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FOREWORD

This request for Technical Assistance was made by the New Hampshire
Governor's Commission on Crime and Delinquency. The requested assistance
was ccncerned with conducting a survey of the Crime Laboratory of the
State of New Hampshire to determine what crime laboratory services are
available presently, what services are needed to better serve the criminal
justice system, and what is proposed to improve or increase the availa-
bility of services to the criminal justice agencies. The results of the
survey would be used to provide guidelines and recommendations for future
funding of the New Hampshire Crime Laboratory.

Requesting Agency: New Hampshire Governor's Commission on
Crime and Delinquency,
Mr. William H. Golding

Approving Agency: LEAA Region I (Boston)
Mr. John M. Keeley, Police Specialist;
Mr, Alfred G. Zappala, Systems Specialist;
Mr. Francis T. Burke, New Hampshire
State Representative
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1. INTRODUCTION

The New Hampshire Crime Laboratory is a unit within the Detective
Bureau of the New Hampshire State Police Department of Safety. The
physical location of the laboratory is in the Public Safety Headquarters
building in Concord. Concord, the State Capital, is located in the
south central portion of the State. The Crime Laboratory provides the
only criminalistics service to all criminal justice agencies in the State.
The population of the State is approximately 824,000; the majority of the
residents live in the southeastern portion. The Consultant was requested
to survey the present crime laboratory services avallable in the State of
New Hampshire and give recommendations for future needs. To address the
problem, the present crime laboratory service was evaluated by the Con-
sultant through on~site inspection and interviews with various law
enforcement officials and staff members of the Laboratory.

The Laboratory site inspection provided the Consultant with information
on the Laboratory's current capabilities. Interviews with laboratory staff
and with users of the Laboratory's services provided the Consultant with
information on needs of the Criminal Justice Agencies.

The following individuals were interviewed:

e Mr. Ron Curran, Deputy Director, Governor's Commission
on Crime and Delinquency.

o Colonel Paul A. Doyon, Director, Division of State
Police.

e Captain/Specialist Roger D. Beaudoin, Crime Laboratory.
® Roger H. Klose, Criminalist II, Crime Laboratory.

® Warren H. Edmonds, Criminalist II, Crime Laboratory.
® Phillip Harmon, Criminalist I, Crime Laboratory.

® Morris Boudreau, Chemist I, Crime Laboratory.

e Thomas Geno, Photographer, Crime Laboratory.

e Sheriff Ronald D. Daniels, Jr., Merrimack County.

e Sheriff Herbert W. Ash, Grafton County.

® Chief of Police, Craig D. Sandler, City of Nashua.

e Sheriff George Sampson, Rockingham County.

o Chief Deputy Charles F. Velter, Rockingham County

Sheriff's Department.

R-76-155
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2. UNDERSTANDING THE PROBLEM

2.1 Problem Addressed

The problem briefly stated was "What forensic laboratory services
are available' and "What is needed, if anything, to improve forensic
laboratory services in the State?" Are satellite or regional laboratories
needed or can one well~equiped and well-staffed central forensic labor-

atory fulfill the physical and chemical analysis physical evidence needs
for the entire State?

2.2 Objectives of the Assignment

The objectives of the assignment were as Ffollows:

¢ Determine present capabilities of the present
Crime Laboratory.

¢ Determine needs of the Crime Laboratory to
improve present service and provide service
that is not presently available in the
Laboratory.

e Make reconmendations to improve present
service and increase the capabilities of
the Crime Laboratory.

R-76-155
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3. ANALYSIS OF THE PROBLEM

3.1 Methods Used to Address the Problem

The problems were addressed by conducting interviews, visiting the
Crime Laboratory facilities, and reviewing limited statistical data on
Laboratory operations. Interviews were conducted both with Laboratory
staff and law enforcement agency heads. Limited lead time prevented
scheduling interviews with investigators and county attorneys who could
have also offered some input.

3.2 Data Sought

3.2.1 Current Laboratory Capabilities

e Staff,
® . Physical facilities.
¢ Instrumentation.
e Statistical data.
- Cases.
- Case types.
- Agencies served.
e Budget information.

3.2.2 Agency (User) Evaluation of Current Service

® Frequency of use.
® Results received.

3.2.3 Needs to Improve Crime Laboratory Service

® As proposed by Laboratory staff.
@ As proposed by user agencies.

3.3 Data QObtained

(&4
(93}

.1 Current Laboratory Capabilities

3.3.1.1 Staff

The Laboratory director is a uniformed officer who holds the xank of

R-76-155
3-1




4]  —— T ——— I lf— . S ‘—
: i 3 - ! h b

e L 1 E— Y o— + — S — ~ ol

¥

B : 2 3 il
. # S ¥

# B3
e ]

Captain/Specialist. He is not police schooled, but does hold a Master's
degree in Chemistry. Approximately 45 percent of his time is spent in
management and supervision; the rest of his time is devoted to case work,
which involves firearms and toolmark ideutifications as well as other
physical evidence comparisons.

All other staff members are civilians with the following titles and
general assignments:

¢ Criminalist I -~ Two: One devotes all of his time
to physical evidence examinations such as arson,
hit and run, burglary and other trace evidence;
orie devotes 70 percent of his time to drug and
marijuana analysis and 30 percent of his time to
arson and related evidence analysis.

© Criminalist I -- One who devotes all of his time
to durg and marijuana analysis.

® Chemist I -- One who devotes all of his time to
drug [and marijuana analysis.

The above four staff members have a minimun of a Bachelor's degree
in chemistry or related natural sciences. There is also a fingerprint
technician, photogrpaher, and steno II on the crime Laboratory staff.

3.3.1.2 Physical Facilities

The Laboratory operates in an extremely overcrowded space approximately
1,500 square feet, which was not designed as laboratory space. This Labor-
atory, as did other laboratories in the country, started because of a need
for scientific analysis of physical evidence in criminal proceedings. The
real growth began in 1964; and space, in the form of additional rooms, were
allocated as staff and services increased.

The Laboratory is scheduled to move into new facilities on or about
January 1977. This new facility will provide about 4,800 square feet of
laboratory, darkroom, and office space that should greatly improve the
operation of the Laboratory. Currently, an item of equipment and, in some
cases, evidence must be moved so that another item of equipment may be used.
It appears that this sort of problem will be climinated, adequate work
space for staff members will be provided, and work space around each
Instrument will be available in the new facilities,

3.3.1.3 Instrumentation

Although some equipment is still needed to do organic analysis and
serological examinations, this Laboratory, for its size and stuff, is
moderately well equipped with the latest in instrumentation. Thig is

R-76-155
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evidenced in the following list of major instrumentation currently
available in the New Hampshire Crime Laboratory:

¢ Atomic absorption spectrophotometer with

tantalum ribbon atomizer.

e Lmission spectrograph with laser exitation
and spectrographic film analyzer,

e Portable X-Ray unit.

® Microscopic equipment.

- CP-6 computer.

-~ Stereo microscopes,

- Firearms comparison microscope.

- Document comparison microscope.

