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Brief Introduction
The payload presented by the West Virginia University High Altitude Research Team

(WVU HART) will attempt to measure cosmic radiation at varying altitude. Specifically, the
WV U HART payload will primarily employ a scintillation detector, constructed by Saint-Gobain
Crystals, coupled with a DP4 Digital Pulse Processor, a PC4-2 Power Supply Board, both from
AMPTEK, and a control circuit board developed by Dr. Mike Palmer, faculty co-advisor for
WVU HART. These components will allow the WVU HART payload to count the number of
high-energy particles encountered by the payload, and classify those particles based on an energy
spectrum generated by AMPTEK’s DP4 circuit board. As the entire High Altitude Student
Platform (HASP) payload, including WVU HART’s payload, and that of several other
universities and institutions, ascends through the Troposphere, the Tropopause, and to a final
float altitude at approximately 36 kilometers (22.5 miles or 120,000 feet) in the Stratosphere
(also known as the “Ozone Layer”), the WVU HART payload will continuously count and
classify the energy levels of the cosmic radiation encountered. In addition, the WVU HART will
be able to distinguish between the number of counts and the type of radiation during sunlight and
darkness, as the entire HASP payload could be afloat for as long as 20 hours. Thus, the WV U
HART payload will contribute to the study of fundamental Physics, high-energy particle Physics,
and to the Aerospace industry, as cosmic radiation affects both the human body through genetic
mutation, and the performance of various spacecraft hardware components. The five sections to
follow will describe some of the technical aspects involved with WVU HART’s payload, and
how the WV U HART plansto integrate their payload with HASP' s main payload.

|. M echanical Specifications
As previously mentioned, the WVU HART's payload will include several electrical

components to enable the detection of and energy level determination of cosmic radiation. These
components will be protected by an aluminum frame, which is mounted to the HASP-provided
PVC Mounting Plate and encased in Styrofoam®, for protection and thermal insulation. The
electrical components will consist of a control and storage circuit board developed by Dr. Mike
Palmer, faculty co-advisor to the WVU HART, an AMPTEK DP4 Digital Pulse Processor, and
an AMPTEK PC4-2 power supply circuit board for the DP4 board. Furthermore, electrical

sensors will consist of the Saint-Gobain scintillation detector, consisting of a 3" diameter, 3"



deep Sodium lodide Thallium Activated (i.e. Na(Tl)) crystal and photomultiplier tube, as well as
three temperature sensors, one mounted on the WVU HART circuit board, another mounted
inside the Styrofoam® case near the top of the payload, and a third mounted on the exterior of the
Styrofoam® case. Lastly, diagnostic LED indicators, and a GPS unit will be added to the
payload, for the purposes of pre-flight diagnostics and post-flight data analysis, respectively. As
with any payload that leaves the Earth's surface, weight is a maor concern. The HASP
program’s concerns are no different. Table 1 reports the component-wise weights for each of the
aforementioned components, and those that enable the successful operation of the WVU

HART’ s payload. One may note that the weight of WV U HART’ s payload is within the allotted
Tablel: WVU HART Payload Weight Budget

Payload ltem Weight [g] Brief Item Description / Notes
Specified Payload Mounting Plate: 552.00 JPVC, induding wiring / Provided by HASP
Insulation and Protection Case: 148.00 |Protective Styrofoam Case
Fully Assembled Frame: 390.00 JAluminum Frame, including Plate Mounting Bolts
Scintillation Detector Protective Core: 60.00 |]Protective Styrofoam Core, including plastic
Scintillation Detector: 1788.00 JProvided by Saint Gobain, including B14 Sockets
Amptek DP4 Circuit Board: 38.00 Provided by Amptek
Amptek PC4-2 Circuit Board: 20.00 Provided by Amptek
Palmer Circuit Board (estimated): 45.00 Designed by Dr. Mike Palmer
GPS (w/ Antenna and Cable): 27.00 Designed and Produced by Dr. Mike Palmer
RS232/TTL Converters (w/ Cables): 35.00 Electronic Components
Measured Total Weight (W Plate, wo Misc.): 3103.00 _[Measured Weight with HASP PVC Mounting Plate
Measured Total Weight (Wo Plate, w/o Misc.): 2551.00 [Measured Weight without HASP_PVC Mounting Plate
Misc. Components (conservative estimate): 224.50 lincludes weight of wiring, and yet-to-be-added components, like Temp. Sensors
Estimated Measured Weight (w/o Plate): 2775.50 [Includes Miscellaneous Components
Maximum Allowable Weight: 3000.00 [Maximum Small Payload Class Weight, as Specified by HASP
Weight Limit Check: Good Ensures Measured Total Weight Without Mounting Plate is Within HASP Limits

3 kg weight limit for the small payload class, neglecting the HASP-provided PVC mounting
plate, as specified by LSU’s “HASP — Student Payload Interface Manual.”

Furthermore, space is limited on the individual HASP payloads, and those payloads need
to accommodate the size allocated to them, based on the class of payload chosen. Since the
WVU HART chose the small payload class, their payload must have a maximum footprint no
larger than 15 cm x 15 cm (5.875 in x 5.875 in), as specified in the HASP — Student Payload
Interface Manual. 1n addition, the WV U HART was designed for maximum internal frame space
for proper operation and installation of components, and to allow for possible maintenance over
the lifetime of the payload. The dimensions of the aluminum frame are specified in Figure 1, on
the next page, depicting symmetrical side views and an overhead view. Additionally, on page 4,
Figure 2 illustrates a cross-sectional view with pertinent dimensions of the WVU HART’s
payload, shown as if it were cut directly in half longitudinally. One may note that the

symmetrical nature of the payload allows for one cross-sectional view. Also, note that the total
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Figure 1: Symmetrical Sde and Top-Down Views of WVU HART Payload Frame
base-width of the payload, including the Styrofoam® case, is no more than the allotted 5.875 in

by 5.875 in footprint. The mechanical schematics for the WVU HART’ s payload may also be

found inalarger view in Appendix A.

Furthermore, one may note from the mechanical schematics that eight ¥4"-20 bolts will be
used to secure the WVU HART payload to the HASP primary payload, at the location of payload
08. Assuming that the WVU HART’ s payload weighs the maximum allotted amount for a small
class payload, 3 kg, a a 10 g vertical loading and a 5 g horizontal loading, the WVU HART
payload would essentially “weigh” 294 N (i.e. 66.09 |bf) and 147 N (i.e. 33.05 Iby) in the vertical
and horizontal directions, respectively. The mounting bolts to be used to connect the WV U
HART's payload to the HASP-provided PVC mounting plate are %4’-20 brass flat head bolts,
which have head diameters of 0.477 in., yielding head areas of 0.1787 in®. One may note that
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each bolt will carry pressures of 369.84 psi and 184.95 psi in the vertical and horizontal
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directions, under the 10 g and 5 g loading conditions, respectively. However, the minimum
tensile strength of the mounting bolts is 53,000 psi, each, as provided by McMaster-Carr’s
website. Hence, factors of safety of 143 and 287 exist in the vertical and horizontal directions,
respectively, easily supporting the WVU HART's payload under the HASP-specified loading
conditions presented in the “Call for Payloads 2007-2008" document. Figure 3, on the next
page, specifies the locations of the bolts that will mount the frame to the HASP-provided
mounting plate.

