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1.0 INTRODUCTION

This criticality evaluation discusses the deactivation activities and
final conditions of the Plutonium Uranium Extraction (PUREX) facility
L-9 hood. These conditions are evaluated for potential impacts of applying a
polymeric barrier system (PBS) to fix the remaining contamination in the
hoods. While a great deal of the evaluation is centered on the L-9 hood
activities, the objectives of this analysis is to define conditions for
similar hood activities in the future. This criticality safety evaluation
report (CSER) was not used to support activities in the L-9 hood. However,
this CSER documents the technical basis for activities in the L-9 hood (see
Appendix A).

The applicability of this evaluation to other plutonium (Pu) bearing hood
and the appropriate restrictions are discussed in Section 7.0. The primary
considerations required for applicability of this evaluation are the blanking
of process and water lines to the hood, and the removal of Pu such that the
final material is dispersed in a more or less uniform manner through out the
hood.

.2.0 L-9 HooD

The deactivation activities of the L-9 hood in the product removal (PR)
room of PUREX included the blanking of all solution lines to the hood and the
removal of the residual material for cleanup. The residual material included
dry Pu nitrate. The methods of removal of the residual material, especially
for the remaining fissile material, included flush and cleanup of the hood
floors, walls, and equipment to the maximum extent possible without impacting
operator safety and doses. : ‘

After the cleanup, the L-9 hood was assayed using nondestructive analysis
techniques to determined the amount of Pu remaining in the hood. The
nondestructive assay (NDA) was performed by Pacific Northwest National
Laboratory (PNNL) (see Appendix B) and the results indicate that a total of
tpgr:xigate]y 1 kg of Pu remaini_on floors, walls, corners, and pockets of the

-9 hood. o :

The remaining Pu {s a radiation source and a potential criticality safety
concern, because the quantity of remaining Pu exceeds the minimum critical
* mass. However, additional flush and cleanup of Pu residuals is difficult and
would cause significantly high exposures to the cleanup crews. In order to
meet the as low as reasonable achievable (ALARA) principle for radiation
exposure protection and to eliminate the criticality safety concerns, the
PUREX team has stabilized the remaining Pu in the L-9 hood by applying a PBS
to the inside walls and floor of the hood fixing the contamination.
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The L-9 hood is located in the product removal (PR) room inside the PUREX

facility.

but the inside of the glovebox is not partitioned.

The floor dimensions of the hood are approximately 7.4 m x 0.53 m,
The side and the back

walls of the glovebox are made of concrete for shielding purposes. The
following drawings provides general information about the PR room and the L-9

hoad:

o H-2-53309 — General arrangement of the PR room

e H-2-66145 — L-9 sample hood details.

The hood contains the L-9 tank consisting of three interconnected,
12.7 cm diameter steel columns as a Pu product sampler, and related pipings.
A criticality drain was installed in the floor of this hood to prevent the
buildup of liquid inside the hood.

3.0 QUANTITY OF PLUTONIUM IN L-9 HOOD

The NDA technique was used to identify the location and to evaluate

the quantities of the remaining Pu in the L-9 hood.
hood was divided into four segments along its length.
The details of the NDA results are presented in Appendix B.

NDA estimated quantity of Pu is listed in Table 2-1,

For assay purposes, the
PNNL performed the NDA.
A summary of the

Table 2-1. Summary of Hood L-9 Plutonium Holdup Distribution.
R B I T e p—
plutonium plutonium plutonium H
(planar) (g) | (Tinear) (g) | (point) (g) | PTutonium (9)
L-9: Section 1 100 240 80 420
L-9: Section 2 100 250 . 140 490
L-9: Section 3 40 50 80 170
L-9: Section 4 10 50 0 60
Total 250 590 300 1,140

The planar source is assumed to be a thin layer coating the face and back

wall of the hood.
floor, corners, and on tubing.

hot spots.

The Tinear source is assumed to be concentrations on the

The point source is assumed to be pockets or
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The following quoted information is taken from Appendix B:

“The total estimated guantity of plutonium is assumed to
be spread throughout the hood, with larger quantities on
or near the floor as may well be expected. The numbers

in the table include the 126 g of plutonium removed on
4-17-4-18\96; therefore, the estimated plutenium remaining
in the box currently is =1 kg. In addition, the gamma
spectrometer results confirm the remaining plutonium is in
the lower reaches of the glovebox, strongly support the
column of point source values, and indicates no part1cu1ar
heavy buildup of material .."

4.0 POLYMERIC BARRIER SYSTEM AND
THE APPLICATION OF PBS

According to the PUREX team, the Pu residue will be stabilized by
applying a PBS to the inside hood surfaces. The PBS is a water soluble
material, that is diluted with water when added to the inside surface of the
hood, and will fix contamination. The concentrated PBS purchased from the
vendor has a specific gravity between 1 and 1.2 and is 38 wtX water. This PBS
is further diluted by the painters before application. The water will
evaporate and leave the solid PBS (68 wt¥% of the purchased product prior to
dilution). which has a hydrogen density of 8.7 wt% (water is 11 wt¥).

The paint is to be applied to the hood using a Tow volume-high pressure
spray pump and wand which has a very small diameter nozzle tip. The pump and
PBS supply remain external to the hood at all times. No.air or other motive
fluid is used or needed. This method of application was selected because it
minimizes resuspension of dry Pu powder, thus allowing the PBS to affix Pu
powders to the surfaces. This technique cannot be used as a tool to transport
Pu within a hood. . . . '

The PBS is to be app]ied as a single coating of about the same thickness

. as other paints. A1l surface areas and equipment within the hood will be

stabilized. When finished, the painting nozzle is removed from the hood and
metal covers are placed on all the ports (see Appendix C).

The amount of the mixture of PBS and water needed for the entire hood,
walls, floor, equipment surfaces, etc., is estimated to be less than 19 L.
Once the mixture is dried, the PBS is non-strippable.
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5.0. CRITICALITY SAFETY EVALUATION

According to the NDA results given in Section 3.0, the description
of PBS, and the procedures for applying PBS as stated in Section 4. 0, the
following data are established:

¢ There is no heavy buildup of Pu in any local spot (1ess than 140 g
[0.31 1b])

o The surface Pu contamination most probably covers more than 1.0 mZ.
Then, the maximum area Pu concentration will not exceed 2,160 g/m?

(200 g/ft?%)

o The contamination remaining in the hood will not be moved in the
process of PBS applications. The distribution of the remaining Pu
will not be disturbed

s The estimated thickness of the "paint" (the mixture of PBS and
water) will be less than 0.5 cm if it is assumed (conservatively)
that the entire “wet paint” is applied to the floor.

According to ITI.A7 (100)-3 of Criticality Handbook Volume {&
(Carter, 196?), the m1n1mum areal criticality concentration for
is 2,160 g/m" (200 g/ft%). The critical solution depth for this Pu
concentrat1on must be more than 17.78 cm under full water reflection.

The "wet paint" material can be conservatively considered 1ike water as a
neutron moderator. The Pu concentration on the hood floor and on the wall is
1ikely below the minimum area critical concentration and the maximum thickness
of the "paint" is less than 0.5 cm even if assuming the entire “paint" is
applied to the floor. In addition, the process of applying-the "paint" is not
going to move the current Pu distribution. Therefore, stabilizing the Pu
res}dui inside the L-9 hood with the PBS is critical safe under norma1
conditions.

6.0 CONCLUSIONS AND RECOMMENDATIONS

A criticality accident may be possible if the fo]low1ng conditions
exists.

s The criticality drain is p]ugged.

s External water (liquid) pours into the hood and the depth of inflow
water (1iquid) exceeds 17.78 cm.

