/hr = $98,100.
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days supply would be 11,000 gallons. The cost of a mild steel tank,
11,000 gallon in size is $16,000. 1t is assumed that two tanks are re-
quired, one for recycle water to be fed to the hydroblaster and one for
storage. If the hydroblaster removes 0.75 inches of surface from all the
buildings, then disposal of 0.75/12 x 8100 £t2 x 3 = 1520 ft3 of debris
13 needed.

A summary of the costs is given in Table II-3.

RadKlaen

In this cost estimate, a spray and vacuum type application
method will be costed. An alternative method of application is by spray-
ing., Here, the cost would be comparable to a liquid reactant application.

The cost of a RadKleen unit 1s estimated to be $45,000 which
includes the unit and ancillary equipment such as vacuum/gprayer nozzles
(Stanley Steamer®) adaptab’e to floors, pipes, tanks, walls, etc.

Data has shown that 90 percent decontamination {removal) of
agent from cloth in <l minute, butyl ruvber in <2 minutes and webbing in
<4 minutes. It is assumed that a 5 minute removal time is required for
building materials. For a nozzle that covers an area of 1 £ft2 a building
of 60x30x25 feet will require 8100 ft2 x 5/60 = 675 manhours to clean.

A summary of the costs is given in Table I11-4.

Steaming (External)

Assume 100C steam is available at $0.01/1b. Assume one complete
changeover of the building atmosphere every two hours (one building volume
of steam required every two hours) for a total of 5 days. Then, the steam
required is:

(60x30x25 ££3)/(26.8 ££3/1b) = 1680 1b every 2 hours = 840 lbs/hr.
840 1b/hr x 120 hrs = 100,800 1lbs of steam per building.
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TABLE 11-3, HYDRUBLASTING CONCEPT COST ANALYSISH

Total Labor Time = 2960 Hours

Labor Cost at $10/Hr: $ 29,600
o Overhead at 4 x Labov Coat: 118,400
Other Operating Costs: 39,000
TOTAL OPZRATING COST: $187,000
TOTAL CAPITAL COST: $ 92,750
TOTAL COST: $279,750
CAPLITAL COST !
- ~— Usit  Uait  Source  Number  Total
Equipment Description  Size  Cost  of Cost Required  Cost
Hydroblaster 10,000 pai $26,500 Quote 2 $53,000
Pipe and Tank
Cleaning Accessoties - 6,700 Quote 1 6,700
Sump Pump 11 GPM 850 P&T 1 850
Storage Tank 11,000 Gal 16,100 PeT 2 32,200
TOTAL CAPITAL COST: $92,750
OPERATING COST
~ Unit ~Hours/ Units/ Total
__Operacdion Size ___ Unie Site __Hours  Source
Tanks/Pump Setup Site 80 1 80 Estimace
Equipnent Setup Day 1 90 90 Estimate
Building Hydroblasting 10 £ 1 2430 2490 Ref. 3
Equipment Hydroblasting Bldg 80 3 240 Estimate
Cleanup (Painting only) Bldg 40 3 120 Estimate
TOTAL HOURS: 2960
. Uanit Unit Source Number " Total
Other Operating Costs Size Cost of Cost Required Cost
Debris Landfill £r3 $25 Estimate 1520 $38,000
Protective Gear —-— -— -— —— 1,000%*

OTHER QPERATING COSTS: $39,000

& In 1982 dollars,

#n If eicher a DPE, level A or level B gear i required, the cost could be as
high as $50/hr % 2960 hrs = $148,000.
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RADKLEEN CONCEPT COST ANALYSIS*

Total Labor Time = 2595 Hours

Labor Cost at $10/Hr: § 25,950
Overhead at 4 x Labor Cost: 103,600
Other Operating Costs: 16,350
TOTAL OPERATING COST: 146,100.
TOTAL CAPITAL COST: 45,000
TOTAL COST: $191,100
CAPITAL COST
- - — Unit  Unit ~ Source Numbet  Total
Equipment Description  Size Cost of Cost  Required  Cost
RadKleen Unit == $45,000 Estimate 1 $45,000
(Includes Ancillary
- equipnent)
OPERATING COST
§ — “Unic Hours/ Units/ Total -
Operation __ Size Unit Site Hours Source
Equipment Setup/Teardown Day 1 90 90 Estimate
Building Decoutamination Bldg 675 3 2025 Estinate
Equipment Decontamination Bldg 80 3 240 Estimate
Cleanup Bldg 80 3 240 Estimate
TOTAL HOURS: 2595
Unit  Unit Source Number Total
Other Operating Costs Size Cost of Cost Required  Cost
Freon 113 Gal $12 Ref. 4 1000 $12,000
Incineration of Waste—-
Freon £e3 25 Estimate 13 3,350
Protective Gear - -— —-— - 1,000%%
OTHER OPEBATING COSTS: $16, 350

* In 1982 dollare.

% If agent protective gear is required, the cost could be as high as

2595 hrs x 50 = $129,750.
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The steam will condense and the water 1ls collected in a 2000
gallon sump. A pump is required to remove the water at a rate of (840

lbs/hr)/ (60 1b/ft3) = 14 ft3/hr = 2 GPM.

The water 18 collected in a tank which can hold about one day's
supply or 840 lb/hr x 24 hrs / 60 1b/ft3 = 336 ft3 = 2500 gal. A 3000
gallen tank is required, The cost from P&T for a 3000 gallon mild steel
tank 1s $8700. '

During decontamination it is assumed that one operator and one
supervigsor are required.

A summary of the costs 1is given Table II-5.

Vapor Circulation

In order to cost the Vapor Circulation Concept several assump-

tions must be made:

e Average porogity of bullding materials is 15%.

e Asgume solvent penetrates into all building materials to
a depth of 1 inch

e Agsume five changes of solvent required and each change

requires 24 hours.

Acetone is the solvent.

Boller for acetone operates at 100 C.

Building is kept at b.p. of acetone (56.2C=133F).

e Mild steel equipment used.
For acetone = M = 58 lb/lbmole
o = 49,3 1b/ft3
AH vaporization = 237 BTU/1b
Pyapor = 52 PSIA at 100C
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TABLE II-5. STEAMING CONCEPT COST ANALYSIS*

Total Labor Time = 1990 Hours

Labor Cost at $10/Hr: $14,900
Overhead ac 4 x Labor Cost: $9,600
Other Operating Costs: 4,020
TOTAL OPERATING COST: 78,520

TOTAL CAPITAL COST: 11,200

TOTAL COST: 89,720,

CAPLITAL COST

— Unit  Unlt Source  Number  Total
Equipment Description  Size Cost  of Cost  Required Cost
Plumbing ) - Eatimate - $ 2,000
Pump 2 G/ 500 Egtimate 1 500
Storage Tank 3000 Cal $8,700 PeT b _8,700

TOTAL CAPITAL COST: $11,200

OPERATING COST

Unit  Hours/  Units/ Tocal

__Operation Size Unic Site _Hours_ Source
Building Preparation Bldg 80 k) 240 Estimste
Plumbing Site 250 1 250 Estimate
Equipwent Setup Bldg 40 3 120 Estimate
Cleanup Bldg 40 3 120 Estimate
Equipment Removal Site 40 1 40 Estimate
Decontamination Bldg 240 k] 720 Estimate

TOTAL HOURS: 1490

~ Unit  Unit Source ~Numoer Total
Other Operating Costs Size  Cost of Cost Required Cost
Protective Gear -- - .= - $1,000%+
Stean 11b $0.01 Sstimate 302,000 3,020

OTHER OPERATING COSTS: $4,020

* In 1982 dollars.
#% It is anticipated that agent protettive gear will not be required.
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Acetone Flow Rate

For 1 building decontaminated at a time:
8100 £t2 x 1/12 ft penetraation x 0.15 porosity = 101 f£t3
= 4979 lbs acetone
If all ‘solvent is exchanged in 24 hours then 4979/24 = 207 1bs/hour =

acetone flow rate.

Acetone Supply

At the beginning of operations, the building atmosphere must be
paermeated with acetone vapor. The quantity of acetone required for the
building atmosphere 18

(14,7%x144x45,000 ££3)/[(460 + 133 bp OR)(1545)) =
104 lbmoles = 6030 1lb acetone

For a supply of acetone equivalent to twe solvent changes plus the vapor
in the room, 2x4979 + 6030 = 16,000 1lbg acetone is required.

If the acetone is recycled in one building and then incinerated,
a total supply of 16,000x3 bldgs / 49.2 / 0.13368 = 7300 gallons is re-~
quired.

Acetone Heater

Aspume the initial acetone temperature is 70F and it 1s raised
to 212F. Then assuming an average speclfic heat of 0.55 BTU/1lb ¥, then:

q = mlcp T + AH vaporization]
= 207 1lb/hr [0.55 (212-70) + 237 BTU/Llb]
- 65,226 BTU/hr
For a 75 percent efficlency, 65300 / 0.75 / 3514 = 25 KW heater is re-
quired. The cost from P4T for an immersion heater is $1000.
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Heating Tank

For a flow rate of 207 1b/hr and a 10 hour supply a 400 gallon
mild steel vessel will be required at a cost of $9000.*

Storage Tank

The tank size required is 16,000 / 49.3 / 0.13368 ~ 2500
gallons. A spherical mild steel, 2500 gallon capacity storage vessel
costs about $15,000 (P&T).

Dacontanination Time

The total time required for one building 1is calculated as °
follows: time to first solvent exchange = (4979 + 6030) / 207 lb/hr = 50
hours. The total time is then 504+24x4 » 146 hours. It is assumed that

two oparators and one supervigor are required during decontamination.
A summary of the costs is given in Table II-6.

Liquid Reactant

This general cost analysils would be applicable to all of the
chemical concepts which use a liquid reactant for decontamination,
Several assumptions must be made prior to evaluation of the

cogt:

o The liquid is sprayed on.
e Ten applications of the spray are required.
e The liquid would cover 100 ft2/gallon for concrete and

terra cotta.

* Note: at 100 PSIG,
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TABLE II~6, VAPOR CIRCULATION CONCEPT COST ANALYS1S*

— =T ~ ety —

Total Labor Time = 2304 Hours

Labor Coat at $10/Hr: $ 23,040
Overhead at 4 x Labor Cost: 92,160

Other Operating Costs!
TOTAL V! CRATING COST:
TOTAL CAPITAL COST:

40,255
155,455

29,000

TOTAL COST: $184,455
CAPITAL COST
. - Unit  Unit  Source Numbar  Total
_Equipment Description ___Size  Cost _oF Cost  Required  Cost
Acetone Vaporizer System
--Immersion Heater 25 kw $ 1,000 P&T 1 $ 1,000
«=Heating Vessel 400 gal at 9,000 P&T 1 9,000.
100 psig
Storage Tank : 2500 gal 15,000 P&T 1 15,000
Pumpa 1 GPM 500 Estimate 2 1,000
Blower 25 CFM 1,000 Estinate 1 1,000
Plumbing - 2,000 Estimate 1 2,000
TOTAL CAPITAL COST: $29,000
OPERATING COST
- Unit  Hours/  Units/ Total
Operation L Size Unit Site Hours Source
Building Preparation Bldg 80 3 240 Estimate
Equipment Setup Site 160 1 160 Estimate
Plumbing Site 230 1 230 P&T
Building Decontamination 1 hour of 3 438 1314 Estimate
decon time
Cleanup Bldg 80 k) 260 . Estimate
Equipment Rewoval Site 120 1 120 Estimate
TOTAL HOURS: 2304
Unit Unit " Source Number Total
Other Operating Costs Size  Cost of(.:;ut Required __ Cost
Acatune 1b $0.11 Ref, 4 48,000 1b $14,880
Incineration of Waste
Acetona £e3 $25 Estimate 975 1b 24,375
Protective Gear - D - - 1,000%*
! OTHER OPERATING COSTS:  $40,255

* In 1982 dollars.
kA Agent protective gear not anticipated to be required.
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® The liquid would cover 25 f£t2/gallon for concrete block.
e 50 percent of the spray adheres to or penetrates the buillding

material with the remainder being recycled.
e The spray operation requires one operator and one supervisor.
e An average cost of liquid reactant of $10,00 per gallon.
9 The liquid reactant will either permeate through or remove

paint,

sumnary of the costs is giveﬁ in Table II-7.

>

Gaseous Reactant

In this concept gas cylinders are opened and the gas directed
into a sealed building. Air is withdrawn from the building and passed
through a scrubber until a high gas concentration is achieved. The
building is then sealed, allowing the gas to permeate through the building
materials for two weeks. Perlodic monitoring (4 hours per day) is per-
formed during this period. A summary of the costs is given in Table II-8.

Volatilization/Aerosol Decontamination

For infrared heating of the external building surfaces the fol-
lowing heat duties are required.

Total Heat (BTU) Decontamination Time (hr)
Concrete block 68,9%106 9.8
Concrete 91.8x106 17.4
Terra Cotta 53.1x106 14.6

Concrete floors 24,4%106 36
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TABLE 11-7. LIQUID REACTANT CONCEPT COST ANALYSIS*

e Py gty =

Total Labor Time = 1454 Hours
Labor Cost at $10/Hr: $14, 540

Overhead at 4 x Labor Crst: 58,160

Other Operating Costs: 11,000

TOTAL OPERATING COST: BJ,]QQ

TOTAL UAPITAL COST: 9!230

. TOTAL COST: $92,930

CAPITAL COST
— . Unit __ Unit  Source Number  Total
Equipment Descripcdon Size Cogk  of Cost  Required  Cost
Pressure Spraver 240 GPH $3,270 Quote 1 $3,270
Accessories - 1,960 Quote 1 1,960
Sump Pufng - 500 Estimata 1 500
Storage: Tank 1000 ga; 3,500 Quote 1 3,500 .

TOTAL CAPITAL COST: 49,230

OPERATING COST

Unit  Hours/  Units/  Total
Operation Size Unit Site Hours _ _ Source
Tank, Pump Setup Site 40 1 40 Estimate
Equipment Setup Day 1 62 62 Estimate
Spray Application 3
to Building L000 £t 16 62 992 Means
Spray Application
to Equipment/Piping Bldg 40 k] 120 Estimate
Cleanup Bldg 80 3 240 Eatimate
TOTAL HOURS: 1454
- Unit Unic source Number Total
Other Operating Costs Size Cost of Cost -Required Cost
Liquid Reactant Gal $10 Estimate 1000 $10,000
Protective Gear -— - - - 1,000%*

. OTHER OPERATING COSTS: $11,000

* In 1982 dollars.

wh If a DPE, level A or B gear is required, then the cost may be as high as
1454 hre x 50 = $72,700. R
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TABLE 1I-8. CASEOUS REACTANT CONCEPT COST ANALYSIS#*

Total Labor Time = 1020 Hours

Labor Cost at $10/Hr: $10, 200
Overhead at 4 x Labor Cost! 40, 800
Other Operating Costs: _2,000
TOTAL OPERATING COST: 53,000

TOTAL CAPLITAL COST: 8,000

TOTAL COST: $61,000

—————

CAPITAL COST

) Unit Unit  Source  Number Tocal |

Equipment Description  Size Cost of Cost  Required Coat
Turboblowar 100 ¢FM $1,500 P&T 1 $1,500
Scrubber System - 5,000 Est. 1 5,000
Gas Regulators - 150 Est, 10 1,500
TOTAL CAPITAL COST: $8,000

OPERATING COST

Unit  tours/ , Unlts/ Total —

__Operation _ Size Unit __Site _Hours Source _

. Building Sealing Bldg 80 3 240 Estimate
Equipment Setup Bldg 80 3 240 Eatimate

Bldg Decottamination Bldg 100 3 300 Estimate

Cleanup Bldg 80 3 _20 Estimate

TOTAL HOURS: 1020

Unit Unit Source Number Total
Other Operating Costs Size  Cost of Cost _Required Cost
Gas - - Estimate - $2,000

* In 1982 dollaxs,
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Since the power required is within that anticipated to be
fu avallable at the gite, the entire bullding may be treated at one time.
However, at a cost of $800 per heater (Quote), a total of 6300 £t2 / 5
£t2 per heater = 1260 heaters x 800 = $1.0 million. Thus, the cost is
_ axorbitant., It will be assumed that 100 heaters are purchased so 500 ft2
QQ of area can be heated at one time. It will also be assumed that only a
" supervisor is required during actual decontamination. Other times were
- taken from the Infrared Concapt Cost Analysis (Table III-2),
\ The total power requirements are:
fn (68.9x106 + 91.8x106 + 53,1x106 + 3x24.4x106) / 3415 = 84,000 KWH
The aerosol system will consist of an aerosol generator, blower,
sump pump, storage tanks and the necessary pilping to allow recycle of the
decontaminant., The total cost is estimated to be 10,000,

i A summary of the costs 1s given in Table II=9,

i
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VOLATILIZATION/AEROSOL DECONTAMINANT

CONCEPT COST ANALYSIS*

———— ———

Total Labor Time = 2611 Hours

Labor Cost at $10/Hr: $ 26,110
Overhead at 4 x Labor Cost: 104,440
Other Oparating Costs 16,040
TOTAL OPERATING COST: 146,590
TOTAL CAPITAL COST: 98,000
TOTAL COST: $244,590
CAPITAL COST
] . i Unit “Unit Source " Number Total
_Equipment Description Size _ _ Cost of Cost Requived Cost
infrared Heaters 18 kw $800 Quote 100 $80,000
Wiring - - Estimate = 8,000
Aerosol Generator System - = Estimate - 10,000
TOTAL CAPITAL COST: $98,000
OPERATING COST
- . Unit “Hours/  Units/ Total
___- Operation _Size Unit _Site Hours Source
Building
Install IR Heaters Heater 0.1 4860 486 Estimate
Wiring® Heater 0.1 4860 486 Estimate
Decon Conrete Bldg 500 ft2 17.4 13 226 Section
Decon Concrete
Block Bldg 500 ft2 9.8 13 127 Sec. 3.5.6
Decon Terra Cotta
Bldg 500 ftz 14,6 13 190 Sec. 1.5.6
Decon Concrets Floor 500 ft? 36 11 396 Sec. 3.5.6
Aerosol Generation
System Setup Each 160 160 Estimate
Cleanup Bldg 80 3 240 Estimate
Equipment
Install, Wire,
Decon, Cleanup Bldg 100 3 300 Estimste
TOTAL HOURS: 2611
" Unit Unit Source Numbetr Total
Other Operating Costs Size  Cost of Cost Required Cost
Electricity KW $0.06 Estimate 84,000 $ 5,040
Protective Gear = - - == 1,000%%
Decontaminating Solution Gal $10 Estimate 1,000 10,000
OTHER OPERATING COSTS: $16,040

* In 1982 dollars.

% It is anticipated that agent protective gear will not be required.
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THERMAL DECOMPOSITION USING FLASHBLASTING

1.0 General Description

2.0

1.1 Summary of Idea
The flashblast device consists of a high intensity
Xenon-quartz strobe light which can be focused onto a
contaminated surface., The high energy light pulse preduces
enough heat to remove paint and rust and to thermally
decompose surface contaminants.

1.2 Origination of Idea
Developed by Dr., John Asmus of Maxwell Laboratories.
(Johnsen, 1982).

1.3 Obvious Advantages and Disadvantages
Advantages., Prior paint removal not necessary. Less
clean=up as compared with abrasive removal technlques.
Volatilization of agent 1s not anticipated.

Dicadvantages, Only effective as a surface treatment. Not
easily adaptable to intricate gurface areas.

1.4 Variations of Idea
None.,

1,5 Sketeh
None.

Chemical Decomposition Treatment
See general discussion of thermal decomposition.

2.1 Chemical Reactions
GB, HD and VX undergo thermal decomposition by either
pyrolysis in inert atmospheres or oxidation (combustion) in
excess alr,

GB Pyrolysis (325-906 C)

9 Q ,

CH3-B-F ——3 CH3-P~F + CHp = CHCHj

: 3-E
0C3H7 OH .

GB Oxidation/Combustion (250-1050 C)

?
2 CH3-P-F + 1303 —> 8C0y + 9H20 + P05 + Z2HF
0C3H7

HD Pyrolvsis (180-900 ¢C)

Main Reaction: S(CHpCH9C1)2 —> H2S + 2CH2=CHCI
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HD Oxidation/Combustion (250=1000 C)

S(CHyCHpr1) 3 + 12.3. 03 —> 4C0y + 3H20 + 2HC1 + SO

VX Pyrolysis
Sece general discussion.

VX Oxidation/Combustion (600-1200 C)

2Cy {H602PSN + 72_9 09 <> P505 + 2NO7 +
22C04 + 26Hp0 + 2507

2.2 Hazardous Products
The oxidation/combustion products of the agents are
relatively non-toxic gaseous and volatile specles. However,
reports of potentially hazardous pyrolysis products of the
agents have been reported for HD including: Ethyl Mercaptan;
Diethyl Sulfide; and vinyl Chloride.

2.3 Destruction Efficiency, Residue Level
Complete decomposition of the agents is anticipated Lf the
agent can be maintained at the decomposition temperature for
the prescribed period of time. For example, complete
decomposition of GB by pyrolysis was observed after heating
at 150 C for 2-1/2 hours (Anonymous, 1974)

2.4 Reaction Rate/Kinetics

~ 4(Vx) = [9.6 x 108 exp (-14,000/T(oK)](VX)
dt

— 4(GB) = [1.5 x 108 exp (~11,700/T(9K)](GB)
du

-~ 4d(HD) = [1.8 x 109 exp (-12,632/T(°K)](HD)
dt

where (VX), (GB), (HD) = concentration of the
the respective agent
t = time (sec)
T = temperature (OX)

2.5 Supplementary Treatment
Supplementary treatments may be required to remove and/or
decompose the thermal decomposition products of HD, GB and VX
if pyrolysis rather than oxidation occurs.

2.6 State~of-the-Art
Several studies have been performed on the pyrolysis and



ITI-3

oxidation/combustion of agents including several references
(pugh, 1970; Hildebrandt, 1972; Lapp, 1962; Sasa, 1972;
Tomlinson, 1980; wWilliams, 1947; Reeves, 1954; Brooks 1979),
See general discussion of state-of-the-art.

- 3.0 Physical Treatment
. Not applicable,

4,0 Applicability

4.1 Agent Applicability
Potentially applicable to all agents.

A 4,2 1Isolated Building Material Applicability
’ Applicable to all building materials of interest.

4,2,1 Impact of Substrate on Chemistry
The adsorption of contaminant on particular substrates
e may inhibit decomposition, but it is anticipated that
- this effect will be small.,

4,2,2 Removal or Reaction of Contaminant from Surface
Surface reaction i1s highly probable. Extent of
reaction per blast 1s uncertain., Numerous blasts may
— be required for complete destruction.

4.2.,3 Removal or Reaction of Contaminant from Interior
. Only shallow penetration is possible.

- 4.2,4 Damage to Material _
. Minimal damage anticipated.

4.3 Practical Applicability to Building

4,3,1 Puilding Preparation

None required.
4,3,2 Practical Physical Limitations/Methods to Overcome
Not well suited to intricate surface areas.
. Restricted to line of sight locations.
= 4.3.3 Secondary Decontamination Treatment

¥ Subsurface treatment using an alternative method will
y be necessary.

4,3.4 Clean-up Requirements
Removal of surface char may be necessary.

4.3.5 Waste Treatment and Disposal
None anticipated.




ITI-4

4,4 State-of-the-Art
The method has never been used for building decontamination.
It has been successfully employed as a surface cleaning
technique in a variety of applications, including removal of
slime from submarine hulls and removal of paint and rust from
metals (Johnson, 1982).

5.0 Engineering
5.1 Process Desgscription

5.1.1 Main ﬁrocess

FLASH BLASTER FLASH BLAST ) CHAR REMOVAL | SECONDARY
SET-UP DECONTAMINATION (CLEAN-UP) | B DECONTAMINAT

5.1s1.1 Flashblast treatment
The flashblast device would be applied to
conveniently sized sections in an orderly
manner so that all accessible areas would be
decontaminated.

5¢1s1.2 Char removal
Painted surfaces will become chdarred, so char
removal will be necessary.

5.1.2 Variations :
Remote operation may be possibie.

5.2 Equipment/Support Facilities Needed
52.1 Description

5¢2.1.1 TFlsshblast device
The flashblast device consists of water
cooled Xenon-quartz lamps contained in a
planar array. A three-phase power line feeds
a bank of capacitors, which accumulate the
electrical charge required for each blast.
The lamps turn on for as little as |
milligecond, and generate enough heat to
raise the temperature to 1800 C at
approximately 3/4 of an inch away, Typical
units range from 2 x 12" to 7 x 7" in size.
An expanded unit (36 x 36" for example) could
be designed for large areas, with possible
adaption for remote control (Johnson, 1982),

5.2.1.2 Char removal equipment
Surface char can be readily removed by water
wash and/or abrasive scrubbing.
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52,2 Reliability, Availability and Maintainability
Typically the lamps are good for a half-million
blasts.

5.3 Decontamination Time

5.3.1 Set“up
Involves installatlion of electrical connectors, water
cooling and accessories, and possibly a remote control
system.

5:3.2 Application Time

5.3.2.1 Petrsonnel
Operation of flashblast device would require
substantial labor involvement unless a remote
control system is employed.

5¢342.2 Decontamination
The time interval between blasts and number
of blasts required per unit area need to be
determined. Lengthy decontamination times are
anticipated because only small sectlions are
decontaminated at one time.

5.3.2.3 Verification
Knowledge Gap.

5.3.3 Teav-Down Time

5.3.3.1 Equipment Removal
Removal of electrical connections and
accesgsories, and remote control system (if
employed) would be rapid.

5¢3.3.2 <Clean-up
Char removal would require low to moderate
time.

5.4 Safety Requirements

5.4.1 Process Hazards
None anticipated.

5.4.2 Personnel Hazards
Burns, high intensity light, toxic vapors.

S.4.3 Protective Methods
Wear heat resistant clothing, safety glasses, gloves,
etc.
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Use adequate ventilation or respiratory equipment.
Avoid exposure by remote operation.

6.0 Economics

6.1 Building Damage - Repair Costs
None anticipated.

6.2 Developmental Costs
Testing of flashblasting on a variety of substrates and
contaminants.,
Design and congtruction of large area flashblast unit.
6.3 Treatment Costs

6.3+1 Utilities and Fuel Cost
Electrical requirements may be substantial.

6.3.2 Equipment Cost
Cost of flashblast unit and accessories.

6.3.3 Material Cost
None anticipated.

6.3.4 Manpower Cost
High labor cost., Involves flashblast operation,
either manual or remote operation.
7.0 Future Work Required
7.1 Knowledge Gaps

Extent K of surface reaction per blast.

7.2 Resolution
Experimental testing.
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THERMAL DECOMPOSITION USING ELECTRICAL RESISTANCE CONTACT HEATING

1.0 General Description

1.1 Summary of Idea
This is a method of thermally decomposing and/or volatilizing
agents within building materials. The resistance heat would
be applied to the surface and would penetrate to the interior
of the building material. By adjusting the temperature, the
thermal decomposition of contaminants present could be
achleved, within the constraints of the building materials's
thermal durability.

1.2 oOrigination of Idea
Novel Processing Project Team.

1.3 Obvious Advantages and Disadvantages
Advantages., This approach may be better for subsurface
treatment than most other thermal methods because of the
poaesibility for greater temperature control, less extreme
temperature gradients, and capability for vacuum removal
of degassed components.

Disadvantages. Not easily adaptable to intricate surface
areas. Bullding materials may suffer damage from thermal
effects, vemperature gradient may volatilize agents and
cause vapors to penetrate deeper into the building material
by thermal diffusion.

1.4 Variations of Idea
For large, obstruction free surface areas, heating plates
(with vacuum as required) could be directly applied. For
intricate surface areas, heating plates could be placed at a
convenient distance or heating type could be directly
applied, although under these conditions vacuum application
would probably not be feasible. Diffusion of volatilized
agents outward may be overcome by heating the material from
both sides (i{ accessible) or by heating very slowly to
minimize the temperature gradient. Alternatively, a vacuum
system could be employed to remove volatiles.

1.5 Sketch
See page I111-8.

2.0 Chemical Decomposition Treatment

2.1 Chemical Reactions
GB, HD and VX undergo thermal decomposition by either
pyrolysis in inert atmospheres or oxidation (combustion) in
excess air.
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GB Pyrolysis (325-900 C)

0 0
CH3~P-F ——— CH3-B~F + CHp = CHCH3
0C3Hy OH

GB Oxidation/Combustion (250-1050 C)

Q
2CH3~P~F + 1307 — 8C0Oy + 9H70 + P05 + 2HF
0C3H7y

HD Pyrolysis (180-900 C)
Main Reaction: S(CHCHpC1)9 ——= H2S + 2CHp=CHC1
HD Oxidation/Combustion (250-1000 C)

S(CHaCHyC1) g + 43 09 —¥4C0O5 + 3HR0 + 2ZHCI + SO
2C1)3 2 2

VX Pyrolysis
See general discussion,

VX Oxidation/Combustion (600=1200 C)

2C)1Hp02 SN + 122 09 =—=>P205 + 2NOy +
22€0 + 26H50 + 250

2.2 Hazardous Products
The oxidation/combustion products of the agents are
relatively nza-toxic gaseous and volatile speciles, However,
reports ui potentially hazardous pyrolysis products of the
agents have been reported for HD including: Ethyl Mercaptan;
Diethyl Sulfide; and Vianyl Chloride.

2.3 Destruction Efficiency, Residue Level
Complete decomposition of the agents 1s anticipated 1f the
agent can be maintained at the decomposition temperature for
the prescribed period of time. For example, complete
decomposition of GB by pyrolysis was observed after heating
at 150 ¢ for 2<1/2 hours (Anonymous, 1974),

2,4 Reaction Rate/Kinetics

_d(vx) = [9.6 x 108 exp (-14,000/T(9K)](VX)
dt

_d(6B) = [1.5 x 108 exp (~11,700/T(°K)](GB)
dt

_d(HD) = [1.8 x 10% exp (~12,632/T(°K)] (HD)
dt
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where (VX), (GB), (HD) = concentration of the
the respective agent
t = time (sec)
T = {emperature (OK)

Supplementary Treatment
Supplementary treatments may be required to remove and/or
decompose the thermal decomposition products of HD, GBR and VX
if pyrolysis rather than oxidation occurs and to decompose
volatilized undecomposed agent.

State-of-the-Art
Several studies have been performed on the pyrolysis and
oxidation/combustion of agents including several refereunces
(Pugh, 1970; Hildebrandt, 1972; Lapp, 1962; Sass, 1972;
Tomlinson, 1980; williams, 1947; Reeves, 1954; Brooks, 1979).

3.0 Physical Treatment
Not applicable,

4,0 Applicability

4.1

4.2

4.3

Agent Applicability
Potentially applicable to all agents.

Isolated Building Material Applicability
Applicable to all unpainted surfaces of interest. May not be
appl icable to most painted surfaces.

44241 Impact of Substrate on Chemistry
The adsorption of contaminant on particular substrates
may inhibit decomposition, but it is anticipated that
this affect will be small,

4,2.2 Removal or Reaction of Contaminant from Surface
Easily achieved for unpainted surfaces.

4,2,3 Removal or Reaction of Contaminant from Interior
Good potential applicability.

4.2.4 Damage to Material
Damage depends largely on decomposition temperature
required, time of exposure, and depth of thermal
penetration. Concrete i1s subject to cracking and
dehydration at high temperatures, Metals are readily
oxidized at high temperatures,

Practical Applicability to Building

" 443.1 Building Preparation
Paint removal may be necessary because the heating
equipment is 1in direct contact witun the surface., The
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building should be sealed during decontamination to
prevent potential release of volatilized agent.

4.3.2 Practical Physical Limitations/Methods to Overcome
Not well suited to intricate surface areas. Heating
plates could be applied at a convenient working
distance instead of in direct contact with the
surface. Alternatively, heating tape could be
employed, but direct vacuum application would not be
feasible and labor requirements would be substantial,
Properly pogitioned hoods may overcome the vacuum
application difficulty.

4.3.3 Secondary Decontamination Treatment
A sacondary decoutamination treatment may be required
to remove hazardous products of reaction and to decompos¢
volatilized undecomposed agent.

4.3.4 Clean-up Requirements
Wash down of dehydrated cement may be advantageous to
allow regain of strength,

44345 Waste Treatment and Disposal
All volatilized agents will need to be collected and
treated, Alternatively the decomposition product
vapors could be vented to the atmosphere (in
accordance with EPA regulations), if no volatilized
agent 1s present and the gaseous decomposition
products are non—-hazardous.

4.4 State-of-the—Art
The method has never been used for building decontamination.

Repeat until entire bullding is decont:

5,0 Engineering
5.1 Process Description
5.1.1 Main Process
Paint

Removal

Heater | Thermal , Heater
Set-Up l Decontamination - Tear-Down

5.1s1s1 Paint Removal

Sandblasting, paint stripping solvents or
flaming could be empleyed, depending on the
building material.
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5014142 Heat Treatment
Plate heaters and/or heating tape are applied
to a buillding section (e.g. part or all of a
wall), Heating is continued unil decontami-
nation is complete. The equipment 1is then
dismantled and moved to a different sub-
section. This 1is repeated until all
accessible areas have been decontaminated.

5.1.1.3 Gaseous Products Collection
Volatiles could be collected by vacuum
appl Lcation.

5s1sle4 Gaseous Products Treatment
Toxlc vapors will need to be contained and
treated to minimize safety hazards.

5.1.2 Variatioms
Omit steps S.i.l.1, 5.1.1.3, and 5.1.1.4 or combi-
nations thereof., Allow resistance heat to remove
paint. Implement heating from the outside using an
aerosol cloud of decontaminant to decompose vola-
tilized agent inside the building. Heat simultaneously
fiom both sides to contailn volatilized agent for thermal
decomposition,

5.2 Eguipment/Support Facilities Needed

5.2.1 Description

542.1.1 Paint Removal Equipment
Sandblast. Use standard commercial
sandblasting equipment. Best for porous
materials (concrete, brick, etc.)
Paint Stripper. Apply solvent by brush or
spray., Best for impervious materials
(metals).
Flaming. Use standard paint removal torches.,

5424142 Heat Treatment Equipment
Use gpecially designed electrical plate
heater with hooded enclosure for vacuum
application. The perimeter seal would have
to withstand high temperatures. Several
different size uniis would probably be
required. Preliminary estimates indicate
that a 30 kW power capacity could treat
approximately 10 square feet at a 600 C
sdrface temparature. Thermocouples could be
utilized to maintain the surface temperature
at the desired level and to measure the
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subgurface temperatuvre.

Use commercially available high temperature

heating tape for intricate surface area
application.

5.2.1.3 Gaseous Product Collection Equipment
The vapors from the hooded enclosure could be
suctioned using a fan. To maintain a one
ineh of water pressure differential, pre-
lininary estimates indicate an approximate
100 cfm capacity fan would be required.

5.2.1.4 Gaseous Product Treatment Fquipment
The heated vapors would have to be cooled
before passing through the fan. A scrubber
system could serve the dual function of
cooling the vapor stream and removing toxic
vapors. Adsorption filters or other
treatment systems could also be employed.

54242 Reliability, Availability and Maintainability
Expected tno be high becauge of use of relatively

simple equipuent,
Decontamination Time

5.3.1 Set-up
Involves all or some of the following: paint removal,
electrical wiring and heating element installation,
and sealing buillding. Generally low set-up time,

5¢3.2 Application Time

5,3.2.1 Personnel
Requires movement and set-up of heaters
throughout the building and temperature
monitoring during heating and cooling.
Expected to be moderate to high.

5.3.2.2 Decontamination
Heating time is dependent on the temperature,
type of material and depth of penetration.
Cooling will probably be achieved by natural
convectlon, and again will depend on tempera-
ture, type of material and depth of penetra-
tion. It is anticipated to be moderate to
lengthy (hours to days).

5.3.2.3 Verification
Knowledge Gap.
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5¢3.3 Tear-Down Time

5.3.3.1 Equipment Removal
Involves removal of heating tape, electrical

connections. Generally much less than set-up
time,

53.3.2 C(Clean-up

Short to moderate time for removal of surface
char and wash down of dehydrated cement.

5.4 Safety Requirements

S+4.1 Process Hazards
None anticipated.

5.4,2 Personnel Hazards
Burns, electrical shocks, toxic vapors.

5¢4.3 Protective Methods

Wear heat resistant clothing for protection from
burns.

Avoild exposure by remote operation during heating.

Wear respiratory equipment in cases where toxic vapors
are present,

Level A or B geatr will probably be required if workers
required in building during heating.

6.0 Economics

6.1 Bullding Damage = Repair Costs
Poggible damage to concrete blocks from heating. Expansion
joints may alleviate stresses from thermal expansion.

6.2 Developmental Costs

Testing of temperature requirements.
Design and/or specification of plate heaters.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Electrical requirements may be substantial but are
expected to be a small part of the total cost,

6.3.2 Equipment Cost
Cost of plate heaters.
Cost of fan/vacuum system,
Cost of scrubber/filter system.

6.3.3 Materials Cost
Decon solution for aerosol, if necessary.
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6.3.4 Manpower Cost
High labor cost. Involves paint removal (if
necessary), heater operation, and char removal, and
wash down of dehydrated cement,

7.0 Future Work Required

7.1 Knowledge Gaps ‘
Extent of damage to porous building materials and methods
to minimize building damage.
Applicability to painted surfaces., Extent of volatile
penetration from thermal diffusion.
Ef fect of substrate on decomposition temperature of
conlamiaant,

7.2 Resolution
Experimental testing.
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THERMAL, DECOMPOSITION USING HOT PLASMA

1.0 General Description

2.0

1.1

Summary of Idea

This method is based on the use of a hot plasma
(2500-20,000K) to thermally and/or chemically decompose
contaminants. Thermal decomposition would be obtained by
heat transfer from the hot plasma to the contaminant.
Chenical decomposition may be obtained by reaction of ionized
gases and electrous contained in the plasma with contam-
inants. The mode of application could take the form of a
plasma torch which would resemble conventional flaming
techniques.

1.2 Origination of Idea

Novel Processing project team.

1.3 Obvious Advantages and Disadvantages

Advantages. Complete and rapid destruction of contaminants.

Disadvantages. Potential high utility cost. High
temperature 18 likely to cause extensive damage to building
materials. Volatilization of agent may occur.

1.4 Variations of Idea

The plas~a torch could be generated using either a high
intensity arc jet or an induction plasma torch. 'The torching
could be accomplished either manually with a hand held unit
or remotely,

1.5 Sketch

An arc plasma spray gun is depicted on page III-17.

Chemical Decomposition Treatment

2.1

Chemical Reactions

GB, HD and VX undergo thermal decomposition by either
pyrolysis in inert atmospheres or oxidation (combustion) in
excess air,

GB Pyrolysis (325-900 C)
0 0

CH3-P-F ——> CH3 P-F + CHy = CHCHj
0C3H7y OoH

GB Oxidation/Combustion (250-~1050 C)

0
2CH3-B-F + 1303 —> 8C0p + 9H0 + P05 + 2HF
0C3H7
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WATER COOLING
REAR HOUSING

INSULATOR
REAR ELECTRODE (TUNGSTEN)

FRONT HOUSING
FRONT ELECTRODE (COPPER)
~~WATER COOLING

i\ POWDER INJECTION PATH

PLASTIC HANDLE
_CAPACITAMGE  STARTING
PLASMA GENERATOR
— ELECTRICAL AND WATER
CONNECTION I1,LET

—~POWDER INJECTION

~ ELECT®ICAL ANO WATER
CONNECTION OUTLET
ARC GAS (TANGENTIAL)

Plasma spray gun.
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HD Pyrolysis (180-900 C)
Main Reaction: S{CHyCHyCl1)9 H2S + 2CH2=CHC1
HD Oxidation/Combustion (250-1000 C)

S(CHyCHC1)g + 41 07 4COg + 3Hz0 + 2UCI + S0,

VX Pyrolysis

See ganeral discussion.

VX Oxidation/Combustion (600-1200 C)

2C) 1Hpg02PSN +-%? 02 P205 + 2NO2 + 22C09 + 26H0 + 2502

2.2 Hazardous Products
The oxidation/combustion products of the agents are
relatively non-toxic, gaseous and volatila species, However,

reports of potentially hazardous pyrolysis products of the
agents have heen reported for HD including: Ethyl Mercaptan;
Diethyl Sulfide; 2,2'Dichlorodiethylsulfide, and Vinyl

Chl oride.

2.3 Destruction Efficiency, Residue Level
Complete decomposition of the agents is anticipated 1if the
agent can be maintained at the decomposition temperature for
the prescribed period of time. For example, complete
decomposition of GB by pyrolysis was observed after heating
at 150 C for 2-i/2 hours (Anonymous, 1974).

2.4 Reaction Rate/Rinetics

_ d(Vx) = {9.6 x 108 exp (-~14,000/T(oK)](VX)
dt

_4d(GB) = [1.5 x 108 exp (~11,700/T(9K)](CB)
dt

_ d(ED) = (1.8 x 109 exp (~12,632/T(°K) ] (HD)
T

where (VX), (GB), (HD) = concentration of the
the respective agent
t = time (sec)
T = temperature (OK)
2.5 Supplementary Treatment
Supplementary treatments may be required to remove and/or
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decompnse the thermal decomposition products of HD, GB and VX
if pyrolysis rather than oxidation occurs.

2.6 State-of-the=Art

Several studies have been performed on the pyrolysis and
oxidation/combustion of agents including several references
(Pugh, 1970; Hildebrandt, 1972; Lapp, 1962; Sass, 1972;
Towlinson, 1980; Williams, 1947; Reeves, 1954; Brooks, 1979).
See general discussion of state-of-the=art, :

3,0 Physical Treatment

Not applicable.

4.0 Applicability

4ol

Agent Applicability
Applicable to all agents.

4.2 lsolated Bullding Material Applicability

4.3

Painted and unpaint~ concrete and metals,

4.2.1 Impact of Substrate on Chemistry
The adsorptica of contaminant om particular substrates
may inhibit decomposition, but it is anticipated that
this effact will be small, Substrate mey ~ompetas for
reaction with fonized gases.

4.2,2 Removal or Reaction of Contaminant from Surface
Surface reaction is highly probable.

4.2.3 Removal or Reaction of Contaminant from Interior
Potentially applicable, but will depend on the ability
to control heat conduction from the surface without
establishing a lasge temperature gradient.

4.2.4 Damage to Material
Damage is highly probable, but the extent of damage
will depend on the plasma temperature and dwell time.
Cement and concrete are subject to cracking and
dehrydration at high temperatures. Metals are oxidized
or melted at high temperatures. Refer to general dis-
cussion of temperature stability of building mate-
rials. (Appendix 1) ‘

Practical Applicability to Building

4.3.) Building Preparation
All combustible materials would have to bhe removed

prior to treatment, The building may require sealing
to prevent release of agent,

4.3.2 Practical Physical Limitations/Methods to Overcome
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All areas must be accessible to the plasma torch.
Obstructions to the line=of-sight of the torch may
require removal unless heat conduction is relled on
for heat transfer. A trade off exists between depth
of thermal penetration and damage to building
materials.

4.3,3 Secondary Decontamination Treatment
Secondary decontam’nation treatments may be required
to remove interior contaminants if short dwell times
of the torch are used

4.3.4 Clean-up Requirements
May need to remove surface char. Rewetting of
dehydrated cement may be advarntageous to restore
strength,

4,3,5 Waste Treatment and Disposal
All material removed from the building may be
decontaminated chemically or by incineration.
Decomposition product gases uway need to be collected
and treated. Volatilized agent would have to be
contained and treated chemically or by incineration.

State-of-the-Art .
Plasma torches are industrially employed for welding, cutting,
and shaping of high melting point materials. Plasma apray
gune are industrially used to deposit refractory coatings on
materials such as glass, metals, plastics and ceramics.

5.0 Engineering

5.1 Process Description
Comizzzzgles __-%{ AOba?itZZions Plasg:m;;sching Plagzzd;gziging
Incinerate Decontaminatio% Char/D;bris
, — — Removal
5¢1.1 Main Process Deciﬁig;iﬁzzic

5¢1.1.1 Remove Combustibles and Obstructions ,

S.1.1.2 Remote Torching
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5.1.1.3 Hand=-Held Torching

5142 Variations
An automatic remote torch could be employed.

Equipment/Support Facilities Needed

5¢241 Description
The main component of the process is the plasmu torch.
Two types of plasma torches are available:
1) the arc plasma jet and 2) the induction plasma
torching., The arc plasma jet is produced by injecting
a carrier gas (usually inert) into a high intensity
arc chamber. With an induection torch the energy is
inductively coupled with the plasma.

5022 Reliability, Availability and Maintainability
Are electrodes need periodic replacement.,

Decontamination Time

5.3.1 Set-up
Dependent on amount of obstructions and combustible
material which require removal. Sealing the building,
i1f required, to prevent releagse of volatilized agent.

53,2 Application Time

5¢3.2.1 Personnel
Long time for hand-held operation. Shorter
time for remote operation.

5.3.2.2 Decontemination
Very short per treated area, but entire
building treatment would be lengthy.

5¢3¢243 Verification
Knowledge Gap.

5¢3.3 Tear-Down Time

5.3.3.1 Equipment Removal
Short time to remove totching equipment,

5.3.3.2 Clean-up
Low to moderate time to remove char from
surfaces and to rehydrate cement.

Safety Requirements

5.4.1 Process Hazards
None anticipated.
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5,42 Parsonnel Hazards
Burns, toxic vapors,

5.443 Protective Methoda
Wear heat reslstant clothing, eye protection and
poesibly respiratory gear. Level A or B clothing may
also be required. Use remote operation/shielding
barriers and a hood to withdraw product gases. Pre-
vention of release of agents to uncontaminated areas,
may be accomplished by either repeated spray of decon
golution ox use of an aerosol dacontaminant.

6.0 Economics

Building Damage — Repair Costs
Depends on depth of thermal penetration. Potentially quite
severa, but can be minimized by short surface exposure,

6.2 Developmental Costs

Design of remote operating equipment.

6.3 Treatment Coasts

6.3.1 Utilities and Fuel Cost
Mi ﬂima] .

6.3.2 Equipment Cost
Cont of plasma torch units and accessories ulght be a
major capital iavestment.

6.3.5 Material Cost

Inert gas (e.g. Ny, He) would be fairly
inexpensive, but significant quantitites may be
required,

6.3.4 Manpower Cost
Substantial labor involvement, especially if hand-held
torching is largely required.

7.0 Future Work Required

7.1 Knowledge Gaps

Extent of damage ot building materials by plasma.
Verification requirements need development.

Cogt effectiveness compared with other thermal methods.
Degree of agent volatilization.