Lastly, the WU HART’s payload will not contain any exotic, potentially hazardous
materials. However, hazardous potentials still exist. The WVU HART’s payload carries an
inherent risk due to its vast abundance of electronics. Any time that electronics are active and
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Figure 3: Payload 08 M odified HASP-Provided M ounting Plate

the power is on, there exists the risk of accidental electric shock or accidental electrocution. The
highest voltage contained within the current electrical configuration nears 1250 VDC, an amount
considered to be high voltage (i.e. voltage above 500 V), which is very hazardous to the human
body. Thus, certain procedures must be followed when handling the WVU HART’s payload.
Whenever the Styrofoam® protective case is removed from the exterior of the payload, the power
supplied to the electronics is to be turned off before the removal of the case. Furthermore, if the
electronics are to be maintained or measured, precaution and common sense must be used
abundantly. One may note that all of the electronics contained within WVU HART’s payload
will be properly grounded. Additionally, the Styrofoam® pieces, the MSDS of which may be
found in Appendix B, were bonded with Loctite® Brand epoxies. Two different types of epoxies
were used to construct this payload, specifically 5 Minute Instant Epoxy and 5 Minute Quick Set
Epoxy, both MSDS's of which are included in Appendix B. Lastly, an MSDS in Appendix B is
provided for the scintillation crystal, even though it will be permanently encased in an aluminum
housing, within the Styrofoam® protective core. However, one may notethat all of these hazards

are relatively low-risk hazards, as long as the proper precautions are taken with the electronics.

Il. Power Specifications
Despite the detailed mechanical construction of the WVU HART's payload, the primary

operations of the WVU HART’s payload, namely cosmic radiation detection, are carried out
entirely by electronics, which have also been meticulously designed. As previously mentioned



in the “Brief Introduction,” the electronics will be composed of a scintillation detector, three
circuit boards, three temperature sensors, and a GPS. The measured current draw at 30 VDC is
estimated to be 270 mA. Indeed, the primary HASP payload will be providing 28VDC to the
WVU HART payload. A power system wiring diagram is provided in Figure 4. Several
observations may be made from this diagram. First, two DC to DC converters convert the
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Figure 4: WVU HART Power Supply Diagram

28 VDC supplied by HASP to both 12 VDC and 5 VDC. The 12 VDC is then converted to 1500
VDC high-voltage that supplies the scintillation detector. The 5 VDC powers the AMPTEK

DPA4 Digital Pulse Processor. Furthermore, one may note the switches that accompany the DC to
DC converters. These switches have been installed to limit the current transients encountered
during startup of the electronic hardware, enabling a “slow, soft start” of the hardware. In
addition, two positive regulators are used to supply a 3.3 V power source and a5 V power source
for the WVU HART circuit board, the wiring diagram of which is shown in Figure 5, on the next
page. One may note from Figure 5 that a 12-bit, 8-channel analog to digital converter (ADC) is
used to prepare both the measured voltage sources from the power supplies, and the temperature
readings from the three temperature sensors, for processing by the CPU; specifically CPUL. The
ADC also uses a reference voltage of 4.096 V, yielding 1 mV per ADC code. The CPU then
processes this information, in addition to the GPS data. The AMPTEK DP4 processor processes
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Figure5: WVU HART Circuit Board CPU 1 Diagram

the data from the scintillation detector directly, and the second CPU, CPU2, on the WVU HART

circuit board, the diagram of which is shown in Figure 6, processes the communication between

the AMPTEK DP4 processor and CPU1, through a byte-wide parallel interface. The datafrom
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Figure 6: WVU HART Circuit Board CPU 2 Diagram
both of the processors is then stored on two memory cards, on the WVU HART circuit board.

Moreover, in Figure 7 on the next page, a general electrical system overview illustrates the



interaction between the various electronic components within WVU HART’s payload. The
schematics for all of the circuitry may be viewed in larger form in Appendix C.
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Figure 7: Electronic System Diagram of WVU HART's Payload

[11. Downlink Telemetry Specifications
The WVU HART' s payload will send a portion of the data stored on the memory cards to

the primary HASP payload at regular 60-second intervals. The data will be sent via packetized
serial downlink format at approximately 45.00 bits per second, and serve as a source of backup
datathat can be compared with the data stored on the WV U HART memory cards, during post-
flight data analysis. The data being backed up will be comprised of the temperature sensor data,
the voltage measurements throughout the circuitry, the GPS data, and the number of counts from
the scintillation detector. Specifically, the first 16 bytes will represent the header, specifying the
WVU HART payload data. The next 6 bytes will represent the readings from the three
temperature sensors, which are allocated 2 bytes each. The next 10 bytes will represent the
measured voltages within the circuitry, for 5 measurements in total at 2 bytes each. The next 80
bytes will represent the GPS data. The next 2 bytes will represent the number of counts by the
scintillation detector for that time interval. The last 14 bytes will remain as supplementary space
for yet-to-be-determined data, or as spare data space. In total, this yields 128 bytes, which will



be collected every 30 seconds and two of these packets will be sent every 60 seconds to the
primary HASP payload. One may also note that the WVU HART payload has a GPS receiver
operating at the standard civilian L1 band at 1575.42 MHz, but does not contain a transmitter.
Instead, the WVU HART will store this data for post-flight data analysis purposes. The WVU
HART will not be using any analog channels or discrete lines for downlink purposes.

V. Uplink Commanding Specifications
The WVU HART will require an uplink command capability to reset its payload in the

event of a power loss or malfunction, which requires a reset for the WVU HART's entire
payload. However, a payload reset will only occur during unexpected, extraordinary events and
during the HASP flight line restart procedure. The WVU HART does not expect to have to
uplink any commands to the primary HASP payload. However, in the case of an unexpected
event, a restart uplink command will be sent to the primary HASP payload, the specific
commands of which are yet to be developed. As noted in the “Power Specifications’” section,
each restart will be a “soft, slow start,” as managed by switches linked to the DC to DC
converters. Lastly, as previously mentioned in the “Downlink Telemetry Specifications’ section,
a GPS receiver operating at the standard civilian L1 band, at 1575.42 MHz, will be used to
collect GPS data for post-flight data analysis purposes.

V. Integration and L ogistics
For a successful integration of WVU HART' s payload with the primary HASP payload,

proper logistics and systematic preparation is necessary. Primarily, the WWU HART must
package and ship their payload from Morgantown, West Virginia to the National Aeronautics
and Space Administration’s (NASA’s) Columbia Scientific Balloon Facility (CSBF) so that it
arrives on or before Friday, August 1%, 2008 (i.e. 8-1-2008), and confirm the delivery of the
payload to NASA’s CSBF. Then, the WVU HART with its two faculty advisors, Dr. John
Kuhlman and Dr. Mike Palmer, plan to arrive in Palestine, Texas the afternoon or evening of
Sunday, August 3 2008 (i.e. 8-3-2008), as general HASP integration begins on Monday,
August 4™ 2008 (i.e. 8-4-2008).

