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NOTICE TO ACCOMPANY THE DISSEMINATION OF
EXPORT CONTROLLED TECHNICAL DATA

(This notice is unclassified)

1. Export of information contained herein, which includes, in some circumstances,
release to foreign nationals within the United States, without first obtaining approval or
license from the Department of State for items controlled by the International Traffic in
Arms Regulations (ITAR), or the Department of Commerce for items controlled by the
Export Administration Regulations (EAR), may constitute a violation of law.

2. Under 22 U.S.C. 2778 the penalty for unlawful export of items or information
controlled under the ITAR is up to 2 years imprisonment, or a fine of $100,000, or both.
Under 50 U.S.C., Appendix 2410, the penalty for unlawful export of items or information
controlled under the EAR is a fine of up to $1,000,000, or five times the value of the
exports, whichever is greater; or for an individual, imprisonment of up to 10 years, or a
fine of up to $250,000, or both. -

3. In accordance with your certification that establishes you as a "qualified U.S.
contractor,” unauthorized dissemination of this information is prohibited and may result in
disqualification as a qualified U.S. contractor, and may be considered in determining your
eligibility for future contracts with the Department of Defense.

4. The U.S. Government assumes no liability for direct patent infringement, or
contributory patent infringement or misuse of technical data.

5. The U.S. Government does not warrant the adequacy, accuracy, currency, or
completeness of the technical data.

6. The U.S. Government assumes no liability for loss, damage, or injury resulting
from manufacture or use for any purpose of any product, article, system, or material
involving reliance upon any or all technical data furnished in response to the request for
technical data.

7. If the technical data furnished by the Government will be used for commercial
manufacturing or other profit potential, a license for such use may be necessary. Any
pa);Iments made in support of the request for data do not include or involve any license
rig ts

8. A copy of this notice shall be prov1dcd with any partial or complete reproduction of
these data that are provided to qualified U.S. contractors.
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(U) INTRODUCTION

(U) The Nuclear Advanced Concepts Branch of the Nuclear Weapons Integration
Division (SA-ALC NWI (AFMC)) conducted meeting #6 of the Joint DOD/DOE
Feasibility Study of a High Power Radio Frequency (HPRF) Device on 14-16 September,
1993. The meeting was held at Sandia National Laboratories (CA) in Livermore,
California. The purpose of the meeting was to convene working groups, review working
group progress, and update the program status. Individual working groups met during the
first two days of the meeting. A general session was held in the morning of the final day.
The agenda for the general session is contained in appendix A.

(U) The former Nuclear Weapons Concept Division of the Office of Aerospace
Studies has been integrated into the Nuclear Weapons Integration Division at Kirtland
AFB, New Mexico. The only impact upon this study will be the name change, the new
address, and the new phone numbers of the study director.

(U) These meeting minutes document meeting #6 and include copies of presentations
from the working group meetings as well as the general meeting. Additionally, a list of
attendees is provided in appendix B. The meeting highlights are presented in the
following sections.

(U) The topics of discussion during the meeting dealt with the progress of the
working groups, funding aspects of phase 2 work, information requirements and
interchanges needed for the working groups.

(U) CLASSIFICATION AND SECURITY

The study director, Capt Lamb, presented an overview of the classifications

involved in the HPRF Phase 2 Study. Specifically, each individual involved in this study

needs to be aware of the proper classification of the materials generated or produced. The ¢ .,c 552
__Classification guides for this study are listed inside the front cover of this report. " :

B

BDOE UsA
, \Information provided on the Drea

cmployment of such a dcvxce can also carry other caveats such as Not Releasable to

Foreign Nationals (INOFORN) and Waming Notice - Intelligence Sources and Methods

Involved (WNINTEL). Additionally, information concerning the nuclear design of the

HPRF device most likely contains Critical Nuclear Weapon Design Information

(CNWDI). It is-imperative that all information that is classified be afforded the proper

classification security protection. If there is any doubt as to the classification of any

information, please take the time to investigate the classification guides or ask the proper

knowledgeable individual. A request for information about classified material requires a

nee,d-to-know before access to the mfonﬂNCi;ﬁgg ji Iggou have
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properly identified an individual's need to know. In regards to unclassified material
associated with this program, please handle the information with care. Proper operation
security (OPSEC) requires that the unclassified material not be released that can give
uncleared individuals enough information to piece together classified information.

(U) SURETY WORKING GROUP

’ ' ) Y
4 I:_'nr_’__‘__\j;‘::__Yﬂ».c SWG report for b('>
" meeting #6 is included in"appendix T. The working group has continued to evaluate the

operational safety and nuclear safety use control issues. The House of Quality (HOQ) and
the PUGH matrix are being used to evaluate the proposed design candidates and
preliminary evaluations presented. In the use control area, work is continuing to identify
the implementation options. Mr. William Barry presented details of the Failsafe and Risk
Reduction study (FARR). Other discussion from the working group centered around the
work in analyzing the warhead candidates.

(U) SYSTEM ENGINEERING WORKING GROUP

USA=

) These inputs are provided as appendix D. The SEWG 20

reviewed the New Mexico design concepts and the California design concepts. A review
of the baseline designs and the variables for the designs were discussed. Further analysis
of the flight calculations are required to provide the confidence levels desired. The
availability of hardware for the HPRF program was discussed.