-~ Polarizing microscope.

- Infrared image converter.

® Gas chromatograph (Another gas chromatograph is on

order).

e Infrared spectrophotometer.

e Ultraviolet spectrophotometer.
¢ Fluorescence spectrophotometer.

e Clinascreen gas chromatograph.

e Balances.

¢ Two Polaroid MP-4 cameras.

o Complete darkroom equipment.

@ Ford Econo Van mobil
collection kits.

® Abbe refractometer.

3.3,1.4 Statistical Data

The New Hampshire Crime Laboratory is mot much different from other

P s L R
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crime laboratories that started because of a need for scientific analysis
of physical evidence, and grew rapidly. As a result, a "bench person"
became the manager; he had little time to function in an administrative
capacity because his time was still needed on the bench. Therefore,
statistical data, other than cases received and general case types, is
lacking. Although case numbers give some indication of work performed
and turnaround time gives someiindication of additional needs in staff
and equipment, data are not available for good budgeting procedures.

Rather than elaborate upon this problem in this report, the Labora-
tory director should be made aware of forthcoming recommendations from
the American Society of Crime Laboratory Directors on Crime Laboratory
Management principles. Laboratory statistical data collection guidelines
should be available from the ASCLD by January 1977.

Data on cases received, case type, and agency (i.e., State Police
or other such as sheriff, city, municipal) are listed in Table 3-1.
These data show a decrease in 1975 for cases processed by the Laboratory.
By adjusting the data based for the first 4 months of 1976, the Laboratory
should experience another decrease in 1976. A review of the monthly
figures on cases received during 1973, 1974, and 1975, shows that a
larger proportion of the cases are received by the Laboratory during the
months of May through September. One might assume this to be expected
because of the increase in tourism in the State during the summer months.

TABLE 3-1
Case Data
Case Tvpe Azency
ear Druz  Criminaligiics State Police Other Tota
1973 2,120 533 732 1,971 2,703
1974 2,163 564 534 2,093 2,727
1975 1,882 605 495 1,992 2,h37
Jan. - 555 133 1h7 591 738
Apr. ‘
975
R-76-155
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There were no other statistics readily available that would indicate
the further breakdown of how many cases in the drug category were
marijuana and how many cases were controlled substances. There also was
no breakdown on the types of criminalistics cases.

3.3.1.5 Budget

No information was available on budget. Although personal service
funds are easily determined, no other line item amounts for operation of
the Laboratory were available. The Laboratory director has no input into
the budget process, but the requests for operating supplies are generally
approved. = Sixty percent of the instruments have been purchased through
grant funds.

3.3.1.6 Workload

Additional information obtained indicated that the six professional
staff members averaged 2,197 hours of assigned work for 1975. This
amount of time appears excessive even considering vacation time and holi-
days, but the salary schedule makes allowance for 416 extra hours.

The Laboratory staff is subject to call for processing major crime
scenes on a 24-hour-a-day basis. Laboratory staff responds to approxi-
mately 75 calls per year. A crime scene van equipped with cameras,
physical evidence collection kits, latent fingerprint kit, casting kit,
and basic tool kit is available to respond to the crime scene calls.

3.3.2 Agency (User) Evaluation of Current Service

Interviews with the limited number of users indicated that the
Laboratory provides a vexry valuable service, which has improved in the
past 4 to 5 years. The Laboratory staff members are very cooperative
and very capable individuals. The major complaint was the length of
time it takes to get Laboratory results. There are also some things the
Laboratory is not capable of doing and, therefore, must be sent else-
where for analysis. The Laboratory services were used almost on a daily
basis, primarily for drug analysis.

3.3.3 Needs to Improve Crime Laboratory Service

Interviews with users in general indicated that the present facilities
should be upgraded and the service capabilities improved. Serology (&.g.,
blood, hair, fibers) capability is needed. Document examination service
is needed, as well as better toxicological analysis in cases of criminal
interest. Although users interviewed have some crime scene capabilities
and rely on State crime scene processing in homicide investigations, more
assistance is needed in the crime scene area to improve the quality of
gathering physical evidence. It was felt that this could be best accom-
plished by regional seminars involving both basic criminal investigation

R-76-155
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and crime scene search. Homicide investigation seminars conducted in the
past were well received, and it is felt that these should be continued.

Some users also indicated that assistance was needed in identifying
suspects; this could best be provided at the State level through the use
of an Ident-0-Kit. :

A review of Laboratory services capabilities shows that the following
services are provided:

e Crime scene processing.

e Latent fingerprint examinations and comparisons.
¢ Dangerous drug and marijuana identification.

e Firearms and toolmark comparisons.

e Arson examinations.

¢ Some trace evidence capabilities, such as paint
and building materials.

® Seminal material identification.
¢ Photography.

It was also determined that the drug and marijuana backlog was
approximately 4 weeks and the criminalistics backlog was 10 weeks. Cases
received at the Laboratory are generally worked on a first-in-first-out
basis except where results are necessary to determine bail, needed for
investigative purposes, and in homicide investigations.

The following laboratory capabilities are not provided:

e Serological examination (i.e., blood determination
and blood typing).

e Hair and fibers comparisons.

® Document examinations,

® Toxicology involving questionable deaths.
@ Glass examination.

8 Soil examination,

@ Analysis of physical evidence for organic composition.

R-76-155
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Toxicological analysis and blood alcohol analysis are currently
being handled by the Department of Public Health. Users, as well as
Laboratory staff, feel that more assistance is needed in cases of
questionable deaths. Closer liaison is needed with the County Medical
Referees to make them aware of what service is available in these
investigations, but adequate service should first be made available
at the State level in the area of toxicological analysis.

R-76-155
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4. FINDINGS AND CONCLUSIONS

The Consultant's general observations were that the present level
of the Crime Laboratory capabilities are well received, but more assist-
ance is needed. This assistance is in the form of more crime scene
capabilities, more laboratory capabilities, and faster response time on
laboratory results,

This Laboratory, as well as most other laboratories in the United
States, is buried in the drug identification problem., Of the caseload
in the past 3 1/3 years, 77.6 percent was drugs. Figures for 1975 re-
flect a decrease in drug cases, while criminalistics cases show a steady
increase.

Although 1974 UCR data for New Hampshire shows a 45-percent in-
crease in Part I Offenses and a 22.l-percent increase in Part II Of-
fenses over 1973, this increased criminal activity has not been reflec-
ted in the caseload of the Crime Laboratory. It is true that the large
increase in Part I Offenses in New Hampshire in 1974 was due primarily
to the increase in larceny, burglary, and auto theft and that evidence
available in these types of offenses, other than burglary, does not nor-
mally go to the Laboratory for analysis. [However, the increase in burg-
lary cases alone should have reflected an increase in cases processed by
the Laboratory for that type of service. One could conclude that: a)
The evidence is being submitted to the FBI or some other laboratory for
analysis, b) the local investigators are not aware of the potential
physical evidence present at the crime scene, or ¢) 1f it is collected
there are not adequate laboratory capabilities to provide analysis in a

reasonable length of time. It is suspected to be a combination of b and
Cc.