7.2 Resolution
Experimental testing.
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THERMAL DECOMPOSITIbN BY MICROWAVES

1.0 General Deascription

1.1 Summary of Idea
Microwave heating employs the ugse of microwaves to heat
dielectric building materials (concrete, brick, etc.) to the
decomposition temperature of the agent contaminants., A quick
heat-up rate may be employed to minimize volatilization of
agents.,

1.2 Origination of Idea
Novel Processing project team.

1.3 Obvious Advantages and Disadvantages
Advantages. Microwaves will penetrate concrete, and brick
causing heating throughout the materials (i.e. heat conduc-
tion plays only a minor role in heat transfer). Quick heat=-
up rates can be obtained. One repurt stated that concrete
became molten after 15 minutes of irradiation with wmicrowaves
(0'Kress, 1975). Microwaves may also directly decompose agents.

Disadvantages. Sheet me:al or closely spaced metal pipes
will reflect the radiation without being heated. Building
materials may be damaged by thermal effects. Volatilization
of agent to uncontaminated areas may occur.

l.4 Variations of Idea
Coacrete or brick can be saturated with water followed by
intense microwave radiation to cause spalling of the concrete
surface ag a result of explosive force developed by rapid
generation of steam (physical removal method). An aerosol
may be generated and contained inside the building in order
to decompose agent which had volatilized. Microwave heating
may be used as a supplemental heating process.

1.5 Sketch - >
Microwave - [}~ Copper Gauze
Generator —-— Building * Protective Scree

2.0 Chemical Decomposition Treatment

2.1 Chemical Reactions
GB, HD and VX undergo thermal decomposition by either
pyrolysis in inert atmospheres or oxidation (combustion) in
excegs alr.
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GB Pyrolysis (325-900 C)2

0 0

i} [ 1)

CHy-P~F —--> CH3-P~F + CHy = CHCH3
0C3Hy OH

GB Oxidation/Combustion (250-1050°C)

9
2CH3-P-F + 1307 —> 8C03 + 9H20 + P05 + ZHF
0CaRy

HD Pyrolysis (180-900°C)
Main Reactlion: S(CH9CHCl)3 —> H3S + 2CHp = CHC1

HD Oxidation/Combustion (250-1000°C)

S(CHoCHC1) 9 +.%§ 09 =5 4009 + 3H0 + 2HCL + S02

VX Pyrolysis
Confidential

VX Oxidation/Combustion (600-1200°C)

2C] {Hpg02PSN  + %2 02— P205 + 2NO2 + 22C0, + 26Hy0 + 2503

2.2 Hazardous Products
The oxldation/combustion products of the agents are
relatively non-toxic gaseous and volatile species. However,
reports of potentlally hazardous pyrolysis products of the
agents have been reported for HD including: Ethyl Mercaptan;
Diethyl Sulfide; 2,2'Dichlorodiethylaulfide, and Vinyl
Chloride.

2.3 Destruction Efficlency, Residue Level
Complete decomposition of the agents is anticipated if the
agent can be maintained at the decomposition temperature for
the prescribed period of time. For example, complete
decomposition of GB by pyrolysis was observed after heating
at 1509C for 2-1/2 houra (Anonymous, 1974).

2.4 Reaction Rate/Kinetics

_d(vx) = (9.6 x 108 axp (-14,000/T(9K)](VX}
dt

_ d(GB) = [1.5 x 108 exp (-11,700/T(°K)1(GB)
dt

d(HD) = [1.8 x 109 exp (-12,632/T(°K)](HD)

- ———

de
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whecre (VX), (GB), (HD) = concentration of the
) the respective agent
5 t = time (sac)
' T = temperature (9K)

‘ 2.5 Supplementary Treatment

Supplementary treatments may be required to remove and/or
decompose the thermal decomposition products of HD, GB and VX
| if pyrolysis rather than oxidation occurs.

: 2.6 State-of=the-Art

: Several studies have beepn performed on the pyrolysis and
oxidation/combustion of agents including several references

; (Pugh, 1970; Hildebrandt 1972; Lapp, 1962; Sass, 1972;

‘ Tomlinson, 1980; Williams, 1947; Reeves, 1954; Brooks, 1979).

See general discussion of state-of=-the-art,

i 3.0 Physical Treatment
Not applicable.,

| 4,0 Ap ldcability

; 4,1 Agent Applicability ‘
i Microwave heating 1s applicable to the thermal decomposition
of all agents.

]
! 4,2 Isolated Building Material Applicability
' Applicable to all materials of interest.

4.2.1 Impact of Substrdate on Chemistry
There 1s a potential for the agent to be adsorbed on
) the surface or pores of the subatrates. Microwave
i radiation may supply enough energy to overcome the
desorption activation energy as a result of direct
) heating of the substrate or by microwave interactions
with agent,

| 4,2,2 Removal or Reaction of Contaminant from Surface

Complete decomposition of the agents on the surfaces
of dielectric materials (paint, concrete, brick, etec,)
18 anticipated. Decomposition of agents on metal
surfaces (e.g. plates or tanks) may occur despite
their reflective properties toward microwave radiation
by direct interaction of the microwaves with the agent
residues. Metal pipes may be decontaminated if they
are insulated because the microwaves will cause
heating of the insulation. The heat could then be
conducted to the metal pipes.

4.2.3 Removal or Reaction of Contaminant from Interior
Complete decomposition of the agents in the interior
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of cement, concrete, and brick is anticipated. How-
aver, reinforced concrete may cause attentuation of

the miecrowaves praventing direct heating of material
behind them,

4,2.4 Damag: to Material
Slight damage to building materials such as paint
charring, concreta dehydration and cracking of cement
may be expected. Differant radlation intensities and
frequencies may be employed on different materials to
minimize damage., See general discussion of temper-
ature gtability of building material.

4.3 FPracrical Applicability to Building

4.3.,1 Building Preparation
All matal plate arrays of closely aligned pilpe and
tanks may require removal if obstructing the source of
microwaves. A copper gauze screen must be aset up
outside the building opposite the microwave source.
The building must be adequately sealed to prevent
release of volatilized agent.

4.3.2 Practical Physical Limitations/Methods to Overcome
Optics (microwave reflectors) can be employed to
direct microwaves to behind steel plates, etc. Also
the microwave heaters can be set up on both sides of
the building (internsl -and external). Microwaves do
not work directly with glass,

4.3.3 Secondary Decontamination Treatment
Materials not heated by microwaves may be treated by
another technique. A seccndary treatment may be
required tv remove hazardous dezomposition products.

4.3.,4 Clean~up Requirementis
Wash down and repainting 1is all that is required.

4.3.5 Waste Treatment and Disposal
Venting of the gaseous decompositlion products and
volatiles to a scrubber may be necessary.

4,4 State—of-the-Art
Industrial microwave processes include drying and cooking of
food and sealing of plastics. Microwave has also been
demonstrated to be effective in curing concrete, cracking
concrete clabs and destroying fungus and woodworm in timber
by thermal heat?ng. (Okress, 1975).
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5.0 Engineering

5.1 Process Description

Remove Install Install Thermal
Obstructions Microwave Optics System Decontanination
(1f necassary) Heaters (1f necessary)

T : Tear Down
Repeat cycle until A S
Clean-Up

entire building is
decontaminated

5.1.1 Main Process

The microwave heaters are set-up inside and/or outside
the building after all obstructions to microwaves are
removed. Optic systems are then installed to direct
microwaves., A protective metal sheet or copper gauze
is set-up to pravent personnel exposure to microwaves
outside of the area being decontamined. The bullding
is then sealed to prevent release of volatilized
agents, The units are then turned on and allowed

to run until the section or building 1s decontaminated
by thermal decomposition of the agent residing. The
equipment is then moved to decontaminate another area.

5.1.2 Variations
Enough microwave heaters car be set up to treat thu
entire building at once. In this case the power load
may be above that which could be obtained from the
area utilities. Since workers need not be prasgent
during decontamination, the building could be filled
with an aerosol to allow decomposition of volatilized
agent,

5.2 Equipment/Support Facilities Needed

52! Description )
Microwave heaters.
Protective screeu-sheet metal or copper guuze.
Scrubber system, if neccssary, to treat decomposition
producte.
A~tosol generator, if desired,

5242 Reliability, Availability and Maintainability
Lxpected to be high because ¢f minimal amount of
complex equipment that is required.

5.3 Decontamination “ime
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5.3‘2

5.3.3

5.4 Safety

5.4.1

5.4.2

5.4.3
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Set-up
Dependent on microwave heater and configuration and
size of materials in the building. Small amount of
time if only several heaters required. Extensive time
1f building is decontaminated by sections., Setup of
protection equipment, if required, to prevent release
of volatilized agent (e.g. sealing a building).

Application Time

S5¢3.2.1 Personnel
Personnel raquired for set=-up, tear-down and
routine monitoring. Expected to be low to
moderate.

5.3.2.2 Lecontamination
Decontamination time i3 dependent on the
agent, building materials and heat-up rates.
Heat-up rates should be rapid (less than one
ihour) as possibile to limit volatilization of
&gente .

5¢3.2.3 Verification
Knowl edge gap.

Tear<Down Time

5.3.,3.1 Equipment Removal
Tear down time ig dependent on the amount of
aquipment set-up and number of decontami-
nation cycles performed. It 18 expected to
require less time than set-up.

5¢3.3.2 Clean-up
Clean~up is anticipated to be minimal
involving wash down with decon solution and
painting.

Requi rements

Process Hazards
Poteutial for a fire when combustible material is
heated may be either eliminated by remvval of all
combustible material in the building or by using an
inert atmosgphere.

Personnel Hazards
Microwave radiation exposure tc personnel, Burns from
hot surface. Volatized agent.

Protective Methods
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“Sheet metal or copper guauze can be placed one-quarter

wavelangth from the walls to eliminate the possibility
of radiation exposure to personnel outside the bulld-
ing during decontamination. Personnel may not be re-
quired to be inside building during decontamination.
Microwave unlts react instantaneously to control ad=-
Justments., Hoods may be used to ventilate decontami-
nation areas. Prevention of release of agents, if
volatilized undacomposed, may be accomplished by
either repeated spray with decon solution or use of

an aerosol decontamination.

6.1 Building Damage - Repair Costs
Slight to none i1f heating rate is low, may be moderate if
high heating rate employed. Expansion joints may alleviate
stresges from thermal expansion.

6.2 Developmental Costs
Microwave heaters and reflector systems may require special

design.

Optimum temperatures, reaction times and microwave

interferences (i.a. reinforced concrete) must be investigated
prior to equipment selection.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost

Utilities are expected to be a small part of the
overall cost.

- 643.2 Equipment Cost

Expected to be higher than wmost other heating
equipment (IR, contact lzaters).

6.3.3 Material Cost

The protective barrier - gteel sheets or copper gauze
and supports are not expected to be expengive and may
be reusable - decon solution for washdowm.

60304 Manpower Cost

Moderate because of remote operation 65 microwave
units and because only routine maintenance is
required, Most cost will be involved in setup.

7.0 PFuture Work Required

7.1 Knowledge Gaps
The time and temperature required to decompose the agents
under consideration in various building materials with
various microwave frequencies must be Jdetermined. The effect
of direct interaction of microwaves on agents should be
considered.
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7.2 Resolution
Parametric experiments using various microwave frequencies,
various agents, and various building configurations must be
made.
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THERMAL DECOMFOSITION BY FLAMING

1.0 General Description

2.0

1.1

1.2

1.3

1.4

1.5

Summary of Idea

Flaming entails the use of a flame to in-situ thermally de-=
contaminate building materials contalning agents.

Crigination of Idea

Rockwell International. Literature (iLillie, 1981),

Obvious Advantages and Disadvantages

Advantages. Complete and rapid destruction of all agent
resldues contacted by the flame.

Disadvantages. Primarily a surface decontauwination
technique., Interior decontamination of building materials
may be achieved but extensive damage to the material would
probably result. Potential for high fuel cost. Volatil-
fzation of undecomposed agent may occur.

Variations of Idea

Flanming may either be accomplished by a hand-held flamer or
by a remotely operated flamer. The use of a remotely
operated flamer 13 restricted to expansive open surfaces
whereas hand-held flames are requirsd for complex areas,
niches, cracks, etc.

Sketch

See pages 1II-32,33.

Caemical Decomposition Treatment

2.1

Chenical Reactions

GB, HD and VX undergo thermal decomposition by either
pyrolysis in inert atmospheres or oxidation (combustion) in
excess air.

GB Pvrolyais (325-900°C)

0 0
CHj-P-F —— CH3-P-F + Gig = CHCH3
0C3Hy OH

GB Oxidation/Combustion (250-1050°C)

2CH3-P-F + 1309 — 3C0, + 9Hz0 + P205 + 2HF
0C3H7

4D Pyrclysis (180-900°C)
Main Reaction: S(CHyCH3Cl)y; — H2S + 2CH3 =CHC1

’
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Wall Flamer in Action (torches automatically offsct at end of
travel = same as floor [lamer
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HD Oxidation/Combustion (250~1000 C)

S(CHyCH9CL) g + 13/2 03 —> 4C09 + 3H20 + 2HCL + 502

VX Pyrolysis
Confidential

VX Oxidation/Combustion (600-1200 C)

2C]1H2602PSN + 79/2 0y — P205 + 2NO3 +
22C09 + 26190 + 2503

2.2 Hazardous Products
The oxidation/combuation products of the agents are
relatively non-toxic gaseous and volatile species. However,
reports of potentially hazardous pyrolysis products of the
agents have been reported for HD including: Ethyl Mercaptan;
Diethyl Sulfide; 2,2'Dichlorodiethylsulfide, and Vinyl
Chloride.

2.3 Destruction Efficiency, Residue Level
Complete decomposition of the agents is anticipated if the
agent can be maintained at the decomposition temperature for
the prescribed period of time. For example, complete
deconposition of GB by pyrolysis was observed after heating
at 150 C for 2=1/2 hours (Anonymcus, 1974).

2.4 Reaction Rate/KRinetics

d(Vx) = [9.6 x 108 exp (-14,000/T(OK)](VX)
dt

d(GB) = [1.5 x 108 exp (~11,700/T(0K)](GB)
dt

d(HD) = [1.8 x 109 exp (~12,632/T(0K)](HD)
dt

where (VX), (GB), (HD) = concentration of the
the respective agent
t = time (sec)
T = temperature (OK)

2.5 Supplementary Treatment
Supplenmentary treatments may be required to remove and/or
decompose the thermal decomposition products of HD, GB and VX
if pyrolysis rather than oxidation occurs.
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2.6 State—of-the«Art

Several studies have been performed on the pyrolysis and
oxidation/combustion of agents including several references
(Pugh, 1970; Hildebrandt, 1972; Lapp, 1962} Sass, 1972;
Tomlinson, 19803 Williams, 1947; Reeves, 1954; Brooks, 1979).

3.0 Physical Treatment
Not applicable.

4.0 Applicability

4,1 Agent Applicability

4.2

4.3

The flaming process would be applicable to all agents.

Isolated Building Material Applicability
Applicable to painted and unpainted concrete and metals.

4,2.1 Impact of Substrate on Chemistry
The adsorption of the contusinant on a particular
substrate may inhibit the decomposition reaction.
However this effect is anticipated to be small.

4.2.2 Removal or Reaction of Contaminant from Surface
It 15 anticipated that complete destruction of agents
on surfaces can be achleved.

4,2,3 Removal or Reaction of Contaminant from Interior
Because of the high temperature of the flame, the
dwell time of the flame should bde held to a minimum to
minimize material damage. Thus, decomposition is not
facilitated in the interior of building materials.

4.,2.4 Damage to Material
Minimal damage of the building materials is
anticipated except for paint charring. If interior
decontamination of building materials is required,
then the dwell time of the flame should approach 10
minutes or longer (time is dependent on material).
This may cause excesgive damage of the building
mterials .

Practical Applicability to Building
4.3.1 Building Preparation

Combustible material would have to be removed prior to
flaming.

4.3.2 Practical Physical Limitations/Methods to Overcome
All areas must be accesaible to the flame front,
Obstructions to the flame would require removal in
order to achieve complete gurface decontamination.
Heat conduction to inaccesaible areas would be
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dependent on the building material and flame dwell
time.

4.3.3 Secondary Decontamination Treatment
Secondary decontamination treatments may be required
to remove interior contaminants {f short dwell timer

of the flame are used and/or to remove decomposition
products.

4.3.4 Clean-up Requirements

Removal of surface paint char nay be required prior to
palating. Washdown of concrete may be required.

4,3,5 Waste Treatment and Disposal
All materials removed from the bullding may be

decontaminated chemically or by incineration. Venting
product gases to a scrubber may be required.

4.4 State-of=-the=Art

Flaming i{s the state-of-the-art technique for explosive
installation restoration. The tachnique has been applied to
the decontamination of Frankford Arsenal. Flaming has not
beenn used for agent installation restoration. However,

flaming agent contaminated equipment is the state-of-
the-art.

5.0 Engineering
5.1 Process Description

5.1.1 Main Process

Removal of | Removal of .| Remote-Operated .| Manual
Combustibles Obstructions Flaming Flaming

Char
Incineration Decontamination Reioval

] Secondary
Decontamination

Treatment

5.1.2 Variations

If the building has large open, continuous surface
areas, then a remote-operated flamer would be

preferred. Otherwlise, a hand~held flamer is
preferred.

5.2 Equipment/Support Facilities Needed
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5.4
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5.2.1 Description
Torch (hand held and remotely operated).
Fuel source, hoses, regulators
Fire extinguishers
Tools to remove obatructions and
combustible material

5.2.2 Reliability, Availability and Maintainability
The RAM 1is expected to be low for the remotely
operated flamer because of the complexity of the
device. For a hand-held flamer the RAM is expected to
be high.

Decontanination Time

5.3.1 Set=up
Dependent on amount of obstructions and combustible
material which requires removal prior to flaming as
well as the amount of protective equipment required to
be set up (e.g. aerosol generator, etc.).

5.3.2 Application Time

5.3.2.1 Personnel
Long time if hand-held flamer extensively
employed. Short time if remotely operated
flamer extensively employed.

5.3.2,2 Decontamination
Very short (for surface treatment), The decon-
tamination time of agents exposed to 5600 F heat
will be a fraction of seconds,

5.3.2.3 Verification
Knowledge Gap.

5.3.3 Tear-Down Time

5¢3.3.1 Equipment Removal
None if hand held flamer is exclusively used,
otherwlse moderate.

5.3.3.2 Clean-up
Removal of char from the wall will not
be very consuming.,

Safety Requirements




111-38

; 5.4,1 Process Hazards

' Thermal decomposition of agents will produce gases
which may require scrubbing to prevent release to the
atmosphere., The gases may also contain volatilized
agent,

S.4.2 Pergonnel Hazards

There 18 the pogsibility of burns from the flames or
. hot surfaces. If lead paint was used in the building,
" lead vapors would be formed during flaming. Volatili-
lization of undecomposed agent may be possible.

§ 5.4.3 Protentive Methods
L Shielding, safety glasses, fire extingulshers,

. non-gtatic clothing, respirators and remotely operated
i equipment may be employed to reduce potential safety

: hazards. Hoods may be used to vent gases and collect
. lead vapors. Level A or B clothing may be required by
5 operators.

4

6.0 Economics

— ey

6.1 Bullding Damage - Repalr Costs
Building damage is expected to be minimal if flaming is
employed as a surface decontamination technique; otherwise
damage is expectad to be exteunsive.

—

6.2 Developmental Costs

None required for process. The determination of building
. material agent concentrations on the interior is required to
. optimize the dw:ll time of the flamer.

-

6.3 Treatmeut Costs

‘ 6.3.1 Utilities and Fuel Cost
Requires a large supply of ges (propane or acetylene
and either oxygen or air).

6.3.2 Equipment Cost
: Hand held flamers may be obtained as off-tire-shelf
> equipment. Remotely operated flamers could be modeled
after Rockwell design.

6.3.3 Materia) Cost
Decon solution for wash down.

6.3.4 Manpower Cost
Labor intensive especially if hand-held flaming is
performed to a large e¢xtent.

7.0 Future Work Required
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7.1 Knowledge Gaps
Selection of secondary treatment Lf surface flaming is
performed. In any case, concentration gradients of agents in
building materials must be determined.

7.2 Resolution
Experimental testing.
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THERMAL DECOMPOSITION BY HOT GASES

1.0 General Description

1.1

1.2

1.3

1.4

1.5

(e.g. Kerosene) —

Alr -

Sunmary of Idea
The hot gas concept employs the use of heated gases such as
burner exhaust gsses to thermally decompose agent residues.
The circulation of hot gases in a building may allow the
building to behave like an oveun. Toxic gases will be vented
to a scerubber, The system will be operated until the desired
time-at-temperature is attained to ensure agent decompo-
sition, The outside walls and roof of the building may be
wetted with a decon solution to prevant release of
volatilized agent.,

Origination of Idea
Novel Processing project team/Battelle ISDS (Internal Surface
Deconcamination System) Program (Stanford, 1981).

Obvious Advantages and Disadvantages
Advantages. Low cost burner exhaust gases may be employed to
supply the heat duty. Inert atmosphere would minimize the
fire risk, Low labor cost., Workers not directly involved in
decontamination. All interior areas in a building (including
intricate surfaces) will be simul taneously heated.

Disadvantages. Potential need for long decontamination time.
Building materials may be damaged.

Variations of Idea
Use flue gas from an on-site fossil fuel power plant, for
example., Employ either electrical heating of air (probably
not cost effective) or hand=held blower (not cost effective,
safety risks). Add vaporized decontaminant to the inlet gas
stream to assist decomposing volatilized agents.

Sketch

Vent

Fuel

Scrubber

i Fan
Burner Blower Building

Blower

2.0 Chemical Decomposition Treatment
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2,1 Chemical Reactions
GB, HD and VX undergo thermal decomposition by either
pyrolysis in inert atmospheres or oxidation (combustion) in
excess air,

GB Pyrolysis (325-900 C)

CH3—3—F —_— CH3—g-F + CHy=CHCHj3
0C3Hy OH

GB Oxidation/Combustion (250~1050 C)

0
2CH3-P~F + 1303 ——> 8COg + 9H0 + P05 + 2HF
0C3H7

HD Pyrolysis (180~900 C)
Main Reaction: S(CHyCHCl)y —> H28 + 2CH2 = CHCI
HD Oxidation/Combustion (250-1000 C)

S(CH9CHsC1) g + 13/2 03 —»4C03 + 3H20 + 2HC1 + SO2

VX Pyrolysis
Confidential

VX Oxidation/Combustion (600-1200 C)

2C) |Hpg02PSN + %;/2 02 —» P05 + 2N02 + 22C09 + 26H20 + 25

2.2 Hazardous Products
The oxidation/combustion products of the agents are
relatively non-toxic gaseous and volatile species. However,
reports of potentially hazardous pyrolysis products of the
agents have been reported for HD including: Ethyl Mercaptan;
Diethyl Sulfide; 2,2'Dichlorodiethylsulfide, and Vinyl
Chloride. A significant problem is the volatilization of
intact agents below their decomposition temperatures,

2.3 Destruction Efficiency, Residue Level
Complete decomposition of the agents 1s anticipated 1f the
agent can be maintained at the decomposition temperature for
the prescribed period of time., For example, complete
decomposition of GB by pyrolysis was observed after heating
at 150 C for 2-1/2 hours (Anonymous, 1974).
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2.4 Reaction Rate/Kinetics

_ AVX) = [9.6_x 108 exp (-14,000/T(0K)](VX)
dt

_ d(GB) = [1.5 x 108 exp (~11,700/T(oK)](GB)
dt

_ 4(HD) = [1.8 x 109 exp (-12,632/T(°K)](HD)
dt

where (VX), (GB), (HD) = concentration of the
the respective agent
t = time (sec)
T = temperature (oK)

2,5 Supplementary Treatment
Supplementary treatments may be required to remove and/or
decompose the thermal decomposition products of HD, GB and VX
if pyrolysis rather than oxidation occurs.

2.6 State-of-the-Art
Sevaral studies have been performed on the pyrolysis and
oxidation/combustion of agents including several references
(Pugh, 1970; Hildebrandt, 1972; Lapp, 1962; Sass, 1972;
Tomlinson, 1980; Williams, 1947; Reeves, 1954; Brooks, 1979).
See general digcussion of state-of-the-art.

3.0 Physical Treatment
Not applicable.

4.0 Applicability

4,1 Agent Applicability
The hot gas concept has potential applicability to all
agents,

4.2 1Isolated Building Material Applicability
All materials except some plastics.

4.2.1 Impact of Substrate on Chemistry
The agents may be adsorbed on the surface or in pores
of the substrates. While adsorption of the contami-
nant on particular substrates may inhibit or catzlyze
the decomposition reaction the effect will probably be
small.

4.2.2 Removal or Reaction of Contaminant from Surface
Complete decontamination of all surfaces may be
achieved.
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4,2,3 Removal or Reaction of Contaminant from Interior
If time 18 allowed for the building materials to heat
up to the decompoasition temperature of the agent,
complate decontamination is anticipated.

4,2,4 Damage to Material
The hot gas method 18 expected to provide a slow
building heat up rate. Thus, only slight damage to
building materials such as paint charring, concrete
dehydration and, possibly cracking of cement is
anticipated. See discussion on thermal stability of
materials (Appendix I).

4¢3 Practical Applicability to Building

4,3,1 Building Preparation
Removal of all plastics from the building may be
required prior to heating. Insulation of windows,
sealing of cracks between doors would be necessary to
minimize heat loss and prevent release of volatilized
agent.,

4,3.2 Practical Physical Limitations/Methods to Overcome
There are no physical limitations because of the use
of a gas. All areas including cracks, crevices, and
interstitial wall spaces should be thermally
decontaminated,

4.,3.3 Secondary Decontamination Treatment
A secondary treatment may be required to remove
hazardous decomposition products.

4.,3.4 Clean-up Requirements
Wash down and repainting is all that i3 anticipated.

4.3.5 Waste Treatment and Digposal
Venting of the product gases from the building will
require scrubbing prior to release to the environ-
ment to remove volatilzed agent, product gases etc.
Combustible material removed from the building may be
decontaminated chemically or by incineration.

4.4 State-of-the-Art
No reports could be found as to the decontamination of a
building contaminated with agents using hot gases. However,
work has been performed on using vehicle exhaust gases to
volatilize agents from interlors of vehicle,

[Battelle ISDS (Internal Surface Decontamination System),
Stanford, 1981],

5.0 Engineering

5.1 Process Description




I1I-44

Insulate/
Seal Building

Equipment

|Decontam1nation

5.2

5.3

_ L

Clean-~Up o Equipment
Tear-Down

5.1.1 Main Process

Kerosene, for nxample, is combusted in a burner and the
exhaust gases vented into the building with the aid of
a blower. The gases supply heat to the building after
which they are vented from the building with the aid
of a blower, through a scrubber and released to the
atmogphere. During decontamination, the outside
surfaces of the building may be kept wet with a decon
solution to prevent release of volatilized agent.

5.1.2 Variations
Flue gas from an on-site power plant 1is passed through
ducts to the buildings. Air ie electrically heated
and passed into the building.

Equipment /Support Facilities Needed

5.2.1 Description
Burner for kerosene, propane or other fuel. Blower
to force burner exhaust into building. Fan to
circulate gas in building. Blower to force spent gas
from bullding to scrubber. Scrubber to clean exhaust
gas.,

5.2.2 Reliability, Availability and Maintainability
Off the shelf equipment can be employed so RAM is
high.

Decontamination Time

5.3.1 Set-up
Set=up requires connection of ductwork and equipment
and removal of plastic from the building. Burner,
blowers and scrubber may be skid mounted to aid
trangportation and set-up. Set-up time may also
involve sealing the building and other protective
methods to prevent release of volatilized agent to the
atmosphere.,

5.3.2 Application Time
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$.3.2.1 Peraonnel
Personnel required for equipmwent get-up and
tear-down as vell as routine maintenance on
the blowers and burner during operation.
Workers also required to periodically wet the
outside surfaces of the building. Not a
labor intensive operation.

3.3.2.2 Decontamination
The time 18 expected to be hours to days.

$5:3.2.3 Verification
Knovledge gap.

5.3.3 Tear-Down Time

5.3.3.1 Equipment Removal
Short time if equipment is skid mountcd.

5.3.3.2 Cleaﬂ"’up
Wash down and clean-up 1s all that is
anticipated.

Safety Requirements

S+4.1 Process Hazards
None anticipated since use of required equipment is
well known., Fire risks inside building are minimal
because the inert atmosphere from the burner exhaust
gases will be used as heating source.

5.4.2 Personnel Hazards
Since workers will not be in building during
decontamination, the degree of personnel hazard is
minimal (e.g. burns from hot gas ducts or burner
or exposure to volatilized agent).

5.4.3 Protective Methods
Prevention of release of agents to the atmosphere may
be accomplished by wetting the outside surfaces of the
huilding during decontamination.

6.0 Economics

6.1

Building Dawmage - Repair Coets
Slight if heating rate is low., However, cracking of cement,
bric!: and concrete may occur. Expansion joints may alleviate
stresses developed from thermal expansion.
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6.2 Developmental Costs
None for the process since off the shelf equipment is
employed. However, temperatures and reaction times must be
gtipulated for the building materials under consideration
prior to equipment selection.

6.3 Treatment Costs

6.3.1 Utilicies and Fuel Cost
Relatively inexpensive fuels such as kerosene may be
eaployed.

6.3.2 Equipment Cost
Relatively inexpensive of f=the-shelf equipment
(blowers, burner) can be employed.

6.3.3 Matecrials Cost
Decoa solution.

6.3.4 Manpower Cost
Low because of remote operation of burner and blowers
requires only routine maintenance.

7.0 Puture Work Required
7.1 Knowledge Gaps

Time and tamperature required to decompose the agents in
various building materials (brick, concrete, etc.)

7.2 Resolution
Experimental testing.
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THERMAL DECOMPOSITION USING SOLVENT SOAK/CONTROLLED BURNING

1.0 General Description

lel Summary of Idea
This method consists of soaking a contaminated, porous
material with a flammable solvent followed by controlled
combugtion of the soaked area. Before ignition, the solvent
would be allowed to dissolve subsurface contaminants. After
ignition, the contaminated solvent would diffuse to the
surface to feed the flame and would, by combustion, thermally
decompose dissolved concaminants.

1.2 Origination of ldea
Novel Processing projeéct teanm.

1.3 Obvious Advautages and Disadvantages
Advantages. The method combines solvent extraction with
thernal decomposiion. Potentially applicable to both surface
and subsurface contamination.

Disadvantages. The solvent diffusion may be too slow to
maintain surface combustion. Open fire could cause damage to
surrounding areas. It may be difficult to control combustion
resulting in personnel hazards. Volatilization of undecom—
posed agent may occur.

1.4 Variations of Idea
Flaming could be used to maintain combustion if diffusion
rate of solvent from the material {s slow.

1.5 Sketch
kﬂeo

2.0 Chemical Decomposition Treatment

2.1 Chemical Reactions
GB, HD and VX undergo thermal decomposition by either
pyrolysis in inert atmospheres or oxidation (combustioun) in
excess air.

GB Pyrolysis (325-900 C)

0
cn;;-gsr——-—) CHy-B-F + CHz = CHCH3
60357 OH

GB Oxidation/Combustion (250-1050 C)

0
2CH3~PF + 130y ——»8C0y + 9H20 + P05 + 2HF
0CaHy
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HD Pyrolysis (180-900 C)

Main Reaction: S(CHyCH»C1)2<yH2S + 2CH2=CHC]

HD Oxidation/Combustion (250-1000 C)

$(CHyCHaCl) 2 + %} 03 —» 4C02 + 3H20 + 2HC1 + SN,

VX Pyrolysis
Confidential

VX Oxidation/Combustion (600~1200 C)

2C) 1Hp¢02PSN + 722 03 —» P205 + 2NO2 +
22C0; + 26H0 + 2507

2,2 Hazardous Products
The oxidation/combustion products of the agents are
relatively non-toxic gaseous and volatile species. However,
reports of potentially hazardous pyrolysis products of the
agents have been reported for HD including: Ethyl Mercaptan;
Diethyl Sulfide; 2,2'Dichlorodiethylsulfide, and Vinyl
Chloride,

2.3 Destruction Efficiency, Residue Level
Complete decomposition of the agents is anticipated if the
agent can be maintained at the decomposition temperature for
the prescribed period of time. For example, complete
decomposition nf GB by pyrolysis was observed after heating
at 150 C for 2~1/2 hours (Anonymous, 1974).

2.4 Reaction Rate/Kinetics

- 4(vx) = [9.6 x 108 exp (-14,000/T(OK)](VX)
dt

_ d(GB) = [1.5 x 108 exp (~11,700/T(9K)](GB)
dt

- d(HD) = [1.8 x 109 exp (~12,632/T(9K)] (HD)

e ——

dt

where (VX), (GB), (HD) = concentration of the
the respective agent
t = time (sec)
T = temperature (OK)

2,5 Supplementary Treatment
Supplementary treatments may be required to remove and/or
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deconpose the thermal decomposition products of HD, GB and VX
if pyrolysis rather than oxidation occurs.

2.6 State-of-the~Art
Several studies have been performed on the pyrolysis and
oxidation/combustion of agents including several references
(Pugh, 1970; Hildebrandt, 1972; Lapp, 1962; Sass, 1972;
Tomlingon, 1980; Williams, 1947; Reeves, 1954; Brooks, 1979).
See general review of the state-of-the-art.

3.0 Physical Treatment
Although the solvent aids in physical removal of contaminants, the
main decontamination process is via thermal decomposition (i.e.
combustion). Thus analysis of the physical treatment aspects is
not necessary if it assumed that a flammable solvent of adequate
solubilicy and diffusivity properties is available.

4.0 Applicability

4.1 Agent Applicability
Potentially applicable to all agents.

4.2 1Isolated Building Material Applicability
Applicable mainly to non~combustible porous materials (e.g.,
concrete, cement block, bricks), although metal surfaces
could also be treated. Possibly applicable to painted
surfacea.

4.2,1 TImpact of Substrate on Chemistry
None anticipated.

4,2.2 Removal or Reaction of Contaminant from Surface
Surface reaction is highly probable.

4.2.3 Removal or Reaction of Contaminant from Interior
May require repeat applications. Cowplete
decontamination is dependent on diffusion of solvent
laden with agent from the porous mwaterfal to the
£1aune,

4.2.4 Damage to Material
Depends on flame temperature, burning time and,
necesgity of flaming to maintain surface combustion.
Cement and concrete are subject to cracking and
dehydration at high temperatures. Metals are readily
oxidized at high temperatures. Refer to general dis-
cussion of temperature stability of materials.

4.3 Practical Applicability to Building

4.3,1 Building Preparation
Paint removal may be necessary to allow diffusion of
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golvent into and out of building materials. Sealing
of the bullding to prevent release of volatilized
agent may be required. All*combustible materials
should be removed.

4.3.2 Practical Physical Limitations/Methods to Overcome
Wouid be diffi{cult to use on ceilings., Should be
applied to only small gections at a time to avoid
uncontrolled fire hazards.

4.3.3 Secondary Decontamination Treatment
None anticipated unless diffusion of solvent from the
porous materials is slow or incomplete (i1.e. residual
solvent remains fillowing treatment).

4,3.4 Clean-up Requirements
Clean=up of char, smoke residues and soot. Washing
of concrete with decon gsolution may be required.

4.3.5 Waste Treatwent and Disposal
Controlled ventilation and treatment of flue gas may

be necessary, Combustible materiale will require
separate decontamination,

4.4 State-of-the-Art
The method has never been used for building decontamination,

5.0 Engineering

5.1 Process Description

Remove | —3| Solvent| 5] Controlled 3| Char Removal/
Combustibles Soak Burning Clean-Up
Decontaminate

Nepeat Until Entire
Building i1s Decontaminated

5.1.1 Main Process

5.1.1.1 Paint Removal (If unecessary)
Sandblasting or paint stripping solvents
could bde employed.

5.1,1.2 Solvent Soak
A flammable organic solvent capable of
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Selelsd
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solubilizing agents of interest is required.
Pogsible choices include toluene, methyl
cellosolve, or diathylene glycol., The
solvent could be applied by spray or brush
and allowed to socak in. Only a small
gection of the building should be treated at
one time,

Controlled Burning
The solvent would be ignited remotely by a
hot wire or similar device. The burning
would be supported by an igniter, if
necessary.,

Gas Collection
Volatiles would be collected via portable
hoods.,

Gas Treatment
Flue gas may need to be contained and
treated,

5.1.2 Variations
Omit steps 5.1.1.1, S5.1.1.4 and S.1.1¢5 or com=

binations thereof.

Allow solvent and/or burning to

remove paint, and allow vapors to naturally vent.

5.2 Equipment/Support Facilities Needed

5.2.1
5.2.1.1

5.2.1.2
5.2.1.3

5¢2.1.4
5.2.1.5

Degcription

For paint removal standard commercial sand-
blasting equipment could be employed. Paint
stripping solvents could be applied by brush or

spray.
Spray or brush system for solvent application,

Remote ignition device for initiation of
burning flamer may be necessary.

Fan for vapor collection/suction.

Scrubbet, adsorption filter or similar system
for vapor treatment.

5.2.2 Reliability, Availability and Maintainability
Very high.

5.3 Decontamination Time

5.3.1

Set-up
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5¢3.3

5.4 Sﬂfety
Sebel

56462

5.4.3

6.0 Economics
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Remove all combustible material (e.g., plastic)., May
nieed to remove paint. Time dependent on amount

of material requiring removal. Setup of protection
equipment, 1f required, against the release of
volatilized agent (e.g. aerosol generator).

Application Time

5.3.2.1 Personnel
Moderate time to apply sclvent to each
section, ignite solvent, maintain and monitor
combustion.

5:3.2.2 Decontamination
Depends on depth of contamination and number
of applications required to solubilize all of
agent, It will probably take a few days.

5.3.2.3 Verification
Knowl edge gap.

Tear<-Down Time

5.3.3.1 Equipment Removal
' Minimal.

5.3.3.2 Clean—up
Moderate time for char, smoke residue and
soot clean-up.

Requirements

Process Hazards
Uncontrolled combustion, explosions.

Persounel Hazards
Burns, toxic vapor, Flammable solvents, volatiiized
agent., )

Protective Methods
Have fire fighting equipment on stand-by. Wear heat
resistant clothing. Respiratory equipment required in
all cases because of oxygen deprivation. Use remote
operation/shielding barriers and hoods to withdraw
smoke and toxic vapors. Level A or B clothing may be
required, Use an aerosol to decontaminate volatilized
agent.,

6.1 Building Damage - Repair Costs

Probable dam.ge to concrete, cement blocks from flames.
Expansion joints may reduce damage from thermal stresses,
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6.2 Developmnental Costs

Testing of flame maintainability and selection of solvent,

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Depends on necessity for flaming apparatus, but would
be quite small (cost of solvent counsidered under
material cost),

6.3,2 Equipment Cost
Relatively low. Costs include:
gpray or brush system
flamer
portable hood
scrubber/filter system
6.3.3 Material Cost

Solvent cost - depends on type of solvent, but may be
high because of amount required.

6+3.4 Manpower Cost
Substantial labor involvement.,

7.0 Future Work Required

Knowl edge Gaps

Degree of volatilization of agent.

Necessity of flaming to maintain combustion.

Necesgity of prior paint removal.

Extent of damage to building materials:

Building preparation dapends on necessity of prior paint
removal and nacessity of expansion jnints.

Solven: selection

.

7.2 ‘Resolution

Experimental testing.
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THERMAL DECOMPOSITION BY RADIANT (INFRARED) HEATING

General Description

1.1 Summary of Idea
Radiant heating employs the use of fuel or electrically
powered radiant heaters to heat building materials to the
decomposition temperature of the agent. Off-the-shelf
commercial radiant heaters may be employed. Heating external
and internal surfaces simultaneously may prevent volatili-
zation of agent to uncontaminated areas.

1.2 Origination of Idea
Novel Processing project team.

1.3 Obvious Advantages and Disadvantages
Advantages. Efficlient process (at least 67% of energy
gupplied to heater i1s converted to infrared radiation). No
contact between heater and wall is required. Not necessary
to heat air in the room. (Summer, 1965).

Disadvantages. Heating complex surface areas in a building
way be difficult only because of configurations of radiant
heaters. Building materials may be damaged. Volatilization
of agent to uncontaminated areas.

1.4 Variations of Idea
None

1.5 Sketch
See pages III-55,56,

Chemical Decomposition Treatment

2,1 Chemical Reactions
GB, HD and VX undergo thermal decouposition by either
pyrolysis in inert atmospheres or oxidation (combustion) in
excessg air.

CB Pyrolysis (325-=900 C)

0 0
CH3-p-F — CH3~P—F + CH = CHCH3
0C4Hy OH

GB Oxidation/Cowmbustion (250-1050 C)

. 0
2CHA=P-F + 1309 —> 8C09 + 9Hy0 + PoOg + 2HF
3 2 2 2 205
OC3H7
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3 Uniform radiation pattern assured with a wide flat infrared surface
versus the line pattern given in normal radiant heaters. This elim-
inates uneven heating of the work and allows uniform heating of a
stationary surface such as in an indexing process. '

" O Lower operating cost with up 10 80% of the input energy trans-
mitted 10 and sbsorbed by the work material. The maximum amount

of vadiant energy is transferred to the work with very low heater
convection losses. Typical instaflation two-four inches from the

work surface reduces significantly the energy input.

O Costty down-time minimized. There is no deterioration of the
output radiation level with heater life and no reflectors to clean
which could cause down-time and increased maintenance costs.
The unit is resistant to vibration because of the compact homo-
gensous construction.

3 Easy to instail. The light weight building block approach allows
for a modular installatlon which is easily expandabie. It is lightweight
in construction, less than seven pounds per square foot, can tvpically

~ be applied two-four inches from the work surtace simplifying heater

mounting and minimizing construction costs.

O Repestable process performance assured. Used with closed 1oop
control, the systemn automatically compensates for ambient tempera-
ture ranges and line voitage fluctuations. Maximum energy transfer
requires matching the peak wave length output to the specific
material absorption characteristics. Because the peak wave lengths
of the tiat surtace heater are repeatabie and adjustabie the quality
output of the process is assured.

O Easy to control. The use of time proportioning contiol with closed
loop feedback, such as Chromalox Series 3800 temperature con-
trollers, Chromaiox magnetic contactors or CSCR power controliers
assure easy and dependable system control. Thermowells in two
tocations in the heater interior suitable to accept Chromalox
standard thermocouples, sense the emitter temperature insuring
accurate wave length emission. Fast response time of the unit
reduces thermal lag. -

D P .

Radiant heaters - T
AR : III-55
Types CPL and CPH—wide area-flat surface sections Ratings
g.gto;g kV::/F'I" | o7 - [Dimonsions ttn Carem
to 7.9 micron wave length - A 8 stox
., Oversl Oversil Watns/ {Therm Catalog ApDreR
200°F to 1600°F emitter temperatures Longth | Wigin | Vvoits {shase]xw [Sa.in. | owen No. peN_[weignt
6 |12 [120/240] L JLI[ 15 [Yes |CPLOBIZT [223790) 3
6 112 Paorago| 1 J18] 25 |vYes ICPH-06247|223802] 3
T, SRR 12 |12 [2A0/480[ 1 [22| 15 | Yes |CPL.12247 [223810] 6
R 2 12 |12 fae0i4s0] 1 36| 25 | No [CPH122¢ |273829] 6
o 12112 j240:4801 1 136] 25 | ves {CPH.12247|223237]| €
1 4 [ 12 eorasof 1 [43] 15 | ves [CPL2euT [223845] 12
4 L2 [0} 3 12f 25 | No |CPH-2423 |223853| 12
2 f12 | 20 | 3 [72| 25 |ves [CPH-2023T|2Z3881| 12
2 f12 pas0 | 3 |72) 25 | Ne |CPH-2443 223870| 12
20 112 | 480 | 3 Y721 25 |ves |CPH-24437[2238381 12
48 |12 | 200 | 3 §BE| 15 [Yes [CPL-4B23T 1223896 24
a8 |12 | 40 | 3 (86| 15 | N [CPLaB3 [223908| 2
48 |12 | 480 | 3 }BE| 15 +ves |CPL-484IT |223917| X
48 112 | 40 | 3 Baa| 2 ves [CpHag2iT|23Es| 2
a8 112 ) 480 | 3 Badaf 25 |ver |CPHa84TT|723833) 20
60 |12 | 480 | 3 BOB| 15 {ves |CPi.60437 {223841] 30
60 |12 | 240 | 3 B8O 25 |vYes |CPH.60237)223950f 30
60 ] 1z | 480 | 3 §BO| 25 | ves |CPH-6043T|223%8| 30
Construction

U.S. Patent Pending

B3 Emission Surface —Wowven refractory cloth with black ceramic
coating for high radiant energy transfer.

B3 Heater Eiement—Precision iron base resis:ance wire, designed
to give extended life and uniform emission over entire radiating
surface.

Heater Element Support—Fibrous ceramic material, specially
developed for high insulation qualities, durabifity, shock resistant
and asbestos free.

B Insulation—Fibergiass insulation to minimize heat loss out the
back of the heater.

Frame—Heavy gauge, heat resistant, aluminized steel.
Terminals — Stainless steef terminals are provided in a standard
4" x 4" junction box for easy hookup. (not shown)
Thermowell—Quality tubular quartz thermowell, with strain relief,
to accept a Chromalox C-700JU or C-700KU thermocouple on

units with suffix “T" in catalog number.
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" block for bus bar, wilt accent 1. 20r 3 -

. heating elements. Designed for use with "
“locally available hargware, they provide

great tlexibility in radiant sources and house
ings. for a single heatorsedsonoracom-
piete oven.

Chromalox supplies oven sections, heating

. elements, frame wireways, controis and
- wifing. Framing hardware and brackets -
. must be obtained fromAlocn_l syppliefs.

. ="
RPN N

_Single heater mountings .

Threaded rod and
continuous-slot
metal traming

Formed strap iron

Angle iron

Flat heater banks
Angie iron
ang chain.

Continuous-siot metal framiry
and metal wireway

Large oven
sections

Straight and formed
angle iron

- Angle ‘ron trame.
strap-iron brackets
and shee! slummnum

Formed ovens

Formed strap iron bolter
to machine frame

Angle iron frame and

strap-iron brackets

Angleitonor i L . eRa
commuous-uol !nmung ,~ :

" Curved Strap iroe |

Danger—Hazard of fire—Avod direct con-
tact of heater case with any combustible
surfaces. Energized heaters shouid be
spaced so that no oombusrbb surfaces
avened 184°F, Sy =it .
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HL Pyrolysis (180-900°C)

Main Reaction: S8(CHyCH,Cl)y —> HS + 2CH2=CHC1

HD Oxidation/Combustion (250-1000°C)

S(CHyCHoC1)y + %g.oz-saaccz + 3H90 + 2HC1 + SO3

VX Pyrolysis
Confidential

VX Oxidation/Combustion (600-1200°C)

2C)1Hog02PSN  + %? 02 — P205 + 2NO3 +
2200, + 26Hy0 + 2507

2.2 Hazardous Products
The oxidation/combustion products of the agents are
relatively non=toxic gaseous and volatile specles. Howaver,
reports of potentially hazardous pyrolysis products of the
agents have been reported for HD including: Ethyl Mercaptan;
Diethyl Sulfide; 2,2'Dichlorodiethylsulfide, and Vinyl
Chloride.

