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Containment Prospectus for the PIANO Experiment

Introduction

PIANO is a dynamic, subcritical, zero-yield experiment intended for
execution in the Ula.102C drift of the Ula complex at the Nevada Test Site (NTS)
(Figure 1). The data from the PIANO experiment will be used in the Stockpile
Stewardship Program to assess the aging of nuclear weapon components and to
better model the long-term performance of the weapons in the enduring stockpile.

The PIANO experiment is composed of one experimental package. The
experimental package will have high explosive (HE) and special nuclear material
(SNM) in a subcritical assembly.

The containment plan for the PIANO series of experiments utilizes a two-
containment-vessel concept. The first containment vessel is formed by the primary
containment barrier that seals the Ula.102C drift. The second containment vessel is
formed by the secondary containment barrier in the U100 drift.

The PIANO experiment is the final experiment to be conducted in the
Ula.102C alcove. It will be an “open” experiment — meaning that PIANO will not
utilize a confinement vessel as the previous OBOE experiments in this alcove did.
We expect that the SNM from the PIANO experiment will be fully contained
within the first containment vessel.
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Figure 1. The PIANO experiment is located in the Ula.102C alcove.
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PIANO Containment Objective and Goal

The LLNL containment objective for the PIANO experiments (and for all
LLNL subcritical experiments) is to assure that no SNM will be released to any
uncontrolled environment as a result of the experiment. The specific PIANO
containment goal is to confine all SNM to the zero room and/or the alluvium
surrounding the zero room.

The PIANO containment design will use the time-tested concept of two nested
containment vessels to assure this objective. The first containment vessel (Vessel #1)
includes the zero-room in the Ula.102C drift, the primary containment barrier, and
the alluvium surrounding the zero-room. The second containment vessel (Vessel #2)
includes the volume of Vessel #1, the volume of the Ula.100 drifts inside the
secondary containment barrier, the volume of the Ula.101, the secondary
containment barrier, and the alluvium surrounding these drifts. Figure 2 illustrates
the two containment vessels.

A primary containment barrier, the fibercreted walls of the zero-room, and
the alluvium on the face of the zero-room will be used to contain the SNM in the
zero-room. The primary barrier has been designed to contain the PIANO
experiment. We fully expect that no SNM will be released into the diagnostics
rooms outside the primary containment barrier.

The secondary containment barrier in the Ula.100 drift will protect the rest
of the Ula complex from contamination if the primary containment barrier fails to

_provide containment. This is unlikely in the PIANO experiment series since the

primary containment barrier has been designed to withstand the shock and/or gas
pressure from the experiment. The secondary barrier has been designed to fully
contain the HE gases and SNM debris, as if the primary containment barrier did
not exist.

The two nested containment vessels provide assurance that the LLNL PIANO
containment objective (i.e. no SNM will be released to any uncontrolled environment
as a result of the PIANO experiment) will be achieved.
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PIANO Experiment Description

The PIANO experiment will have a single assembly of chemical HE and
SNM, which will be put inside an experiment cube in the zero-room. The PIANO
experiment will have less than 5 1bs. of LX-14. Some of the experimental energy
will be used to destroy mirrors in the optical beam lines immediately after the
experiment. ' ,

The diagnostics data from the experiment will be recorded outside of the
zero-room. Some data will be transmitted over electrical or fiberoptic cables to
recording instrumentation outside the zero-room. Other data will exit the zero-room
through optical viewing ports.

The essential features of the PIANO experiment for containment are:

1. Experim.ental HE weight is less than 5 lbs of LX-14 (or its equivalent).
2. The two-nested-containment-vessel concept will be utilized.

The PIANO experiment is placed inside an experiment cube (Figure 3). The cube is
placed on an experiment table, which will be about 11 ft from the primary
containment batrier and about 40 inches from a shrapnel shield (see Appendix 7).
The shrapnel shield protects the optical ports in the primary barrier from
experimental debris. The location of the shrapnel shield can be seen in Figure 4.
The size of the shrapnel shield prevents any shrapnel from the experiment from
directly impacting the optical ports in the primary barrier.

Figure 3. Illustration of PIANO experiment cube containingk the HE.




Figure 4. Layout of PIANO experiment showing optical beam lines and the
approximate size of the shrapnel shield.