The recent Rand Report indicates that the increased capubilities of
law enforcement agencies to properly collect physical evidence have not
contributed significantly to the solution of the crime and the apprehen-
sion of the suspect(s). The Consultant believes the Rand Report has
failed to address one of the most pressing problems in the criminal jus-
tice system. One could have the best crime scene specialists in the
county, process evary crime scene in a timely manner, and do a superior
job in evidence collection and preservation; but if the scientific sup-
port is not available to totally support the crime scene speciallsts'
efforts, then much of the activity at the crime scene is wasted.

The population centers and geography of New Hampshire do not war-
rant an additional crime laboratory(s) in the State. With the majority
of the State's 824,000 persons living in the southern portion of the
State, Concord is geographically located to provide easy access by the
criminal justice agencies to the Crime Laboratory. It appears that
approximately 90-percent of the population is within 1 1/2 hours driving
time of the laboratory in its present location.

R-76-155
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Decentralization of the Crime Laboratory, with its necessary
specialized and costly equipment, could not be justified based on the
population and the types and numbers of criminal offenses it normally
serves.

It is concluded that the Crime Laboratory should be given the
fiscal support necessary to upgrade its present capabilities and
implement those capabilities that are needed but not presently weuadily
available to the criminal justice agencies in New Hampshire.

Part of the problem will be resolved when the Laboratory moves
into its new facilities. Immediate consideration should be given to
the following, which are listed by priority:

e Implement serological service. This would require
3 to 4 months of extensive training for a criminalist
to become qualified in blood identification; species
identification; ABO blood typing; and enzyme identi-
Fication of blood, saliva, seminal material, and othex
biological material. This individual should also be
capable of doing hair and fiber identification and
comparisons. This area of criminalistics has expanded
rapidly in the last 5 years and would require the
full-time efforts of one staff member to establish
the necessary procedures.

e Improve the Laboratory capabilities in organic
anajysis of physical evidence items. This would
require additional training of staff members who
are well versed in instrumental analysis, as well
as the purchasing of additional accessory items for
instruments in the laboratory.

e Train staff member in glass and soil analysis.

e Provide toxicological analysis capabilities in

- cases of questionable deaths. This service would
require a full-time staff member trained in toxi-
cological procedures. The Laboratory pessesses most
of the basic instrumentation needed for this type

of service, but would need additional instruments in

- ' the near future when the caseload justifies the need.

One of the most useful instruments presently avail-
able is the Gas Chromatograph/Mass Spectrometer with
computer access. This instrument can also be used
on dangerous drug analysis, which would assist in

- inereasing productivity in that service area.
7] R-76-155
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Provide, as a beginning, four crime scene
specialist teams. These teams should consist
of two men: Each man should be well versed in
crime Scene processing, latent fingerprint
processing and comparison, photography and dark-
room processing. These individuals should be
interested in things, not people. A good
investigator does not necessarily make a good
evidence specialist. These individuals should
be on call 24 hours a day, 7 days a week, pro-
vided with a vehicle that contains necessary
equipment to process a crime scene, and be
answerable to the Laboratory director. Recom-
mended locations for these teams would be with
Troop A, Troop C, Troop F, and with the labor-
atory in Concord. The three teams assigned to
the troop locations could be utilized in patrol
or other activities when not on a crime scene
activity. The team assigned to the Laboratory
could assist with other duties in the Laboratory
when not on a crime scene activity.

Hire a document examiner. The Laboratory
presently has much of the microscopic capability
needed for document examination.

R-76-155
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5. RECOMMENDATIONS

5.1 General Recommendations

The Laboratory has grown because of a need for analysis of physical
evidence. Although it appears the Laboratory is moderately well equiped
with instrumentation, this instrumentation is not being used to its
potential because of the pressing drug caseload. The staff does not
have the time to develop capabilities and expertise in areas of criminal-
istics. The staff needs and requirements have not kept up with the pot-
ential physical evidence.

Additional staff is needed to provide capabilities to make the New
Hampshire Crime Laboratory a full-service laboratory.

There is also a need to expand statistical gathering for management
purposes. This would provide the director with budgeting information
that would assist budget justification to the administration and would
also provide a means of administrative control over the activities in the
laboratory.

Because over 75 percent of the caseload is drug identification, most
staff members should be capable of conducting drug analysis. The criminal-
ist should develop a specialty in one or two other areas (i.e., firearms,
trace evidence analysis, serology). With some cross-training between
drug identification and some special area of criminalistics, the staff
member would not feel '"boxed-in" to one activity. This would also allow
flexibility to cover vacations, illness, and peak periods or large influx
of drug cases.

5.2 Specific Recommendaticns

® Train a staff member to conduct serological
analysis.

® Hire an additional criminalist to replace the
staff member to be trained in serology. This new
staff member should be cross-trained in drug
identification and one or two areas of criminal-
istics.

0 Hire an additional staff member to provide more
rapid turnaround time in drug analysis. This
additional staff member should also be cross-trailned
in one or two areas of criminalistics.

@ Cross-train those existing staff members in areas
of criminalistics., The cross-training of present
staff and the addition of two new Criminalists

R-76=155
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should meet the current demands of the criminalistics
backlog. It should be pointed out that criminalistics
cases take more time to analyze than drug cases
because of the variety of evidence and because of the
complexity of the analytical techniques involved.

Provide staff time for literature research and
methods development.

Upgrade the library to provide the necessary books
and journals pertinent to the field of forensic
sciences and criminalistics.

Allow staff time and travel expenses to attend
regional and national conferences and training
sessions for self improvement.

Add travel expenses for staff to visit other
laboratories for in-service training in specific
areas of criminalistics.

Recruit and hire a toxicologist.

Recruit from within and provide training for
eight crime scene specilalists and provide them
with the necessary equipment for crime scene
processing.

Purchase necessary equipment and accessories
to allow for in~depth analysis of physical
evidence, which is not currently available in
the laboratory.

Recruit and hire a document examiner.

Add clerical staff to type reports, file, and
assist in the preliminary steps of evidence recep-
tion. Clerical staff could be used to assist sub-
mitting officers in filling out evidence receipts
before the criminalist receives the evidence.

5.3 Action Plan

Personal services figures, although discussed with the Laboratory
director, were not noted; therefore, they are not included in this report
as costs for implementing the recommended steps.

Since serological capability is the first priority, necessary com-
modity items and equipment will be required. Additional trace evidence

R-76-155
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analysis is} the second priority.

The following equipment would be needed

to meet these priorities (also listed are the equipments' associated costs).

