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CONTAINED HIGH EXPLOSIVE FIRING FACILITY (CHEFF)"

H. L. Stacy, W. L. Scitz and Jerry Wackerle
Los Alamos National Laboratory
Group M-7, MS P952
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A cylindrical vessel capable of totally containing the products and shrapnel resuliing {from the detonation
of 10 kg of TNT (or cquivalent) has been designed and built by Southwest Rescarch Instituie for and
according to the requircments of the Detonation Systems Group (M-7) of Los Alamos National
Laboratory. The vessel is 6.0-m long by 3.6-m diameter and is manufactured of 50-mm (clliptical end
caps) and 38-mm (cylindrical walls) thick high-strength sieel (11Y-100). The cylindrical walls of the
vessel are lined with 12-inm thick replaceable steel plates for shrapnel protection. The loor is miade of
steel-covered concrete. Ten large-aperture (254 mim) optical ports are available for instrumentation and
four ports are provided for cabling and plumbing. Two qualifying detonation tests of 8.8 kg of C-4
explosive (ciynivalent to 10 kg TNT) have shown that the maxinium strain prodi ced is less than 78% of
the elastic limit. The vessel is iustalled in a converted ontdoor firing facility that has been nodified to
include an insulated and hicated mictal building to honse the vessel and additicmal instrumentation, A
computer-based system for data acquisition, firing control, and the monitoring of vesscl response is
described.

INTRODUCTION

With the incicasing cost of firing explosive
cxperimaens, i efficicm acthod of gathering
more data from a sinple experinient is nceded. 1t
seems logical that if the experiment can be placed
in the center of a room and smrannded with
diapoostics, pdher thim lookisg, Qaongh a single
port window, that more da can be obtained
Som each  experiment. The center of the 1oom
idea led to the comtaimnent vessel coneepr, Tl
contaimment vessel provaoles o confipiation
siatable for swrromutiap the experiment with
diagnostics and lends iself more casily to
experintents thay mmst ave tight coviromuental
contiols tim lllu-(‘.\' nfn.lnnrlhrim'_. The cun.l:lim'ul Figme 1. M 7's Cantained Pigh Explusive
approach to firing is envitonmenally fricmlly ) Fiviag, Facility (CHEFE).

g s not the answer o all explisive testing., ' '
Tlese comeepty cae the proveaatap sdeis beloand

the Comained High Explosive Fiving Facility VESSEL DESEIN AND FARRICATION
(CHEEE). A plutopiaph of CHERFF i1s sliown in
Fipane 1. In 10, the Detogaaion Syaeas CGonepe (M)
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with Southwest Research Institute to design and
fabricaie a cylindrical vessel capable of totally
contaiming the products and shrapael resulting
from the detonation of 10 kg of TNT (or
cquivalent). Certain requiretnents were specified
by M-7, such as ten large-aperture (254 mm)
optical ports, four ports for cabling and
plumbing, and limitations on the physical size
and weight. Southwest Research Institute
designed a 68 metric-ton vessel that is 6.0-m long
by 3.6-m diameter manufactured of 5C-mm
(clliptical end caps) and 38-mim (cylindrical
wills) thick high-strength steel (HY-100). The
cylindrical walls are lined with 305-mm square
tilcs that arec made of 13-mm thick neoprene
covercd with 13-mm thick steel for shrapnel
protcction, as seen in Figure 2. The tiles are
bolted to the inside walls of the vessel and are
designed 10 be replaced when necessary. A 2.1-m
by 1.2-m dvor located in one of the clliptical end
caps provides for easy . rcess. The large physical
size of the door prevent: the vessel fromn being
considered a confined spiace. Air circulation in
and ont of the vessel is provided through two
152-nnm diancter tubes with butterfly valves on
cach mbe. An 8.5-m3/min fan on the exhaust tube
provides circulation of fresh air through the
vessel and removes particulate matter from
exhansting gases by using IHEPA filiers.