2.3 Destruction Efficiency, Residue Level
Complate decomposition of the agents is anticipated 1f the
agent can be maintained at the decomposition temperature for
the prescribed period of time., For example, complete
decompogition of G3 by pyrolysis was observed after heating
at 150 C for 2-1/2 hours (Anonymous, 1974).

2.4 Reaction Rate/Kinetics

_ d(Vx) = [9.6 x 108 exp (~14,000/T(°K)](VX)
dt

_ d(GB) = [1.5 x 108 exp (-11,700/T(°K)](GB)
dt

d(HD) = [1.8 x 109 exp (~12,632/T(9K)](HD)

- —

dt

where (VX), (GB), (HD) = concentration of the
the respective agent
t = time (sec)
T = temperature (9K)

2.5 Supplementary Treatment
Supplementary treatments may be required to remove and/or

decompose the thermal decomposition products of HD, GB and VX
if pyrolysis rather than oxidation occurs,
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2.6 Stata—of-the-Art
Several studies have been performed on the pyrolysis and
oxidation/combustion of agents including several references
(Pugh, 1970; Hildebrandt, 1972; Lapp, 1962; Sass, 1972;
Tomlinson, 1980; Williams, 1947; Reeves, 1954; Brooks 1979).
A review of the state—of-the-art 1s given Section 4.4,

3.0 Physical Treatment
Not applicable.

4.0 Applicability

4.1 Agent Applicability
The radiant heating concept has the potential applicability
to all agents.

4.2 Isolated Building Material Applicability
All materials coumpatible with the required decomposition
temperature.

4.,2.1 TImpact of Substrate on Chemistry
The agent may be adsorbed on the surface or pores of
the substrate while adsorption of the contaminant on
particular substrates may inhibit or catalyze the
decomposition reaction the effect will be probably
small, :

4.,2.2 Removal or Reaction of Contaminant from Surface
Complete decontamination of all surfaces is expected.

4,2.3 Removal or Reaction of Contaminant from Interior
Th> infrared radiation will primarily heat the
gurface. Heat conduction from the surface will heat
the interior of the building naterial to the
decompcsition temperature of the agent., However, long
wave IR may be employed to heat some materials from
their center to the periphery.

4.2,4 Damage to Material
Some damage to building materials guch as concrete
dehydration and, possibly, cracking of cement is
expected. See Appendix I for discussion of thermal
stability of materials., Different radiation intensi-
ties may be employed on different materials to mini-
mize damage.

4.3 Practical Applicability to Building

4.,3.1 Building Preparation
Removal of plastic and other combustibles may be

required.
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4,3.2 Practical Physical Limitations/Methods to Overcoume
Heat transfer from the infrarad source is by radiation
which heats only the surface. However, the sub-
surfaces of the bullding material will be heated by
conduction. Thus, no limitations are expected.

4,3.3 Secondary Decontamination Treatment
A secondary treatment may be required to remove
hazardous decomposition products.

4,3.4 Clean-up Requirements
Wash down and repainting is all that is antic¢ipated.

4,3.5 Waste Treatment and Disposal
Combustible material removed from the building may be
decontaminated chemically or by incineration. Venting
of any volatilized agent and product gases to a gcrub-
ber unit will be necessary.

4.4 State-of-the-Art
Although radiant heating has not been applied to heating
building materials for thermal decomposition of ageuts,
radiant heating has been used for paint drying plastic
moulding, in the leather and tire industry, clay drying (long
wave radiation penetrates into the clay to cause drying from
the inside out), and metal heating. (Summer, 1965)

5.0 Engineering

5.1 " Process Description

" Radiant .__4+ Thermal . .
Heater Decontamination Tear=-Down Clean-Up
Set=Up - | , )

Repeat Cycle Until Building is Decontaminated

5.1.1 Main Process
The radiant heaters are set up in a geries of baunks in
a gsection of the building and operated until it is
decontamirated. The equipment 1is then moved to
another section of the building and the process
repeated until all areas of the buillding are
decontaminated.
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5.1.,2 Variations
Enough IR heaters may be supplied go as to treat the
entire building simultaneously,

Equipment /Support Facilities Needed

5.2.1 Description
Infrared (radiant) heaters. Secrubber system
(including blower), 1if necessary, to remove
volatilized agent and product gases.

5.2.2 Reliability, Availability and Maintainability
Expected to be high because of off=-the-shelf equipment
that will be used.

Dec¢ontamination Time

5.3.1 Set"up
Set—-up time may be relatively long especlally if there
are complex areas in the building. Set-up for
straight wall should be simple. Set-=up time may also
involve protection againac release of volatilized
agent, 1f necessary, such as sealing the bullding,
set-up of an aerosol decontaminant generator, etc.

5.3.2 Application Time

5:3.2.1 Personnel
Required primarily in equipment set-up and
tear-down; otherwise only routine maintenance
and monitoring will be required.

503.2.2 Decontamination
Decontamination time 1s dependent on the
agent building materlals and heat-up rates.
It 1s expected to take several minutes to
hours.

5.3.2.3 Verification
Knowledge gap.

" 5,3.3 Tear-Down Time

5.3.3.1 Equipment Removal
Removal time 1s expected to require less time
than set-up.

5.3.3.2 Clean-=up
Cleanup will be primarily repainting.

5.4 Safety Requirements
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5.4.1 Process Hazards
Potential for a fire when combustible materials (e.g.
plastics) are heated. This may be reduced if either
moderate heat-=up rates are employed or if an inert
atmosphere maintained in the building during decontam-
ination or if the materials are removed prior to heat-

ing.

5.4.2 Personnel Hazards
Burns from hot equipment or building. Volatllized
agent., ’

5.4.3 Protective Methods
Perscnnel may not be required to be inside building
during decontamination, Hoods may be used to
ventilate decontamination areas. Level A or B
clothing nay be required. Preventing release of
agents tn uncontaminated areas, if volatilized
undecomposed, may be accomplished by elther spraying
surfaces with decon solution or by use of aun aerosol
decontaminant.

6.0 Economics

6.1 Building Damage -~ Repair Costs
Building stresses from thermal process may cause cracking of
concrete, cement or bricks., Expansion joints may alleviate
stresses resulting from thermal expansion.

6.2 Developmental Costs
None for the process since off the shelf equipment is
employed. However, cemperatures and heating times must be
stipulated for the series of building materials under
congideration prior to equipment selection.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Utilities are expected to be a small part of the
overall costs.

6.3.2 Equipment Cost
0ff-the—shelf equipment can be employed and reused at
gseveral aites. Some initial electrical wiring may be
required.

6.3.3 Material Cost
None anticipated.
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6.3.4 Manpower Cost
Moderate manpower cost because of set-up and tear-down
times.

7.0 Future Work Required

7.1 Knowledge Gaps
Time and temperature required to decompose the agents while
minimizing volatilization in various building materials
{brick, concrete, etc.) must be determined.

7.2 Raesolution 4
Experimental testing.
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THERMAL DECOMPOSITION USING CO2 LASER

General Description

1.1 Summary of Idea
This method would utilize a CO9 laser to direct an infrared
lager beam onto a contaminated building surface. Surface
contaminants would be thermally decomposed directly; sub-
surface contaminants could be thermally decomposed by heat
conduction from the irradiated surface.

1.2 Ordigination of Idea
Novel Processing project team.

1.3 Obvious Advantages and Disadvantages
Advantages., The laser could be centrally located in a room
and operated by computer control for ease of operation.

Disadvantages, Limited to line-of<gight locations. A highly
complex beam guidance system would be necessary. Decontami-
nation rate may be substantially restricted by small laser
beam diameter. Building materials may suffer damage from
thermal effects. High capital cost., Volatilization of agent
may occur.

l.4 Variations of ldea
None.

1.5 Sketch
None. .

Chemical Decomposition Treatment
2.1 Chemical Reactions
GB, HD and VX undergo thermal decomposition by either

pyrolysis in inert atmospheres or oxidation (combustion) in
excess air.

GB Pyrolysis (325-900 C)
0

i '
cn3-=g-F ——> CH3 P-F + CHy = CHCHj
CaHy OH

GB Oxidation/Combustion (250-~1050 C)

0
2CH3-P-F + 1303 ——>8C05 + 9H90 + P05 + 2HF
C3Hy
HD Pyrolysis (180-900 C)

Main Reaction: S(CHpCH»Cl) —> H2S + 2CHz = CHCI
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HD Oxidation/Combustion (250-1000 C)

S(CHaCH2C1) g + 521 0y —»4C02 + 3H20 + 2HC1 + S0

VX Pyrolysis
Confidential

VX Oxidation/Combustion (600-1200 C)

2C) 1Hpg02PSN + 122 02 —>P205 + 2NO2 + 22C05 + 26H20 + 2502

2.2 Hazardous Products
The oxidation/combustion products of the agents are
relatively non-toxic gaseous and volatile species., However,
reports of potentially hazardous pyrolysis products of the
agents have been reported for HD including: Ethyl Mercaptan;
Diethyl Sulfide; 2,2'Dichlorodiethylsul fide; and Vinyl
Chloride.

2.3 Destruction Efficiency, Residue Level
Complate decomposition of the agents is anticipated if the
agent can be maintained at the decomposition temperature for
the prescribed period of time, For example, complete
decomposition of GB by pyrolysis was observed after heating
at 150 C for 2~1/2 hours (Anouymous, 1974).

2.4 Reaction Rate/Kinetics

— d(¥x) = [9.6 x 108 exp (~14,000/T(9K)](VX)
dt

_ 9(GB) = (1.5 x 108 exp (~11,700/T(°K)](GB)
dt

— 4(BD) = [1.8 x 109 exp (~12,632/T(°K)](HD)
dt

where (VX), (GB), (HD) = concentration of the
the respective agent °
t = time (sec)
T = temperature (OK)

2.5 Supplementary Treatment
Supplementary treatments may be required to remove and/or

decompose the thermal decomposition products of HD, GB and VX
if pyrolysis rather than oxidation occurs.

2.6 State-of-the-Art
Several sgtudies have been performed ou the pyrolysis and
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oxidation/combustion of agents including several references
(Pugh, 1970; Hildebrandt, 1972; Lapp, 1962; Sass, 1972;
Tomlinson, 1980; Williams, 1974; Reeves, 1954; Brooks 1979),
See the general section reviewing the state-of-~the-art,

Physical Treatment
Not applicable.

Applicability

4.1

4e2

4.3

Agent Applicability
CO2 laser concept has the potential applicability to all
agents.

Isolated Building Material Applicability
All materials compatible with the required decomposition tem-
perature for surface decontamination.

4,2.1 TImpact of Substrate on Chemistry
The agent may be adsorbed on the surface or pores of
the substrate. While adgorption of the contaminant on
particular substrates may inhibit or catalyze the de-~
composition reaction the effect will be probably
small,

4,2,2 Removal or Reaction of Contaminant from Surface
Complete decontamination of all surfaces 1s expected.

4.2.3 Removal or Reaction of Contaminant from Interior
Potentially applicable, but will depend on the ability
to control heat penetration from the surface.

4,2.4 Damage to Material
Extent of damage depends on the laser beam intensity
and dwell time. Cement and concrete are subject to
cracking and dehydration at high temperatures. Metals
are readily oxidized at high temperatures. Refer to
general discussion of temperature stability of build=-
ing materials. (Appendix I}

Practical Applicability to Building

4,3.1 Building Preparation
Removal of paint and other combustible material may be
dtecessary, The building should be sealed during de-
contamination to prevent release of volatilized agent,

4,3.2 Practical Physical Limitations/Methods to Overcome
Restricted to line-of-sight locations., This could be
partially overcome by movement of mirrors to different
pergpectives within a given room,
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4.3.3 Secondary Decontamination Treatment

Treatment of regions that are inaccessible to the
lager may be required.

4¢3.4 Clean~-up Requirements
Removal of surface char, and wash down needed.

4.3.5 Waste Treatment and Disposal
Deconmposition product vapors may need to be collected
and treated. Properly positioned hoods could collect
the vapors and any volatilized agent, and treatment
could be achieved using either a scrubber, absorption
filter, or similar system. All combustible material
removed would require decontamination by either
chemical means or by incinerat iom.

4.4 State—of-the=Art

The method has never been used for building decontamination.

5.0 Engineering

5.1 Process Description

Laser
Set-up

Secondary

Thermal “=; lLaser
Decontamination Tear—-down —3 Clean-up Decontamination
Treatment

(1f necessary)

5.1.1 Main Process

5.1.1.1 Paint removal
Sandblasting, paint stripping solvents or
flaming could be employed, depending on the
building material.

5.1.1.2 Laser treatment
A continyous wave COy laser source would be
positioned in a stationary location inside a
bullding or room. A complex network of
mobile mirrors and lenses would be required
to direct and focus the beam onto a contami-~
nated surface. A computer control system.
would be required to move the mirrors so that
a large surface area could be scanned., The
beam intensity, beam size, angle of inci-
dence, and scan rate, would all have to be
manipulated to achieve the desired surface
temperature and depth of heat penetration,

5.1.1.3 Gas collection
Volatiles could be collected by properly
positioned hoods.




I1I=67

Seleled Gas treatment
Vapors may need to be treated to minimize
safety hazards and air pollution,

$¢1.2 Variations
Omit Steps 5.1.1l.1, 5.1.1.3 and 5.1.1.4 or
combinations thereof, Allow laser to remove paint.
Allow vapors to vent naturally.

5.2 Equipment/Support Facilities Needed
5.2.1 Description

5.2.1.1 Paint removal equipment
Sandblast. Use standard commercial
sandblasting equipment. Best for porous
materials (concrete, brick, etc.).
Paint Stripper. Apply solvent by brush or
spray., Best for impervious materials
(metals),

Flaming., Use standard paint removal torches.
May be suitable for metal.

5.2.1.2 Laser equipment
The main component would be a CO; laser with
power intensity in the range of 1-5
kilowatts. Accessories include mirrors,
lenses, remote control equipment, computer
hardware and software.

5024143 Gas collection equipment
Portable hood.

5.2.1.4 Gas treatment
Toxic¢c vapors may be treated in a scrubber,
absorption filter or similar system.

5.2.2 Reliability, Availability and Maintainability
Very low because of the complexity of the laser system,

5.3 Decontamination Tine

5.3.1 Set-up

5¢3.1.1 Very long set up time., In addition to possible
paint removal, a complex beam guidance system
may be required. This would involve installa-
tion of the laser source in an appropriate
location, installation of a complex network of
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mobile mirrors and lenses, and computer inter—
facing and programming.

5.3.2 Application Time

5.3.2.1 Personnel
System monitoring and maintenance is
anticipated but would -be minimal,

5.3.2.2 Decontamination
Decon time will depend on the beam size, scan
rate and the complexity of the guidance
system (e.g., ¢7a the entire room be treated
with a single network configuration or will
it require maneuvering). Generally, decon
may take days,

5:3.2.3 Verification
Knowl edge Gap.

5.3.3 Tear-Down Tine

5¢3.3.1 Equipment Removal
Remioval of laser source and beam guidance
system would proceed quickly,

5. 35 302 ﬂlea’r‘.—up
Short time for removal of surface char and
wash down of dehydrated cement.

5.4 Safety Requirements

S.4.1 Process Hazards
None anticipated.

5.4,2 Persotnel Hazards
Burns from reflected laser beam and volatilized agent.

5.4.3 Protective Methods
Wear heat resistant clothing.
Wear eye protection,
Use remote operation/shielding barriers.
Level A or B clothing may be required to be worn
by personnel entering the building.

6.0 Economics

6,1 Building Damage - Repair Costs
Depends on depth of thermal penetration and beam intensity.
Potentially quite severe, but can be minimized by short
surface exposure or cutting expansion joints,
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6.2 Developmental Costs
Tegting of temperature requirements.
Design and construction of beam guidance system.
Compuier programming and interfacing requirements
specification.

6.3 Treatment Costs

6.3.1 Ucrilities and Fuel Cost
Electrical requirements may be substantial.,

6.3¢2 Equipment Cost
Subgtancial, including cosc o::

Coy laser,
Beam guidance system,

Computer system (microprocessor).,

6.3.3 Material Cost
None anticipated.

6.3.4 Manpower Cost
High labor cost including paint removal ({f

necessary), system set-up and tear-down, system
monitoring.

7.0 Future Work Required

7.1 Knowledge Gaps
Extent of damage to porcus building materials.
Extent of volatile penetrzation via thermal diffusion.
Applicability to painted surfaces.
Effect of substrate on decomposition temperature of
contaminant,

7.2 Resolution
Experimental testing.
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HYDROBLASTING

1.0 General Description

1.1 Suumary of ldea

A high pressure (500-20,000 psi) water jet impacts the surface
removing the contaminated surface. Surface debris and water
is then collected and thermally or chemically decontaminated.

1.2 Origination of Ides

MNcvel Processing project team.

1.3 Obvious Advantages and Disadvantages

Advantages. Hydroblasting offers a relatively inexpensive,
non=hazardous surface decontamination technique using off-
the-ghelf (commercial) equipment. Hydroblasting can very
easlly incorporate varlations such as hot or cold water,
abrasives, solvents, surfactants, and varied pressures, Many
manufacturers produce a wide range of hydroblasting systems
and high pressure punps.

Disadvantages., Hydroblasting may not effectively remove con-=
taminants that have penetrated the surface layer. Large
amounts of water will have to be collected and treated.

1.4 Variations of Idea

Remota operated hydroblasting rigs could be designed and used
on walls or floors. Surfactants, caustic solutions, and cou-
merclial cleaners can be added to the water to decrease sur-
face tension and increase cleaning, rate of hydrolysis, and
podsibly the depth of penetration,

Other solvents c¢ould be used in combination with water
(water/acetone) to veplace water all together, to take
advantage of agent solubility. Sand or other abrasives

can be ugsed to increase the abragive surface removal (add-on
attachments are available from the manufacturers),

1.5 Sketch
— Hydro- //f
Storage ~ High Blaster
Makeup Tank | Pressure / + Wall
N Water
Water
Recycle
Water Waste
Water
f Treatument
Pump~+
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2.0 Chemical Decompogition Treatment

3.0

4.n

Caustic solutions should aid the hydrolysis of GB and VX and, to a
minor extent, HD, but the principal interest here 1s physical
removal,

Physical Treatment

3.1 Removal Efficiency, Residue Level
Complete removal of surface contamination is anticipated.
High pressures (10,000-20,000 psi) and chemical additives
may enable removal of contaminants from below the surface.

3.2 Hazardous Wastes
The removed debris still contains the active agent.
Spent water may contain agents and therefore requires
waste treatment prior to recycle or discharge.

3.3 Supplementary Treatment(s)
Other physical, chemical ot thermal methods may be required
to either remove or react with agents that have penetrated
the surface layer through cracks or pores.

3.4 Waste Recovery and Disposal
The removed surface debris and spent water needs to be
collected in a gump aystem, Water may be recycled to blaster
following agent removal, Surface debris will need to be
periodically removed from the sump and decontaminated.

3.5 State-of-the~Art
Hydroblasting has been used to decontaminate nuclear
facilities (Manion, 1980) and military vehicles (Bless, 1980).

Applicability

4,1 Agent Applicability
Hydroblasting is applicable to all agents.

4,2 1Isolated Building Material Applicability
Applicable to concrete, cement, bri:k, metal, ete,

4.2.1 TImpact of Substrate on Chemistry
None aunticipated.

4+2.2 Removal or Reaction of Contaminant from Surface
Complete removal of contaminant from the surface
is expected.

4.2.3 Removal or Reaction of Contaminant from Interior
Chemical additives or solven: other than water may
allow contaminants to be removed from sub-surface
layer. High pressures (10,000 - 20,000 psi) and/or
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added abrasives can physically remove surface layers
enabling contaminant to be removed from sub-surface
layars .,

4.2.4 Damage to Material
Minimal - water may damage insulation or other types
of materials but most building materials will be
undamagad.

Practical Applicability to Building

4.3.1 Building Preparation
Existing sump/water colleation systems will have to be
checked for leaka. Instaliation of sumps and external
water storage tanks may be necessary.,

4.,3,2 Practical Physical Limitations/Methods to Overcome
None anticipated = all areas of a bullding could be
accessible to water sprays.

4.3.3 Secondary Decontamination Treatment
Other methods may need to be employed to remove/
decontaminate agents that may have penetrataed the
surface through cracks and pores.

4.,3.4 Clean-up Requirements
Minimal - the collection system and sumps will have to
be thoroughly cleaned to remove any remaining debris
and agent residue. The spent wash water will have to
be treated and disposed of. All surface debris will
have to be collected for decontaminatlon and disposal.

4.3.5 Waste Treatment and Disposal
T All removed agents will have to be separated from or
treated in large quantities of water. The surface
debris will have to be separated from the water (using
settling for example) and decontaminated.

State~of-~the-Art
Hydroblasting has been employed to commercially clean
bridges, building, heavy machinery, highways, ships, metal
coatings, railroad cars, heat exchanger tubes, reactors,
piping, etc. Off-the-gshelf equipment is available from many
manufacturers and distributors. (Manufacturer's brochures)

5.0 Engineering

5.1

Process Description
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Equipme » — E i>__ ¢ Secondary
quipment Hydroblasting quipmen ‘ Decontamination
Set-Up Tear Down _Treatment _

Water Treatment Debris
and 3 Decontamination
Debris Separation and Disposal

5.1.1 Main Process
Manual or automated water blasting equipment 1s
employed to physically remove/clean all building
surfaces, Water and debris are collected in a sump
gsystem. Water is treated (if necessary) and recycled.
Debris is removed from water, decontaminated and dis-
posed of,

5.1.2 Variations
Surfactants, solvents, or abrasives can be added to
the hydroblasting equipment to aid in gurface pene-
tration and/or surface removal. An organic¢ solvent
could raplace water in the blasting scheme.

5.2 Equipment/Support Facilities Needed

5.%.1 Description :
Water blasting system congisting of high pressure pump
hoses and nozzles.

Water collection sumps
Water storage tanks
Conventional water pumps

5¢2.2 Reliability, Availability and Maintainability
Off-the-shelf equipment is employed and the system is
quite simple so the RAM is high,

5.3 Decontamination Time

5.3.1 Set-up

Minimal - inspection of existing sump systems and
posaible installation of such a system.

5.3.2 Application Tinme

5.3.2.1 Personnel
Could be extensive - all surfaces must be
treated. Automated hydroblasting systems
will decrease personnel time but increase
equipment cost,.
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5.4 Safety
5.4.1

5.4.2

5.4.3

6.0 Economics
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5:342.2 Decontamination
Dependent upon the technique chosen for the
decontamination of debris and sacondary
treatments (if necessary) - anticipated to be
moderate to long.

5.3.2.3 Verification
Knowledge gap.

Tear-Down Time

5.3.3.1 Equipment Removal
Minimal.

5.3.3.2 Clean-up
Low to moderate - The collection system will
need to be rinsed of debris and the spent
water treated.

Requireuents

Process Hazards
None anticipated.

Personnel Hazards
No gerious hazards are presant although high pressure
water lines are a potential hazard.

Protective Methods
Protective clothing should be worn.

6.1 Building Damage — Repair Costs
Minimal - The surface left on gome materials may require
palnting or other finishing methods.

6.2 Developmental Costs
Minimal - hydroblasting technology is well developed.
Water and debris treatment systems will have to be selected.

6.3 Treatment Costs

6.3.1

6.3.2

Utilities and Fuel Cost
Moderate ~ hydroblaster can be powered by gas,
electric, or diesel fuel.

Equipment Cost
A 10,000 psi, 10 gpm diesel powered pump, with trailer
$27,138 and wet sandblast mixing head $542. 5000 psi,
10 gpm diesel powered pump, with trailer $19,125.
(Manufacturer's brochures).
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6.3.3 Material Cost
Solvents, surfactants or abrasives, if added.

6.3.4 Manpower Cost
Could ba uxtensive - automated systems can decrease
manpower cost but will increase equipment cost.

7.0 Future Work Required

7.1 Knowladge Gaps
Selection of a treatment technique to remove or decompose
small quantities of agent from a4 large quantity of water,
Decontamination and disposal technique for removed surface
debris.

7.2 Resolution
Experimental testing.
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ACID ETCH/NEUTRALIZATION

1.0 General Description

1.1 Summary of Idea
Acid is applied to a surface to promote corrosion.
Neutralization of acid and removal of the surface layer
follows. The debris is then nautralized and disposed.
However thermal or chemical decontamination of removed
material may be required.

1.2 Origination of Idea
Novel Processing project team,

1.3 Obvious Advantages and Disadvantages
Advantage. Probably will cause decomposition of the agent as
the material is corroded from the surface.

Disadvantages, Removal of a portion of the "metal"”, may
weaken the structure. Hazardous operation. Requires gpecial
application equipment. Primarily applicable to metals which
will readily corrode. Large material requirement.

1.4 Variations of Idea
The acid can either be applied as a mixture in steam or the
acid can be spraved or brushed on at ambient or elevated

temperatures.
1.5 Sketch Sp“’“[/
_7- + ‘
Acid V |
Reservoir vV JBuildin
K/ wall
Recycle
Acid 4
Sump //
Pump -+
==

*  Debris/Agent Removal

2.0 Chemical Decomposition Treatment
Nov applicable.

3.0 Physical Treatment

3.1 Removal Efficiency, Residue Level
Very effactive and complete removal of metal surfaces such as
mild steel, May also be effective on concrete, brick
structures and some plastic materlals,
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3.2 Hazardous Wastes
Residual agent may remain in the waste, Spent acid should be
congidered hazardous,

3.3 Supplementary Treatment(s)
Secondary methods (physical, chemwical and/or thermal)
required to decontaminate/remove contaminants that have
penetrated the surface layer through cracks and pores.

3.4 Waste Recovery and Disposal
Removal of the layers of metal oxldes formed on steel by, for
example, sand blasting may be required. Spent acid may be
recycled followed by remcval of agent residues.

3 5 State-of-the~Art
Corrogivity of various acids to building materials is known.

Applicability

4.1 Agent Applicability
Method applies to all agents.,

4,2 1Isolated Building Material Applicability
Applicable primarily to mild steel.

4,2,1 Impact of Substrate on Chemistry
None anticipated.

4.2.2 Removal or Reaction of Contaminant from Surface
Method removes contaminants from metal surfaces; may
be ineffective on other surfaces such as concrete.

4,2,3 Removal or Reaction of Contaminant from Ianterior
Ineffective on interior of building materials.

4.,2.4 Damage to Material
May weaken the material depending on the number of
applications and its initial thickness.

4.3 Practical Applicability to Building

4.,3.1 Building Preparation

Paint removal may be required if paint is corrosion
registant,

4,3,2 Practical Physical Limitations/Methods to Overcome
Acid can be sprayed on equipment and pipes (inside and
out) so no physical limitations anticipated.

4,3.3 Secondary Decontamination Treatment
Other materials not affected by the acid treatment
will require decontamination,
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4,3.4 Clean=up Requirements
May need to remove residual oxide coatings from metal
surfaces. Neutralization and water wash,

4,3.5 Waste Treatment and Disposal
Insoluble metal oxides and salts require treatment
such as filtration. Disposal of a large amount of
goluble salts requires concentration before they can
be placed in a land fill.

4.4 State=of-the~Art
Has not been used to decontaminate bufldings.

5.0 Engineering

5.1 Procegs Deascription 1144
- T [ Spent Acid/ Secondai
Acid Spray Water Wash “Debris Collection Decontamin:

ﬂ[ Waste Treatment -———J Sand Blast!

Lﬁ(For examp]

Recycle Acid

5.1.1 Main Process
The acid is applied onto the surface, and is allowed
to induce corrosion. The surface is neutralized and
finally washed with water. A secondary decontamina-
tion treatment may tlen be required to remove contami-
nants from concrete, brick, etc.

5.1.2 Variations
The application can be by spraying, brushing on, or
with a gas, for example, HCL gas.

5.2 Equipment/Support Facilities Needed

5.2.1 mscriptiﬂﬂ
Acid neutralizer; spraying equipment and pump; water
spraylng equipment (hose); acld source; steam source
(optional).,

52,2 Reliability, Availability and Maintainability
Equipment is available, but may not be corrosion
reslstant. FEquipment will probably require substan-
tial maintenance and periodic replacement.

5.3 Decontamination Time
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5.3.1

5.3.2

5.3.3

5.4 Safety
Selel

5.4.2

5.4.3

Economics
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Sat —up
Paint removal may ba required before treatment.

Application Time

5.3.2.1 Personnel
Personnel required only for spraying and
cleanup. . The process may be time consuming
to ensure all surfaces are treated and if
repeated applications are required.

54342.2 Decontamination
Decontamination time may be long dus to slow
reaction rate.

5.3.,2.3 Verification
Knowledge gap.

Tear-Down Time

5¢3.3.1 Equipment Removal
Equipment removal should not take very long.

5.3¢3.2 Cleaﬂ-up
Subgtantial time anticipated. All the acid
must be completely washed off the equipment
to avoid corrosion. Sand blasting and col-
lection of spent acld may be required.

Requirements

Process Hazards
Acid.

Personnel Hazards
Acid burns.

Protective Methods
Personnel protection required (rubber suit/boots/
gloves) eya protection and breathing protection.
Safety shower should be readily available,

6.1 Building Damage - Repair Costs
Metal parts will be damaged but concrete may be undamaged.

6.2 Developmental Costs
Modest - developmental cost including testing effective-
ness.

6.3 Treatment Costs
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6.3.2

6.3.3
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Utilities and Fuel Cost
Low cost. Power for spraylng pump.

Equipment Cost
Corrosion reslgtant equipument.

Material Cost
Low cost although a large quantity will be required.

Manpowaer Cost

Moderate to high cost becausae of application and
clean-up time.

7.0 Future Work Required

7.1 Knowledge Gaps

Secondary decontamination treatment must be stipulated.
Effectiveness of acld removal of agents must be
established,

7.2 Resolution
Experimental testing.



1.0

2.0

3.0

I1I-81

SANDBLASTING

General Description

1.1 Summary of Idea

Sandblasting is an abrasive gurface removal technique in

which an abrasive such as steel pellets are used to uniformly
remove building material surface layers containing the
contaminants,

1.2 Origination of ILdea
Literature (Plaster, 1964).

1.3 Obvious Advantages and Disadvantages
Advantages. Sandblasting is a widely used surface removal
technique. It can simultaneously and readily remove paint
and contaminants in close proximity to the surface.

Disadvantages. Large amount of agent laden dust and debris
generated. Only effective as a surface treatment. Requires
personnel to wear potective (level A or B) gear.

1.4 Variatione of Idea

Alumina oxide, glass beads or steel shot may
be used as the abrasive instead of sand.

1.5 Sketch
See page III-86,

Chemical Decomposition Treatment
Not applicable.

Physical Treatment

3.1 Removal Efficiency, Residue Level

Complete removal of surface and near surface contaminants can
be achieved.

3.2 Hazardous Wastes

Sandblasting will generate debris, dust and abrasive contam-
inated with agents.

3.3 Supplementary Treatment(s)
Drilling and spalling or other techniques may need to be
employed to remove contaminants that have penetrated the
surface layer through cracks and pores.

3.4 Waste Recovery and Disposal
The removed surface and spent abrasive must be collected (by
vacuum or other means) and disposed of by incineration, for
example. Vacuuming or water spraying with decon solution of
gurfaces will also be required to remove remaining dust.
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3.5 State-of=the-Art
Sandblasting has been employed asince 1870 to remove surface
layers from metallic and ceramic surfaces, and is currently
used extensively throughout industry.

4.0 Applicability

4.1 Agent Applicability
Applicable to all agents (HD, VX and GD).

4.2 1Isolated Building Material Applicability
Applicable to all materials of interest.

4,2,1 Twpact of Substrate on Chemistry
None anticipated.

4,2,2 Removal or Reaction of Contaminant from Surface
Complete removal of contaminant from surface for all
building materials is anticipated.

4.2.3 Removal or Reaction of Contaminant from Interior
Ineffective for depths grater than about 1/8 to 1/2
inCh .

4,2,4 Damage to Material
Minimal because only surface layer removed.

4.3 Practical Applicability to Building

4,3.1 Building Preparation
None required.

4.3.,2 Practical Physical Limitations/Methods to Overcome
Corners may not be sandblasted effectively,
Obstructions (e.g., pipes bolted to a wall) may
require removal. Since abrasive is a "sprayed” method
is applicable to many hard-to-reach areas (ceilings,
behind equipment, etc,)

4.3.3 Secondary Decontamination Treatment
Drilling and spalling or other techniques may need to
be employed to remcve contaminants that have
penetrated the surface layers through cracks or pores,

4.3.4 Clean-up Requireuments
All materfal removed and spent abrasives will have to
be collected for decontamination and disposal. Vacuum-
ing and wash with decon solution as a final clean-up.
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4.3.5 Waste Treatment and Disposal
The mixture of contaminated surface debris and spent
abragsive material will have to be decontaminated
(possibly by incinerstion) and disposed of. Large
amount of debris anticipated because abrasive is
not recycled.

4.4 State=of-tha=Art

A large number of sandblast equipment manufacturers and
contractors are avallable. The technology is well developed.

5.0 Engineering

5.1 Process Description

Obatructions Equipment W s Bl
Removal I Set-Up and Blasting
~__Debris Over/Under Collect Debris Vacuum and Secon
I; Separator and Abrasive [~  Wash Down Deconta
Incineration Abrasive J
5.1,1 Main Process
After all obstructions ate removed, the equipment is
set-up and the building sandblasted., The debris and
abrasive 1s collected, packaged, and transported to
the waste incinerator. The building is then cleaned
by vacuuming and/or decon solution wash. A secondary
decontamination is then performed, if necessary, to
remove contaminants which have penetrated building
materials.
5.1,2 Variatious .
A chemical method may be employed to decontaminate the
generated debris. Remote control sandblaster.
5.2 FEquipment/Support Facilities Needed
5.2.1 Description
Sandblasting equipment including blast—gun, pressure
liner, abrasive. Air compressor., Debris/dust
collection systems,
5+2.2 Reliability, Availability and Maintainability
Very good because .technology is well developed.
5.3 Decontamination Time

5.3. l SEt—up



5.3.2

5.3.3

5.4 Safety

5.4.1

50442

5.4.3

6.0 Economics
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Minimal but dependent on whether obstructions require
removal,

Application Time

5.3.2,1 Personnel
Sandblasting, collection of debris, trausport
of debris to waste procesgsor and clean-up =
labor intensive. Remote control units may
decrease labor time but at the expense of
capital cost,

543.2.2 Decontamination
Dependent on size and interior configuration
of building but probably long,

5¢3.2.3 Verification
Knowledge gap.

Tear-Dovn Time

5.3.3.1 Equipment Removal
Minimal = removal of blasting equipnent,

5.3.3.2 Clean-up
Vacuum or spray walls with decon solution,
Collect all removed material and spent abra-
sive, Possible transport to decontamination
site,

Requirements

Process Hazards
None anticipated.

Personnel Hazards
Inhalation of dust laden with agent, dust explosion if
combustible material sandblasted,

Protective Methods
Face hoods and protective clothing (level A or B)
required, Wash down area with decon solution to
minimize dust., Use an aerosol decontaminant to
minimize dust and potential for dust explosion,

6.1 Building Damsge - Repailr Costs
None anticipated.

6.2 Developmental Ccsts
Dust control/collection systems.
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6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Electricity or fuel for air compressors and vacuum
gystems,

6:3.2 Equipment Cosct
Sandblaster, alr compressor, debris collection gystem,
dust suppression system,

6.3.3 Material Cost
Abrasive, decon solution.

6.3.4 Manpower Cost
Labor intensive (manual operation) sandblast,
collection, waste disposal, clean=up.

7.0 Future Work Required
7.1 Knowledge Gaps

Waste recovery and disposal method, dust suppression sgystem
and selection of decon agent.

7.2 Resolution
Engincering -development of decontamination methods for
treatment of waste materials.
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DEMOLITION

General Description

1.1 Summary of Idea

Mechanical demolition involves manual total deatruction of a
building.

1.2 Origination of Idea
Employed for Nuclear Facility decontamination. Described in
detail in the Decommissioning Handbook (Manion, 1980).

1.3 Obvious Advantages and Disadvantages
Advantages. Demolition allows for decontamination of
buildings materials that have completely permeated by
agents.
Disadvantages, The bullding is destroyed. Huge quantities
of debris must be decontaminated. Airborme contamination may
occur.

1.4 Variations of Idea

Demolition of part of a building. For example, reinforced
concrete walls may be required to be torn down in order to
completely decontaminate,

1,5 Sketch
None.
Chemical Decomposition Treatment
Not applicable.

Physical Treatment

3.1 Removal Efficiency, Regsidue Level
Total decontamination can he achieved.

3.2 Hazardous Wastes
The destroyed building/debris has not been decontaminated,
80 a hazard still exists.

3.3 Supplementary Treatment(s)
None required. '

3.4 Waste Recovery and Disposal
All debris must be decontaminated (possibly using kiln incin-
eration) which may involve transporting huge amounts of
material as well as high fuel costs 1f the building i1s com-
posed of non=combustible materials.,
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3.5 State-of-the=Art
Many types of demolition techniques have been successfully
used in the demolition of Nuclear Facilities (Manion, 1980),
Demolition is used extensively by the construction industry.

Applicability

4.1 Agent Applicability
Demolition could be used on any building and therefore is
applicable to all agents., However, Lif the building is
permeated with agents, safety factors (dust laden with
agent) may prevent its use,

4,2 1Isolated Building Material Applicability
Applicable to all building materials.,

4,2.1 Impact of Substrate on Chemistry
None.,

4,2.2 Removal or Reactlon of Contaminant from Surface
Complete.

4,2,3 Removal or Reaction uf Contaminant from Interior
Complete,

4,2,4 Damage to Material
Complete destruction.

4.3 Practical Applicability to Building

4,3,1 Building Preparation
Wash-dowvm with agent decontaminating solution to
ninimize dust.

4.3,2 Practical Physical Limitations/Methods to Overcome
None.

4,3.3 Secondary Decontamination Treatment
None required. '

4,3.4 Clean-up Requirements
Extensive = The entire building material/debris will
have to be collected/contained for treatment,

4,3,5 Waste Treatment and Disposal
Extensive = Debris must be decontaminated (possibly
using incineration) and disposed of in landfills,

4,4 State-of-the-Art
Demolition technology is well developed.
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5.0 Engineering

5.1

Process Description

Demolition ﬁaa=ﬁ=a___aa[j§z§55:§£:j — Waste treatment

5.2

5.3

5.1.1 Main Process
Controlled blasting, wrecking balls, hydraulic rams,
flame cutters or other methods may be employed to
demoligh the building. The debris must then be
collected/contained for decontamination (possible
ineineration) and disposal.

5.1.2 Variations
Demolition of part of a building such as removal of
transite walls or concrete barriers in the building.

Equipment /Support Facilities Needed

5.2,) Description
Demolition equipment, backhoe/clean-up equipmeut.

52,2 Reliability, Availability and Maintainability
Good = The technology 1s well developed.

Decontamination Time

5.3.1 Set-up
Dependent on demolition technique; however, set-up
should require little time,

5.3.2 Application Time

5.3.2.1 Personnel
Could be extengive - demolition techniques
may be slow and require extensive manpower,
egpecially if building has agent in 1it,

5.3.2.2 Dncontamination
Dependent upon the decontamination technique
chosen (days). '

5.3.2.3 Verification
KNOWLEDGE GAP

5.3.3 Tear-Down Time
5.3.3.1 Equipment Removal

Dependent on demolition technique however
this should require little time,

5.3.3.2 Clean-up
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Extengsive = Clean-up time may constictute the
largest portion of the total time required.

5.4 Safety Requirements

5.4.1 Process Hazards
Use of heavy machinery.

5.4,2 Personnel Hazards
High noise and dust levels, agent laden dust and
debris.

5.4,3 Protective Methods
Proper eye, ear and clothing protection should
be worn. Maintain a wet enviroument,

6.0 Econonics

6.1 Building Damage = Repailr Costs

The bullding is completely destroyed. Replacement may be
necegsary.,

6.2 Developmental Costs
None - The technology 1s well developed.

6,3 Treatment Costs

6.3.1 Utilities and Fuel Cost

Moderate to high = fuel to operate the demolition and
clean-up equipment as well as the incinerator for
debris treatment.

6.3.2 Equipment Cost
Dependent on demolition technique chosen.

6,3.3 Material Cost
Decontaminating solution for washdown.

6.3.4 Manpower Cost
High = extensive manpower will be required for
¢clean-up, decontamination, and disposal.

7.0 Future Work Required

7.1 Knowledge Gaps
A technique will have to be selected for the decontamination
of the building material.

7.2 Resolution
Experimental testing.
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VACU=B1AST

1,0 General Description

2.0

3.0

1.1 Summary of Idea
Vacu=blasting entaills removal of the surfaces of a building
through a sandblasting technique where all dust, debrig and
used abrasive are vacuum returned to an over/under particle
separator and the abrasive continuously recycled.

1.2 Origination of Idea
Novel Processing project team,

1.3 Obvious Advantages and Disadvantages
Advantages, Vacu-blasting is a widely used surface removal
technique. It can simultaneously remove paint and contam=
inants from surface layers. All dust, debris and abrasive
are contained using a vacuum system. The abrasive is
separated from the debris and reused.

Disadvantages. Only effective as a surface treatment.
Collected debris must then be decontaminated snd disposed of.,

ls4 Variations of Idea
Specially designed cleaning heads are available for cleaning
intricate surfaces sguch as right angles and pipe exteriors.

1.5 Sketch
See pages III-92, 93,

Chemical Decouposition Treatment
Not applicable,

Phygical Treatment

3.1 Removal Efficiency, Residue Level
Complete removal can be obtained for contaminant located in
cloge proximity of the surface of metals, concrete and brick,
No removal of contaminants from the interior of building
material 1s expected.

3.2 Hazardous Wastes
The vacu-blasting process will generate agent laden debris
which requires further treatment.

3.3 Supplementary Treatment(s)
' Other techniques may be needed to remove contaminants that
have deeply penetrated the surface.

3.4 Waste Recovery and Disposal
All dust, debris and abrasive from the blasting are contained
in the blast gun body 2nd continuously vacuum retrieved for
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The:Pauli & Gritfin\Big Boss VR-3A is a portable dust free blast
Maching which features 2 powerful pressure system witn total dust
control for in-plant blasting, It aiso offers a sophisticated abrasive
,f.cycling system, and ponanlity for hard-to-reach areas.

A

‘Fast and powerful — with the speed and force avaliat's only from a
*direct pressure machine, the Big Boss attacks heavy in-piant
snaintenance and production jobs with deep cleaning, etching

-and peening.

[:Zomplcloly dust free — all dust, debris and abrasive generated
during blasting are retained in the blast gun body and continuously
-conveyed out by special vacuum return action for recycling. Thus,
‘time consuming shielding of plant equipment and messy clean up
.are not needed. And the operator does not require cumbersome
respirstory equipment. The powerful dust collection system removes

*all dust and light fines, so you maintain a pollution free environment.

iNoise pollution is aiso minimized by a large 55° muftier.

‘Efficient and economical — the Big Boss incorporates a total
“abragive reciaiming system which cleans and recycles such
‘exparigive, durable abrasives as steel grit and shot, This redus
abrasive waste, insures consistent finishes.

3
'

Portadle — a compact design with two sets of wneels and remote
controls allows blasting wherever needad. Spot blasting, awkward or
unwialdlv locations oresant no problems with the maneuverable
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FEATURES

Yacuum Return Blast Gun |
The Big Boss features a uniquely designed blast gun with speciai i
vacuum return action. Made of lightweight aluminum with steel inner
cone, the blast gun directs a pressurized stream of aorasive at the
work surface, but retains ail dust, debris and used media inside the
gun body. Continuous suction action of the vacuum return hose
conveys all material back to the machine boay for reclaiming. A
nylon brush surrounds the gun body to prevent the escape of-dust
and abrasive. Three casters facilitate movement along work surfaces.
A smaller gun assembiy is aiso available for blasting in hard-to-reach
areas.

Automatic Abrasive Cleaning & Reciaiming }
The automatic abrasive cleaning and reclaiming system on the Big
Boss insures that only uniform, reusable abrasive is used in blasting.
This ends waste of costly media, and insures consistent finishes.
During the blast cycle, the vacuum return hose sends all used
abrasive, dust and debris to a cyclone ssparator. The cyclone
centrifugally sends dust and lightweight particles over to the dust
collector while reusable abrasive and heavy debris falls onto a
vibrating screen for further classification. Only clean, reusable
abrasivs falls through the screen into the hoppaer, and then into the
pressure vessel for use over and over until it breaks down.

Efficient Dust Collector

A powerfui 320 cfm dust collection system solives the ditficult
problern of dust ramoval on the Big Boss. Dirty air Is pulled through
the cyclone over to the dust collector where seven highly.etficient
tubular dust bags provide 35 sq. teet of filtration. Instead of a single
lsrge exposed bag, the Blg Boss dust bags are located in a totaily
enclosed bag housing. This meets all government regulations for
paliution control and provides additional protection against dust
escaping in the event of a bag breaking. When blasting stops, the
dust {alls Into a compartment at the base of the dust collector for
aasy disposal. The air driven blower which provides vacuum for this
process is mounted on the “clean” side of the dust collector for
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Big Boss VR-SA  Abrasive Reciaimer  Dust Collector

Ensissed Bag Mousing

Alr Powered
Vasuum Pume
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— APPLICATIONS

Tungston Cardide Venturi Nozzle
A venituri nozzie with long-lasting tungsten cardide lining provides extra
acosleration of the abrasiverair mixture {0 SUPETSONIC Diasting speeds.

Moisture Separator & Pressure Gauge
A mousture separator heips keep abrasive dry and free from oil. The pressure
gauge sllows monitoring of air flow for maximum etficiency.

ASME Preseure Vessel
One cubdic oot ASME-coded pressure vessel holds up to 300 1bs. of stee! grit.

OPERATION

Depressing the Festhertouch® safety releass switch starts
pressurization. Abrasive falis from the ASME pressure vessel into the
piast stream below whers it combines with air and is propelied
through the blast hose.

At the blast read, the tungsten carbide venturi nozzie blasts the
sir/abrasive mixture onto the work surface,

After diasting, used maedia, dust and debris remain contained within

the biast head by the brushes which provide a seal with the work
surfsce.