Equipment Needs for Serology

~ Stereo Microscope

- Phase Contrast Microscope

- Comparison (Fiber) Microscope

- Rotator

- Incubator

- Oven (37° and 55°C)

- ph Meter

- Micro-Mixer (Shake)

- Heating Blocks (2 each at $56)
- Serofuge

- Ultrasonic Cleaner

- Electrophoresis Power Supply

- Electrophoresis Tanks (2 each at $230)
- Cooling Plates (2 each at $90)
- Water Cooling Unit

- U.V. Lite (short and long wave)
- Glassware Dryer

- Volt-Ohm Meter

- Magnetic Stirrer

- Refrigerator

112
262
360
188
460
180

125

125
50
124

250

to 600

Equipment Needs for Upgrading Organic Analysis Techniques

- Pyrolysis Accessory for the Gas
Chromatograph (see Appendix A)

R-76-155

5-3

$2,000



o

e
Mdﬁ’&“

ni b

RS |

Boeme B

ol

BN CAsAD

——t

RETETTRE

e el el el beeed el

il

w——

— R e T TR = R R S S

- Digital Electrometer Accessory for
the Gas Chromatograph to Lmprove
Spectra Data Collection (see Appen-
dix B) $2,000

o Other Equipment Needs

- Mettler Hot Stage and Monochromo-
meter to conduct Refractive Index
Measurements $6,000

- Fiber Optics for Firearms Compari-
son Microscope 350

-~ Water Bullet Recovery Tank (see

Appendix C) 1,000
- A Book and Journal Budget on &

Yearly Basis 500
- Chemicals for Serology Start-Up 600
- Glassware for Serology Start-Up 840
- Anti~Serum for Serology Start-Up 185

Toxicological capability, other than some additional glassware and
organic solvents and chemicals currently used in the Laboratory, should
not require any large expenditures of money at this time other than per-
sonal services. Future consideration should be given to the purchase
of a Gas Chromatograph/Mass Spectrometer with computer data bank as the
caseload warrants. Current cost for such an instrument is approximately
$125,000.

Since crime scene speclalists and document examination capabilities
are for consideration in the near future, no attempt will be made to cost
these activities at this time,

The use of the criminalistic staff for processing crime scenes affects
the operation of the Laboratory. At present a major crime scene investi-
gation completely disrupts the operation of the Laboratory for several
days. Although a criminalist's assistance may be needed on special
occasions, the Laboratory staff should not be expected to respond}to all
crime scene investigations. A well-trained crime scene specialist could
handle all crime scene investigations. Furthermore, the availability of
trained crime scene specialists should provide more coverage of all types
of crime scenes.
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Since in-service training is an integral part of providing expanded
service and in-depth capabilities of the Laboratory and staff members,
the costs associated with such activities and other activities are as
follows:

@ Travel, Training, and Meeting Expenses

- In~service training for serologist ~-
Minimum of 16 weeks at $200 per week
plus transportation $3,200

- Regional seminars or conferences on
matters of forensic interest --
per year for several staff members 1,200

- Staff member attendance at the
American Academy of Forensic Sciences
(San Diego, February 1977) 700

- Any other in-service training 200 per week
plus transportation

Implementation of the recommendations in this report as fiscal funds
become available would provide the criminal justice system of New Hampshire
with fuil Crime Laboratory capability. The monitoring of Laboratory
activities through sound statistical management data would provide the
administration with support for zdditional operating funds and staff needs.
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APPENDIX A

Pyrolysis - Gas Chromatographic Analysis
of Automobile Paints
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Pyrolysis-Gas Chromatographic Analysis of

)

Auvutomobile Painis

The problem facing the forensic scientist in the examination of paint as physical evi-
dence is the limited amount of information that zan be obiained from trace samples.
Examination of the paint involves Lests to determine the composition of the binder. These
tests include spot tests which differentiate between binders by solubility and color reac-
tions [/] and infrared spectroscopy which identifies the functional groups present in the
sarnple [2]. Pyrolysis-gas chromatography can also be used to compare paint traces with
the suspected source ar, by reference to standard chromatograms, to identily the type of
binder. In addition, the identity of the manufacturer of the paint smear and, in many
cases, the make of automobile as well as the vear, can be determined by the pyrolysis of
small paint samples.

The method described in this report involves the pyrolysis-gas chromatoyraphic analysis
of the 1973 automotive finishes, and the classification of the finishes by manufacturer.

The majority of the binders, and almost all autormnotive fnishes, are composed of poly-
mees which are built up either ducing manufacture or during the drying process [3).
Pyrolysis-gas chromatographic technigues have been wed extensively for the identifica-
tion of copotymers and mixed polymers. Groten [4] examined over 150 different polymers,
including synthetic resins, mixed polymers, and copolymers, and although similarities
were found among some, he was able to distinguish all the samples. Strassburger et al
[5] shawed that copolymers of methyl methacrylate could be distinguished from polymer
mixtures of the same composition by the differences in intensity and that constituents of
copolymers in concentrations as small as 0.2 percent could be detected, O'Mara [6] dem-
onstrated the qualitative and quantitative reproducibility of pyrolysis gas chromatog-
raphy in the study of poly (vinyl chloride) using a combined gas chromatography-mass
spectrometry system. Jain et al [7] examined 34 commercially available coatings, including
house paints, automotive finishes, and primers, and were able to distinguish all but two
of the coatings.

Experimental
Equipment

The analyses were made with a Fisher-Victaresn gas chromatograph equipped with a
reactor tube pyrolyzer and a Model 4010 digital log electrometer. The Full seale range of the

This paper describes part of the work done under Hlinois Law Enforcement Commission Grant No,
2-08-24-0528-01, Criminalistics Fellowship,

Presented at the 25th Anaual Meating of the American Academy of Forzmsic Sciences, Las Veuas,
Nav,, 23 Feb. 1973, Received for publication 23 Feb. 1973; ravised manuscripe received 2 July 1373
accepted for publication 3 July 1973,

! Reseacch criminalist, Depariment of Law Enforcerment, linois Burzau of Ideatineation, Johet, 111,
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FIG. |—The effect of sample size: (4) 0.05 mg, (B) 0.10 mg, (C) 0.25 ms.
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eoigmsz wsed ol by
recorder-cépeesantstfourdecades of fon current from the hydrogen flame ionization de-
tector, covering.therrange-of 10~11A to 10-7A. The advantages of the logarithmic display
forithe analysis oficomplex mixtures have been demonstrated by Byrnes {§) and Chisum
and Elzerman}S} visaomos o

TA:combination-eolumereomprised of an 8 ft by Ygin. 15 percent Carbowax 20M, on
804100 AW-DMEStreated Chromosorb W, followed by a 3 ft by 4 in. 10 percent sili-
cone:Dow-Corming 200;:0m:80/100 AW-DMCS treated Chromosorb W, performed the
separation of the thecmal degradation products. The programrming beging at the start of
the: pyrolysis-and.the-colammis held at 50°C for 2 min, at which time the column tem-
perature;is,increased 33°C/ miniunil 180°C and held there for 5 min.

oy .

: PO UACS Do BRSSP IS T /”’f. FYAM

oorath i uniwt 1 ot

Procedur

Pamtnp:mcls recem:cl xrompxe manufacturers were used for the analysis. These panels
were upresentauve of the, p!oducnon ba tches, and thus were the same quality as the
automobile ﬁmsh The f,msn byer was scraped off the panel with a scalpel and weighed.
A samplc size. of O l mg, was c‘woxn for. the analysis but, as shown in Fig. 1, a wide range
of s¢mole sizes gs,ve eunuallv.xdcm'cal information. The reactor tube pyrolyzer design,
which’ provxdcd unuorm .he auug at.a ratz of 200°C;’s coupled with the logarithmic out-
put, munrruz‘-d. po;sxblc:v;.nzuons due.to sample siza.