On Monday, August 4" the integration team leader, Kyle Phillips (e-mail:
kphillil@mix.wvu.edu), will commence final inspections, mechanically and electronically, on
the WVU HART payload, with the help of the integration participants listed in Table 2. The



Table2: WVU HART Integration Members

WVU HART Team Member

WVU HART Member’s E-mail

Justin Ellis

jellisll@mix.wvu.edu

Mehran Mohebbi (Project Lead)

mmohebbi @mix.wvu.edu

Kyle Phillips (Integration Lead)

kphillil@mix.wvu.edu

Dr. John Kuhlman (Faculty Advisor)

John.Kuhlman@mail.wvu.edu

Dr. Mike Palmer (Faculty Advisor)

gmichael pal mer @comcast.net

final mechanical ingpections will include, but not be limited to, checking bolt tightness,
ingpection of epoxy adhesives and the seals created by those adhesives, and overall structural
support of all electronics. The final electrical inspections will include, but not be limited to
performing, both hardware and software diagnostics. Hardware diagnostics may include such
steps as the observation of startup current transients and the observation of voltage levels
throughout the circuit boards, in addition to ensuring the current draw and power requirements
are within limits. Software diagnostics may include such steps as running a typical radiation
detection software simulation, without the use of a radiation source. During this simulation, all
of the systems will function as if they were in a flight-ready status. The simulation will record
test data and run the hardware in a simulated flight-ready status manner. This will allow the
WVU HART to observe the operation of both the hardware and the software in a simulated flight
mode. Any faults found in either the mechanical or the electrical inspections will be promptly
and completely resolved, using any WVU HART materials and tools necessary. Additionally,
the WVU HART requests use of NASA’s CSBF Thermal and Vacuum Chamber to test for
pressure and temperature levels, as well as electrical arching at atitude, a problem believed to
have been encountered in last year's failures. Furthermore, the Thermal and Vacuum Chamber
test will ensure the proper functioning of the payload at environmental conditions encountered
throughout flight, testing the mechanical and electrical systems of the WVU HART’s payload.
On Tuesday, August 5", 2008 (i.e. 8-5-2008) the WVU HART is scheduled for their
official integration with the primary HASP payload. The integration process will be very similar
to the final inspections that are carried out on August 4". First, the WVU HART will complete
the mechanical integration with the primary HASP payload at its designated position (i.e.
Payload 08), ironically on the “starboard” side of the HASP payload, as the WVU HART
payload will inherently be studying cosmic radiation. The mounting of the payload will be
inspected thoroughly to ensure a tight and secure mechanical integration. In addition, a quick
mechanical inspection of the WVU HART’s payload will include inspection of the electronic

10



mounting within the payload, an inspection of the frame, an inspection of the mounting between
the frame and the HASP-supplied PVC mounting plate. After the electronic integration, an
inspection of the final and secure position of the Styrofoam® protective and insulating case will
be carried out, completing the mechanical integration of WVU HART’s payload. Additionally,
as previously alluded to, an electrical integration is also very necessary, as a connection must
exist between the primary HASP payload and the WVU HART's payload. After a successful
physical electrical integration, and after a proper inspection of the electrical connection between
HASP and the WVU HART payload, the remainder of the electrical integration will also be
similar to the electrical inspection performed on August 4". However, a foremost electrical
diagnostic that must be run is to ensure that there is proper communication between the WV U
HART payload and the primary HASP payload. Once a successful connection between the two
payloads has been fully established, a software simulation will be run, as was completed on
August 4™. Once again, as completed on August 4™, after all hardware and software diagnostics
have been run and found to run successfully, the integration of the WVU HART’s payload will
be considered to have been successfully integrated, at that time. The entire integration of the
WV U HART’ s payload is expected to take no longer than a maximum of 5-7 hours. Again, any
faults found in either the mechanical or the electrical inspections will be promptly and
completely resolved using any WVU HART materials and tools necessary. The WVU HART
does not expect that any LSU personnel, except those overlooking the integration process, or
LSU equipment will be needed. However, small hand tools and technical advice may be needed,
as unforeseen events could arise. Lastly, one may note that the WVU HART's HASP Flight
Operation Plan will accompany the WVU HART to NASA’s CSBF, and will be submitted at that

time.
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Appendix A
Mechanical Schematics
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Figure A2: Payload 08 M odified HASP-Provided M ounting Plate
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Figure A4: WVU HART Payload Wire Frame View
(L toR: Fully Assembled, Styrofoam Case, Payload Without Case)
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Appendix B
MSDS Sheets
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Styrofoam® M SDS (Reference: http://building.dow.com/styrofoam/nalres-us/products)
@ I Material Safety Data Sheet
. The Dow Chemical Company

Product Name: STYROFOAM® B3 Residential Foam Sheathing lssue Date: 02/21/2007
Imzulation
Print Date: 22 Feb 2007

The Dow Chemical Company encourages and expects you to read and understand the entire (MISDS,
as there is important information throughout the document. We sxpect you fo follow the precautions
identified in this document unless your use conditions would necessitate other appropriate methods or
actionsz.

| 1. Product and Company Identification
___________________________________________________________________________________________________________|]
Product Name
STYROFOAM* R3 Regidential Foam Sheathing Insulation

COMPANY IDENTIFICATION
The Dow Chemical Company
2030 Willard H. Dow Center
Midland, M| 43574

USa

Cuszstomer Information Humber: 300-258-2436
EMERGENCY TELEPHONE NUMBER

24-Hour Emergency Contact: 989-636-4400
Local Emergency Contact: 989-636-4400

Hazards |dentification
|

Emergency Overview
Color: Blue

Physical State: Board
Cdor: Cdorless
Hazards of product:

| Toxic fumes may be released in firs situations. |

OSHA Hazard Communication Standard
This product iz not a "Hazardous Chemical” as defined by the OSHA Hazard Communication
Standard, 29 CFR 1510.1200.

Potential Health Effects

Eye Contact: Solid or dust may cause irritation or corngal injury due to mechanical action.
Fumesivapor released during thermal operaticng such as hot-wire cutting may cause sye irmtation.
Skin Contact: Ezsentially nonirmtating to skin. Mechanical injury only.

Skin Absorption: Skin absorption iz unlikely due to physical properties.

* Indicates a Trademark

Page 1 of 7
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Product Hame: STYROFOAM® R3 Residential Foam Sheathing Issue Date: 02/21/2007
Insulation

Inhalation: Dust may cause irritation fo upper respiratory tract (noze and throat). Fumesfvapors
released during thermal operations such as hot wire cutting may cause respiratory irmtation.
Concentrations of the blowing agents anticipated incidental to proper handling are expected o be well
below thoze which cause acute inhalation effects and below exposure guidslines.

Ingestion: Swallowing iz unlikely because of the physical state. Very low toxicity if swallowed.
Harmful effects not anticipated from swallowing amall amouniz. May cause choking or blockage of the
digestive tract if swallowed.