(U) REQUIREMENTS WORKING GROUP

The chulrements Working Group (RWG) met during the first day of the working

grouP meetings. The meeting minutes are included in appendix E. o p
— — |

The working group reviewed the action items from their previous meeting and discussed Y0
the requirements for inputs from other working groups. The working group planned to

review the Military Characteristics (MCs) during the working group meeting but the

material was not available so discussion centered on the future work by the group. An

MC review meeting will be held in November after the members have a chance to review

the current MCs with results reported back during the December HPRF meeting.

Additionally, the Stockpile-to-Target chuence document will be reviewed beginning in

Lealyl1994.
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(U) WARHEAD DESIGN WORKING GROUP us Qg)

“ o L

Certification of the PO, USM
warhead design is still an important 1ssue to oc addressed in the future. Additional '
discussion centered around the information required from the vulnerability working

group.

(U) MISSION ANALYSIS WORKING GROUP

(U) The Mission Analysis Working Group (MAWG) met during the working group

sessions us Ag‘“
The areas discussed included activities since the last ‘meeting, status of the bG
mission peed statement (MNS), and mission modeling work. ) Doe

The largest focus of work is on the modeling efforts for the study. The
“modeling work identified areas for emphasis. These areas included consolidation of the
target data base, completing the preproressor ending. vulnerability data structure, and

identification of funding requirements.] Hizb
. L5,
DT | USAF
. STRA
(U) VULNERABILITY WORKING GROUP
— - - \S e

His slides are provided in appendix H. The results of k(D
work completed since the previous meeting were presented. The testing of assets has '
continued as scheduled and an overview of each organizatrions status was presented

(U) ACTION ITEMS
- (U) Table 1 .providcs the list of action items assigned during meeting #6. The abtion

items assigned during previous meetings are listed in table 2. Figure 1 shows the study
schedule.
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Figure 1. (U) HPRF Phase 2 schedule.
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Meeting #6, 1% September 1993
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_ _ For Classified Mailings
1 | Ade, Ed FCDNA/FCSAC _ Com: (505) 846-8575 |
{a/ 1680 Texas St SE DSN: 246-8575
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3 | Angelotti, Philip Commander, US ARMY Com: (201) 724-5451
ARDEC, SMCAR-FSS-E/SWS DSN: 880-5451
Initials Picatinny Arsenal NJ 07806-5000 FAX: (201) 724-25885 2375
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6801 Telegraph Rd DSN: 221-1145
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8 | Bemardin, Michael Los Alamos National Laboratory, X-2 Com: (505) 667-1439
PO Box 1663, MS B259 DSN:
Initials, Los Alamos NM 87545-2345 FAX: (505) 665-7725
9 | Bland, Mike Lawrence Livermore National Laboratory Com: (510) 422-9882
L-13, PO Box 808 DSN:
Initials Livermore CA 94550 FAX: (510) 423-5080
10 | Brozek, John T 'Sandia National Laboratories Com: (505) 844-8175
' ‘| Albuquerque NM 87185-5800 DSN:
Initials FAX: (505)
11 | Buck, Kenneth W. Sandia National Lab Com: (510) 294-1324
Dept 5371, PO Box 969 DSN:
Initials Ié%[% Livermore CA 94551 FAX: (510) 294-1015
12 | Cabayan, Hriar Lawrence Livermore National Laboratory | Com:  (510) 422-8871
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initials_s1 '« Livermore CA 94551 FAX: (§10) 422-5576
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HPRF Phase 2 Study, Meeting #6
Surety Working Group Report (U)

The Surety Working Group met at 1300 Sept 15, 1993 to review results from an August
3-4 interim meeting where work continued on the evaluation of warhead candidates using
the Quality Function Deployment (QFD) process, and to address issues of use control
which are emerging as the study progresses. Figure 1 is the agenda for the Sept 15
meeting. The approach the Surety Working Group has taken to assess surety is to use the
QFD process, but to break it up into smaller, more manageable pieces, then combine the
sub-task results into an overall evaluation. The QFD process is particularly applicable
when either there are problems with a product or a new product is being developed. For
the purposes of a feasibility study, only the House of Quality (HOQ) and PUGH matrix
parts of QFD are exercised. The House of Quality serves to identify” customer

D
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requirements (supplied by the customer) and to develop working measures against which

design candidates are evaluated. It also identifies the most important measures. These are
then plotted on the ordinate of an evaluation matrix against which the candidate designs
are compared.

e

This feature does not appear to have significant impact on Nuclear Safety or Use Control,
but does impact Operational Safety. Thus the HOQ was used to generate measures for
Operational Safety, assess their relative importance, and identify which have negative
cross correlations (where engineering tradeoffs are involved). Most of the measures were
then transferred to the PUGH matrix for candidate evaluation. For Nuclear Safety and
Use Control, the measures are already well known, so sub-groups were formed in each of
these areas, chaired by Paul Rexroth, SNL 324, and Lary Moore, SNL 5712,
respectively. In each of these cases the evaluation starts with the Pugh matrix. When the
individual evaluations are complete in all three areas, they will be combined into a single
overall evaluation matrix.