A pyrolvm tempero.tu:e ef -100°C was chosen to effzct the thermal degradation of the
pamr_sample The. cm:oma;oszrg.rrnobtamed upon pyrolyzing two different types of acrylic
emamels at BGO°C 400°C, 600°C a.nd VGO"C are shown in Fig. 2 and, as previously demon-
strated by Lehmarm ancLBrauer [JO] show the i increase in the number of products with
temperature. This increase in de«zradanon DdeUCLS does not imply an increase in the
differences of the two enamels as shown by the nearly identical results at S00°C.

Columns with stationary phases of different polarity were also tried in an attempt to
distinguish the paints. These-included SE-30 (non-polar), Dinanyl phthalate (intermedi-
ate), and Carbowax 20V (polar)-stationary phases, and the ability to distinguish the paints
increased with increasing polarity. The column selected gave resulis similar to the Carbo-
wax 20M column, but the rapidly eluted gaseous products were separated on the com-
bination column. '
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FIG. J—Difference between acryllc lacquer and acrylic enamel finishes; (1) General Motors Corp.
lacquer, (B) Ford Motor Co. enamel.

Results and Discussion

The binders in the automotive finishes currently used by American manulacturers are
composed of either thermoplastic acrylic resins or thermosetting acrylic resins, General
Motors automobiles have thermoplastic acrylic lacquer finishes and the cemaining three
manufacturers (Ford, Chrysler, and American Motors) have thermosetting acrylic enamel
finishes, The chromatograms of a typical acrylic lacquer and enamel, shown in Fig, 3,
are quite different.

Acrylic Enamel Finishes

Far the 1973 model year, Chryster Corp. aud American Motors Corp. use the new dis-
persion finishes exclusively. These nonaqueous dispersion finishes (NAD) are difierent
from the solution-type finishes in the nature of the vehicle, that is, the solvents and
binders. The polymer, which is maintained in suspension in a liquid composed of solvents
and non-solvents, is in the form of very small (<1 pm) pacticles, This solid suspension
results in at least 2 30 percent higher concentration of solids at the spray gun and enables
two-coat application, rather than the current application of three coats, to achieve de-
sired film thickness. ’

Cook Paint and Varnish Co. and Piusburgh Plate Glass (PPG) lndustries have bath
dzveloped NAD finishes. The Cook formulation, or Type 1 NAD, is the basis for all
Amecican Motors automobiles, Regardless of supplier, the Type | formulation must be
followed, Figure 4 shows examples of the Type | NAD finishes supplied to American
Maetars by the vacrious manufacturers and, althovgh slightly different, all theee chromato-
grams have similar characteristics. The PPG formulation, or Type 2 NAD, is the basis for
all Chrysler Corp. metallic finishes and the Type | formulation is used for all nonmetallics.
Figures 5 and 6 demoastrate the adherence to this requirement by the manufacturers. As
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A-5




—y —

——

Lo’

fiery

s

cev=rs |

==

oo |

Sumend

STEWART ON ANALYSIS OF AUTOMOBILE PAINTS 125

, |
ﬁ | l |
| 1?,3 : ) |
1 1NN
| | LR T
dljw ,!\ w } ﬂ.g,eb‘.“li)}j%égshm ” % lxy% ,r;;,{_.i.j;‘, = %‘}!,\’ | | ‘;
J WW I /! LAY \Mg ol V.,'}’H’r it ]:’E
TV Wi W
: ° *n ‘(n-'«) O T ° v ¥ (i) ' i = - N Tmem ’ L

FIG. 4~Type | NAD finishes supplied to American Motors Corp.: (A) Cook Paini and Varnish Co.,
(B) PPG Industries, (C) Celanese Coatings Co.
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FIG. 5—Type 2 NAD metallic finishes supplied to Chrysler Corp.: (A4) PPG Indusiries, (B) Celanese
Coatings Co,

would be expected, the Chrysler Corporation nonmetallics are quite similar to the Ameri-
can Motors finishes.

The Paint and Vinyl Operations of Ford Motor Co., which supplies the majority of paint
to Ford, has also developed an NAD-type finish. Threz metallic blue dispersion finishes,
one from each automotive manufacturer, are shown in Fig. 7. All thres NAD finishes
can be disiinguished both by peak intensity and pzak location. Ford Motor Co, also
uses the solution-type enamel at a large number of the assembly plants. Three practically
identical metallic brown finishes, one from each automotive manufacturar (but with the
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F1G. 7—Comparison of stmilar blue metaliic dispersion-typ2 finishes; (A) Ford Motor Co., (B) Chrysler
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Ford panel being a solution-type enamel supplied by Paint Operations), are shown jn
Fig. 8. All three are easily distinguished.

Ford Motor Co. paints automobiles in at least 17 diferent plants in the United States
and Canada, and utilizes a number of suppliers for the same color. The six cheomato-
grams of Fig. 9 represent different acrylic enamels used at the various plants for the white
enamel finish, If a sufficient sample is present to identify color, the number of possible
locations from which the automobile originated can be reduced and, coupled with the
production schedule, the type of Ford Motor Co. automobile can be identified. Chrysler
Corp. and American Motors Corp., which have fewer assembly plants, use a single sup-

plier for a given color for all but a very few colors.

R-76-155
A-7




—1
—

b renenrcrgr 4

-

STEWART ON ANALYSIS OF AUTOMOBRE PAINTS 127

PP
PN

T T e
P

; i 1
i i It i l b i in X ; ] ‘ Ik ;!
T O S I Y N
1 i) :'n,\"x.; .1:;, ot | -\‘ ,tél b i 'l'!)‘; N
STV W PRI } Cowy I M
Ui ‘f!-iJu\j / i AR LI sl [ p
! !u, t ‘r'lb ',\\'.'[! "U v ‘Y"\j}[‘:
A B T c L
) 3 . 1 A M Vi trrad : L T '

'y
* fene {irval Nme i

FIG, 8—Comparison of similar brown metallic finishess {A) Fard Motor Co, rolution-type finish, (B)
Chrysler Corp, dispersion-type finish, {C) dmerican Motors dispersion-type finish,

Acrylic Lacquer Finishes

E. I. du Pont de Nemours and Co., Inmont Corp., and PPG Industries supply auta-
motive finishes to General Motors and identification of the three suppliers is possible, as
shown in Fig. 10, The majerity of the General Mctors Assembly Division plants and the
Fisher Body plants uses one source exclusively for all colors and thus, like Ford Motor
Co., the number of possible locations from which the automobile odginated can be re-
duced, and in some cases the make of the General Motors automobile can be detecmined,
The common formulation for all the General Morors automotive division’s Hnishes,
added to the fact that du Pont is the major source for the majority of the plants, limits
the amount of information that can be obtained,

Summary

A technique for the elassification and comparison of automotive Rnishes using pycolysis-
gas chromatography has been presented, The 1973 model eutomotive finishes were studied
and the ability to distinguish the finishes by auvtomobile manufacierer was shown, The
decision by Chrysler Corp. and American Motors Corp. 10 use diffeceat formulation
NAD finishes for 1973 facilitates identification of their automobiles. Ford Motor Co, can
also be distinguished since the majority of the finishes are Ford formulation solution or
dispersion finishes, The remaining enzmel finishes supplied to Ford Motar Cu, tan be
identified by the manufacturer and distinguished from the Chryster and American Motars
automobiles General Motors Corp. uses a completely different bindec system and is
easily distinguished from the other manufacturers.