The vacuum hose then conveys all used ebrasive, dust and debris
from the surface back 10 an airwash cycione. Centritugal cyclone
action separaies light and heavy particies. Finer miteria! is pulled off
1o the dust collector. Heavier material falls onto a vibrating screen
which traps larger debris for easy removal later. Only Qood abrasive
falls through 10 the hopper {of reuse in the pressure vessa! and blast
stream. The pressure vessa! is sutomatically refilied from the hopper
whaen ihe Featheniouch® switch is released.

The Big Boss VR-3A is ideal for in-plant maintenance worl
because it puts an end to flying dust and abrasive, maski:
piant equipment and messy clean up. it aiso cieans more
stficiently than hand tools,

In-Plant Maintenance — Cleans large and bulky machiner
roof trusses without interrupting production.

Floors — Blasts away hard-to-remove coatings and leave:
surtace for applying new coatings such as epoxy. Remov:
markings.

Chemical Piants — Quickly cleans process tanks In preps
cosatings. Spot blasts to white metal for repair of coatings
iinings.

Heavy Equipment Maintenance — ideal for spot cleaning
construction equipment or other large vehicles prior to cc

Nuclear Power Plants — Especlally usetut where pollutios
problem and maximum cleanliness must be maintained.

Stee! Fabrication Plants — Highly recommended for clear
weldments. .
Gear Manufacturers — Shot peens for added strength wit
are in placae. ;

i
Textile Mills — Cleans and peens calendar rolis while suf
production equipment.
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abrasive recysles Cyclones are used to centrifugally sep-

arate ¢t ust and debris from reusable abrasive. The debris
ild require decontamination (by incineration or other

" techniques) and disposal.

3.5 State-of-the-Art
Vacu-blast systems have been employed for building material
surface removal since the 1950's and are widely used through-
out industry today (Plaster, 1964).

4.0 Applicabilicy

4.1 Agent Applicability
Applicable to all agents.

4,2 1Isolated Building Material Applicability
Applicable to all relevant materials,

4,2,1 Impact of Substrate on Chemistry
Not applicable.

4,2,2 Removal or Reaction of Contaminant from Surface
Complete removal of contaminant from a surface and
near-surface layers of all building materials is
anticipated,

4,2,3 Removal or Reaction of Contaminant from Interior
Not possible for depths greater than 1/8 to 1/2 inch.

4,2.4 Damage to Material
Minimal.

4.3 Practical Applicability to Building

4,3.1 Building Preparation
None required.

4.3.2 Practical Physical Limitations/Methods to Overcome
Vacu=-blasting of corners or other hard to reach areas
may be accomplished with specially designed nozzles.
However, certain areas may remain inaccessible (e.g.
behind pipes bolted to a wall), Physical removal of
the obstruction may then be required.

4,3.3 Secondary Decontamination Treatment
Other techniques may be required to remove contamin=
ants that have penetrated the surface.

4.3.4 Clean-up Requirements
Minimal - vacuuming or wash down with either water or
decon solution to remove and decontaminate loose dust
and debris.
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+3.5 Waste Treatment and Disposal
All debris collected may have to be decontaminated (by
incineration or other techniques) and disposed of.

4,4 State—of-the-Art

Vacu=blasting has been employed in the cleaning of ship
hulls, metal molds, and pre-welding applications as well as
various building surfaces. There are a number of equipment
manufacturers and contractors available.

5.0 Engineering

5.1 Process Description

Building

Pfeparation_

y Equipmenti __JVacu-Blast
Setjpg » B

Transport -] Package
Debris Debris

L

Equipment
Tear=down

Waste ' Clean=up
7T?eatment [
: Secondary
Decontamination
Trgatment

5.1.1 Main Process

Vacu—-blasting - the system abrasively blast-cleans all
surfaces while containing all dust and debris, A
vacuum gsystem continuously returns all debris to a
cyclone which separates the debris from the reusable
abrasive. Decontamination — all collected debris must
then be decontaminated. Seccudavy decontamination is
then performed, if necessary, to remove contaminants
which have penetrated building materlals.

5.1.2 Variations

Steel grit is the most commonly used abrasive but
steel shot and aluminum oxide may also be employed.
Sand and other non-durable abrasives are not recom-—
mended due to rapid break-down after one or two
cycles. Remote control vacu-blaster.

5.2 Equipment/Support Facilities Needed

_________________________
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5.2,1 Description
Vacu-blast system including blast gun, vacuum and
pressure lines, cyclone geparator, abrasive, dust
collection bags/compartment., Compressor.

5.2,2 Reliability, Availability and Maintainability
Very good since technique is well developed and off-
the-shelf equipment is available,

Decontamination Time

5.3.1 Set=up
May be labor intensive depending on accessibility of
building areas (i.e. may require removal of pipes or
other equipment).

5:,3.2 Applieation Time

5.3.2,1 Personnel

May be high since entire surface area needs
to be covered. Obstructions = Dependent upon
size of building and amount of equipment in
the building. A remote control unit may be
used to cut down on operator time but may not
be cost effective unless large unrestricted
surface areas are present.

53,22 Decontamination

Dependent on method used to decontaminate
débriSo

5.3.2.3 Verification
Knowledge gap.

5,3.3 Tear-Down Time

5.3.3.1 Equipment Removal
Minimal - removal of blasting equipment.

5.303.2 Cleﬂl.n"up
Minimal - dust removal, wash down with decon
solution.

Safety Requirements

5.4.1 Process Hazards
None anticipated.

5.4,2 Personnel Hazards
Minimal =~ majority of dust and debris picked up by
vacuum system. Volatile agents may be entrained in
the outlet air.
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5.4.3 Protective Methods
Eye protection and protective clothing (e.g. level B)
should be worn by operators. A dust suppression
system such as periodic wash down with a decon sol~
ution may be required.

6.0 Econonics

Building Damage - Repair Costs
None anticipated.

6.2 Developmental Costs

None anticipated.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Minimal.

6.3.2 Equipment Cost
Vacu~-blast system., Conventional air compressors.
Dust suppression unit (if required).

6.3.3 Material Cost
Abrasive cost - steel grit most commonly used.
Decon solution.

6.3.4 Manpower Cost

Vacu-blast operators. (Labor intensive ~ Moderate to
high.

7.0 Future Work Required

Knowledge Gaps

Selection of waste recovery and disposal method as well as
the secondary decontamination method, if required.

7.2 Resolution

Experimental testing.
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CRYOGENICS

Ceneral Description

1.1 Summary of ldea
The surface of the material 1is exposed to cryogenic
temperatures in order to make it brittle., The surface
1s then chipped or scraped off.

1.2 Origination of Idea
Novel Process project teanm,

l.3 Obvious Advantages and Disadvantages
Advantages, The cold surfaces are very brittle and therefore
way be removed easily., The cold will limit evaporation of
agents.
Disadvantages., Potential for uneven surface removal, Dif-
ficult application on hard-to-reach areas., High cost of cry-=
ogenic fluid (large quantitites required). Labor intensive,

1.4 Variations of Idea
Cryogenic paint removal,

1.5 Sketch
None,

"Chemical Decomposition Treatment

Not applicable.
Physical Treatment

3.1 Removal Efficiency, Residue Level
Complete removal-of contaminated surface 1is anticipated.

3.2 Hazardous Wastes
Material removed still contains the contaminant, thus it must
be deccntaminated.

3.3 Supplementary Treatment(s)
Other methods may be required to decontaminate materials into
which agents have penetrated. '

3.4 Waste Recovery and Disposal
Chemical or thermal methods may be employed to decontaminate
the material removed.

3.5 State-of-the-Art
Building materials are known to be brittle at low temper-
atures,

Applicability

4.1 Agent Applicability
Should be applicable to all agents,
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4,2 Isolated Building Material Applicability :
Applicable to paint removal on all surfaces. Applicable to
surface removal of concrete.

4.2.1 Impact of Substrate on Chemistry
None anticipated.,

4,2.2 Removal or Reaction of Contaminant from Surface
Complete removal of the surface (especilally paint)
containing the contaminant is anticipated. However,
the technique will leave a very coarse finish on the
surface.

4,2,3 Removal or Reaction of Contaminant from Interior
None anticipated.

4,2,4 Damage to Material
Either a concrete cap or secondary abrasive method
must be employed to refinish the coarse surface
produced.

4,3 Practical Applicability to Building

4.3.1 Bullding Preparation
Removal of obstructions required unless method dir-
ected only towards palnt removal.

4.3.2 Practical Physical Limitations/Methods to Overcome
Not applicable to hard-to-reach areas. All ob-
structions must be removed. However, since paint may
fall off when exposed to cryogenic temperatures, no
physical limitations are anticipated for a paint
removal method.

4.3.3 Secondary Decontamination Treatment
A secondary decontamination treatment will be required
for subsurface contaminant removal.

4,3.,4 Clean-up Requirements
Removal of debris, refinishing of rough surfaces.

4.,3.5 Waste Treatment and Disposal
The contaminated materials removed (chipped surface
and paint) will require treatment to decompose agent
residues by either a chemical or a thermal wethod.,

4,4 State—of-the-Art
Building materials are known to be brittle at low temper-
atures.
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5.0 Engineering
5.1 Process Description

Repeat as necessary

. R A R — 1 )
Remove Apply Chip and/or ] Secondary
Obstructions ryogenic : Scrape off Decontamination
(1f necessary) Fluid Surface Treatment
Waste )
Treatment

5.1,1 Main Process
The surfaces are exposed to a cryogenic material
{e.gs liquid Ng), The surface is then removed by
scraping. The chips are collected and incinerated.
A secondary decontamination method is then employed
to remove/decompsse subsurface contaminants.

5.1.2 Variations
A cryogenic material can be applied to concrete fol-
lowed by manual or remotely operated chipping to re—
move the surface layers,

5.2 Equiprent/Support Facilities Needed

5.2.1 Description

Cryogenic fluid supply. Concrete chipper and/or paint
scraper.

5.2.2 Reliability, Availability and Maintainability
High because of simplicity of equipment,

5.3 Decontamination Time

May be extensive if a lot of obstructions require
removal, otherwise low to none.

5.3.2 Application Time

5.3.2.1 Personnel
Extensive labor involvement for application
of c¢ryogenic fluid and chipping/scraping of
surface. )

5.3.2.2 Decontamination

Probably extensive since a secondary
decontamination method is required.
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5.3,2.3 Verification
Knowledge Gap.

Tear-Down Time

5.3.3.1 Equipment Removal
None,

5¢3.3.2 Clean-up
Extensive 1f refinishing of ch!pped=off
concrete surfaces required,

Requirements

Process Hazards
None anticipated,

Personnel Hazards
Cryogenic burns, flying chips, asphyxiating atmo-
sphere, exposure to agent assoclated with debris.

Protective Methods

Insulated clothing, goggles and respirator required,

6.1 Bullding Damage - Repair Costs )
Extensive refinishing of uneven surfaces may be required.

6.2 Developmental Costs
A process nust be developed,

6.3 Treatment Costs

6.3.1

6.3.2

6¢3.3

6.3.4

Utilitiec and Fuel Cost

None unless powered concrete chipper and/or scraper

employed.

Equipment Cost
Low - concrete chipper and/or paint scraper.

Material Cost

High - although liquid N9 is relatively inexpensive,

a large quantity is required.

Manpower Cost

Large manpower cost to apply the cryogenic fluid and

chip the concrete and/or scrape the paint off.

7.0 Future Work Required
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7.1 HKnowledge Gaps
Operating parameters required for optimum removal of paint
and/or concrete,

7.2 Resolution
Experimental removal of surfaces of various building
materials by cryogenics.,
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SCARIFIER

1.0 General Description

2.0

3.0

1.1 Summary of Idea
The ascarifier technique is capable of removing approximately
1 iach of surface layer from concrete or similar matzrials.
The acarifier tool consists of pneumatically operated piston
heads that strike a gurface causing concrete to chip off.
The piston heads consist of multi-point tungsten carbide
bits.

1.2 Origination of Idea
Decommissioning Handbook (Nuclear Facilities) (Manion, 1980).

1.3 Obvious Advantages and Disadvantages
Advantages, Can achlieve a deeper penetration (removal) of
surface ag compared with most other surface removal
techniques. Suitable to both large open areas and small area
application.

Disadvantages. The treated surface retains a rough
appearance that would probably require resurfacing.
Substantial amounts of contaminated debris are generated
which require further processing. Only effective as a near
surface removal technique. Dust laden with agent 1s
generated.,

1.4 Variations of Idea
Wall, floor and hand-held models available. The units may be
modified to include a filtered vacuum exhaust system to
capture contaminated dust,

1.5 Sketch
See pages III-104, 105¢

Chemi cal Decomposition Treatment - Not applicable,
Physical Treatment

3.1 Removal Efficiency, Residue Level ,
Complete removal can be obtained for surfaces contaminated to
a depth of approximately one inch.

3.2 Hazardous Wastes
The debris removed from the surface will contain toxic
contaminanta,

3.3 Supplementary Treatment(s)
Drilling and spalling or other techniques may have to be
employed to remove contaminants that have penetrated the
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Floor Model Scabbler Bits

FLOOR AND WALL SCABBLERS
(Manion, 1980)
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When tough, labor-intensive surface maintenance
or renovation jobs come along, you need
TENNANT" scarifiers. These hard-working
machines can help you remove imbedded grime,
grease, trafficchardened dirt—even paint—more
easily than you thought possible. Equipped with
special cutling tools they can rout or score
concrete, level humps, do many jobs. No hand

scraping needed. No waler, soap or chemicals
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less noise.
®
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either. Resulting smooth, level surfaces mean plant
trucks use less power, have betler traction, move
with less damage to wheels and bearings, and make

= These machines are engineered for outstanding

performance in even the most rugged applications.

. They are constructed of welded stcel plate and
- - heavy duty components.

éemoves concrete; Roof scraper |

‘leans cracks

"M Cleans joints, routs
w/ winding cracks. Re-
‘oves extruded material.
—ores surface. Levels pave.
nent bumps. Erases thermo-
“astic traffic lincs. Prepares
increle for re-lopping.

c e - .. . P

R Scrapes 12-28

squares per hour to
within 1%:" of flashing, para.
pets, walls. Often pays for it-
self in a single job. Splits in 2
sections for easy hoisting. Op-
tional tool removes felts, insu-
lation. 9 hp. engine.

Shears off
buildup

Ck
'@’., .._‘
' - 0
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Covers 500-1,500 sq.
fl. per hour, Faster

i{-
and cleaner than a work crew.
Leaves floor clean, smooth,
ready for tralfic. Removes
grime, shears paint, sands,
levels, scores grooves for ov-
erlays.

Traffic line
remover

TL Removes 6" line

permanently.
Erases nearly 600 ft. of mark-
ings per hour. No chemical.
sand or masking. Provides
ideal bonding surface for new
paint. Propels itself. Portable.
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L_ Covers nearly 9.1"

sq. ft. per hud
Power{ul cleaning for heax.
soiled floors. Removes imi:
ded grime, hurls it into 2t |
capacity hopper. Machi.
leaves clean, dry, smooth s
face.

Scarifier Tool_s

Tennant Company scarifis
tools tailor machines to s;
cific applications. Cutlers ar
patterns vary from light ¢
posit and paint removal to 3
gressive concrete grindin,
Hardened stecl cutters give 13
cleaning and removal &
tion—thousands of impacts r-
second. In addition. wi:
brushes are available to sh-.
away traffic-packed grease. i
and metal cuttings. There a3
also special purpose tools i.
roof scraping and concre:
routing operations.

3 easy ways to put a TENNANT' machine to work for you.

: Leasing

If you're interested in a machine
now but don’t want to use vour
current working capital, consider
+ the Tennant Company [easing
* Program. There are terms from
1 1o 3 years with options to

[)lerhﬂSC or rencey.,

[

’

Time Purchase

If you want to own vour machine
and conserve cash or normal
credit lines, use the Tennant
Company Time Purchase Plan,
Contract terms are {from 3 moaths

to J years,

For more information on leases, time purchases and

rentals, contact your Tennant Company representative,

Rental

When vou want to have the use of
your machine belore vour capital
budget is approved, look into the
Tennant Company Rental Plan,
Rent a new machine and part of

the payments apply to machine
purchase at a later date.

Tennan CO‘M'PA.'AS \ N\i\\*‘\fq?o“s )MV

(R F@VEN
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surface deeper than 1 inch through cracks or pores. Other
techniques are required to decontaminate metals, etc,

Waste Recovery and Disposal
The removed surface must be collected (by vacuum or other
means) and decontaminated and disposed of.

State-of~the-Art
The scarifier technique has been used in the decomrissioning
of nuclear facilities. The tool 1s marketed under the trade
name of "Scabbler"” by the MacDonald Air Tool Company, Mew
Jersey.

4,0 Applicability

4.1

4,2

4.3

Agent Applicability
Applicable to all agents (4D, VX and GB).

Isolated Building Material Applicability‘
Applicable to concrete (not concrete block) and cement only,

4,2.1 Impact of Substrate on Chemistry
None.

4.2,2 Removal or Reaction of Contaminant from Surface
Complete removal can be obtalned from surface layer of
concrete,

4,2.3 Removal or Reaction of Contaminant from Interior
The scarifier technique is only useful for depths up
to 1 inch of concrete,

4,2.4 Damage to Material
large degree of damage = Surface layer is chipped off
leaving a course finish (1/4 to 1/2 inch peak-to-
valley height). For smooth finish a concrete cap
could be applied.

Practical Applicability to Building

4,3,1 Building Preparation
Obstructions to the scarifier may require removal.

4.3.2 Practical Physical Limitations/Methods to Overcome
Not suitable to hard-to-reach areas such as behind
pipes and equipment. (Applicability dependent on
interior building configuration.)

4,3.3 Secondary Decontamination Treatment
Drilling and spalling or other techniques may be
required for contaminants that have penetrated the
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surface deeper than 1 inch through cracks or pores,
Scarifier technique can only be applied to concrete
80 other treatments must be employed for treatment of
metal,

Clean-up Requlrements
Large amounts of contaminated debris will have to be
collected. A concrete cap may be needed to cover
rough surfaces.

Waste Treatment and Disposal
The contaminated debris will have to be packaged for
decontamination and disposal which may entail, for
example, incineration.

4,4 State-of-the-Art
This technique was used on concrete surfaces in the
decommissioning of nuclear facilities,

Engineering
5.1 Process

5.1.1

Description

Main Process

(1f necessary)

Obstruction Equipment
Removal

) Set=up
lCleagﬁgp

Incinerator
(for example)

Scarifié;
Secondary Deco

Trangport Package Equipment
Debris Tear Down ination Treatm

5.1.2

¥
Clean up I—->

Surface removal - The pneumatic scarifier is employed
to chip the surface away with its tungsten carbide
bits. Decon solution 1s used to keep dust down.
Debris Collection = The removed contaminated debris
must be collected by using a vacuum or other systems
and packaged for decontamination by incineration or
other techniques. Transport may be necessary. A
secondary decontamination treatment is then employed
to remove contaminants from metal, etc. and contami-
inants that have penetrated deep into concrete (more
than 1 inch).

Variations
Floor and wall models could be fitted with dust
collectior systems. Hand-held models could be
developed for corners or other hard to reach area.
Use remote operated scarifier rig.
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5.2 Equipment/Support Facilities Needed

5.3

5.2,1

Description

Scarifier unit requires pressurized ailr source.
Portable generator and air compressors would be
necegsary to furnish the supply of compressed alr.
Debris collection/packaging system.

5.2,2 Reliability, Availability and Maintainability

Good = The concept is quite simple. The
tungsten=carbide bits have an average working life of
80 hours under normal conditions, Specially designed
units are available for corners and other hard to
reach places,

Decontamination Time

5.3.1

Set=up

Minimal time required uniess obstructions (pipes or
other equipment) require removal,

5.3.2 Application Time

5.3.3

5.3.2.1 Personnel

Manhour requirements will be high since
removing the surface layer is quite time
consuming. Depends on size of building and
amount of equipment/obstruction in the
building. A remote coitrol unit may decrease
labor time but may be cost prohibitive unless
large open surface areas are present,

5¢3¢%2¢2 Decontamination

Probably long since large amounts of material
will have to be processed,.

5¢3.2.3 Verification

Ll
o~

KNOWLEDGE GAP

ear-Down Time

5.3.3.! Equipment Removal

Minimal

50.3.3.2 Clean-up

Considerable time will be required to remove
all debris.

5.4 Safety Requirements
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5.4.1 Process Hazards
None anticipated.

5.4.,2 Pergonnel Hazards
Noise levels will be high. Dust laden with agent and
flying chips could be hazardous.

5.4.3 Protective Methods
Protective clothing (level A or B) and eye wear as
well as ear protection may be required. A dust sup~-
pression system such as periodic wash down with decon
solution is recommended,

6.0 Economics

6.1 Building Damage - Repair Costa
Could be high. Very course surface will be obtained which
may have to be capped with concrete or covered with other
naterials.

6,2 Developmental Costs
Dust control systems will probably have to be designed for

all scarifier systems. Secondary treatment methods may need
to be identified.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Low to moderate considering the cost of electricity »r
portable power generation.

6.3.2 Equipment Cost
Cost of scarifier. Tungsten—carbide replacement bits.

6.3.3 Material Cost
None anticipated.

6.3.4 Manpower Cost

Probably high since the removal rate will probably be
quite slow.,

7,0 Future Work Required
7.1 Knowledge Gaps
Selection of rgecondary treatment method. Waste recovery and

disposal method.

7.2 Resolution
An engineering study.
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ELECTROPOLISHING

Generai Description

1,1 Summary of Tdea
Electropolishing is a commonly used electrochcmical process
that has been effectively employed for decontamination
purposes. A contaminated metal object serves as the anode
in an electrolytic cell, The passage of electric current
results in the anodic dissolution of the surface material
and, with propar operating conditions, a progresaive
smoothing of the surface. Contaminants on the surface or
ertrapped within surface ilmperfections are removed and
released into the electrolyte by this surface dissolution
process, The production of a polished surface also
facilitates the removal of residual electrolyte by rinsing.

142 vurigination of Idea
Daveloped in part by Battelle Pacifiec Northwest Laboratories
(Allen, 1979) - for purposes of nuclear facility decon=
tamination. Described in detail in the Decommissioning
Handbook (Manion, 1980).

1.3 Obvious Advantages and Disadvantages

Advantages. Highly effective in removing contaminants from
metal surfaces.

Disadvantages. Limited to metallic materials., Metal surface
must be unpainted. May not be as cost effective as just allow-
ing the item to soak In a tank,

1.4 Variations of Idea
Remote Tank Electropolishing: This may be suitable for small
metal objects (equipment tools, etc.). In situ Electro—
polishing: Contact devices have been developed that would
permit direct surface application. A system for electro-
polishing the inside of pipes has also been developed.

1.5 Sketch
See pages III-11l6, 117, 118.

Chemical Decouposition Treatment
Not applicable.

Physical Treatmeut

3.1 Removal Efficiency, Residue Level
Reduces radiation contamination to background levels, so
complete removal of agents 1is highly probable.

3.2 Hazardous Wastes
Agents contained in the electroly.s may remain hazardous,
although a strongly acldic electrolyte would tend to
decompoge the agents (e.g., VX),
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3.3 Supplementary Treatment(s)
Rinsing of metal surface with, for example, water.

3.4 Waste Recovery and Disposal
Purification of the electrolyte will probably be necessary.
Contaminant residues separated from the electrolyte may
require further treatment and disposal.

3.5 State-of-the-Art
Electropolishing is a very well developed electrochemical
process used in both laboratory and industrial applications.

Applicability

4.1 Agent Applicability
Applicable to all agents.

4,2 1Isoclated Building Material Applicability
Unpainted metals only.

4.,2.1 Impact of Substrate on Chemistry
None.

4.2,2 Removal or Reaction of Contaminant from Surface
Surface removal highly probable.

4.2,2 Removal or Reaction of Contaminant from Interior
Removal from interior of metais is not possible. -

4,2.4 Damage to Material
Negligible.

4.3 Practical Applicability to Building

4.,3.1 Building Preparation
Paint removal from metals is necessary,

4.3,2 Practical Physical Limitations/Methods to Overcome
Adaption to complex metal surfaces (e.g. structural
networks) would be difficult.

4,3.,3 Secondary Decontamination Treatment
Decontamination of non-metals will be necessary.

4.3.4 Clean-up Requirements
Rinsing of metal surfaces.

4,3.5 Waste Treatment and Disposal
Contaminant residue separated from the electrolyte can
be treated by inclineration or chemical neutralization
1f not already decomposed.
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4.4 State-of-the-Art
Electropolishing is currently under development for large .
scale decontamination of metal surfaces in nuclear facility
decommissioning operations, (Allen, 1/1979, 3/1979, 5/1979,
11/1979, 11/1978).

5.0 Engineering

5.1 Process Description

Secondary
—'B'Paiut: Removal "4 Electropoli—shinga RinSing i:’ Deccn;mnation
- Electrolyte
Purification

5.1.1 Main Process

5¢1.1.1 Paint Removal
Sandblasting or paint stripping solvents
could be employed.

5.1.1.2 Electropolishing treatment
The contaminated metal is interfaced with
electrolyte (typically 40-80% phosphoric
acid) to establish a complete circuit and
electrical current 1is applied.

5.1,1.3 Pinsing
The electrolyte 1s removed from the
decontaminated metal surface by rinsing
with water,

5.1.1.4 Electroliyte purification
The electrolyte 1s purified and recycled.

5.1,2 Variations
Several different types of electropolishing systems
can pe employed, depending on the size and geometry of
the contamirated metal. These include a remote tank
electropolishing system (applicable to small metal
objects), a direct surface contact device and a systen
for electropolishing the inside of pipes.
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5.2 Equipment/Support Facilities Needed

5.3

5.2.1

5.2.2

Description

5.2.1.1

54624142

Paint removal equipment. Standard commercial
sandblasting equipment could be employed. Paint
stripoing solvents could be applied by brush or
spray. '

Electropolishing equipment.

The remote tank electropolishing system
consists of the following: electropolishing
tank, one or more rinse tanks, DC power
supply, heating and agitation equipment and a
ventilation system.

The contact type device conslate of an
insulated fixture that holds the cathode at a
fixed distance from the anode (nomponent
being decontaminated) snrface. Electrolyte
14 pumped through the unit while maintaining
a slightly negative pressure to contain the
electrolyte.

The internal pipe electropolishing system

‘consists of a movable cathode pipe that {is

ingerted inside a contaminated pipe.
Electrolyte 1is pumped through the cathode
into the pipe and returned to an external
electrolyte reservoir.

5.2.1.3 Rineing equipment.

Ringse tanks or water spray system could be
employed.

5.2.1.4 Electrolyte purficiation equipment

A mobile mounted system for spent acid
solidification has been developed by
Chem-Nuclear.,

Reliability, Availability and Maintainability
Dapends on specific electropolishing system. Remote
tank system would be quite high, but the in situ
devices would rate lower,

Decontamination Time

5.3.1

Set—up

Paint removal from metals is time depeundent on extent
of detailed structural networks.

5.3.2 Application Time
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5.3.2.1 Personnel
Remote tank system - loading and unloading of
small items would proceed rapidly. Placement
and operation of contact device on a contam-
inated seciion would be ranid, but overall
time to treat all surfaces would be long.

5.3:.2:2 Decontamination

Typically, one~half hour is sufficlent per
treated area.

5¢3.2.3 Verification
Knowledge gap.

5:.3.3 Tear<Down Time

5:3.3.1 Equipment Removal
Removal of electropolishing system would
proceed rapidly.

5.3.3.2 Clean-up
Clean-up of spills.,

5.4 - Safety Requirements

35.4.1 Process Hazards
Electrolytce leaks.

5.4,2 Personnel Haz-:rds

Acid burna, possible contact with agent contaminated
solution, :

5.4.,3 Protective Methods
Wear protective clothing, safety goggles. Level A or
B may not be required.

6,0 Economics

6.1 Building Damage - Repair Costs
Negligible.

6.2 Developuental Costs
Demongtration of effectiveness on metals contaminated with
agents.

6.3 Treatment Costs

6.3.1 Util’ties and Fuel Cost
Electrical input cost for DC power supply would be
modeiate.,
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6.3.2 Equipment Cost
A large tank system capable of supplying 500 to 1500
A/m2 18 expected to cost $100,000 (Manion, 1980).
Cost of in situ devices 1is unknown.

6.3.3 Material Cost
Cost of phosphoric acid.

6.3.4 Manpover Cost
Subgtantial labor involvament.

7.0 Future Work Required
7.1 Knowlaedge Gaps
5.3.2.3 Verification requirewents need development.
6.0 Econcmics.
The method has been proven quite effective in

decontamination.

7.2 Resolution
Economic analysis, experimental tasting.
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IN-SITU ELECTROPOLISHING CONTACT DEVICE

(Manion, 1980)
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DRILL AND} SPALL

1.0 General Description

2,0

3.0

1.1 Summary of Idea
The drill and spall technique is capable of removing
approximately 2 inches., of surface layer from concrete or
similar nmaterials. The technique consists of drilling holes
(1 to 1=1/2 iuches diameter) approximately 3 inches deep into
the surface. The gpalling tool bit is inserted into the hole
and hydraulically spreads to spall off the contaminated
concrete,

1.2 Origination of Idea
Decommissioning Handbook (Nueclear facilitiles) Literature
(Manion, 1980).

1.3 Obvious Advantages and Disadvantages
Advantages. The technlque can achieve deeper preparation
(removal) of surfaces as compared with other surface removal
techniques. Good for large acale application.

Disadvantages. Mnly effective as a near surface treatment of
concrete, The treated surface retains a very rough appear-

. ance that would necessitate resurfacing, Substantial amounts
of contaminated debris requires processing.

1.4 Variations of Idea
Vacuum fillter syctems as well as water sprayers (spray decon
gsolution) can be employed during operation to control dust
laden with agent.

145 Sketch
See pages 1II-124, 125.

Chemical Decomposition Treatment
Not applicable,

Physical Treatnent

3.1 Removal Efficiency, Residue Level
Complete removal can be obtained for contamination within 2
inches of concrete surface.

3.2 Hazardous Wastes
The removed concrete 1s still contaminated and is therefore a
hazard.

3.3 Supplementary Treatment(s) .
Other techniques may have to be employed if contaminants have
penetrated the surface to depth greater than 2 inches, 0Other
techniques are required to decontaminate metals, etc.
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3.4 Waste Recovery and Disposal
The concrete removed must be collected for decontamination
(e.g. incineration) and disposal.

3.5 State—of-the-Art
Drilling and spalling was used in the decommissioning of
Nuclear facilities. (Manion, 1980),

4,0 Applicability

4,1 Agent Applicability
Applicable to all agents.

4,2 Isolated Building Material Applicability
Applicable to concrete (not concrete block) and cement only,

4,2,1 Impact of Substrate on Chemistry
None.

4.,2,2 Removal or Reaction of Contaminant from Surface
Complete removal can be obtained from the surface
layer of concrete and cement.

4.2,3 Removal or Reaction of Contaminant from Interior
Complete removal of concrete is obtainable for depth
up to 2 inches,

4,2,4 Damage to Material
High - a very coarse surface is left behind which
would have to be capped with concrete or otherwise
finished to a smooth surface. Reinforcement bars may
become exposed.

4,3 Practical Applicability ts Bullding

4,3.,1 Building Preparation
None required,

4.3.2 Practical Physical Limitations/Methods to Overcome
Not suiltable for hard to reach areas such as behind
pipes and equipment (applicability dependent on
interior building configuration),

4.3.3 Secondary Decontamination Treatment
Other techniques will be required to treat
contaminants that have penetrated the surface deeper
than 2 inches as well as for other materials (brick,
concrete block, utc.)
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4,3,4 Clean-up Requirements

Large amounts of concrete debrils will need tc be
collected for decontamination and disposal., A
concrete cap must be made to cover rough surfaces.

4,2,5 Waste Treatment and Disposal

The removed conerete/debris will have to be
decontaminated (possibly through incineration) and
disposed.

4,4 State—of-the-~Art

A drilling and spalling rig is being designed and tested by
Battelle Pacific Northwest Laboratories to increasge the
conerete removal rate (Manion, 1930)., See attachments,

5.0 Engineering

5.1 Process Description )
— , ) _ — - . ‘_____ﬁﬁﬁ:[;
Obstruction J Equipment I , Secondar
Removal ‘%{ Set=Up r%LADrill and Spall Decontaming
. — — L . L___Treatmer
Incineration , Trans , . - Eqﬁi;ménn‘ I .
(For example) ransport Package Debris Tear-Down - Clean-Up

5.1.1

Main Process

One to 1-1/2 inch diameter holes approximately 3
inches deep and 12 inches on center are drilled into
the councrete surface. Hydraulically operated spalling
tools are inserted into the holes. The spalling tool
bit is an expansible tube of the same diameter as the
hole. A tapered mandril 1is hydraulically forced into
the hole to spread the fingers and spall off the
concrete. The removed concrete must then be collected
for decontamination and disposal. A secondary
treatment is then performed to remove contaminants
which have penetrated deeper than 2 inches as well as
for the other materials (brick, ete.).

S.1.2 Variations

Vacuum filter systems or water sprayers may be
employed for dust control. Use remote operated drill
and spalling rig.
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3.3

5.4
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Equipment/Support Facilities Needed

5.2.1 Description
Dri1ll and Spall Rig
Scaffolding/hydraulic positioning systen,
Clean-up equipment.

5.2.2 Reliability, Availability and Maintalnabllity
Good - the technique is relatively simple.

Decontamination Time

5.3.1 Set=up
Minimal - scaffolding will have to be assembled for
wall treatment as well as removal of obstructions (if
necessary).

5.3.2 Application Time

5.3.2.1 Personnel
Extensive = this is a relatively slow
process. A remote control device may
decrease labor time but may not be cost
effective. Battelle Pacific Northwest
reports that its drilling and spalling rig
has an average removal rate of 7.5 cubic
yd/hr for standard concrete (Manifon, 1980).

5.3.2.2 Decontamination
Anticipated to be extensive because of slow
process as well as requirement of secondary
treatment,

5.3.2.3 Verification
Knowledge gap.

5.3.3 Tear-Down Time

5.3.3.1 Equipment Removal
Minimal.

5¢343.2 Clean-up
: Extensive - large quantities of concrete will
have to be collected. Surfaces may require
wash doWn.
Safety Requirements

5.4.1 Process Hazards
None anticipated.

5.4.2 Personnel Hazards
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Dust level (laden with agent) and noise level may be
high, High pressure air lines and flying debris.

5.4,3 Protective Methods
Eye, ear aud clothing protection (e.g. level A or B)
should be worn. A dust suppression system such as
periodic wash down with decon solution may be
required.

6.0 Economics

6.1 Building Danage = Repalr Costs
The spalled surface is very rough and will require concrete
capping or other treatment to yleld smooth surfaces.
Cost expected to be high,

6,2 Developmental Costs
Secondary treatment method., Dust control systems,

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Relatively low to moderate,

6.3.2 Equipment Cost
Drill and spall rig without positioning equipment cost
approximately $10,000 (1980 dollars) (Manion, 1980).

6.3.3 Material Cost
’ Decon solution.

6.3.4 Manpower Cost
High - the concrete removal rate is relatively slow
and clean-up time is large,

7.0 Future Work Required

7.1 Knowledge Gaps
Decontamination - A technique must be selected to treat
contaminated concrete, Practical physical limitations - dust
control systems need to be designed. The drilling and
spalling technique will have to be modified or another
technique chosen to decontaminate block, briek, wood
and other bullding materials. Selection of secondary
treatment.,

7.2 Resolution
Engineering analysis of treatment of spalled comncrete.
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ULTRASONIC EXTRACTION

1.0 General Description

1.1

Summaxy of Idea

Ultrasonlc cleaning 1s a surface scrubbing technique that can
be employed to remove surface contaminants. Small equipment
would be removed and loaded into ultrasonic cleaning tanks.
Specially designed scrubbers would then be used to clean the
walls and floors., An ultragsoulc cleaning system typically
coneists of an ultrasonic generator, a transducer, a cleaning
tank, a liquid couplant/solvent® and a heater. The generator
converts line power from 60 Hz to a higher frequency (from 18
to 90 KHz.) The transducer couverts these high frequency
impulses to low amplitude mechnical energy of the same fre-
quency. The warm liquid coupling agent (150-170 F) serves to
transmit this energy to the object to be ¢leaned. The
compregsion=rarefaction-compression wave cycle transmitted by
the generator causes the liquid to cavitate and implode
c¢reating minute quantities of energy with tremendous local=-
ized force, Pressures and temperatures are approximately

104 psi and 104 °¢, fhese inmploding cavities serve to

scrub the surface being decontaminated causing spalling and
descaling.

1.2 Origination of Idea

Used in the decontamination of nuclear facilities aud
deseribed in deta’l in the Decommissioning Handbook (Manion,
1980). It is also commercially used for cleaning electronic
components electronic and plating industries.

1.3 Obvious Advantages and Disadvantages

Advantages. Potentially applicable to all building mate=-
rials. Paint removal is 2ot requiied prior to cleaning.
Localized high temperature may cause decompogition of soume
explosives,

Disadvantages. Only known to be effective as a surface
removal technique. The coupling agent may carry the
coitaminant deeper into porous materials., The cleaning
liquid and removed surface must be decontaminated and
disposged.

1.4 Variations of Idea

Phosphoric, citric or other acids may be used as coupling
agent/solvents in the cleaning tank, Decontamination
solutions may also be used, Ultrasonics may be used witn
other techriques to allow enhanced penetration of solution
into building material,

1.5 Sketch

See page III-127.
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Exterior View of Decontamination Tanks

ULTRASONIC DECONTAMINATION TANKS
(Manion, 1980)
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2,0 Chemical Decomposition Treatment
Not applicable.

3.0 Physical Treatment

3.1 Removal Efficiency, Residue Level
Complete removal of surface contaminants is anticipated.

3.2 Hazardous Wastes
The liquid cleaning solution will become contaminated with
agents and muet therefore be treated as hazardous,

3.3 Supplementary Treatment(s)
Another technique may need to be employed to remnve
contaminants that have penetrated the surfaces of build-
ing materials through cracks and pores.

3.4 Waste Recovery and Disposal
Liquid cleaning solution will have to be contained and
treated for decontamination of contaminants.

3.5 State~of-the-Art
Ultrasonics have been employed in Nuclear decontamination.
A covmercial ultrasonic tank measuring 10 £t x 3 £t x 3 ft
with an ultrasonic power rating of 18 KW has been in service
for about 8 years at Bettis Atomic Power Laboratory (Manion,
1980). Specially designed hand=held wall cleaners and a
floor cleaner have been designed for Argonne National
Laboratories to decontaminate flame-sprayed zinc on hot cell
liners. (Manion, 1980). Ultrasonic baths are used to clean
elactric circuit boards on a commercial basis.

4,0 Applicability

4.1 Agent Applicability
Potentially applicable to the removal of all agents.

4.2 1Isclated Building Material Applicability
Potentially applicable to all building materials.

4,2.1 1Impact of Substrate on Chemistry

Removal of adsorbed agents may be accomplished by
this method. .

4,2.2 Removal or Reaction of Contavinant from Surface
Complete tremoval articiputed,

4,2.3 Removal or Reaction of Contariinant from Interior
Ultrasonlc cleaning has ouly been demonstrated to be
an effective surface decontamination technique,
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4,2.4 Damage to Material

Minimal ~ the surface layer will probably be removed
but without structural damage.

4,3 Practical Applicability to Building

4,3,1 Builoing Preparation

Disassembly of small equipment f{or cleaning in ultra=-
goilc tanks. Removal of pipes, pumpe and other ob-
gtruction for cleaning in tanks.

4.3.2 Practical Physical Limitations/Methods to Overccme

Special units may need to be designed to c¢lean
corners, and other complex geometrics. Liquid
eollection gystems may need to be designed.

4.3.3 Secondary Decontamination Treaiment

Other techniques may need to be employed to remove
contamina1is that have penetrated the surface through
cracks and pores.

4,3.4 Clean-up Requirements

Surfaces may require a water/solvent rinse to remove
vemaining debris. Rinse water muit be contained and
decontaminated.

4,3.5 Waste Treatment and Disposal

The proper techinique will need to be chosen to treat
the spent c¢leaning liquid and removad debris.

4,4 State-of-the-Art

Ultrasonic cleaning via a cavitating fluid has been used tn
clean many intricate parts (see page I[1I-127)., llowever,
ultrasouic cleaning has never been employed for large scale
cleaniny of an entire building.

5.0 Engineering

5.1 Process Description

Removal of

Equipment Ultrasonic
Obstructions Set-Up Cleaning
Ultrasonic Removal of Secondary
Cleaning in Debris Decontamination
a Tank Treatment

Lg§ste Treatmenq
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51,1 Main Process
The generator converts line power from 60 Hz to a high
frequency of from 18 to 90 Hz. The transducer
converts these high frequency impulses to low
ampl {tude mechanical energy of the same frequency.
The 1iquid coupling agent transmits this energy to the
gurface or object to be cleaned. Liquid coupling
agent is then treated to remove surface debris and
recycled.

S5.1,2 Variations
Many types of cleaning liquids could be used such as
aclds or solvents, Instead of a cleaning fluid, a
decontamivating solution may be used.

Equipment/Support Facllities Needed
5.2.1 Description

Electricity. Waste liquid treatment facility/
capabilities.

 $.2.2 Reliability, Availability and Maintainability

The ultrasonic tank clean2rs are commerclally
available.

Decontamination Time

So 3- 1 SEt'-up
Connection of power to generator, heaters. Removal of
gmall equipment and obstruction for cleaning In
ul trasonic tanks.

53.2 Application Time

5.3.2.1 Personnel
Could be extensive -~ all surfaces would have
to be manually treated with hand-held units.
Remotely operated units may be used but at a
much higher capital cost., 1If a short decon—
tamination time could be achieved, the method
would be similar to painting.

5¢3.2.2 Decontamination
This technique has never been employed on
agents., The localized high pressures and
temperatures may also decompose as well as
remove agents.

5.3.2.3 Verification
Knowledge gap.
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5.3.3 Tear-Down Time

5¢3.3.1 Equipment Removal
Minimal = removal of the ultrasonic generator
and support equipnent.

Ss 3-302 C]e&'ﬂ"up
Average = gurfaces may require a water or
solvent rinse to remove remaining debris.
‘All removed debris and spent cleaning liquid
needs to be gathered for decontamination and
disposal .

5+4 Safety Requirements

S5.4.1 Process Hazards
None anticipated.

5.4.2 Personnel Hazards
None anticipated 1f non-toxic, non-corrosive cleaning
solutions used. Precaution should be taken to operate
outside the audible range. Solution will be contam—
inated with agent.

5.4,3 Protective Methods
Ear projection and gloves should be worn.

6,0 Economics

6.1 Building Damage - Repair Costs
Damage to the building should be minimal since this is only a
surface removal technique,

6.2 Developmental Costs
Specially designed units may need to be designed to handle
large scale decontamination efforts.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
High electrical power usage may be required.

6.3.2 Equipment Cost
10 ft x 3 £t x 3 £t 18 KW tank with generator and
transducer are $60,000, Small hand-held wall cleaner
and a floor cleaner are $3,000. 26 ind, 6KW tank
with removable/disposable liner is $35,000.

603.3 Matel'ia] Cost i
Minimal - unless special liquids such as acids are
used as cleaning fluids,
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6.3.4 Manpower Cosat
Could be high (dependent on decontamination time) -
the wall and floor scrubbers may need to be manually
operated. Automation cculd be employed to decrease
manpower cost at the expense of equipment investment,
It depends on raequired decomposition time.

7.0 Futura Work Required

7.1 Knowledge Gaps
Conventional ultrasonic cleaning systems may need modifi-
cations to handle the decontamination of an entire building.
Spent liquid treatment systems may also need to be developed
to handle the spent liquid which contains tremoved surfaced
debris and removed contaminants.

7.2 Resolution
Experimental testing.
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ULTRASONIC DECOMPOSITION

1.0 General Description

2.0

1.1

1.2

1.3

1.4

1.5

Ultrasonic

POV, o
Generator

Summary of Idea
High energy sound weves could be used to decompose con=
taminants contained in building materials. A generator is
used to convert standard 60 Hz line power to low frequency,
long wavelength energy which would travel through a small air
layer and penetrate the building surface, destroying the
contaminants.

Origination of Idea
Novel Procesas project team.

Obvious Advantages and Disadvantages
Advantages. Ultrasound could effectively penetrate building

materials to any desired depth. Building preparation and
damage would be ndnimal.

Disadvantages. The effectiveness of ultrasonic waves upon
agent is not known.

Variations of Idea
Ultrasonic cleaning tanks could be employed to clean small
pleces of equipment (valves, pump parts, etc.). A direct
contact liquid interface system could be used to clean the
surface via cavitation.

Sketch

Ultrasonics may be used as a supplementary treatment to other
methods (i.e chemical) to potentially enhance reaction rates.

v,/’ Building

Wave "_\—\""1\».5

Output
Device .

Chemical Decomposition Treatment

2.1

2.2

2.3

Chemical Reactions
Knowledge gap.

Hazardous Products
Knowl edge gap.

Destruction Efficiency, Residue Level

Complete destruction may be possible since the ultrasonic
waves can penetrate to any depth in the bullding material.
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Reaction Rate/Kinetics
Knowledge gap.

2.5 Supplementary Treatment
Knowl edge gap.

2.5 State-nf-the-Art
In che decommissioning of nuclear facilities liquid
cavitalion cleaninz systems have been emplcyed (Manion,
1980), Non-liquid, air interface systems of this type
have never been used in decontamination efforts; however,
ultrasonic horns are available and have been commercially
used (Boucher, 1961; Weissler, 1969).

3.0 Physical Treatment
Not applicable.

4,0 Applicability

4.1 Agent Applicability
Potentially applicable to agents,

4.2 TIsolated Building Material Applicability
Potentially applicable to all building materials.

4.2.1 TImpact of Substrate on Chemistry
The substiate will dictate the wavelength and
frequency ruvquired for penetration, The effect of
ultrasonic waves on adsorbed agents 1s unknown.

4,2.2 Removal or Reaction of Contaminant from Surface
Complete decomposition may ba possible.,

4,2,3 Removal or Reaction of fontaminant from Inteilor
Complete decomposition may be possible sinze ultra-
sonic waves can penetrate building materials to any
depth-

4,2.4 Damage to Material
None anticipated.

4.3 Practical Applicability to Building

4,3,1 Building Prepuration
None anticipated.

4.3,2 Practical Physical Limitations/Methods to Overcome
The cotrroact wavelength and f.equency that will
penetrate all of the building .taterial and destroy the
contaminants will have to be determined.
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4,3,3 Secondary Decontamination Treatment
None anticipated.

4,3.4 Clean-up Requirements
None anticipated.

