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1 1 BACKGROUND 

Plutomum oxide matenal that is thermally stabilized at the PFP for long term storage is required 
to meet certam cntena before storage One cntenon is the amount of moisture present in the 
stabilized matenal The amount of residual moisture is important because excess moisture can 
undergo radiolysis whle in storage, generating hydrogen gas that would generate hgher internal 
pressure in the storage contamer, that may lead to contamer rupture Ths potential loss of 
contamnent is precluded by reducing the residual moisture to less than 0 5 mass % 

The current Department of Energy (DOE) standard method involves matenal thermal 
stabilization by calcination at 95OoC Thermal stabilization is venfied by a Loss on Ignition 
(LOI) test, where the weight loss following calcinabon to 1000°C (e g , using a TGA furnace 
system) is determined A weight loss in excess of 0 5 mass % requires that the matenal be re- 
calcined Unfortunately, LO1 does not discnminate between the vanous volatilized components, 
including inorgamc salts A significant amount of plutonium oxide destined for storage is 
mpure, contrumng large amounts of inorganic salts The SFE process has been recommended 
for approval as an alternative method for moisture deterrmnation that can measure sample 
residual moisture without the interference from the other volatile impunties since it does not 
solubilize inorganic matenals (LANL 1998, 1999) 

2 SCOPE 

The scope of this document is to evaluate glovebox locations in the PFP 234-52 Building 
Analytical Laboratory or operating areas for the installation of the SFE system and it’s supporting 
equipment This evaluation considers using existing gloveboxes along with an alternative of 
adding a new glovebox to existing process lines The locahon evaluation cntena include 
glovebox size, relative cost and schedule impacts associated wth  system implementation, 
radiological control, and interaction with other laboratory operations and processes In addition, 
the possible colocation of a TGA furnace system with the SFE system was considered This 
would enable thermally stabilized matenal to be analyzed for residual moisture by either the 
TGA system or SFE system or both 
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3 1 PROCESS DESCRIPTION 

The SFE system permeates the matenal sample wth a constant flow-rate of dry, supercntical 
carbon dioxide (COz) The COZ acts as a sweep gas, dissolving the sample residual water, and 
carrying the solubilized water to a detector The amount of water dissolved in the COz stream is 
measured using a high-pressure Founer Transform Infrared (FTIR) cell The response of the 
FTIR cell is compared to that obtamed from an injection of a known amount of water or 
standard 

The SFE techmque has been in routine commercial use for approximately 30 years Major 
components are commercially avmlable, and consist of the followng 

SFE extractor, 
FTIR controller, 
Restnctor, 
compressed C02 cylmder, 
synnge pump, and 
computer 

All of the major components excluding the COZ cylinder, synnge pump, and computer, would be 
located inside a glovebox as shown in Figure 1 Therefore, the glovebox needs to have feed- 
through ports for the CO2 gas feed and an RS 232 data transfer cable linlung the FTIR to the 
computer Glovebox seal-in ports or an open front box wl1 be required to transfer matenals and 
samples into the glovebox Inclusion of the TGA furnace within the same glovebox would also 
require offgas processing consistent with current PFP systems 

3 2 ASSUMPTIONS/ REQUIREMENTS 

The followng are assumptions / requirements that were applied in the location evaluation 
a 
b 

