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FW: Class 2 pmr for AMWTP 
Maestas, Ricardo, NMENV 
Sent: Friday, January 18, 2013 2:10PM 
To: Allen, Pam, NMENV 
Attachments:EDF-0768 Rev l.pdf (1 MB); EDF-0783 Rev O.pdf (4MB) 

Email & attachment for December WIPP 

From: Kliphuis, Trais, NMENV 
Sent: Tuesday, December 18, 2012 4:34PM 
To: Maestas, Ricardo, NMENV; Holmes, Steve, NMENV 
Subject: FW: Class 2 pmr for AMWTP 

fyi 

From: Pete.Johansen@deq.idaho.gov [mailto:Pete.Johansen@deq.idaho.gov] 
Sent: Tuesday, December 18, 2012 3:40PM 
To: Robert.Bullock@deq.idaho.gov; Kliphuis, Trais, NMENV 
Subject: RE: Class 2 pmr for AMWTP 

Trais, 
Here are the EDFs related to the permit modification that we will be receiving later this week. 

Pete Johansen, P.E. 
Waste Management & Remediation Division 
Idaho Department of Environmental Quality 
1410 N. Hilton 
Boise, lD 83706 
(208)373-0230 
(208)3 73-0154 fax 

From: Robert Bullock 
Sent: Monday, December 17, 2012 4:25 PM 
To: 'trais.kliphuis@state.nm.us' 
Cc: Pete Johansen 
Subject: Class 2 pmr for AMWTP 

Trais, 

Thank you for calling this afternoon. 

Contrary to what I had indicated in our conversation, the documents supporting the changes to include 
aerosol cans for treatment in the super-compactor are actually EDFs. Although we do have hard copies of the 
EDFs, we will be receiving them electronically from the Permittee no later than Wednesday of this week. 

We were informed that DOE signed the necessary documentation this morning. 

llllllllllllll~~m~lllllllllllllll 
1/22/201 3 10:16 AM 
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Rather than send you what we have now, Pete will send you an electronic copy of both the modification 
request, and the supporting EDFs when we receive them later this week. 

Glad to hear that you were able to ski so early in the season. 

Looking forward to doing the same here when we get enough snow. 

Thanks. 

Bob Bullock 

1/22/2013 10:16 AM 
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Summary: 

1. Calculations show that the Supercompactor will compact and deform solid lead, thus 
proving that solid lead objects will not prevent the destruction of adjacent objects during 
compaction. 

2. Forty expended aerosol cans containing residual pressure but no propellant, in a single 
compaction will not challenge the Supercompactor glovebox pressure design criteria. 

3. The equivalent of forty unused aerosol cans (still containing a full propellant charge) in a 
single compe1ction will challenge the Supercompactor glovebox pressure design criteria. 

4. The equivalent of three fully charged aerosol cans can be simultaneously compacted 
without causing a loss of depression in the glovebox. 
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Scope: 

It is desired to compact certain items that have previously been prohibited from being processed 
through the Supercompactor. This EDF analyzes the effectiveness of compacting a lead brick, 
and the effects of compacting pressurized aerosol cans. Specifically addressed is the pressure 
transi~nt that could b~pxperienced from compacting these pressurized cans and how that 
pressure relates to the Supercompactor glovebox design criteria. 

Analysis: 

The Compaction of Lead: 

The question has been raised as to whether a brick of solid lead could feasibly prevent the 
compaction of an adjacent object (more specifically an aerosol can) so as to cause the can to 
survive a compaction. The Ultimate Tensile Strength of lead is given in reference 1 as 2610 psi. 
Note that this tensile strength is still applicable although the analysis is for lead in compression 



(j 0 - Form-1590 

Rev. 4 
·'• 

J\MYI::r:~ Engine~ring Desi_gn File Record Sheet Effective: 01/20/11 
·:-~. :- .. ···~. : ·.:.:.-~ .. = --.. .... -~" 

Adt.unt~ ~IU:rd WCLttC' T rC'armmr.J'rvi«r 

Page 3 of 23 

lmplementmg Document: MP-CD&M-11.6 

EDF No.: EDF-0768 I Revision No.:1 I FMP No. (if ariy):-N/A 

Title: Analysis of Compacting Lead and Aerosol Cans l Building/System No.: WMF676/410 

(see reference 2). To calculate the area of lead required to withstand the four million pounds (2000 
tons) force exerted by the Supercompactor, the simple equation below is used. F is the force 
exerted during compaction. P represents the Ultimate Strength of the material, and A is the area 
that will be attained at maximum deflection. 

A =!.. -7 4,ooo, ooz~ lb = 1532in2 = 10.6ft2 
P 2610 in 2 

This area is larger than what could be attained inside the Supercompactor mould (approximately 
3.4 ft2) therefore the lead would compress and flow to the point where it is contained by the mould. 
The point of this analysis is simply to show that the lead would deform under the force of 
compaction as opposed to preventing the compaction of an adjacent aerosol can. 

The Compaction of Pressurized Aerosol Cans: 

For the purposes of this analysis a standard aerosol can is used as described in reference 3. This 
can is the largest standard U.S. can at 872 mL. While multiple variations of propellants have been 
used throughout industry, the most common is a propane/isobutane mixture. In liquid form, at 
room temperature (70°F), this mixture provides a fairly.constant pressure of 69 psig inside the can 
(ref. 3). At AMWTP altitude of approximately 5000 feet, this converts to absolute pressure as 
follows: -

Pa = P9 + Patm = 69psi9 + 12.2psiatm = 81.2psia 

This analysis presents two conditions of the aerosol cans during compaction, both of which 
assume 40 cans are involved in a single compaction. (Forty cans is a conservative estimate 
based on waste stream history at AMWTP.) Also note that the glovebox is assumed to have 
entirely enclosed surfaces and the gloves and glove ports are ignored. 

The first condition is based on the' assumption that the cans are completely expended, yet still hold 
a residual pressure due to the evaporation of the final traces of propellant after the. product was 
expelled. Therefore, no liquid propellant vaporization is analyzed in this first condition. 

The second condition does consider the expansion of liquid propellant and assumes that the can is 
unused and still contains both the propellant and product. For the purposes of this EDF, it is 
assumed that only the propellant will affect the glovebox pressure, and that the product (paint, 
adhesive, lubricant, etc.) in the can will not cause a pressure change when released during a 
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compaction. Typically aerosol cans have a product-to-propellant ratio of 3:1, thus containing 25% 
(by volume) propane/isobutane propellant. To be consistent with Reference 3 and due to the 
variable nature of the various products contained in aerosol cans, this analysis will conservatively 
assume the cans to contain 50% (by volume) propellant mixture. 

Condition 1, Spent aerosol cans: 

872mL = 0.031ft3 

_ 40 cans x (81.2 psi) x (0.031 ft 3 ) _ 
3 Vz - 12 2 . - 8.3 ft . psz 

This expansion of pressurized gas into the glovebox introduces a temporary pressure transient. 
As the glovebox ventilation operates this transient will dissipate, but the initial change in pressure 
(Pexp) is calculated below. Per reference 4 and field measurements, the internal volume of the 
Supercompactor glovebox is approximately 3400 te , and is designed to handle internal pressures 
from -4"wc to 4"wc. Assuming the initial pressure of the glovebox is 1 atm, 

latm x 8.3 ft 3 .. 
Pexp = 

3400 
f t 3 = .0024 atm = 0.99 we 

Since the normal operating range of the glovebox is approximately -1.5"w.c. , the introduction of 
this 0 ~ 99"w. c. will temporarily cause the glovebox to lose some depression, but will not exceed the 
design basis pressure limits. 