¢ The residual Pu is re-distributgd so that 2 Tocal area Pu
concentration exceeds 2,160 g/m° (200 g/ft?).
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Hood L-9 will be sealed and all piping connected outside will be plugged.
1t is not credible to expect 1iquid ingress into this hood. Also, it is not
credible to expect all residual Pu would be confentrated i?to a local region -
so that a high area Pu concentration (2,160 g/m® [200 g/ft°]) is attained.

The accident scenario requires two independent failures (plugged criticality
drain and liquid inflow) which meets the double contingency requirement for
criticality prevention:

According to the manufacture of PBS, the "paint® should stay in place at
Teast 20 years when it is dry. However, if the paint flakes off and falls on
the floor, the hood will remain sub-critical because the thickness of the
accumulated peered off "paint® 1s unlikely to exceed 17.78 cm.

However, in order to ensure that the L-9 hood remains sub-critical, the
following requirements shall be implemented:

» The amount of the mixture of PBS and water applied on the entire

- hood; walls, floor, equipment surfaces, etc., shall not be more than
19 L

o No container larger than 1.0 L is allowed in the hood

s The critica]ity drain shall be maintained operationaf

s A "permanent" posting shall be installed on hood L-9 to list the

quantity of residual Pu inside the hood and note the application of
PBS for stabilization of the residue.

7.0 APPLICATION OF POLYMERIC BARRIER
SYSTEM ON OTHER SIMILAR HOODS

Application of PBS or other non-strippable "paint" material on similar
hoods to fix the residual Pu contamination in PUREX and Plutonium Finishing
Plant (PFP) can be supported by this CSER if the following conditions and
requirements are satisfied.

s The hodd shall be cleaned with reasonable and custemary methods so
that no visible Pu contamination remains.

¢ All solution lines to the hood shall be blocked off.
¢ The "paint” shall be non-strippable when it is dried.
s There is no heavy buildup of Pu n any local ﬁpot»(léss than 140 g).

o The maxjmum areal ;u concentration shall not exceed
972 g/m° (108 g/ft°).

s The contamination remaining in the hood shal) not be moved in the
process of P8BS (or other “wet paint") applications. The
distribution of the remaining Pu shall not be disturbed.
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o The estimated thickness of the “"paint" (the mixture of PBS and
water) shall be less than 0.5 cm if the entire "wet paint" is
applied to the floor.

¢ No container larger than 1.0 L is allowed in the hood.
« The criticality drain shall be maintained operational.

e A "permanent" posting shall be installed on the hood to 1ist
the quantity of residual Pu inside the hood and note the application
of the PBS for stabilization of the residue.

8.0 REVIEWER'S COMMENTS

It was established in Addendum 1 to CSAR 86-011 (Frair, 1995) that
shutdown hood cleanup rules for criticality safety developed for PFP hoods
were also appropriate to the PUREX hoods. The analyses and arguments
reported above provide an extension of the previous evaluations to more
adequately address the stabilization of fissile residues using fixing paints.
The criticality prevention specifications (CPSs) to be developed for cleanup/
stabilization for the PUREX hoods should include only the appropriate items
from the PFP CPS (#2-165-80012), as supported by CSER B86-011, and the new
rules on painting.
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Date: April 22, 1996
To: File
From: Tang Chald and Al Hess

Subject: Applicability of Addendum 1 to CSER 86-011 to Painting the PR Room
Glovebox in PUREX

The subject request was received from Ed Dodd III, PUREX CSR.. The
glovebox is believed to contain as much as 1200 grams Pu distributed
throughout the glovebox. It is impractical to remove any more of the
contamination. ' )

-Because the amount of Pu exceeded a minimum critical mass, the CSR
wanted to verify that Addendum 1 to CSER B6-011 was applicable.

The proposed cleanup operation includes painting the interior of the
glovebox with a non-strippable paint that would be thinned with water, as
needed. The amount of paint and water was estimated to be about 5 gallons, a

quantity that if spilied would only be a layer 1/4 inch deep on the glavebox
floor.

Reasonable efforts will be taken to apply the paint to minimize the

redistribution of the Pu, as by excessive flow or subsidence of the applied
paint. i

The discussions of glaovebox flooding indicated that the fire sprinklers
are still active in the room, that the glovebox fire sprinklers are 2 limited
volume (about 12 gallens), manuaily-operated system, and that process water
sources to the glovebox itself have been blanked off. The fire sprinkler
system will be shut off as well, along with the electrical power when the
clean up is complete. Meanwhile, the existing glovebox criticality drain will
be left open as an aid in maintaining glovebox ventilation. The room is still
posted fire category €. We concluded that flooding the glovebox was an
unlikely event, and that flooding with a plugged glovebox criticality drain
meets the double contingency requirements referenced in the Addendum. PUREX
conduct of operations provides assurance that operators will remove paint
cans, rags, and other debris (resuiting from the painting efforts) from the
glovebox when the painting is finished. The intent is to remove materials
that might block the criticality drain. :

We concluded that, despite the larger than usual inventory in this
glovebax, the subject addendum encompasses the work scope described.

A-3
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APPENDIX B

PACIFIC NORTHWEST NATIONAL LABORATORY NONDESTRUCTIVE
ASSAY RESULTS FOR L-9 HOOD
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Padfic Northwest Laboratories
Sanclle Boulevard
P.O. Bex 99
Richland, Washington 95352
Telephone (S09)  378-3405
April 18, 1996

Andrew G. Westra
" Nestinghouse Hanford Company
P. 0. Box 1970

_Mail Stop §6-21

" Richland, WA 99352

Dear M. Westra:
PHNL NON-DESTRUCTIVE ASSAY RESULTS

This report summarizes data collected March 30, 1996, April 3, 1996, and
April 11-17,-1996, using the PNNL KDA Systems on the L9 G‘lcv:hax in the Product
Remeval (PR} Room of the PUREX Building, 200 East Area. The PNNL NDA Systems

- emplay high-resoiution (HPGe) gamma-ray spectrometers and/or total-neutron slab
detsctors to characterize radicactive emissions using non-destructive assay (NDA)
techriques.

The counts -wers performed to assess the upper-limit ‘quantity of plutonium
expectad within the L9 Glovebox and to assess. {ts relative distribution. We were
informed that the glovebox had never processed fluorides. Our garma-ray data
.confirted this information. We were also 20ld to assume that the majority of the
plutonium would be on or near the floor of the glovebox. Again, data collected
using a collimated ganma-ray detector confirmed this assumption.

loha~ i ivity ¥ viz P ive Neu u

The passive thermal-neutron counter {s a slab-type detector that employs 10 “SF,
tubes. surrounded. by 2.54-cm-thick high-density polyethylene. The 5- cm-d'lameter
3F; tubes have an active \ength of roughly 180 am and a 111 pressure of 12 kPa.
.The boron is enr‘lched to 95% “B.

A'Ipha-part'lcle activity in the glovebex results {n neutron emissfons via (a.n)
- reactfons, prademinantly with oxygen and other 1ight elements of the matrix.
Nautron emissions are also generated by spontnneous tission, typically of even-
numbered transuranic {sotopes, such as **Pu. We were tn'ld to assume weapons-
grade (61 **°Pu) plutonium nitrate in the PR Room L9 Glovebox.

The neutron counts were taken at the face of the glovehox and again at a distance
- of approximately 27 on at 4 separate positions along the 20-foot length of the
glovebox; background counts were taken on & platform just inside the deor to the

B-3
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A. G. Westra
Page 2
April 18, 1996

PR Room. Figure 1 shows the layout of the PR Room with the ccunting positions
marked as "Section 17, "Section 2°, *Section 37, and *Section 4.° Sections 1 and
2 were visibly more contaminated than Sections 3 and 4, with Section 4 visibly
being the least affected by previous campaigns.