4,3.5 Waste Treatment and Disposal
None anticipated.

4.4 State-of-the-Art
Ultrasonics have found many uses {n industry including flow
detection in metals, emulsification and dispersion in
liquids, diagnostic medical equipment, welding equipment,
etc, Liquid systems have been employed in nuclear
daconttamination aud cleaning of electronic components but
non=-liquid air interface systems have never been employed for
cleaning purposes.

5.0 Engineering

5.1 Procesgs Description

Equipment
Tear-Down

Ultrasonic - Ultrasonic
Generator Decontamination

S5¢1s1 Main Process
’ An ultrasonic wave generator would be used to produce
a high energy, long wavelength wave that would be
directed towards the surface to be cleaned. The wave
penetrates to the desired depth (complete penetration,
if necessary) and destroys the contaminants.

5.1.2 Variations
Small equipment is first disassembled and decontami-
nated in liquid filled uitrasonic tanks via cavita-
tion. A liquid film would be maintained between the
wall and the ultrasonic device and surface cleaning
would be achieved via cavitation of the liquid.

5.2 Equipment/Support Facilities Needed

5.2.1 Description
Electricity. Ultrasonic generator.

5.2,2 Reliability, Avallability and Maintainability
RAM 1s expected to be high due to the simplicity of
the decontaminating scheme,

5.3 Decontamination Time
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- 5¢3.1 Set-up
L Should be low since no prior building treatment ia
required.
i A
i 5.3.2 Application Time
‘ 5434241 Personnel
‘ Routine monitoring of equipment aud wave
generator adjustments as well as placement of
ﬁﬁ wave output device.
= 5434242 Decontamination
e Dependent on building material,
-
iy wavelength/frequency of wave, and
: contaminant,
N 5.3.2.3 Verification
Knowledge Gap.
()
1 5.3.3 Tear-Down Time
) 5¢3.3.1 Equipment Removal
LY Minimal = the removal of equipment should
require little time.
RN ’
o 5¢3.3.2 Cleaa-up
- None~anticipated.
I_':’
;ﬁ 5.4 Safety Requirements
K 5.4.1 Process Hazards
" None auticipated.
- 5.442 Personnel Hazards
23 Ultrasonics have the potential for being in the
audible ranges when operated under certain
™, circumgtances.
& 5.4.3 Protective Methods
i Ear protection.
= 6.0 Economics
:5 6.1 Building Damage — Repair Costs
o Minimal - 1ittle, if any, damage to the building should
L results.
us 6.2 Developmental Costs
A Could be high - this larga scale application will require
Cj considerable experimental work in equipment specification as
o well as determining the effect of ultrasonic waves on
n agents, ’

N
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6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost '

Could be high - large amounts of electricity will
probably be required.

6.3.2 Equipment Cost

Moderate = the ultrasonic generator will be the major
cost,

6.3.3 Material Cost
None raequired.

6.3.4 Manpower Cost
Low to moderate - personnel required only for
equipment set-up/tear~down and routine
moni toring/maintenance.

7.0 Future Work Required

7.1 Knowledge Gaps
Equipment specificatfon. Wavelength specification for each
material. Effect of ultrasonic waves on agents.

7.2 Resolution
Experimental testing.
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RADKLEEN

1.0 General Description

1.1 Summary of Idea
RadKlaen involves the use of Freon® 113 solvent extraction of
contaminated materials. The solvent is sprayed onto the sub-
strate under pressure, then collected, treated and recycled.

1.2 Origination of Idea
Health Physics Systems Inc. (HPSI) designed RadKleen as a
radioactive dacontamination unit. Modifications include
decontamination ascrubbers suggested by Novel Processing Team.

1.3 Obvious Advantages and Disadvantages
Advantages. Freon 113 is a stable, non-polar organic solvent
suitable for extracting organic compounds. The solvent is
nontoxic, nonflammable and noncarcinogenic. Low surface
tension permits rapild wetting of the surfaces. Low viscosity
and easy particulatn separation. Can be easily reclaimed if
used in a ciosed systenm.

Disadvantage. A secondary treatment is required to decompose
the solubilized agent, Complete extraction of agents from
subsurfaces may be difficult to accomplish. Diffusion may
limit application rate,

1.4 Variations of Idea

Sysatem using an additive to decontaminate the agent simul ta=
neously with extraction. System which passes the solvent
through a reactive bed (e. g. activated carbon) for disposal

of agent.
1.5 Sketch
filte; l Ifm;zﬁ cleaningrchambefj
_ high pressure é:feen

k—%_l solvent tank ll: L : condenser
Freon® 113 ;fﬁcessorl

2.0 Chemical Decomposition Treatment - Not applicable

3.0 Physical Treatment

3.1 Removal Efficiency, Residue Level
Experimental values obtained on some rlothing. 95% of 4D and
GD are removed from polyester-cotton, rubber and Nomex cloth.
HPSI claime 1t 1s very effective with radioactive wmaterials,

The removal efficiency from porous building materials is un-—
known. Pocrofke, 1970 has shown that Freon because of

its low surface tension and high density tends to displace
ovganlce residues from surfaces.,
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3.2

3.3

3.4

3.5
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Hazardous Wastes
The material removed uas not heen deactivated and thus is
still a hazard.

Supplementary Treatment(s)
None anticipated.

Waate Recovery and Disposal
Waste sclvent can be reclaimed following removal of contam-
inants., Contaminantg may be incinerated.

State~of-the=Art
RadKleen 18 currently used for cleaning radiocactive material
from varicus surfaces. It has been applied to removal of
agents from small objects and thus has demonstrated feasibil-
ity, Studies have been conducted for agent—contaminated
clothing materials, such as polyester-cotton, Nomex® cloth,
butyl rubber gloves, webbing and charcoal impregnated cloth.

Applicability

4ol

4.2

4e3

Agent Applicability
Should be applicable to all agents.

Isolated Building Material Applicability
It may be used with all building waierials: metals, concrete,
tile, and brick either on painted or unpainted surfaces.
Since Freon® 113 is electrically nonconductive and compatible
with electrical and electronic components, it allows decontam—
ination of operating electrical/electronic equipment.

4,2,1 Impact of Substrate on Chemistry
Adsorbed agents may be difficult to extract.

4,2.2 Removal or Reaction of Contaminant from Surface
Should provide complete removal of contaminant from
surface.

4,2,3 Removal or Reaction of Contaminant from Laterior
Freon should readily penetrate into porous materials.
The diffusion rate of the Freon laden with agent from
the building material and the extraction efficiency
from porous materials are unknown.

4.2.4 Damage to Material
No damage to material expected., Paint films may be
affected.

Practical Anplicability to Buillding
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4.,3,1 Building Preparation
None necessary.

4.3.2 Practical Phyesical Limiations/Methods to Overcome
Radkleen should be used in an enclosed area to allow
contsimment and recovery of solvent for recycle. . No
physical limitations are anticipated because spraying
allows accessibility of Freon to all areas of a build-
irg including pipes, tanks and sumps.

4,3.3 Secondary Decontamination Treatment
None anticipated.’

4.3.4 C(Clean-up Raquirements
Wash down or heat to remove traces of Freou.

4,3.5 Vaste Treatment and Disposal
The agents and other wastes must be removed from the
golvent and decomposed.

4,4 State-of=the~Art
Radkleen has not been pruven useful for removal of agents iIn
building envirouments although it has been used for removal of
agent frow clothing. High pressure Freon cleaning has been
“shown to be e.fective In removing radioactive contaminants
from tools and porous items (McVey, 1981).

5.0 Engineering
5.1 Process Description

5¢1.1 Main Process
The solvent (Freonw® 113) is sprayed under pressure

(200-2150 psi) on the building surfaces. The solvent
dissolves the contaminating material and the solvent

i3 then collected, filtered and distilled for reuse.

clean solvent for reuse

spray sump {tilter distillation column
i — ¥
particulate for material for
deactivation deactivation

5142 Variations
Can have the solvent boiling and permeating the walls
at atmospheric pressure,
May have an additive (e.g. MEA for HD) to react with
the compounds and destroy them simultaneously with
extraction.

5.2 Equipment/Support Facilitles Needed

5.2.1 Description
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Pump, spray system, collection tank, filters, distil-
lation column, enclosure, and electricity

52,2 Reliability, Availabiiity and Maintainability
Readily available and HPSI claim it is easy to maintaln
and clean up.

5¢3 Decontamination Time

5.3.1 Set=up
Time may be required to seal the bullding to prevent
release of vapors,

5¢3.2 Application Time

5.3.2.1 Personnel
Personnel are required to apply the spray.
However, the method can potentially be
semi~automatic.

5.3.2.2 Decontamination
Removal of agent in 5-10 minutes from complex
surface geometry,

530243 Verification
KNOWLEDGE GAP

5.3.3 Tear-Down Time
Minimal - remove the enclosure for the buildings.

5.3.3.1 Equipment Removal
Minimal

5.3.3.2 Clean—up
Wash down is all that is anticipated.

5.4 Safety Requirements

5.4.1 Process Hazards
High pressure fluids

5.4.,2 Pergonnel Hazards
Because of the high vapor pressure of Freons at ambient
conditions, a suffocating atmosphere may be present
during spray application.

5.4.3 Protective Methods
Resplratory protection for personnel inside structure.

6.0 Economies

6.1 Building Damage - Repair Costs
No building damage 1s anticipated.
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6.2 Developmental Costs
Demonstration of applicability to building environment needed.
Evaluation of cost of recovering used solvent and disposal
of residues is required.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Minimal .

6.3.2 Equipment cost
Moderate to provide for recycle of solvent.

6.3.3 Material cost
Low due to recyclibility,

6.3.4 Manpower cost
Manpower cost may be substantial depending on how
much automation is possible,
7.0 Future Work Required

7.1 Knowledge Gaps
Develop recycle requirements.

7.2 Resolution
Engineering development of recycle system.
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SURFACTANTS

1.0 General Description

2.0

3.0

1.1 Summary of Idea

A surfactant is added to a water washing solution to de-
crease its surface tension providing an increased sol-
ubility of the agents in the water. Further decontam—
ination of the solubilized agents 1s required.

1.2 Origination of Idea

Novel Processing project team, literature (Gibson, 1967;
Mankowich, 1970).

1.3 Obvious Advantages and Disadvantages
Advantages. The surfactant may allow increased solubility of
the agernt in the water by lowering the surface tension,

Disadvantages. Only effective as a surface decontamination
technique. Low solubility of mustard in aqueous media.

1.4 Variations of ldea
Stean could be used to enhance soluvility. A supplemental
additive could be used to react with the contaminant in situ,

1.5 Sketch
None.

Chemical Decomposition Treatment
Not applicable.

Phyaical Treatment

3.1 Removal Efficiency, Residue Level
Complete removal of contaminants from the surface may be ‘
possible. Nacconal can be used for HD, VX, and GD (Stanford, 1981).

3.2 Hazardous Wastes
The washing solution will contain agents which need to be de-
contaminated prior to disposal..

3.3 Supplementary Treatment(s)
Treatment of the wash solution by incineration or chemical
treatment. Other methods will need to be employed on the
building to remove agents that have penetrated the surface.

3.4 Waste Recovery and Disposal
All spent liquids including clean-up rinses must be collected
in a gump system and disposed of.

3.5 State-of-the-Art
Surfactants are commonly used in industrial cleaning
applications to enhance the cleaning power of water.
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4,0 Applicability

4.1 Agent Applicability
Applicable to all agentas (Stanford, 138L).

LI IN

4.2 1Isolated Building Material Applicability

4.2,1 Impact of Substrate on Chemiatry
None expected,

[V

4.2,2 Removal or Reaction of Contaminant from Surface
' Should effectively remove contaminants from the
3 gurface of building materials.

A 4.2,3 Removal or Reaction of Contaminant from Interior
3 Probably not effective as a building material interior
cleaning technique.

§ 4,2,4 Damage to Material
None anticipated.

) 4,3 Practical Applicability to Building

4.3,1 Building Preparation
! Paifit removal may be required.

i 4,3,2 Practical Physical Limitations/Methods to Overcome

! Method is applicable to hard to reach and complex

' areas of a building 1f a spraying application method
t is used.

4,3.3 Secondary Decontamination Treatment
Other techniques will need to be employed to remove
contaminants that have penetrated the surface through
cracks and pores,

4,3.4 Clean-up Requirements
A water rinse of all surfaces may be desirable,
Spent surfactant solutions need to be collected.

4,3.5 Waste Treatment and Disposal
All waste solutions collected in the sump system must
be treated to destroy agent residues.

4.4 State-of-the-Art
Most industrial cleaners have metered dispensing devices for
adding surfactant to cleaning water/solvent. Therefore,
off-the~-shelf cleaning devices could be employed.

5.0 Engineering
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5.1 Process Description
Spray {  \|Waste water | Secondary Clean—~up
Application Collection Decontamination -
(1f necessary)
I Treatment l
5.1.1 Main Process
A surfactant is added to water (or another solvent) to
.enhance the solvent's cleaning ability. This cleaning
golution 1s sprayed on all surfaces. The washings are
collected ir a sump and incinerated.
5.1.2 Variations
Autoumated spray systemeé could be used to cut manpower
requirements.
5.2 Equipment/Support Facilities Needed
5.2.1 Description
Conventional cleaners/gprayers with metered surfactant
addition systems,
5.2.2 Reliability, Availability and Maintainability
Should be high since technique 1s simple and
off-the-ghelf equipment can be employed.
5.3 Decontamination Time

5.3.1 Set-up
Sump systems and waste collection systems must be
installed if non-existent, Paint removal is required.

5.3.2 Application Time

5.3,2.1 Personnel
Could be extensive ailnce all surfaces must be
treated and repeat applications may be neces-
sary. Paint removal 1s probably required.

5.3.2.2 Decontamination
Dependent on the effectiveness of the method
in removing surface and interior contam-
inants.

5¢3.2.3 Verification
Kriowledge Gap.

5.3.3 Tear-Down Tinme
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5,3.3.1 Equipment Removal
Minimal = remove spray systems.

5.3.3.2 Clean-up
A water wash 18 all that 1is anticipated.

5.4 Safety Requirements

S¢4e1 Process Hazards
None.

S5.4.2 Personnel Hazards
None anticipated.

5.4.3 Protective Methods
Minimal protective clothing is recommended.

6.0 Econonics

6.1 Building Damage - Repair Costs
No damage to building is anticipated,

6.2 Developmental Costs
An effective waste treatment technique will need to be
gpecified as well as determining the effectiveness of the
method in removing contaminants.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Electricity for mixer and pumping systems.

6.3.2 Equipment Cost
Convential spray systems are quite inexpensive,

6.3.3 Material Cost
The cost of the surfactant.

6.3.4 Manpower Cost
Could be high. Dependent on number of applications
necessary, secondary treatment required and waste
treatment technique.

7.0 Future Work Required

7.1 Knowledge Gaps
Depth of surfactant sclution penetration must be determined.
Effectiveness of waste treatment system to destroy contam—
inant must be determined.

7.2 Resolution
Experimental testing.
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STRIPPABLE COATING

General Description

1.1 Summary of Idea
Compounds which bind with agents could be included in a
polymer, applied to a contaminated surface, and removed for
subsequent decontamination,

1.2 Origination of Idea
Novel Processing project team.

1.3 Obvious Advantages and Disadvantages
Advantages, Strippable coatings contain the contaminant for
eagier handling and disposal.,

Disadvantages. The agent may still be active. The polymer
may bind rot only to the agent but to the wall or item on
which 1t 1s applied (strippability depends on 1ts properties
and the subsirate surface),

1.4 Variations of Idea
Add a chemical reactant to the polymer which would react with
the agent in situ and circumvent the need for secondary de-
contamination.

1.5 Sketeh
None.

Chemical Decomposition Treatment

2.1 Chemical Reactions
Chemical treatment/reactions would depend oa what kind of
reagent that is added to the polymer.

Physical Trecatment

3.1 Removal Efficiency, Residue Level
A strippable coating should remove all chs agent it comes in
contact with., There is a potential for the coating not to
reach all surface if it has a high surface tension or i1f the
polymer wolecules are too large to fit in the pores.

3.2 Hazardous Wastes
The agent may still be active, althougb contained.

3.3 Supplemantary Treatment(s)
Dependent on how effective the polymer is in removing the
agent.
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3,4 Waste Recovery and Diaposal
The waste generated (the contaminated polymer) would have to
be treated to decompose the agent and dispose of the polymer.
Some polymers are sensitive to radiation, chemicals or bio-
degradation while gome must be burned or landfilled.

3.5 State-of—-the-Art
Polymer coating technology has been studied extensively, but
agent removal efficiency is unknown.

Applicability

4,1 Agent Applicability
The method should be applicable to all agents of interest.

4.2 1Isolated Building Material Applicability
The method should be applicable to all wmaterials. A
different polymer formulation may be required for various
materials, Painted surfaces may require paint removal prior
to treatment.

4.2,1 TImpact of Substrate on Chemistry
None anticipated.

4,2,2 Removal or Reaction of Contaminant from Surface
Method should remove contaminants from surfaces
egpecially smooth surfaces.

4.,2.3 Removal or Reaction of Coutaminant from Interlor
It is probably not an interior treatmen® although the
presence of the coating may enhance diffusion to the
gurface,

4,2.4 Damage to Material
No damage to the material is expected.

4.3 Practical Applicability to Bullding

4.3.1 Building Preparation
Paint should be removed.

4,3.2 Practical Physical Limitations/Methods to Overcome
None anticipated. Polymer can be gprayed on
intricate surfaces.

4,3,3 Secondary Decontamination Treatment
Even if agents are completely removed from the sur-~
face, a secondary treatment may be required to remove
penetrated contaminants. No secondary treatment is
expected on metals,

4.3.4 Clean-up Requirements
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Clean=up involves removal of the strippable coating
from all surfaces,

4.3.5 Waste Treatment and Disposal
The contaminated polymer may need treatment to dacom-
pose the agent, If a chemical were added to the poly-
mer to react with the agent then the waste treatment
would depend on the particular chemistry.

State-of-the-Art
Needs development in these areas:
1. Polymer formulation
2. Applicability to various asurfaces (coverage,
stripability),

5.0 Engineering

3.1

5.2

5.3

Process Description

WastgATreptmenq

Polymér
Ayplicatién

, Polymef , Secondarf»becdhtaﬁ~
Removal ina;}on_T?eatment

Sels1 Main Process
A polymer mixture is applied into the surface, allowed
to react (polymerize) and coat the suxrface. As it
nolymerizes the agent becomes eutrained in the
lattice or attached to the polymer molecules. The
polymer layer is peeled off removing the agent.

5.1.2 Variations
A chemicsl to decompose the agent may be added to
the mixture.

Equipment/Support Facilities Needed

5.2.1 Description
For the main process tanks for storage of either poly-
mor mixture or components of the mixture; spraying,
brushiny or other application equipment; and scraping
or peeling equipment., Heating equipment may be nesded
to activate the polymer (initiate the reaction).

5.2.2 Reliability, Availability and Malotainability
The RAM 18 expected to be high.

Decontaminai.ion Time

5.3.1 Set-up
No more net up time than that for painting expected.
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5.3.2 Application Tine

fi 5.3.2.1 Personnel
- Application should be similar to painting.
‘f 5.3.2.2 Decontamination
- Decontamination will be dependent on the
i polymerization time, nature of reactants
| in the coating and contaminante diffusion
b rates.
. 5.3.2,3 Verification
b Knowledge Gap.
:ﬁ 5.3.3 Tear-Down Time
. 5+3.3.1 Equipment Removal
% Minimal.
) 5.3.3.2 C(Clean-up
3 Remove strippable coating for disposal
N destruction.
3 5,4 Safety Requirements
o
5.4.1 Process Hazards
) None anticipated.
4
S.4.,2 Personnel Hazards
: No unusual personnel hazards expected although the
p personnel should wear protective clothing and avoid
contact with the polymer.
N 5.4.3 Protective Methods
i Protective clothing, eye protection recommended.
6.0 Economics
- 6.1 Building Damage - Repair Costs
- No damage to building 1is expected.
: 6.2 Developmental Costs
N Substantial developmental costs are expected for formulation
of feasible strippable decontamination coatings.
N 6.3 Treatment Costs
-
- 6.3.1 Utilities and Fuel Cost
.: M.‘lnimal .

6.3.2 Equipment Cost
Equipment available and low cost.,
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6.3i3 Material Cost
Should be in the range of the cost of paints.

6.3.4 Manpower Cosat
Man power should be similar to that required for
painting for application. Additional mamnpower

required for stripping and decontamination/destruction
of coatings.

7.0 Future Work Required

7.1 HKnowledge Gaps

Formulation of pelymer coating, application method,
application times and the removal efficlencies must be
determined,

7.2 Resolution
Experimental work,
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VAPCR PHASE SOLVENT EXTRACTION

1.0 General Deacription

1.1 Summary of Idea
An organic solvent such as chloroform or freon is heated
to its boiling point and the vapors allowed to circulate
in a building. The vapors permeate into porous building
materials where they condense, solubilize the agent and
diffuse outward. The driving force for the outward move-
ment of agent is a concentration gradient in the liquid
phase once the building material temperature has reached
an equilibrium. The liquid solvent laden with contaminants
is collected in a sump and treated to allow recycle of solvent.

1.2 Origination of Idea
Novel Processing project team.

1.3 Obvious Advantages and Disadvantages
Advantages., Method well suited to all areas of a building
including intricate structures. Solvent permeability and
diffusivity enhanced by using vapor phase. Removal of
contaminated paint is possible if the proper solvent 1a
salected, Depending on the golvent-contaminant match,
may be a very efficient removal system. Enhanced solubility
of agents in heated solvent.

Disadvantages, Outward diffusion of solvent laden with agent
may require long treatment times. The solvent may tend to
carry the agent farther into the wall before outward movement
occurs. Volatilization of agent may occur, ’

1.4 Variations of Idea
A solvent/decontaminant system wmay be employed. Supplemental
heating (e.g. microwaves) may be employed to maintain boiling
of the solvent in the building materials.

1.5 Sketch

Contaminant

Building T =

Solvent

[Treatmen t f’

Condensate _

— Pump Pump
Sump [] e A

Makeup
Solvent

Recycle Solvent
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Chemical Decomposition Treatuent
Not applicable.

Physical Treatment

3.1 Removal Efficiency, Residue Levei
If the proper solvent 1s used it should dissolve most or all
of the contaminants it contacts. The primary difficulty is
to achieve an outward flux of solvent contaminated with
agents from the porous building materials. It is unknown
whether this may be accomplished within a realistic period
of time.

3.2 Hazardous Wastes
If neat solvent is used the agent will still be active.
The solvent may be flammable or toxic.

3.3 Supplementary Treatment(s) ‘
Solvent will be continuously recycled until the optimum
removal efficiency is obtained. A secondary decontamination
treatment may be necessary to remove any residual contami-
nants not removed by the solvent.

3.4 Waste Recovery and Disposal
The recovered solvent has to be treated for agent con-
taminante. If the solvent is incinerated, pollution
standards must be observed. If a chemical treatment is
employed, the products may require detoxification.’

3.5 State~of-the-Art
Agents are miscible in most organic solvents.

Applicability

4.1 Agent Applicability .
Depending on choice of solvent, method can be applied to all
agents of interest.

4.2 1Isolated Building Material Applicability

4.2.1 Impact of Substrate on Chemistry
Adsorbed agents wmay be difficult to extract,.

4.2.2 Removal or Reaction of Contaminant from Surface
Complete removal of the contaminant from surfaces is
anticipated.
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4.2,3 Removal or Reaction of Contaminant from Interior
May rot remove agent from the interior of bullding
materials. Although solvent penetration into porous
materials (e.g. concrete) 1s expected, reverse dif-
fusicn of contaminant solvent may require a loag time,

4,2,4 Damage to Materizl
Ne damage to bullding materials is expected. Paint
fllms may be damaged/removed.

4.2 Practical Applicability to Building

4.3,1 Building Preparation
The building must be sealed to prevent vndue release
of solvent vapors. Windows may require insulation,
Pipes and tanks should be opened to allow penetration
of solvent vapors.

4.3.2 Practical Physical Limitations/Methods to Overcome
Noune anticipated since solvent vapors can permeate
throughout the building including tanks and sumps.

4,3,3 Secondary Decontamination Treatment
May require a secondary tceatment to remove residual
agents and/or solvent laden with agents from the
building materials.

4,3.4 C(lean-up Requirements
May need water or water/soap wash after decontamina-
tion to remove the solvent contained in porous mate-
rials, Heating may also be employed to vclatilize
residial solvent,

4,3.5 Wagte Treatment and Disposal
The waste (contaminated solvent) may have to be chem-
ically treated or incinerated to decompose the contam-
inanta. If a chemical method or adsorption does not
remove the contaminant to allow recycle of the sol-
vent, then a thermal method (i.e. incineration) mus:
ve employed.

4.4 State—of-the~-Art
This taechnique has not yet been applied to building
decontamination, however, Brock, 1975 cited use of an
ethanol/Freon mixture volatilized iz a similar method
to the one described here as a degreaser,

5.0 Engineering

5.1 Process Description
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Recycle Solvent

" |
Equipment Vaporized Waste Incineration of
Set=Up Solvent “3 Treatment 3  Countaminants
Application
Clean-Up Secondary Decontamination
-—>
Treatment (1f necessary)

S.1.1 Main Process
Solvent 1s vaporized in a boiler external to the
building. A series of insulated pipes feeds the vapor
into the building. The solvent permeates through the
building and cools to below the boiling point. The
liquid solvent, laden with contaminants, 1is collected
in a sump from which it is pumped to a waste treatment
system where the contaminants are removed. The sol-~
vent is then recycled to the boiler.

5.1,2 Variations
Microwave heaters may be employed to maintain the
solvent at its bolling point in the building.

5,2 Equipment/Support Facilities Needed

5+2.1 Description
Pumps, solvent boller, and waste treatment system.

54242 Reliability, Availability and Maintainability
The RAM is expected to be high because of the
gimplicity of the equipment,

5.3 Decontamination Time

5.3.1 Set-up
Low to moderate time to set-up boiler, seal building,
etc.

5.3.2 Application Time

5¢3.2.1 Personnel
Probably low to moderate = extensive

involvement in set-up and tear—down but
basically a passive process (monitors
required only during decontamination).

5.3.2.2 Decontamination
Dependent on diffusion and number of ap-

plications required (hours to days).
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5.3.3

5.4 Safety

5.4.1

5.4.2

544.3

Economics
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5¢3.2.3 Verification
Knowledge gap.

Tear-Down Time

5.3:3,1 Equipment Removal
Low to moderate time.

5.3.3.2 Clean-up
Wash with decon agent or wacer or heating to
volatilize the residual sclvent may be re=
quired.

Requl rements

Procegs Hazards
Explosion or fire hazardes from flammable solvents.

Personnel Hazards
Toxicity of solvent, Volatilization of agents.

Protective Methods
If flammable solvent 1s used "explosion proof
equipment” is required, Personnel must wear
protective clothing. Cooling coils may be in-
stalled on the ceiling to prevent escape of
solvent (Brock, 1975). :

6.1 Building Damage - Repair Costs
No damage to buildings is anticipated,

6.2 Developmental Costs
Low to moderate development cost — selection of equipment and
solvent and designation of optimum operating parameters (e.g.
temperature).

6.3 Treatment Costs

6.3.1

6432

6.3.3

Utilities and Fuel Cost
Low to moderate cost for fuel for boiler and pumps.

Equipment Cost
Low to moderate cost for boiler, ductwork, and pumps.
However, it 1s dependent on the complexity of the

gsolvent recovery/recycle system.

Muterial Cost
Moderate high material cost (solvent) depending on
recovery system. (i.e., high cost if solvent cannot
be recovered and recycled).
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6.3.4 Manpower Cost
Low to moderate cost for equipment set-up and teardown
as wall as monitoring the boiler, etc. during decon-
tamination,.

7.0 Future Work Required

7.1 Knowledge Gaps
Specification of equipment and process designation -
application, recovery, collection, efficlency (surface
and interior), solvent selection, temperature and time.

7.2 Resolution
Expevimental testing.
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SOLVENT CIRCULATION

1.0 General Description

2.0

3.0

1.1 Summary of Idea
An organic solvent such as acetoune 1s circulated across the
gsurface of a building solubilizing the contaminants. The
spent solvent is thermally or chemically treated to decon-
taminate the agents. The solvent may be recycled if no
degradation of the solvent occurs during treatment.

1.2 Origination of Idea
Novel Processing project team.

1.3 Obvious Advantages and Disadvantages
Advantages. Removal of contaminated paint is possible if the
proper solvent is selected. Depending on solvent-agent
match, this may be very efficlent removal system.

Disadvantages. Method not suited for iIntricate structures.
Penetration of solvent into material matrix followed by
outward diffusion may require long times. Residual solvent
in building material may require removal and/or decomposi-
tion. The solvent may tend to carry the agent farther

into the wall before outward movement occurs.

1.4 Variations of Idea ,
Using a Stanley Steamer® configuration, a chemical can be
added to the solvent to decontaminate the agent. As the
golvent is applied, a vacuum may be applied to remove the
golvent and the contaminants.

1.5 Sketch
See attached.

Chemical Decomposition Treatment - Not applicable
Physical Treatment

3.1 Removal Efficiency, Residue Level
If the solvent is selected properly it should extract
most 1if not all of the contaminants it contacts. The primary
difficulty is to achieve an inward flux of neat solvent into
porous bullding materials followed by (or concurrently) an
outward flux of solvent contaminated with agents. It is
unknown whether this may be accomplished within a realistic
period of time. However, the use of a gaseous (l.e., va-
porized) solvent may enhance diffusion into and out of
building materials. HD is very soluble in most orgamnic sgol-
vents. GB and VX are soluble in polar and non-polar sol-
vents. All have high solubility in alcohols, ethers, ketones
and halogenated hydrocarbons.

3.2 Hazardous Wasgtes
If neat solvent 1s used the agent will still be active.
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The solvent may also be hazardous itself, e.g., flammable or
toxic .

3.3 Supplementary Treatment(s)
Probably will require more than one application of solvent.

3.4 VWaste Racovery and Disposal
The solvent has to be treated to decompose the agent
contaminants. If the solvent 1s incinerated, pollution
standards must be obgerved., If a chemical treatment is
employed, the products may require detoxicification
if the solvent is to be reused.

3.5 State-of-the-Art
Solubllities of agents in various solvents are known.

Applicability

4ol Agent Applicability
Depending on choice of solvent, method can be applied to any
agent.

4,2 1Isolated Building Material Applicability
It is applicable to all building materials.

4.2,1 Impact of Substrate on Chemistry
Absorbed agents may be difficult to extract,

4.2.2 Removal or Reaction of Contaminant from Surface
Complete removal of the contaminant from surfaces is
anticipated.

4,2.3 Removal or Reaction of Contaminant from Interior
May not remove agent from the interior of bullding
materials. Although solvent penetration Into porous
materials (e.g. concrete) 1s expected, reverse
diffusion of contaminated solvent may require a great
deal of time.

4,2.4 Damage to Material .
No damage to building material is expected.

4.3 Practical Applicability to Building
4,3.1 Building Preparation

All obsgtructions to the apparatus will require
removal.

4.3.2 Practical Physical Limitations/Methods to Overcome
It may be extremely difficult to get a tight seal
around the solvent circulation apparatus and surface,
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especially around uneven areas and in hard to reach
places. Method is only suitable to large open areas
of the building.

4,3.,3 Secondary Decontaminatiou Treatment

May need multiple solvent washes to totally remove the
contaminants,

4,3.4 Clean-up Requirements
May need water wash after decontamination to remove
the solvent contained in porous materials., Heating
nay also be employed to volatilize residual solvent.

4.3,5 Waste Treatment and Disposal
The contaminated solvent may have to ha chemically
treated to decompose the contaminants. If a chemical
nethod does not remove the contaminant to allow re-
cycle of the solvent, a thermal method (i.e, inciner=
ation) may be employed.

4.4 State~of-the-Art
This technique has not yet been applied to building
decontamination., The method needs development in
application, recovery, collaction, and efficiency.

5.0 Engineering

5.1 Procesgss Description

Obstructions | Equipment Solvent Lga Waste
Removal Set-Up Application Treatument
NV

! éecond;ry
Clean Up Decontamination

- .

(1£ ﬂeCeésary)

5.1.1 Main Process
The solvent is introduced into a box placed against a
wall, The gide of the box facing the wall is open
with all edges sealed., The solvent is allowed to
circulate/penetrate/wet the surface removing the
contaminant. The contaminated solvent is collected at
the bottom of the box, passed through a filter or
packed carbon bed, and recycled.

5.1.2 Variations
The solvent can either be heated or volatilized to
enhance 1ts diffusion into and out of building
materials as well as the solubility of agents.
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5.2 Equipment/Support Facilities Needed

5.2.1 Deseription
Solvent pump, circulation box, collection tank, and
recovery gsystem. For example, filter, neutralizer,
distillation column, etc., May need a condensor if
solvent is vaporized during processing.

5.2.2 Reliability, Availability and Maintainability
- The RAM is expected to be low because of the
complexity of the equipment.

5.3 Decontamination Time

5.3.1 Set-up
Probably extensive but dependent on obstructious which
require removal, size and configuration of equipment
used, and .number of applications required.

5.3.2 Application Time

5.3.2.1 Personnel
Probably low to moderate - extensive involve-
ment in set-=up and tear-~down but only mon-
itors required during decontamination.

5.3.2.2 Decontamination
Dependent on diffusion and number of ap-
plication required — expected to be long
(hours to days).

5.3.2.3 Verification
Knowledge gap.

5.3.3 Tear-Down Time

5.3.3.1 Equipment Removal
Dependent on size and configuration of equip-
ment,

5.3.3.2 Clean-up )
Either a4 water wash or heating to volatilize
the residual solvent may be required.

5.4 Safety Requirements

5.4.1 Process Hazards
Explosion or fire hazards from inflammable solvents,

5.4.2 Personnel Hazards
Toxicity of solvent. If heating is used, agents may




ITI-163

be volatilized,

5.4.3 Protective Methods
If volatile/flammable solvent used, "explosion
proof equipment” and concentration monitors will be
required. Personnel must wear protective clothing
(level A or B) and possibly respirators because of
solvent laden with agent.

6.0 Econoniecs

6.1 Building Damage - Repair Costs
No damage to buildings 1s anticipated.

6.2 Developmental Costs
High development cost to design, construct and test apparatus
ag well ae selection of solvent and dnsignation of
optimum operating parameters.,

6,3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Expected to be low but will require some electricity
and possibly steam.

6.3.2 Equipment Cost
Moderate to high equipment cost depending on complex-
ity of recovery/recycle system,

6.3.3 Material Cost
Moderately high material cost (solvent and decon
solution) depending on recovery system,

6.3.4 Manpower Cost
System needs operating personnel to move the equip~
during decontamination as well as for set-up and
tear~down.

7.0 Future Work Required
7.1 Xnowledge Gaps
Specification and design of equipment and process parameters,

and solvent selection,

7.2 Resolution
Experimental work.
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SUPERCRITICAL FLUIDS

1.0 CGeneral Description

2.0

3.0

1.1 Summary of Idea
This method 1is based on the use of a supercritical fluid
(£fluid that exists when temperature and pressure conditions
are above the critical temperature and pressure of the
substance) as a solvent extraction medium.

1.2 Origination of Idea
Suggested for cousideration as a building decontamination
method by USATHAMA.

1.3 Obvious Advantages and Disadvantages
Advantages - Supercritical fluids have superior penetration
capabilities compared to liquid solvents. Purification of
supercritical fluids is easier as compared with liquid
solvents,

Disadvantages = It would be difficult to maintain super-
critical conditions for purposes of buillding decontamination
beci.use the critical pressure aud/or temperature of most
subatances 13 much higher than standard conditions. For
example, COy has a critical pressure of 72.9 atmospheres,
although the critical temperature is only 31 C. 1If a super-
critical filuld were found to exist at standard conditions,
the extraction capabilities would have to be merited.

1.4 Variations of Idea
For purposes of this description, 1t will be assumed that
COg 1is the supcreritical fiuld of choice, since COy is the
most commonly employed supercritical solvent,

1.5 Sketch
None.

Chenical Decomposition Treatment — Not applicable.
Physical Treatment

3.1 Removal Efficiency, Residue Level
In general, solvent power increases with density at a given
temperature and increases with temperature at a given
density. Superzritical CCy, under maximum solvent power,
has solvent properties similar to methylene chloride. Thus,
removal efficiency is anticipated to be high.

3.2 Hazardous Wastes
The spent solvent will contain solubilized contaminants.
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3.3 Supplementary Treatment(s)
None anticipated.

3.4 Vaste Recovery and Disposal
Waste solveut can be readily purified and recycled. Con-
taminant disposal requirementa dercnd on secondary treatment.

3.5 State—oi-the-Art
Tihe extraction properties of a number of supercritical fluids
(e.g. COy9, Hy0, propane) have haen investigated in coa=
siderable detail, but little data 1y available on the sol-
ubility of agonts. In general, <he solvent properties of
supercritical COp are comparable to methylene chloride.

Applicability

4,1 Agent Applicability
HD, VX and GB would prubably be miscible in supercritical
COZ.

4,2 1Isolated Building Material Applicability

4.2,1 1Impact of Substrate on Chemistriy
Supercritical extraction may be preferred over other
extraction methods 1f the agent is adsorbed on the
surfaces and pores of buillding materials.

4.2.2 Removal or Reaction of Contaminant from Surface
Removal highly probable,

4.2,3 Removal or Reaction of Contaminant from Interior
Removal highly probable because of penetration
capabilities of supercritical fluids.

4,2.4 Damage to Material
Possible damage to most materials from high pressure.

4,3 Practical Applicability to Building
There is no practical applicability to building due to the
high prcgsure requirement. May be suitable to small items
that can be contained in a pressure vessel., However, pipes
and tanks may be decontaminated with supercritical fluids
by in situ formlug a pressure vessel out of the pipe or tank
(dependent on strength of the material).

4,4 State-of~the-Art
Supercritical CO; has found industrial application for ex-
traction of food products such as oils, fats, hops and
coffee; and for extraction of hazardous materials such as
tetrachlorodioxin and PCB's, A supercritical water waste
treatment system has been developed to treat hazardous
organic wastes,
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5.0 Engineering

Design of engineering process 1s not practical for building
decontamination purposes. (See Section 4.3)

6.0 Economics

The economics cannot be evaluated because the method is not
practical for building decontamination.

7.0 Future Work Required

The use of supercritical fluids for entire building decon-
tamination purposes does not merit further consideration.
However, supercritical fluids may be used to decontaminate
small equipment after removal from the building in a separate
system. It may also be possible to decontaminate the inside
of vessels and piping in situ.
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BF-1 SOLUTION

1.0 General Description

1.1 Summary of Idea
BP-1, a water solution of a pyridinium aidoxime and inert
surfactant is a safe, rapld acting reagent for decontam-
inating VX and GB. It can be applied as a foam or cream,

1.2 Origination of Idea
The German Defense Ministry has supported work on this decon-
taminant at Battelle=Frankfurt (BF) for gome years. This

work was discussed with the Novel Processing team by Klaus
Rossmann (BF).

1.3 Obvious Advantages and Disadvantages

Advantages. Advantages include rapid action, low toxicity,
non-corrosive nature. (Reiner, 1982).

Disadvantages. A Disadvantage {s lack of applicability for
HD.

1.4 Variations of Idea
Various application methods could be used including sprays,
foams, gels, creams, etc. Inclusion of an additive might
make it effective against HD as well as nerve agents. Other
oximes might also be effective as cited by Reiner, 1978;
Ford, 1974 and Epstein, 1978.

1.5 Sketch (Composition)

5% OPAB (octyl pyridinium 4-aldoxime bromide)
3% Surfactant
92% water C9“19<i::>>‘°*C“2CH2°)8H

2,0 Chemical Decomposition Treatment

2.1 Chemical Reactions

C,H 0 ps0 C,H 070

+ - < - -~ “OH
VX + CgHy7- N<:>>‘CH=NOH o ON=CHR CHj

_ 3 '*‘(::»bcn
Li + + C8Hl7‘= N\\_—

The octyl moilety permits HSCH2CH2N(iPr)2

micelle formation enhancing

reaction rates,

2.2 Hazardous Products
Nitrile end product may be toxic.

2.3 Destruction Efficiency, Residue Level
Half life of VX about 2.5 mins. Therefore, very low residue
levels may be expected in <1 hour,
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Reaction Rate/Kinetins
t1/2 2.5 mins. (Rossman communique). Barrass, 1971 cites re-
action rate constants for other o:ilmes (amidoximes, a-methoxy
oximes, and pyridine oximes).

Supplementary Treatment
None should be needed.

State-of=the-Art
Synthesis and evaluation (with VX) has been rather fully
developed.

Physical Treatment

Not applicable.

Applicability

4.1

4.2

a.3

Agent Applicability
Proven effective for VX, should work weli (since otner oximes
do) for GB. Ineffective against HD.

Isolated Building Material Applicability

4.2,1 TImpact of Substrate on Chemiatry
Unless acidic, the substrate should have no effect on
the chemistry.

4.2,2 Removal or Reacilon of Contaminant from Surface
Removal ghould be thorough from surfaces. BF-1
spreads well and can be held in place by preparation
of a foam (add carbowax, etc.).

4.2.3 Removal or Reaction of Contaminant from Interior
Surface active agent should facilitate penetration
into cracks, pores and the like. Paint films unlikely
to be treated well much below the upper surface.

4.2,4 Damage to Material
No significant damage 1s expected.

Practical Applicability to Building

4.3,1 3Building Preparation
None should be required except stripwning of paint.

4.3.2 Practical Physical Limitations/Methods to Overcome
Can be applied tc any surface which can be reached
with a spray/foam - physical limitations appear to be
negligible. Difficulties encountered will be
equivalent to those encountered when painting
the structures.
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4,3.3 Secondary Decontamination Treatment

None should be required.

4,3.4 (lean—up Requirements

Water wash.

4,3.5 Waste Treatment and Disposal

Pretreatment with active carbon should be
satisfactory.

4,4 State—of-the-=Art

5.0 Engineering

5.1

Has not been applied to buildings or building components.

Process Description

~ Reactant , , ,
Preparation Application ‘Wash

[Waste Disposal |

Maln Process

The reactive liquid is nmixed thoroughly and applied to
the atructure with a spray gun, paint brush, roller,
or similar item to thoroughly coat the surface as if
it was being painted. The liquid is allowed to soak~—
in and react decontaminating the agents. After
decontamination is completed the solution is removed
by washing with an appropriate wash solution.

5.1.2 Variations

The liquid reagent may also be applied in gel or
foams. A variety of gelling and foaming agents may be
used which are compatible with both aqueous based and
organic solvents. A primary advantage of using gels
or forms 1s that they will maintain a long contact
time with the building material which will allow con-
tinuous diffusion of reactant into the material for
decontamination purposes., Polymeric or plastic sheet
backings may be applied to the gels and foams to in—
sure inward migration of reactants and minimize out-
ward vapor diffusion into the building. Furthermore,
these backed gels or foams may be heated to facilitate
reactant migration and enhance decontamination rates.

5.2 Equipment/Support Facilities Needed

Description

An agitating tank for preparing mix.
Painting equipment for application.
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5.2,2 Reliability, Availability and Maintainability
The RAM 1s expected to be high,

5.3 Decontamination Time

5.3.1 Set-Up
Minimal set up time required, just as with spray painting.

5.3.2 Application Time

503!2.1 Personnel
Application time would be equivalent to the
time required for painting.

5.3.2.2 Decontamination
Should be immediate or very short for VX,
knowledge gap for the others,

5.3.,2.3 Verification
Knowledge Cap.

5.3:3 Tear-Down Time

5.3.3.1 Equipment Removal
Minimal time 1s required for removal of
application equipment (same as for paintiag).

5.3.3.2 Clean=-up
Minimsl clean up required. A fresh solvent
water wash may be sufficient.

5.4 Safety Requirements

5.4.1 Process Hazards
None known = nonflammable, low toxicity dilute aqueous

solution.

5.4,2 Personnel Hazards
LD5g (sub-cutaneous-rats) at 500 mg/kg.

5.4.3 Protective Methods
Minimal = If sprayed, it may be desirable to use a
respirator.

6.0 Econonmics

6.1 Building Damage - Repailr Costs
None expected.

6.2 Developmental Costs

Decontamination efficlency for agents.
Applicability to buildings.

..........
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6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Minimal: electricity for the mixer and the pump.

6.3.2 Equipment Cost
Minimal: brushes and rollers may be obtained from the
neighborhood hardware store. Standard spraying
equipment {s inexpensive ($200-500),

6.3.3 Material Cost
: $1.50~2,00/1iter for the solution is estimated.

6.3.4 Manpower Cost
Small: same as painting.

7.0 Future Work Required

7.1 Knowledge Gaps
Applicability to buildings.
Destruction efficlency.
Verification,

7.2 Resolution
Experimental work,
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DS-2

1,0 General Description

1.1 Summary of Idea
DS-2, an azeotropic mixture of 70% diethylenetriamine, 287%

2-methoxyethanol, and 2% NaOH, is a strongly basic mixture
which reacts with and is used for decontaminating HD, GB and
VX. (Richardson, 1972; Day, 1974; Fielding, 19643 and Amos, 1977).

1.2 Origination of Idea
Literature references (Yurow, 1981; Davis, 1975).

1.3 Obvious Advantages and Disadvantages
Advantages. This mixture decontaminates GB, VX, and HD
rapidly (five minutes).

Disadvantages. Corrosive to epoxy resins, neoprene, wood,
and alum. Divinyl sulfide is a toxic by-product of HD.

l.4 Variations of ldea

Chelating agents such as a crown ether may be added to improve
the properties of DS2 (Richardson, 1972).

1.5 Sketch
2.0 Chemical Decomposition Treatment

2.1 Chemical Reactiouns

H H '
HD + DS-2 ———> HyC=C-5-C=CH2 some polymerization (Davis, 1975)
Divinyl sulfide (somewhat toxic)
0
i
GB + DS-2 —— > CH3-E_ON8 + NaF (Yurow, 1981).
~ .
A HoHp HoHy A P,
VX + DS-2 —> N-C~C=§-S-C=C-N + H3C-P-ONa (pavis, 1975; Yurow, 1981).
hg OCH)CH3

2.2 Hazardous Products
Divinyl sulfide is reported to be toxic. (Yurow, 1981);

Davis, 1975).

2.3 Destruction Efficiency, Residue Level
Literature reports 100% destruction of HD within 1 minute
with DS-2 (Richardson, 1972) and GB in 5 minutes (Yurow., 1981).

2.4 Reaction Rate/Kinetics
The half lives for HD, GB and VX were found to be 2.3 sec.,
<30 sec and </ sec. respectively at room temperatures.