Condition 2, Full aerosol cans: 

. SO x 872mL = 436mL = 0.015 ft 3 liquid propellant 

Based on the propellant mixture being similar to that shown in reference 3, and the liquid to gas 
dispersion ratios for propane and isobutane, the volume of gas released from 40 such cans is as 
follows: 

Yexp = 40cans X 0.01Sft3 [(0.29 X 272.3) + (0.71 X 229.3)] = 145ft3 
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A calculation of the pressure as a result of this expansion similar to that done in Condition 1 
above: 

1 atm x 145 ft 3 " 
Pexp = 

3400 
ft 3 = .043 atm = 17.4 we 

In comparison to Condition 1 where the cans are expected to be expended, Condition 2 results in 
a substantially higher pressure being imparted to the glovebox which exceeds the maximum 
design pressure of 4"wc. Note that this equates to approximately 0.44"wc/can, therefore, 
approximately 9 full aerosol cans (or the equivalent thereof) could be compacted without 
exceeding the 4.0"wc pressure criteria of the glovebox. Normal operating pressure in the glovebox 
is approximately -1.5"wc so 3 full can equivalents could be compacted before causing the 
glovebox to lose depression and become pressurized. 

Another comparison worth noting here are the results of an event which occurred in which a fire 
extinguisher was compacted. Video recorded during the event shows the fire extinguisher to be 
consistent in size with that of a 1 Olb C02 type. Assuming that the extinguisher was fully charged 
with C02 , the resultant gas cloud and ensuing pressure transient are calculated as follows: 

_ MziqC02 _ 10 lb _ 3 
VliqC02 - 0 - lb - 0.155ft 

liqC02 64 4 _ _ 
. . ft3 

Liquid to gas expansion ratio for C02 is 845 (reference 5). 

VgasC02 = 845(0.155ft3
) = 131ft3 

This gas expansion that actually occurred within the glovebox is presented here simply as a 
qualitative reference by which the potential for damage to the glovebox can be estimated. The 
calculations in this document conservatively ignore the "shock absorber" effect that the rubber 
gloves in the glovebox would provide during an expansion event. It was noted during the 
expansion of the C02 from the extinguisher compaction that the gloves (which are normally pulled 
into the gloveb6x by depression) relaxed temporarily. This indicates thatthey indeed offer some 

, cushioning effect against a pressure transient, although this is not taken into account in this paper 
in a quantitative sense. 
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Summary: 

1. Calculations show that the Supercompactor will compact and deform solid lead, thus 

proving that solid lead objects will not prevent the destruction of adjacent objects during 

compaction. 

2. Forty expended aerosol cans containing residual pressure but no propellant, in a single 

compaction will not challenge the Supercompactor glovebox pressure design criteria. 
3. The equivaient of forty unused aerosol cans (still containing a full propellant charge) in 

a single compaction will challenge the Supercompactor glovebox pressure design 

criteria. 

4 . The equivalent of three fully charged aerosol cans can be simultaneously compacted 

without causing a loss of depression in the glovebox. 

Attachments (If any): 

N/A 



Leaa, Pb 

Electrochemical 
Equivalent 

Mechanical 
Properties 

- Ha~~n_ess, B_ri~~ll 
Hardness, 
Vickers · 

3.858 g/A/h 

Metric 

4.2 
·-s.oo 

3.858 g/A/h 

English 

4.2 

5.00 
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Comments 

. Cast 

.... .. - .. . -~ -
Tensile Strength, 
Ultimate 
Modulus of 
Elast!city _ .. .... . 
Poissons Ratio .. ........ -.... -- ..... . 
Shear Modulus 

Electrical 
Properties 
Electrical 
Resistivity 1iiJ 

Magnetic 
Susceptibility _ _ .. . 
Critical Magnetic 
Field Strength, 
Oersted 
Critical 
Superconducting 
Temperature 

Thermal 
Properties 
Heat of Fusion 
Heat of 
Vaporization . 

CTE, linear 

Specific Heat 
Capacity . 

liW 

18.0 MPa 2610 psi 

· 14.0 GPa 2030 ksi 

. . .. 

0.420 ·o.42o 

4.90 GPa 711 ksi 

Metric English 

0.000020643 ohm-em 0.000020643 ohm-em 
@Temperature 20.0 ·c @Temperature 68.0 "F 

0.000027021 ohm-em 0.000027021 ohm-em 
@Temperature 100 •c @Temperature-212 "F 

0.000036378 ohm-em 0.000036378 ohm-em 
@Temperature 200 ·c @Temperature 392 "F . 

0.000047938 ohm-em 0.000047938 ohm-em 
@Temperature 300 ·c @Temperature 572 "F 

... -·. - ..... - .. .. . · ~ . -· · .... -
0.000097867 ohm-em 0.000097867 ohm-em 

@Temperature 340 •c @Temperature 644 "F 
. ... ··-- .. 

0.000101418 ohm-em 0.000101418 ohm-em 
@Temperature 400 ·c 

-1 .20e-7 

@Temperature 752 "F 

-1 .20e-7 

calculated 

Comments 

solid 

liquid 

liquid 

cgs/g 

. ,. ...... .. -· ·- ... · ·-· .. . . 
802-804 

Metric 

24.1 J/g 
850 J/g 

802 - 804 

7.19- 7.202 K 

English 

10.4 BTU/Ib 
366 -BTU/Ib 

866.313 J/g 3_72.688 BTU/Ib 
29.1 1-Jm/m-ac 16.2 J.Jinlin-aF 

@Temperature 20.0-100 •c @Temperature 68.0-212 "F 
·-

0.100386 J/g-°C 0.0239929 BTU/Ib-aF 

. .. ~ 
0.1287 J/g-ac 

@Temperature 25.0 ·c 
0.132 J/g-ac 

@Temperature 127 ·c 
, , , 

0.1368 J/g-ac 
@Temperature 227 ·c 

0.139 J/g-ac 

0.03076 BTU/Ib-°F 
@Temperature 77.0 "F 

0.0315 BTU/Ib-°F . 
@Temperature 261 "F 

. . .. . 
0.03270 BTUflb:..aF 
@Temperature 441 "F 
- . .. · -· 
0.0332 BTU/Ib-°F 

3.55 Kat 16.0 GPa pressure for Pb II 

Comments 

At Boiling Point 

Gas 

liquid 

"r') 



FIGURE 5-4 
Tension specimen after necking. 
Radius of ne<* is R; diameter of 

smallest portion of·neck is D. 
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as the radius of the neck (Fig. 5-4), and D as the sm~est neck diameter, the equation is 

(5-3) 

When necking occurs, the engineering strain given by Eq. (5-1) will not be the saine 
at all points within the ·gauge ~ength. A more satisfactory relation can be obtained by 
using areas . Sine~ the volume of material remains the same during the test, A010 = A;l;. 
Consequently, li = l0(Ao/A;). Substituting this value of I; in Eq. (5-l) and canceling 
terms gives 

A0 - A; 
e= 

A; 

But see also Eq. (5-9). 

(5-4) 

Compression tests are more difficult to make, and the geometry of the test speci
mens differs from the geqmetry of those used in. tension tests. The reason for this is that 
the specimen may buckle during testing or it may be difficult to get the stresses distrib
uted evenly . Other difficulties occur because ductile materials will bulge after yielding. 
However, the results can be plotted on a stress-strain diagram, too, and the same 

- > strength definitions can be applied. for many materials the compressive strengths. art· 

about the same as the tensile strengths. When substantial differences occur, however, 
as is the case with the cast irons, the tensile and compressive strengths should be stated 
separately' . . 

