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ABSTRALT

The process off-gas filior system designed for use in the New Waste Cal-
cining Facility (NWCF) requires remote filter removal, replacement and
in-h]ace LOP testing. A series of full-scale mockup tests, modifica-
tions and retesting at the Remuie Maintenance Development Facility
(RMDF) resulted in a system in which a commercial High Efficiency Par-
ticulate Air [HEPA) filter can he installed, tested for leaks, operated
and removed from a sealed filter housing using remote handlina methods.

This paper describes the deselopment, testing and results of this effort.
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A REMOTELY REPLACEABLE AND TESTABLE
OFF-GAS FILTER SYSTEM FOR THE NWCF

K W. May, H. H Loo,

Allied Chemical Corporation
INTRODUCTION

The NWCF process off-gas filter system is designed to include re-
mote handling capability. The RMDF was used to proof test full-scale
mockups of the NWCF off-gas filter housings.

As designed by the architect engineer, the NWCF off-gas filter sys-
tem consists of four parallal flow filter housings (Figure 1), each ap-
proximately 6.1 M x 1.2 M x C.6 M (20 ft x 4 ft x 2 ft). Each housing
contains three filter units in series. FEach unit contains two parallel
flow filters and a DOP leak testing system for each filter. A door at
the front of each filter unit permits access for replacement of the fil-
ters and the associated equipment. Each housing can be isolated from
the off-gas system for filter change out and maintenance by closing
valves mounted in the upstream and downstream plenums. Off-gas flow
through the filter housing is from top to bottom.

Maintaining the off-gas filter system requires the following remote
operations:

1. Opening, closing and sealing the door

2. Making and breaking the filter-to-housing seal
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Removing, replacing and transporting the filters ‘ f‘

4. Removing and replacing the housing door for door seal nép]ace-

ment or for housing access J
5. Removing and replacing the filter elevator assembly
6. In-place DOP leak testing.
DEVELOPMENT AND TESTING

Developing and testing the NWCF process off-gas filter system
began with a slightly modified commercially available filter housing
(Flanders Filters Inc. model E-2) which simulated one filter unit
(Figure 2). The remote testing was done using a wall-mounted electro-
mechanical manipulator (PaR 2000) and a ?-ton crane. An electric impact
wrench was used for bolts and to operate the filter sealing mechanism.
Initial test rcsults with the commercial housing were poor, makina major
rework of the filter housing necessary. However, the tests were very
valuable in detecting and identifying problem areas, information which
was useful in and necessary for design modifications. As design and
testing progressed, a series of modifications was necessary to develop
equipment and demonstrate techniques for remotely replacing and trans-
ferring the filters. These modifications included changes to the door
assembly, the elevator assembly and the combination filter cover and
transport fixture. Door modifications included replacing the swing-away
bolts with captive bolts and nuts, adding a flexible door handle to pre-
vent binding during handling, and modifying the door support arms for
easier door removal.

The elevator assembly was strengthened, and the elevator actuator
bar was modified to accept a socket wrench that could be used with the

impact wrench. The filter cover and transport fixture was changed from
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Seae of the problems nsociate” with Phe indplace toatina of Ao

/
/

AFPA Filtows that had 1o be solved dne o 'odr /
/

/
/

Lven gistvibution of the rhu1!rnqg/ﬁed?uw arrass tag ielsl
side of the filte-,
. Colleclion of reprosentaiive ﬁa%glos downstreom «f the tilter,

3. kemote operation of the DOP test equipment.

A dingram ¢ the DOP Lest equiymnq; e shown in Pigiee 500 Tha tagh
assemhly consisted of the mockup Lnusiﬁg, Plowor, DOP ipicction and d95-
persa’ anparatus, samplo tines and a Fiow collector downstream of tho
fFitver {(Flanders Milters Ineco "erah teap")

Conventiona: ndustry leak Lesting methods veaatie DOF aeresal dne
Jection 7 to -0 duct diameters upstream of Lhe filtors to achieve an
equal cisporsion of the acrosol across 1M fore of the filter. Sunle
nrebes near the Tace of the Tiltor apd 17 te 15 duci fiamaters douns
strazm oof the filter are used io choak DOF concentratsioe borare -
after {iitration.