The narrow false-floor adjacent to the face of the L9 Glovebox made positfoning
of the detactors difficult and 1imited the distance that the detectors could be
moved back from the glovebox face. The narrow cecastruction and the concrete
walls resulted in 2 “neutron cave® in which emitted neutrcons bounce between walls
until thermalized and absorbed: a given neutron typically has severa)] chances
to be counted by a detector, which increases the apparent efficiency of the
neutron detector; 2 point source does not appear to strictly follow the 1/Ri-Jaw
but some smaller fraction of 2; a2 line source does not appear to strictly follew
the 1/R~law but some smaller fracticn of 1. These ancmalies complicate the
interpretaticn of observed data.- :

Table 1 sunmarizes ccunt rates obtained along the L9 Glovebox cn 3 separate
occassions. The count on 03/28/96 estzblished a baselire for the L9 Glovebex
neutron count. A tctal of 425 g of plutonium were removed prior to the count on
02/03/96. A total of 228 g c¢f plutoniunm wers removed prior to the count on
04/11/96. ' '

Table 1. Smmﬁry of Counts Taken Along the L9 Glovebox i{n the PR Rocm of PUREX.

Location | Distance | Count Rate Count Rate Count Rate
to Face [03/28/96] . {04/03/961 . [0a/11/96]
(=) (c/s0s) (c/60s) ~ (c/s50s)

Cuter Area -- 3749 = 87 -- -

19: Section 1 0 ") 253910 £ 151 | 168130 = 346 | 110616 = 462
19: Sectfon 1 27 220903 & 222 | 150402 & 571 100955 = 170
L9: Section 2 0 146020 + 04 | 126598 = 333 |- 113487 = 66
L9: Section 2 2 137034 ¢ 100 | 137744 = 121 | 105251 = 345
19: Sectfon 3 0 | 9333 :281 51214 & 127 58203 = 21
L9: Section 3 | ~ 27 | 58064 = 54 53126 + 205 57738 = 94
L9: Section 4 0 27225 = 229 22670 = 285 | 23635 + 109
L9: Section 4 | 27 28049 = - 95 24018 + 499 24349 = 174

9
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Saveral sets of data were acquired using a high-purity germanium (HPGe) gamma-ray
spectrometsr. A collimator was designed to fit an ORTEC hand-held system. The -
collimator system consisted of a l-cm-thick sleeve of lead that fit over the
snout of the detector and shialded the germanium crystal from Tow-energy gamsa
rays entering from obl{que angles. Lead inserts with square holes were used to
provide varfous aspect ratios. The spectrometer with this collimator systsm was
calibrated with a 100-gram weapons grade Pul, standard that simulated 3 point
source. :

Gamma-ray results wers used to identify radiological activity within the L9
Glovebox, to locite hot spots, and to establish concentration levels. Tha gamma-
ray system confirmed that fluorine was not present in the L9 Glovebox at a level
that would detrimentally inflata the neutron.count rate via the *F(e,n)®Na2
reaction; tha presenca of fluerine {s manifest in the gamma-ray spectrum as 511-
keV and 1275-keV gamma rays that are not as well resolved as adjacent peaks due
to prompt ca?_"t;.rra/dacay effects. The gamma-ray spectrometer also indicated the
. presence of ~'Cs in the {9 Glovebox with a higher ratio at Sect'icg 4 (relative

to the plutonium) than in the othgr sections. The presence&f *Th was also
obsarved, presumably ;{ising from S (since no _%%tivity from ““Ac was observed
that would indfcata %*Th as the parent of the #°Th),

Resylts znd Cgonclysions

The neutron data were heavily used to estimate the quantity of plutanfum present-
in the L9 Glovebox. The known response of tha neutron counter to neutron sources
at different positions alTows corrections to be made for the cross-talk expected
when counting adjacent sectfons. The gamma-vray data were used to afd the model
usad to corralate expected readings with actual measurements. Some allowanca was
made for the “neutron cave" effect and the apparent increased efficiency of the
neutron countar. .

-The.sourca term was apportioned in each sactfon to a planar, a linear, and a
point source. The planar sourca fs allowed to be on both walls and does not vary
with distanca from the detector. Tha planar and linear sourcss are assumed to
be closa to the far wall of the glovebox.

The results of using this model and a similar, independent model are provided in
Table 2. The Planar source is assumed to be a thin layer coating the fica and
back wall of the giovebox. The Linear source is assumed to be concentrations en
the floor, along corners, and along any tubing. The Point source is assumed to
.be any pockets or hot spots.

The changa in count rats for each section after'knoim quantities of plutonium
_were removed proved iavaluable in estimating the quantity remafning. The

11

B-6




WHC-SD-SQA-CSA-508 REY 0

A. G. Westra
Page 5
April 18, 1996

approx(ﬁa’ié lecation of the remaved quantities also centributed ta estimating
total amounts. N :

The total estinated quantity of plutonium is asstmed to be spread throughout the
glovebox, with larger quantities on or near the floor as may wall be expected.
The numbers in the table include the 126 g of plutonium removed on 4/17-18/96;
. therefore, the estimated plutonium remafning in the box currently is =I kg.

Additional data taken with the neutron counter after the 126 g quantity had been
bagged up, but before it was removed from the hood, completely support the table
data. dditionally, data taken with the gamma-ray spectrometer, especially
Jooking at the floor through a hole in the side of the lead sleeve, further
confirms these estimated quantities, furthar confirms that the preponderince of
the remafning plutonfum 1n is the lowsr reaches of the glove box, stongly
supports the column of point source valuss, and indicates no particular heavy
bulldup of materfal that might constitute a criticality concern.

Table 2. Estimated Quantity of Plutonium: L9 Glavebox of the PR Room in PUREX.

Location Estimatad Estimated Estimated Total
Quantity of | Quantity of | Quantity of Estimated
Plutonium Plutonium Plutonium Quantity of
fPlanar] (Linear] [Point] Plutoniwm
(9) (q) (g) (g)
LS: Sectfon 1 100 240 80 420
L9: Section 2 100 280 ~__l4o 430
L9: Section 3 40 . 50 80 170
LS: Section 4 10 50 KN 60
Total 250 590 300 1140
12
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A. G. Westra
Page §
April 18, 1996

Any questions may ba directed to me at Mail Stop P8-08, by cc:Mail, by FAX at
376-2329, or by phone at 376-0405. .

Sincarely, ) T
\ _W//
Dr. Richard J. Arthur
Sr. Research Sctentist

TRU Results Review and Concurrence:

VZi AN

Dr. Ronald L. Bfodzinski
" Staff Scientist

Enclosures
Attachments

cc w/attachments: :

DE Robertson, P8-Ql . :
. MD Winterrose, P8-01 . ' "

File /L3
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COMMUNICATt_ON WITH MARK EHGHUSEN VIA CCMAIL

Per our discussion I will try to £1i11 you in on the stabilization
procedure used for the PR Room and N Cell gloveboxes. All che
gloveboxes are firsc NDA'd to determine Pu content. (As yec only the
L9 glovebox contained greacsr than 150 grams of Pu.)

The glovebox is stabilized by removal of all gloves and applicacion of
a Polymeric Barrier System (PBS] to the inside surfaces. The PBS ig a
water soluble material which is diluted with water which when added to

- the ingide surface of the glovebox, will fix centaminacion. The

cecncencrated PBS purchased from the vedor has a specific gravicy
between 1 and 1.2 and is 38 ¥ weight per cent water, Thig P8S is
furcher diluced by the painters prior to application. The water will
evaporate to leave the solid P3S (68 weigher per cent of che purchased
product pricr to dilution) which has a hydrogen density of 8.7 weight
percent (water is 11 %).