Torsional strengths are found by twisting bars and recording the torque and the twi''l 
angle. The results are then plotted as a-torque-twist diagram. By using the equations 1.1 

Chap. 2 for torsional stress , both the elastic limit and the torsional yield strengthS". 
may be fpund . The ma,ximum point on a torque-twist diagram, corresponding to poi r. ~ 
U on Fig. 5-2, is T,. . ~e equation 

~ . ~ - , . s =- . ,-1) 
~ J . . . . 

where r is the radius of the bar and J is the polar s~cond moment of ar a, defines; ! ~ i t' 
modulus of rupture for the torsion test. Note that the use of Eq. (a) implies _tr.nt 
Hooke's law applies to this case. This is not true, because the outermost area ofijle ·bar 
is m a plastic state at the torque T,.. For this reason the quantity Ssu is call~ . tn• 
modulus of rupture. It is incorrect to call Ssu the uitimate torsional strength. ; 

Ail of the stresses and strengths deimed by the stress-strain diagram of Fig. 
similar diagrams are specifically known as engineering stresses and .ur.~n.li~'llll' ~~---

nal str~sses and 'strengths. These are the values normally used in all e_: agi~~!I'J" 
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2.2.1 Introduction 

In a TRUPACT-Ill payload of one loaded SLB2, the number ofunpunctured aerosol cans must 
be known to ensure that a potential full release of the contents from the cans is accounted for in 
the MNOP determination for the package. Due to the evacuation and backfill process that 
renders all unsealed layers of confinement non-flammable (and, therefore, any aerosol can 
content release into the vented void space of the package non-flammable), the presence of 
aerosol cans is controlled to determine a contribution to. MNOP in the package. The deflagration 
model presented in Section 2.1, Pressure due to Sealed Container Dejtagration, conservatively 
accounts for the potential release of flammable aerosol can contents and potential subsequent 
deflagration inside a sealed container. 

Typically, the generating and packaging procedures used at TRU waste sites do not allow 
unpunctured aerosol cans to be packaged with the waste. While these items have been used at 

. . 

the sites, their possible presence in the SLB2 would be incidental to the waste stream (i.e., not 
primary components of the waste stream). It is unlikely that a full aerosol can would be present in 
the waste. Aerosol cans that have been used for their intended purpose would likely be only partially 
full or empty if present in the waste. However,·unpunctured aerosol cans are conservatively assumed 
full and accounted for in the MNOP determination as outlined below. 

2.2.2 Aerosol Can Contents, Size, and Pressure 
The contents of an aerosol can consist of a "product" and a "propellant''. Propellants can be 
broadly classified as fluorocarbons (CwHxFy, CwHxClyFz, CwBRxClyFz), hydrocarbons (CwHx), 
ethers (CwHxO, CwHxFyO); cempressed gases (C02, N20, N2, A, etc.), and methylene chloride 
(CH2Ch). Hydrocarbons have been the dominant propellant type used for aerosol .cans since 
1979.1 HydrQcarbon propellants are typically comprised of a mixture of propane and isobutane 
to achieve the desired pressure ofthe propellant. As the product ofthe aerosol can is expelled, 
the remaining liquid propellant turns to vapor, maintaining a virtually constant interior pressure 
until all ofthe propellant gas is exhausted. The physical properties of purified hydrocarbon 
propellants are provided in Figure 2.2-1.1 

Aerosol cans are produced in different sizes· and with varying materials of construction. The 
U.S. Department ofTransportation (DOT) specification for inetal aerosol containers define, 
among other parameters, a maximum produ.ct and/or contents pressure.at 130 op of 140, 160, and 
180 psig for the Specification 2N (standard), 2P, and 2Q containers, respectively.1 Figure 2.2-2 
summarizes the U.S. and European standard sizes for three-piece aerosol cans, where the U.S. 
standard sizes range from 1- 1~e to 3 inches in diameter and 2 to 10-¥2 inches tall with a full 
volume capacity ranging from 141 to 872 ml. 1 

. . 

1 Johnsen, Montfort A., Aerosol Handbook (2nd Edition), Industry Publications, Inc. 1982. 

2.2-1 
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An aerosol can potentially contributes to pressure in the 1RUP ACT -Ill CV via the mechanism of 
liquid-to-gas volume expansion of the released propellant. The aerosol can product does not 
contribute significantly due to the fact that it typically remains a liquid at room temperature 
and/or due to limitations ·in the pressure capacity of aerosol cans containing compressed gas and 
no liquid propellants. Although ethane has the largest dispersion coefficient (i.e., liquid-to:-gas 
volume expansion) of hydrocarbon propellants, it can be concluded from the vapor pressure data 
provided in Figure 2.2-1 that ethane can only be utilized as a co-propellant in small quantities 
since its room temperature vapor pressure is above the pressure capacity of DOT spec 
containers. The hydrocarbon propellants with the neXt highest dispersion coefficients are 
propane and isobutane. The mixture of propane and isobutane required to achieve a pressure of 
180 psig ai 130 Of (327.6 K), consistent with a DOT spec 2Q container, can be determined from 
the proportion of partial pressures of each liquefied gas as follows (Figure 2.2-3 and Figure 
2.2-4): . . 

Propane Partial Pressure 

Isobutane Partial Pressure 

Propellant Mixture Pressure 

305 psi 

129 psi 

X 29% 

X 71% 

88.4 psig@ 130 °F 

91.6 psig @ 130 °F 

180 psig@ 130 °F 

At room temperature (70 °F, 294.3 K) the pressure ofthe propane/isobutane propellant mixture is 
as follows: 

Propane Partial Pressure 131 psi 

Isobutane Partial Pressure · 44 psi 

Propellant Mixture Pressure 

X 29% = 

X 71% = 

38.0 psig@ 70 op 

31.2 psig@ 70 °F 

69.2 psig @ 70 °F 

Aerosol cans typically have a product-to-propellant volume ratio of 3: 1 (i.e., 75% product and 
25% propellant)3 with a total volume limited by the full capacity of the stimdard size aerosol can. 
Due to the variable nature ofthe products marketed in aerosol cans, it is conservatively assumed 
that 50% by volume ofthe aerosol can is comprised of the propellant mixture. Additionally, the 
volume capacity of aerosol cans is assumed as the largest standard size ofU.S. cans, 872 ml, 
given in Figure 2.2-2. 

For a211x1008 (i.e., 0~-11/16 in. x 10-08/16 or 10-1/2 in. tall) standard aerosol can, the liquid 
volume of propellant is equal to 50% of 872 ml, or 436 ml. Based on the 29% propane I 71% 
isobutane mixture and using the liquid-to-gas volumetric dispersion ratios for each, the total 
released gas volume at 1 atm and 70 op is calculated as follows: · 

v ac_70F = (0.436litersX(0.29 X 272.3)+ (0.71 X 229.3)] = 105.41iters@ 70 ·p 

Conser_Vatively excluding any void volume within the SLB2, the available void volume to 
accommodate the aerosol can release is assumed to be equal to the void volume outside of the 
SLB2 and inside the TRUPACT-III CV (Section 2.1.1.4, Percent Contribution to MNOP), 
V cv_void = 2,354 liters. 

2 Air Liquide, Gas Encyclopaedia, New York, Elsevier Science Publishing, 1976. 
3 National Institutes ofHealth, Hou~ehold Products Database, http://householdproducts.nlm.nih.gov/inl!redients.htm 

2.2-2 
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The 105.4 liters of released aerosol gas is heated to the bulk average void volume (gas) 
temperature of 145.4 °F (63.0 °C, 336.2 K) based on 80 watts as summarized in Table 2.3-1. The 
released aerosol gas would occupy a volume, Yac, of: · 

V.c = (105.4liters)(
336

'
2 K) = 120.41iters@ 145.4 'F 

· 294.3 K . 

The release of aerosol gas (adjusted for heat-up to normal conditions) from one full aerosol can 
into the TRUPACT-III CV void space contributes a pressure, Pac, of: 

P.c = ( 120.4l~ters) = 0.051atm (0.75 psia) @145.4 "F 
. 2,354 hters _ .. · · 

Therefore, the percent contribution to MNO~ from aerosol can contents release into the payload 
is given as a function ofthe number of aerosol cans, Nac, as follows: 

% ~(N•c xP•c)x100=3.0xN 
mnop 25 • ac pstg . 