[3. Composition Information

Component CAS # Amount
Styrene, polymers S003-53-8 = 85.0%
1-Chlgro-1,1-diflucroethans 75-63-3 = 10.0 %
Copolymer mixture Mot applicable = 15.0%
Tale 14807-96-5 <5.0%

Exfrudsd polystyrens foam containing & halogenated flame retardant system.

| 4, First-aid measures

Eye Contact: Flush eyes with plenty of water;, remove contact lenses after the firzt 1-2 minutes then
confinue flushing for several minutes. Only mechanical effects expected. If effects occur, conzult a
physician, preferably an cphthalmelogist.

Skin Contact: Wash skin with plenty of water.

Inhalation: Move perzon to fresh air; if effects cccur, conzult a physician.

Ingestion: If swallowed, seek medical attention. May cause gastrointestinal blockage. Do not give
laxatives. Do not induce vomiting unless directed to do 20 by medical personnel.

Motes to Physician: Mo specific antidete. Treatment of exposure ghould be directed at the control of
symptoms and the clinical condition of the patient.

| 5. Fire Fighting Measures

Extinguishing Media: Water fog or fine gpray. Dry chemical fire extinguizherz. Carbon dioxide fire
extinguizherz. Foam.

Fire Fighting Procedures: Kesp people away. lzolate fire and deny unnecessary entry. Soak
thoroughly with water to cocl and prevent re-igniticn.  If material iz molten, do not apply direct water
stream. Usze fine water spray or foam. Cool surroundings with water to localize fire zone.

Special Protective Equipment for Firefighters: Wear positive-pressure self-contained breathing
apparatus (SCBA) and protective fire fighting clothing (includes fire fighting helmet, coat, frousers,
boots, and gloves). If protective equipment is not available or not used, fight fire from a protected
location or safe distance.

Unusual Fire and Explosion Hazards: Mechanical cutting, grinding or sawing can cause formation of
dustz. To reduce the potential for dust explosion, do not permit dust to accumulate. This product
containg a flame retardant to inhibit accidental ignition from small fire zources. This plastic foam
product is combustible and should ke protected from flames and other high heat sources. For more
infarmation, contact Dow. Dense smoke is produced when product burns.

Hazardous Combustion Products: During a fire, amoke may contain the criginal material in additicn
to combustion products of varying composition which may ke toxic andfor irritating. In amoldering or
flaming conditicns, carbon monoxide, carbon dioxide and carbon are generated. Combustion products
may include and are not limited to: Hydrogen flucride. Hydrogen chioride. Combustion products may
include frace amounts of: Hydrogen bromide. Based on combustion toxicity testing, the effects of
combustion from this foam ars not more acutely toxic than the effects of combustion from common
building materials such as wood.

Page 2 of 7
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Product Hame: STYROFOAM® R3 Residential Foam Sheathing lssue Date: 02/21/2007
Inzulation

| B. Accidental Release Measures

Steps to be Taken if Material is Released or Spilled: Contain spilled material if pozzible. Sweep up.
Collect in suitable and properly labeled containers. See Section 13, Disposal Considerations, for
additional information.

Personal Precautions: There are no special reguired instructions.

Envirenmental Precautions: There ars no gpecial required instructions.

| 7. Handling and Storage

Handling

General Handling: Thiz product is combustible and may constitute a fire hazard if improperly used or
installed. When installed, thiz proeduct should be adequatsly protected as directed by national building
regulations or instructions in the specific application brochure. Fabrication methods which invalve
cutting into thiz product may releaze the blowing agent(s) remaining in the cellz. Provide adequate
ventilation to azsure localized concentrations in releass areas are maintained below the lowsr
flammable limit. See Section 8, EXPOSURE CONTROLS AND PERSOMNAL PROTECTION.

Storage

Minimize scurces of ignition, such as static build-up, heat, spark or flame. When large quantities of
this product are stored or fabricated, blowing agents may be released. Released blowing agents may
thermally decomposze to form gasss which may accelerate comrosion or rust formation of heaters,
boillers, gas fired recirculating air fumaces or heaters, or gas water heaterz. Flammable vapors may
accumulate in 2ome 2fiorage situationz. In order to prevent buildup of combustible vapors, do not store
large quantities of thiz product in unventilated spaces.

| 8. Exposure Controls / Personal Protection

Exposure Limits -
Component List Type Value

"'1 -Chloro-1,1-diflugroethane WEEL TWA 4,100 mg/m3 1,000 ppm

Concentrations of the blowing agents anticipated incidental to proper handling are expected fo be well
below thoze which cause acuie inhalation effects and below exposure guidelines.

Personal Protection
Eye/Face Protection: Eye protection should not be necesszary. For fabrication operations safety
glasses ars recommendead. [f there is a potential for exposure to particles which could cause eye
discomfort, wear chemical goggles.
Skin Protection: Mo precautions other than clean body-covering clothing should be needed.
Hand protection: Chemical protective gloves should not be needed when handling this
material. Consiztent with gensral hygisnic practics for any material, skin contact should be
minimized. Use gloves to protect from mechanical injury. Selection of gloves will depend on
the task.
Respiratory Protection: Atmospheric levels should be maintained below the exposure guideline.
When respiratory protection is reguired for certain operations, including but not limited to 2aw, router or
hot-wire cutting, use an approved air-purifying respirator. The following should be effective types of
air-purifying respirators: Organic vapor cartridge with a particulate pre-filter.
Ingestion: Mo precautions necegsary due to the physical properies of the material.

Engineering Controls
Ventilation: Provide general andlor local exhaust ventilation to control airbomes levels below the
exposure guidelines.
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Product Name: STYROFOAM* R3 Residential Foam Sheathing

Inzulation

Issue Date: 02/21/2007

| 8. Physical and Chemical Properties

Physical State

Color

Odor

Flagh Point - Closed Cup
Flammable Limits In Air

Autoignition Temperature
Vapor Pressure

Boiling Point {760 mmHg)
Vapor Density (air = 1)
Specific Gravity (H20 = 1)
Liquid Density

Freezing Point

Melting Point
Solubility in Water (by
weight)

pH

Kinematic Viscosity

Board

Blus

Cdorless

Mot applicable

Lower: Mot applicable
Upper: Mot applicable

354 °C (669 "F) ASTM D1529
Mot applicable

Mot applicable.

Mot applicakle

0.027 - 0.054 Esfimated

Mot applicakle

Mot applicable

90 - 130 *C {194 - 268 °F) Estimated
inzoluble in watsr

Mot applicabls
Mot applicakle

10.  Stability and Reactivity

Stability/Instability

Thermally stable at typical uze temperatures.

Conditions to Aveid: Aveid temperatures above 200°C {S72°F) Exposure to elevated temperatures
can cause product to decompose. Avoid direct sunlight.

Incompatible Materials: Avoid contact with oxidizing materials. Avoid contact with: Aldehydes.
Aminesz. Esters. Liquid fuslz. Organic sclvents.

Hazardous Polymerization
Will not occur.

Thermal Decomposition

Does not normally decompose. Evelution of eamall amounts of hydrogen halides ocour when heated
over 230°C (432°F). Decomposition products depend upon temperature, air supply and the presence
of other materialz. Decomposition productz can include and are not imited to: Aromatic compounds.
Aldehydes. Ethylbenzens. Hydrogen bromide. Hydrogen fluondes. Polymer fragments. Siyrens.
Under high heat, non-flaming conditions, small amounts of aromatic hydrocarkons such as styrene
and ethylbenzens are gensrated.