The PIANO diagnostics suite is quite extensive and is illustrated in Figure 5. All
six optical ports in the primary barrier have been utilized for this experiment.
Mega-Sun™ flash lamps will be used to light the experiment instead of HE-driven
candles. This reduces the pressure loads on the containment barriers and improves
the dry-run simulations prior to experiment execution.
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PIANO Geology

Descriptions of the geologic setting and physical property measurements for
the Ula complex have been reported in several documents (Drellack et.al., March
1989; Allen, May 1995; Allen, March 1996; Allen, April 1999). Mapping,
photography and sampling documented the LLNL drifts and rooms as mining
progressed. In summary, the alluvium in and around the PIANO zero-room consists
of 1nter—f1ngered sands, gravels, and cobbles; the alluvium is similar to that found
elsewhere in the Ula complex, including the LEDOUX, KISMET, HOLOG,
REBOUND, STAGECOACH, CIMARRON, BAGPIPE, CLARINET and OBOE zero-
rooms.

Figure 6 shows the location of faults around the PIANO zero-room in the
U100 drift complex A fault was seen in the face of PIANO zero-room. This fault is
tight; the fault is filled with fault gouge. A nearly vertical fault with no vertical
offset (minor slickensides) was found in the heading side of the right rib keyway
notch cut for the PIANO barrier. This fault is tight and healed with carbonate
cement; no open aperture was observed. It is thought to be a minor splay or en-
echelon feature of the previously mapped fault which cuts through the Ula.100
drift. No gravel or boulder channels were found in the mining of the PIANO zero-
room. In general, all faults are tlght with no open aperature. Detailed 11thology of
the PIANO zero-room is shown in Appendix 1.

The permeability of the alluvium has been measured in several places
within the Ula complex. The typical values for the permeability range between
1-5 darcies. We expect that the PLANO zero-room permeability will be similar to
that of HOLOG, BAGPIPE, and CLARINET, based upon the similarity in the
geology and upon the results of the pressure tests of the primary barrier.

We have not found any changes since the geology of the Ula.102C alcove
was documented for the OBOE series of experiments in this alcove.
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PIANOQO Blast and Quasi-Static Gas Pressure

We want the primary containment barrier to contain the shock and quasi-
static gas pressure produced by the HE detonation. The BLASTX code Version 4.0
(Britt et. al., 1998) was used to estimate the shock and quasi-static gas pressure in
the zero-room. BLASTX results indicate that following an initial short-lived shock
with peaks which range from about 65-100 psi, a quasi-static gas pressure of about
3.7 psi would be formed. This pressure would rapidly drop due to thermal
conduction and porous flow of the detonation gas into the face of the zero-room. The
BLASTX calculations were made without the shrapnel shield, with an LX-14 HE
equivalency of 1.2, and without the moderating influence of the experiment cube
itself. The absence of the shrapnel shield in the calculations means that our
calculations are conservative because the shrapnel shield would both reflect the
shock away from the primary barrier and consume some of the energy from the
shock front. A typical pressure profile is shown in Figure 7.

Pressure on Primary Barrier
from BLASTX
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Figure 7. Pressure on the primary containment barrier at closest approach to the
experiment.
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The zero-room volume used for the calculation was 12,366 cubic feet; the
actual zero-room volume is about 12,838 cubic feet. No attempt was made to
calculate the effect that the experiment cube has upon the pressures; however, it is
obvious that the pressures are reduced by the experiment cube since it takes energy
to break the cube apart so that the shock and gas pressure can escape. Both of these
assumptions about the calculations also make the calculated pressures conservative
for barrier design purposes.

The HE equivalency of LX-14 has been re-examined by John Pastrnak of
LLNL. The BLASTX manual gives a HE equivalency of 1.8 for LX-14. This value
seemed to be rather large. Pressures smaller than predicted (using a HE equivalency
of 1.8) were observed on BAGPIPE. Recalculation of BAGPIPE pressures with a
smaller HE equivalency gave estimated pressures which are in general agreement
with the measured BAGPIPE pressures. TNT equivalency tables from the DOETIC
and TM5 manuals give a value of 1.17 (see Appendix 2). Pastrnak contacted the
BLASTX developers; after discussion with them, they decided to run the SAIC
RAGE hydrocode for us to obtain peak pressure and shock impulse ratios as a
function of scaled distances. From these calculations and from consideration of
experimental and empirical data from LLNL Site 300 and from previous LLNL
subcriticals, we decided that a HE equivalency of 1.2 for LX-14 would be a
conservative value for the PIANO experiment. The Pastrnak memo on the TNT
equivalency for LX-14 is included in Appendix 3.

