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KRNI 1

- ABSTRACT
This i:eport discusses a thermal shock method developed to
remove high explosives (HE) from around the pit, detonators, and
detonator cables in the W48. The method alternately heats and
cools the unit using liquid nitrogen and water until the HE

cracks and comes off.

The results show that the pit is freed by the thermal shock
method. The results also show that it is a safe procedure that
does not change the density or composition of the HE.
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These tests showed that some thermal shock methods can be used to remove HE from
a W48 pit. The method used on Unit 4 (or slight variation thereof) was chosen for
the remaining tests because of its simplicity and effectiveness.

MEASURING TEMPERATURES WITHIN THE UNIT DURING THERMAL SHOCK

Since the thermal shock method involved the sequential immersion of explosive casings
in LN, followed by hot water or steam, concern about possible damage to the pit
arose,

The wunits were instrumented with thermocouples to measure the temperatures within

the uring _the thermal shack procedure (Figure 3). _Eight thermocouples were

i { The temperature versus time graphs for
are presented in Appendix A.

Yo

DoE

The four tests were conducted as described in Table IL. L(33
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During these tests, the temperature never became severe enough to damage the pit.
We sent our data to LLNL for further analyses. They sent a letter back saying,
"Nothing to date indicates the weld will fail as a result of the thermal shock process.
In addition, most of the development thermal shock tests have been done | DG[

- | L(3)

i . T A |

LLNL also requested density and composition information on the HE. Unfortunately,
the HE was cracking into very fine pieces, making it difficult to get good density
measurements. We decided to run separate tests to gather this information.

DENSITY AND COMPOSITIONAL STUDY OF HE AFTER THERMAL SHOCK

The density and compositional data from HE in stockpiled W48 units is gathered every
year. At LLNL’s request, we conducted a study to determine whether the thermal
shock method would change the density and/or the composition in these units.

Eight simulatedk '{&’48 units underwent thermal shock treatment 50{
and were analyzed for changes in  density and composition as a result of the fb(‘sj
disassembly process.

Test conditions for the eight units follow in Table IiI.

1. Letter from W. H. Hubbell, Lawrence Livermore National Laboratory, to D. W.
Garrett, Mason & Hanger - Silas Mason Co., Inc. (August 28, 1987).
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Mag Cap

HE

Figure 4. Initial Container Configuration
Mag Cap
HE "
Figure 5. Final Container Configuration
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50( LLNL required that the: ‘\}not go below O0°F. The thermocouple in
5(33 that area (No. 1) experi€nced temperatures from 70 to 120°F, which met their require-
ment.
All cores were analyzed by the Quality Chemistry Laboratory.
Analytical Core Density Determinations for Thermally Shocked PBX 9404
The eight simulated W48 units that underwent thermal shock treatment were analyzed
for changes in density as a result of the disassembly process. The first and second
sets of cores, described in Table III, were identified as top and bottom, respectively.
A set of cores from a W48 pressing that had not undergone thermal shock was used
as a control in the evaluation. Hydrostatic density determinations were performed
for the 17 sets of cores, and the average value for each set is shown in Table IV.
Table IV.  Average Core Density
Mag Cap
—Unit No. Serial No. Top _Bottom _Average
‘-1
Control , |
1 49356*
-~ 2 63704*
YoE 3 63078
(3‘) 4 63992 |
b 5 63650 |
6 49663
7 49356*
8 63704*
Average !

*Indicates a mag cap serial number which was used twice in the experiment.

-12-
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Analysis of variance was applied to the data and significant differences between the
units and between the top and bottom sets exist at the 99% level. Hydrostatic
_ density measurements have an uncertainty of about 0.3 mg/cm® and even though there
was a statistical difference, the differences were very slight and considered to be
negligible.