The paint is applied to the glovebox using a LOW VOLUME-HIGH PRESSURE
SPRAY PUMP AND WAND WHICH HAS A VERY SMALL DIAMETER NOZZLE TIP. The
pump and P3S supply remain external to the glovebox at all times. No
air or other motive £luid is used or needed. This method of
applicaticn was selected because it MINIMIZES RESUSPENSION CF DRY PU
PCWDER THUS ALLOWING THE PBS TO AFFIX PU POWDERS TO THE SURFACES.
(This application technigque cannot be used as a tool to transport the
Pu within a glovebox.)

The P3S is applied in as a single layer about the same thickness as
other paiats. All surface areas and equipment within the glovebox
will be stabilized. The painting nozzle is removed from the glovebox
and metal covers are placed on all the ports.

The criticality drain will remain open to the canyon to provide
contaminacion control thru differenctial pressures.

I hope this assists in evaluating the glovebéx stabilization process.
If you have further questions, call me at 3-3837 or Ed Dcdd atc 3-1293.

Mark
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Hood L-9:will be sealed and all piping connected outside will be plugged.
It is not credible to expect 1iquid ingress into this hood. Also, it is not
credible to expect all residiial Pu would be confentrated iPto a local region -
so that a high area Pu concentration (2,160 g/m" [200 g/ft?]) is attained.

The accident scenario requires two. independent failures (plugged criticality
drain and 1iquid inflow) which meets the double contingency requirement for
criticality preventinn

erpaln
XC —critical because
{s unlikely to exceed 17.78 cm.

‘accumulated peered o

However, in order to eénsure that the L-9 hood remains. sub—critical . the
following requirements -shill be implemented:

o The amount. of the mixture of PBS and water applied on the entire
hood; walls, floor, equipment surfaces, etc., shall not be more than
19 L ’

¢ No container larger than 1.0 L is allowed in the hood
s The criticality drain shall be maintained operational
s A "permanent® posting shall be -installed on hood L-9 to Tist the

quantity of residual Pu inside the hood and riote the application of
PBS for stabilization of the residue.

7.0 APPLICATION OF POLYMERIC BARRIER
SYSTEN ON OTHER SIMILAR HOODS.

Application of PBS or other non-strippable "paint" material on similar
hoads to fix the residual Pu contamination in PUREX and Plutonium Finishing
Plant (PFP) can be supported by this CSER if the following conditions and
requirements are satisfied.

¢ The hood shall be cléaned with reasonable and customary methods so
that no visible Pu contamination remains.

» A1) solution lines to the hood shall be"b1ocked off.
o The fipaint" shall be non-strippable when it is dried.
s There 1§ no heavy bui]dnp of Pu in any locdl spot (less than 140 g).

® The maxgmum areal ;u concentration shall not exceed
972 g/m® {108 g/ft")

e The contamination rema1ning in the hood shall not be moved in the
process of PBS (or other “wet paint"% applications. The
distribution of the remaining Pu.shall not be disturbed.




Material Safety Data Sheet

Bartlett Inc.

[ IDENTITY (As Used on Label and List)

l Polymeric Barrier System (PBS)

Section I

Manufacturer's Name: Bartlett Services, Inc.

Emergency Telephone Number: 1-800-225-0385

Bartlett Safety Manager: 1-508-591-1295

60 Industrial Park Road
Plymouth, MA 02360

Address (Number, Street, City, State, and ZIP Code)

Telephone Number for Information : 1-800-225-0385

Date Prepared: October 17, 2007
Date Reviewed and Updated: August 19, 2011

Signature of Preparer (optional)

Section II - Hazard Ingredients/Identity Information

Hazardous Components (Specific OSHA ACGIH NIOSH Percent
Chemical Identity; Common Name(s)) CAS PEL TLV REL Concentration
NUMBER (8-hr TWA) (8-hr TWA) | (<10 hr TWA) by weight
Acrylate Based Polymer Comprised of the | None Not Established <62%
following:
Butyl acrylate 141-32-2 Not Established | 2 ppm 10 ppm <0.1%
(Acrylic acid, butyl ester; Butyl 2- Proposed 1989 | (10 mg/m®) | (52 mg/m®)
propenoate; n-Butyl Acrylate) 10 ppm
(52 mg/m3 )
Methyl methacrylate 80-62-6 100 ppm 50 ppm 100 pgm 410 | <0.1%
(Methacrylate monomer; Methyl ester of (410 mg/m3) (205 mg/m®) | mg/m’)
methacrylic acid; Methyl-2-methyl-2-
propenoate) STEL
100 ppm
Styrene 100-42-5 100 ppm 20 ppm 50 ppm <0.1%
(Phenylethylene; Vinylbenzene; (426 mg/m*) (85 mg/m®) | (213 mg/m*)
Cinnamene; Styrene monomer)
CEILING STEL STEL
200 ppm 40 ppm 100 ppm
exception:
exposures may
exceed 200
ppm, but not
more than 600
ppm (peak), for
a single time
period upto 5
minutes for any
3 hours
Ammonia 7664-41-7 50 ppm 25 ppm, 25 ppm <0.04%
(Anhydrous ammonia) 35 mg/mJ) 17 mg/m3) 17 mg/m3)
STEL STEL
35 ppm 35 ppm
Water 7732-18-5 Not Established 38%




Titanium dioxide 13463-67-7 | 15 mg/m® 10 mg/m’ Not Issued <2%
(Anatase; Brookite; Rutile; Titanium
oxide; Titanium peroxide)
Polylacrylic acid 9003-01-4 Not Established "10.15%
Triethylamine 121-44-8 25 ppm ! ppm 10 ppm 0.1%
(N,N-diethylethanamine, TEN, (103 mg/m®) (4.1 mg/m®) | (41 mg/m’)
di(ethylamino)ethane, (Skin
diethylaminoethane, ethanamine) Notation)

STEL STEL

3 ppm 15 ppm
Propylene glycol n-butyl ether 005131-66-8 Not Established 0.1%
(1-Butoxy-2-propanol, n-Butoxypropanol)

Section III - Physical/Chemical Characteristics

pH 145-75 Specific Gravity (H,O =1) i 1.0 to 1.2
Evaporation Rate i <1 (slower than water) Melting Point 1 0°C (32°F)
(Butyl Acetate = 1) : :

Vapor Pressure (mm Hg.) 1 17.5 @ 20C (68°F) Boiling Point ! 100°C (212°F)
Vapor Density (AIR = 1) i <1 (lighter than water) Freezing Point ' 0°C (32°F)
Solubility in Water i Liquid form product is soluble in water

Appearance and Odor: « Milky white or red or blue colored fluid, or other custom colors.

i Odor: Characteristic

Section IV - Fire and Explosion Hazard Data

Flash Point (Method Used) i Not Applicable
Flammable Limits : LEL: : UEL:
: i N/A (Liquid) ' N/A (Liquid)
Extinguishing Media : Dried product will burn. Use alcohol type or all-purpose foam for large fires.

Use CO; or dry chemical media for small fires.

Special Fire Fighting Procedures i Use Self Contained breathing apparatus when fighting fires in enclosed areas.

Unusual Fire and Explosion Hazards : Liquid form product will not burn but may spatter if temperature exceeds
i boiling point of water. Dried solids can burn, giving off oxides of carbon and

other potentially dangerous combustion by-products.