As noted, the SWG met on August 34 in Albuquerque. During that meeting, the QFD
process for Operational Safety was continued. The House Of Quality was essentially
completed, and a starnt was made at assembling the PUGH matrix. The status of these
efforts is summarized by Figures 2 and 3, respectively.

Since HPRF Meeting #5, considerable progress has also been made in the area of nuclear
safety evaluation. Figure 4 is a preliminary nuclear safety evaluation of the candidates in
the form of a PUGH or evaluation matrix. Text immediately following Figure 4 describes
the rationale for the ratings. The evaluation will be updated as the warhead candidate
designs develop dunng the course of the study.
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In the area of use control, considerable effort has been expended in determining the level
of use control which is appropriate and the degree to which use control options for
different candidates should be critically evaluated. Part of this uncertainty is due to the
fact that the recommendations of the FARR study have not yet been implemented by
DOD. A directive is currently being prepared in the DOD; Overall details appear in
William Barry's presentation to the SWG (attached). DOE has, for several years operated
under a policy that any new weapons should be equipped with use control for use when
the weapon is in DOE custody. Also during the meeting, Larry Moore, SNL, discussed
the approach he is using to assess use control options and Charles Chow, LLNL,
described the California approach to use control (VG hardcopy attached). In discussion
subsequent to the presentations, the consensus was that as a group we should attempt, in
the course of the next year, to determine what is feasible and could practically be
implemented for the Minuteman II strategic system. It was pointed out that the House
Armed Services Committee zeroed out the line item for the new missile computer in the
FY 94 budget. The question thus came up whether we should reconsider our nuclear
safety themes, most of which require the new computer, and look at interfaces with the
present system both for Use Control and Nuclear Safety. The consensus was that we
should still conduct the study on the assumption of a new missile computer.

Figure 1

HPRF PHASE 2 Surety Working Group Agenda
Meeting #6, Sandia National Laboratories/CA, Sept. 15, 1993

Operational Safety and Nuclear Safety Update— J. F. Cuderman {15 Min)
Di#cussion—AlI (30 Min)
Use Control Update

Overview— Larry Moore (15 Min)

CA Team Approach—  Charles Chow (15 Min)

Air Force Perspective— William Barry

' Discussion (All) (30 Min)
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Figure 2- QFD House of Quality
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HPRF Warhead Candidates

1. Methodology

Each of the warhead candidates will be evaluated based upon eight criteria that were
agreed upon by the nuclear safety assessment team. These attributes are intended to
address only nuclear detonation safety. It is assumed that all candidates will be
inherently one-point-safe and employ a TATB based insensitive high explosive (IHE).
IHE is relevant to nuclear detonation safety only in that it decreases the likelihood of a
multi-point initiation by means other than initiation of the main detonators. Each of the
weapon candidates is evaluated against each criterion and given a rating between -2 and
+2. The resultant matrix is the Pugh Matrix used in the QFD process.

2. Evaluation Criteria
2.1 Resistance to Direct Multipoint Initiation

If the physics package is one point safe, as has been assumed here, the only way in which
a nuclear detonation can be achieved is by initiating the main charge explosive at more
than a single point. This may be either at multiple discrete points or along a line or
surface. What we are looking for here paths other than the intended modes through the
detonators. The critical consideration is the overall integrity of the exclusion region, and
especially, lack of penetrations into it.

2.2 Insensitivity of Detonators

Main charge detonators can be grouped into three broad categories, based on sensitivity,
exploding bridge wires (EBWs), electrical slappers, and direct optically initiated (DOI)
slapper detonators. EBWs and electrical slappers require a rapidly rising, high voltage
pulse for activation. The required pulse is rather unique as far as abnormal environments
go. Weapon firesets, however, are an ever present source of such a pulse. Lightning is
another source. The electrical slapper detonator requires a higher peak current and faster
rise time than does an EBW and can thereby be considered less sensitive. It was

_assumed, however, that all candidates except DOI would employ electrical slappers. The
baseline W78 was rated lower because it uses EBWs. The DOI detonators are said to be
extremely insensitive 10 any stimulus other than the laser produced light source of the
fireset. This concept was therefore rated high in this category. It must be kept in mind,
however, that the claims of insensitivity stil need 1o be verified.

2.3 Exclusion Region Thermal Robustness

This attribute is a measure of the ability of the exclusjon region to maintain integrity and
provide isolation during or following exposure to high temperatures. The key feature
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here is high melting point materials for all elements of the barrier and minimizing the
impact of joints and penetrations.

2.4 Exclusion Region Mechanical Robustness

This attribute is a measure of the ability of the exclusion region to maintain integrity and
provide isolation when exposed to such mechanical environments as crush, impact,
vibration or puncture. The key features here are high strength and ductile materials for
all elements of the barrier and strong joints between exclusion region elements. It is
recommended that the safety theme for each candidate clearly identify and describe and
locate all elements of the exclusion region and especially the joints and boundaries.