PIANO cannot realistically produce any shock pressure on the secondary
containment barrier. The shock must first escape from the PIANO zero-room. The
most probable failure mode would be a failure of a glass optical port. After the
shock escapes through the failed port, it would then have to go around two right
angle corners and travel a considerable distance before meeting the secondary
barrier. Any shock, which escapes from the zero-room, would be rather small by
the time it reached the secondary barrier. An estimate of the quasi-static gas
pressure on the secondary barrier was made by assuming that the primary
containment barrier was absent. BLASTX was used to calculated the gas pressure in
a large room whose volume was the same-as the drift volume inside the secondary
barrier. The initial gas pressure was calculated to be 0.15 psi; the pressure would
rapidly fall to 0.02 psi. The pressure is very small because the volume of the
secondary containment vessel is very large (363,770 cubic feet).

There will not be any gas bottles in the zero-room during experiment
execution. The Mega-Sun™ flash lamps will contain a negligible amount of gas.
Each flash lamp (a 2-inch-diameter 10-inch-long plastic tube) will contain
0.018 cubic feet of xenon at a pressure of about 40 psi. Lighting requirements for
PIANO are being currently determined; it is anticipated that two flash lamps will
be used during the experiment. The worst case scenario would involve 6 flash
lamps. Bursting 6 flash lamps in the zero-room would provide an additional
pressure rise in the zero-room of less than 0.001 psi.

11




Primary Containment Barrier

The primary containment barrier is the structure in the Ula.102C drift which
“seals” the drift forming the zero-room. This barrier is a duplicate of the primary
containment barriers used for BAGPIPE and CLARINET with only a few minor
modifications. This barrier was used as the primary containment barrier for the
OBOE series of experiments in this alcove. The primary barrier has never been
challenged during the OBOE series of experiments. The barrier has not been
stressed with either shock or gas pressures from an OBOE experiment, as the OBOE
experiment vessels successfully confined all HE products within the experiment
vessel.

The primary containment barrier was constructed from steel I-beams, 1-inch
steel plate, and fibercrete. The primary barrier was firmly attached to the drift
walls by a grout keyway and to a steel pedestal captured by grout under the drift
invert. The drift invert is covered with six inches of concrete. The penetrations
through the primary containment barrier include a 42-inch-I.D. manway (crawl
tube), six 16.38-inch optical LOS pipes, and one airline/grout tube. There are no
other penetrations through the primary containment barrier. The main drawings for
this barrier are included in Appendix 4.

The 42-inch manway will be secured prior to detonation using two Class 75-
TB closures. These closures are rated for 175 psig at 250°F. On BAGPIPE and
CLARINET, we used a modified closure for the inner closure on the manway. For
PIANO, the manway with the two closures has been built as a unit by the
manufacturer with the inner closure designed to be closed from the inside of the
tube. The manway system is being used in its rated condition. We believe that this
will provide a greater assurance that the manway will perform as rated.

The six optical LOS pipes will be used to transmit optical diagnostics data
from the zero-room to the diagnostic recording equipment on the other side of the
primary containment barrier. Minor modifications have been made to the optical
LOS pipe design when compared to the BAGPIPE and CLARINET optical LOS
pipes. These design changes were implemented for the OBOE experiment. The
details of the modified design will be discussed in a later section.

For the OBOE experiments, the airline/grout tube was constructed from 10-
inch Schedule 60 pipe. During an OBOE experiment, the 10-inch pipe was closed
with a 10-inch butterfly victaulic valve and a blind flange. For the PIANO
experiment, a modified blind flange with redundant valves will be used to close
this opening. A Class 300 10-inch blind flange is being modified to hold two 4-inch
Schedule 80 pipes. On the portal side of the barrier, the 4-inch pipes will be closed
with two 4-inch Class 300 valves on each pipe. The weight of the valves and of
the valve support structure have been included in the analyses of the barrier
conducted for the PIANO experiment.

12
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All seams in the one-inch steel plate are continuously welded. The crawl
tube, the optical LOS pipe assemblies, and the airline/grout line are continuously
welded to the 1-inch steel plate. The steel plate will be spot-welded to the I-beam
structure on the diagnostics room side of the primary containment barrier. All
welds were inspected. The pressure integrity of the primary barrier was tested by
overpressurizing the zero-room to 2 psig. Any leaks in the weld discovered during
this pressurization test were rewelded and then retested.

All welds on the zero-room side of the 1-inch steel plate were covered with
Gluvit™. This material is a waterproof epoxy sealer. It is commonly used to seal
leaky rivets on aluminum and steel ships. The Gluvit™ moves with the ship’s hull
as it vibrates and flexes and does not part from the members to which it is bonded.
When used to seal steel ship hulls, a 10-mil coat will withstand greater than
4000 Ibs per sq. ft. water pressure (~28 psi).