Foyuae 2 lmtaror view of ale coaammnent
vensel slowiap, the replaceable tiles,
e cald cap coutioaag tlee oy
home, and poseet sappeerts,

Blast loads in the vessel consist of both a
shock loading phase and a quasi-static gas loading
phase. The quasi-static load is predicted with
confidence using empirically-based data [1). The
shock loading phase is much more difficult to
predict because of the reverberation of shock
waves within the vessel. Therefore, the shock
loading was predicted using a combination of
blast predictive methodologies and explosion test
data from a similar vessel. Similarly, the
response of most of the structural components to
the blast loads was calculated using simple single-
degree-of -freedom dynamic response methods.
However, the response of the door, door frame,
elliptical end cap, and cylinder (in the axial
direction) are coupled and, thus, required a more
comnplicated multi-degree-of-frecdom dynamic
analysis to predict the response,

TESTING

M-7 required that three air leak tsts and two
10-kg TNT-cquivalent explosive tests be
conducted to qualify the vessel for acceptance.
To confirmn the design parameters and check the
manufacturing process, Southwest Research
Institute impleniented  additional tests tha
inclnded a hydrostatic, several low pressure air,
and additional small-scale explosive tests. All ihe
testing, thus far, has taken place at the Sonthwest
Rescarch Institine facility in San Antonio, Texas.
All tests were monitored nsing strain paages,
pressine  ganges, displicement pavges, and
thennoconples.

The explosive tesis were divided into two
distinet v povies. The first caegory was e
prelimitcuy tests, whiclh inclnded two 227 kp,
and ane 4,54 kg I'NT cquivalent explosive
experiments, that were used to calibrate the
nsmmnemation, check reproducibility, and check
desipa calenlivions, The second eatepgory was the
qualifying tests, whiclh ichuled iwo 10 kg TNT
ciprivaleia (B8 kp C ) caplisive experiments
il Tolloweld by the air leak test el
above. All rxplosive clinges were spdietical
sepe o positamied wt the peoaehieal cewer of
N vereael whea detoniaed.,

Tldaay Haee st paages, ane stdie pnesane
page, two qruist st pressie panges, fong



blast pressure gauges, three displacement gauges,
and two thermocouples were used for each test.
Three of the blast pressure gauges were located
in areas where high pressure was indicated by
standard blast pressure calculations [2]. One
gauge was located in the center of the elliptical
end cap (opposite the door) and the other two
gauges were in the cylindrical wall, on opposite
sides of the vessel and in a vertical plane with the
cxplosive charge. The last blast pressure gauge
was located in a low pressure arca and used for
coniparison with the other blast pressure gauges.
Strain gauges were Iocated in areas that included
most of the geomctrically different regions of the
vessel, with a high concentration of gauging in
arcas of greatest calculational uncertainties, such
as the arca where the door frame intersects the
clliptical end cap (sce Figure 2),

The hydrostatic test involved filling the vessel
with approximately 50 m3 of water and then
gradually pressurizing it ta the 5.4-MPa design

pressure. Measurements of strain for several
previously determined pressures were compared
to the predicted values. The hydrostatic test also
checked the integrity of the vessel's construction
before the stecl-covered concrete floor was
installed.

The air leak tests consisted of pressurizing the
vessel to 1.1 MPa aad verifying, over a four
hour period, that all observed pressure changes
were temperature induced. A total of three air
leak tests were performed, one before any of the
explosive tests and one after each of the two
qunalifying explosive tests.

All experimental mcasurements were in good
agrcement with calculated values. Table | gives a
summary of mecasured peak amplitudes obtained
from the cxplosive testing. Considering each
specific geometry, the highest stress ~alculated
from the mcasured strains w. s less then 78% of
the elastic limit (690 MPa) of the steel nsed. The
fact that there were no air leaks aficr the large

T'able 1. Swinmary of Mcasured Peak Amnplitudes for LExplosive Tests

Location” 2.27kg TNT 227kg TNT 4.54kgTNT I0kg TNT 10kg TNT
’ Test Test Test Test Test
Strain A 527 A 522 A 1133 A 2222 2282
(mi/m) B >-400 -580 886 1429 1188
a1l 415 811 1118 1037
Peak A 136 134 271 521 532
Stress "‘ 1108 . |76A 299 419 430
(MI') ( 108 103 127 242 216
st T 119 16?2 128 4.4 6.55
(MI%) ( 117 118 6.0 11.6 145
Quasi stanc ) 02 9, : )
e (M) | . 0.2 043 0.8 0.
Gias ) : . ,
Temperatine("C) P 24 1% iR
Dasplacerem II\ (I,"'};_: :(‘:l‘ ()'{2 ‘l' 8*;
(1inn) I 0,10 068 | .