2.5 Discrimination Level of Stronglinks

The stronglinks provide a gateway into the exclusion region for intended sources of
arming energy when intended use of the weapon is desired. To perform its safety
function, it must stay in the reset position until there is a positive indication of intended
use. This indication may be a unique signal input to the system by a direct human action
at the person system interface or derived from the sensing of a unique intended use
environment or trajectory. in order to attain the level of uniqueness desired, there should
be the equivalent of 24 events in the signal that drives a discriminator stronglink. It is
difficult to identify 24 unique events that are unique to an intended use environment that
cannot be simulated by an accident environment. Simple inertial sensing devices detect
only one or two events that may be as simple as acceleration or deceleration which can
be sensed in many accident environments. Flight environments can provide a suitable,
24 event unique signal to drive a discriminator stronglink if sensed and processed
judiciously. Thus in this category, the figures of merit are the integrity of the methods
for introducing or generating the unique signal and the discrimination ability of the
stronglink actuator. An electro-mechanical discriminator is much better than an inertial
ESD.

2.6 Stronglink Resistance to Bypass

This characteristic is the thermal, mechanical and electrical robustness of the stronglink
and its attachment to the exclusion barrier. A magnetic stronglink is seen as having
better holdoff capability than a mechanical switch or a typical ESD because it is not
susceptible to high-voltage arcing. A welded attachment is usually better than screws. A
protected location is preferable to hanging off the end of the fireset. Physical size,
strength and thermal integrity are advantageous.

2.7 Stronglink Location

Here we are talking about strongiinks at the fireset versus the Detonators. There is

believed to be an advantage to o locating the stronglink as close as possible to the physics
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package so that protection may be maintained even if the fireset is torn away or the
exclusion barrier otherwise compromised.

2.8 Weaklink(s)

A weaklink is an element or component that is necessary to produce a nuclear detonation,
that becomes irreversibly inoperable at an environmental stress level lower than that
which will threaten the exclusion region (including stronglinks). Because the stronglinks
provide a path into the exclusion region, they are usually more vulnerable than the rest of
the exclusion region. Therefore, it is usual to collocate a weaklink with a stronglink.

The best weaklinks, from a fundamental point of view, are the main charge explosive and
the fissile material. Both are absolutely necessary for a nuciear detonation. It is difficuit
10 assure, however, that either will become inoperable in many abnormal environments
because they tend to be located in the heart of the warhead and protected from accident
assaults. Another tommonly cited weaklink is the capacitor in a CDU fireset.  _
Capacitors with low melting dielectrics (e.g. mylar) cannot store sufficient charge to fire
a detonator if they have seen temperatures above about 250 ©C. Capacitors employing a
higher temperature dielectric have been rigged to short at lower temperatures, but this
does not change the fundamental character of the capacitor and is considered a sterilizer
rather than a weaklink. The PETN peilet in a detonator stronglink will vaporize and
"disappear” at a relatively low temperature, rendering the detonator inoperable. This is a
good weaklink having excellent collocation with a stronglink. If the energetic material in
an explosive fireset goes away at a relatlvely low temperature, it too may be considered a
weaklink.

3. Evaluation of New Mexico Candidate #1

New Mexico candidate #1 is uses a MAST type fireset that is described in detail
elsewhere in this report. Though the design has not been in production, it is well into
development and its characteristics are fairly weil understood. Considerable testing and
verification would be required, however, to verify the some of the assertions and
assumptions that have gone into this assessment. Below is a discussion of how this
design was assessed relative to the eight criteria and the evaluation rating is given.

3.1 Resistance to Multipoint Initiation

This design has a relatively robust exclusion region. The aluminum can around the
primary is not as strong as one might like, but it is better than typicai designs that use the
aerosheli as part of the barrier. Exclusion region penetrations that lead to the main
charge HE are kept to a minimum. The pit tube penetration is fitted with a bracket to
divert lightning or other high voltage sources. Other lines entering the exclusion region
are interrupted by a pizo-electric isolator. This candidate is therefore given a rating of +2

in this category.
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3.2 Insensitivity of Detonators

The main charge detonators for this design are electric slapbers, which is judged
adequate but not exceptional, so a rating of 0 is given.

3.3 Exclusion Region Thermal Robustness

The fireset is made from stainless steel having excellent high temperature properties.
The aluminum primary can has a relatively low melting temperature, but if that can
should melt, the high explosive will likely be hot enough to decompose or burn
preventing nuclear detonation. An assessment rating of +2 is given.

3.4 Exclusion Region Mechanical Robustness

The fireset is a sturdy design of high strength material. Mounting of the stronglinks
appears quite solid. The taped joint between the fireset and the primary can is strong. It
is highly recommended that the warhead trigger signal be passed into the fireset through
the stronglink eliminating the penetrations necessitated by the plasmatron. An
assessment rating of +2 is givea.

3.5 Discrimination level of the stronglinks

Each of the stronglinks in the Dual Stronglink Assembly (DSA) has acceptable
discrimination of a well designed, 24 event, unique signal so a rating of +2 is given. It
should be pointed out, however, that the present and currently envisioned future
warhead/missile interface can supply only a single unique signal. This may necessitate
providing a unique signal generator (USG) within the warhead. A high level of safety is
difficult, but possible to achieve in a ballistic missile USG.