Furthec research is belng undectaken to distinguish the earlter model yeaes and to ds-
tecmine if the paint batches can be distinguished, Cryogenic caoling, which should result

" in better separation and analysis of the lighter molecular fragmerts, will be used In the

attempt to distinguish the paint balches.
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Identification of Arson Accelerants by Gas
Chromatographic Patterns Produced by a
Digital Log Electirometer

The identification and comparison. of decelerants is a problem which confronts the
criminalist during the examination of evidence from suspected arson cases, The most
common accelerants encountered in the investigation of arson are liquid hydrocarbons.
The identification of these materials is complicated by the fact that they are not single
chemical entities but complex mixtures of hundreds of different hydrocarbons.

A number of published articles have dealt with investigation, recovery, and identifica-
tion of uccelerants, Laboratory aspects of the investigation of arson cases were discussed
[7,2] as well as recovery methods, which include vacuum distillation [3,4], steam distilla-
tion (3], air Aushing [6), and solvent extraction [7-9]. Metheds of identification were based
on such properties as odor, boiling range, density, refractive index, and flash point [4).
Other methods of identifcation include absorption on paper and fluorescence (10,117 and
infrared spectrophotometry [6,71.

With the advent of gas chromatography numerous articles have appeared which
propose specific identification of the type of accelerants employed based on differences
resulting from variations in the manufacturing process. These articles deal with use of the
thermoconductivity detector (72-76] and the hydrogen flame detector [9,77,18] in char-
acterizing the effluent from the column of the gas chromatograph and the amplification of
the signal by a linear electrometer,

Electronic capabilities have progressed to the point where instrumeats are now com-
mercially available which display chromatographic data in logarithmic form [/9]. This
paper will discuss the advantages of the digital log electrometer over the conventional
linear electromater,

Digital Log lectrometer

Wide current variations experienced in oas chromatography detectors frequently cause
the loss of pertinent information, This condition is most noticeable with wide range
detectors, such as of the flame ioniz=ton type, when small current peaks occurring close
to large current peaks are obscured. This peoblem does not oceur, however, when infor-
mation is presented i logarithmic form covering three decades or more.

Presented at the Twenty-third Annual Progrmm, American Academy of Forensic Sciences, Phoenix,
Ariz, 25 Feb, 1971, keceived for publication 30 Aprl 1971 accepted for publication 3 Nov, 1971,

! Culifornia Department of Justice, Bursay of Criminal Id=ntiication and Investigation, Criminalisiics
Laboratory, Sacramento, Calif.
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Experimental results, obtained afier analyzing a number of liquid mixtures with a gas
chromatograph, indicate that logarithmic presentation of jon currents from a Hame
ionization detector is superior to linear presentation, The advantage is realized when
mixtures are composed of components of widely differing concentrations. Since signal
heights of 2 percent or less of Tull scale are barely detectable using linear electrometers,
the range must be switched one or more times during a single analysis to detect all peaks
or suceessive analyses must be made. Each succeeding analysis must employ greater
sensitivity until all useful peaks are observed. The major disadvantage of the successive
analysis method is that the epxerimental conditions cannot be exactly reproduced for
each analysis and, thus, widely varying results rmay be obtained,

The minimum detectable signal height with a linear electrometer is about 2 percent of
full scale, The minimum detectable stgnal with a four decade logarithmic electrometer is
0.01 percent of Full scale. Thus, peaks up to one ten thousandth as high as the main peaks
can be observed. The dynamic range of the electrometec is 10 to 10-7 A,

Figure 1 shows a sample of a-hexane with cyclohexane. The left side of the figure shows
the n-hexane peak with only a small peak for cyclohexane for one set of conditions on a
linear electrometer. The center of the figure shows a cyclohexane peak clearly; however,
the a-hexarte peak is off scale because of the change in attenuation of the linear electrome-
ter required to make a clear presentation of the cyclohexane peak, The right side of the
figure illustrates a single presentation of both peaks by the digital log electrometer, If
other hexane isomers were present in the mixture, the center illustration would show the
n-hexane peak to have a broader bass, This could be misinterpreted as only one peakif the
sarnple being analyzed were injected under one set of conditions only,

‘ ’T(D."

. - o ,
 E —HEE
o o ’
[® < =
= =

gi},_. o == __i] .___*A
Lt = L= b e ;
%l. % B

=< g

ul i

._L' e

R e R R T

B o S e N B S B
S 65 0 N T A

:
FIG, |—Comparison of linear electrometer and digital log electrometer preseniation of n-hzxane and
cyclohexane analysis.
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Experimental

Eyuipment

The gas chromatographic analyses were made with a Varian Model 1740+ chromata-
graph with a hydrogen flame detector, This model is equipped with a temperature pro-
grammer. The linear presentations were made using the Varian electrometer. The digital
lug presentatiens were made with 2 Victoreen Model 4010-2 digital log clectrometer
fitted to work on the chromatograph, A Varan Model 20 recorder was used,

Operaiing Conditions
The following opecating conditions were implerented,

Program 1—High boiling hydrocartons.

[njection temperature: 225 C; oven temperature: isothermal at 40 C; programming
begins at time of injection, continues at 2 deg C/min for 20 min, at which tme the
program is increased to 10 deg C min, and ends at 250 C; detector temperature: 270 C,
Carriec gas: helium~—22 psi inlet pressure, 25 ml min flow rate, Air—300 m./min How
rate, Hydrogen—25 mi;min flow rate.

Column: 5 ft by ¥4 in. SS; 3 percent SE 30 on 100 '120 Varaport 30,

Sample size: 1 ul

Chart sped: 1 in., 3 min,

Program 2—Low boiling hydrocarbons.

Injector temperature: 225 C; oven temperature: isothermal at 40 € for 6 min, alter
which it is programmed at 6 deg C min to 225 C; detector temperature: 270 C.

Carrier gas: helium—30 psi inlet pressure, 15 ml min flow rate, Aic—300 ml ‘min fow
rate, Hydrogen—25 ml -min flow rate,

Columnt 15 ft by b5 in. §S; 3 pereent SE 30 on 100 120 Varaport 30.

Sample size: 1 el

Chart speed: | in,/3 min.