11.  Toxicological Information

Repeated Dose Toxicity

Based on available data, repeated exposurses are not anticipated fo cause significant adverse effects.
Additives are encapsulated in the product and ars not expected to be released under normal
processing conditions or foresesable emergency.

Page 4 of 7
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Product Hame: STYROFOAM* R3 Residential Foam Sheathing lzssue Date: 02/21/2007
Inzulation

12.  Ecological Information
CHEMICAL FATE

Movement & Partitioning

Mo biocconcentration is expected becauze of the relatively high molecular weight (MW greater than
1000}, In the terrestrial envirenment, material iz expected to remain in the scil. In the aquatic
environment, material iz expectad to float.

Persistence and Degradability

Surface photodegradation is expected with exposure to sunlight. Mo appreciable biodegradation is
expected. Chlorodifluorosthane (HCFC-142b) remainz in the foam and diffuses out slowly, most of it
degrading in the troposphers to CO2, HCI, and HF. Chlorodifluorcsthane (HCFC 142k) has a
siratozpheric ozone depletion potential (ODF) of 0.085, relative to CFC 12 {ODP=1).

ECOTOXICITY
" Mot expected fo be acutely foxic to aguatic organizms.

| 13.  Disposal Considerations

DO NOT DUMP INTO ANY SEWERS, ON THE GROUMND, OR INTO ANY BODY OF WATER. All
dizposal practices must be in compliance with all Federal, State/Provincial and local laws and
regulations. Regulations may vary in different locations. Waste characterizations and compliance with
applicable laws are the rezponsibility 2olely of the waste generator. DOW HAS NO CONTROL OVER
THE MANAGEMENT PRACTICES OR MANUFACTURING PROCESSES OF PARTIES HAMDLING
OR USIMNG THIS MATERIAL. THE INFORMATION PRESENTED HERE PERTAINS OMLY TO THE
PRODUCT AS SHIPPED IM ITS INTENDED COMDITION AS DESCRIBED IM MSDS SECTION:
Composition Information. FOR UNMUSED & UMCOMNTAMINATED PRODUCT, the preferred opfions
include zending to a licensad, permitted: Recycler. Reclaimer. Landfill. Incinerator or other therma
desfruction device. As a service to its customers, Dow can provids names of information resources fo
help identify waste management companies and other faciliies which recycle, reprocess or manage
chemicals or plastics, and that manage used drums. Telephone Dow's Customer Information Group at
1-800-2558-2436 or 1-989-832-1556 (U.5.), or 1-800-331-6451 (Canada) for further details.

| 14.  Transport Information

HDOT Non-Bulk
MOT REGULATED

JIDOT Bulk
MOT REGULATED

JIMDG
MOT REGULATED

llicAonATA
MOT REGULATED

This information iz nof infended fo convey all specific regulatory or operational
requirementsdinformalion relafing to this product. Additional fransporfation system informalion can be
obfained through an authorized sales or customer service representalive. It is the responsibilify of the
transporting organization fo follow all applicable laws, regulations and rules relafing to the
transporiation of the matenal.

Page Sof 7
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Product Name: STYROFOAM® F.3 Residential Foam Sheathing Issue Date: 02/21/2007
Inzulation

| 15.  Regulatory Information

OSHA Hazard Communication Standard

This preduct is not a "Hazardous Chemical” as defined by the O5HA Hazard Communication
Standard, 28 CFR 1910.1200.

Superfund Amendments and Reauthorization Act of 1986 Title Il (Emergency Planning
and Community Right-to-Know Act of 1986) Sections 311 and 312

Immediate [Acute) Health Hazard Mo
Delayed (Chronic) Health Hazard Mo
Fire Hazard Mo
Reactive Hazard Mo
Sudden Release of Pressure Hazard Mo

Superfund Amendments and Reauthorization Act of 1986 Title Ill (Emergency Planning and
Community Right-to-Know Act of 1986) Section 313
This product containg the fellowing subztances which are subject to the reporting requirements of
Section 312 of Title Il of the Superfund Amendments and Reauthorization Act of 1986 and which are
listed in 400 CFR 372,

Componeant CAS# Amount

1-Chlorz-1,1-difluorosthane 7o-63-3 == 10.0 %

Pennsylvania (Worker and Community Right-To-Know Act): Pennsylvania Hazardous
Substances List and/or Pennsylvania Envirenmental Hazardous Substance List:

The following product compenents are cited in the Pennaylvania Hazardous Substance List andlor the
Fennzylvania Environmental Substance List, and are present at levels which require reporiing.

Component CAS# Amount
1-Chlorz-1,1-difluorosthane 75-63-3 == 10.0 %
Talc 14807-95-8 =50%

Pennsylvania (Worker and Community Right-To-Know Act): Pennsylvania Special Hazardous
Substances List:

To the best of cur knowledge, this product does not contain chemicals at levels which require reporting
under thiz statute.

California Proposition 65 (Safe Drinking Water and Toxic Enforcement Act of 1986)
This preduct contains no listed substances known fo the State of California to cause cancer, birth
defects or other reproductive harm, at levels which would require a warning under the statute.

Toxic Substances Control Act (TSCA)

All components of this product are on the TSCA Inventory or are exempt from TSCA Inventory
reguiremants undsr 40 CFR 720.30

CEPA - Domestic Substances List (DSL)

All substances contained in thiz product are ligted on the Canadian Domestic Substances List (DSL) or
are not required to be listed.

16. Other Information

Hazard Rating System

NFPA Health Fire Reactivity
0 1 0

Recommended Uses and Restrictions

Thermal insulation. For indusfrial use. Dow recommends that vou uss this product in a manner

congistent with the listed use. If your infended use iz not consistent with Dow's stated use, please

contact Dow's Customer Information Group.

Page Gof 7
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Product Name: STYROFOAM® R3 Residential Foam Sheathing Issue Date: 02/21/2007

Inzulation

Revision

ldentification Mumber: 81892 7/ 0000 / lzsue Date 027212007 [ Verzion: 2.0
Most recent revision(s) are noted by the bold, double bars in left-hand margin throughout this

document.

Legend

MiA Mot available

Wy Weight'Weight

OEL Occupational Exposure Limit

STEL Short Term Exposurs Limit

TWA Time Weighted Average

ACGIH American Conference of Governmental Industrial Hygieniziz, Inc.
DOW IHG Dow Indusirial Hygiene Guideling

WEEL Workplace Environmental Exposure Level

HAZ DES Hazard Designation

Action Leve A value set by OSHA that is lower than the FEL which will trigger the need for

activities such as exposure monitoring and medical surveillance if excesdead.