3.6 Stronglink Resistance to Bypass

The magnetic stronglinks are very resistant to high voltage arc over. The strong
mounting arrangement minimizes the likelihood that they may be torn away. As stated
above, sending the trigger signal through the stronglink is recommended. A rating of +2

is given,
3.7 . Stronglink Location o

The stronglinks are mounted on the fireset rather than the detonators so a rating of +1 is
given. ’ ’

3.8 Weaklinks

The weaklink that is designated to fail prior to the failure of the stronglinks in thermal
environments is the fireset capacitor. This is believed to'be only moderately effective. It
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has mylar dielectric, but it is mounted inside a can that insulates it from external
environments. Tests have shown that for certain "smart” fires, the capacitor may not fail
before the stronglinks. There is no mechanical weaklink identified for the system. The
robust fireset and attachment alleviate this concern to some extent. This candidate is

rated 0 in this category.

3.9 Total

The total rating score is +11

4.  Evaluation of NM Candidate #2

New Mexico candidate #2 is said to be structurally very similar to candidate #1. The
main difference is that one of the dual magnetic stronglinks is replaced by a Detonating
Safing Stronglink (DSSL). This assessment is very tentative since the design is only

conceptual. Since it is similar to candidate #1, I will address only those areas in which
there are differences. ' .

4.1 Resistance to Multipoint Ignition

The existence of the DSSL and associated actuator and monitor cables provide potential
paths for introducing energy to the physics package, therefore this design is not seen as
resistant to this threat as the first candidate. Rating is +1

4.2 Insensitivity of detonators

The detonators in this design are protected by a stronglink, so even though they are not
inherently less sensitive, they could be given additional credit in this category to +1.

4.3 Exclusion Region Thermal Robustness
See section 3.3, rating +2.
4.4 Ezxdusion Region Mechanical Robustness

In general this design should yield a mechanically robust exclusion region, but it is
believed that the penetrations required by the DSSL cables will degrade this attribute

some to a +1.

4.5 Discrimination level of the stronglinks

Each of the stronglinks, the SSA and the DSSL has acceptable discrimination of a well
designed, 24 event, unique signal so a rating of +2 is given. 1t should be pointed out,

however, that the present and currently envisioned future warhead/missile interface can
supply-only-a single unique signal.. This may necessitate providing a unique signal . ...
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generator (USG) within the warhead. A high level of safety is difficuit, but possibie to
achieve in a ballistic missile USG.

4.6 Stronglink Resistance to Bypass

The DSSL has the advantage that is location near the physics package offers little room
for bypass. Because, however, it requires bringing actuator and monitoring cables up to
the physics package, it may provide its own path for bypass. A raring of +1 is given.

4,7 Stronglink Location

This is the area where the DSSL shines, It is.located near the physics package, so that if
the fireset or other part of the exclusion region has been penetrated, the stronglink may

still provide protection. Rating is +2.
| L (3)
_ 4 Both are good, first principle weaklinks. A N
feature that needs to be evaluated is the collocation of the capacitor and the SSA. For - o
now, a tentative rating of +1 is given.

4.8 Wezklinks

4.9 Total

The total rating score is +11.

5. Evaluation of New Mexico Candidate #3

New Mexico candidate #3 is said to be structurally very similar to candidate #1. The
main difference is that one of the dual magnetic stronglinks is replaced by an Inertial
Piston Accelerometer Stronglink. This assessment is very tentative since the design is

. only conceptual. Since it is similar to candidate #1, I will address only those areas in
which there are differences.

5.1 Resistance to Multipoint Initiation

This candidate is seen as equivalent to candidate #1 in this category. Rating is +2.
5.2 Insensitivity of Detonat_ors

This candidate is seen as equivalent to candidate #1 in this category. Rating is 0.

5.3 Exclusion Region Thermal Robustness e

This candidate is seen as equivalent to candidate #1 in this category. Rating is +2.
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5.4 Exclusion Region Mechanical Robustness
This candidate is seen as equivalent to candidate #1 in this category. Rating is +2.
5.5 Discrimination Level of the Stronglinks

The inertial switch is judged to have a much poorer discrimination capability than the
multi-event electromechanical stronglinks. Rating is 0.

5.6 Stronglink Resistance to Bypass

The inertial stronglink can be bypassed by high voltages and is therefore more vulnerable
than the magnetic switches. Rating is +1.

5.7 Stronglink Location

This candidate is seen as equivalent to candidate #1 in this category. Rating is +1.

5.8 Weaklink

This candidate is seen as equivalent to candidate #1 in this category. Rating is +0

5.9 Total
The total rating score is +8.
6. Evaluation of New Mexico Candidate #§

This candidate utilizes the direct optical initiation (DOI) fireset. This design, too, is still
rather conceptual. The following assessment will be based upon my best understanding
of the safety theme and expected implementation.

6.1 Resistance to Multipoint Initiation

It is often claimed that a DOI implementation will not need as robust an exclusion region
as conventional architectures because of the incompatibility of the detonators with

availabie environments. This being the case, I am assuming that the physics package will
not be as well protected as that in the more traditional candidates. Therefore a ranking of

+1 is given

6.2 Insensitivity of detonators
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This is the feature for which this entire design has been pursued. Assuming that the
claims for incompatibility are born out by testing and analysis, this architecture should
rate +2 for this attribute.