Program 3—Capillary column. :
Injector temperature: 200 C; oven temperature: isothermal at 40 C for 6 min, after
which it is programmed at 2 dey C miin to 125 C; detector temperature: 200 C,
Currier gas: helium—335 psi inlet pressure; split, 2.5 ml/min flow rate! makeup, 22.5
ml min flow rate. Air—230 ml min fow rate. Hydrogen—25 ml/min flow rate,
Column: 200 ft by 0,01 in. inside dizmeter, S5, coated with Squalene,

Sumple size:  pl,

Chart speed: 1 in.-3 min.

Mererials

Stundards: Cy to Cys paratin hydrocarbons, Poly Science Qual-Kit No. 21,

Petroleum productst Full range of gasoline. Sisty-three specimens from Sacramento
arei collected in one day.

Procedure

To further illustrate the advantage of loarithmic display ovee linear display, a mixture
of 10 paratfinic hydrocarbons, kexane through hexadecane minus pentadecane, was made
up and injected into the gas chramatograph, Figure 2 {lustrates the digital log electrometer
display using a 1 pl sample, Figure 3 iflustrates a linear clectrometer display usinga 0.6 pl
sample. Both displays velate to samples run under the conditions of program 2. When only
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a small peak resulted from hexane in Fig. 3, it was realized that a much greater attenuation
Was necessury to be able to present the other hydrocarbon peaks. The sample was tem-
perature programmed and, because of the increased sensitivity necessary o record the
other hydrocarbons in the sample, thees was an increase in base line drift, The same hydeo-
carbon mixture was again analyzed by the same procedure only this time a 1,5 ul sample
was injected, Figure 4 illustrates this presentation. Note that thres attenuation changes
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FIG. 4—1.5 pl injection of mixrure of Cs to C hydrocarbons.

were required to keep all peaks on scale. Although Fig. 4 presents a classical textbook gas
chromatographic chart from the C; through Cys hydrocarbons, several minor peaks are
not present which are visible on the digital log preseniation of Fig. 2 between Cyp and Cys,
between Cyy and Cyy, and before Cis.

To illustrate in yet another way ihe advaniage of the digital log electrometer over the
conventional linear electrometer, | gl of Mohawk regular gasoline was mixed with 2.5 pl
of the mixtuce of Cs to Cys parafiinic hydrocurbons used for the displays given in Figs,
2-4 and injected into the gas chromatograph, The linear display appears in Fig. 3 and
the digital log display in Fig. 6. For comparison, Figs. 7 and 8§ illustrate the same gasoline
without the Cy to Cy; paraffinic hydrocarbons added. Note that not only can the peaks be
identified by injecting an internal standard with the sample (aromatic and olefinic stand-
ards are also available) but also the increased sensitivities of some of the minor com-
ponents are visible because of the greater dynamic range allowed by the digital ¢ > elee-
trometer for one analysis of the sample. Figure 5 again illustrates the loss of one peak due
to the unchangzd attenuation, giving one broad peak foc hexane. Program 2 conditions
were used to obtain the ¢ glays in Figs. 3 through 8.

Logarithmic presentation of gas chromatoyraphic data is superior to linear presentation
because it has a greater dynamic scope and does not require range switching betwesn
decades, Since the electrometer operates on an integrating principle, ¢lectronie integration
of peak areas is easily obtained with greater accuracy and precision than by other methods,
A complete qualitative and quantitative chromatogram and percentage composition is
presented during one run and all component peaks within the 10-1 to 10-7 A range can be
recognized at a glancs.

Results and Discussion

Routinely & 1 ol sample of each gasoline was analyzed by program 2 using the digital
log electrometer, Little or no difficulty was experienced ia distinguishing between brands
and grades of gasolines. Figures 9 and 10 are representations of two separate Shell regular

,R-76-155
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presentation of an injection of a mixture of Mohawk regular gasoline and

(G, 6—Dizgital log electromeier presentation of Fig.
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FIG. 9—An injection of Shell regular gasoline from one gas station bulk tank.
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gasoline samples taken from two stations sbout six blocks apart, 1tis not known whether
the two stations recetved their fuel deliveries on the same day and from the same bulk
truck. The charts suggest identification of the stations is possible, but a sufficient number
of samples have not been analyzed to conlirm this. Some off~brand gasoline samples gave
results similar to the Shell samples, which suggests that they received their supply from
the same refinery on the same bulk delivery truck.

Accelerants recoverced by stearn distitlation from burmed matedals were also identified
[5]. Figure 11 illustrates the recovery of 432 ml of gasoline by steam distitlation from 5 ml
of Mohawk regulac gasoline which had been added directly to water in the still. No

" appreciable loss of the low boiling fraction was noted. Figure 12 jllustrates the results

of an analysis of the 0.3 mt of distillate recovered from evaporation, under a hood for | h,
of 5 m! of Mohawk regular gasoline that had been absorbed by a block of wood. YWhen
compared to Fig. 8, it can be seen that the low boilers are lost, as would be expected;
however, sample recovered is readily identified as gasoline. Figure 13 illustrates the
results of cecovering 0.3 cm?® of distillate by steam distillation from a block of wood which
absocbed 5 em? of Mohawk regular gasoline and burned for 2 min. The results are similar
to those in Fiy. 12, Program 2 was uscd during the analyses shown in Figs. 11 through 13,

Other types of hydrocarbons wers also analyzed. Examination of the charts showet
that the backeround, which is ignored in the linear electrometer in favor of peaks, was
helpful in identifying the type of accelerant.

Several gasoline samples were analyzed by using the capillary column [20-23) and
program 3. Figure 14 illustrates the results of one such analysis ol a sample of the Mohawk
gasoline used in previous analyses. One hundred and forty-two peaks were recorded by
the capillary column, as compared 1o 57 peaks recorded by the 3 percent SE 30 column,
However, the analysis time was more than doubled. namely, 102 min was required for
elution from the capillary column as compared to 45 min for the 3 percent SE 30 column.
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Thus, vinploying the digital log alectrometer with capillary columns, eryouenic tem-
perature programming, a printout integrator with log display [24~26], and computer data
analysis and retdeval considerily meraves identification, Furthermore, the wide varianee
in stunal intensities presented by samples analyzed by the technique offer advantages over
the linear clectrometer in pyrolysis uas chromatographic analyses,

B

Summary

The digial log electrometer presents a chromatograghic pattern which provides u better
means for identifving and distinecishing hydrocarbons commonly encounteced ay aceels
erants in arson, Only part of its potantial has been revealed thus far using conventional
columns,
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\Whereas transients: generated by a range change in
valuable data, logarithmic type electronics can cover four decades of siunals without 2
range change and provide a continuous line graph showing all af the component Peitas
resolved by the column, Preliminary studies using a capillary column have also been made
which indicate that higher resolution is better exhibited by use of logarithmic electronics.

a linear electrometer may destroy
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Reasons for Design of a Horizontally
Mounted Water Filled Bullet
Recovery Chamber
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Reasons for Design of 3 Horizontally Mounted Water Filled Bullet
Recovery Chamber: .
In identifying a firearm that has fired an evidence bullet,
a ccmparison of the microscopic tool marks impress&d on the bullet
by the rifling in the bore of the firearm,‘must be made witn the
markings left on a test bullet fired through the bacrel of a
firearm suspected of Ffiring the evidence bullet.
These test bullets must be recoVvered, after £ilring, iz the
most perfect condition possible. There are three acceptable
‘mediums.inté which bullets can bg fired, which leaws the bullet
in a condition to be properly examined; ﬁhere are: 1) cotton,
2) oiled sawdust, and 3) water. Other mgdiﬁms have been used
but have usually caused bullet déformation and/or "wiping" of
the rifling marks on the bullet or the recovefy oif the bullet

has been too difficult or the medium Ras Deen oo & xpensive
B - 2

Loo messy or not readily available.