The Dow Chemical Company urges each cusfomer or recipient of this (M)SDS to study it carefully and
consult appropriafe experiise, ag necessary or appropriate, fo become aware of and understand the
data contained in this (M}S0S and any hazards associated with the product. The information herein is
provided in good faith and believed fo be accurate as of the effective date shown above. However, no
Regulatory requireaments are subject fo changs and may differ
between various locations. If is the buyer's/user's respansibilify fo ensure that Ris acliviies comply with
all federal, state, provincial or local laws. The information presented here perfains only to the product
as shipped. Since conditions for use of the product are nof under the confral of the manufacturer, it is
the buyers/users dufy fo defermine the conditions necessary for the safe use of this product. Due to
the proliferation of sources for information such as manufacturer-specific (M)50D5s, we are nof and

warranty, express or implied, is given.

cannot be responsible for (M)5D35s obfainsed from any source other than ourseives. If you have

obtained an (M)SDS from anather source or if you are not sure that the (M)5DE& you have is current,

please contact us for the most current version.
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Epoxy M SDS (Reference: http://www.henkelcamsds.com/product.asp)

AVON,

Loctite Quick Set 5 minu

01-0g924
1. CHEMICAL PRODUCT AN
Loctit
01-0g69

Epoxy

Product Hame:
Item No.:
Product Tyvpe:

COMBOSITION,

Ingredients

ESIN
Blaphencl A epoxy reain

HARCENER
Mercaptan termninated po
*New Jersey trade secret

Modlfied amine

RZIARDS IDENTIFI

INFORMATION

HENKEL CONSUMER ADHESIVES
OH 44011
TELEPHONE: (440)

02/20/07
937-7000

MATERIAL SAFETY DATR SHEET 11 of 04

te Epoxy Instant Mix

0 COMPRNY TIDENTIFICATION
e Juick Set 5 minute Epoxy Instant Mix
24

R

INGREDIENTS

%]
[¥:]

2E0&8-28-86

lymer

registry

Proprietary*
33611900-5145KP

£2338-387-1

number

CATION

=

Cauzes eye and skin irritatien.

May cause sensltization by skin contact.
May cause respiratory tract irritation.

Primary Routes of
Signs and Svmptoms
Exposure:

Entry:

Existing Conditicns
Lggravated by Exposure:

4. FIEET AID MERSTURES

Ingeastion:

Inhalaticn:

Skin Contact:

Eye Contact:

=

Ingesticn, skin, inhalaticn, eve contact

Eve or skin irritation or injury. &Allergic
responses such as sensitization or dermatitis.

Skin disorders.

Eye discrders.

Skin allergies. ERespiratory disorders.

ki
hm

i

A=

Do not induce vomiting. Eeep individual <alm.

Chtain medical attention.
Removae to fresh alr. If symptoms perslst,

attention.

Wash immediately with soap and water. Do not usse solventa
for cleaning skin. If 1rritation should desvelop,

conault phyvesiclan.

Flush with plenty of water for 20 mimites and get prompt
medlaal attention. Washing within one minute 1s

eagential to achleve maximum effectiveneas.

obtaln medical
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HENEEL CONSUMER ADHESI

Product Hame: Loctite
Item No.: 01-08924

3. FIRE FIGHTING M

Flash Point:

Recommended

Extinguishing Agents:

Special Firefighting
Procedures:

VES 13/20/07
LVON, OH 44011
TELEFHONE: (440) 937-7000
MATERIAL SAFETY DATRA SHEET Page 02 of 04

CQuick 3et 5 minute Epoxy Instant Mix

= 180°C (202°F) M=thod: Tag Closed Cup

Water spray (focg) Carbon dioxide, foam, dry chemical

Wear self-contained breathing apparatus and full
protective clothing, such as turn-out gear. Toxlo gases
may ke releasad during fire.

Hazardous Products formed
by Fire or Thermal Decomp: phenclics, carbon monoxide, carbon dioxide,

Unusual Fire or
Explosion Hazards:

Explosive Limits:

oxides of sulphur and nitrogen.

The smoke may contaln polymer fragments of varying
compogltions.

(% by volume in air)Lower Not available
(% by volume in air)Upper Hot availakble

6. ACCIDENTAL RELEASE MELSURES

Steps to be taken in
of 3pill or leak:

7. HRNDLING

Handling:

Storage:

2. EXPOZUERE

Eyag:
2kin:

ventilation:

Faspiratory:

case
Wear appropriate perscnal protective equipment. Wipe

up or absork on sultable material and showvel up. Prevent
entry into sewers and waterwaves. Aveold contact with skin,
eyas or clothing.

LND STORARGE
Ensurs good wventilatien during processing. Do not breaths mist or

vapors. Heep container cleosed. Avold contact with eyves, skin
and clothing. Wash thoroughly after handling.

nem

Store between 35 and 120°F. Store in original container until rea
to use. Kesp in a cool, well-ventilated arsa away.

CONTROLE, PERSCHAL PROTECTICH
Safety glasasea oY goggles.
Fubbar gloves. Immediately remove all contaminated clothing.

For the product at amblent temparaturs, use adequats ventllation.
For the heated product, use exhaust ventilation to reamove vapor.

Ho resplratory protectlon should be nesded.
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HENEEL CONSUMER ADHESIVES 13720707
LYVON, OH 44011
TELEPHONE: (440) %37-7000
MLTERILL SLFETY DATL SHEET Page 03 of 04
Loctite Quick 52t 5 minute Epoxy Instant Mix

01-08924

9. PHYSICAL AND CHEMICARL PROPERTIIES

Fhyslcal atate: Viscous liguid

Appearance: Hardensr: clear liguid Resin: coclourless to pale yellow
Odor: Hardener: unpleasant/epoxy Resin: mild

Boiling FPoint: = B00°F (resin)

oH: 5-7 (resin); 2-5 {(hardener)

Sclubility in Water: Hardener:dispersable in water Resin: negliglbleiin water)
Specific Grawvity Eesin 1.18 , Hardener 1.1

Vapor Pressure: < 0.12 @ 25&°F (kPa), resin

Viacoslty (@86°F): Fesgln: 6000-8000 cps, Hardener: 10000-15000 cps

17. SIABILITY ANWD RERCTIVIT

Stability: Stable at normal temperature and preasure.

Hazardous Polymerizaticn: Will ncot occur

Incompatiblility: Strong oxidizers, acids, Halogonated compounds. Strong
mineral acids. Reactive materials. Calcium
hypocholrite. Sodium hypochlorite. Nitrous acid and
other nitrocsating agents.

Conditions to Avoid: This product 1a normally stable and is not reactive with
water Excessive heat. Storage with incompatible materials.

11. TOXICOLOGICAL INFORMATION

Toxlelty (reain): »5,000 mg/kg (LDS0 - Rat)
{hardenser): »2,000 myg/kg (LDS0 - Rat)

Irritating to skin and eyes.
12, ECOLOGICAL INFORMATICON

Ecological toxiclty:
Largse quantities of product should not be allowad to enter draina or water
courses or be deposited where 1t can affect ground or surface water.
Degradalllity (resin):
Thaoratical oxygen demand (ThoD)ls caleulated to be 2.35p/p. In the
atmospheric envircnment, material i1s estimated to have a tropospherlic half
life of 1.22 hr.