6.3 Exclusion Region Thermal Robustness
Although, as mentioned in 6.1 above, the exclusion region may not be as robust as that

for traditional designs, it is assumed here that its level of protection is consistent with the
safety theme and thus provides protection equivalent to current state of the art. The

rating is +2.

6.4 Exclusion Region Mechanical Robustness

Although, as mentioned in 6.1 above, the exclusion region may not be as robust as that
for traditional desigus, it is assumed here that its level of protection is consistent with the

safety theme and thus provides protection equivaleat to current state-of-the-art. The
rating is +2. :

6.5 Discrimination Level of the Stronglinks

It is assumed that stronglinks will provide state-of-the-art discrimination. The rating is
+2.

6.6 Stronglink Resistance to Bypass

The conceptual designs that I have seen place the stronglinks on the input and output of
the laser. This placement seems somewhat vulnerable to bypass. Rating is +1.

6.7 Stronglink Location

The conceptual designs that I have seen place the stronglinks on the input and output of
the laser. This placement provides no "deep” protection. Rating is +1.

6.9 Weaklinks

The weaklinks for this system have not been well documented. Based only upon
impression I would give a rating of +1

6.9 Total

The total rating score is +12.

7.0 Assessment of California Candidate
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All of the California concepts are based upon the W87 fireset. This assessment assumes
that the fireset is used .as is in the MK 2] with the exception that the attachment to the

physics package is more secure.

7.1 Resistance to Multipoint Ignition

The existence of the DSSL and associated actuator and monitor cables provide potential
paths for introducing energy to the physics package, therefore this design is not seen as
resistant to this threat as some others. Rating is +1 '

7.2 Insensitivity of detonators

The detonators in this design are protected by a stronglink, so even though they are not
inherently less sensitive, they could be given additional credit in this category to +1.

7.3 Exclusion Region Thermal Robustness

There are components within the exclusion region that contain explosives. In a thermal
eavironment, these may either detonate or deflagrate, compromising the exclusion
region. The rating is +1.

7.4 Exclusion Region Mechanical Robustness

From the information that I have, I cannot tell how good the exclusion barrier around the
physics package is. For the time being, I will assume that it is as good as that in the
MAST design. The penetrations required by the MSAD cables will degrade mechanical
robustness some resulting in a rating of +1. ,

7.5 Discrimination level of the stronglinks

This system has a mechanical discriminator and an inertial switch. The design of the
MSAD is such that multiple events can be skipped over. For this reason, this
discriminator is not as good as those used in the DSA or SSA. The other switch is
simply a two stage accelerometer. It has a quite low level of discrimination. The rating
for this atiribute is -1.

7.6 Stronglink Resistance to Bypass
The MSAD has the advantagé that is location near the physics package offers little room
for bypass. Because, however, it requires bringing actuator and monitoring cables up to’

the physics package, it may provide its own path for bypass. A raring of +1 is given.

7.7_ Stronglink Location
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PDIrART

This is the area where the MSAD shines. It is located near the physics package, so that if
the fireset or other part of the exclusion region has been penetrated, the stronglink may
still provide protection. Rating is +2.

7.8 Weaklinks
This fireset has a high temperature, capacitor dielectric. A low melting temperature
material is incorporated into the capacitor to try to qualify it as a weak link. This is not a

first principles failure mode so this component is not considered a real weaklink. The
PETN in the MSAD does make a reasonable weaklink protecting that stronglink. A

rating of 0 is given.

7.9 Total

The total rating score is +6.
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HPRF Phase 2 Study -

Systems Engineering
Status Reports

134)3as

ad Lanpas

HPRF Mtg #6
14-16 September 1993
Sandia National Labs
Livermore, CA

001086/1L£5SY

SEWG AGENDA FOR 15 SEPT

Previous Action ltems-- Hogan
. NM Design Concepts:
Warhead -- Haertling
Electrical -- Oishi
Mechanical -- Shuitze
. CA Design Concepts:
Warhead -- Chow
Electrical -- Hogan
Mechanical -- Buck, Derickson, Faas
Midterm Report Review --All
Program Planning -- All
Discussion -- All
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NM Design.Concepts - Electrical

HPRF#6 SEWG Meeting
SNLL Bidg 912/112
9/15/93
Kazuo Oishi
SNL 5161

o Electrical

- Typical HPRF WES

-~ HPRF WES Subsystems
o Safety
e Use Control

HPRF Candidates & Options Matrix
Missile Interface Iss.ues
Radiation Issues

°
LESSY

TYPICAL CDU WES (Simplified)

——————

I’:(l)
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» Status

~ Minimal support from others

: )

- Mast 1.1- like CDU Fire Set
. TUSG

- Design concept in preliminary stages

-~ Same volume as TSSG

Fluid metering device senses 3 boost stages

rolamite device senses RB spin

Trajectory UQS iogic-conditioned with Human intent UQS to drive SL2
Gates Human Intent UQS to drive SL1 '

* NG e
e GTS Drives P
« DOIFS and Drive Electronics 2
- Repackaging effort into MAST1.1 envelope (roughly feasible) e
~ Radiation Hardening Technoiogy 8

- Requires Optical Detonator development
K. Oishi-8NLS 181

'SAFETY

* Require Development of TUSG for second
Safety Subsystem in most candidate options