(Yurow, 1981).
2.5 Supplementary Treatment

Washing of materials and contaimment of divinyl sulfide would
seem to be a necessary supplementary treatment,
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2,6 State-of-the-Art
In work performed with D§S-2 at Monsanto, a thorough study was
made on the function of the three compounents in the solution,
Some subgtitute formulations were tested but none were found
to be markedly superior to DS-2. (Richardson, 1972).

3.0 Physical Treatment
Not applicable,

4,0 Applicability

4.1 Agent Applicability
Applicable to HD, GB and VX,

4.2 1Isolated Building Material Applicability

4,2,1 1Impact of Substrate on Chemistry
Substrate should have little to no effect on

chemistry.

4,2,2 Removal or Reaction of Contaminant from Surface
Regction rate of contaminant on surfaces is known to
be high and 13 well documented. (Davis, 1975; Yurow,
1981),

4,2.3 Removal or Reaction of Contaminant from Interior
Knowledge Gap. The physical problem of allowing DS~2
to permeate into the interior of building materials to
teact with absorbed agent is an important concern re-
quiring experimental evaluatioun.

4.2,4 Damage to Material
Literature states that DS-2 is “"relatively non
corrosive”, Same reference does suggest that DS-2
1s corrosive to epoxy resins, neoprene, and wood.
Itg use can be expected to remove most paint films.
(Yurow, 1981),

4.3 Practical Applicability to Building

4,3.1 Building Preparation
Paint removal may be necessary although DS=2 is ex-=
pected to strip off paint.

4.3.2 Practical Physical Limitations/Methods to Overcome
Spraying, brushing and rolling DS-2 on intricate areas
may be time counsuming and cumbersowme. Difficulties
encountered will be equivalent to those encountered

when painting the structures.
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4,3.3 BSecondary Decontamination Treatment

None required unless thorough contact between the con-
taminated surface and the DS-2 was not achieved.

4,3.4 Clean-up Requirements

Water wash.

4.3,5 Waste Treatment and Disposal

Waste products including divinyl sulfide and sodium

fluoride must be collected and treated, neuteralized
and incinerated,

4,4 State-of-the-Art

5.0 Engineering

Currently uszd for decontamination of GB, HD and VX,

5.1 Process Description

[verification]

[;repaxrtion

sufficient
application reaction time wash

4

waste treatment
disposal

S.1.1 Main Process

DS-2 1s mixed throughly and applied to the structure
with a spray gun, paint brush, roller or similar item
to thoroughly coat the surface as 1f 1t was being
painted. The liquid 1s allowed to soak in and react
decontaminating the agents, After decontamination

is completed the solution is removed by washing with
water,

5.1.2 VvVariations

DS-2 system may also be applied in gels or foams. A
variety of gelling and foaming agents may be uged
which are compatible with both aqueous based and
organic solvents. A primary advantage of using gels
or foams 1s that they will maintain a long contact
time with the building material which will allow
continous diffusion of reactant into the material for
decontamination purposes. Polymeric or plastic sheet-
ing backings may be applied to the gels and foams to
insure inward migration of reactants and minimize
outward vapor diffusion into the building. Further—
more, these backed gels or foams may be heated to fa-
cilitate reactant migration and decontamination rate,
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5.2 Equipment/Support Facilities Needed

5.2.1

5.2.2

Deseription
Tank for preparing mix, Painting equipment
for application;

Reliability, Availability and Maintainability
The RAM is expected to be high.

5.3 ULecotntamination Time

5.3.1

5.3.,2

5.3.3

S.4 SBafety
5.4.1

5.4.2

Set-up
Minimal get up time required, just as with painting.

Application Time

5.3:2.1 Persounnel
Application time would be equivalent to the
time required for painting.

5.3.2.2 Decontamination
Should be very good based on half=life data.
Will depend on achieving thorough contact
between the decontaminating solution and the
contaminants.

5.3.2.3 Verification
Knowledge Gap.

Tear-Down Time

5.3.3.1 Equipment Removal
Minimal time 1s required for removal of ap-
plication equipment (game as for painting).

5¢3.3.2 Clean-up
Minimal clean up required. A fresh water
wash may be sufficient,

Requi rements

Process Hazards
The 1iquid 1s corrosive to certain meterials, plastic,
wood and aluminum. Appropriate equipment should be
acquired. No process hazards assoclated with the
application wmethod.

Personnel Hazards
Pergonnel hazards are associated with the application
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method because the solution is corrosive and some of
the products are somewhat toxic.

5.4.3 Protective Methods
Appropriate clothing, eye protection and probably a
regpirator are required.

6.0 Economics

6.1 Bullding Damage - Repalr Costs
Small repair costs. None expected in concrete.
Some in wood, aluminum and plastie,

6.2 Devalopmental Costs
Modast. Evaluation of diffusion/contact of decontaminatiag
golution to contaminants and verification of decontamination
required.

| 6.3 Treatment Costs

; 6.3.1 Utilities and Fuel Cost
: Mirdmal: electricity for the mixer and the pump.

6.3.2 Equipment Cost
Minimal: brushes and rollers may be obtained from the
neighborhood hardware store, Standard gpraying
equipment is inexpensive ($200-500), The price 1is
higher 1if special materials are required because of
the chemical characteristics of the liquid., DS=2 is
corrosive,

6.3.3 Material Cost

Reagent:

diethylenetriamine 3$6/1b.
methoxyethanol $4/1b.
NaOH $4.50/1b.

6.3.4 Manpower Cost
Small: sgame as painting (painting was assumed to be
the base point). .

7.0 Future Work Required

7.1 Knowledge Gaps
Di ffusivity/contact. Verification,

7.2 Resolution
Experimental work,
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CD-1

1.0 General Description

2.0

1.1 Summary of Idea
CD-1 (55 vol. percent ethanolamine, 45 wol, percen: propylene
glycol, and 2.5 weight percent lithium hydrokxide, water) re-
acts with GB and VX forming hydrolysis products, CD-1 also
reacts with HD to form the thiomorphylene derivative and vinyl
chloroethyl sulfide. Studies have been done using a similar
mixture (APD) to decontaminate agents from aluminum, concrete
and soil,

1.2 Origination of Idea
Literature (Davis, 1975; Yurow, 198l; Davis, 1978; Day, 1979).

1.3 Obvious Advantages and Disadvantages
Advantages. Destruction of agents is very rapid: VX = 99,2%
destruction in 15 minutes; GB = 99.97% destruction after 5
minutes. (Davis, 1975). Destruction rate with HD was reported
by Day, 1979 to be t3/2 = 2.7 minutes,

Disadvantages. Formation of toxic by-product vinyl chloro-
ethyl sulfide and divinyl sulfide has been reported (Davis,

1975),

1.4 Variations of Idea
Use as a reactive aerosol in building interiors with supple=
mental heating of structure,

1.5 Sketch
None.

Chemical Decomposition Treatment

2.1 Chemical Reactions [:S:]
HD + CD-1 N~ c1- -+ HOCHyCHpNH3*C1-
Paa + HypC=CHS CHyCHjC1
H  CH,CH,0H (toxic)
GB + CD-1 CH3-P~0(iPr) + HF
OH
- 9 .
VX + CD-1 CH3=P-0OH + HS-CoH4{~N(iPr)y
CaHs

2.2 Hazardous Products
Formation of toxic product vinyl chloroethyl sul fide and

vinyl sulfide (half 1ife of form 10 minutes at room temp) has
been reported (Yurow, 1981).

2.3 Destruction Efficiency, Residue Level
CD-1 destroyed 99.97% of GB present in five minutes. (vapor
phase). (D=1 destroyed 99.2% of VX in 15 minutes, Day, 1979
reports the t31/2 for VX ig 0.34 minutes and for HD is 2.7 minutes,
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2.4 Reaction Rate/¥inetics
VX and HD have a half-life of 3 minutes when treated with
CD=1 at 25 C. For GB the half=life 1s reported to be lass
than 2 minutes (Yurow, 1981).

2.5 Supplementary Treatment
Washing of materials and containment of divinyl sulfide and
chloroethyl vinyl sulfide would seem to be a necessary
supplementary treatment.,

2.6 State-of-the-Art
A reference (Brady, 1969) describes the use of an APD aerosol
in decontaminating GB vapor and reports destruction ef-
ficlency of APD (similar to CD~1) with VX and HD on aluminum,
concrete and soil samples. A reference (Yurow, 198l) in=
dicates that APD is the same as CD-l.

Physical Treatment
Not applicable.

Applicability

4,1 Agent Applicability
Applicable to all agents of interest.

4.2 Isolated Building Material Applicability

4.,2,! TImpact of Substrate on Chemistry
No damaging impact anticipated., Alumina and silica
have been reported to have catalytic effeéts om
hydrolysis.

4.2.2 Removal or Reaction of Contaminant from Surface
No problems anticipated, Complete removal of surface
contaminants expected.

4,2,3 Removal or Reaction of Contaminant from Interior
Penetration into porous materials not reported,
Knowl edge Gap.

4,2,4 Damage to Material :
Can be expected to destroy paint films, no damage is
expected due to spraying, brushing or rolling the
liquid on the surface.

4.3 Practical Applicability to Building

4,3.1 Building Preparation
Paint removal wmay be necessary although some stripping
18 expected from the application to CD-1,
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4.3.2 Practical Physical Limitations/Methods to Overcome
Spraying, brushing or rolling the CD«l liquid on
intricate areas may be time consuming and cumbersowme,
Difficulties encountered will be equivalent to those
encountered when painting the structure.

4.3.3 Secondary Decontamination Treatment

None expected unless contact between the agent and the
reactive liquid 1s not achieved.

4.3.4 Clean-up Raquirements
Water wash,

4.3.5 Waste Treatment and Disposal
Waste products must be removed or collected, treated,
neutralized and/or incinerated.

4,4 State-=of~the-Art
APD has been used in an aerosol form for the decontamination of
agents on aluminum, concrete, and soil samples (Brady, 1969).

5.0 Engineering

5.1 Processa Description

Liquid | Application| Reaction
Preparation ‘ Time .
N

Products to
Waste Treatment

5.1.1 Main Process

The CD~1 1iquid {s mixed thoroughly and applied to the
structure with a spray gun, paint brush, roller or
similar item to thoroughly coat the surface as 1if it
was being painted. The liquid is allowed to soak in
and react thereby decontaminating the agents, After
decontamination is completed, the solution is removed
by washing with an appropriate wash solutiom,

5.1.2 Variations

Liquid reagents may also be applied in gels or foanms,
A variety of gelling and foaming agents may be used
which are compatible with both aqueous based and
organic solvents. A primary advantage of using gels
or foams is that they will maintain a long contact
time with the building material which will allow
continuous diffusion of reactants and minimize outward
vapor diffusion into the building. Furthermore, these



v
al

[~ Bt

I1I-180

backed gels or foams may be heated to facilitate re~
actant migration and increase decontamination rates.

5.2 Equipment/Support Facilities Needed

5.2,1 Description
Agitated tank for preparing mix painting equipment for
application.

5.2.2 Reliability, Availability and Maintainabilicty
The RAM is expected to be high.

5.3 Decontamination Time

5.3.1 Set‘.'ﬁu]’)
Minimal set up time required, not as with painting.

53,2 Application Time

5¢3.2.1 Personnel

Application tiwe would be equivalent to the
time required for paintirng.

503422 Deconcamination
Should be fast and complete if coutact
between the liguid CD=1 and the agent is
achiaved.

5¢3.2.3 Verification
Knowl edge Gap.

5¢3+3 Tear-Down Time

5.3.3.1 Equipment Removal
Minimal time is required for removal of
application equipment (same as for painting).

5.3.3.2 Clean-up

Minimal ciean up required. A fresh water
wash may be sufficient.

5.4 Safety Requirements

S.44s1 Process Hazards
None expected.

5.4.,2 Persounel Hazards
Reaction products are toxic,

5.4.3 Protective Methods
Appropriate clothing required.
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6.0 Economics

6.1 Building Damage ~ Repailr Costs
None expacted.

6.2 Developmental Costs
Modest. Verification on decontamination efficiency for
contaminants inside building materials required.

6.3 Treatment Costs

643.1 Utilities and Fuel Cost ,
Minimal = electricity for the mixer and the pump.

6.3.2 Equipment Cost
Minimal = brushes and rollers may be obtained from the
neighborhood hardware store. Standard spraying equip-
ment is inexpensive ($200-500). The price is higher
1f special material {s required because of the chem—
ical characteristics of the liquids. Some reactants
and products may be corrosive,

6.3.3 Material Cost

Modest - depending oa the amount required.
MEA  §5/1b
LiOH $10/1b

6.3.4 Manpower Cost

Minimal - game as painting. (Painting was assumed to
be the base point.)

7.0 Future Work Required

7.1 Knowledge Gaps
Verification of sultability of interior decontamination.
Confirmation of published data.

7.2 Resolution
Experimental work.
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» ALL PURPOSE DECONTAMINANT (APD)

~ 1.0 General Description

v s_na
)

1.1 Summary of Idea
" APD (54% MEA, 447 {isopropanolamine, 2.52 LiOH H20) is
> known to react with GB, VX and HD. Studies have been done
using APD for the decontamination of agents from aluminum,
concrate and soil.

” 1.2 Origination of Idea
- Brady, 1969; Davis, 1978; Yurow, 1981; Stanford, 1981,

1.3 Obvious Advantages and Disadvantages

- Advantages. Applicable in the vapor/aerosol phases, Con-
tains ethanolamine which readily reacts with agents and is a
good decontaminate for HD. (Brankowitz, 1978).

T Disadvantages., Formation of toxic by-product vinyl chloro-
ethyl sulfide has been reported. (Yurow, 1981).

- 1.4 Variations of Idea
; Use a8 a reactive aerosol in building interiors with supple-
- mental structure heating. (Brady, 1969).

1.5 Sketch

§ 2.0 Chemical Decomposition Treatment

2.1 Chemical Reactions S
HD + APD (MEA) + HOCHyCHoNH3+ C1-
oA o
i CH,CHyOH + some H,C=CHS CH,CHyCL
: 0 .(toxic} (Yurow, 1981)
g GB + APD CH3-P-0iPr + HF
_ b
N / 0
: VX' + APD CH3~B~OH + HS-CaH4=N(iPr)y
0CoHg

2.2 Hazardous Products
Formation of toxic product vinyl chloroethyl sulfide (half
life of form 10 minutes at room temp) has been reported.
There is some question whether or not this was formed

with APD or CD-l. (Yurow, 1981).

2,3 Destruction Efficiency, Residue Level
APD destroyed 99.8% of GB present in gix minutes. (vapor
phase) APD destroyed 972 of the applied VX on glass in 1.5
hrs. Experiments on concrete were inconclusive because only

50% of the VX was recovered on a control experiment (Brady,
1969),
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2.4 Reaction Rate/Kinetics
VK and HD have a half-=life of 3 minutes in water treated
with APD at 25 C. For GB the half-~iife is reported to be
leas than 2 minutas (Yurow, 1981).

2.5 Supplementary Treatment .
Washing of materials and containment of divinyl sulfide would
gseem to be a necessary supplementary treatment.

2,6 State-of-the=Art
A reference (Brady, 1969) describes the use of an APD aerosol
in decontaminating GB vapor and reports destruction ef-
ficiency of APD with VX and HD on aluminum, concrete and soil
samples. A reference (Yurow, 1981) indicates that APD is the
dame as CD=l, -

Physical Treatment
Not applicable.

Applicability

4.1 Agent Applicability
Applicable to all agents of interest.

4,2 Isolated Building Material Applicability

4.2.1 Impact of Substrate on Chemistry
No damaging impact antic¢ipated. Alumina and silica
have been reported to have catalytic effects omn
hydrolysis.

4,2.2 Removal or Reaction of Contaminant from Surface
No problems anticipated, Complete destruction of
surface contaminants expected.

4,2.3 Removal or Reaction of Contaminant from Intericr
Penetration into porouc materials not reported.
Knowledge Gap.

4,2.4 Damage to Material

Can be expected to destroy paint films. No damage i3
expected due to spraying, brushing or rolling the
liquid on the surface.

4.3 Practical Applicability to Building
4.3.1 Building Preparation

Paint removal may be necessary although some stripping
is expected from the application of APD.

4,3,2 Practical Physical Limitations/Methods to Gvercome
Spraying, brushing or rolling the APD liquid on
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intricate areas may be time coasuming and cumbersome.,
) Difficulties encountered will be equivalent to thouse
encountered when painting the structure.

- 4.3.3 Secondary Decontamination Treatment
! None expected unless contact between the agent and the
reactive liquid is not achieved.

4.3.4 Clean-up Requirements
Water wash.

4.3.5 Waste Treatment and Digposal
Waste products must be removed or cnllected, treated,
neutralized and/or incinerated.

—nrome

: 4.4 State-of-the-Art
' . APD has been used in an aerosol form for the decontamination
3 of agents on aluminum, concrete, and soil samples (Brady, 1969).,

5.0 Engineering

5.1 Procesd Description

§ [Verification |
1T

Reaction Wash
Time

Liquid JJ Application |
Preparation

Productsféo"7w
Waste Treatment

5.1.1 Main Process
; The APD liquid is mixed thoroughly and applied to the
structure with a spray gun, paint brush, roller or
similar item to thoroughly coat the surface as 1f it
wag belng painted. The liquid is allowed to soak in
and react decontaminating the agents. After decon~
tamination is completed the asolution is removed by
washing with an appropriate wash solution.

Sv 1.2 Variationa
Liquid reagents may also be applied in gels or foams.
A variety of gelling and foaming agents may be used
which are compatible with both aqueous based and
organic solvents. A primary advantage of using gels
or foams i{s that they will maintain a long contact
time with the bullding material which will allow
continuous diffusion of reactants and minimize outward
vapor diffusion into the building, Furthermore, these
backed gels or foams may be heated to facilitate re—
actant migration and increase decontamination rates.
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5.2 Equipment/Support Facllities Needed

52,1 Description
Agitated tank for preparing mix painting equipment for
application.

5.2.2 Reliability, Availability and Maintainability
The RAM 13 expected to be high.

5.3 Decontamination Time

5.3.1 Set—-up
Minimal set up time required, not as with painting.

5.3.2 Application Time

5.3.2.1 Personnel
Application time would be equivalent to the
time required for painting.

5.3.2.2 Decontamination
Should be fast and complete if contact be-
tween the liquid APD and the agent is
achieved.

5030203 Verification
Knowledge Gap.

5.3.3 Tear-Dcwn Time

5.3.3.1 Equipment Removal
Minimal time 1s required for removal of ap~
plication equipment same as for painting.

5-30302 Clean*up .
Minimal clean up required a fresh water wash
may be sufficient.,
5.4 Safety Requirements

S5.4.1 Process Hazards
None expected.

5.4.2 Personnel Hazards
Reaction products are toxic.

5.4.3 Protective Methods
Appropriate clothing required.
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6.0 Economlcs

6.1 Building Damage - Repalr Costs
None expected.

6.2 Developmental Costs :
Modest. Verification needed on decontamination efficiency
within building materials.

6.3 Treatment Costs

6+3.1 Utilities and Fuel Cost
Minimal -~ electricity for the mixer and the pump.

6.3.2 Equipment Cost
Minimal -~ brushes and rollers may be obtained from the
neighborhood hardware store., Standard spraying
equipment 1s inexpensive ($200-500). The price is
higher if special material is required because of the
chemical characteristics of the liquids. Some
reactants and products may be corrosive.

6+3.3 Material Cost
Modest -~ dependent on the amount required.
MEA  $5/1b
LiOH $10/1b

6.3.4 Manpower Cost
Minimal -~ same as palnting.

7.0 Future Work Required

7.1 Knowledge Gaps
Verification of suitabllity of interior decontamination.
Confirmation of published data,

7.2 Resolution
Experimental work.
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. MONOETHANOLAMINE (MEA)

1.0 General Description

1.1 Summary of Idea
MEA is known to react with chemical agents (HD) and could be
applied neat to surfaces with some penetration expected.

1.2 Origination of Idea
Literature references (Brankowitz, 1978; Brady, 1969;

Rosenberg, 1977; Mirabella).

1,3 Obvious Advantages and Disadvantages
Advantages: MEA, in the absence of much water, is a good
solvent for HD and is not expected to produce divinyl thio-
ether or chloroethyl vinyl thiocether as do APD and DS-2. For
demilitarization of HD, MEA was chosen over NaOH and HTH
(Brankowitz, 1978).

Disadvantages: Demilitarization of GB or VX not documented
(nor expected).

1.4 Variations of Idea
MEA in combination with decontaminant for GB and
VX seems to be promising. MEA combined with 4-(N,N
dimethyl amino)~pyridine has been employed for de-
struction of GB., (Cowsar, 1978).

1.5 Sketch - None
2.0 Chemical Decomposition Treatment

2.1 Chemical Reactions

S
HD + azucnzcnzon-)[ j + HOCH7CHyNHy + S(CH,CH,NHCH,CH,0H) 9

-HC1
v small amount
LHZOH

VX. Knowledge Gap.

GB. Weinberger, 1969 shows the following for a mixture
of an amine in methanol:

Amine + MeOH =—Me0™ + Amine H'
Me0™ + GB ——> ester + F~

2.2 Hazardous Products
None reported for HD/MEA
Unknown for GB/MEA
Unknown for VX/MEA

2.3 Destruction Efficiency, Residue Level

The reaction of HD with MEA reaction is assumed to proceed to
completion.

2.4 Reaction Rate/Kinetics
Half life of HD/MEA 32 minutes at 25 C and 11 minutes at
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57 €. (Yurow, 1981),

VX knowledge gap. Epstein, 1970 has shown that primary mono- and
diamines increase the hydrolysis rate of GB by the following equatic

-d[GB

it = ko [GB][amine active species] + koy (GB][OH™]

2.5 Supplementary Treatment
Knowledge Gap (Brankowitz, 1978 ~ Reports subsequent
incineration (at 100 C) of products and scrubbing of the
gagas with 182 NaOH in water).

2.6 State=of=the=Art
MEA/HD reaction is well documented (Brankowitz, 1978).
MEA/GB Knowledge Gap
MEA/VX Knowledge Gap

Phygical Treatment - Not applicable
Applicability

4.1 Agent Applicability
MEA 1s known to react with HD
Relatively strong base may ald hydrolysis of GB and VX

4.2 1solated Building Material Applicability

4.2.1 Impact of Substvate on Chemistry
Baglcity of concrete may aid hydrolysis of GB and VX

4,2,2 Removal or Reaction of Contaminant from Surface
HD decontamination is expected to be very efficient.
GB and VX. Knowledge Gap.

4.2.3 Removal or Reaction of Contaminant from Interior
Knowl edge Gap.

4,2.4 Damage to Material
MEA is not corrosgive (Brankowitz, 1978).

4.3 Practical Applicability to Building

4,3.,1 Building Preparatism
Paint removal may ba necessary. Knowledge Gap.

4.3.2 Practical Physical Limitations/Methods to Overcome
None aaticipated.
Sprayirz, brushing ard rolling the liquid on intricate
areas may be time consuming and cumbersome. Dif-
ficulties eaczuctered will be equivalent to those
uncoutersd when painiing the structures.

4,3.3 Secondary recontaminatin Treatment
None required 1f complete reaction is achieved.
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4.3.4 Clean-up Requirements

Wash down,

4,3.5 Waste Treatment and Disposal

Incineration of waste fluldas produces NayCOj3,
NaCl, and Na,sS80,; NaySO4 as ultimate products.

4,4 State-of-the-Art

Knowledge Gap
Has not been tried on structures,

Enginearing
5.1 Process Description
weA | [ Sufficfent .
Application Reaction Tine ¥ Wash Dowm

— ——
|Decon Verification]

S.1.1 Main Process

The MEA is applied to the surface with spray gun, brush or
roll to throughly coat the surface and is allowed to soak in
and react., After reaction, the surface 1is washed off with an
appropriate wash sclution. Another application performed if
required.

5.1.2 Variations

Liquid reagents gystems may also be applied in gels or
foams. A variety of gelling and foaming agents may be
uged which are compatible with organic solvents. A
primary advantage to using gels or foams is that they
will maintain a long contact time with the building
material which will allow continuous diffusion of
reactants into the material for decontamination pur-
poses, Polymeric or plastic sheeting backings may be
applied to the gels and foams to insure inward migra-
tion of diffusion into the building. Furthermore,
these backed gels or foams may be heated to facilitate
reactant migration and the decontamination rates.

5.2 Equipment/Support Facilities Weeded

-«

5.2.,1 Description

Tank for MEA, painting equipment for application.

5.2.2 Reliability, Availability and Maintainability

Very reliable, readily available, easy to maintair,

5.3 Decontamination Time

5.3.1 Set-up

Minimal set up time required, just as painting.
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5.3.2 Application Time

5,3,2.1 Personnel
Application time would be equivalent to the
time required for painting.

5¢3.2.2 Decontamination
Should be rapid once the MEA comes into
contact with HD. Rate of reaction with VX
and GB on surface and with all three agents
in the dnterior of bullding materials is
unknown.

503.243 Verification
Knowl edge Gap.

5:3.3 Tear-Down Time

5¢3.3.1 Equipment Removal
Minimal time 1s required for removal of
application equipment (ssme as for painting).

5.3.3.2 Clean-up
Minimal clean up required. A fresh water
wash may be sufficient.

S.4 Safety Requirements

5.4.1 Process Hazards
None associated with the application method or
reactive liquid. None expected due to reaction
products,

5+4.2 Personnel Hazards
MEA 1s strong base,

S.4.3 Protective Methods
Eye protection and rubber gloves should be worn.

6.0 Ecoromics

6.1. Building Damage ~ Repair Costs
None.,

6.2 Developmental Costs
Appreciable. Need to determine applicability to other
agents, applicability to structures and destruction
efficiency for interior decontamination,

6.3 Treatment Costs
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Utilities and Fuel Cost
Minimal: electricity for the pump.

Equipment Cost
Minimal: brushes and rollers may be obtained from the
neighborhood hardware store, Standard spraying equip-
ment is inexpensive ($200-500). The price is higher
if special material is required because of the chem=—
ical characteristics of the 1liquid. MEA is corrosive
l1quid.

Material Cost
Modest. (MEA $20/1b reagent).

Manpower Cost
Small. Similar as painting. Additional expense
involved in building washing following treatment and
with disposal of waste solutions.

Future Work Required

7.1 Knowledge Gaps
Applicability to VX and GB, destruction efficiency,

and applicability to buildings and structures,
especilally interior surfaces,

7.2 Regolution
Experimental work.
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GAMMA RADIATION/HZO/ACETONE

1.0 General Dascription

1.1 Summary of Idea
GCamma radiation can be used to generate reactive free
radicals (e.g. hydroxyl radicals) in situ, to decompose
agents contained in and on building materials. Ganma
radiation may be used in conjuction with a gsolvent or
may be used on neat agents.

1.2 Origination of Idea
Novel Processing Project Team and various references
(Jones, 1981; Hart, 1968; Wentsel, 1981).

1.3 Obvious Advantages and Disadvantages
Advantages. Gamma radiation {s capable of penetrating all
building materials and is therefore potentially useful if
agents have penetrated deep (i.e. over a foot) into the
building material,

Disadvantages: Reaction products may be toxic and may re-
quire subsequent removal. Safety of personnel 18 a concern
when a powerful radiation source 1s used.

1.4 Variations of Idea

Small concentrations of hydrogen peroxide in water may
enhance formation of free radicals. A cosolvent could
be used to ald solubility of HD, An x~ray source c¢ould
replace the gamma ray source. The advantage of x-ray 1is
that it can be turned on and off as needed. However, it
does not penetrate as far and may not be as effective in
initiating radical formation as gamma rays.

1 05 Skétch
None.

2.0 Chemical Decomposition Treatment

2.1 Chemical Reactions
The reaction i3 thought to proceed by radical or ion attack:
Hp0 _Zamms . oy
Acetone —Eamma , cy,e
Hp0, —BamMA _, 70y.

Three types of products may be expected from the irradiation
of HD, GB and VX:

1. Gases formed by bond cleavage.

2. Intermediate molecular weight products (formed by
halogenation, dehydrogenation, dehalngenation,
rearrangements and dimerization).

3. High molecular weight products (formed by polymerization
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via condensation, cross-linking, and secondary chain
propagation of primary radiolysis products).

Expected products upon direct irradiation:
HD_gamma, cl. + <CHyCHpSCHyCHy+—3polymer

GB __gamma . p. 4 CH3=?0__‘;polymer
aq. base 0-CH(CHj3)

VX _gaumd , unknown

Hazardous Products

The chemistry and products formed from gamma radiation will
need to be studied.

Destruction Efficliency, Residue Level
Destruction efficiency is expected to he high as long as the
environment of destruction contains H90 (as a source of
OHe),

Reaction Rate/Kinetics ,
Unknown. -

Supplementary Treatment

This 1s dependent on the amount and types of hazardous
products produced, 1if anmy.

State-of-the—-Art
Gamma radiation studies are currently being conducted on
chemical warfare agents,

Physical Treatment

Not applicable.

Applicability

4.1

4.2

Agent Applicability
D, GB, VX

Isolated Building Material Applicability

4.2.1 Impact of Substrate on Chemistry
The interaction of certaln substrates (e.g. concrete)
with free radicals under gamma radiation exposure may
interfere with agent decomposition.

4,2.2 Removal or Reaction of Contaminant from Surface
Gamma radlation may be an “"overkill concept" for
surface decontaanination.
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4.2.3 Removal or Reaction of Contaminant from Interior
Gamma radiation seems to be very well suited to treat-
ing the interior of building materials.

4.2,4 Damage to Material
Gamma radigtion is known to soften plexiglass, in-
sulation and other plastics. Free radicals may cause
corrosion of metals and may react with cement.

4,3 Practical Applicability to Building

4.3.1 Building Preparation
Ingtallation of radistion shields to minimize worker
exposure will probably be required. Paint removal
and prior decontamination would probably be raquired
to facilitate diffusion of solvent into matrix.

4.,3.2 Practical Physical Limitations/Methods to Overcome
: None anticipated.

4,3.3 Secondary Decontamination Treatment
A secondary decontamination treatment would be
required if the reaction products are toxic and
remain in the building material.

4.3.4 Clean-up Requirements
A water i'use may be necessary if a cosolvent is
employed.

4.3.,5 Waste Treatment and Disposal
Depends on the secondary decontamination treatment
requirement.

4.4 State—of-the—Art
Gamma radiation studies are currently being conducted on
the decontamination of CW agents at Battelle.

Engineering

5.1 Process Description

VApply Gamma - Water Water treatment/
solvent irradation rinse co=golvent recovery

, 1if needed
. run~off collection

5.1.1 Main Process

A water-based solvent, contalning possibly significant
concentrations of acetone or hydrogen peroxide and
possibly other cosolvents to aid in agent solubility,
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is sprayed onto a contaminated bullding surface and
allowed to permeate. Gamma radiation is diracted onto
the wet surface, untll decomposition of agents is
c¢omplete. A water rinse may be necessary, if a co-
solvent 1is utilized.

5.1.2 Variations
The run-off water (from initial spray or post-rinse)
! may coutaln residual agent compounds, and could be
exposed to the gamma radiation as a means of
: treatment.

5.2 Equipment/Support Facilities Needed

5.2.1 Description
Pump, spray system, gamma radiation eource, radiation
; ghields, and possibly a distillation column for co-
‘ golvent recovery,

5.2.2 Reliability, Availability and Maintainability
High RAM for process equipment,

; 5.3 Decontamination Time

5.3.1 Set-up
' : Moderate = set up of gamma radiaction source and
radiation shields would be rather involved.

5.3.2 Application Time

5.3.2.1 Personnel
. Low - application of water solution to
! building surfaces would be rapid.

5¢3.2.2 Decontamination
Depends on amount of radiation exposure
required.

5.3.2.3 Verification
Knowledge Gap

5¢3.3 Tear-Down Time

5.3.3.1 Equipwment Removal
The gamma radiation source can not be turned
off, and will have to be properly shielded
for removal and transport. With due pre-
caution, this should not require much time.

5.3.3.2 Clean=up
Minimal requirements.,
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5.4 Safety Requirements

5.4.1 Process Hazards
Over heating of wet substrates from gamma radiation
may occur,

5.4.2 Persounel Hazards
Radiation exposure.

5.4.3 Protactive Methods
Radiation shields, remote operation.

6.0 Economics

6,1 Building Damage = Repailr Costs
Low, assuming metal corrosion and cement degradation are
minind zed.

6.2 Developmental Costs
Studies to determine the extent of agent decomposition with
and without a cosolvent. Development of optimum solvent for
initial saturation. Identification of reaction products.
Demongtration of sffectiveness on a variety of contaminated
building materials. Dose level requirements.

6.3 Treatment Costs

6.3.1 Utilitles and Fuel Cost
Minimal.

6.3.2 Equipment Cost
High—-cost of gamma source, radiation shields.

6.3.3 Material Cost .
Cosolvent cost may be significant, but solvent recovery
would greatly reduce the net cost, Gamma source (i.e.,
Cobalt 60) 1s relatively expensive,

6.3.4 Manpower Cost
Low to moderate: solvent application, set-up of
radiation dose.

7.0 Future Work Required

7.1 Knowledge Gaps
Interference of cosolvent with agent reaction;
reaction products, reactlon rates, reaction efficiency
(i.e, general effectiveness); interference of substrate

with agents reaction; necessity of a secondary decontami-
nation treatment.

7.2 Resolution
Experimental testing.
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NITRIC ACID

General Description

1.1 Summary of Idea
Concentrated nitric acid is reported to be effective in
oxidizing HD to the sul foxide. It also should promove the
hydrolysis of GB and VX,

1.2 Origination of Idea
Reported for HD in the fiterature (Mankowich, 1970).

1.3 Obvious Advantages and Disadvantages
Advantage. The production of relatively safe product from HD
and applicability to nerve agents as well.

Disadvantages, Highly corrosive nature of the reagent which
1imits 4ts applicability, increases hazards to personnel and
causesd production of hazardous HF when applied to GB. May
not react with VX (Domjan, 1975). -

1.4 Variations of Idea
None.

l. . 5 Sketch
None.

Chémical Decomposition Treatment
2.1 Chemical Reactions

(C1CHyCHp )9S + HNO3—> (C1CHyCHp) 250
GB + HNO3 + Ho0 —> CH3EO(OH) + HF

—{(1-Pr)
H
VX +HNOj + Hy_O-———»CH;,go(OH) + HSCHCHp-N=(1-PT), NO,~
-Et +

2,2 Hazardous Products

HF is formed in the GB reaction. The sulfoxnide
from HD may not be entirely inoccuous.

2.3 Destruction Efficiency, Residue Level
Complete decomposition anticipated.

2.4 Reaction Rate/Kinetics
Knowl edge Gap.

2.5 Supplementary Treatment
Requires neutralization and dispesal; {ncineration.

2.6 State-of-~the-Art
Has been used primarily to decoantaminate laboratory

glassware contaminated with HD,
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3.0 Physical Treatment

Not applicable.

4,0 Applicability

4ol

4.2

4.3

Agent Applicability
HD, GB, and possibly, VX,

Isolated Bullding Material Applicability

4,2,1 1Impact of Substrate on Chemistry
None anticipated.

4,2,2 Removal or Reaction of Contaminant from Surface
Should be aeffective.

4.2.3 Removal or Reaction of Contaminant from Interior
Unknown = penetration not expected to be especially
fast.

4,2,4 Damage to Material
Probably extensive for metal (except stainless steel)
paint and, possibly; concrete.

Practical Applicability to Building

4.3.1 Bullding Preparation
: None required.

4,3,2 Practical Physical Limitations/Methods to Overcome
Spraying, brushing and volling the liquid on hard to
reach areas may be time consuming and cumbersome,
Difficulties encountered will be equivalent to those
encountered when painting the structures.

4.3.3 Secondary Decontamination Treatment
A sacondary application may be necessary if contact
between the surface and the liquid is not completely
achieved. Otherwise aone expected.

4,3.4 Clean-up Requirements
Water wash required, neutralization may be necessary.

4,3,5 Waste Treatment and Disposal
Waste must be neutralized, ray require concentration
and/or incineration.

4.4 State-of-the-Art

Nitriec acid has been used for the decontamination of labora-
tory glassware. However it has not been tried on buildings
and structures.,
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5.0 Engineering

5.1

5.2

5.3

Process Description
Nitric acid solution (aqueous or aqueous/organic) is mixed
thoroughly and applied to the surface with a spray gun, brush
or roll, The nitric acid is allowad to react and :lecompose
the agents producing relatively non-hazardous compounds,
After the reaction is completed, the solution is washed off.

5.1.1 Main Process
Nitric acid solution may also be applied In the foruws
of a gel or foam. A variety of gelling and foaming
agents may be used which are compatible with both
aqueous or organic solvents. Gels and foams will
maintain a longer contact time with the structure fotr
decontamination purposes, Polymeric sheeting backings
may be applied to the gela and foams to minimize
gsolvent lossas to the eanvironment. The backing may be
heated to enhance reactant migration through the
structure and to enhance reaction rates.

5.1.2 Variations
None,

Equipment/Support Facilities Needed

5.2.1 Desc¢ription
Agitated tank for preparing mix painting equipment for
application,

5.2.2 Reliavility, Availability and Maintainability
The RAM is expected to be moderate,

Decontamination Time

5.3.1 Set-up
Minimal set up required, just as with painting.

5.3.2 Application Time

5.3.2.1 Personnel
Application time would be equivalent to the
time required for painting.

5¢3.2.2 Decontamination
Knowledge Gap. Decontamination time may
be ghort once contact has occurred.

5.3.2.3 Verification
Knowledge Gap.
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5.3.3 Tear—-Down Time

5.3.3.,1 Equipment Removal
Minimal time is required for removal of ap~
plication equipment (same as for painting).

Sl 35 3.2 Clean"'up
Minimal clean-up required - neutralization
and water wash, (May be done by waghing with
slightly basic aqueous solution,)

5.4 Safety Requirements

Se4.1 Process Hazards
Highly corrosive to metals.

5.4.2 Personnel Hazards
Highly corrosive to tissue,

5.4:3 Protective Methods
Aluminum or stainless steel equipment required for
- handling of nitric acid. Protective clothing and eye
protection required.

Economics

6.1 Building Damage -~ Repair Costs
Extensive damage to metals other than aluminum and stainless
steel.

6.2 Developmental Costs
Relatively small. The method should be tried on buildings

and structures since it 18 currently used for ylassware
decontamination.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
. Minimal ~ electricity for the mixer and the pump.

6.3.2 Equipment Cost
Minimal - brushes and rollers may be obtained from the
neighborhood hardware store. Standard spraying equip-

ment 15 inexpensive ($200~400). Corrosion resistant
equipment 1s required.

6.3.3 Material Cost

Modest = nitric acid is commodity material. Available
at low price.

6.3.4 Manpower Cost
Small - game as painting.




IT11-201

7.0 TFuture Work Required

7.1 Knowledge Gups
Permeabillity into the structure.
Destruction efficlency.

7.2 Resolution
Experimental work.,
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AMMONTA

1.0 Ganeral Description

2.0

1.1

1.2

1.3

Summary of ldea
Solutions of ammonia in aqueous or aqueous/organic solvents
promote the hydrolysis of nerve agents and HD. Ammonia also
reacts directly with the latter.

Origination of Idea
The use of ammonia (solution or gas) has been proposed in
several decontamination systems. References citing the use
of ammonia include Corwin, 1968; Franke, 1968; Anonymous, 1967).

Obvious Advantages and Disadvantages
Advantages. Ammonium hydroxide is not as corrosive as many
other bases and is therefore easier to handle, store and
apply. Alkylation of NH3 by HD should limit formation of
divinyl sulfide. Nucleophilic reagents (e.g. NH3) rapidly
forms non-toxic products with VX (Domjan, 1975).

Disadvantages. NHy requires personnel protection and in
sufficient concentration (which could be avoided) is
explosive in air.

l.4 Variations of Idea

1.5

Addition of organic co~solvents and detergents should promote

the reactions and aid in penetration. Ammonium bicarbonate

may be used as the source of ammonium iomns (Domjan, 1975).
Sketch

None.,

Chemical Decomposition Treatment

2.1

2,2

2.3

Chemical Reactions el

7\ .
HD + NH3(NH4O0H) ——— § ocN: » NH,CL, S(CH,CH,NH,),, S(CH,CH,OH),
2Hs .
vX + Nu,on Dydrolysis cu3-§'-o +  HS=CH,CH,N(i-Pr),
NH,,

6B + w,on hydrolyste, v ¢y oy 2 o0
4 3 gi oG
-Pr
Hazardous Products
Products should not ba hazardous.

Destruction Efficiency, Residue lLevel
Reaction {is expected to procead to completion with all
agents.

Reaction Rate/Kinetics
Knowl edge Cap.

Supplemantary Treatment
Concantration and {neineration,
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State~of~the=-Art
Ammonia (and amines) have been applied to the destruction of
agents with satisfactory results.

3.0 Physical Treatment
Not applicable.

4.0 Applicability

4ol

4.2

4,3

Agent Applicability
Applicable to HD, GB, VX.

Isolated Building Materdal Applicability

4.2.1 TImpact of Substrate on Chemigtry
Nature of the surface should have not effect on the
reactions.

4.2.2 Removal or Reaction of Contaminant from Surface
Reaction and subsequent removal of agents as soluble
decomposition products should be possible.

4.2,3 Removal or Reaction of Contaminant from Interior
' Knowledge gap. Rapid penetration of surfaces by NHj
geems more likely than by other, larger basic
reagents. -

4.2.4 Damage to Material
Minimal. Perhaps some effect on paint depending on
time of explosure and temperature.

Practical Applicability to Building

4,3.1 Building Preparation
Paint removal mwmay be necessary depending on the time
of exposure and temperature of treatment. Low
temperature would require paint removal,

4.3.2 Practical Physical Limitations/Methods to Overcome
Spraying, brushing, and rolling the liquid on hard to
reach areas may be time consuming and cumbersome.
Difficulties encountered will be equivaleat to those
encountered when painting the structure.

4.3.3 Secondary Decontamination Treatment
No secondary treatment should be necessary unless
contact between the agent and the liquid was not

achievea. Then another application would be required.

443.4 Clean~up Requirements
Water wagsh—off,
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4,3.5 Waste Treatment and Disposal
Concentration and Incineratioun.

0 4.4 State-of-the=Art
Ammonia hs been applied to the destruction of agents with
satisfactory results. It has not been tried on bulldings or
structures,

5.0 Engineering

o

) 5.1 Process Description

- The ammonia solution/aqueous or aqueous/organic) is mixed

CA thoroughly and applied to the surfuace with a apray gun, brush
or toll, The ammonia is allowed te react with the agent,

o After reaccion 18 completed the structure is washed

Q Offo

Iy S«1ls1 Main Process

5,142 Variations

Liquid ammonia mey also be applied in gels or foams,
; A variety of gelling and foaming agents may be used

which are compatible with both aqueoua or organic

5 svlvents. Gels and foams will maintain a longer con-
8 tact time with the structure for decontamination pur-
poses, Polymeric -sheeting backings may be applied to
the gels and foams to minlmize solvent losses to the

2 environment. The backing may be heacted to enhance
reactant migration towards the structure and faster
: reaction rates,
5.2 Equipment/Support Facilities Needed
j 5.2.1 Description
Agitated tank for preparing nix.
= Painting equipment for application.
) 5.2.2 Reliability, Availability and Maintainability
" The RAM {s expected to be high.
= 5.3 Decontamination Time
2 5.3.1 Set-up
: Minimal set up required, just as with painting.
ﬁ 5.3.2 Application Time
v
» 5.3.2.1 Persounnel

. Application time would bte equivalent to the
- time required for painting.
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5.3.2.2 Decontamination
Knowledge Gap. Decontamination time should
be short once countact has occurred.

5¢3.2.3 Verification
Knowl edge Gap.

5.3.3 Tear-Down Time

5.3.3.1 Equipment Removal
Minimal time is required for removal of ap-
plication equipment (same as for painting).

5.3.3.2 C]eqn—-up
Minimal clean up required. A fresh water
wash may be sufficient,

S.4 Safety Requirements

S5+4.1 Process Hazards
Ammonia has a lower explosive limit (LEL) in air,
However, the ammonia concentration can be conirol-
led and should not present a major process hazard.

5:4.,2 Persounnel Hazards
Ammcnia 1s an irritant to the eyes and mucous mem—
branes but its commonly used for household chores. It
does not preseut a major personnal hazard,

5.4.3 Protective Methods
Concentration monitors should be available to insure
ammonia concentration is maintained below or above
explosior limits, Eye protection will be required
as well as breathing apparatus.

6.0 Economics

6.1 Building Damage - Repair Costs
None expected.

6.2 Developmental Costs
Modest. The method should be evaluated with buildings
and structures.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Minimal electricity for the mixer and the pump.

6.3.2 Equipment Cost
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Minimal - brushes and rollers may be obtained from the
neighborhood hardware store. Standard spraying
aquipment 1is inexpensive ($200-500). No special
equipment is required.

6.3.3 Material Cost
Relatively small, Ammonia 1s a commodity material,
readily available at low price.

6.3.4., Manpower Cost
. Small -~ same as painting.

7.0 Puture Work Required

7.1 Knowledge Gaps

Permeability into the structure decontamination.
Time/reaction kinetics,

7.2 Resolution
Experimental work.
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DANC

1.0 General Description

1.1 Summary of Idea

DANC (1 part N-chloroamide dissolved in 15 parts acetylene

tetrachloride) is a relatively effective decontaminant for HD
and VX and could be applied to surfaces of structures with

some penetration expected.

1.2 Origination of Idea

Literature agent (Jones, 1981; Yurow, 1981; Mankowich, 1970;
Stanford, 198l; Anonvmous, 1967).

1.3 Obvious Advantages and Disadvantages
Advantages. DANC is less corrosive than bleaches to moat
metalg., It is also known to be faster acting and has better
golubility characteristics for agents than bleaches such as
STB.

Disadvantages. Ineffective against GB, Solvent is highly
toxic., HCl forms when DANC is brough into contact with
molsture (Anonymous, 1967),

1.4 Varlations of ILdea
Improved formulations of DANC have exhibited lower toxiclty
characteristics, better cotrrosiveness properties, and greater
effectiveness on wet surfaces than standard DANC (Mankowich,
1970). Alternate solvent system would be desirable such as
those cited in Cowsar, 1978} Braude, 1970 and DeMarco, 1967).

1.5 Sketch -~ None
2.0 Chemical Decomposition Treatment

2.1 Chemical Reactions
DANC reacts with Hp0 to generate hypochlorous acid (HOC1).

DANC + Hy0 —————3 HOCl + HD —804~2 + C1~™ + COz + H* + Hp0

0
DANC + Hy0 —————— HOCL + VX——CH3 - P - 0~ + HN(iP1),
' 0CaHs5
+ 5042 + C03~2 + C1™ + Hp0

2.2 Hazardous Products
HD and VX decomposed to relatively non-toxic products.

2.3 Destruction Efficiency, Residue Level

Complete decontamination of HD and VX in 30 minutes is
anticipated.