13. DISPOSAL CONSIDERATICHS

EBecommended methods of

disposal: Dlzgpoze of in accordance with federal, state and local
regulations.
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HEWKEL CON3UMER ADHESIVES 13720707
AVONH, OH 44011

TELEFHONE: (440) S37-7000

MATERIAL SAFETY DATA SHEET Fage 04 of 04

Product MName: Loctite Quick Set 5 minute Epoxy Instant Mix
Item Ho.: 01l-0c9:24

14, TRANZPORTATION INEFCERMATION

DOT (4% CFR 172) Domestic Ground Transport

Proper Shipping MHame: Hot regulated for transport
LTR
Proper Shipping MHame: Hot regulated for transport

IMO/IMDG
Proper Shipping Mame: Mot regulated for transport
15. EEGULATORY INFORMATION
CA Proposition 65: Ho Propes chemicals are known to be present.

la. OTHER INFORMATICH

TI3CE 3(p) Inventory Status: All components are listed or are exempt from listing
on the Toxic Substances Control Act Inventory.

I3CE 12 (b} Expcrt Notificaticn: Hone

CERCLA/SERL Section 302 EHS3: Hones above reporting de minimus.

CERCLA/SERR Section 311/31Z2: Hone.

CERCLA/SERL Section 313: Hone above reporting de minimus.

Estimated HMIZ(R) Code:
Health Hazard:
Flammability Hazard:
Beactivity Hazards:
Personal Frotecticon:

L= o o

e Section B.
HMIZ is a registered trademark of the MNational Paint and Coatings Assn.
Prepared bv:

Company: Henkel Consumsr Adhesive
Begulatcory Affairs (440) 837-7000
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HENEEL CORPORATICHN lz/1e/08

RVON, COH 44011

TELEFHONE: (440) S37-7000

MRTERIAL SLFETY DATR SHEET Pags 01 of 05
Quick Set(IM) Epcxy Hardensr

HARDENER

1. CHEMICAL PRODUCT AND COMPARY TDEWTIETICATION

Product Name: Quick Set (IM)} Epoxy Hardener
Part Ho.: GM-510
Product Type: Epoxy hardener

2. COMPOSITION, INFORMATICON CON INGEEDIENTS

Ingredients CAS HNo. %
Polymercaptan Froprietary 30-g5

Substituted amincocphenol a0-72-2 5-10
Honylphencl 25154-52-3 3-3
Heptakis (dipropyvlensglycol)

triphosphite 116283-93-0 1-3

Ingredients which have exXposure limits

Exposure Limits (TWA) ACGEIH OS5HA OTHER
Ingredients [TLV) {PEL)
Exposure Limits (5TEL) ACGIH OSHAE

Ingredients [TLV) {PEL)

3. HRZARDS IDENTIFICATICH
Toxicity: Skin and eye irritant. Possible respiratory

irritant. The aminophenol can cause 3svers
irritation and may be corrosive on prolongsd
contact. It may be a sensitizer. It can also be
corrosive to 2ve tissue lesading to permanent
injury including rlindness. It may irritate the
respiratory tract and may cause delaved lung
damage upon overexposure to fumes or vapors. It
can alsc cause fatigus, muscular weakness, labored
breathing, or gastrointestinal irritaticn if
swallowed. The relatively low concentration of
the aminophencl in the product may minimize some
or all of these effects.

Primary Routes of Entry: Skin, ingestion, inhalaticn.
Signs and Symptoms
of Exposure: Eve, skin, respiratory, or gastrointestinal

irritation. It is possirble that such irritation
may be severe and lead to burns. ARllergic
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HENEEL CORPORATICN 12718708
RVON, OH £4011
TELEPHCONE: (440) 237-7000
MRTERIAL SAFETY DATE SHEET Page 02 of 05
Product Hame: guick Set(IM) Epoxy Hardener
3. HAZLRDS IDENTIFTICATICH {continued)

reactions may oCCUr.
Existing Conditicns

Aggravatsed by Exposures: 3kin, eve, lung conditions.
iterature Referenced Carcincgen

Ingredients Target Organ and Other Health Effects NTIF IARC OSHL
Polymercaptan Ho Data HNO  HO HO
Substituted amincphsnol LG IRR HNO  HO HO
Nonylphencl ALE COR IER KID N3 HO HO
Heptakis (dipropvlensglycol)

triphosphitce Ho Data HNO  HO HO
Anbreviations
L1: Rllergen COR Corrosive

IER Irritant KID Kidnevw

4. FIRST AID MEASURES

Ingestion: Do not induce wvomiting. Keep individual
calm. Cktain medical attention.

Inhalation: Bemowve to fresh air. If svmptoms persist, cbtain
medical attention.

Skin Contact: Wash with scap and water.

Eye Contact: Flush at least 15 minutes with water. Cktain
medical attention.

3. FIRE FIGHTING MEARSURES

Flash Point: More than Z00sF Mathod: Tag Closed Cup
Bzcommended

Extinguishing Agents: Carbon dioxide, foam, dry chemical

Special Firefighting

Frocedures: Hot available

Hazardous Products formed

by Fire or Thermal Decomp Oxides of carbon, sulfur, nitrogen and phosphorus,
phosphite/phosphate esters, hydrocarbon fragments,
hyvdrogen sulfide, phenols, phosphine.

Unusual Fire or

Explosion Hazards: Hone

Explosive Limits:

(8 by volume in air)Lower Not available
(%2 by volume in air)Upper HNot available
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HEWNKEL CORPORATION

RVON, OH 44011

Y

TELEFHONE: (440) %37-7000

i

Product Hame:

o, ACCIDENTAL RELEASE MEASURE

Steps to ke taken in case
of spill or leak:

7. HANDLING AND STORLGE
Safe Storage:

Contact Loctite Customer
Handling:

MATERIAL 3SAFETY DATR SHEET

Juick Set (TM) Epoxy Hardener

[¥5]

l2i1s/08

Fags

Take up with an inert abscorbent. Store in a

containsr until disposal.

Store below 110gF.

13 of

closed

Service 1-800-243-4874 for shelf life information)

Avoid skin contact. Esep away from eves.

breathe vapcrs.

g. EXPOSURE CONTRCLS, PERSONAL PROTECTICH

Eyes:

Skin:
Ventilaticn:
BEespiratory

9. FPHYSICAL &ND CHEMICAL

Lppearance:

Cdor:

Boiling Point:

pH:

Solubility in Water:

Specific Gravity

Volatile Organic Compound
(EPA Method 24)

Vapor Pressure:

Vapor Density:

Evaporaticn Rate
(Ether = 1)

Safetv glasses or goggles.
Rubker or plastic gloves.

Do not

Local sxhaust wventilation should be provided.
NIOSH/MSHE approved organic cartridge respirator

if wentilation is inadequate.
See Section 2 for Exposure Limits.
FROPERTIES

Coleorless, wviscous liguid.
Unpleasant
More than 300eF
Does not apply
S5light
.08
11.08%; 119.7 grams per liter
Less than Smm at E0sF
Not availakle

HNot available

10. STABILITY AND REACTIVITY

Stabilitcy:
Hazardous Polymerization:
Incompatibility:

Conditions to Awveoid:
Hazardous Decomposition
Products (non-thermal):

Stable
Will not occur

Strong oxidizing agents, epoxy/amins mixtures.