Federal rogulations reqiive cach fidier Lo he leakedesud doupie:
hefore heing utitized in the sveiom,  Pecause fne NWCF Cilter hogsio;
dres not provide space to use convenitional methods, tesis were conducted
at the RMDF to devalop and demonstrate a method to 4o in-2tace wemnte
testing of the Filtters. The DOP aerasol was wixed with o'r and reloaced
in the housing immediately above the tilter (0.4 2 o0 D0% oF design
flov.,  To achieve even diaparsion ovar the mniirp suef:o of tho Filter,
it was necassary Lo baffle the flrw. A cone instolied aver the end of
the injection duct served as the bedflo (Figuve 6). Without the hatfle

the test particulate would stream dnto the filter directly Lelow the

duct outlet. The baffle nethod mroduced oxcellont distribuytion
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SAMPLE PROBES

| A
%

~+—--=\lpssel Wall

DOP DBispetsion (Wok)

§ ¢

Type A

Type B

4¢

Type C
\J S
PR o o
Type D
L\‘N Figure & ACC~A-3368

D Apersion Baffle and Sample Prohes

10



characteristics and typically, sample readings across the tace of the
filtar varied no more than 1%,

Sampling was accomplished by piping a sirall stream of sample aqas
through an analvzer for detection of any DOP that miaht be passing
through or around the filter.

Tha filter seal inteqrity and the efficiency of the filter madia
were tested by sampling the gas flow downstream of the filter. As the
gas passed through the crab trap the cross section of the flow was re-
duced to a 6 in. square which was then sampled. When compared to cam-
ples taken 15 duct diameters downstream, these samples indicated repre-
sentative gas samples were being vollected.  Figure 6 shows the differ-
ent types of sample probes tested.  The best rasults were obtained using
a multiple pnrt tube. This type will be installed in the NWCF. Sample
line penetrations in the injection line and in the filter housing were
used to check DOP concentrations before and after filtraticn.

DOP testing reguiras one remote manipulation, opening and clasing
the crab trap. The crab trap hinge pin passes through the wall of the
filter housing and is coupled with the penetration cap . A harndle fas-
tened to the penetration cap operalted by a wall-mounted manipulator is
used to open and close the crab trap. The penetration cap is remotely
removeahle for gasket replacement.

NWCF filter cell viewing will be provided by windows at the second
and third operating levels. To test visibility, window mockups were

fabricated and installed at the RMDF.
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The view tests {ndicated that the valve cubicle ang the ¢iiter
cell should be wider, identifying a required design chanae and . s0,
that extended view windows should be used for the filter cell. Although
all filter remote manipulations can be performed by direct view, ciosed
circuit TV capahi]ity‘is also incorporated in the NWCF to augment Lhe
window views. To further test the effect of visibility upon remote fil-
ter handling, each operation was tested three ways - direct viewina,
combination direct and closed circuit TV and only clos<ed circuit TV.
Each method proved adequate for performing the necessary operations.

Additional TV viewing tests were performed with the filters by
placing the TV camera at soveral locations including some cell Tloca-
tions, outside a viewing window, and mounted on the FaR manipulatar.

Three cameras (Figure 7) equipped with zoom lenses and pan and tilt
were used for these tests, and included both a two-dimensicnal (2-D)
camera and a three-dimensional (3-D) camera. Separate monitors for each
camera were provided which permitted simultaneous overall and close-up
views thus eliminating the need for camera and monitor control adjust-
ments each time the cameras were switched. The 3-D TV (at close range)
gave reasonable depth perception but was restrictive to the operator.
For general maintenance work the 2-D TV image was adequate to perform
filter maintenance operations.

The off-gas HEPA filter development effort resulted in a system in
which a commercial HEPA filter can be installed, tested, operated and

removed from a sealed filter housing using remote handling
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methods. In addition, a'l parts which may require maintenance can be
remotely removed for inspection and maintenance. Mockup testing also
resulted in neecded changes to the calcining building and to shieldina
window designs that gave better views of the work area and provided eas-

jer access to the equipment.
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