. The above equation conservatively accounts for aerosol can content release in the payload by 
assuming all aerosol cans are full, utilizing a propellant mixture consistent with the highest 
pressure capacity DOT spec container, assuming a 50% by volume propellant fill of the largest 
standard size .aerosol can, and ignoring void space available for gas expansion inside the SLB2. 
Table 2.2-1 summarizes the percent contribution to MNOP as a function of the number of 
aerosol cans in the TRUP ACT -III payload. 

Playri&11.l Prapmia of Parifoti Hytlrw11.rlxm PrafMllmls 

Pnopony ....... Pn- ""-· *\Jueq• ............. 
Formula C,H. CoHo C.H1o c.H •• C,Hn . 

Molecular Weight 30.06 44.09 ~8.12 ~8. 12 72 . 1~ 

Vapor PresNre (pol( at 70'F) 545 109.3 51.1 16.92 ·3.l 

Frcezins P..U.t ("F) (I atm.) -297.8 ·305.9 ·255.3 -216.9 -255.8 

Boiling Point ("F) (I atm.) ·127 .~ ·43 .7 10.9 31 .1 82,2 

SpocifiC Gravity (liquid) (60'F) 0.35 0.508 0.563 0.58. 0.620 

Sp<cilic Gravity (P')(~F) (Air • 1) 1.02 U5 2.01 2.08 2.51 

Critical Tempen~un ("F) 90.1 205.2 274.8 '305.6 370.0 
Critical Preaun: (pols) 707.1 616.1 528.1 550.1 tll2.6 
Critical ne ... ;ry (afml) 0.203 0.220 0.221 0.228 0.234 

Flash Point ("F) <·200 ·156 ·117 · 101 <'·60 
l.Dwer ExploaiYC Limit (v~ in air) 3.12 2.20 1.78 1.84 1.39 
Upper &plodve Umit (v~ Ia air) 15.0 9.51 8.10 B.lll 7.97 
Heat o( Combuorion (BTU/lb.) 22,190 21,620 . 21,298 21,S18 21,102 

Dilpenion (Ou at 1 atm and 70"F) 
From 11 (rnl) 795 510.2 414.0 400.6 n& 

From 1 ml (ml) 276••· 272.3 229.3 233.9 n& 

Solubility of Water In Pt-opeUcrit (70° F) 0.031 0.0168 0.0088 0.0075 0.0063 
SolubUity of Propellent in Watct: (70"F) O.OOB 0.0079 0.0080 0.0080 0.0084 

{w" at I arm) 

•u....ay.....w.m~ • ..,..pc~~--,.....•-.........a-.. 

Figure 2.2-1 -Physical Properties of-Purified Hydrocarbon Propellants 
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Stoittltud Sius For Thtu-Pi& A1t0sols · 

u.a.A. 1- 1....._ llrilafal 
N-lul 1.1.0.' c.--.ial ....... Capacity 

Dl.auloaa Di .... to •• Dooc"vU- 'WlleeUooll n.o.. .,) 

113 x313 43 x97 1411.045 . U.S.A. lit Europe 4.77 141 
113 >e411 4.5 xl19 175.045 U.S.A. &: Europe 5.95 176 
113x509 45 )( 140 210 U.S.A. &:Europe 7.10 210 
202 x200 52 "50 100.052 U.S.A. .5.3 102 
202 x213 52 x72 140.052 Europe•• 4.9 142 ' 
202 X 214 52.x 73 145.052 u .s .A. 5.0 147 
202 x307 .5 52 ><88 175 .052 Europe .. 6.0 177 
202 x.514 52 x98 190.052 U.S.A. 6.8 192 
202 x402 . .5 52 x105 210.052 Europe 7.2 212 
202 xto5 ni 52 x109 .,; 210.052 ni Europe 7.2 212 
202 x406 52 x Ill 225.052 U.S.A. 7.6 226 
202 ><413 52)( 122 245 .052 U.S.A. 8.3 246 
202 )( .503.5 52" 132 270.052 Europe 9.2 272 
202 x.506 ni 52xl36ni 270.052 ni Europe 9.2 272 
202 x509 52" 141 290.052 u .s .A. 9.8 290 
202 x514 dni 52 x 149 dni 300.052 dni U.S.A. 10.2 301 
202 x605.5 52 xl6l 335.052 Europa 11.4 337 
337 x608 ni 52 x 165 ni 335.052 nl Europe 11 .4 337 
202 X 700 .52" 177 .36!1.0!12 U.S.A . 12.4 3117 
202 "708 52 X 190 390.052 U.S.A. 13.4 391 
202 X 711 52" 195 40.5.052 Europe 13.8 407 
202 x804 52 ><209 4.50 .052 Europe 15.2 4.50 

205 >C 409.5 ni 57 x 117 ni 270.057 ni Europe 9.2 272 
205 x508 ni 57 x 140 ni 335.057 ni Europe 11.4 337 
205 x607.5 ni 57 x 16+ ni 40.5.0nni Eurape 13.8 407· 
205 x 802.5 ni .57 x207 ni 520.0.57 ni Europe 17.7 .522 
20.5 x 1020 nl · 57x257nl 6.50.0" ni Europe 22.1 6.52 

207.5 xH3 60 "122 330.060 U.S.A. 11.3 332 
207 .5 .x509 60 x1+1 390.060 U.S.A. 13.2 389 
207.5 X 512 '60" 146 405 .060 Europe•• 13.7 407 
207 . .5 x605 60 x160 450.060 U.S.A. &: Europe 15.3 +.52 
207 ,5 X 701 60 X 179 .500.060 U.S.A. &: Europe 16.8 498 
207 . .5 x705.5 60" 186 520.060 Europe 17.7 .522 
207 .5 x708 60" 190 525.060 U.S.A. 17.9 .527 
207 . .5 x7H 60 x 198 .540.060 U.S.A. 18.4 541 
207.5 x903 60 x232 6.50.060 Europe 22.1 652 

21l x407.5 65 "113 375.06.5 U.S.A. 12.6 373 
211 x410.5 GS X 118 390 .00~ Europe 13.4 397 
211 x'413 6.5 "122 405.065 U .S.A. a. Europe 13.7 404 
211 x510 65 x.142 4-70.06.5 U.S.A. 16.0 +72 
211 x604 65" 157 520.065 U.S.A. &: Europe 17.8 .522 . 
211 x617 6~ )( 171 565.065 U.S.A. 19.2 .567 
2ll x6J2 dni 65 x 171 dni 560.065 dni U.S.A. • Exptl. 18.9 "9 
21l "702 65 X 181 600.065 Europe 20.4 602 i 

211 )( 711 65 "195 650.065 Europe . 22.1 652 
2ll "713 65 x198 655.065 U.S.A. 22 .3 657 
211 x808 65 x2J.'I 720.06.5 U.S.A. 24.3 720 
211 x908 65 x238 795.065 U.S.A. 26.9 796. 
211 x909 65 x240 800.065 Europe 27.2 802 
211 X 1008 6.5 x 266 870.065 U.S.A. 29.5 872 
211 "111+ 65 x300 1000.000 Europe 33.9 1002 

300 x709 76 x 192 795.076 U.S.A. 76.9 796 
300 x709 ni 76 x 192 ni 780.076 U.S .A.· Expd. 26.4 781 

Figure 2.2-2 - Stanqard Sizes for .Three-Piece Aerosols 
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Fig.ure 2.2-3- Propane Vapor Pressure as a Function of Temperature 
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Figure 2.2-4 lsobutane Vapor Pressure as a Function of Temperature 
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Table 2.2-1 - Percent Contribution to MNOP from Aerosol Can Release 

No. of Aerosol Cans %mnojf 

1 3 

2 6 

3 9 

4 12 

5 15 

6 18 

7 21 

8 24 

9 27 

10 30 

11 33 

12 36 

13 39 

14 42 

15 45 

16 48 

17 51 

18 54 

19 57 

20 60 

21 63 

22 66 

23 69 

24 72 

25 75 

26 78 . 