The barrier is attached to the alluvium via a grout keyway that securely
fastens the barrier to the formation. A 2.5-foot-wide steel channel (part of which is
formed by the 1-inch steel plate) was secured by rockbolts to the formation behind
the keyway to secure. The keyway is approximately 2.5 feet side and 4 feet deep.
The grout pipes in the keyway were carefully monitored to insure a complete fill of
the grout ring with grout. After the grout had set up for 28 days, the other grout
pipes in the grout ring were used to pressure grout around the keyway grout ring.
Pressure grouting should fill any voids in either the alluvium or voids that might
have formed at the interface between the keyway grout ring and the alluvium.
That being the case, the absolute minimum unimpeded path length through the
alluvium around the primary containment barrier exceeds 8 feet.

Finally, fibercrete was applied in a minimum thickness of six inches in two
3-inch passes over the primary containment barrier, the exposed portion of the
keyway, and the zero-room walls. This is done before the invert is poured in the
zero-room. In essence, we are forming a fibercrete “bottle” in the zero-room whose
opening is on the face of the zero-room. A dense pattern of 1/2-in.-diam 5-in. long
Nelson studs were welded to the steel plate before fibercreting to help secure the
fibercrete to the steel plate and prevent spalling of the fibercrete after detonation.

The primary containment barrier has been designed to withstand blast and
gas pressures during the PIANO experiment. Dynamic and static analyses have
been conducted on the design including individual components of the design. The
steel used in barrier construction has been tested and inspected to assure that the
steel meets specifications. The analyses of the barrier were conducted at LLNL
(Noble, 2000 - see Appendix 2). The finite element model used in the analysis
builds upon the computational model used for the BAGPIPE experiment. That model
was in good agreement with experimental values from the BAGPIPE experiment
and with modal testing conducted on that barrier. The major conclusions of the
finite element modeling are the following.

13




Every structural component, with the sole exception of the fibercrete and
grout while they are in tension, has a safety factor equal to or greater 3.0. In most
cases, the safety factor is considerably larger than this. All weld loads are below
the allowable resistance set by the American Welding Society. It should also be
noted that for the steel materials, the dynamic yield was used to calculate the
safety factors. This is a conservative assumption.

The fibercrete on the front of the barrier is expected to be damaged during
the experiment; it is intended to absorb some of the energy from the blast. Hence,
high tensile stresses are seen in some portions of the fibercrete in the calculations;
however, this is not a containment concern since the fibercrete is doing exactly what
it was designed to do. It is protecting the steel structure from the blast pressures.
On the portal side of the barrier just below the manway at the girder-grout
interface, there is a very small localized region of high tensile stress in the
calculations. This tensile stress occurs in the grout for only a very short time period.
The local tensile cracking does not affect the load-carrying capability of the
structure. The region of high tensile stress only penetrates about 1/3 of the
thickness of the grout. These calculations used an elastic model to simulate the
grout. If a more sophisticated grout material model, which included strain rate
effects, were used in the calculations, it is very likely that no damage would be
predicted in the grout. This is because at high strain rates, the tensile strength of
grout can increase by a factor ranging from 1 to 6. In summary, this is not a
containment concern and is also not a structural concern. From a containment
viewpoint, the structural failure of the primary barrier during the PIANO series of
experiments is simply not a credible event.

As an additional containment measure, the diagnostics room side of the
primary containment barrier will be covered with Versi-Foam™. The foam will act
as the additional containment barrier for plutonium particulates. We view the
possibility of seepage as extremely unlikely since the barrier has been designed and
carefully constructed to withstand the pressure challenge from the PIANO
experiment. However, with the amount of expensive diagnostics equipment in the
nearby diagnostics rooms, the Versi-Foam™ should be an effective yet inexpensive
additional barrier assuring containment within Vessel #1. -
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PIANO Optical Ports

The primary containment barrier will contain six optical ports. The PIANO
experiment will utilize all six optical ports.. During the PIANO experiment, all
ports will contain either of two glass window assemblies. The PIANO optical port
design follows the optical port design successfully used on HOLOG, BAGPIPE, and
CLARINET. The PIANO optical port assemblies follow a pedigree that was
documented in the HOLOG prospectus. The fundamental design features of the
assembly have been thoroughly field- and laboratory-tested. For PIANO, there are

- minor changes to the spool piece into which the optical port assembly is mounted.

This change was fully documented to the CRP for the OBOE series of experiments
which are being conducted in the alcove. The changes were done to facilitate the
alignment of the port assemblies during construction.