C 

One SFE setup wl1 be reqmred 
Colocation of a TGA system with the SFE system will be considered and is preferred 
(See Section 5 3) 
Location of the SFE eqmpment in the 234-52 Bmlding Analytical Laboratory or 
operating spaces would not impact or interrupt the routines in the laboratory (note that the 
use of personnel protective equipment (PPE) several times dunng the day to support the 
SFE or SFE+TGA system is considered normal for the analytical laboratory, and 
wouldn’t introduce an additional burden) 
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Direct access to the samples from the glovebox via existing process conveyor lines is 
preferred versus separate operation that requires matenal seal-idout or transfer, and wl l  
be scored higher 
Maintaining as low as reasonably achievable (ALARA) radiation dose rates for laboratoiy 
and operations personnel using the SFE or SFE+TGA systems wl l  be considered in the 
location evaluation 
Schedule impacts associated with SFE or SFE+TGA system implementabon wl l  be 
considered in the location evaluation 
Glove access to all equipment withm the glovebox is requred 
Ease of installation and relative cost and schedule impacts for SFE or SFE+TGA system 
implementation wll  be considered in the location evaluation 
Dimensions of the glovebox must accommodate the equpment and enable personnel to 
operate and maintam the SFE or SFE+TGA system 
Safeguards and secunty (S&S) requirements for plutonium process operations will be 
satisfied similarly for any glovebox considered (existing or new) by the location in the 
234-52 Building Analytical Laboratory or operating spaces 
Cnticality safety wll  be satisfied similarly for any glovebox considered (existing or new) 
since the SFE or SFE+TGA system, wll  be the only process equipment in the glovebox 
Existing gloveboxes that may accommodate the SFE or SFE+TGA system mll  have 
existing miscellaneous equpment demolished and removed - applicable cost and 
schedule impacts will be noted for these gloveboxes (see Table 4) 
Seismic analysis w11 be satisfied similarly for any glovebox considered (existing or new) 
to accommodate the SFE or SFE+TGA system - applicable cost and schedule impacts 
will be noted for those gloveboxes requinng new seismic analysis 
Fire suppression requirements will be satisfied similarly for any glovebox considered 
(existing or new) to accommodate the SFE or SFE+TGA system - applicable cost and 
schedule impacts will be noted for those gloveboxes requinng installation (or removal) of 
fire suppression systems 
Process interactions wll  be considered in the location evaluation (e g , nearby high 
radiation areas, congestion of processes, streamline of process flow, etc ) 
Available, uncontaminated gloveboxes considered for addition to existing process lines or 
operating areas will meet certificabon requirements - applicable cost and schedule 
impacts will be noted for such certification, along with applicable modifications to meet 
requirements for use in matenal stabilization processing (e g , glove specifications, seal 
quality, window quality, etc ) 
Design and procurement activities associated wth fabncation of a new glovebox versus 
using an available, new uncontaminated glovebox from other facilibes at the Hanford site 
would be prohbitive in terms of cost and schedule impacts (see Table 4) 
Location evaluation will consider the gloveboxes exisbng on the Remote Mechamcal C 
(RMC) line in rooms 228A,B,C, and separate gloveboxes located in rooms 136 and 157 
(note that Glovebox HA-23s in room 235C will not be considered due to its future 
potential use as a matenal feed lag storage and staging area, glovebox in room 154 was 
not considered due to higher prionty use identified for that glovebox, glovebox HC-9B 
will not be considered due to extra floors splitting glovebox) 
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Location of a new glovebox will consider room 235C only (note that movement through 
double doors wth 7” x 6’W dmensions will allow glovebox transfer into room 235C), 
room 230C wll not be considered due to congestion wth other process operabons 
The SFE or SFE+TGA system will be located away from other processes or areas with 
high contact dose rates to reduce personnel dose (ALARA), note that the RMA line 
gloveboxes wll not be considered in the location evaluation due to existing high radiation 
levels in th~s area 
Installabon and testing of the SFE or SFE+TGA system wthin an available 
uncontaminated glovebox is preferred and wl1 be scored hlgher 
The SFE or SFE+TGA system design wl1 allow disassembly for transfer into the 
glovebox using avalable 24 in seal-in ports 
The cost of connecting lines from the C02 cylinder, computer linking, electncal sources, 
and offgas (to existing process vacuum) to the equipment to be located inside the 
glovebox wl l  be similar for all the identified gloveboxes 
Clearance requirements around the SFE system equipment wl l  consist of the dimensions 
as shown in Figures 2 and 3 for the SFE and TGA equipment, respectively The resulting 
dimensional envelope for the SFE system is approximately 68in W x 32in D x 121n H 
(W=width, D=depth, and H=height), 47111 W x 45in D x 30in H for the TGA system, 
and 1 loin W x 45111 D x soin H for the combined SFE+TGA system The 
approximately 10 Sin clearance above the TGA furnace allows for opening the lid while 
the 121n clearance in front of the furnace was considered adequate for staging the 
samples to be analyzed 
New uncontaminated gloveboxes that exist on the FMEF pellet sintenng line would be 
avalable for use at the PFP for less than approximately half the cost of fabncation of a 
new custom glovebox 
Environmental requirements will be satisfied similarly for any glovebox considered 
(existing or new) to accommodate the SFE or SFE+TGA system, by system installation 
within the 234-52 Budding Analytical Laboratory in existing glovebox operating areas to 
enable using current environmental control equipment and processes (e g , control of air 
emissions via existing glovebox exhaust systems, contamination control via current 
plutonium matenal process and handling requirements, etc ) 