» Safety Themes - Unchanged

Safety Theme  WES Description

A CDU + DSA + TUSG

B CDU + SSA + DSSL & TUSG
c CDU + SSA + Inertial Switch
D DOI + TUSG
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MINUTES
HPRF REQUIREMENTS WORKING GROUP MEETING 93-3
' 14 SEPTEMBER 1993

I. INTRODUCTION. The High Power Radio Freguency (HPRF) Requirements Working
Group Meeting 93-3 was held 14 September 1993 at Sandia National Laboratories

USAF
Attendees introduced themseives and identified their organizations. The )D(IB
attendance list and working group membership are included in Appendices A and B,
respectively.
Il. TOPICS OF INTEREST.
s C)
b(3)
DA
|

The draft HPRF WXX MCs wére distributed on 1 September 1993. but only two working
group members received them prior to this meeting. The MCs were reviewed for major
gaps and for specific information which may not apply to the HPRF mission. Special
nuclear material. limited life component exchange. use control and reliability were the
specific areas discussed at this meeting.




ED UNCLASSIFIED

\—-‘
b5
oF \USH
>TRA
B —
——

Working group members have until 7 October 1993 to mail detailed comments on the
draft HPRF WXX MCs so OL-NS/EN receives them by 15 October 1993. The detailed
comments will be incorporated into a second draft of the HPRF WXX MCs to be
reviewed by working group members on 3-4 November 1993 at OL-NS/EN. The
3-4 November 1993 meeting is scheduled based upon receiving all comments by
15 October 1993.

B. Stockpile-To-Target Sequence (STS). The HPRF WXX STS was not
discussed at this meeting. Copies of the current HPRF WXX STS Draft #2 developed
early in Phase 2 will be sent to all working group members and chairs of the other
HPRF Working Groups by 15 October 1993. Draft #3 of the HPRF WXX STS is
planned for completion in early 1994. The System Engineering Working Group
requested a status on the radiation environments requirements at their next meeting
in October-November 1993.

C. Old Ai:tion items. Five previous action items were closed and one remains

open.
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1. Al 93-2-1 to OL-NS/ENN: Check to see whether the W62 MCs shouid
be used as a specific reference to the MCs. The W62 MCs were included as a
reference to the draft HPRF WXX MCs. Action item is closed.

2. Al 93-2-2 to OL-NS/ENN: Mail W62, W78, W87 and W91 MCs to
working group members for review. These MCs were mailed to all working group
members for use in the draft HPRF WXX MCs review. Action item is closed.

3. Al 93-2-3 to OL-NS/ENN: Create first draft of MCs using relevant MCs
and distribute to members for review. Put the source of requirements in parentheses
after each paragraph. The first draft was documented and distributed to all working
group members on 1 September 1993, Action item is closed.

4. Al 93-2-4 to OL-NS/ENN: Check to see if there is any tasking from the
other working groups that wouid affect the MCs or the MCs' scheduie. There was no
tasking by the other working groups which affected the MCs or the MCs' schedule at
the time this action item was assigned. Action item is closed.

5. Al 93-2-5 to Working Group Members: Review the first MC draft
distributed on 1 September 1993 and provide comments at the 14-16 September 1993
meeting at SNL. Tasking was revised: comments will be mailed on 7 October 1993
to be received by OL-NS/EN on 15 October 1993. Action item still remains open.
Suspense: 7 Octoher'1993. '

6. Al 93-2-6 to OL-NSENN: Invesugate use control requirements. i.e..

PAL, etc. Request for use controi reauirements has been forwarded to the HPRF
Surety Working Group. Action item is closed.

UNCLASSIFIED
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D. New Action items. One new action item was assigned at this meeting.

Al 83-3-1 to Requirements Working Group: Provide status at next System
Engineering Working Group on MCs’ Use Control and STS' Radiation Environments
requirements. Suspense: October-November 1993 timeframe.

. NEXT MEETING. The next HPRF Requirements Working Group meeting will be
held 3-4 November 1993 at OL-NS/EN, Kirtland Air Force Base, New Mexico to review
the second draft of the HPRF WXX MCs. .
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MINUTES
HPRF REQUIREMENTS WORKING GROUP MEETING 93-3
14 SEPTEMBER 1993
ATTENDANCE LIST

NAME ORGANIZATION TELEPHONE
ADAMS, Jeny SNL NM/5161 DSN:
PO Box 5800 : COMM: 505-844-1014
Albuquerque NM 87185-5800 "I sTU I ,
. FAX:
CFAX:
ADE, Edward FCDNAFCPR DSN:
LCDR, USN 1680 Texas Street SE COMM: 505-846-8737
Kiland Air Force Base NM 87117-5669 STU tii:
. FAX:
CFAX:
BARRY, Wiliam R OL-NS/ENX1 DSN: 246-9772
1651 First Street SE COMM: 505-846-9772
Kiland Air Force Bagse NM 87117-5617 - STU i:
FAX:
CFAX:
CARRILLO. Francisco OL-NS/ENN DSN: 2488767
1651 First Street SE COMM: 505-846-6767
Kittana Air Force Base NM 87117-5617 STU i: 505-846-6767
FAX: 505-846-2036
CFAX: _ 505-846-6767
CHOW. Charles Tze S LLNLA-125 DSN:
PO Box 808 COMM: 5104224539
Livermore CA 94550-0808 . STU it
FAX: 510-422-8185
CFAX: :
EDDLEMAN. Troy LANLMWX-1 DSN:
© | Mail Station 5000 (Classified) COMM: 505-667-6811
Mail Station C936 STU lt:
PO Box 1663 FAX:
Los Alamos NM 87545-1663 - CFAX:
SNL CA/5371 DSN:
PO Box 969 COMM: 510-204-2287
Livermore CA 94550-0969 STU li:
FAX: 510-204-1015
CFAX:
6
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14 SEPTEMBER 1883
ATTENDANCE LIST