The optical ports are housed within steel circular housings which are
welded into the primary containment barrier (see Appendix 6). The PIANO design
uses optical port assemblies that are directly mounted to the steel circular housing
that is welded into the containment barrier. Each optical port assembly is mounted
on a steel circular housing made from 17-inch OD steel pipe with 1.5-inch wall
thickness). The optical assembly is bolted to the steel circular housing with twelve
bolts using two Buna-N O-rings to seal this connection. Each working optic port in
the containment barrier will have two port assemblies.

The optical glass in a port assembly is made from 2-inch-thick 9-inch-
diameter BK-7 glass. The optical glass is supported by two BJG #9 bell jar Buna-N
gaskets in the optical port assembly. A Buna-N O-ring supported by two backup
rings is used to complete the sealing of the optical glass in the optical port
assembly.

The optical port assemblies will be mounted in the primary containment
barrier using a procedure which has been written to assure that the o-rings have
been properly installed. The assembly procedures follow those developed for
HOLOG include optical measurements to determine whether stress concentrations
have been induced in the glass during the assembly process.

All optical port assemblies are protected from direct shrapnel impact by
shrapnel shields. A large shrapnel shield is positioned about 40 inches from the
PIANO experiement and occludes all optical ports from direct shrapnel attack. In
addition, the optical ports have a snout to help protect the glass from reflected
shrapnel. The snout was deployed previously on BAGPIPE and other open
subcritical experiments.

15




Secondary Containment Barrier

A secondary containment barrier was constructed in the Ula.100 drift for the
HOLOG experiment. We intend to use this barrier as the secondary containment
barrier for PIANO. The tunnel volume between the PIANO primary containment
barrier in the Ula.101C drift and the secondary containment barrier in the Ula.100
drift will house the PIANO experiment’s diagnostics instrumentation. The
secondary containment barrier, the tunnel drift volume between the secondary and
primary containment barriers, and the alluvium around the drift form Vessel #2 in
the two nested containment vessel concept.

The PIANO experiment could, with absolute and total failure of the primary
barrier, produce a maximum pressure of 0.14 psi on the secondary containment
barrier. The secondary containment barrier was designed to withstand a 7.6-psi
static design load. This design load was selected during the construction of HOLOG
and was based upon the maximum load the barrier would see given a 50 Ib HE
experiment in the tunnel volume that then existed. The Vessel #2 volume is now
considerably larger and the PTANO experiment is considerably smaller than 50 Ib.

No significant changes have been made to the secondary barrier since it was
constructed and used for HOLOG. The details of the secondary barrier design were
presented in the HOLOG prospectus and will not be repeated here (see Appendix
5). Two wheels were added during the OBOE series of experiments to the bottom of
each door to ease the door closing process during final button-up. The wheels do not
support any of the door weight after the door is bolted shut.

- The following is a short summary of the design and operational features of
this barrier:

The secondary containment barrier has a large passageway to
allow normal access to the 100 drift complex. These passageways will
be sealed by two steel doors that are supported by a late-time beam.

No cables pass through the secondary containment barrier. All
cables pass through Vistanex boxes located in the tunnel invert on the
working point side of the secondary containment barrier. All cables are
either factory gas-blocked or discretely gas blocked in the Vistanex
box.

The penetrations through the secondary containment barrier
include a hatch (for late-time man access), chilled water lines (for
cooling of diagnostics equipment), and ventilation and air lines. The
hatch through the secondary containment barrier will allow access to
the 100 drift complex during button-up and reentry operations. This
hatch will be bolted and gasketed tight during button-up operations.
The water lines using for cooling electronic equipment in the
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diagnostics room will each have two redundant valves to close the
water lines before zero-time. A large tank of chilled water in the
diagnostics area will be used to circulate chilled water between the
button-up and event reentry. The valves in the water lines will have
up-hole readout of the status of valve closure so that the closure of the
water lines can be positively assessed from the surface before zero-
time. The valves are pressure-rated for 600 psi. The ventilation line
through the secondary containment barrier will be interrupted during
the button-up operations. The ventilation line will be closed with a
blind flange and the butterfly valve in the ventilation line will be
closed.