2.4 Reaction Rate/Kinetics
HD and VX completely decontaminated within 30 minutes.

2.5 Supplementary Treatment
None anticipated.
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2.6 8tate~of-the-Art
Chemistry is well known.

3.0 Physical Treatment
Not applicable.

4.0 Applicability

4,1 Agent Applicability
Applicable decontaminant for HD and VX.
Not applicable for GB.

4.2 1Isolated Building Material Applicability

4.2.1 Impact of Subastrate on Chemistry
No effect anticipated,

4.2.2 Removal or Reaction of Contaminant f£rom Surface
Should react and decontaminate within 30 minutes.

4.2.3 Removal or Reaction of Contaminant from Interior
Knowledge Gap —~ If the DANC actually contacts absorb-
ed HD or VX decontamination should proceed.

4.2.4 Damage to Material
DANC slightly corrosive to metals.

4,3 Practical Applicability to Building

4.3.1 Building Preparation
Paint removal may be necessary although some stripping

may be expacted from corrosive characteristics of
DANC solutions.

4.3.2 Practical Physical Limitations/Methods to Overcome
Spraying, brushing or rolling the DANC solution on
intricate areas may be time consuming and cumbersome.
Difficulties would be comparable to that of painting.

4,3.3 Secondary Decontamination Treatment
None expected unléss contact between the agent and
the reactive solution is not achieved.

4.3.4 Clean-up Requirements
Water wash.

4,3.5 Waste Treatment and Disposal
Waste products and water wash must be collected,
treated and/or incinerated.

4.4 state-of-the-Art
DANC was used in the past as a standard decontaminating
reagent,
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3.0 Engineering

3.1 Process Deascription
Verificatio ‘

Sufficient
Solution Application Reaction Wash
Preparation Time

[Products to Waste Treatment |

S.1.1 Main Process
The DANC solutions are prepared and applied to the
structure with a spray gun, paint brush, roller or
similar item for thorough surface coating. The liquid
is given sufficient time to soak in and react with HD
and VX. After decontamination is complete (by verifi-
cation) the solution is removed by washing with an
appropriate wash solution.

S.1.2 Variations
Liquid reagents may also be applied in gels or foams.
A variety of gelling and foaming agents may be used.
A primary advantage of using gels or foams is that
they will maintain a long contact time with the build-
ing material which will allow continuous diffusion of
reactants and minimize outward vapor diffusion into
the building. Further more, polymeric backed gels or
foans may be heated to facilitiate reactant migration
and decontamination rates.

5.2 Equipment/Support Facilities Needed

5.2.1 Description
Agicating tank for solution preparation. Painting
equipment for application,

52,2 Rellability, Availability and Maintainahility
The RAM is expected to be high.

5.3 Decontaaination Time

s.3.1 SCC"\IP
Minimal set up time required, just amn with painting.

5.3.2 Application Time
5.3.2.1 Pareonnal

Applicatton time woyld be equivalent to the
time required for patonting,

e e b i B e W ]
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5.4 Safaty
5.4.1

50462

5.4.3

6.0 Economics
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5.3.2,2 Decontamination
Should be relatively fast and complete 1if
contact of sufficient hypochlorite is
achieved with VX and HD.

5.3.2.3 Verification
Kiniowledge Gap.

Tear~Down Tine

5.3.3.1 Equipment Removal
Minimal time 18 required for removal of
application equipment.

5.3.3.2 Clean-up
Minimal clean up required. Water wash should
be sufficient,

Roaquirements

Process Hazards
Corrosive characteristics of DANC solutions may affect
application equipment.

Personnel Hazards , '
Acetylene tetrachloride 1s an extremely toxic soulvent
Ln DANC asolution.

Protective Methods
Appropriate protective clothing for applying
DANC aolutions,

6.1 Building Damage - Repair Costs
DANC solutions will probably damage metal gurfaces if long
application times are required. However, DANC solutions
exhibit less corroeiveness properties than do hypochlorite
solutions. . '

6.2 Developmental Costs
Minimal levelopmental costs are anticipated.

6.3 Treatment Costs

6.3.1

6.3.2

Utilities and Fuel Cost
Yinimal electricity costs.

Equipment Cost
Minimal: Standacd spraying equipment is inecipensive
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($200-500) . Price may be higher because of special
equipment needed to apply corrosive solutions.

6.3.3 Material Cost
Minimal.

6.3.4 Manpower Cost
Minimal and comparable to painting.

7.0 Future Work Required

7.1 Knowledge Gaps
Verification of ablility of this method to decoi:caminate
subsurface regions of building materials.

7.2 Resolution
Experimental work.
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HYPOCHLORITE SOLUTIONS

General Description

1.1 Summary of Idea
Hypochlorite solutions of STB, HTH, Ca(0CO),, NaOCl, etc,

have been recommended for the decontamination of buildings,

grounds and other larga surface areas.

1.2 Origination of Idea
Literature (Lewis, 1981; Avenin, 1970; Davis, 1978).

1.3 Obvious Advantages and Disadvantages
Advantages Reactive toward HD and VX.

Disadvantages: Bleaches are reported to be very corrosive.

May not be applicable to GB. However, Day, 1974 states
that STB is effective on GF.

l.4 Vvariations of Idea
Vartiations of hypochlorite solutlons exist including HTH,

STB, etc, The chemistry of these systems are basically identical.

1.5 Sketch = None.
Chemical Decomposition Treatment
2.1 Chemical Reactions

1f insufficient 0OC1™

0C17»804™2 + C1™ + €Oy + H* + HyO[Sulfoxide of mustard (rel. toxic)
Sulfone of mustard
0
0C1= —» CHy - P ~ 0~ + yy(iPropyl)y + 804~2 + €03~2 + G1~ + Hg0
0CyHs

Highly toxic products form 1if pH drops below 11,

2,2 Hazardous Products
For HD = sulfoxide of mustard 1s relatively toxic,
For VX - highly toxic products form if pH drops below ll.

2.3 Desatruction Efficiency, Residue Level
Destruction efficiency for HD was not reported but above

reaction assumed with sufficient O0C1™ present, Destruction
efficiency studies for VX are somewhat inconsistent. (Yurow,

1981).

2.4 Reaction Rate/Kinetics
Reaction rates for HD were not reported.
Reaction with VX is rcapid at pH=10 (ty/7 = 1.5 minutes)

2.5 Supplementary Treatment
Knowledge Gap ~ wash down walls with Hy0 may be suf-
ficient,
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2,6 State-of-the-Art
Much work has been performed with hypochlorite solutions and
thelr ability to decontaminate HD and VX, (Summaries see
Yurow, 198l; Stanford, 1981; Mankowich, 1970).

3.0 PpPhysical Treatment
Not applicable.

4,0 Applicability

4.1 Agent Applicability
Only applicable for HD and VX,

4.2 Tsolated Building Material Applicability

4,2,1 Tmpact of Substrate on Chemistry
No effect anticipated.

4.2,2 Removal or Reaction of Coutaminant from Surface
Reaction of contaminant on surface ls very feasible as
long as [0Cl~] 1s sufficlent,

4.2,3 Removal or Reaction of Contaminant from Interior
Reaction of contaminant from interior seems feasible
only 1f agent 1s in direct comtact with 0Cl-,

4,2.4 Damage to Material
Hypochlorite solutions are corrosive,

4.3 Practical Applicability to Building

4.,3,1 Building Prepacation
Paint removal may be necessary although some stripping
may be expected from corrogive characteristics of
hypochlorite solutions.

443,2 Practical Physical Limitations/Methods to Overcome
Spraying, brushing or rolling the hypochlorite sol-
ution on intricate areas may be time consuming and
cumbersome, Dirfficulties would be comparable to
that of painting.

4.3.3 Secondary Decontamination Treatment
Not: expected unless contact between the agent and
the reactive solution 1s not achieved.

4,3,4 Clean-up Requirements
Water wash.

4.3.,5 Waste Treatment and Disposal
Waste products and water wash must be collected,
treated and/or incinerated.
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'~

A 4.4 State~of-the-Art

. Hypochlorite have been recommended for large scale decontam-
Eﬁ ination of buildings. (Yurow, 1981)

5,0 Engineering

5.1 Process Description

t% o | 17‘-=“={Yggificatibn;hf‘=‘1

) Sufficient

K Solution |- Application | ) Reaction Wash

Y Preparation o ) Time -

fﬁ L*ﬁiggpdgcts to Waste Treatment |

.h 5.1.1 Main Process

fg The hypochlorite solutions are prepared and applied to

! the structure with a dpray gun, paint brush, roller or

' similar item for thorough surface coating., The liquid

(3 18 given sufficient time to soak in and react with HD

Eﬂ and VX, After decontamination is complete (by verifi-
cation) the solution is removed by washing with an

;ﬁ appropriate wash solution.

. S5.1.2 Variations

) Liquid reagents may also be applied in gels or foams.

;3 A variety of gelling and foaming agents may be used
which are compatible with aqueous systems, A primary

s advantage of using gels or foams is that they will

}X maintain a long contact time with the building mate-

T rial which will allow continuous diffusion of react=

s ants and minimize outward vapor diffusion into the

;g building. Furthermore, polymer—backed gels or foams
may be heated to facilitlate reactant migration and

o decontamination rates.

\-'.

- 5.2 Equipment/Support Facilities Needed

by 5.2.1 Description

o Agitating tank for solution preparation., Painting

. equipment for application. .

) 5.2.2 Reliability, Availability and Maintainability

. Because of the corrosivity of the solution the RAM is

zif expected to be moderate.

5.3 Decontamination Time

5.3.1 Set-=up
Minimal set up time required, just as with painting.
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5¢3.2 Application Time

5.3.2.1 Personnel
Application time would be equivalent to the
time required for painting.

5.3.2,2 Decontamination
Should be relatively fast and complete if
contact of sufficlent hypochlorite 1s
achieved with VX and HD,

5:342.3 Verification
Knowl edge Gap.,

5.3.3 Tear<Down Time

5.3.3.1 Equipment Removal
Minimal time is required for removal of
application equipment,

5 3.3.2 Clean up
Minimal clean up required. Water wash should
be sufficient,

5.4 Safety Raquirements

S.4.1 Process Hazards
Corrosive characterigtics of hypochlorite solutions
will probably damage application and other process
equi pment,

54,2 Personnel Hazards
Corroailve characteristics of hypochlorite solutions.

5¢4.3 Protective Methods
Appropriate protective clothing for applying
hypochlorite solutions.
6.0 Economics
6.1 Building Damage - Repair Costs
Hypochlorite solutions will probably damage metal surfaces if
long application times are required.

6.2 Developumental Costs
Mininal developmental costs are anticipated.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Minimal electricity costs,
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6.3.2 Equlpment Cost
Minimal: Standard spraying equipment is inexpensive
($200~500). Price may be higher because of special
equipment nceded to apply corrosive solutious.

6.3.3 Material Cost
Ca(0Cl),(HTH) is relatively inexpensive ia comparison
to labor costs.

6.3,4 Manpower Coat
Minimal and comparable to painting.

7.0 Puture Work Required
7.1 Knowledge Gaps

Verification of ability of this method to decontaminate
subsurface regions of building materials,

742 Resolution
Experimental work.
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AMMONIA AND STEAM TREATMENT

1.0 General Description

1.1 Summary of Idea
Vapor phase hydrolysis of CW agents (GB, HD, VX) usaing
ammonia followed by steam., Treat building interiors and

contents by introducing NH3 gas followed by steam treatment
with containment 1f needed.

1,2 Origination of Idea
Noted and suggested in (Franke, 1968; Domjan, 19753 Alblzo, 1982)

1.3 Obvious Advantages and Disadvantages
Advantage - Gas treatment facilitates penetration of porous
materials and access to otherwise inaccessable structural
configurations,

pDisadvantages - Potential difficulty In containing NH3 and
hazards associated with NH3, Possible condensation of
water on surfaces, limiting gas penetration. Corrosivity to
cement is unknown.

1.4 Variations of Idea

Heat (hot air) to acheive faster reaction rates high and
prevent steam from condensing.

Use other volatile amines (e.g. dimethyl amine).

Use elevated pressure to aid penetration.

Use super heated steam.

2.0 Chemical Decomposition Treatment

2.1 Chemical Reactions
ulCszHZSCHZCHZCl + ANH3-——————9 HZNCHZCHZSCHZCHZI\-H2 + ZNHACl
(Mustard)
h 7 NH3 9
3-gESgH2CH2N(iPr)2 + steam —» CHB—EEOE + HSCHZCHZN(iPr)2
275 (VX) 275
3 NH3 2
ca3-£~ocn(c33)2 + steam é—_ﬂml’-b
(GB) .
2.2 Hazardous Products - KNOWLEDGE GAP

If GB hydrolysis products becomes neutral or acid, GB may be
regenerate (Epstein, 1975).

CH

;IOCH(CH3)2 + NHAF

2.3 Destruction Efficiency - KNOWLEDGE GAP
Detection limits undefined.

2.4 Reaction rate/kinetics
GCB has a half l1ife of 5 minutes (pH = 9.0) at ambient
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temparature., (Medema, 1975).

Literature suggests (Medema, 1975) hydrolysis of mustard
occurs in 4-5 minutes, but this is not taking

solubility problems inte consideration - KNOWLEDGE GAP.
VX has a half life of 1100 minutes (pH = 9,5) at ambient

temperature. (Jonec, 1981)

2.5 Supplementary Treatment
Subsequent wash down with H20 (under base conditions to
preveant formation of GB).
A significant amount of ammonia may remain in bullding

materials? KNOWLEDGE GAP.

2.6 State=of=the=Art

Significant literature on hydrolysis and amine alkylation.
is available.,

Physical Treatment — Not applicable
Applicability

4,1 Agent Applicability
VX, GB, HD

4,2 1Isolated Building Material Applicability

4.2.1 TImpact of Substrate on Chemistry
Catalytic effect - concrete block (partially composed of
Al703) may prove to enhance hydrolysis (Medema, 1975).

4.2,2 Removal or Reaction of Contaminant from Surface
Surface reaction highly probable,

4,2.3 Removal or Reaction of Contaminant from Interior
Interior reaction ~ KNOWLEDGE GAP.

4e2.4 Damage to Material
Corrosivity to cement? KNOWLEDGE GAP,

4.3 Practical Applicability to Building

4.3.1 Building Preparation )
Paint removal may be necessary. Barrier imstallation

(bubble or pressure system) may be desirable to keep
gas entrapped.

4.3,2 Practical Physical Limiations
Nove anticipated. A gaseous dacontamination method
should be very flexible.

4.3.3 Secondary Decontamination Treatment
None anticipated.
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4.3.4 Clean-up Requirements
Wash down with Hjyo,

4.4 State-of-tha-Art
Reaction chemistry is well known and documented.
Applications to structures and building materials must be
studied - KNOWLEDGE GAP.

5.0 Engineering
5.1 Process Degcription
S¢lsl Main Process

5.1.1.! Paint Removal and Inttallation of Barriers
KNOWLEDGE GAP.
5¢1.142 Treatment with NH3 followed by treatment with
stean,
«1,1.3 Wash down with water.
+1s1.4 Dispose of ammonia and waste water solution.
5.1.2 Variations
For Steps 5.1.1.2 and 5.1.1.3, heat may aid kinetics
(eogo’ hot air)o

5.2 Equipment/Support Facilities Needed

5.2.1 Description
Equipment for efficient removal of paint - KNOWLEDGE
GAP, barrier system (bubble or other system)
(KNOWLEDGE GAFP), gas cylinders and ductwork, NH3
scrubber with pump.

5.2.2 Reliability, Availability and Maintainability
Fairly high considering simplicity of system.

5.3 Decontamination Time
5.3.1 Set"up
Barrier set-up and paint removal may be required,
5.3.2 Application Time

5.3.2.1 Personnel - Regulate NH3, periodic
inapections.

5.3.2.2 Decontamination - this time would be passive
(no direct involvement of personnel needed).
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5.3.2.3 Verification ~ KNOWLEDGE GAP.
5.3.3 Tear-Down Time

5.3.3.1 Equipment Removal
Tear down barrier

5.3.3.2 Clean-up
Wash dovn walls with water and collect.,

Safety Requirements

5.4.1 Process Hazards
Firve and explosive hazards of ammonia gas.

S5.4.2 Pevsonnel Hazards
Protection from NH3 gas ~ respiratory gear.
Handling of dilute solutions of ammonia.

5.4.3 Protective Mathods
Use respiratory gear when working with NHj gas.

Use explosion proof motor on pump and non=sparking

tools,

6.0 Economics

6.1

6.2

6.3

Building Damage ~ Repair Costs

None anticipated - potential problem of ammonia leaching out

ovar a number of months or years needs to be evaluated -
KNOWLEDGE GAP.

Developmental Costs
Testing of ammonia and steam on contaminated building
materials,
Development of an efficient barrier system.

Treatment Costs
Minimal considering the cost of ammonia and ateam.

6.3.1 Utilities and Fuel Cost
Costs to generate steam. ’
Cogts to heat building if found desirable.

643.2 Equipment Cost
Barrier costs,

Scrubber system.
Gas regulators and ductwork,

6.3.3 Material Cost
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NH3 and water,

6.3.4 Manpower Cost
Barrier set-up, wash down and water disposal.

7.0 Future Work Required

7.1 Knowledge Gaps

Corrosivity to cement, product evaluation, destruction
efficiency in material matrix, need for paint removal

gpecification of barrier system and explosivity of
NH4/steam mixtures,

7.2 Resolution
Experimental testing.




et

a2

111222

CHLORINE

1.0 General Description

2.0

1.1

1.2

1.3

1.4

1.5

Summary of Idea
Chlorine gas released into a contaminated room should react
with HD to produce less toxic products, It may not be less
effective for decontamination of nerve agents.

Origination of Idea
Literature reference (Albizo, 1982; Lindsten, 1978; Popoff, 1967).

Obvious Advantages and Disadvantages
Advantages, Chlorine i1s a gas which will be accessible to
intvicate areas,

Disadvantage. Chlorine is toxic, Some HD reaction products
nay also be toxic, Direct chlorination of bulk VX will start
a fire (Benson, 1974). If puddles of agent are present, chlo-
rine may cause formation of an impermeable crust on the sur-
face leaving the agent underneath undecomposed (Prostak, 1956).

Variations of Idea
Its use could be combined with heating to vaporize agents
from interior surfaces; the reaction of HD and Cl;, both
in the vapor phase, is documented (Eldridge, 1927). 1In presence
of water, hypochlorite will be produced which can oxidize with
BD, VX, and GB. Chlorination can be expedited by addition of a
chlorinated solvent (e.g. dichloroethane) (Domjan, 1975).

Sketch - not applicable,

Chemical Decomposition Treatment

2.1

2.2

2.3

2.4

2.5

Chemical Reactions ,
Reactions with HD appear to be weil established, VX
and GB reactions are gspeculative. See pages IIT=224 and 225.

Hazardous Products
Various HD intermediiate reaction products are vesicants,
therefore less thau complete reaction is not suitable. In
the presence of water, tetrachlorodiethyi sulfoxide
(vesicant) may be an end product.

Destruction Ef ficiency, Residue Level
Reported to leave little HD unreacted. With GB, probably
ineffective. Bensou, 1974 reported that complete decomvosit ion
of VX was achieved.

Reaction Rate/Kinetics
Reaction with HD vapor is rapid and complete.

Supplementary Treatment
Ventilation and water wash down required.
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! | TCHy
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H CH3

1-Chioro-2- [N .N-diisopropylamino]-ethane sulfenyl chloride
UNCLASSIFIED

Figure A-2. (U) The Chlonnation of VX with Cl,
(Tsken {rom **“iew Oxidants and Mechanisms of Oxadation,” L. . PopofT and R. Heliwer, June 1967)

UNCLASSIFIED
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UNCLASSIFIED

s
CHy =P —0-—CH
Il I
0] CHj3

GB
Clz

&
heat
or
’light catalysis

F CHy
CHy— ll’=0—a(|‘.=Cl + HCl
l(ID CH;
2<[ 2<Chloropropyl ) -methylphosphonofluoridate
UNCLASSIFIED

Figure A-3. (U) The Chlorination of GB with Cl, (Expected Reaction)

UNCLASSIFIED
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2.6 State—of-the=Art
& Chlorine has baen eveluated ageirnst i
- and surfaces, gainst HD especially on textiles

v 3.0 Zhysical Treatment
n Not applicahla.

4,0 Applicability
4.1 Agent Applicability
HD reacts rapidly.

+5.

4,2 1solated Building Material Applicability

ot

4.,2.1 TImpact of Substrate on Chemistry
Subgtrate should not modify reactions.

4,2,2 Removal or Reaction of Contaminant from Surface
) Ventilation will remove unreacted chlorine and HD
= reaction products. Washing is probably desirable.

o 4.2.3 Removal or Reaction of Contaminant from Interior
; Peaetration of porous materials likely to be good for
a ~x~condensible and agent-soluble gas.

4,2.4 Damage tc Material

| A

Corrosion of metals, especially in the presence of
"y moisture can be expected. However, with short
N exposure times and chlorine removal through
ventilacion and/or aqueous alkali washing, this effect
B should not be very pronounced.
4,3 Practical Applicability to Building
4,3.1 Building Preparation
Paint removal may be necessary., Sealing off and
* providing an outlet for gas gtream also needed.
- 443.2 Practical Physical Limitations/Methods to Overcome
None expected.
* . 4,3.3 Secondary Decontamination Treatment
. None expected for HD if carried out in vapor phase., A
x reapplication may be necessary with VX. Other
- treatment may be needed for GB.
4.3.4 Clean~up Requirements
Wash with appropriate solvent such as slightly basic
solution may be necessary.
" 4,3,5 Waste Treatment and Disposal

Reaction products must be treated and disposed of.
May incinerate neutralized or chemically treated
waste.
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State~of=-the~Ait
Has been tested on textiles and surfaces. Clp has also been
used to decontaminate the internal atmosphere and surfaces

of buildings exposed to HD (Eldridge, 1927),.

5.0 Engineering

5.1 Process Description
Verification
. /{ —y ‘R‘}
Building Open cylinder Decontaminationi Waste to treat—
Isolation or gas line ment and disposal
application
S.1.1 Main Process
The building or structure is completely sealed off
with an outlet for the gaseous product and reactants.
The Cl; gas line or cylinder is opened and the gas
allowed to migrate throughout the structure, Un-
reacted gas and gaseous products are collected for
treatment and disposal. The surface is washed with an
appropriate wash solution. Another application may be
necessary.
5.1.2 Variations
None.
5.2 Equipment/Support Facilities Needed
5.2.1 Description .
Fan to circulate gases in the building; exhaust
blower; and waste treatment equipment.
5¢2.2 Reliability, Availability and Maintainability
RAM for application/decontamination equipment is high.,
5.3 Decontamination Time

5¢3.1 Set-up
Little time needed to sat up the cylinders with Cl,
gas or the duct work pan or tank. Depends on the size
and sealing capabilities of the building.

5.3.2 Application Time

5.3.2.1 Personnel
little personnel required for equipment set
up and tear down as well as routine
malntenance/monitoring. Not a labor
{ntensive operation.

5.3.2.2 Decontamination
Should be complete for HD {f contact {e
achieved.
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54342.3 Verification
Knowledge gap.

5.3.3 Tear-Down Time

5.3.3,1 Equipment Removal
lLittle time needed to remove the cyclinders,
duet work, fans and seals,

5.3.3.2 Clean-up
Wash down with appropriate (slightly basic)
solution may be necessary.

5.4 Safety Requirements

Se4el Process Hazards
Cly gas ia corrosive in a moist enviroument,

5.4.2 Paersonnel Hazards
Some products are vesicants. Cly gas 1s corrosive
and a powerful 1rritant. Siuce workers will not be in
the building during decontamination, the degree of
personnel hazard is expected to be minimal,

5.4.3 Protective Methods
Appropriate clothing, eye protection and breathing
apparatus should be 'worn upon entering the building
following decontamination.

6.0 Economics

6«1 Building Damage — Repair Costs
Minimal damage. Metals may need refinishing.

6.2 Developmental Costs
Some developmental costs are expected to study destruction
efficiency-for VX and GB, and waste treatment and dlsposal
verification.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Minimal. Electricity for fan and blower 1s required,

6.3.2 Equipment Cost

Relatively inexpensive off-the-shelf equipment can be
used.,
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6.3.4 Material Cost
May be large, depending on the amount of Clj

required, Clj gas costs $81/150 1b cylinder (99.5%
pure).

6.3.4 Manpower Cost
Low. Remote operation only requires routine
maintenance.

7.0 Future Work Required

7.1 Knowlaedge Gaps
Destruction efficiency for GB, VX. Waste treatment and
disposal verification.

7.2 Rasolution
Experimental work,
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STEAM HYDROLYSIS - EXTERNAL STEAM GENERATOR

1.0 General Degcription

1.1 Summary of Idea

Steaming involves the use of steam combined with an appro-
priate surfactant to hydrolyze agent contaminants from build-
In this method the eutire building would be
flooded with steam from an external steam generator. Conden~
gsate would be collected in a sump for treatment.

ing matevialas.

1.2 Origination of Idea
Novel Processing project team.

1.3 Obvious Advantages

and Disadvantages

Advantages, Thils approach has minimal manpower requirements
while providing a simple mechanism to clean an entire

building at once.

Depaending on the depth of the coutaminant

penetravion, physlical extraction of agents by steaming may
aid in decontaminatilon.

Disadvantages.

decontarination.

to volatilize.

1.4 Variatious of Tdea

Only known to be efrective for surface
High temperature steam may cause agents

(Mavis, 1950).

1) Superhbeated steam, 2) Various types of surfactant could
be used, 3) organic solvent/steam mixtures could enhance
reaction rate by solubilization of agents, &) reactant in-

cluded with steam (e.g., APD or MEA),

1.5 Sketech

-

7 Steam Building Waste
Generator Condensate Water

Treat-

Water ‘ l . . Lment

c: . Pump
Sump- 2
2.0 Chemical Decomposition Treatment
2.1 Chemical Reactions
HD + steam surfactant + 5 (CH,CH,NHCH,CH,0H)
(MEA) 2 2¥°2 2

*HC1
CHZFH20H

small amount




4,0

2.2

2.3

2.4

2.5

2.6

GB + steam surfactant CHy
e
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P - 0iPr + HF+MEA
(MEA)

0
OH
0

VX + steam surfactant = cuy - P - OH + HSCH4N(1Pr)2

(MEA) OCoHs

Hazardous Products
Steam hydrolysis should be kept alkaline to insure that GB
would not reform, GB has been raported to reform at neutral
to acid pH's. (Epstein, 1975).

Destruction Ef ficiency, Residue Level
. It is believed that the destruction efficiency would
be dependent on the'surfactant system ugsed. GB and VX
should hydrolyze well where HD would be more dependent
on the surfactant,

Reaction Rate/Kinetics
A fast reaction rate (minutes) {s anticipated because of
enhanced hydrolysis Kinetics using an elevated temperature
( 100C) medium. (Davis, 1950).

Supplementary Treatment
Since the agent has been hydrolyzed or reacted to give non-
toxic products, it is anticipated that supplementary treat-
nents will not be required.

State—~of-the-Art
Cante, 1981 addresses many surfactants which may be added
to steam with the most versatile and promising surfactant
being: "
Hy0, 67.5%; Veegum~T, 11.2%; Tergitol 15-5-9, 1%3
BuOCyH,O0H, 15%; Carboxymethyl cellulose 0.2%; and
Bactericide 0.,1%.
Davis, 1950 reported that 100 C steam (no additives) was
effective in decontaminating samples exposed to HD in 5-10
minutes with only minute quantities of HD detected in the
effluent vapor stream. Steam has been used to decontami-
nate ton containers of H (Mankowich, 1970).

Physical Tveatment
Not a.plicable.

Applicabilicy

4.1 Agent Applicability

4.2

Applicable to all agents,

Isolated Building Material Applicability
Applicable to all building materials,

4,2.,1 Impact of Substrate on Chemistry

Alumina in cement may catalyze the decomposition
reaction, (Medema, 1975).
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4,2,2 Removal or Reaction of Contaminant from Surface
Complete decomposition of agents from surfaces is
anticipated.

4,2.3 Removal or Reaction of Contaminant from Interior
Theoretically, steam could be used to hydrolyze agents
from interior but a loug period of time may be re-
quired. Paint may act as a bartriex.

4,2,4 Damage to Materlal
Minor,

Practical Applicability to Building

4.3.1 Building Preparation
Set-up ductwork from sump to exterior holding tanks.
Paint removal may be required unless a water/solvent
(e.g. acetone) system is employed. Seal off and/or
insulate doors, windows, etc.

4.3.2 Practical Physical Limitations/Methods to Overcome
Hydrolysis of agents that have penetrated into the
building material may be difficult to accomplish
especially {f surface is painted. Paint removal may
be required.

4¢3.3 Secondary Decontamination Treatment
Other wethods may need to be employed to decompose
agents that have penetrated the surrface through cracks
or pores.

4,3,4 Clean-up Requirements
All condensate will have to be ccllected in sumps.

4.3.5 Waste Treatment and Disposal
The condensate may contain unreacted agents which will
have to be treated.

State—of-the=Art
Manual steam cleaning is currently used by explosive handling
and manufacturing facilities to remove explosives from walls,
floors and equipment., Neither manual steaming or an external
steam source has been used to treat an entire building at one
time for agent decontamination.

5.0 Engineering

3.1

Process Description



5.2

5.3
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‘Building Steam Waste
Preparation = Generation Treatment Clean-Up

5.1.1 Main Process
Steam 18 generated using oll, gas, or electric fired
steam generator located external to building. The
building is filled with steam. Condensate {s collect-
ed in sumps. The condensate is then removed from
sumps and treated to destroy any residual agents.

5.1.2 Variations
An acetone/water steam mixture could be used to
enhance the agent solubility, The steam could be
superheated, A wetting agent could be added to the
steam or applied prior to steaming.

Equipment/Support Facilities Needed

5:.2.1 Deseription
Steam generator, pump and collection tanks, waste
treatment system.

S¢24% Reliability, Availability and Maintainability
Very high - due to aimplicity.

Decontamination Time

5.3.1 SEtﬁup
Minimal = collecilon oystems may have Lo be designed
i1f floor sumps are nou-existent while existing sumps
will need to be checked for leaks. A pumping system
may be set up to continuously remove condensate from
gumps.

5.3.2 Application Time

5¢3.2.1 Personnel
Minimal - seal off the building, check
coundensate collection system, monitor steam
generation,

5.3.2.2 Decontamination
Dependent on the effectiveness of steam in
agent decomposition. Expected to be hours or
days,

5.3.2.3 Verification
Knowl edge gap.

5:3.3 Tear-Down Time
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5.3.3.1 Equipment Ramoval
Minimal.

5¢3.3.2 Clean-up
A water rinse of the bullding interior may be
desired. Condensate will need to be rinsed
from sumps and collection gystems.

5.4 Safety Requirements

5.4.1 Process Hazards
None anticipated.

5.4.2 Personnel Hazards
Minimal since personnel will remain outside the build-
ing while steaming is being conducted.

5.4,3 Protective Methods
Protective clothes and boots should be worn if
personnel enter building.

6,0 Economics

6.1 Building Damage - Repair Costs
Minimal.

6.2 Developmental Costs
Minimal - determine effectiveness of steam on agent hydrol-
yais and engineering study on applications of steam.

6.3 Treatment Costs

6.,3.1 Utilities and Fuel Cost
Low — steam generation is relatively inexpensive if
(for example) kerogsene fired boilers are employed.
Steam may also be available from on-site boilers.

6.3.2 Equipment Cost
Low ~ Steam generator and hoses. Pump and waste water
holding tank, Waste water treatment system.

6.3.3 Material Cost
Additives such as surfactants or organic solvents
(optional).

6+3.4 Manpower Cost
low = passive cleaning technique involves only routine
maintenance.

7.0 Future Work Required
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7.1 Knowledge Gaps
Removal or reaction efficiency of contaminant from interior
of porous building materials must be determined. Deter-
mination of the proper technique for treatment of conden-

sate. Paint removal necessity. Selection of additives,
surfactants, and/or co-solvents.

7.2 Resolution
Experimental testing.
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STEAM CLEANING - MANUAL
R 1.0 General Description
R
’g 1.1 Summary of Idea
= Steaming involves the use of steam with an appropriate
" surfactant to chenically decompose by hydrolysis agent
e contaminanted building materials. The steam would be
applied to the building through other hand-held wands or
- automated systems and the condensate would be collected in a
7 sump for treatment,
< 1.2 Origination of Idea
ﬁi Novel Processing projact team.
. 1.3 Obvious Advantages and Disadvantages
.3 Advantages. Steam cleaning Zs a relatively iInexpensive and
a simple machanism used throughout {ndustry. By using a sur=-

factant, the steam would preferentially wet the surface and
) pores of building materialg, Hydrolysis of residual agents
by steam may be rapid.

o
(I

ﬁ Disadvantages. High temperature steam may cause agents to

H volatilize wmore rapidly than the hydrolysis reaction (Davis,
1950), Labor intensive operation if manual approach, costly

;; process 1if automated.

; 1.4 Variations of Idea

N Steam could be superheated. An organic solvent/steam mixture

8 could be used to take advantage of the agent solubility in
organic solvents, Steam-Jet action could be employed

- see attachment. (Manufacturer's Brochures) A reactive

J 1iquid (e.g. — APD or MEA) may be added tc enhance the
decomposition kineties.,

N 1.5 Sketch

i oK
Steam+ :

+ wall

AN

Waste
Treatment

g Sump -+ r_J.
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STEAM JET™ SPRCIFICATIONS HOW IT WORI(S
; Steam Je! s a revolutionary maching 1hat handtes just
WNGht wio gAS bollle 122 u 8DbOU! any steam-Cleaning apphicalion more s:mply,
Height overatt 40in. relisbly. and cilicienlly than conventional sysiems.
i Width overai Nin. Simhgl: ch':vngle o!' nozzies lets you seiect hght, medium,
Depth overatt Oin, o heavy levals of cleaung. ‘
: Compressed air 18 mixed with _P gas in a manifoid
- Gasconsumotion 2104 s M. and the mixiura 1S fed 1O the combuslion chamber of
Air consumption 81014 cim 1he gun. Batlury-powered. solid-state ignition 15 aclivaled
Detergent tank kimit ghrs. bm pushbuiton 'oh?é:d o1 the lg:? Comoressed air
consumplion also pressurizes ! tergent . 8ssunng cetergent
[ :‘m ) X0to 1209,“”"' dispensing 4! any elevation, Waler flows unoer i1s own
F pressure requirements 351060 pei pressure and 1s Injected al the downstream end of the

Shipping weight 126 1bs. combustion chamber.

i ]

1
1!
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2.0 Chemical Decomposition Treatment

2.1 Chemical Reactions

S
HD + steam gsurfactant, E j + 8 (CHoCHNHCH,CH,OH) »
N-7HC1

(MEA) small amount

CHCH,,OM
)
GB + steam Surfactant, cp; - é - O1Pr + HF*MEA
(MEA) o
0
VX + steam surfactant, cuy - P ~ OH + HSCoH4N(iPr);
(MEA) 0CHHy

2.2 Hazardous Products
Steam hydrolysis should be kept alkaline to insure that GB
would not reform and to avoid the presence of free HF
(toxie). GB has been reported to reform at neutral to acid
pli's.

2.3 Destruction Efficieancy, Residue Level
Kuowledge Gap - It is believed that the destruction ef-
ficiency would be dependent on the surfactant system used.
GB and VX should hydrolyze well where HD would be more de-
pendent on the surfactant.

2.4 Reaction Rate/Kinetics
A fast reaction rate (minutes) is anticipated because of
enhanced hydrolysis kinetics using an elevated temperature
(+100C) medium.

2.9 Supplementary Treatment
Since the agent has been hydrolyzed or reacted to give non-
toxic products, it is anticipated that supplementary treat-
ments will not be required.

2.6 State-of-the-Art
Cante, 1981 addresses many surfactants which may be added
to steam with the moot versatile and promising surfactant
being:
BZOA 67,5%; Veegum T, 11.2%; Tergitol 15-5-9, 1%;
BuOC,H,O0H, 15%; Carboxymethyl cellulose 0.2%; and
Bactericide 0.12

3.0 Physical Treatment
Not applicable,

4,0 Applicability

4s1 Agent Applicabilicy
Applicable to all agents.
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4.2 1solated Builiing Material Applicabilitcy
Applicable to all building materials.

4,2,1

4.2,2

4.2.3

4.2.4

Impact of Substrate on Chemistry
Alumina in cement may catalyze the decomposition
reaction.

Removal or Reaction of Contaminant from Surface
Complete decomposition of agents from surfaces 13
anticipated.

Removal or Reaction of Contaminant from Interior
Probably poor since agents have limited solubilities
in water. Theoretically, steam could be used to
hydrolyze agents from interior but a long period of
time may be required for penetration. Paint may act
as a barrier.

Damage to Material
Hinot‘.

4.3 Practical Applicability to Building

4.3.1

4.3.2

6. 3.3

4.3.4

6.3'5

Building Preparation
Minimal set-up of piping from gsump to exterior holding
tanks. Paint removal may be required unless a water/
solvent system is employed.

Practical Physical Limitations/Methods to Overcome
Decomposition of agents that have penetrated into the
layer may not be possible by manual steaming.

Secoudary Decontamination Troatment
Other methods may need to be employed to decompose
agents that have penetrated the surface through cracks
or pores.

Clean-up Requirements
All coudensate will be collected in sumps.
Waste Treatment and Disposal

The condensate may contain unreacted agents which will
have to be treated further,

4,4 State-of-the-Art
Manual steam cleaning is currently used by explosive handling
and manufacturing facilities to remove explosives from walls,
floors and equipment, although it has not been used on build-
ings contaminated with agents. Homestead Industries, Inc.
Manufacturar's Brochures is one of the many manufactures of
porteble steam cleaning equipment (see attachment).




JENNY SUPER 200-C

Jenny Super 200-C two-way cleanming
has a penetrating 72 gph vapor spray
to melt and emulsity grease and o1l on
contact. its powertut 140 gph, 600 psi
pressute wash spray itts ard tloats
away caked dirt and gnme like a
"hydrautic chisel ' And no matter
what tha output, the pump speed
remains the sarme-—a slow 300 rpm

A tull-cover 15 optional

JENNY 760.C

Jenny Series 760-C Combination
Steam Cleaner/Prassure Washer has
the same elficiency —same
dependability—as the 760 Steam
Cleaner, but with an added 180 gph
600 psi wash spray. 8Because of its size
and versatility Jenny 760-C can be
used inindustrial maintenance shops,
car dealer reconaitioning and
de-waxing departments, tigets, imple-
ment repair shops. garages. ood and
meat processing plants. Gasohne
engine drivan model shown

JENNY 1000-C

The Jenny 100C-C combination Steam
Cleaner/Pressure Washer s ethiciency
and versatility in a compact desigr

For those cleaning jobs which require
a highmpact vapor spray to melt and
emuisity grease andgnme 1t § 325°F
350 psi cleaning spray s up to han-
ding the job Shouid pressure washing
be needed 1o wash away dirt ang ol
the 1000-C's 240 gph at 1200 ps:
pressure wash action < powerfut
enough to pertorm those tasks in
record ume

JENNY 1600.C

Jenny Series 1600-C Comoination
Steam Cleaner/Pressure Washer takes
up where Jenny 1560 ieaves oft In
addition toits 150 plus gph mgh-impact
vapor. it also produces a powertul 300
gph pressure spray tor washing or
nnsing Thick, heavy dirf and grease on
trucks. trallers, construction equip-
ment and machinery are no match fot
Jenny Senies 1600-
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PUMP OUTPUT —Steam Cleaner......... T2gph
PUMP OUTPUT —Pressure Washer . ... .. 140 gph
WASH PRESSURE. . ...... e v 600 pel
PUMPIYPE .......... e duplex plslén
PUMPSPEED . ...........cocvveinninn 300 ipm
CHECK VALVES. .... ... non-oonoulv. disc type
SOLUTIONTANK. ............000000s 4 gallons
FUELTANK. . ......ooovviiiiiennins 0 gations
BURNERJETSIZE.................... 2% gph
CLEANINGHOSE .................. %W IDx 26
CLEANINGGUN,............ insuinted %s" x 40"

. DIMENSIONS .............. 50°L x 27°W x 33"H
Oy WEIGHTS ........... 2521bs. nat, 302 ibs. crated

(Compiets spaciticationa on Form No 02.70-2)

PUMP QUYTPUT —Steam Cleaner ........ 100 gph
PUMP OUTPUT <Pressure Washwer . .. ... 180 gph
WASH PRESSURE..................... 800 psi
PUMPTYPE .................... cuplex platon
PUMPSPEED........................ 280 rpm
CHECK VALVES. ... ..... non.corosive disc type
SOLUTIONTANK . .................. 12 galions
FUELTANK. .........coovinieans 12 gallons
BURNER JETSIZE........... Vievien s 2% gph
CLEANINGHOSE.................. " IDx28"
CLEANINGGUN . .. ... swivel, insuloted, %" 2 48"
DIMENSIONS .............. AT'Lx27T"W x 41"H
WEIGHYS . . ......... 395 ibs. net, 448 ibs. creted

(Compiste spacitications on Foim 02.70-5)

PUMP OUTPUT (Steam Claaner) . .. ... 130 9
%0 B

psl.upte F
PUMP OUTPUT (Pressure Washaet). . ... .. 240 gph
WASH PRESSURE AND 7EMPEﬁATuﬂE '1220 ié
upto

PUMPTIYPE..................... iziplex piston
PUMPSPEED........................... 1025
CHECK VALVES......... nhon-corrosive dlse type
SOLUTIONTANK . .................. 12 gsllons
FUELYANK. .............. ........ 12 galions
BURNERJETSIZE........................ 2.8

CLEANINGGUN . .................... s RGO
DIMENSIONS. ... ........... ATLx27TWxa1"H
WEIGHT ............ 395 1bs. nel, 445 1bs. crated
- PUMP OUTPUT—Steam Cleaner ... ... .. 150 gph
E PUMP OUTPUT—Prassure Washe: . . . . .. 300 gph
WASHPRESSURE..................... 250 pst
PUMPTYPE .................... duplex piston
PP PUMPSPEED........................ 300 rpm
* . CHECX VALVES......... non-corfasive disc type
RO . SOLUTIONTANK . ..... ....... ... 20 gallons
: FUELYANK. ................. ... 20 gallons
BURANERJETSIZE . ..................... dgph
1 CLEANING HOSE v;" 10 % 28°
i - CLEANINGGUN ...... swivel, insulsted, " x 46"
: DIMENSIONS .............. 0 Lx41"'Wx85H
- WEIGHTS ......... 815 Ibs. net, 990 Ibs. crefied

{Compiate spacitications on Form No 02 70-21)

Specifications subject to change without notice.

Homestead Industries, Inc., Coraopolis, PA (Ref EQ 5)
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5.0 Engineering

3.1

Process Description

Building
Preparation

= Steaming - Waste | Clean-Up
Treatment

5.2

5.3

5.1.1 Main Process
Steam 1is .generated uging oil, gas, or electric fired
steam generators. The steam is applied to the walls
through either a hand held wand or automated system,
The condensate 18 collected in sumps. The condensate
18 then removed and treated to destroy any residual
agents,

5.1.2 Variations
Steam could be generated in the forw of a water/
solvent mixture to enhance solubility, A wetting
agent could be mixed with the steam. The steam could
be superheated, Stesm~jet systems could be used for
higher fuel efficiency.

Equipment/Support Facilities Needed

5.2.1 Description
Steam generators, spray systems, c~llection sumps,
waste traatment eystem,

5.2.2 Reliability, Availability and Maintainabilicy
Quite high - commercial scale steam cleaners are
available from many manufacturers (Manufacturer's
Brochures) .

Decontamination Time

5.3.1 Set=up
Minimal - collection systems may have to be designed
if floor sumps are inadequate., Existing sumps will
need to be checked for leaks. A pumping system may
be set up to continuously remove condensate.

5.3.2 Application Time

5.3.2.1 Pergonnel
Probably extensive - dependent on the size
and complexity of building. Automated steam
wands may reduce personnel time for decontam-
ination of large buildings.
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5.3.2.2 Decontamination
Time dependent on the technique used for con-—
dengate treatment and effectiveness of steam
in accomplishing agent hydrolysis.

5.3.2,3 Verification
Knowledge gap.

5.3.3 Tear-Down Time

5.3.3.1 Equipment Removal
Minimal.

503.3.2 Clean-up
A water rinse of the building interior may be
desired. Coundensate will need to be rinsed
from sumps and collection systems.

S.4 Safety Requirements

5.4.1 Process Hazards
None anticipated.

5.4.2 Personnel Hazards
Steam burng; acetone/steam mixtures are slightly
toxic; agent volatilization.

5.6.3 Protective Methods
Breathing apparatus will be required to protect
against any volatilized agent. Protective cloth-
ing including boots is recommended.

6.0 Economics

6.1 Building Damage - Repair Costs
Minimal,

6.2 Developmental Costs
Minimal - Steam generators/cleaners and other support equip-
ment 18 commercially available and technology exists for
the treatment of agent contaminated water,

6.3 Treatment Costs

6,3.1 Utilities and Fuel Cost
Low = steam generation i3 relatively inexpensive,

6.3.2 Equipment Cost
Steam cleaners $2000-5000 (Manufacturer's Brochures).
Pump and waste water holding tank. Waste water
treatment system,
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6.3.3 Material Coat
Additives such as surfactants or acetone (optional).

6.3.4 Manpower Cost
Probably high - asteam must be applied to all surfaces
and may be more than one application may be necessary.
Water rinse required. Automated steam wands may re-
duce manpower cost but increase equipment costs.

7.0 Future Work Required

7.1 Knowledge Gaps
Removal or reaction efficiency of contaminant from interior
of porous building materials must be determined. The proper
technique for treatment of condensate will need to be

selected. Paint removal necessity. Selection of additives,
surfactants, and/or co=solvents.

7.2 Resolution
Experimental testing.
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PERCHLORYL FLUORIDE

1.0 General Description

2.0

1.1

1.2

1.3

1.4

1.5

Summary of Idea
C104¥ is a good oxidizing agent capable of permeating
materials and inaccesible spaces to oxidize agents.

Origination of ldea
(Popoff, 1967; Albizo, 1982).

Obvious Advantages and Disadvantages
Advantages: Active against HD in vapor phase or in very thin

filmas.

Disadvantages: Can present an explosion hazard if contacted
with reducing agents (i.e. alcohol). Forms a film (of pro-
ducts) on HD, limiting penetration. Forms salts with VX

which can be regenerated to the active agent on neutralization.