Section V - Reactivity Data

Stability : Stable in Liquid Form Conditions to Avoid
1 Stable in Solid Form

Can coagulate if frozen

Incompatibility (Materials to Avoid) Addition of chemicals, such as acids or multivalent metal salts, may

cause coagulation,

Hazardous Decomposition or Byproducts Depends on temperature, and the presence of other materials

No know “‘conditions to avoid”

Hazardous ! Will not occur Conditions to Avoid
Polymerization :

Section VI - Health Hazard Data

Route(s) of Entry:
Inhalation: : Trace component and residual monomer vapors may be irritating to eyes, skin, mucous
: membranes, respiratory tract, and may produce symptoms of headache and nausea in poorly
) ventilated areas.
Skin: ! Prolonged contact may cause transient reddening of the skin.
Ingestion: No evidence of adverse effects from available information.
Eye: i Direct contact may cause eye irritation.
Emergency and First Aid Procedures:
Inhalation: i No emergency care anticipated. Remove to fresh air. Give artificial respiration if not breathing.
i Oxygen may be given by qualified personnel if necessary. Call a physician.
Skin: i Wash skin with soap and water until water is not cloudy. If clothing is soaked, remove and wash
i separately before reuse. Seek medical assistance if skin irritation develops.
Ingestion: i If swallowed, seek medical attention. Do not induce vomiting unless directed to do so by medical
i personnel
Eye: i Immediately flush eyes with tepid water and continue washing for at least 15 minutes. Remove
! contact lenses, if worn. Obtain medical attention if eye irritation develops.
Carcinogenicity: PBS does not contain any materials identified by OSHA, ACGIH, NTP, or IARC as a

potential carcinogen.

Health Hazards (Acute and
Chronic)

No evidence of adverse effects from available information. Toxicology studies of
similar material have shown the material to be of very low acute toxicity. There is no
specific antidote. Treatment of overexposure should be directed at the control of
symptoms and the clinical condition.

Signs and Symptoms of
Exposure

May produce symptoms of headache and nausea in poorly ventilated areas and may
cause transient reddening of the skin.

Medical Conditions
Generally Aggravated by
Exposure

A knowledge of available toxicology information and of the physical and chemical
properties of the material suggests that overexposure is unlikely to aggravate existing
medical conditions.




Section VII - Precautions for Safe Handling and Use

Steps to Be Taken in Case
Material is Released or
Spilled

i Restrict area to only those personnel needed. Major spills should be collected for
i disposal. Minor spills may be flushed to sewer if permitted by state, federal and local
. regulations.

Waste Disposal Method

Incinerate or bury in suitable landfill where permitted by appropriate government
regulations.

Precautions to Be taken in
Handling and Storing

Handling: Avoid prolonged or repeat contact with skin.
Storage: Store between 4.4°C (40°F) and 43.3°C (110°F)
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Section VIII - Control Measures

Respiratory Protection (Specify Type) | In most conditions no respiratory protection should be needed; however, if

i discomfort is experienced, use an approved air-purifying respirator.

Recommended: Organic vapor with a particulate pre-filter.

Ventilation

Local Exhaust

1 Use local exhaust if needed to control mist or vapor.

Mechanical (General)

General ventilation is expected to be satisfactory in most conditions.

Special

Good industrial hygiene practices recommend that engineering controls be used to
control environmental airborne concentrations at or below applicable permissible
exposure limits. However, there are some exceptions where respirators may be used to
control exposure. Respirators may be used when engineering and work practice controls
are not technically feasible, when such controls are in the process of being installed, or
when they fail and need to be supplemented. Respirators may also be used for operations
that require entry into enclosed or confined spaces. If the use of respirators is necessary,
the only respirators permitted are those that have been approved by the Mine Safety and
Health Administration or by the National Institute for Occupational Safety and Health.
Respirator selection is the responsibility of the user and should be made only by an
individual who is competent in evaluating potential worker airborne exposure that may
occur during application or removal.

Eye Protection

When handling any liquid wear tight fitting chemical goggles or a face shield. An
emergency eyewash facility, which provides at least 15 minutes of tepid water for
flushing, should be immediately available.

Protective Gloves

Use gloves impervious to water and soap. Examples of preferred glove barrier material:
Chlorinated polyethylene, Polyethylene, latex, neoprene, viton.

Avoid gloves made of Polyvinyl alcohol (PVA)




- Section IX - Special Precautions
‘ Precautions to be taken in Handling and Storing

Avoid breathing vapors in top of shipping container.
Keep container closed.

Use with adequate ventilation.

Avoid contact with skin and clothing.

Wash thoroughly after handling.

Store above 4 °C (40 °F). Do not freeze.

S S e

Other Precautions

THIS PRODUCT IS INTENDED FOR INDUSTRAL USE ONLY!

The opinions expressed herein are those of qualified experts within Bartlett Services, Inc. We believe the information
contained herein is current as of the date of this Material Safety Data Sheet. Since the use of this information and these
opinions and the conditions of use of the product are not within the control of Bartlett Services, Inc., it is the user's obligation
to determine the conditions of safe use of the product.

Reviewed by __ Salvatore R. DiNardi, Ph.D., CIH Reviewed by _David A. Montt, MS, MSChE, CHP

Revision date __13 November 2007 Revision date __19 August 2011
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. Decontamination Using Remote-Deployed Nitrocision® Technology — 11221

Lettie Chilson* and L. B. Winkler*
*West Valley Environmental Services LL.C

ABSTRACT

The Main Plant Process Building (MPPB), used during commercial spent nuclear fuel reprocessing
between 1966 and 1972, is comprised of approximately 55 rooms (cells) with concrete walls varying in
depths up to 1.5 meters (five feet). Two of the cells in the MPPB - the Process Mechanical Cell (PMC)
and the General Purpose Cell (GPC) — were extensively contaminated with spent fuel during reprocessing
operations with radiation dose levels measuring from 1-105 R/hour at the beginning of the Interim End
State contract.

Due to the high levels of radiation in the cells, WVES would have to perform cell decontamination using
remotely-deployed technology to protect its workers. Nitrocision™ technology was selected for its
historical performance in decontaminating surfaces, but the remote application was new technology and
would require the combined engineering talents of both WVES and Nitrocision® to develop and operate
the system effectively in-cell.

The system, provided by Nitrocision LLC, possesses several advantages including removal efficiency,
waste minimization and versatility over other traditional decontamination methods including water,
carbon dioxide and decontamination gels. WVES and Nitrocision have partnered to develop the remote
application methods, evaluate performance and enhance system availability, develop lessons leamed, test
and deploy prototype equipment. and apply the technology to high-hazard, remotely-conducted

‘ decontamination work. This effort may lead to other remote applications at DOE cleanup sites, as well as
nonradioactive industrial applications.

HISTORY

The West Valley Demonstration Project (W VDP) located in West Valley, New York, is a high-level
waste (HL W) solidification and radiological cleanup project. The MPPB in West Valley was the location
of the only commercially-operated spent nuclear fuel (SNF) reprocessing facility to have operated in the
United States (1966-1972).

The primary mission of the WVDP is to complete actions articulated in the West Valley Demonstration
Project Act (WVDP Act, Public Law 96-368). These actions include HL W solidification and transport;
decontamination and decommissioning of facilities, materials, and hardware used to complete the HLW
solidification: and disposal of low-level waste (LLW) and transuranic (TRU) wastes generated from the
HLW solidification process. Activities related to HLW solidification were completed in September 2002;
facility decontamination and waste processing activities are ongoing. Recently, these activities have
focused on decontaminating highly radioactive and highly contaminated process cells in the MPPB where
SNF reprocessing operations were conducted.

Constructed more than 40 years ago, the MPPB housed a system to prepare SNF assemblies for chemical
processing to recover uranium (U) and plutonium (Pu) from SNF rods. Dismantlement of component and
initial surface decontamination of two heavily-shielded, highly-contaminated Head End Cells (HECs)
where SNF was mechanically prepared during commercial operations - the PMC and the GPC — were
completed in 2004. That initial cleanup effort was concluded with the application of a fixative, Polymeric
Barrier System (PBS), to the cell walls and floors to seal remaining contamination.
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The U.S. Department of Energy (DOE) is currently preparing the MPPB for demolition under the Re cord
of Decision issued in 2010. West Valley Environmental Services (W VES) has been contracted to further
decontaminate the Head End Cells. WVES has evaluated several technologies and selected the remote
application of high-pressure liquid nitrogen.