We intend to operate the secondary containment barrier on PIANO as we did
on HOLOG, BAGPIPE, CLARINET, and the OBOE series. The secondary barrier

“will be pressure-tested before final button-up. This pressure test has been conducted

on each LLNL sub-critical which has used this barrier as the secondary containment
barrier. Occasionally, very small bubble-type leaks have been detected at the sill
beam/grout interface. Liberal application of Gluvit™ has been used to seal these
leaks. The leaks are believed to be caused by the heavy equipment, which
traverses through the barrier during normal mining operations in the Ula.100 drift.
The pressure testing provides assurance that the barrier will perform as designed
and intended during the PIANO experiment.
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Containment Vessel #1 and #2 Wall Treatment

The walls of the zero-room and the diagnostics room are completely covered
with fibercrete; the sole exception is a portion of the face of the zero-room. It is
covered with fibercrete in order to provide the HE gases from the PIANO
experiment with a path to porously flow into the alluvium away from the primary
containment barrier and reduce any residual gas pressure in the zero-room. The
fibercrete was installed in two passes to minimize or eliminate cracking in the
fibercrete. The fibercrete was reinforced with a steel fiber. The fibercrete has a
minimum compressive strength of 6000 psi in 28 days.

The fibercrete helps improve drift stability and reduces the potential of dust
contamination for the complicated optical diagnostics which will be fielded on
PIANO. In the zero-rooms, the fibercrete was troweled to embed the steel fibers
and to eliminate the fibers as both a dust collector and a safety hazard. To further
reduce the possibility of dust contamination, all fibercreted walls are covered with
an elastomeric coating. As a by-product of treating the walls in this fashion to
reduce dust contamination, the permeability of the fibercreted walls is reduced
from the alluvial permeability of about 2 darcies to a permeability in the milli-
darcy range. This helps increases the effective path length for porous flow from
the zero-room.

A portion of the face of the zero-room is not covered with fibercrete. A steel
stud wall was constructed over top portion of the face; the steel stud wall was
covered with a treated fabric (similar to furnace filter material) to reduce dust
contamination for the optical diagnostics in the zero-room.
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Cable Gas Blocking

No cables pass through the primary or secondary containment barriers in the
Ula.100 drift complex. All cables which exit the PIANO zero-room will go through
one of the Vistanex boxes placed in the tunnel invert. Cables which will also exit
the PIANO diagnostics room will go through Vistanex boxes placed in the tunnel
invert just inside the secondary containment barrier. The cable gas blocking
techniques used on PIANO closely follow what was successfully utilized on
HOLOG, BAGPIPE,, CLARINET, and OBOE. The Vistanex boxes on the PIANO
series of experiments will be filled with either Vistanex or Holt Melt, depnding
upon the availability of either material at NTS at Vistanex box fill time. Hot
Melt is a generic substitute for Vistanex. Information about this material was
presented to the CRP during the LANL CIMARRON presentation.

All cables will be either factory gas-blocked or discretely gas blocked in the
field. The discrete cable gas blocking methods follow conventional underground
nuclear testing practices. This includes the use of discrete blocks on multi-conductor
cables and“birdcages” on delicate fiber optical. All gas blocks are located in the
Vistanex boxes in the tunnel invert. Cable separators were installed to physically
maintain cable separation of the cables in the invert when the cables were
captured by the invert concrete pour. Table 1 lists the cable inventory and the type
of gas blocking utilized for the cable which exit the PIANO zero-room.

Table 1
Cable Type (Gas blocking) Quantity
RF-44 (Factory gas blocked) 66
MP-46 (Field gas blocked) 18
3 Conductor #8 (Field gas blocked) 4
Fiber optic cables (Birdcage) 53 (4 birdcages)
X-ray cable (Field gas blocked) <8
“C” cables (Pressure feedthrough) 34
Mega-Sun cables (Field gas blocked) <4

The PIANO zero-room Vistanex boxes are placed in the drift invert on the
working point side of the primary containment barrier. The Vistanex box itself is of
typical DNA design; this typical design has been successfully utilized for many
years on horizontal underground nuclear tests and eliminated the transport of gas
and/or particulates down the cables and/or cable bundle past the box. The tubes
which carry the cables into the Vistanex box will be totally filled with Sulfaset.
This helps block the cable bundle and confines the Vistanex to the box. The
Vistanex box will be placed below the drift invert on the working point side of the
barriers. If gas and/or particulates migrate through the cables to the Vistanex box,
the gas and/or particles will be still contained on the zero-room side of the
primary containment barrier. The Vistanex box will be filled from the zero-room
through two fill tubes to ensure a complete filling of the box. Pipe caps will then be
reinstalled on the fill tubes in the zero room.
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Containment Discussion

The containment goal is to keep the SNM from the PIANO experiment
contained within Containment Vessel #1. The containment design must address the
containment of any solid, liquid, and/or gaseous plutonium compounds.