Variations of Idea
None

Sketch
Rone

Chenical Decomposition Treatment

2.1

2.2

2.1

2.4

2.5

2.6

Cheaical Reactions
HD + C103F —» (C1CH2CH2)25=0
VX + C103F —> fragmantary products
GB + Cl104F —» unknown

Hazardous Products
Unknown except that bis(2-chloroethyl) sulfoxide is not
entirely inoccuous and may revert to HD. Some of VX forms a
salt from which VX may be regenerated., Other toxic products
are possible.

Destruction Efficiency, Residue Level
Knowl edge gap.

Reaction Rate/Kinetice
9.5-11.5% VX remains aftar 30 minutes on cloth,
312 VX remains on glass after undefined exposure time.

Supplementary Treatment
Difficult to define since both efficlancy of destruction and
nature of reaction products are not reported in detail,

State-of~the~Art ,
Some evaluation has been condueted but the results are
{nconclugive.,
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3.0 Physical Treatment
Not applicable

4,0 Applicability

4ol

4,2

4.3

Agent Applicability
Possible application to HD; applicability to nerve agents is
in doubt.

Isolated Building Materlal Applicability

4.2,1 1Impact of Substrate on Chemistry
None expected.,

4,2,2 Removal or Reaction of Contaminant from Surface
Surface removal of HD should be complete 1f used in
the vapor phase or in a very thin film. Incomplete if
e film of product is formed between the reagent and
the agent. No reaction with nerve agents.

4,2.3 Removal or Reaction of Contaminant from Interior
Some reaction with HD from interior is expected since
Cl103F can penetrate some materials.

4,2.4 Damage to Materfal
Cl03F 1is a strong oxidating ageant. Corrosive under
moist conditions. No damage to materials is expected
unlees metals are moist or there are reducing agents
present (not expected).

Practical Applicability to Building

4,3.1 Building Preparation
Sealing off and providing an outlet for gas stream.
Paint removal may be necesgsary.

4.3.2 Practical Physical Limitations/Methods to Overcome
None expected.

4.3.3 Secondary Decontamination Treatment
None required if reaction is carried in the vapor
phase. Reapplication if a film of material produced
interferes with the contact between HD and ClO3F.

4,3.4 Cleai—up Requirements
Wash with appropriate solvent to remove film of
products deposited on the surface.

4.3.5 Wante Treatment and Disposal
Knowledge gap. Reaction products are ucnknown bdut
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waste must be treated and disposed of probably
via incineration.

4,4 State-of-the-Art
Experimental work 1s inconclusive. Has not been evaluated
with contaminated structures.

5.0 Engineering

5.1 Process Description

| Verification |
. — v N
Building _;i’OPen ¢yl inder Dezontamination| _[Waste to treatment
Isolation ) and disposal

5.1.1 Main Process
The building or dtructure is completely sealed off
with an outlet for the gaseous products aad reactants.
The C103F cylinder is opened and allowed to )
migrate throughout the structure. Unreacted gas and
gaseous products are collected for treatment aad
disposal, Solid film is removed from the surface with
appropriate wash solution., This waste is alsc treated
and disposed of. Another application is carried out
if necessary.

5.1.2 Variations
None

5.2 Eguipment/Support Facilities Needed

5¢2.1 Description

Fan to circulate gases in the building exhaust blower,
waste treatment equipment.

5.2,.2 Reliability, Availability and Maintainabilicy
RAM for application/decontamination equipment is high.
Knowledge gap for waste treatment equipment,

5.3 Decontamination Time

5.3.1 Set-up
Modest - set up the cylinders with ClO3F, will

depend on size and sealing capabilities of the
building.

5.3.2 Application Time

So 3. 2. 1 petsonnel
Small - little personnel required for
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equipment set-up and tear down es well as
routine maintunance/monitoring. Not a labor
intengive operation,

5.3.2,2 Decontamination
Could be complete 1f contact 1s achleved.

| S o

5.3.2.,3 Verification
Rnowledge gap.

5.3.3 Tear-Down Time

) 5.3.3.1 Equipment Removal
3 Small = to remove cyclinders and fan. Remove
¢ seals.

X 5.3.3.2 Clean-up
- Wash down with apnropriate solutions may be
. necessary,

5.4 safety Requirements

5¢4.1 ?2rocess Hazards
Cl03F may explode if brought in contact with
reducing agents, e.z. alcohols.

* . 5.4.2 Personnel Hazards

- Cl104F may be absorbed through the skin and is

4 poisonous but since workers will not be in the

v - building during decontamination the degrae of
personnel hazards is reduced. Unknown producis are
potent{al hazards.

. 5.4.3 Protective Methods

None required. Appropriate cloth, eye protection and
breathing wask shouid be worn in the building
immediately after application.

6.0 Economics

6.1 Building Damage -~ Repair Costs
Small (unless explosion occurs.)

" 6.2 Developmental Costs
Evaluation of substantial destruction efficiency, reaction
. product/waste treatment and disposal, verificationm,
applicability to buildings/diffusivity, applicability to
nerve agents required.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
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Small - electricity for fan and blower. Unknown for
waste treatment.

6.3.2 Equipment Cost
Small - relatively inexpensive uff-the-shelf equipment
ceu be used.

6.3.3 Material Cost
Depends on amount required. May be large,

6.3.4 Manpower Cost
lLow = remote operation only sequires routine
maintenance. :
7.0 Future Work Raquired
7.1 Xnowledge Gaps
Destruction efficf{ency, reaction products, waste treatment

and disposal, veriiication, applicability to buildinge/
diffuaivity, applicability to nerve agents.

7.2 Resclution
Experimental wovk,
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HYDROLYSIS WITH A COPPER LIGAND

1.0 General Description

% 1.1 Summary of Idea

R Apvly an aqueous solution of tetramethylethylenediamine-
Cu(Il) to a contaminated surface to rapidly hydrolyze
GB.

1.2 Origination of Idea

lLiterature references (Courtney, 1957; Wagner-Jauregg, 1955);
Gustafson, 1962; Morgan, 1968).

PR
T

1.3 Obvious Advantages and Disadvantages
Advantagas, Fast hydrolysis of GB.

‘;’;'I
e

2 Disadvantages. Not demonstrated for VX, HD.
3
1.4 Vvariations of Idea

J Other metals: UO4(VI), Zro(IV), Th(IV), or MoOa(VI).
! Other ligands: amino acidas, peptides, phenols, 5=«sulfo-8=-

hydroxyquinoline,
j 1.5 Sketch

Not applicable,
X
. 2,0 Chemical Decomposition Treatment
X 2.1 Chemical Reactions
) 9 ?

CH3-P~F + Hyo-—> CH3P-OH + HF
0-1Pr O-iPr

5 2.2 Hazardous Products
z HF 18 strong acid.
5 2,3 Destruction Efficiency, Residue Level

FOr Y

Knowl edge Gap.

2.4 Reaction Rate/Kinetics
Cu(II): TMEN : GB (5:5:1)
ti/2 = 0.5 min k) = 1.4

Al

2.5 Supplementary Treatment
None..

2,6 State~of-the-Art
Chemistry known.

3.0 Physical Treatment
Not applicable.
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4,0 Applicability

4.1 Agent Applicability
GB; may be applicable to other agents.

4.2 1Isolated Building Material Applicability

4,2,1 Impact of Substrate on Chemistry
None anticipated.

" 442.2 Removal or Reaction of Contaminant from Surface
Good removal from surface.

4.2,3 Removal or Reaction of Contaminant from Interior
Knowl edge gap.

4,2,4 Damage to Material
None anticipated.

4.3 Practical Applicability to Building

4,3.1 Building Preparation
Strip paint.

4,3.,2 Practical Physical Limitations/Methods to Overcome
None anticipated.

4.3.3 Secondary Decontamination Treatment
None aaticipated.

4,3.4 Clean-up Requirements
Wash walls with water to remove reagents and products.

4.3.5 Waste Treatment and Disposal
Knowl edge gap, The acid (HF) requires neutralization
before disposal.

4,4 State-of-the-Art
Not used on buildings.

5.0 Engineering

5.1 Process Description

S5.1.1 Main Process
The reactive liquid a solution of tetramethyl-
thylenediamine=Cu II is mixed thoroughly and applied
to the structure with a spray gun, paint brush,
roller, or similar item to thoroughly ccat the
surface. The liquid is allowed to soak in and react
with the agent. After decontamination is completed
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the solution is removed by washing with water or an
organic solvent,

5.1.2 Variations

Liquid reagents systems may also be applied in gels or
foams., A variety of gelling and foaming agents may be
ugsed which are compatible with both aqueous based and
organic solvents., A primary advantage of using gels
or foams 1s that they permit a longer contact time
which will allow continuous diffusion of reactant into
the material for decontamination. Polymeric or plas-

tic sheeting backings may be applied to the gels and
foams to insure inward migration of reactants and
minimize outward vapor diffusion into the building.
Furthermore, these backed gels or foams may be heated
to facilitate reactant migration and increase decon-
tamination rates.

5.2 Equipment/Support Facilities Needed

5¢2.1

Description
An agitation tank for preparing nix.
Painting equipment for application.

5¢2.2 Reliability, Availability and Maintainability

The RAM is expected to be high.

5.3 Decontamination Time

5:3.1

5.3.2

5.3.3

Set-up
Minimal set up time required, just as with painting.

Application Time

5.3+2.1 Personnel
Application time would be equivalent to the
time required for painting,

5.3,2.2 Decontamination
Should be immediate,

5.3.2.3 Verification
Knowl edge Gap.

Tear-Down Time

5.3.3.1 Equipment Removal
Minimal time 1s required for removal of
application equipment.

5¢3.3.2 Clezan-up
Minimal clean up required. A fresh solvent
wash may be sufficient,
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5.4 Safety Requirements

Sebal

Se4.2

S5¢443

6.0 Economics

Process Hazards
Knowledge gap. No hazard associated with the
application method.

Pergonnel Hazards
Hydrofluoric acid 1s highly irritating and poisonous
and may not be painful or visible for hours.

Protective Methods

Appropriate clothing, eye and breathing protection may
be required.

6.1 Buildlng Damage -~ Repair Costs
None anticipated.

6.2 Developmental Costs
Minimal, Destruction efficiency data and interior
decontamination waste generation and dispcsal need to be
developed.

6.3 Treatment Costs

6.3.1

6.3.2

6.3.3

6.3.4

Jtilities and Fuel Cost
Minimal: electricity for the mixer and the pump,

Equipment Cost
Minimal: brushes and rollers may be obtained from the
neighborhood hardware store. Standard spraying
equipment is inexpensive ($200-500).

Material Cost
May be high depending on the amount of chelate
required and its cost. ( $20/1b laboratory reagent).

Manpower Cosgt
Small: sgame as painting.

7.0 Future Work Required

7.1 Knowledge Gaps
Application to buildings.
Application to other agents,
Destruction efficiency.
Interior decontamination.
Waste generation and disposal.

7.2 Resolution
Experimental work.
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HYDROLYSIS WITH A VANADIUM CATALYST

1.0 General Description

1.1 Summary of Idea
Wet surfaces are washed with a solution of VO*2-AlF3 to
rapidly hydrolyze VX.

1.2 Origination of Idea
Literature reference (0'Connell, 1968).

1.3 Obvious Advantages and Disadvantages
Speeds up hydrolysis of VX. Probably applicable to GB as
well,

1.4 Variations of Idéa
None.

1.5 Sketch
Not applicable.

2.0 Chemical Decomposition Treatment

2.1 Chemicul Reactions

0 0
t (1]
CH3=-I.’-OEE + Hp0 ———> CH3-E"’-OE1; + HS-CH2CHoN(1i-Pr) 9
OH
§=CHp~CH2~N(1-P1) 3 :

2.2 Hazardous Products
Knowl edge Gap.

2.3 Destruction Efficiency, Residue Level
Knowl edge Gap. Expected to be complete where contact is
achieved.

2.4 Reaction Rate/Kinetics

t1/2 = 41 mins for first 3 hours; tj/9 = 121 mins after 3
hra.

2.5 Supplemeritary Treatment
May need reapplication if the surface is not completely
wetted with the reagent.

2.6 State—nf-the-=Art
Known chemistry.

4.0 Applicability

4,1 Agent Applicability
VX, and possibly GB,
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4.2 1Isolated Building Material Applicability

4,2.1 Impact of Substrate on Chemistry
None expected,

4,2.2 Removal or Reaction of Contaminant from Surface
Good gurface removal.

4.2,3 Removal or Reaction of Contaminant from Interior
Knowledge Gap.

4,2.4 Damage to Material
None anticipated.

4.3 Practical Applicability to Building

4.3.,1 Building Preparation
Strip paint.
Wet walls with Hp0

4.3.2 Practical Physical Limitations/Methods to Overcome
None anticipated,

4.3.3 Secondary Decontamination Treatment
None,

4s3.4 Clean-up Requirements
Wash walls with water to remove reactants and
products.

4,3.5 Waste Treatment and Disposal
Knowl edge gap. Darivatives may require special
disposal.

4.4 State-of-the—Art
Never used on buildings.

Engineering
5.1 Process Description

5.1.1 Main Process
The reactive liquid is mixed thoroughly and applied to
the wet structure with a gpray gun, paint brush,
rolier, or similar item to thoroughly coat the surface
as 1f it was being painted. The liquid is allowed to
goakin and react with the agent. After decontamina-
tion is completed the solution is removed by washing
with water.
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5.1420 Variations

Liquid reagents systems may also be appliad in gels or
foams. A varlety of gelling and foaming agents may be
used which are coupatible with both aqueous baged and
organic solvents. a primary advantage of using gels
or foams is that they will maintain a long contact
time with the building material which will allow
continuous diffusion of reactant into the material for
decontamination., Polymeric or plastic sheeting
backings may be applied to the gels and foams to
ingsure inward migration of reactants and minimize
outward vapor diffusion into the building. Further-
more, thegse backed gels or foams may be heated to
facilitate reactant migration and increase decontam-—
ination rates.

5.2 Equipment/Support Facilities Needed

5.3

5241

Description
An agitation tank for preparing mix,
Painting equipment for application.

5.2.2 Raliability, Availability and Maintainability

The RAM is expected to be high,

Decontamination Time

5.3.1

Set-up
Minimal set up time required, just ag with painting.

5.3.2 Application Time

5.3.3

5.3.2.1 Personnel
Application time would be equivalent to the
time required for painting.

5.3¢2.2 Decontamination
Expected to be fairly short,

5.3.2.3 Verification
Knowledge Gap.

Tear-Down Time

5.3.3.1 Equipment Removal
Minimal time 1s required for removal of
application equipment,

5030302 Clean=up
Minimal clean up required. A golvent wash
nmay be sufficient,
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5.4 Safety Requirements

S5.4,1 Process Hazards
None expected. Knowledge Gap.

5.4,2 Personnel Hazards
None expected. Knowledge Gap.

5.4.,3 Protective Methods
None required. Knowledge Gap.

6.0 Economics

6,1 Building Damage - Repair Costs
None expected.

6.2 Developmental Costs

Subgtantial. Decomposition products and destruction
efficiency data, waste treatment and disposal requirements

need to be developed.
6.3 Treatment Costse

6.3.1 Utilities and Fuel Cost

Minimal., Electricity for the mixer and the pump.

6.3.2 Equipment Cost

Minimal, Brushes and rollers may be obtained from the
neighborhood hardware store., Standard spraying

equipment is inexpensive ($200=500).

6.3.3 Material Cost

May be large depending on the amount required and its

availability.

6.3.4 Manpower Cost
Minimal.

7.0 Future Work Required

7.1 Knowledge Gaps :
Decomposition products, destruction efficiency,

applicability to agents, and waste treatment anu disposal.

7.2 Resolution
Experimental work.
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ANTHRANILIC ACID=SILVER COMPLEXATION

General Description

1.1 Summary of Idea
Contaminated surfaces are sprayed with anthranilic acid and
silver nitrate to decompose HD.

1.2 Origination of Idea
Literature reference (Megson, 1969),

1.3 Obvious Advantages and Disadvantages
Advantage., Effective on HD,

Disadvantages. Large excess of expensive reagent 1s used,
The method 18 reported to apply to HD only.

1.4 Variations of Idea
None.

1.5 Sketch
None.

Chemical Decomposition Treatment

2,1 Chemical Reactions
Knowledge Gap.

2.2 Hazardous Products
Knowl edge Gap.

2.3 Destruction Efficlency, Residue Level
60 ug of HD was completely inactivated by 4000 ug of reagent
(Megson, 1969).

2.4 Reaction Rate/Kinetics
: Knowledge Gap.

2.5 Supplementary Treatment
None implied.

2.6 State-of-the-Art
Succegsfully applied to cellulosic fabric used for protective
clothing.

Physical Treatment
Not applicable,

Applicability

4,1 Agent Applicability
HD.



II11-258

4,2 1Isolated Building Material Applicability

4.2.1 TImpact of Substrate on Chemistry
None expected.

4.,2.2 Removal or Reaction of Contaminant from Surface
Knowledge Gap. Should be complete once contact is
achieved.

4,2.3 Removal or Reaction of Contaminant from Interior
Knowledge Gap.

4,2.4 Damage to Material
None expected.

443 Practical Applicability to Building

4,3,1 Building Preparation
Paint removal may be required.

4.3.2 Practical Physical Limitations/Methods to Overcome
None expected,

4.3.3 Secondary Decontamination Treatment
None expected.

443.4 Clean-up Requirements
Wash walls with water to remove reagent and products.

4,3.5 Waste Treatment and Disposal
Knowledge Gap.

4.4 State-of-the-Art
Has not been applied to buildings.

5.0 Engineering
5.1 Process Description

S5.1.1 Main Process _
Anthranilic acid 1is applied to the brush, roller or
similar item to thoroughly coat the surface. A
solutfon of Ag NO4 is then sprayed on and allowed to
react with HD. After decontamination is completed the
solution is removed by washing with an appropriate
wash. The acid and AgNO3 may be mixed and applied
gimul taneously (Knowledge Gap).

5.1.2 Variations
Liquid reagents systems may also be applied in gels or
foams. A variety of gelling and foaming agents moy be
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used which are compatible with both aquacus based and
organic solvents., A primary advantage of using gels
or foams i{s that they will maintain a long contact
time with the building material which will permit
continuous diffusion of reactant into the material for
decontamination., Polymeric or plastic sheeting
backings may be applied to the gels and foams to
ingure inward migration of reactants and minimize
outward vapor diffusion into the building. Further-
more, these backed gels or foams may be heated to
facilitate reactant migration and increase decontam-
nation rates,

5.2 Equipment/Support Facilities Needed

5.3

50241

Description

An agitation tank for preparing mix.
Painting equipment for application.

5.2.2 Reliability, Availability and Maintainability

The RAM is expected to be high,

Decontamination Time

503‘1

Set-up
Minimal set up time required.

5¢3.2 Application Time

5.3.3

5.3.2.1 Personnel
Application time would be equivalent to the
time required for painting, although doubled
i1f geparate application is required.

5.3.2.2 Decontamination
Knowl edge Gap = but expected to be complete.

5434243 Verification
Knowledge Gap.

Tear-Down Time

$¢3.3.1 Equipment Removal
Minimal time is required for removal of
application equipment,

5.3.3.2 ¢l ean—=up
Minimal clean up required. A solvent wash
may be sufficient.
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5,4 Safety Requirements

S5¢441 Process Hazards
None anticipated.

5.4.2 Purgsonnel Hazards
Anthranilic acid is toxic and an anesthetic (LDgp =
23 mg/Xg) AgNOy is irritating.

5.4.3 Protective Methods
Should exercise precaution when handling and
appropriate clothing should be worn.

6.0 Economics:

6.1 Building Damage ~ Repair Costs
None expected.

6.2 Developmental Costs
Destruction efficiency, reaction producta and kinetic data
need to be developed. Waste treatment must be determined.

6.3 Treatment Costs

6.3.1 Utilities and Fuel Cost
Minimal, Electricity for the mixer and the pump.

6.3.2 Equi,.ment Cost
. Minimal., Brushes and rollers may be obtained from the
neighborhood hardware store. Standard spraying
equipment 1s inexpensive ($200-500).

6.3.3 Material Cost
Could be large depending on amount required.
Acid ($10/1b reagent)
AgNO3 ($500/1b reagent)

6.3.4 Manpower Cost
Small.

7.0 Future Work Required
7.1 Knowledge Gaps
Destruction efficiency and reaction products need to be

determined.

7.2 Resolution
Experimental testing,
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ALUMINA IMPREGNATED WITH MAGNESIUM HYDROXIDE

1.0 General Degcription

2.0

1.1 Simmary of Idea
A gel of alumina impregnated with magnesium hydroxide is
applied to a wet, contaminated surface to accelerate
hydrolysis of GB.

1.2 Origiaation of Idea
Literature references (Medema, 1975; Kuiper, 1973; Epsteln,
1967; Epsteln, 1958; Epstein, 1968).

1.3 Obvious Advantages and Disadvantages
Advantage., Alumina has excellent adsorbent properties,

Digadvantages., Slurry may not reach interior contaminants.
Not effective on VX.

1.4 Variations of Idea
Use other bases such as chromium oxides to impregnate
alumina. Use charcoal instead of alumina.

1.5 Sketch
Not applicable.

Chemical Decomposition Treatment

2.1 Chemical Reactions

9 0
CHy=P-F + Hp0—>» CH3-B-0H + WF
2 3
-iPr O-1iPr

2,2 Hazardous Products
Knowledge Gap.

2.3 Destruction Efficiency, Residue Level
Limited to sites of adsorbtion.

2.4 Reaction Rate/Kinetics _
Activation energy = 4 kcal/mole, but large entropy change
causes a relatively slow reaction rate,

2.5 Supplementary Treatment
Remove alumina. Add base to contaminated alumina to ensure
hydrolysis 1s complete.

2.6 State-of-the-Art
Proposed for protective clothing.
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3.0 Physical Treatment
Not applicable.

4.0 Applicability
4,1 Agent Applicability
Applicable to GB.

4.2 1Isolated Building Material Applicability

4.2,1 Impact of Substrate on Chemistry
Basic nature of cement may aid hydrolysis.

4,2,2 Removal or Reaciion of Contaminant from Surface
Good removal from surface.

4.2.3 Removal or Reaction of Contaminant from Interior
Knowl edge Gap.

4,2,4 Damage to Material
Mone anticipated,

4.3 Practical Applicability to Building

4.3.1 Building Preparation
Strip paint.

443.2 pPractical Physical Limitations/Methods to Overcome
Difficult to apply a "solid” system to inaccessible
areas,

4.3.3 Secondary Decontamination Treatment
None, if hydrolysis products are non-toxic.
(Knowledge Gap). May require another application or
decontamination sequence if contact between the
alumina and the agent i3 not complete.

4.3,4 Clean-up Requirements
Wash walls with H0 to remove traces of reactants
and products (i.e., HF).

4.3.,5 Waste Treatment and Disposal
Add acid to water to neutralize base.

4.4 State-of-the-Art
None .

5.0 Engineering

5.1 Process Description

5.5.1 Main Process
Alumina gel containing magnesium hydroxide is mixed
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5.0 Engineering

3.1

562

5.3

Process Description

5.5.1 Maln Process
Alumiva gel containing magnesium hydroxide is mixed
thoroughly and applied to the structure with a spray
gun, paint brush, roller, or similar item to
thoroughly coat the surface. The gel 1is allowed to
goak in and react with GB. After decontamination is
completed the solution is removed by washing with an
appropriate wash,

5.1.2 Varviations '
Magnesium hydroxide may also be applied as a
dispersion tn liquid or foams. A variety of foaming
agents may be used which are compatible with both
aqueous based and organic solvents. A primary
advantage of using suspensions or foams is that they
will maintain a long contact time with the building
material which will permit continuous diffusion of
reactant into the material for decontamination.
Polymeric or plastic sheeting backings may be applied
to the gels, foams, and suspensions to insure inward
migration of reactants and minimize outward vapor
diffusion into the building. Furthermore, these
backed gels or foams may be heated to facilitate
reactant migration and increase decontamination rates.

Equipment/Support Facilities Needed

5.2.1 Description
An agitation tank for preparing mix.
Painting equipment for application.

5.2.2 Reliability, Availability and Maintainability
The RAM is expected to be high,

Decontamination Time

5.3.1 3et-up
" Minimal set up time required.

5¢3.2 Application Time
5.3.201 Personne]
Application time would be equivalent to the
time required for painting.

5.3.2.2 Derountamination
Knowledge Gap. Decontamination time would
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depend on the contact achiaved between the
agent and the magnetic hydroxide., It may be
long considering it {s a reaction between a
solid and a removed agent.

5¢3.2.3 Verification
Knowledge Gap.

5.3.3 Tear<Down Time
Minimal time is required for removal of application
equipment.

5.3.3.1 Equipment Removal
Minimal c¢lean up required. A solvent wash
may be sufficient.

5.4 Safety ReJuilrements

5.4.1 Procegs Hazards
No process hazards associated with this concept.

5.4.,2 Personnel Hazards
Mg(OH), 1s strong base.

54,3 Protective Methods

Appropriate clothing and eye protection should be
worn,.

Economics

6.1 Building Damage - Repair Costs
None expected.

6.2 Deveiopmental Costs
Reaction kinetics, degree of contact, and reaction rate need
to be developed as well as application methods.

6.3 Treatment Costs

6.3.,1 Utilities and Puel Cost
Minimal., Electricity for the mixer and the pump.

6.3.2 Equipment Cosat .
Minimal. Brushes and rollers may be obtained from t.e
neighborhood hardware store. Standard spraying
equipment is inexpensive ($200-500).

6.3.3 Material Cost

Mg(OH)7 is a commodity chemical which can be obtained
at a resonable low price.

603-“ l‘ﬂnpﬂwer Cost
Small.,



I1I-265

7.0 Future Work Required

7.1 Knowledge Gaps
Degree and rate of reaction, and application method need to

be developed.

7.2 Resolution
Experimental work., To determine the rate limitations and its
applicability to building decon.
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COMPLEXATION WITH MOLYBDENUM LIGAND IN ACETONLTRILE

General Description

1.1 Sumnmary of Idea
Wash walls with molybdenum ligand, Mo(0¢)3Cly and

acatonitrile to complex with mustard. Collect wash, add
Hy0 to dissociate complex. Incinerate mustard, and
regenerate molybdenum ligand.

1.2 Origination of Idea

Literature reference (Morgan, 1968, other molybdenum igands
may be used O0'Connell, 1968; Cogliano, 1970).

1.3 Obvious Advantages and Disadvantages
Removes mustard by chemical/physical means, Doesn't destroy
mustard in sditu.

1.4 Variations of Idea
None.

1.5 Sketch
Not applicable.

Chemical Decomposition Treatment

2.1 Chemical Reactions

_R
‘Mo\
HD + Mo(0¢)3Cly —SE s C1CHyCHp~§~CH2CHSCI
H,0
8 MoCis + ¢OH

2.2 Hazardous Products
Collected product mustard 1s st2ll toxic, Acetonitrile is
neither volatile and combustible (flashpoint i12.8 C) and
toxic. Phenol is 2lso highly toxic and may be present
unreacted from the organometallic preparation.

2.3 Destruction Efficiency, Residue Level
902 complexation. Incineration destroys mustard,

2.4 Reaction Rate/Kinetics
Knowl edge Gap.

2.5 Supplementary Treatment
May need to rewash walls with regenerated Mo(0%)3Clj.
Also may need s final water wash,

2.6 State—of—the-Art
Chemistry known.
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4,0 Applicability

4ol

4e2

4.3

4.4

Agent Applicability
Musgtard.

Isolated Building Material Applicability

4,2,1 1Impaet of Substrate on Chemistry
None anticipated except probable damage paint,

4.2,2 Removal or Reaction of Contaminant from Surface
Good removal if alr and walle are dry.

4.2.3 Removal or Reaction of Contaminant from Interior
Knowl edge Gap.

4,2,4 Damage to Material
None anticipated.

Practical Applicability to Building

4,3,1 Building Preparation
The building must be thoroughly dry, otherwise the
complex would dissociate,

4s3.2 Practical Pbysical Limitations/Methods to Overcome
None expected.

43,3 Secondary Decontamination Treatment

Add Hy0 to dissociate complexes. Separate
organometallic from mustard.

4.3.4 Clean-up Requirements
Wash area with water to remove any reagents or
products.

4,3,5 Waste Treatment and Disposal
Incinerate mustard.

State—~of-the-Art
Never used on buildings.

5.0 Engineering

S.1

Process Desc¢ription

5.1.1 Main Process
The reactive liquid Mo(04)4Cl) in acetonitrile 1s
wixed thoroughly and applied to the structure with a
spray gun, paint brush, roller, or similar item to
thoroughly coat the surface., The liquid is allowed to
soak in and react, complexing with mustards. After
reaction is completed, the solution i3 removed by
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washing with solvent. The complex ir dissoclated by

the addition of Hp0 and mustard separated for
incineration., The surface is finally washed with
water,

5+41.2 Variations

Liquid reagents systems may also be applied in gela or
foams. A varlety of gelling- and foaming agents may be
used which are compatible with both aqueous based and
organic solvents. a primary advantage of using gels
or foams is that they will maintain a long contact
time with the building material which will permit
continuous diffusion of reactant into the material for
decontamination. Polymeric or plastic sheeting
backings may be applied to the gels and foams to
insurae inward migration of reactants and minimize
outward vapor diffusion into the building. Further-
more, these backed gels or foams may be heated to
facilitate veactant migration and faster complexation
rates,

5.2 Equipment/Support Facilities Needed

5.3

5.2.1

Description

An agitation tank for preparing mix; a collection tank
or sump for mustard; a separation system; an organo-
metallic regeneration system, Painting equipment for
application, Ventillation system.

5¢2.2 Reliability, Availability and Maintainability

Reliable; available; easy to maintain.

Decontamination Time

5¢3.1

Set-=up

Moderate.

5.3.2 Application Time

56343

5¢3.2.1 Persounnel

Application time would be equivalent to the
time required for painting.

5.3.2.2 Decontamination

Knowledge gap.

563023 Verification

Knowledge gap.

Tear—Down Time

5.3.3.1 Equipment Removal

Moderate,
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So 3c 30 2 C] e&ﬂ"up
Water wash,

5.4 Safety Requirements

S.4.1 Process Hazards
Potential for fire (acetonitrile flash point -

12.8 C).

5.4,2 Personnel Hazards
Acetonitrile and phenol are highly poisonous,.

S.4.3 Protective Methods
Gas masks and appropriate clothing recommended.

6,0 Economics

6.1 Building Damage - Repalr Costs
None expected.

6.2 Developmeantal Costs
Reaction kinetics need to be determined.
Effect of reaction on buildirg materials also must be
addregsed.

6.3 Treatment Costs and Solvent/Organometalliec
6.3.1 Utilities and Fuel Cost
6.3.2 Equipment Cost
6.3.3 Material Cost

Acetonitrile is not too expensive ($2,50/1b reagent)
grade). MoCls costs $65/1b and phenol costs $81/1bs,

6.3.4 Manpower Cost
Substantial, Separation and regeneration of
molybdenum complex may require large effort.,

7.0 Future Work Required

7.1 Knowledge Gaps
Reaction kinetics need to be determined. Effect of reaction
on bullding materials shared also be addressed.

7.2 Resolution
Experimental work,
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SODIUM HYDROXIDE SOLUTION

General Description

1.1 Summary of Idea
Sodium hydroxide solutions will react with HD, GB and VX |
producing relatively non-toxic products. Solutions in water
or water/organic solvent mixtures may be applied to surfaces
by swabbing or spraying to reach inaccessible areas.

“1+2 Origination of Idea

Sodium hydroxide has long been uged for purpose of decon-

tamination and demilitarization and is a component of DS=2.
References citing the use of sodlum hydroxide include Steyermar
19743 Davis, 1978; Plucker, 1969 and Weber, 1973,

1,3 oObvious Advantages and Disadvantages
Advantages include rather complete reaction with HD, VX, GB
to produce relatively non-toxic products.

Disadvantages are the slowness of some of the reactions and
hazards of handling the solutions (though less hazardous
than DS-2, for example).

1.4 Variations of ILdea
Use of mixed solVents to enhance agent solubility, e.g., DMSO
(steyermark, 1974). Addition of metal ions as a catalytic
ald to reaction with GB and VX. Application of hot solutions
to enhance kinetics. Addition of surface active agents to
improve penetration and contact of agent with water. Addition
of methycellosolve to enhance decontamination (Davis, 1979).

1.5 Sketch
None.,

Chemical Decomposition Treatment

2,1 Chemical Reactions
HD + NaOH(H»0) —> (HOCHCH2)2S + NaCl

GB + NBOH(Hzo)é—p CHj—%—ONa + NaF
0=
0

VK + NaOH(H30)——— CH3-P~ONa 4 yg-crycH,N( 0
OCZHS :

2.2 Hazardous Products
Reaction products all are relatively safe,

2.3 Destruction Efficiency, Residue Level
Agentd react completely if adequiate time i3 allowed.
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Reaction Rate/Kinetics
Reaction with VX is reasonably fast because of good water
solubility but HD reaction rate 1s limited by water sol-
ubility of HD. GB has a half life of about 1 minute at 35 C
in water at pH 10.

Supplementary Treatment
Disposal of waste solutions including neutralization,
concentration, and incineration.

State-of-the-Art
" Caustic solutions have been demonstrated as effective on a
variety of materials, '

Physical Treatment
Not applicable.

Applicability

4.1 Agent Applicablility
Applicable to HD, VX, GB.

4,2 TIsolated Building Material Applicability

4.3

4.2.1

4.2.2

4.2.3

4.2.4

Impact of Substrate on Chemistry
Substrate should not influence the reaction signific-
antly.

Removal or Reactlion of Contaminant from Svrface
Reaction on surfaces and removal by washing (spraying,
swabbing, etc.) should be highly effective.

Removal or Reaction of Contaminant from Interior
Uncertain, Penetration could be enhanced by use of
surfactants,

Damage to Material
Some damage to paint 1s to be expected especlally at
elevated temperatures. No appreclable damage to
metals or concrete anticipated.

Practical Applicability to Building

4.3.1

4.3.2

Building Preparation
Paint removal may be necessary depending on the
temperature and length of application.

Practical Physical Limitations/Methods to Overcome
Spraying, brushing and rolling the liquid on hard to
reach areas may be time consuming and cumbersome.
Difficulties encountered will be equivalent to those
encountered when painting the structure,
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4,3.,3 Secondary Decontamination Treatment
Nona necegssary unless subsurface penetration in-

complete. Another application would be required
in this case.

4.,3.4 Clean-up Requirements
Water wash.

4,3.5 Waste Treatment and Disposal
Reaction products and waste are relatively safe.
Neutralization, concentration and/or incineration may
be needed for disposal.

4.4 State-of-the-Art
Sodium hydroxide solutions are currently used for the decon-
tamination of facilities. It is a component of DS=2.

Engineering

5.1 Process Description
The sodiur: hydroxide solution is mixed and applied to the
surface with a epray gun, brush or roll., The liquid is
allowed to react and decompose HD, GB and VX producing
relatively non-toxic¢ products. After reaction the solution
is washed off. Another application is performed i{f decoatam-
ination 18 incomplete.

5.1.1 Main Process
Sodium hydroxide solution may also be applied in gel
or foam form. A variety of gelling and foaming agents
may be used which are compatible with both aqueous or
organic solvents. Gels and foams will maintain a
longer contact time with the structure for decontam-
ination purposes. Polymeric sheeting backings may be
applied to the gels and foams to minimize solvent
losses to the environment., The backing may be heated
to enhance reactant migration through the structure
and achieve fagster reaction rates,

5.1.2 Variations

‘5.2 Equipument/Support Facilities Needed

5.2,1 Description

Agitated tank for preparing mix and painting equipment
for application.

5.2.2 Reliability, Availability and Maintainability
The RAM is anticipated to be high.

5.3 Decontamination Time



5.3.1

5.3.2

5.3.3

5.4 Safety

5.4.1

5.4.2

5.4.3

6.0 Economics
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Set-up
Minimal set up required (similar to painting).

Application Time

5.3.2.1 Personnel
Application time would be equivalent to the
time required for painting.

5.3.2.2 Decontamination
Very rapid decontamination of contacted GB
(GB's hdlf life = | minute at 35 C and pH
10). Less rapid decontamination of VX and
HD,

5.3.2.3 Verification
Knowledge Gap.

Tear-Down Time

5.3.3.1 Equipment Removal
Minimal time 13 required for removal of ap-
plication equipment (same as for painting).

5.3.3.2 Clean-up :
Minimal clean up requirad., A fresh water
wash may be sufficlent.

Requirements

Procegs Hazards
None,

Persounel Hazards
Sodium hydroxide 1s an irritant and corrosive to all
tiassues.

Protective Methods

Appropriate clothing and eye protection should be
worn. ’

6.1 Building Damage - Repair Costs
None expected.,

6.2 Developmental Costs
None.

6.3 Treatment Costs

6.3.1

Utilities and Fuel Cost
Minimal ~ electricity for the mixer and the pump.
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6.3.,2 Equipment Cost
Minimal - brushes and rollers may be obtained from the
- neighborhood hardware store. Standard spraying equip-=
ment 1s inexpensive ($200-500), Corrosion resistant
equipment is required.

6.3.3 Material Cost
Relatively small. Sodium hydroxide is a commodity
material, readily available at low price.

6.3.4 Manpower Cost
Small - same as painting.

7.0 Future Work Required

7.1 Knowledge Gaps
Permeability into the structure.

7.2 Resolution
Experimental work.
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ADDITIONAL CHEMICAL CONCEPTS

Because some documents were received after the draft of this
report had been submitted for Army review and because we believe that
novel concept generation 1s an ongoing part, additi-:nal decontamination
concepts will be listed as they are uncovered or generated from ideas.
They are to be listed in broad chemical reaction categories and compared
to other concepts within that category to determine if they might displace
those selected for experimental evaluation., They might be screened ex~
perimentally when other chemical concepts in the gsame category are being
evaluated or eliminated based on the chemistry of similar veagents.

The following concepts were uncovered or thought of since the
draft copy of this report was completed.

Cl107

HD reacts with Cl0; gas to give 2,2-dichlorodiethyl sulfoxide
(Popoff 1967)., A mixture of 3 percent €107 in nitrogen decomﬁosed 98
percent of the HD on a cloth sample in 60 minutes. However, only 35.5
percent of the HD on an aluminum sample and 22.5 per:ent of the HD on a
glass sample was decomposed in 60 minutes. ClOy also effectively decon-
taminated cloth contaminated with VX under one tenth atmosphere pressure
(Popoff, 1967). No reaction is anticipated between Cl09 and G-agents.
Care must be taken when Cl0; 13 gencrated because of the explosive nature
of the undiluted gas (Yurow, 1981).
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MACROCYCLIC ETHERS

Cagselman, 1979 showed that macrocyclic ethers can rapidly de-

compose nerve agents, Cryptand [2,2,2), shown below,

Gons
/mﬁ})

0y 0
CRYPTAND [2.2.2]

dissolved in an organic solvent (e.g., cyclohexanone) achieved 100 percent
deconposition of HD in 2 minutes, 90 percent of VX in 2 minutes and 46
percent of GF in 5 minutes,

PERBORATE SOLUTION

Sodium perborate and perborate cleaning compounds applied in
excess (2 liters of a 4 percent cleaning solution containing 20 percent
perborate/gram of nerve agent) achieved greater than 99 percent removal of
G agents in 1 to 2 winutes at temperatures at or above 0 C (Kowalska,
1978). 98 percent removal of VX was obtained in 15 winutes at 60 C and in

2 hours at 25 C using the excess perborate solution treatment.

PERCHLORATE SOLUTLON

Two rinses with 5 percent calcium perchlorate solution followed
by a sea water rinse effectually decontaminated painted metal, painted
wood and navy canvas surfaces that were coutaminated with VX (Hott, 1965).
After 90 minutes no significant concentration of VX was detected on the
surfaces, within the surfaces, or in the vapor above the surfaces as de-=

termined by both chemical and bloassay analysis,
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NITROGEN TETROXIDE

N904 rapidly and completely decomposes HD to form 2,2=
dichlorodiethyl sulfoxide. Over a period of one hour at one atmosphere
pressure, 88 percent of the HD on contaminated cloth swathes was destroy-
ed., HD was quantitatively decontaminated at one atmosphere pressure in 30
. minutes from aluminum and glass surfaces (Fopoff, 1967). No reaction
occurred between N204 and GF (Popoff, 1967).

Microbial

Several references were identified on the microbial decomposi-
tion of nerve agents. Holwerda, 1975 added VX to soil to determine which
micro=organisms can decompose VX. Repeated applications of VX were re-
quired because VX was quickly decomposed by the molst soill. The results
of the tests were inconclusive other than finding species that can survive
in the presence of VX. A later study (Huisman, 1979) identified pseu-
domonas aeruginosa as an organism capable of hydrolyzing VX. No studies
could be found relating to the microbial decomposition of HD or GB.

Permanganate Solutions

Potassium permanganate dissolved in acetone was cited as early
as 1918 as an oxidant for the destruction of HD on metallic instruments
(Yurow, 1981). .

Neutral permanganate solution was reported to completely detox—
1fy (measured by enzyme-assay) VX at molar ratios greater than 20 to 1,
(Yurow, 1981). The reaction products of the VX reaction were ethyl meth-
ylphosphonic acid, N,N-diisopropylformamide, sulfate ion, and gelatinous
manganese dioxide, along with unreacted permanganate, These compounds
praaent potential disposal problems.
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Propionyl Fluoride

Propionyl fluoride was found to cause rapid hydrolysis of GB
(Lapkin, 1955).

DMSO

DMSO was found to rapidly oxidize agents (Hedley, 1970).
Laboratory results indicate that solutions containing about 30 to 100
weight percent dimethyl sulfoxide, 0.05=5 moles/1 of a strong bagse se-
lected from the group consisting of alkali metal hydroxides, alkali metal
alkoxides, alkali metal phenoxides, and quaternary ammonium hydroxides,
and 0-70 percent of at least one cosolvent selected from a group consist-
ing of water, alcohols glycols, and triols effectively decontaminated VX,
GF and mustard gas in several minutes (Steyermark, 1974). In one case
DSMO water solution containing NaOH (10 g/liter) was used to successfully
treat a laboratory worker whose arm had been exposed to mustard gas.

UV Light

Although Hedley, 1970 reports that neat GB, HD or VX is unaf-
facted by UV light, other studies indicate that decomposition of nerve
agents can be accomplished if additives are present. Fcr example, Mill,
1978 has a patent on a method to oxidize GB in aqueous solution by addi-
tion of an excess of hydroxyl radicals (e.g. Hy0y, ozone, nitrous
acid, peroxsydisulfate, etc.) and subjecting the solution to UV 1light, The

reaction, complete in 1-2 hours, formed HyP0O;, COy and Hp0¢
Another reference (Murai, 1976) showed that an organo—phosphate

chemical simiar in structure to VX rapldly decomposad in UV light by a
photo-oxidation mechanism.
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Phenols/Catechols

Phenols/catechols combine with G-agents through hydrogen bonding
(Braude, 1970). The fluoride fon 1a then displaced to form a catecholate
(Epstein, 1970) as shown below:

OH
OH
GB +

Reaction rates for GB with catechols are substantially less than with GB
and hydroxamic acids (Epstein, 1971).

BF4 Etherate Solution

Boron trifluoride etherate reacts rapidly and reversibly with GF
to produce a complex, which subsequently reacts slowly and irreversibly
with oxygen (Braude, 1970), Boron trifluoride does not appear to be a
viable reagent due to the anticipated low oxygen concentration within
building materials and the slow decomposition rate of the intermediate.
Furthermore, BF4 1s likely to be highly corrosive since it yields HF upor
hydrolysis (Stanford, 1981).

Chlorite Solutions

Solutions of sodium chlorite were found to be less effective

than solutions of bleaching powder on H (Mankowich, 1970).

Carhonate/Bicarbonate Solutions

Mankowich, 1970 has reported that sodium carbopate and/or bi-
carbonate slightly aided the hydrolysis of HD but were essentially not
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that effective. In contrast, Anonymous, 1967 states that a hot or cold
solution of sodium bicarbonate is very effective for the decontamination

of G~agents. Carbonate and/or carbonate solution are less corrosive than
stronger bascs (e.g. NaOH),

Enzymes Proteins

An enzyme (squid type DFPase) was identified by Hoskin, 1982 as
being able to detoxify GD.

Susrended proteins (e.g. milk) may be used to act as chemical
receptors for nerve agents to potentially render the agents non-toxic.

Methionine, a protein constituent from another source decomposed
90 percent of H to form a sulfonium salt (Stein, 1946). .

Hydroxamic Acids

Hydroxamie acids have been shown tu be inferior to oximes of
similar structure in terms of chemical reactivity as reactivators of in-
hibited acetylcholinesterase (Barrass, 1971), However, Epstein, 1971,
showed that hydroxamic acids have a rate constant for the displacement of
the fluoride ion from GB an order of magnitude (or more) above that of
catechols, ketc—~oximes, phenols and hydrated aldehydes., In another study,
Davis, 1978 recommended the use of a highly water—-soluble, buffered hy-
droxamic acid solution to decompose VX. The hydroxamic acids were noted

to have a high reactivity and were non-corrosive.

Sodium Sulfide Solution

Sodium sulfide reacts with H to produce nontoxic products with a
strong sulfide odor which may be confused with H. The reaction was too

slow and too incomplete at ordinary temperatures to warrant its use in the
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field, When compared to standard decontaminants sodium sulfide was listed
as less effactive than bleaching powder and dichloramine<T (Mankowich,
1970).

Ozone

Ozonated air was shown (Mankowich, 197G) to convert H into sul-
foxide. Its use at the time was not thought practical because of the
amount of ozone required put the method beyond the capacity of the then-
current commercial ozonator. Current commercial ozone generators have the
capacity to supply the required amount of ozone; however, the cost may be

exorbitant.

SULFUR DICHLORIDE

The possible use of sulfur dichloride in the field and its value
for the dastruction of H in soil was investigated. Sulfur dichloride was
shown to rapidly and completely chlorinate H, although ratse died when ex-
posed to the sulfur dichloride rreated surfaces, the cause of death was
attributed to evolved HC1 from the mustard decomposition reaction
(Mankowich, 1970).

SUMMARY

Other reported decontamination methods have been summarized by
Stanford, 1981, Of the methods listed, a majority have been discussed in
the body of this report. As other concepts or studies are uncovered (for
example the work of Qutterson, 1982), they will be compared with our list
¢f concepts, categorized and compared to those within that category to
determine 1{f they might displace any of concepts already selected for
laboratory evaluation. We anticipate that this will be an ongoing program

within subsequent phases of the current program.
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