4 EVALUATIONMETHODOLOGY 

An initial screening of gloveboxes was made based on glovebox sizes needed to accommodate 
the SFE eqtupment wth clearances as shown in Figure 2, and based on other concerns reflected 
in Section 3 2, Assumptions r, s, and t Selected gloveboxes from this initial screening were then 
evaluated in a relative manner based on the assumptions and requirements provided in Section 
3 2 The evaluation consisted of sconng the vanous gloveboxes on a scale of 1 to 10 for each of 
the generalized set of cntena that follows 

1 Location 
2 ALARA 
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5 1 INITIAL SCREENING OF GLOVEBOXES 

An initial screening of gloveboxes was made based on glovebox sues needed to accommodate 
the SFE equipment with clearances as shown in Figure 2, and based on other concerns identdied 
in Section 3 2, Assumptions r, s, and t The results of the initial screening are shown in Table 1 
Only glovebox GB-136 and new gloveboxes avsulable from other site sources added to room 
235C will meet the size requirements of the SFE system Table 2 shows GB-136 and these other 
new gloveboxes that are avsulable compared to the combined SFE+TGA system dimensional 
requirements Only one new glovebox meets the size requirements of the combined SFE+TGA 
system The colocation of the SFE+TGA system was included as an evaluation cntenon based 
on the advantages discussed in Sechon 5 3 
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New(FA30350) 
New (FA-30344) 
New(FA-30340) 

Table 2 Initial Screening of Gloveboxes Considered for Installation of SFE+TGA 
Equipment 

138 34 56 Rm 235C Meets SFE dimensions 
104 52 66 Rm 23.5'2 Meets SFE dimensions 
99 38 42 Rm 235C Meets SFE dimensions 

Glovebox 

Required Size 

Dimensions (in ) 
Width Depth Height Location in Remarks 

(W) (D) (H) 234 52 
110 45 30 

GEL36 
New (FA-30341) 
New (FA-30350) 
New (FA-30344) 

120 38 31 Room 136 Undersized for SFE+TGA 
110 50 48 Rm 235C Meets SFE+TGA dimensions 
138 34 56 Rm 235C Undersized for SFE+TGA 
104 52 66 Rm 235C Undersized for SFE+TGA 
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to aid in pnontizing the importance of the cntena for locating the SFE or SFE+TGA system 
equipment The weight factors are discussed below 
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Location - W F  = 9 ThIs cntena evaluates the locahon in terms of ease of accessibility, 
storage of samples, access to a conveyor system, impacts on the process, and proxmty to 
other laboratory facilities Ths factor is very hghly weighted due to the importance in 
IocaQon to the overall flow of matenals, operahonal flexibility, and the need to seal-in and 
seal-out samples in areas not adjacent to the product conveyors The seal-in and seal-out 
process can require as much as two hours per evolution 

ALARA - WF = 8 This factor reflects the radiation environment of the installed glovebox 

Ease of ImDlementation - WF = 8 This factor reflects the relahve effort required for 
implemenhng the SFE or SFE+TGA system in a particular glovebox arrangement 

Colocation of SFE and TGA - WF = 7 This factor reflects the preferred option of 
colocation of a TGA system wth the SFE system (see Section 5 3) 

Process Interaction - WF = 6 a s  factor reflects the interfaces of the selected glovebox 
w t h  the rest of the process operations, ease of process flow, produchvity, etc 