The plutonium will be melted and blown to smithereens. The molten
plutonium will react with the high explosive gases and the zero-room air producing
a solid-phase plutonium aerosol and particulates. However, the size distribution
and the chemical compositions of the resulting plutonium-bearing debris are
somewhat uncertain. .

The transport of gaseous plutonium compounds is not a credible threat on the
PIANO experiment. The LLNL Isotope Sciences Division provided the following
expert opinion regarding gaseous plutonium compounds and the possibility of
plutonium aerosol transport in Ula alluvium for the HOLOG experiment. Their
opinion is also applicable to the PIANO experiment (and probably all other
subcritical experiments in Ula).

The possibility of producing volatile Pu compounds, which could
be transported through the surrounding media in Ula experiments, is
not consistent with the properties of any known volatile Pu compounds.
The few volatile organo-plutonium compounds that are known are air
and moisture sensitive and can be produced over only a fairly narrow
temperature range in inert atmospheres. The HOLOG chamber will
contain normal air with 50% or greater humidity. The surrounding
media has 10 wt% or greater water content and is quite porous. There
are no known actinide organo-compunds with high enough vapor
pressure at room temperatures to migrate through the media at
ambient temperatures. In the first subcritical experiments, the released
energy will cause the majority of the plutonium to melt, thus
precluding the formation of any organo-metallic compounds due to the
high temperatures and the presence of water vapor and oxygen. The
residual products of the high explosive, which have been calculated -
to reach 4000 °K contain only small amounts of organics such as CH,,

CH,, etc., compared to large residual H,O (gas), CO (gas), C (solid),

H, (gas), etc. Some of the hot Pu metal will undoubtedly react with —
oxygen-containing gases to form PuO,, a small amount of which may
volatilize as PuO, (gas) or PuOQ,(OH), (gas), if the temperature
exceeds 1273°K. As this Pu-containing gas cools, Pu vapor species will
decompose to form fine particles of PuO, (solid) which will be in the
form of an aerosol. Although this type of aerosolized material can
easily transport in a flowing gas, the bulk of the finely-divided solid
should quickly coat out on the internal surfaces of the zero-room; any
residuals will be trapped in the porous ground as the supporting gas
(N,, CO, etc.) slowly permeates through it. Porous, damp ground
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should act as a thick HEPA filter, and should prevent aerosolized Pu
from reaching access drifts or the surface.

We conclude that the transport of gaseous plutonium compounds is not a
credible threat on the PIANO experiment. The data from the KISMET experiment
supported by experience on the other subcritical experiments in Ula support the
contention that the alluvium will act as a thick HEPA.

The impeded path from the PIANO zero-room face to the PIANO diagnostics
drift is about 50 feet. If the fibercrete failed near the primary barrier (permitting
the HE gas to have direct access to the alluvium near the primary barrier), the
impeded path would be about 8 feet. The keyway for the primary barrier has been
designed to take most of the pressure loading from the barrier in compression and
minimizes our reliance upon the shear and/or tensile strengths of the grout. This
design helps insure that the keyway grout will remain essentially impermeable
after the experiment. Most of the plutonium will be deposited as soot on the
fibercrete or alluvium. Any plutonium that is swept into the drift walls will be
very effectively filtered from the HE gas by the alluvium (Wohletz et. al., 1996).

The experiment produces blast and gas pressures, which the primary barrier
has been designed tc withstand. The optical ports in the primary barrier are
protected from direct shrapnel attack by a shrapnel shield close to the experiment
and by a shield on the front of each optical port. The two most probable pathways,
which could lead to a containment failure, are 1) through pinholes in the welds in
the primary containment barrier and 2) around the primary containment barrier
through enhanced flow channels in the alluvium.

The primary containment barrier has been engineered to withstand the
dynamic and static loads that the PIANO experiment will place upon it. The
structural components have large safety factors. The primary barrier will not
massively fail during experiment execution. Pinholes in the welds, if they exist,
would be a credible pathway that could lead to a containment failure. During
construction, all welds were inspected; all welds not meeting welding standards
were rewelded. After the steel barrier was constructed, the zero-room was pressure
tested. All leaks were identified and those welds were rewelded. After the welds
were pressure-tight, all welds on the zero-room side of the primary barrier were
covered with Gluvit™. The diagnostics-room side was covered with Versi-Foam™.,
Both of these coatings also seal the primary barrier so that if any welds develop
pinholes during the experiment, the welds themselves will either remain sealed
(by Gluvit™) or will have another barrier behind them (the Versi-Foam™) to
stop seepage from entering the diagnostics area. A 6-inch-thick layer of fibercrete
(sealed with an elastomeric coating) was emplaced across the front of the steel
barrier to add more strength and further protect the welded seams and the steel
structure. We believe that this barrier has several levels of redundancy built into
the design that will help prevent seepage from occurring through the barrier.
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We have not found any flow channels that would enhance SNM transport
through the alluvium around the primary containment barrier. We have pressure-
grouted around the keyway in order to fill any small voids, which might have
existed. We have found nothing in the geology that was abnormal for the Ula
alluvial environment. The alluvium in the walls of the PIANO zero-room looks
similar to the alluvium in other SCE zero-rooms.