27 81 

28 84 

29 87 

30 90 

33 99 
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.BNFL. 
Inc. 

Project: . AMWTP 
Project No.: K0105C 

PI No.:. Z-410-283 
Description: Supercompactor Glovebox 

Mechanical Data Sheet 

Site: Idaho Falls 
Area: Supercompactor Cell 

Category: UBC PC 2 
System No.: 4t.o · 

Data Sheet No.: 
No. Installed: 

%DUtY: 

EDF-0768 
Reference 4 
Page 15 of 23 

Sheet I of 2 

DZ410283 
1 

On Demand 

Functicm: J To provi<;ie a Zone 3 containment to prevent release of radioactivity and toxic substances whilst the process is 
carried out. · . . 

SUMMARY DATA UNITS 
Maximum Duty hp N/A 
Design Life year 15 
Failure on Demand - N/A 
Minimum Design Pressure . in.wg -4. (Glove box test depression) 
Maximum Design Pressure hi. wg +4(Testpressure) 
Minimum Design Temperature . op 50 
Maximum Design Temperature op 104 
Length ft & in. ·9'-7" Aoorox. -...... /IS' 

Width ft & in. 6'- 8" Approx. I rtu ~u • .ft >· 
Height ft& in. 9'- 10" Approx. l - lo" . I f'f 
Estimated Weight lb 5170 
Materials and Construction Stainless Steel 
Maintenance Maintainable components shall be of modular design/construction and allow rapid 

access for maintenance and removalfi-eplacement if necessary. Maintenance of 
components will be done through glove ports. 

Description: 
The supercompactor gloveboxjoins the top and bottom flanges 'ofthe press to form contain~ent. The trolley passes over 
the bottom flange interface . .The top edge to have a stainless steel bellows fitted to allow press expansion. 

Inputs: lidded drums for compaction 
Outputs: Compacts (pucks) 
Interfaces: Infeed Glovebox, Puck recovery glovebox, and supercompactor press 

Operating Environment: Zone 3, alpha contaminated 
Services: Electricity (Power & Control), pneumatic supply (80 psig ± 5%) 

liJL.I11 
~ I . ~ 

04/23/07 02 1 1, Godak 141"~/-7~ ~-~ ~ For permit 
01/12/01 01 M. Green E. Calvert D. Yew' For permit 
11/22/00 00 S. Mason E. Calvert D. Yew For permit 

Date Issue By Checked Approved Purpose of Issue 
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Shectl of 2 

I Description: Supercompactor Glovebox I Site: Idaho Falls I Data Sheet No.: DZ410283 . 
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Sheet 1· of 3 

Proiect: AMWTP Site: Idilho Falls Data Sheet No.: DZ410211 
Project No.: K0105C Area: Supercompaction Cell No. Installed: 1 
PI No.: Z-410-211 Cate2ory: UBC PC 2 %Duty: On Demand 
Description: Supercompactor Infeed System No.: 410 

Glovebox 
Function: 1 To provide a Zone 3 containment to prevent the release of radioactivitY and toxic substances whilst the 

process is carried out. 
SUMMARY DATA UNITS 
Maximum Duty hp N/A 
Des~ Life year 15 
FailUre on Demand - N/A 
Design Capacity drums per 24 160 (max) 

hour 
Minimum Design Pressure in.wg -4 (Glovebox test depression) 
Maximum Design Pressure in.wg +4 (Test pressure) 
Minimum Design Temperature ap 50 
Maximum Design Temperature aF 104 

Infeed Glovebox Dimensions ft & in. See sheet 2 (.. 70 +t;a 
Estimated Weight lb 21000 
Materials and Construction Stainless Steel 
Maintenance Maintainable components shall be of modular design/construction and allow rapid 

access for maintenance and removal/replacem.ent if necessary. Maintenance of 
components will be done through glove ports. 

Description: 
High integrity sealed glovebox, which will contain infeed conveyor, infeed turntable, drum elevator door, drum handler, 
compaction tt:olley, drum piercing station. 

•. 

Inputs: Lidded drums to Supercompactor 

Outputs: Lidded drums 'to Supcrcompactor 
Interfaces: Central Conveying System, Supercompactor, North Venturi Glovebox, Infeed Airlock Door 

Glovbox, Drum Piercing Glovebox 
Operating Environment: Zone 3, alpha contaminated 
Services: Electricity (power and control), pneumatic supply (80 psig ± 5%) 

~ /7...; A J / L'L 

5/17/04 05 T. Kelly n,_ _£/{/{__ lJ. ALU/v~A . ForCCR. 
10/27/03 04 S. Schulthies v Richard Beck · Phil Leatherbarrow . Issue for permit - CCR 
06/01/01 03 M.Ogden K.Shaw D. Yew For permit 
02/08/01 02 L Markiewka K.. Shaw D. Yew Forpemrit 
01/12101 01 M.Green E. Calvert D. Yew For permit 
1.1/22/00 00 S. Mason ·· E. Calvert D. Yew .Forpennit 

Date lsi\Ue By Checked Approved Purpose of Issue 

. . .. .. ·-_ .. ---r.....,_."-T--.... 1 ... 1---,~-r----:---.,jrri-----------~TI-r.t:--,r-__;_ ___ rlrl--:--
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Description: Supercompactor lnfeed 
Glove box 

Site: Idaho Falls Data Sheet No.: DZ41021l 

INfEBl 
AIRLOCK DOOR 

OOTEll 
AIRlOCK DOOR 

DRUM PIERCING &TAllON 

INFmJ 
TURNTABLE 

SUPERCOI.f'ACTIJR 

CROSS SECTION THROUGH INFEED GLOVEBOX 
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!Project AMWTP Site: Idaho Falls Pata Sheet No.: DZ410284 
!Project No.; K0105C J\rea; Supercompaction Cell . No. Installed: 1 
!PI No.: Z-410-284 Categqry: UBC PC 2 Yo Duty: On Demand 
!Description: Puck Recovery Glove box System No.: 410 
!Function: f;::: the upper puck handler area glove box and the press glove box and allows a separate area for puck 

SUMMARY DATA UNITS 
M:aximum Duty bp NIA 
Design Life year 15 
Failure on Demand - N/A 
Minimum Design Pressure in.wg ~ (Glovebox test depression) 
Maximum Design Pressure in. wg ft4 (Test pressure) 
Minimum Design Temperatw:e op ~0 
Maximum Design Temperature op 104 
.... ength ft & in. 4 '-6" Approx. ~ --. 
~idth ft & in. 3'- 4" Approx. 1.1)' J (fo).f-t-~ 

Height ft & in. 7'- 0" Approx. s- .T' / 

Estimated Weight lb 12,000 
Materials and Construction Stainless Steel 
Maintenance Maintainable components shall be of modular design/construction and allow rapid access 

for maintenance and removal/replacement if necessary. Maintenance of components will 
be done through glove ports. 

Description; · 
The Puck Recovery Glovebox will contain puck transfer equipment and toolS to allow re-working of puck to enable 
subsequent satisfactory puck handling operation. 