Relative Cost Imoact - WF = 5 This factor reflects the relative cost of the installation The 
cntena includes items such as the degree of difficulty to complete the installation to 
accommodate the SFE or SFE+TGA system (e g , demolition and removal of equipment from 
glovebox), installation of fire suppression systems as needed, cnticality and seismic analyses 
as needed, glovebox certification process as needed, utilities avrulability, etc ) 

Relative Schedule Imoact - WF = 5 Th~s factor reflects the relative time required to install 
and commission the equipment in the location option A definitive schedule analysis has not 
been done at this point The cntena includes items such as time needed for modificahons to 
existing gloveboxes to accommodate the SFE or SFE+TGA system (e g , demolition and 
removal of equipment from glovebox), installation (or removal) of fire suppression systems 
as needed, cnticality and seismic analyses as needed, glovebox certification process as 
needed, etc ) 
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The onginal analysis was completed based pnmanly upon the proposed SFE installation as a 
stand-alone project Indeed, the SFE equpment will have the capacity to process all samples 
required by thermal stabilization to support production throughput The SFE equipment is 
capable of completmg the quantitative analysis of a sample in approximately one half hour n s  
would provide a maxmum capability of 48 samples a day wlnch is far m excess of the current 
five furnace production rate of 10 batches a day 

Not withstanding t h s  fact, the colocation of the TGA furnace provides advantages to the 
analytical laboratory in side by side companson stuhes, and provides the redundancy needed in 
the event of a failure of the SFE or dunng penods of preventative mamtenance of the SFE 
equipment 

As a result, those options having the capability to accommodate the TGA furnace were graded 
higher The decision to actually purchase this equpment will be made at a later date 

5 4 EVALUATION RESULTS 

Table 3 provides the individual cntena weighted scores and total weighted score for each 
glovebox option determined by the evaluation As shown, the new available glovebox FA-30341 
had a slightly higher weighted score versus the other new gloveboxes due to the advantage of 
colocation of the SFE+TGA equipment Other advantages of usmg a new glovebox would be its 
uncontaminated state which facilitates equipment installahon and testing outside of process 
areas Once testing is complete, the new glovebox can be mated in modular fashion to the 
existing RMC line conveyor systems in room 235C to receive matenal samples drectly, 
consistent with maintaining a streamlined matenal process flow 

Other FMEF gloveboxes and the exishng Glovebox GB-136 would accommodate the SFE 
equipment but not colocated with the TGA equipment Glovebox GB-136 also has the distinct 
disadvantage of requinng substantial sample movement off of the main process line and requires 
demolition and removal of existing equipment to accommodate the SFE system 

The installation of which FMEF glovebox or other available gloveboxes will be made after the 
location assessment recommendation has been approved The clean gloveboxes used dunng ~s 
study are only a few of the gloveboxes that are avalable for tlns installation The typical cost of 
installing any of these gloveboxes is similar and IS shown in Table 4 A definitive estimate 
would be needed once project details are refined 

The rough order of magnitude (ROM) cost for installing a clean glovebox on the HA-28 
conveyor line and commissioning of the SFE equipment is approximately $325,000 The ROM 
cost for a contaminated glovebox would be approximately $800,000 
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D u n g  the preparation of t h s  location assessment, several discussions wth  plant operating 
groups indicate that there are several studies bemg prepared to modify the thermal stabilization 
process lines These proposed modifications will improve the process flows and productwity of 
the process At the same time, these studies result in modificahons that directly impact the 
baseline cntena of th~s document 

The net result is that a final location for the SFE equpment should not be established until the 
results of the productivity improvements are known However, t h s  study is still valid for the 
followng reasons 

1) The basic location for the SFE equpment wthm the current process lines 
provides many advantages These advantages can be realized wth  or without 
completing the productivity modifications 

The discussions of using a clean glovebox versus a contaminated glovebox is not 
adversely effected by the produchvity improvements 

Intenm actions can be put in place which wll  enable the SFE installation schedule 
to be met mdependent of the productwity improvements 

2) 

3) 
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