BACKGROUND

The GPC and PMC were coated with PBS fixative in 2004 to lock down remaining contamination after
the removal of significant processing debris and cell waste. This resulted in significant improvement in
airborne radiological conditions; however dose rates in the cell remained too high to permit human
access. A survey performed in December 2009, before beginning further decontamination of the PMC,
showed gamma dose rates in the range of 0.7 R/hr to 37 R/hr at a distance of three feet from the floor.
GPC values (obtained in October 2010) are slightly higher with a range of 0.51 R/hr to 105 R/hr at the
same three foot distance. As a result of the measured dose rates, further decontamination of the cells
would require remote deployment of any selected cleaning technology.

Radiological contamination in the Head End Cells is a result of processing spent nuclear fuel and is
primarily beta-gamma emitters with an alpha component. At deployment, the PBS, a very hydropholitic
material, was applied with the viscosity of a thick paint and, even when cured, retains a very flexible,
rubbery consistency. The material coats the walls and floors of the cells in varying thicknesses based on
volume applied and the effect of a varying floor slope — experienced in both cells. Both cells also have
complicated surfaces from a decontamination perspective, penetrating pipe. structures with rails and deep
wells, and limited ability to access wall surfaces above the physical range of in-cell equipment.

As a result of the contamination and radiation levels associated with the Head End Cells, all equipment
installation interfaces had to be done through prepared ports with hands-on work performed by robotic
arms mounted to the inside cell walls or by an in-cell bridge crane equipped with a chain hoist and bridge
mounted remotely operated arm (PaR arm). When selecting a decontamination technology, top priority
was assigned to maintaining worker dose As Low As Reasonably Achievable (ALARA) and the
capability of the technology to be applied remotely.

DECONTAMINATION TECHNOLOGIES EVALUATED

WVES evaluated several decontamination technologies — steam, carbon dioxide, sand/grit blasting, and
liquid nitrogen for remote application in the HECs — before selecting Nitrocision™ technology. Each of
the other technologies had significant deployment disadvantages such as:

Potential facility ventilation filtration integrity compromise;

Questionable effectiveness:

Inability to troubleshoot or verify performance at a distance;

Significant secondary waste stream production and associated handling and disposal costs.

Cost-benefit analysis drove the selection of Nitrocision® technology to remove the PBS from the cell
walls.

NITROCISION TECHNOLOGY

Nitrocision® employs liquid nitrogen at variable temperature and pressure to provide an aggressive, yet
safe, cleaning application. The system is designed to support operating temperatures down to -160
degrees Celsius (-260 degrees Fahrenheit) and up to 4,200 kg/cm (60,000 psi) where the liquid nitrogen
quickly converts to a gas.

Nitrocision® decontamination is accomplished by moving liquid nitrogen from a supply source through
vacuum jacketed piping to maintain the temperature of the liquid and avoid direct conversion to gas
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before it is pressurized and cooled. The liquid is then introduced into the Nitrojet 6000 skid where it
passes through a series of intensifiers and is pressurized up to 4,200 kg/cm (60,000 psi) where it is pushed
from the skid through high pressure tubing to a chiller. The chiller is where the temperature of the liquid
nitrogen is brought back down to approximately -160 degrees Celsius (-260 degrees Fahrenheit) and it is
pushed through a flexible “whip tube™ to the working tool (Fig. 1). The tools in use in the HEC include a
5 centimeter or 10 centimeter (two-inch or four-inch) head and can rotate or be used stationary depending
on the application. The liquid nitrogen exits the tool through orifices sized in the thousandths of inches to
direct the flow to the surface being cleaned. Air is used to rotate the working end of the tool and a
nitrogen purge gas is used to keep the rotational bearings dry.

Fig. 1. Nitrocision® technology was deployed remotely in the Process Mechanical Cell (PMC).
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In the conversion from a liquid to a gas, the gas expands nearly 700 times. Because the nitrogen
dissipates into the environment almost immediately, all secondary waste streams are eliminated; all that
remains for disposal is the material that was removed. Additionally, the almost immediate dissipation of
the nitrogen gas by-product results in no impact to facility filtration systems. Nitrocision” does offer a
grit entrainment system that can be added to the nitrogen stream at the tool end for cutting and scabbling
applications. This provided WVES with additional options once the decontamination began if hitrogen
alone was ineffective at removing thicker sections of PBS.

Remote deployment of the working tool and facility ventilation configurations caused the usage of
nitrogen to be less of a safety concern than initially thought. Nitrocision” technology can be integrated
with a vacuum capture system (Fig. 2) allowing for the simultaneous removal and collection of the PBS

removed from the walls; thereby
further limiting the impact to facility
ventilation. Another advantage of
using liquid nitrogen is that it freezes
the PBS material as it is removed
making it much easier to vacuum and
collect. At performance testing it
was found that when super-cooled by
the liquid nitrogen, the fixative does
not get sticky or liquefy. Instead it
becomes brittle at removal and over
time achieves the consistency of Play
Doh"™. Further benefits of using

rhat was removed from the w alls of the PI ocess Mechamcal C eli.
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Nitrocision” are that nitrogen is a comparatively inexpensive decontamination cleaning agent, non-
hazardous, and a readily renewable resource.

SYSTEM INSTALLATION AND TESTING
Installation

Once the technology was selected, WVES Engineering worked with Nitrocision LLC personnel to further
hone design work they had done on the remote tooling and guide selection of in-cell equipment to meet
size constraints for moving equipment (e.g., vacuum system) through hatches among the HECs. Because
the technology was being installed in an existing facility, there was significant retro-fitting and piping
design work that had to be adapted to as-built components. Additionally. any area over seven feet in the
MPPB is radiologically contaminated so care had to be exercised when installing piping in the overheads
to avoid spreading contamination to the facility surfaces below.

Significant infrastructure upgrades and maintenance had to be performed specifically addressing
functionality of the in-cell robotic arms, PaR bridge and hoist for both of the cells and associated aisles.
This equipment was idle since the last decontamination effort in the HECs. Maintenance on that
equipment is time-consuming and physically challenging due to high contamination levels and dose rates.

The layout of the MPPB was designed for SNF reprocessing, not facility decontamination. Mobility
within the MPPB and access to areas that required retrofitting, equipment installation and/or maintenance
was labor-intensive. The Nitrojet 6000 skid (the skid. Fig. 3) had to be located in an area large enough to
support it and a hydraulic oil containment system (should there be a leak from the hydraulically powered
intensifier supply) with adequate room to perform routine and emergent maintenance. A tool room was
established and equipped with specialized equipment and tooling fabricated for sealed change outs both
on the skid and the in-cell working tool. Electricians established additional power supplies from the HEC
motor control center to support the power needs of the skid and vacuum system. Instrument and Controls
staff installed the control panels, oxygen deficient monitors and various other communication lines
needed to run and monitor the system.

11221 5



WM2011 Conference, February 27 — March 3, 2011, Phoenix, AZ

Fig. 3. Nitrocision® 6000 skid.

Nitrocision® LLC, together with WVES and Cryotech International, designed the run of vacuum-jacketed
piping that would convey the liquid nitrogen from the 49.000 liter (13,000 gallon) supply tank (outside of
the MPPB) to the Nitrojet 6000 skid and chiller inside the MPPB. Additionally, the system relies on a
clean, regulated 7.0 kg/cm (100 psi) of air to turn rotating motors on the in-cell working tool. The system
was originally connected to the Plant air supply that later turned out to be problematic from both a supply
and quality perspective. The existing MPPB air supply was moist and not clean, and fluctuated in its
delivery volume based on demand in the rest of the building. Supply air issues caused operational down
time that was not initially recognized by the team as being air supply related.