Inputs: Pucks, Liquid 

Outputs: Pucks, Liquid 
Interfaces: Supercompactor Glovcbox, Post Compaction Glovebox 
Operating Environment: Zone 3, alpha contaminated, some puck ~illage 
Services: Electricity (Power & Control), pneumatic supply (80 psig ± 5%) 

_..., A Jl I / 

5/17/04 03 T. Kelly ~./"'.A-. ..,....,.., f./MrrLL'. 1. v . ForCCR 
10/27/03 02 S. Schulthies I Richard Beck P. Lcatherbarrow Issue for permit - CCR 
01/12/01 01 M. Green E. Calvert . D. Yew For-permit 
11/15/00 00 S. Mason E. Calvert D. Yew · For permit 

Date Issue By Checked Approved Purpose of Issue 
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I Description: Puck Recovery Glovebox I Site: Idaho Falls 
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Gas Properties CDt.. 
Molecular Weight 

Molecular weight : 44.01 g/mol 

Solid phase 

Latent heat of fusion ( 1, 013 bar, at triple point) : 84.3 Btullb 
Solid density : 97.512 lb/ft3 

Liquid phase 

Liquid density (at -20 oc (or -4 °F) and 19.7 bar) : 64.4251b/ft3 I 
Liquid/gas equivalent (1.013 bar and 15 oc (per kg of solid)) :~ 
Boiling point (Sublimation): -109.3 oF 
Latent heat of vaporization (1 .013 bar at boiling point) : 245.52 Btu/lb 
Vapor pressure (at 20 oc or 68 °F) : 848.47082 psi 

Air Liquide, Gas Encyclopedia 
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lmplementing'Document: MP-CD&M-11.6 

EDF No.: EDF-0783 I Revision No.:O 

Title: Deflagration Analysis of Aerosol Can 
Propellant in the Supercompactor Glovebox 

Summary: 

I FMP No. (if any): NA 

Building/System No.: WMF676/410 

The conclusion from the first calculation determined that if the entire contents of 3 aerosol cans were to be 

released into the glovebox, develop a stoichiometric mixture, and ignite, the resulting overpressure (due to 

the entire 3 full can vapor cloud deflagration) would potentially develop an overpressure of 298.29 in wg, 

which is more than 50 times the design pressure. This ideal pressure deflagration event could likely cause 

severe structural damage to the supercompactor glove box . . The damage could be severe enough that any 

radiological containment associated with the glovebox would likely be compromised (lost). 

The conclusion from the second calculation is that one can (retaining approximately 5.7% (49 ml) liquid), if 

compacted and (under idea l stoichiometric conditions) resulting in a deflagration, would not exceed the given 

structural design of the supercompactor glovebox, when ventilation is operating at -1.5 in wg. Loss of 

radiological containment is not likely to occur. 

Effective mitigation of a collocated fuel/air mixture and ignition source is achieved through monitoring and 

automatic shutdown of the supercompactor. 

Additionally, there is not expected to be an ideal combustible fuel/air mixture migration to communicating 

areas that contain unrated electrical components. 

--~ur-.------·---~. 
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Implementing Document: MP-CO&M-11.6 

EDF No.: EDF-0783 I Revision No.:O 

Title: Deflagration Analysis of Aerosol Can 

Propellant in the Supercompactor Glovebox 

I FMP No. (if any): NA 

Building/System No.: WMF676/41 0 

~---------------·------------------------~--------------------------------------1 
Scope: 

AMWTP is evaluating the process of compacting waste drums containing unvented aerosol cans in the 

Supercompactor located in WMF-676. These cans may contain flammable propellant that, during the 

supercompaction process, is expected to be released into the supercompactor glovebox. Should the re leased 

propellant, in a flammable fuel/air mixture, f ind an ignition source, a vapor cloud deflagration within the 

glovebox would likely be the result. The temperatures generated during the supercompaction process are 

such that the minimum autoignition temperat ure of the propellant, which is between 450°C {842°F) and 

460 4 C (860 4 F) (ref. 2, SFPE Handbook, Chapter?, Table 2-7.1), is likely not reached. However, during the 

supercompaction process, there is likely to be ferrous metal on metal friction, which will create sparks. Sparks 

occurring during compacting is a significant and plausible ignition mechanism for a propellant/air mixture . 

This evaluation will analyze the overpressure effects, due to a vapor cloud explosion associated with the 

contents of 3 full aerosol cans, on the glovebox. 

The maximum volume of propellant {if ignited), that will not challenge the structural integrity of the glovebox 

is also determined. 

Analysis: 

Assumptions: 

• No explosion venting exists in the supercompactor glovebox (e.g. not taking credit for the venting 

effects of the ventilation ductwork), 

• The liquid within the aerosol can consists of 50% product and 50% propellant, (ref. 6), 

• The propellant within aerosol cans is flamfr!able and is 29% propane/71% isobutane (ref. 6), 

• Vapor cloud, which develops inside the glovebox, is a stoichiometr ic mixture of propellant and air, 

• During compaction operations, the glovebox is at -1.5 in wg (-0.004 barg) (ref. 5), 

• Initial pressure (Po)"' 101 x 103 Pa, 

• Initial temperatu_re (To) = 298 K, 

• Aerosol can volume = 872 ml (can volume chosen to be consistent with EDF-0768) (ref. 5, 6}. 
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Given: 

• Supercompactor maximum design pressure= 0.01 barg (4 in wg) (ref. 5), 

• The release ofthree (3) full aerosol cans (provided there is no combustion) will result in loss of 

vacuum within the glovebox (ref. 5), 

• Stoichiometric concentration of propane (Xpropane ) = 4.02% volume (ref. 3), 

• Stoichiometric concentration of isobutane (X;sobutaneJ = 3.5% volume (ref. 8), 

• Stoichiometric concentration of propellant (Xpropellanc) = 3.65% volume (ref. 8) (calculated: 

(4.02%)(0.29)+(3.5%)(0.71)), 

• Molecular weight of propane (Mpropanc l = 44.1 kg/kmol (ref. 7), 

• Molecular wejght of isobutane (Misobutanl = 58.1 kg/kmol (ref. 7), 

• Molecular weight of propellant (Mpropellanr) = 54.0 kg/kmol (calculated : (44.1 kg/kmoi)(0.29)+(58.1 

kg/kmoi)(O. 71)), 

• Volume of supercompactor glovebox (V) = 96.3m3 (3400 ft3
), 

• Molecular weight of air (M01,} = 28.8 g/mol, 

• Gas constant (R} = 8,314 kg m2/(s2 kmol K)=8,314 Pa m3/(kmol K), 

• Pp.ropane = 0.493 g/ml (ref. 7), 

• P isabutane = 0.593 g/ml, (ref. 7), 

• Ppropellant = 0.564 g/ml (calculated: (0.493 g/mi)(0.29)+(0.593 g/mi)(O. 71)), 

• Pmax·propane = 7.90 barg (ref. 1), 

• Pmax-lsabutane = 7.75 barg (ref. 8), 

• P propellar>t = 7. 79 barg (calculated: (7 .9 barg)(0.29)+(7 .75 barg)(O. 71)). 

• Liquid to gas dispersion; propane= 272.3 (ref. 5) 

• Liquid to gas dispersion; isobutane = 2t9.3 (ref. Sl 
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Calculation one of this analysis will determine the maximum pressure developed within the supercompactor 

glovebox, given a stoichiometric propellant/air mixture, vapor cloud deflagration due to the involvement of 

three (3), 872 ml cans at 100% capacity, of which SO% is propellant. 3 cans is used in the calculation because 

the result of the analysis from EDF-0768, Rev. 1, "Analysis of Compacting Lead and Aerosol Cans," indicates 

that 3 aerosol cans can potentially be compacted (assuming ventilation within the glovebox is operational and 

there is no combustion of propellant) without affecting the structural integrity of the supercompactor 

glove box. It is necessary to determine the effect on the glovebox due to a vapor cloud deflagration resulting 

from the release of 3 full aerosol cans. 

First, we need to find the molecular weight of the stoichiometric mixture of propellant in air: 

• Mmi.x = (Xpropellant)(Mpropellant) + (1- Xpropellant)(Mair) 

= (0.0365)(54.0 kg/kmol) + (1-0.0365)(28.8 kg/kmol) 

= 29.72 kg/ki.Il.Q! 