*A Doo Ceraer, It Cylushaal Hewl, C 0 Caenndeaencee at Cemer of Cylinder, 1 Taenal toale Vessel,
o Fdpe of iles Docn cn the Hoizond Cemer Line, 12 Do Friane on e Haizonal Center e

A - : ) .
Nepaive Vidnes Tacdhieate Cocapression



test demonstrated that the seals, gaskets, and the
port glass will withstand the pressures and shocks
of multiple full-scale experiinents.

FACILITY

The vessel is installed in a ccavened outdoor
firing facility that has been modified to include
an insulated and heated metal building to house
the vessel and additional instrumentation. The
ontdoor firing site was built in the mid 1950s and
lhad a small load limit of 2 kg, dictated by the
proxiutity of other inhabited structures [3]. With
the addiiion of the vessel to the firing site, the
load limit was incrcased from 2 kg to 10 kg
witliout endangering the other inhabited
structures and actually decreasing the sonnd level
at thesce structures. As a part of the renovation
the clectrical service was brought up to wodem
code by a complete rewiring of the firing
site. This renovition has made CHEFF a clean
modern facility in which to conduct explosive
experittients.

A compiner-based control system is currently
under development. ‘This systemn will not only
monitor the vessel perforinance and operating
controls, birt it will also be an integral part of the
dati-piahering capabilities of the firing site and
imterlock-munitoring  system for the firing
controls, The data-gathering  capabilities  of
CHEFE inclnde, bt are nor limited to, laser
velochimeny capadulities [4 1], digital oscilloscopes,
streak caneras, image mtensifier cameras,
Fiaming, cieweras, and digitizers, The operation
of e wsinanentation will be comrolled and/or
woaitoned by the compiter system, Dipitizers
aml digind oscilliscopes not nsed on oy piven
cxperiment wi.! be nsed o aamitor the
pedmnanee of the vessel by ieastaing, stians.
The pwciaaed sivams will he snalyzed amd placed
mto o dbdda base so that any o term
deteaotadioa of the vessel qalepaly can be
tleteanel,

CONCTUSIONS

ymbaacd Tatag poovides ot al solation
1o dhe maeieaag, cost of peformay explosive

experiments and the encroachment of civilization
on what were once remote firing sites. When
CHEFF comes on line in late 1993, it will give
the Detonation Systems Group (M-7) an
invaluable tool for explosive experimentation
that will not only be cost effective but also
cnvironinentally friendly.

ACKNOWLEDGMENTS

The authors acknowledge the hard work and
cooperative attitudes displayed by both the Los
Alamos team and the Southwest Research
Institite team in bringing the vessel and
rcnovation together in a timely manner. Without
their hard work, dcdication, and cooperation the
tnerging of thesc two tasks would have been
difficult, if not impossible. The people involved
in this project are too nuimerous to mention
individually, but a special thank you goes to:
Ronald L. Rabie whose foresight and dedication
made CHEFF possible, Thomas O. Davis for his
nntiring effort in preparing the statement of
work, Doyle D. Simes for his major role in the
facility design. Gary L. Green for his invaluable
hiclp in understanding the welding, sicel selection,
and miechanical processes, and Prancis Caroline
for his oversight and contiol of the fabrication
cffort,

REFERENCLES

111 M. AL Poleyn, KD Esparza and M. G.
Whitney, Alnuter of the 25th Explosives
Sufety Seminar, 1992,

121 W. L. Baker, I'. A, Cox, I, S, Westine, J. J.
Kulesz amd RoAL Snehlow, Eaplonwve Heacarde
and Eealuanon, Vlsevier iess, Awasierdam,
1981,

1 AR Muaines, S0 AL Sleffield, M.
Whitchemd mal 11 1D Olivas, New LANL CGlus
Driven Two anage Gun, This Coaference,
IRUAN

[4] W. Lo Seity, 1 1 Sty and Jeny Wackele,
ar Proceedines of the Ninth Symposium
{Interactional) on Detomation, ONCR Repmt
FEROT T pp 157 109 (198D,