We conclude that, while the transport of SNM outside Containment -
Vessel #1 is a credible threat on the PIANO experiment, the likelihood of this
occurring is very small. There are redundancies in the design of Containment
Vessel #1 that will prevent any SNM from reaching the diagnostics room. We fully
expect that the LLNL containment goal (to keep the SNM contained within
Containment Vessel #1) will be completely achieved.
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Appendix 1

Geology of the Ula.102C Drift
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1.0 Background

The Lawrence Livermore National Laboratory’s N Program has been fielding a number of
subcritical experiments (SCE), which study the response of plutonium to high-explosive
shock, at the Nevada Test Site over the last two years. The original methodology consisted
of firing each subcritical experiment in a dedicated alcove mined 962 feet below Yucca
Flat at the Nevada Test Site’s U1A complex. Because each experiment had its own protec-
tive barrier, the cost and time associated with mining and equipping these alcoves resulted
in a very slow turnaround between experiments. Three Livermore SCEs were conducted in
this manner. HOLOG was the first LLNL SCE. The second was the Bagpipe SCE con-
ducted on September 26, 1998, and the third was Clarinet conducted February 9,1999. All
tests were extremely successful, The barriers were designed to withstand the explosive
overpressure determined by the containment scientist. A great deal of structural analysis
and model validation was conducted for the Bagpipe batrier, since this SCE had planned
to use a larger quantity of HE than the other two. A series of modal analysis testing was
conducted on the barrier to compare the fundamental frequency of the actual structure to
that of the finite element model. In addition, the Bagpipe barrier was instrumented with a
number of gages that measured the pressure loading, acceleration of the barrier, and strain
during the subcritical experiment. This data was eventually compared to the finite element
model. The finite element model strains correlated very well with the experimental results.
A good portion of this data will be represented in this report to validate the current finite
element model.

The current methodology for conducting SCEs consists of conducting smaller individual
experiments within steel vessels located behind a structural barrier, similar to the Bagpipe
barrier (see Figure 1). LLNL may conduct up to 12 SCEs in this manner for the Oboe
series. The vessels allow the experiment to be precisely positioned at the optimum loca-
tion for the fixed diagnostics array. Once the experiment is complete, the vessel is moved
out of the way in the same alcove so that the next experiment may be conducted six to
eight weeks later. The used vessels are entombed in grout in the experiment alcove to
assure safety and security.

Once all of the vessels have been expended, a final “bare” experiment will be conducted
before the alcove is abandoned. Since the final experiment has a different testing configu-

ration with a different explosive weight and standoff distance than Bagpipe or Clarinet, a
separate structural analysis is needed. This report will concentrate primarily on the final
“pare” experiment for the U1A.102C alcove.
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2.0 Blast loading

The blast loadings for the final experiment in the U1A.102C alcove were calculated using
the code BlastX Version 4.0. The proposed loading for this analysis was considered to be 5

Ibs of LX-14 placed 3 ft. off the ground at a distance of 11 ft (Figure 2). Pressure time his-

tories generated from BlastX were passed on to the analyst from Burkhard [Ref 1] for use
in DYNA3D, a nonlinear explicit three-dimensional finite element code. Because the bar-
rier currently being studied is similar to the Bagpipe containment barrier, it is instructive
to report the Bagpipe design pressures and resulting stresses for comparison. Figure 2
shows a comparison between the U1A.102C barrier and Bagpipe predicted pressures.
Note that the Bagpipe barrier, which is essentially the same as the one currently being
studied, was designed to withstand a pressure load with a peak reflected pressure of 200
psiand a reflected impulse of 1.36 psi-sec. The predicted pressures for the U1A.102C bar-
rier, on the other hand, have a peak reflected pressure of 100 psi and a reflected impulse of
0.45 psi-sec. Therefore, the peak pressures arc a factor of two less than Bagpipe pressures,
and the reflected impulse is a factor of three less than what was used to design Bagpipe. It
should be noted that impulse, not peak pressure, is the parameter that is more likely to
dominate the structural response.
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