The stoichiometric mixture density is calculated from the ideal gas law: 

• 

= (29.72 kg/kmoi)(10ix103 Pa)/((8314 Pa m3/kmoi•K)(298 K)) 

=1.21~ 

Propellant mass required to fill the glovebox at stoichiometric concentration: 

• _ [Xprope.llan.tMpropellant] . V 
mo- M Pmu 

mix 

= [(0.0365)(54.0 kg/kmol)/(29.72 kg/kmoi)J•1.21 kg/m3•96.3m3 

=.z,:a.k_g 

- -· .. . .. ·---~--· 
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Total mass of propellant contained in 3 aerosol cans: 

• m propellant ;::; (3 cans)(872 mi)(0.5)(0.564 g/ml)(l kg/1000 g) 

Ratio of mass of propellant to mass required to fill glove box at stoichiometric concentration : 

• mprope/lontl m o ;::; (0. 738 kg)/(7. 73 kg) 

Max pressure with in the glovebox due to deflagration from the release of 3 full aerosol cans: 

(using the calculated value for Pmax- Po for propellant of7.79 barg) 

• Pmax-Po ;::; (7.79 barg)(0.0954) 

= Q.743parg:::: 298.29 _i!)_¥tg 

This e_~~§eds the 0.014 !;targ (5.5 in. ~g}maxjmum press.ure incp:a_s_g" 

Calculation 2 of(this analysis will determine the. maximum amount of propellant that could be released into 

the glovebox, develop a stoichiometric mixture, and ignite that would not cause damage (i.e., be within the 

maximum supercompactor glovebox design pressure) to the glovebox. 

Set Pmax-Po = 5.5 in wg (0.014 barg) 

Determine new mass of propellant to mass fraction of propellant that will not exceed glovebox design 

parameters: 

• Pmax-Po = {0.014 barg) = (7.79 barg)(x) 

Solving for x : 

x.;:; O.OQ18 
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Total mass of propellant that will not exceed glovebox design parameters: 

• mpropellont = (mo)(0.0018) 

= (7.73 kg)(0.0018) = 0.0139 kg= 13.9_~ 

Total volume of prop~llant that wil l not exceed glovebox design parameters: 

• Vpropellant = (mpropeilanJ/(PpropellanJ 

= (13.9 g)/(0.564 g/ml) = 24.65 ml 

Total amount of propellant initially in one aerosol can 

V propellanr 872. mi*O.S = 436 ml 

Portion of 1 can that will not exceed glovebox maximum overpressure design pressure (if deflagration of 

stoichiometric propellant/air mixture occurs): 

This relates to approximately 49 ml (aggregate) observable liquid. 

The only concern is a deflagration outside the compactor collar. According to AMWTP Engineering, the inside 

volume of the mold when compaction starts is between approximately 69 and 72 gallons, depending on the 

height of the drum. Subtracting out 55 gallons for the drum gives 14- 17 gallons of surrounding air space. 

The air within the drum itself is neglected, under the assumption that most of it will be evacuated prior to 

building enough internal pressure to breach the aerosol cans. This volume (14 -17 gallons) is sufficiently small 

so that the pressure created by a deflagration, due to the ignition of a stoichiometric fuel/air mixture, is well 

below that necessary to challenge the glovebox design. Also, qualitatively, the collar will act to suppress any 

pressure rise within the collar. 

Because the primary mode of ignition is sparking developed in the waste matrix during supercompaction, 

admJnistrative and/or engineering controls may be implemented th?t would decrease the probability of an 

ignitfon. These controls may allow the volume of observable liquid to be increased, given the overall risk is 
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accepted by lTG management and the maximum possible fire loss, as determined by RPT-ESH-012, WMF-676 

Fire Hazards Analys is and Fire Safety Assessment, does not exceed limits outlined in DOE STD-1066, Fire 

Protection. 

The control that is evaluated in th is EDF is that of lower explosive limit (LEL) detection with automatic 

shutdown of the supercompaction process. This method was chosen as it is meant to eliminate the ignition 

source (i.e., sparking during the compact ion process) at the time a combustible fuel/air mixture is present 

within the glovebox. 

The gas detector chosen for this control is the MSA, Ultima XIR Gas Monitor (this may change based on 

feedback from MSA). It can provide an output signal so that automatic shut-down of the compaction process 

can be achieved (i.e., without human interface). This detector model provides a readout directly on the 

monitor in addition to the abil ity of the monitor to transmit the percent LEL to a remote location. The 

environment within the glove box is normally inaccessible for maintenance and calibration activities. Routine 

calibration for the MSA detector does not require cal-gas and the zero adjustment meets the requirement for 

full calibration. However, it is recommended that calibration gas be used, as part of the system operability 

test, for the initia l monitor calibration. The detector is immune to poisoning and the detector life is not 

reduced from gas exposure. The detector automatically compensates for humidity and temperature changes 

and is capable of operating in high gas and low oxygen environments. 

Field-selectable algorithms can be set, for this detector, so that a variety of hydrocarbon-based gases can be 

detected. This is critical as the actual propellants with in the aerosol cans are not known. The most common 

hydrocarbon based aerosol propellants include: 

• isobutane (flammable limits 1.8% - 8.44%) 

• n-butane (flammable limits 1.86% - 8.41%) 

• propane (flammable limits 2.1% - 10.1%) 

• methyl ethyl ether (flammable limits 2.0%- 10.1%) 

• dimethyl ether (flammable limits 3.4% - 27%) 

The alarm calibration is based on theIR absorbing properties of the gas, as well as the concentration. For the 

propellants li§ted above the calibration should be based on butane, which has very similar properties to 

-~-----
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Once the detector goes into "alarm" (i.e., flammable gas is detected greater than some fraction of the LEL) 

and the compaction process is automatically stopped and criteria for restart will be established. This, at a 

minimum, should be that the detector has cleared and is no longer in "alarm." 

For proper detection of flammable gases, and to minimize nuisance alarms, the detector will be located, 

within the glovebox, based on consultation with Engineering. The philosophy for placement of the detector 

and the alarm set point is that prior to detector activation (given the devefopment of a fuel/air mixture that 

may challenge the design parameters of the glovebox), the mixture inside the collar (where the potential 

ignition sources are) is not within the explosible range of the fuel. The compaction is shut down (thus 

el iminating ignition sources) well before an explosible fuel/air mixture develops within the collar. 

Because there are electrical components that are not rated for hazardous locations, in spaces that 

communicate with the supercompactor glovebox, this analysis will determine if a fuel/air mixture will develop 

in the presence of these components. 

Based on a propellant mixture of 29% propane and 71% isobutane, the volume of the propellant gas is as 

follows: 

• Vnquid (per can)= 0.50 x 872 ml = 436ml = 0~01Sft3 

• V90, (total)= {3 cans)(0.015 ft3)[(0.29)(272.3) + (0.71)(229.3)1 

• Vstoichiometric = 10.88 fe /0.035 = m . .J. fi 

• vLEl. = 10.88 ft3 /0.018 = §..04.4ft: 
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If we look at the Vm as a sphere, centered at the top of the collar (where propellant will be discharged), the 

radius due to this propellant "cloud" would extend 5.25 ft. radially. All non-rated electrical components are 

outside this distance. 

1--:------------------------------------------------------------------------------i 
Summary: 

The conclusion from the first calculation determined that if the entire contents of 3 aerosol cans were to be 

released into the glovebox, develop a stoichiometric mixture, and ignite, the resulting overpressure (due to 

the entire 3 full can vapor cloud deflagration) would potentially develop an O'll._erpressure of 298.29 in wg, 

which is more than 50 t imes the design pressure. This ideal pressure deflagration event could likely cause 

severe structural damage to the supercompactor glove box. The damage could be severe enough that any 

radiological containment associated with the glovebox would likely be compromised (lost). 

The conclusion from the second calculation is that one can (retaining approximately 5. 7% (49 ml) liquid}, if 

compacted and (under ideal stoichiometric conditions) resulting in a deflagration, would not exceed the given 

structural design of the supercompactor glovebox, when ventilation is operating at -1 .5 in wg. Loss of 

radiological containment is not likely to occur. 

Effective mitigation ot a collocated fuel/air mixture and ignition source is achieved through monitoring and 

automatic shutdown of the supercompactor. 

Additionally, there is not expected to be an ideal combustible fuel/air mixture migration to communicating 

areas that contain unrated electrical components. 