Testing

The system was performance tested at Nitrocision’s facility and demonstrated that the equipment could
decontaminate stainless steel coated with PBS at a rate of 1.2 linear meters (4 linear feet) per minute with
at least 80 percent removal efficiency. Removal capabilities were also demonstrated on carbon steel and
concrete with the same success rate. The vacuum system captured approximately 90 percent of the
material removed from the surface at that rate of cleaning. System availability at performance testing was
100 percent with some slight delays getting started.
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SYSTEM OPERATION AND AVAILABILITY IMPROVEMENTS

Since declared operational, the system’s performance has varied from 18 percent in May 2010 to 67
percent in June, peaking in August 2010 at 80 percent. Figure 4 illustrates the failure type by frequency.

Failure Type by Frequency
3 2 9 B Cleaning Head Rotation
Stoppage
B Whip Tube Leak

W End Effector Seal Leak

18 M CleaningJet Quality

M Skid/Chiller Component
Failure

B Nitrogen Supply

B PlantEquipment/
Infrastructure

20 B Air Quality

Fig. 4. Failure Type by Frequency.

The Team analyzed the initial operational challenges and grouped them into three general categories
including in-cell components, ex-cell components, and plant equipment/infrastructure. In-cell failures
were related to loss of rotation of the cleaning head, connection failures between whip tubes and between
the tool and the tube, seal leaks on the end effectors (tool), plugged end effector jets. Ex-cell equipment
challenges affecting operability of the equipment included chiller and skid operational issues, nitrogen
tank and piping related supply inadequacies. The plant infrastructure and major in-cell equipment failures
brought about operational down time as well. Equipment challenges related to the successtul utilization
of Nitrocision decontamination technology are described below.

Cleaning Head Rotation Stoppage and Air Quality: Loss of rotation of the decontamination head had
been a result of plant air supply issues (inadequacy of volume/cleanliness of supply). Loss of rotation had
resulted in approximately 12 percent of unplanned equipment shutdowns. When rotation is lost at the
decontamination head, cleaning effectiveness is impacted immediately and typically results in the
decontamination head freezing up. Rotational failure causes cleaning to stop immediately and results in
tool swap out and lost time due to the need for remote tool change out. Initially, air supply quality was
addressed by the installation of a desiccant drying system and an automatic blow down on the air supply.
plumbing from another facility at the site, and removing excess hose and quick connections from the line
to improve delivery quality and pressure, however; the ultimate solution became renting an air
compressor that could provide high quality. dry, consistent air supply with a capability slightly beyond
what is needed to compensate for line loss over distance. At the same time the team continues to monitor
rotation issues and has procured a higher torque motor that can be tested and put into service on the
tooling should this become necessary.

Whip Tube Leak: Whip tube connections between the sections of whip tube have come apart resulting in
down time to reconnect remotely. Challenges at the whip tube connection had resulted in approximately
12 percent of unplanned equipment shutdowns. The connection between the whip tube and the end
effector is coned and threaded 1.43 centimeter (0.5625 inch) high-pressure tubing that is susceptible to
shouldering. Connection quality degrades over time with the frequent end effector change out and
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maintenance that is required to keep the tool viable. Down time is associated with tightening the whip
tube connection at the end effector which can be exacerbated by the in-cell location of decontamination.
Utilizing the remote equipment to bring the tool to the maintenance station is time consuming in itself and
then there is the time to tighten the connection and test. A loose connection between whip tubes can
result in a greater amount of down time because of the need to bring the connection to a work surface in
cell and then perform the tightening. Because of the rigidity of the tube this can be very time consuming.
Replacement of whip tube sections as the connection end becomes un-sealable has resulted in the
replacement of whip tube sections. Operators have been trained on the correct procedure and sensitized
to the importance of not over-tightening the connection. A new style torque wrench was modified for
remote operations and installed in cell for this application to ensure over-tightening does not occur.
Initial performance testing identified the whip tube to whip tube connection as a possible challenge as the
fitting tends to come unscrewed as the tube is moved around during decontamination. Recognizing this
problem, Nitrocision LL.C worked with an outside vendor to produce 12 meter (40 feet) tube lengths
rather than the 6 meter (20 feet) lengths they were working with to minimize the number of connections.
Nitrocision LLC worked with an outside vendor to design/develop/test a new quick disconnect style
connector for the end effector/whip tube location. This style connector has alleviated the problems
associated with hard plumbed connections and has greatly reduced end effector change out time.
Additionally, anti-vibration tubing connectors have been functionally tested and adopted to successfully
address the whip tube to whip tube connection challenges.

End Effector Seal Leak: Seal leaks at the end effector result in a visible cloud of nitrogen escaping before
the true working end of the tool. Small leaks can be tolerated and do not impact decontamination
efficiency but during operations the leak worsens and at some point takes up too much of the nitrogen
being supplied to the cleaning head and decontamination effectiveness is impacted. At that point the tool
is changed out. Rotary seal life expectation is currently 6 — 8 hours. Leaking end effector seals have
resulted in approximately 25 percent of unplanned equipment shutdowns. Tooling repair is both time and
labor intensive because of the remote nature of the work, however; the time involved has been decreased
Significantly as a result of installing the quick disconnects on the tool and whip tube discussed above.
Because of the nature of the seal, high pressure and extreme cold temperature, seal leaks are an
understandable challenge. however; steps have been taken to alleviate the problem and to some extent
lengthen the life of the seals. Cyclical cooling and warming of the seals tends to accelerate in seal failure.
As a result the project has been staffed so that breaks and lunches are taken on a rotational basis and the
equipment is not shut down. The original operations plan for the project included tool maintenance to be
performed, in its entirety, remotely using manipulators and the PaR. As a result of in-cell environmental
issues (cleanliness) and significant down time experienced during tooling maintenance, tooling
maintenance is now performed hands-on rather than remotely and is a scheduled manned-entry into an
ancillary cell on a weekly basis. Increasing the number of tools in the work area has allowed for ready
tool change out and continued cleaning operations.

Cleaning Jet Quality: Plugged nozzles on the end effector can happen as the tooling is used for
decontamination. It is not uncommon for one of four jets to plug while the others function well and
decontamination efficiency is maintained. However, there is a point where either another jet plugs or
material is clearly not being removed from the wall that the tooling is non-viable and must be changed
out. Both the plugged jet and potential loss of cleaning efficiency are visible to the operator running the
cleaning head. Plugged end effector jets have resulted in approximately 4 percent of unplanned
equipment shutdowns. When the jet nozzles at the end of the cleaning head plug, cleaning stops, resulting
in lost time due to remote tool change out. Tool disassembly location for change out has been changed to
leave reduced chances of possible contamination of jets. When performing tool maintenance all orifices
are replaced, not just the plugged one. Tool decontamination prior to teardown has been adopted to
minimize the potential for loose particles to become trapped in the internals of the tool. This is performed
with low-pressure nitrogen or air. Tooling maintenance entries are scheduled weekly and are performed
using a Maintenance Mechanic and an operator so that both aspects of the maintenance activity are
addressed: operability and tracking wear.
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Skid and Chiller Operational Issues: Skid and chiller operational issues combined have resulted in
approximately 23 percent of unplanned equipment shutdowns. The bypass valves on the chiller both have
failed resulting in shut down of operations. Three different failure ty pes have been associated with the
skid and chiller unit; a failure of the chiller valve result in an inability to divert or shut off the supply to
the end effector or the bypass nozzle in a timely manner. The failure of the bypass valve on the chiller
results in decreased cycling of the intensifiers on the skid and a subsequent rupture disk failure and skid
shut down. Intensifier check valve assembly failures and static and dynamic seal failures result in poor
system performance at the skid. WVES worked with Nitrocision to troubleshoot and repair the system,
the vendor was called in to assist directly with this effort. Both valves were custom made during system
construction by a secondary vendor to Nitrocision. The divert valve has since been replaced with a new
custom valve and the bypass valve was replaced with an off the shelf model that performs the same
function as the one that failed. Replacement of the valves has led to zero failures at that location on the
equipment. Nitrocision’s troubleshooting resulted in the recognition of the temperature-induced shrinking
of the bushing (brass) resulting in the valve stem inability to shift/operate properly when brought down to
operating temperature. The issue was diagnosed as material incompatibility (brass and stainless steel) due
to different thermal expansion rates in the valves. As a result, updated versions of the equipment are
outfitted with the new valves identified through the WVES problems. Mechanics continue to develop
new techniques for seal replacements. System performance monitoring is the job assignment of an
operator to catch issues before they become significant. It is critical to have the maintenance mechanic
trained to a high level so they can troubleshoot and repair skid components when operational issues arise.
Maintenance activities are scheduled to continue to avoid run to failure conditions.