Favorable Points of this Design:

OCf the three mediums mentioned, water is gener=zlly accept-
ed as the best in regard to its effect on the fired bullet,
bullet recovery is simple and’the water 1s availablie and in-
expensive. Firing on a horizontal plain closely approximates
the common firing attitude..

Aluminum was used because, like Stairless Steel, it is rust
proof but it is cﬁeaper to form and weld and 1is conslderabiy lighter.

This chamber will accomodate the recovary of high velocity rifle

bullets a factor seldom found in other chambers. s
R—76-155
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Description of the Chamber Follows:

CHAMBER, BULLET RECOVERY, WATER, HORIZONTAL, MKL
(Horizontal Bullet Recovery Water Chamber)

This chamber is a 20-inch diameter tube with an overall
length of‘IZ—faet- It is constructed en&irely of 65061-T6
aluminum, which is a specially haraened aluminum, with the
exception of the four carrying handlés and the hat:h hingss

L. hatch.handles which #sre of a different grade. ALl the
'shéet aluminum is .ZSO—incﬁ (k-inch) thick wich tha exception
of the rear end (closing plate) and the baffle plate which are
.500-inch (%-inch) thick. "

Welded in position 16%5-inches in from the firing qu
of the chamber, is an aluminum plate wiﬁh a 9%-inch diameter
hole (firing apertur=) in the center of it. This is the
Diaphragm Plate. A second, removable plate, with =zn 8%~-inch
hole, (firing aperturs) in the center of it is located in Froat
.+ the Diaphragm Plate. This is the Diaphragm "etziner Plate.

This plate is held in position by eight aluminum belts, 3-inches
long by 3/8-inches in diameter which protrude from the.Diaphragm
Plate equally spaced around the firing aperture. The nuts used'
on these bolts are a special self-locking type that will not jar
or vibrate loose.

Sandwiched between these two plates, and held firmly in
place bf the eight nuts and bolts, is a rubber Diaphragm. . This
rubber Diaphragm is 2-inches thick and is manufactured by Uniroyal,

MNMoymbor 41301
Inc., Engineered Systems Dept., Mishawaka, Ind. It was developed

R-76-155
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by: Uniroyal for NASA as a shielding material for space vehicleas.
Test bullets are fired through this rubber diabh:agm into the
water filled chamber. As the bullet passes through the rubber,
the rubber closes behind the bullet, effectively sealing the
bullet hole to rertain the water in the chamber.

Lengthwise on top of the chamber are three hatches (open-
ings) closed by flush ficting hinged hatch covers. These hatches

are 8-inches widej; the first and third hatches arz 1l6-inches long,

t

<

the second or middie hatch is 32-inches. Two %-ipch diameter holes
are drilled in the first hatch cover to relieée any excessive”
hydrostatic pressure at this point. After firing a test bullet .
into the chamber, Fhe appropriate hatch is.opened and the fired
bullet is picked up from the bottom of the chamber where it has
come to rest.

Inside of the chamber, positioned 8-inches aiizad of the
rear end plate is a "baffle" plate. This plate is hung from s
cross pin through the chamber walls and is free te swing rear-
ward. In the unlikely event that a bullet would traverse the
full length of the chamber without being sufficiently slowed by
the water to drop to the bottom of the tank, it would strike this

- baffle plate- This baffle plate when struck by the bullet would

swing rearward slightly, cushioned by the water surrounding it,
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absorbing the residual energy of the bullet, and allowing the
bullet to drop to the bottom of the tank, virtually undeformed.
Without the baffle plate, a high velocity bullet, impinging against

the rear end plate, would probably suffer unacceptable deformation.
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The support stand is consticucted of Z-inch by 3/16-inch

angle iron. The front-to-rear sway braces are bolted to the

upright legs with special "silo bolts which will not vibrate

loose. The aluminum angles welded to the chamber sbove each

upright leg eliminate any horizontal movement of the chamber

L4

in the support stand. The stand holds the chamber at a Eive-

foot cemterline height.

The front section of the chamber, shead of the diaphragnm,
. where the firing takes place, is lined with rubber Sacked nylon

carpeting<psedlin space vehicles 'to absorb sound. N

a 3-foor

‘long extension tube can be locked onto the firing end of the

chamber to accomodate the firing of rifles. This extension

1s also carpet lined. Special gun holding fixturaes can be
mounted in the firing section of the chamber to hold handguns
or rifles for remote firing. .

The volunie of the chamber is 23.36 cubic feet. The

weight .of the empty chamber with the extension tube attached
i; approximately 297 pounds. The weight of the support stand
is approximately 145 pounds. Total in-place empty weight
approximately 442 pounds. When filled witg water to the proper
firing level, the tank will contain 145 gallons of water, weigh-
ing 1,160 pounds. Total weight in-place with extension tube,
approximately 1,602 pounds.

The chamber is filled and drained by a hose attached to a

valve located at the bottom of the rear end of the chamber.
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The support stand is constructed of Z-inch by 3/16-inch

4
a

angle iron.. The front-to-rear sway braces are bolted to the

upright legs with special "silo" bolts which will not vibrate

loose. The aluminum angles welded to the chamber sbove each

L
i

upright leg eliminare any horizontal movement of the chamber

C.

in thz support stand. The stand holds the chamber at a five-

-

&
; ; K '~ ; ; o ‘

foot cemterline height.

!
= s

The front section of the chamber, ahead of the diaphragm,

- where the firing takes place, is lined with rubber 5acked nylon

e

carpeting usad in space vehicles "to absorb sound. o

< 3-foot

long extension tube can be locked onto the firing end of the

chamber to accomodate the firing of rifles.

This extension
LY

sy

is alsoe carpet lined. Special gun holding fixtures can be

mounted in the firing section of the chamber to hold kandguns

|
i

or rifles for remote firing.

The volume of the chamber is 23.36 cubic feet. The

weight of the empty chamber with the extension tube attached

iy

is approximately 297 pounds. The weight of the support stand

is approximately 145 pounds. Total in-place empty weight

{ )

approximately 442 pounds. When filled with water to the proper

1

firing level, the tank will contain 145 gallons of water, weigh-

ing 1,160 pounds. Total weight in-place with extension tube,

et

approximately 1,602 pounds.

The chamber is filled and drained by a hose attached to a

| =

valve located at the bottom of the rear end of the chamber.
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