L--------------------------------------------------------------··-··-------------' 
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J Sinyl.,..bO<'Ird deslqn for ultimate reliability 
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produ~t visibility 
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Benefi~s 

Nu¥<Jd~ calibration; zero adj.~IS'trnent meets requirement 
for full calibration 

Extremely f;m rc>sponse speed (t90 <- 2 sed 

Ot!.sig.ned without ~intered disk for optunum pP.rformance 
in h<m>h. of()horc envir<mments 

Operates over extended remoerature ranges 

Immune to poisoning 

No sensor Jlfe rr:duction from g;n exposure 

Automatic compensation fer humidity and temperarure ch•nges 

Operates in high g;15 ar1<l low oxygen environment.> 

The Safety Company 
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The Ultima XlR Gas Monitor is • microproce~>or ·based, 
Infrared point ga.• detector tor continuous monitoring of 
combustible g•<I!S and vapors. Designed around • rugged, 
316 stainless steel enclosure, tt>e Ultima XIR Monitor has 
multiple entries for maximum fl~xlbillty. 

Ultim• XIR Mon•tor operatfon is based upon dual· 
wavelength, hL>ated--optia technology, providing definitive 
compens.Jtion for ternpcr.nurc. hum1dity, and agmg efferu. 
IR tec;hnology offers excellenr long-term stability, eliminates 
the need lor frequenr Cillibrations, and reducm overall cost 
ot ownership. 

Principles of IR Technology 
The Ultima XI Gds Monitor use~ an electJonic.aily 
moduliucd Infrared energy wurce •nd two dete~;tors that 
conv~rt Infrared energy into eiectncal si<,Jnals. Each 
detector is sensltlvt! co a different range-of wavelengths in 
the spe<trum·s infrared portion. 

n,e sou ret>""''"'"" i• direCTed t~.rougi) a main enclosure 
window Into an open volume. A mirror at the end of this 
volume. protectl'd by • second window. directs er.erc;y 
back through the m•in enclosure window and onto the 
detectors. 

Combustible gas presence '" the open volume will reduce 
the source emisMon iot~ nsit:y r.mlthiny lhe analylica~ 
detector but not the source- cmi5sion intensity 1eac.hfng the 
re'f'ere:nce-detector. The. mu:roproce.ssor mo_nitors the t41tlo 

of these· two signals and cor<elates this rauo to a 'lbLEL 
combustible redding. 

Ordering Information 

All Ultima X Series Gas Monitors are manuf.ac.tuu~.d using 
MSA's Assemble-T o-Qrder !ATOJ process. For further 
infOrmation on th«l Ultimo X Series Gas Monitors, 
see builetin.s 07 ·lOS l · MC and 07- 2054-MC • 

..,,.-t ~t\~~mt:tW.t • ........ MMf.~...,ri~r!l~~~~ 
<1'!10or'l\*""-~i!>.,.ll""-'bl<tt.lt~,~~ .. , .. ~~. ~-;,., 
rooc;~.n\l.Jollli ,..,., iitti~k.{.U.I11:Ui«!lf 'tu'••"M~~«hwu·"'-•~~~ 
~!f~!Oob.M"'·'~-·FWID!t~.l•'l i''"-IJ(N')"~::MIJ 
~<t~j!t;Cif(,r.ul~i;!"~'\J!Ut.'!r~i~t-QI<~I..,.,.j(~I'M~. 
~I()N;~Ji.."'!(!Y..,..,.~~·~•~U·ii'<~Wt~t~W\ r ft'-t> 
.. ,.,:.,..ut~n..~"""""Wll.t,o~~,.utu;,e"~t\. 
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MiA 4:.4floO~~~C·
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(r,,~Jli~P"'-t~ 

nwo.. 1V--n&-~ 

1.1,.-J...t;;.lt"'_,-~.C.-.t.w 

~ J.V'I_,flot$,\.flflt 

r-. 1 '1D4~tutt 

!liSA C.. .. 
l'ftuo!• 1-~1· 1211" 
r.a I·UO.!Ni'·tllt& 
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Curwt1l Ordw ----
Wlring fli:quJrf'mcnts J•wue-____ ...:;__..;.. ___ .1--·---------···----

Signal Outpul 4-·lOmA l--wtt(l' r:un~\1 \I.Jl Jn'P. 

Condutt· Er'ltfies 
Onr ~N1try. V4"' Nj:)-1 (l1.0S mmt 
Vfldl- (~t iOf~ll ( Oil<ltU i 

-·---+----··-----····-··------······ 
Pl\y.k<>l 
WeighT 

Dimensions 

'\ ~b \ IJU)ie'.:ii l 1c-t:l 

bim.Q7ilq} 
2.5' dio • !r long {<)4 ~ ?OJ nunl 

t.FMVY t. tJtti!;' CSA 
Cia"'· !Jlv. I ood 1. ('rouns A II. C. & D 
Ckm II. O.v 1. G<oup> E. F. & G 
Gmlll 
1'\N~IISA ll' 13.01 
CSA (])} t-.>. 1 '.2 Cornhusnb;o 

Approv;:;l RiJting:; (;01 5- Pttrorm.cnc.~, Oilt.~ l Div. J 
and tlr-oup~ B. C. & 0 

IIUAMMil,_ 
~ o•N»•Jt?lli 
r.u l~•U.)f.l11M~ 

Ml-Atllf.-t.,..tlonilll 
f'bQnc 1J4·'m42f 
ttll:••kl , , ._, .• TJ· nn 
f'.n. ·u .-r .. Hut 

(t EMC Olrecrt\'t': H'J/J lii/EEC. 
(f "n.x ll!recnve 94/9/K " 7.G Eb d 

Ottlc:es .and reprtsenlaU\J'eS woddwid~ 

""""''""' "--JO''~ 

The Safety trompany 
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fi!i§¥1 Ultima® XIR Gas Monitor Quick Start-Up Guide 
Th• Saf•ty Comp4ny 

A WARNING 

This Guido is not a substitute for the manual 
contained In the Product Llteraturn CD. The 
Ul~ima X Series Gas Monitor Manual must be 
carefully read by all individuals who have or 
w i ll have the responsibility for using or 
servicing the product. Failure to follow this 
warning can result In serious personal Injury 
or loss of life. 

1. Remove the lid and the electronics from the 
enclosure (FIGURE 1 ) . 

2. Mount the enclosure in the desired location and run 
wiring to the enclost.Jre Pf'Jf instn.Jc1ion.s on the 
enclosed Installation Outline Drawing. The XIR 
sensor snould be mounted horizontally as shown in 
FIGURE 1 . 

3. Connect 8 to 30 VOC power lead to JS-1 
{FIGURE 2). 

4 . Connect the s1gne1 ground w1re to J8-3. 

5 . Connect Jtl-2 to the 4 - 20 mA input on remote 
system. 

6. Connect the sensor module to J-1 on the main 
pc t>Oar<J. 

7 . Wire lor optional acknowledg" push-button (J10) 
and/or optional relays (FIGURE 3). 

8. Connect the optional HART tlanier to J9 (FIGURE 3). 

9 Assemble tho elecrromcs assembly and the lid on tlle 
enctosun~ . 

10. Apply pO'.ver and obsarve lhtt t.:CO as >JIJ segments 
light, sortware verston displays. and a 30-second 
(sell-check) countdown occurs. 

11 . After 30-second countdown. observe tllal the gas 
type and gas concentration alternately display. 
(For units w1th LEOs. green LEO is ON and red LED 
is OFF). 

12.Perform a gas check to ensure proper operation . 

Optional 
Hart port 

Q.MINF SAFETY APPLIANCES COMPANY 2008 
(L)REV I IS"L001-011 

Figura 1 

Figure 2 

Figure 3 

Optio nal 
barrier 

connenor 

PO BOX427, PITTSBURGH, PA 152:)() 
10043255. 
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