Nitrogen Supply: To this point, issues with the nitrogen supply system have contributed 1% of unplanned
equipment shutdowns. Failure of the nitrogen supply system has only impacted operations once, resulting
in the inability to run the system, the cause was a failed solenoid on the main supply valve between the
bulk tank and the skid. Troubleshooting of the failed solenoid resulted in the engineering determination
that it was a non-predictable failure. Because the failure was unpredictable and the purchase of a spare
solenoid was feasible the team decided to have a spare solenoid on the shelf in the event of another failure
of this type. The voltage of the solenoid was not common to any similar valve on site so there is no
common stock to draw from.

Plant Equipment/Infrastructure and Air Quality: Eight percent of the downtime has been attributed to
plant equipment, infrastructure and air quality issues. Significant infrastructure upgrades and
maintenance had to be performed specifically addressing functionality of the in-cell robotic arms. PaR
bridge and hoist for both of the cells and associated aisles because this equipment was idle since 2004.
Fabrication of tooling to perform sealed change outs and maintenance as well as adequate room to
perform maintenance activities around the Nitrojet 6000 skid unit were critical factors in minimizing
system downtime. The system relies on a clean, regulated 7.0 kg/cm (100 psi) of air to turn rotating
motors on the in-cell working tool. The system was originally connected to the Plant air supply that later
turned out to be problematic from both a supply and quality perspective. The existing MPPB air supply
was moist and not clean, and fluctuated in its delivery volume based on demand in the rest of the
building. Supply air issues caused operational down time that was not initially recognized by the team as
being air supply related. WVES brought on-line a generator to produce sufficient, high quality air for this
project.

LESSONS LEARNED FROM CELL WALL DECONTAMINATION OPERATIONS

Cell wall decontamination in the PMC offered leaming opportunities for the team that were implemented
in the decontamination of the GPC. Specifically, high pressure liquid nitrogen exiting the end effector
must be kept away from cell penetrations. Enhanced radiological monitoring for the spread of
contamination was performed after finding that radioactive contamination was pushed through cell
penetrations to the operating aisle. An initial effort was made to seal cell penetrations however, some
existed but were not obvious/identified on drawings and when the decon tool is passed over them, even
those that were sealed had the potential to leak as a result of the high pressures involved. Subsequently,
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decontamination of the aisle wall shared with the cell was performed in respiratory protection with
accompanying contamination monitoring to continuously look for changed conditions and protect the ‘
operator.

The team had decided to move away from remote rebuild of equipment early in the process of PMC
decon because of the dirty in-cell environment introducing particulate contaminates into the very small
internals of the tools and causing subsequent failures requiring more maintenance. As a result, tool
maintenance has been performed hands-on. Initially, hands-on work did not pose a problem from a
contamination or radiation stand point on the tooling, however; as the project progressed, radiological
hazards moved to the forefront and additional controls had to be put in place. The team was using low
pressure (less destructive) to decontaminate/blow off the tools before transferring them to the hands-on
work area. Eventually, tooling dose rates reached 120 Rad /hr (contact) with associated removable
contamination levels 5.6 E6 dpm/100 cm” alpha and 2.8 E8 dpm/100 cm” beta/gamma. Utilization of
high pressure liquid nitrogen decontamination on that tooling resulted in a 90 percent drop in levels and
the ability for site workers to continue hands-on maintenance with the higher quality result. As a result of
the success in cleaning the end effectors, the project team is working on developing ways to protect
critical areas of the PaR and have performed initial decon to reduced levels on that equipment as well.

Remote Tooling

The first generation tooling and first-time deployment of this equipment in a fully-remote application has
challenged WVES mechanics to use their ingenuity and on-site facilities to make modifications to tooling
designed by Nitrocision LLC as well as design new tooling to meet operational challenges that were
unforeseen in the development phase. Specific tooling challenges have included:

» The interface location between the robotic arm or PaR grip and the end effector tooling;

= Special “hand tools™ to use with the robotic arm and PaR to perform remote disassembly of
equipment (e.g., performing a modification of the torque wrench to make it more remote-able);
and

» Fabrication of tooling extensions that allow for the stable passage of whip tube, utility lines, and
vacuum hose and the associated end effector into difficult-to-access areas such as an in-cell
passageway approximately 2.3 meters (7.5 feet deep) by 0.6 meters (2 feet) wide.

Additionally, WVES mechanics have designed and fabricated camera mounts to allow for visibility of the
working surface and a table to perform in-cell tool maintenance for each cell that is used for
disconnection of one tool and the replacement of another on the whip tube. The ability to design and
build modifications to the tooling on site has resulted in less down time.

CHALLENGES AND SOLUTIONS

Though the system has had its share of operational issues which have been primarily with the end
effectors, the system has had remarkable results cleaning the PBS coating off the walls and floor. Except
for a few hard-to-reach areas. the walls of the three-story PMC have been cleaned using the Nitrocision
tooling and efforts are now focused on cleaning and vacuuming the floor. As of November 2010
approximately 87 percent of the wall surfaces and 10 percent of the floor have had the PBS material
removed and collected in TRU waste drums. GPC wall decontamination has begun with approximately
30 percent of the cell being complete to this point. Approximately 30 square meters (100 square feet) can
be decontaminated in a ten-hour shift, achievable surface area varies with characteristics of the terrain.
Penetrations and irregular surfaces add time as does the surrounding area because the whip tube and
utility line bundle have to be watched at all times for snagging. Final cell radiation surveys will be
conducted once decontamination of the cell floors is complete and containerized waste is removed from
the cell. Additional decontamination efficiency data will be gained by performing identified “hot spot”
decontamination and subsequent re-survey after the initial decontamination pass is complete.
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As a result of the effectiveness of the technology to date WVES has opted to deploy the technology in
other facilities. As a result, Nitrocision LLC has developed software and skid upgrades to allow one skid
to facilitate decontamination operations in two different cells in adjoining facilities at the same time while
maintaining cleaning efficiency.

PARTNERING

The combination of WVES" expertise on the conditions of the PMC and GPC and Nitrocision’s
technology. and the synergy gained by putting the two areas of expertise, has been a winning strategy.

Internal partnering among WVES operational. engineering and radiological disciplines further contributed
to the success-to-date of the decontamination of the PMC and GPC using Nitrocision technology.

Finding site-specific means of deploying the technology, using outside-the-box thinking to enhance
system performance, and evaluation of lessons learned for future applications will be the legacy of this
strong technical partnership.

CONCLUSION

The partnership between WVES and Nitrocision led to the evolution of an already-established technology
into an enhanced technology with remote radioactive decontamination applications that can be used, not
only in other areas of the WVDP, but in the larger DOE cleanup complex and in other industrial settings
where remote applications are necessary or desired.
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