NAME ORGANIZATION TELEPHONE
HAERTLING. Michasl J LANLAVX-1 OSN:
Mail Station 5000 (Classified) COMM: 505-667-0592
Mail Station C936 STU
PO Box 1663 FAX: 505-667-1878
Los Alamos NM 87545-1663 CFAX:
HUIE. Donaid Commanoer DSN: 8802720
US Amy ARDEC COMM: 201-724-2720
SMCAR-FSN-N B354 STU Ik 201-724-2720
Picatinny Arsenal- NJ 07806-5000 FAX: 201-724-5461
CFAX:
KEENE. Fredenck W TRW (523/310) DSN: 876-3273
PO Box 1310 COMM: - 908-382-3273
San Bemargino CA 92402-5000 STU Ii: .
FAX: 909-382-6461
CFAX:
KROPF. Roger OL-NS/ENX4 DSN: 246-0575
Lt Col, USAF 1851 First Street SE COMM: 505-846-8575
Kirtiand Air Force Base NM 87117-5617 STU HI: '
) FAX:
CFAX:
MORGAN. Michael AFSPACECOM/DOM DSN:
Capt. USAF 150 Vandenberg Street CoMM: 719-554-5428
Peterson Air Force Base CO 809144730 STU ik
, FAX:
CFAX:
OISHI. Kazuo SNL NM/5161 . DSN:
PO Box 5800 COMM: 505-844-0159
Albuquergue NM 87185-5800 STU
: FAX: 505-844-8745
CFAX:
RAFFERTY. James Michael ORION Intemnatonal Technoiogies, incorporated DSN:
6501 Amencas Parkwav NE Suite 200 COMM: .505-881-2500
Albuquerque NM 87110-5372 STU :
FAX: 505-869-5060
CFAX:
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MINUTES

HPRF REQUIREMENTS WORKING GROUP MEETING 83-3

14 SEPTEMBER 1893

ATTENDANCE LIST

NAME ORGANIZATION TELEPHONE
RUEB, Kar DOE ALWPD DSN: 2455189
PO Box 5400 - COMM: 505-845-5180
Albuquerque NM 87185-5400 STU
FAX: 505-845-5188
CFAX:
VILLAREAL. Kenneth OL-NS/ENN DSN: 248-8767
1651 First Street SE COMM: 505-846-6767
Kirtiano Air Force Base NM 87117-5617 STU : 505-846-6767
FAX: 505-846-2036
CFAX: 505-846-6767
WHITTED, Edward LANL/A-S DSN:
Mail Station 5000 (Classified) COMM: $05-665-0038
Mail Station F602 STU I:
PO Box 1663 FAX:
Los Alamos NM 87545-1663 CFAX:
WOJTOWICZ, Deborah LLNL/A Division DSN:
PO Box 808 COMM: 510-423-9000
Livermore CA 94550-0808 STU Iii:
FAX:
CFAX:
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14 SEPTEMBER

DISTRIBUTION LIST

DOE ’ . COPIES
US DOE/ALMWPD 1
PO BOX 5400
ALBUQUERQUE NM 87185-5400
LLNLIL-125 R
PO BOX 808
LIVERMORE CA 94550-0808
LANL/WX-1 1
MAIL STATION C@36 :

PO BOX 1663

LOS ALAMOS NM 87545-1663

SNU5161 1
PO BOX 5800 .
ALBUQUERQUE NM 87185-5800

SNL CA/5371 1
PO BOX 969
LIVERMORE CA 94550-0869

ARMY

COMMANDER 1
US ARMY ARDEC

SMCAR-FSN-N B354

PIACTINNY ARSENAL NJ 07806-5000
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| ' 14 SEPTEMBER
DISTRIBUTION LIST
(Conclu&éd)
AIR FORCE
BMO/CYRR

NORTON AIR FORCE BASE CA 92408-5000

OO-ALCALMEW
6054 DOGWOOD AVENUE :
HILL AIR FORCE BASE UT 84056-5816

OL-NS/ENN/ENX4
1651 FIRST STREET SE
KIRTLAND AIR FORCE BASE NM 87117-5617

TECHNICAL CONTRACTORS

TRW

PO BOX 1310

BUILDING 523. ROOM 310

SAN BERNARDINO CA 92402-1310

ORION INTERNATIONAL TECHNOLOGIES. INCORPORATED
6501 AMERICAS PARKWAY NE. SUITE 200 ,
ALBUQUERQUE NM 87110-5372
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