Chemical Analyses of Thermally Shocked PBX 9404

Since HMX, RDX, and nitrated diphenylamine particles are small relative to the width
of the thermal gradient, which moves through the PBX when it is exposed to LN,,
quantitative analyses for these compounds were not performed. Binder analyses were
performed since the polymers are of considerable length. Compositional analyses for
chloroethyl phosphate, nitrocellulose, and nitrogen in nitrocellulose were performed for
the first three thermally shocked units versus the W48 pressing (control). The
results are presented in Table V.

Table V. Binder Compositional Analysis for the First Three
Simulated W48 Units and Control

Percentage Percentage Percentage

Unit No. CEF NC N in NC
Control 2.71 3.37 10.50
1 2.72 3.29 10.63
2 2.69 3.20 10.76
3 2.77 3.17 10.91
Measurement
Uncertainty 0.23 0.19 0.20
CEF = Chloroethyl Phosphate
NC = Nitrocellulose
N = Nitrogen

Analysis of variance was applied to each analysis and no significant difference was
found between the units and the control at the 95% level.

Molecular weight determinations of nitrocellulose were also performed for these units
and the control (Table VI). Sampling of the stockpile for this analysis is unique in
that one sample is taken from a central location and another is obtained near the
periphery of the aft charge. The samples used in this analysis were from the forward
charge analytical cores.

-13-
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Table VI.  Molecular Weight Analysis for Nitrocellulose
in the First Three Simulated W48 Units and the Control*

Unit No. My, Mp
Control #1 14120 3413
Control #2 14018 3466

1 13418 3481
2 12488 3344
3 12579 3398
Measurement
Uncertainty 983 155

*Values are based on polystyrene calibration standards.

My
Mj

Weight average molecular weight
Number average molecular weight

ANOVA results showed a significant difference in the M,, values at the 99% level
without a significant difference in the M; values at the 95% level. Further calcula-
tions involving Tukey's Honest Significant Difference (HSD) show units 63078 and
63704 were different from the two control samples. A change in M,, values without a
coincident change in M, values indicates that the longer molecular chains were
broken after being subjected to thermal shock. ’

The next five simulated W48 units were thermally shocked but under a less severe
process. These units were evaluated for molecular weight changes in an identical
fashion as above, but with only one control sample as shown in Table VII.

Table VII.  Molecular Weight Analysis for Nitrocellulose
in the Last Five Simulated W48 Units and the Control

Unit No. My, M,
Control 14522 3622
5 14664 3590
6 . 14350 3634
.1 14810 3634
8 14513 3575

The results are very close and no statistical difference was observed.

In summary, the thermal shock method has negligible effects on the density, chemical
composition, and molecular weight of PBX 9404.

During these tests, LLNL requested that we also try to save the detonators and their
cables while the unit was going through thermal shock. We elected to wait until the
process was transferred to the Pantex Production area before trying this.

-14-



THERMAL SHOCK TOOLING TRYOUT FOR PRODUCTION

*The thermal shock method was ready for transfer from__development to productio bOé
Three simulated assemblies, containing PBX 9404 explosivei \ 5(3\
were sent to production to check out the thermal shock process and tooling. One’

unit had thermocouples and strain gages bonded to the pit to gather strain data.
These data were intended to reveal if the pit was in danger of cracking during the
thermal shock process. At the request of LLNL, we would also try to save the
detonators and detonator cables by means of a protective cap (Figure 7).

—

The pit did not crack, we were able to protect the detonators and detonator cables
from O0°F temperatures, and the transfer to production tooling was successful.  The
strain gage results satisfied LLNL that the pit was safe from thermal shock damage.

-15-
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CONCLUSION

This study showed that a thermal shock procedure can be used to safely remove HE
from the W48 pit and not harm the detonators and detonator cables. The study also
showed that the procedure does not affect the density or composition of the HE.
This procedure also uses less time (4 hours versus 48 hours) and DMF/acetone (0.71
gallon versus 10 gallons) than the previous total dissolution method.

The thermal shock method has been transferred from development to production. In
May 1988, Nuclear Safety approved the method and in June 1988, the first surveillance
unit was disassembled.
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APPENDIX A

Unit Temperatures During Thermal Shock
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