Possibly acids, peroxides, acetaldehvde,

HNot available

Hone
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EENEEL CORPORATICN 1z2/1%/08

AVON, OH 44011

TELEFHONE: (440) 237-7000

MLTERTAT SAFETY DATR SHEET Page 04 of
Product Hame: Quick 3et (IM) Epoxy Hardsner
11. TOXICOLOGICAL INFCRMATION

See Section 3.
12, ECOQLOGICAL INFCORMATION

No data available
13. DISPOSAL COMSIDERATIONS
Eecommendsd methods of
dispocsal: Incinerate following EPA and local regulaticns.

EPE Hazardous Waste

Humber
14, TRANSPORTATION
0OT (49 CFR 172)

Domestic Ground Transport
Proper Shipping Nams:
Hazard Class or

Division:
Identification Humber:
Marins Pollutant:

ILTR
Proper Shipping Nams:
Class or Division:
UM or ID Humber:

15. REGULATORY

CA Proposition €5:

lg. OTHER INFORMATICH

Estimated KEFEFA (R)
Health Hazard:
Fire Hazard:
Beactivity Hazard:
Specific Hazard:

Code:

Estimated HMIE (R)
Health Hazard:
Flammability Hazard:
Beactivity Hazards:
Personal Protecticn:

Code:

NFPR is a registered
HMIS is a registersd

HH - Hot a RCRE Hazardous Waste Material

INECRMATION

Unrestricted

Unrestricted
None
Hone

Unrestricted
Unrestricted
Hone

IFFORMATION

Ho Californis Froposition €5 chemicals are known

to be pressnt.

z
1
0
Does not apply

2%
1
0

See Section 8

trademark of the Naticnal Fire Protecticon Assn.
trademark of the Haticnal Paint and Coatings Assn.
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HENEEL CORPORATICH lzi/1e/08

AVON, OH 44011

TELEFHONE: (440) 237-7000

MATERIAL 3SAFETY DATR SHEET Page 05 of 05
Product Hame: Suick Set(TM) Epoxy Hardener
ls. OTHER INFORMATION {continued)
Prepared byv:
Companyv: Regulatcory Affairs - North America,

Henkel Consumsr Adhesives Inc. 32150 Just Imagine Dr, Avon OH £4011
{Z24hr.) Phone: (g00) 321-1733
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Sodium lodide Thallium Activated NA(TI) Crystal M SDS Sheet
(Reference: http://www.detectors.saint-gobain.com/home.asp)

[ BT e
MATERIAL BAFETY DATA EHEET

FRODUCT: SODIUM pODIDE (TL) SCINMLLATICN CRYETAL

| SECTION| EUPFLIER IMFORMATION

Caormrman B - Sodlum kodids [T Scirnilation Grestal
Cramical Hames  Bodlum lodids Tralbom Sollvaisd
Formula - HalTi

Froduot GAZ 2 o TER1BI-ETTR-10-3

Suppdiar : Balt-Zoiin Cryctalc

A o 13345 Kineman Rosd

City, Esabs, A1p o Hewbury, 0H L3086

Fhosmes 0L DR

ENERGENCY FHONE & ChamTres 1-805-424-5300

| SECTION I HAZARDOAFE INGREDIEMT INFORMATICHN

S REDIENT oW PEL-CaHA TLW-ACOH
Tralues hodide o 71}

CAS#F Tre0-30-9 =1 0.1 migim® BN 0.1 mpr' SKIN
‘Sodum lodkae

o g ] 55100 o =siablished Mone establshed

B AEDIENT HAZARD STATEMENT

NOTE: Dueiodomed rature of s product, no akiome ConcenTaions ans Egnecied.

Fbary causs == anid 5kin Imiadon.

HamrTul [ swalcwesd.
Unless ohersise noted, &1 valees ane reparisd & S-howr Time-4Weights=d Averages (TWAs] and lotal dust
{pariouiies onbef. ALACE TLWVS refer o the 2005 Standands.

[ SECTION Il PRV EIGALSCHEMICAL CHAFRACTERIETIC

Soillng Foint 1300'C
Spetic Graily (HyO=1) D AT

Wielling Poini EE1"C

WADDT FrEssUne [ =g : P! aopicabie
Wapor Dby (Adne | : P aopiicabie
Swanomtdon Raie | Butdl Aceiakeed | + Ml aoplcable
% SobpilpAaler ; Soluble
APFEARANCE AHD COOR

Liaint vedican S0l odoress



SECTIOH W FIRE AND EXFLOSION HAZARD DATA

Flas® Poink | R
sinslonton 0 Feol as ke

LEL o Mot ava kabss

LIEL ¢ v ke

HFFS HAZARD CLASCIFRCATEY

Haadt® 1 Fla=mable: 0O Ruacisiy: O
HMIS HATARD CLASSIFICATION

Haai® 1 Flaisrrate: O Rasctsiny: O

EXTIHIUISHMD: MEDIA

L b, cairbocn e ik o Tosamm,

SPECIAL FIRE FIJHTIME PROCEDURES

WA D - e ST il ied Drealbie g apanal s
UHLUS AL FIRE AND EXPLOEIGN PROCEDIRES

Mol i v o ecepbosbon hazard Hoswiesed, Hooe s ons an poss e in & Sne silaibn

| EECTIONY REACTIVITY D&TA

Eabdty s Carmrad y oo skt Stk
M © T .

IRSORMPATBILTY (Materiaks to Svoed)

Evcomini 1Mucrida, perchions aid

HEZARADOUE DECOMPOSITICN OR BY-FRODUCTE
WiTnain haded 12 i coamnnes Dis, @it 1000 A e of ading.

Folsmimrizaion - Polmerizalios s rol axpescied i oso

B ol apoboatd
| SECTIONW1 HEALTH HAZARD DATA
RCUTES OF EHTRY
Eyas? YES SHnT YES IrhaateinT YES Ingmasien™ YES
EFFECTS OF OVEREXPOEURE

EYE CONTACT may' ot irlaten
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FERZCHMMEL ZAMPLING PRCCEDUSE

For METALLIC COMPOMENTES. Feder to MIOSH Manual of Anahdcal Methods, 3 Edon, Wolume 1, AMehod
7300,

| SECTION Wl CONTROL MEAZURED

FEEZFIRATCAY FROTECTICM

A SIS S raponoyed resniraior A8 NeTESIAry.

VEMTILATICN

General Frachined, provics Incal sxhaust esnlialion a5 recsssary o oominol dust
FROTECTIWE EGLWFMENT

Sxtely plasses [wiln shde shisjos]

Foubier or neoprene: plowes.

Sndy peol=ciom & necessary o prevent skin confact

Frachined, prondide sshaust and dustmask.

WORFUHYSIEHNE PRACTICEE

'WWash hands with scap and water afler handing.

| SECTION IX  FEDERAL AHD ETATE RECGULATIONS

SARA HAZARD CATESCRIES

FWECLATE (Acute] —eakh Hazard
DELAYED (Chronic | Heali Hazd
FISE Hazand

REACTIATY Hazam

Sudden Felease of FREESURE

AEEE ]

SARA BECTION 313 MOTIFIGATION

This produit confains & e dhemical jor chEmicals | subjert 1o the remaning reguirements of S=ciom 393 of Tike 1
of TE Supsriund Amencmens and Resulnorizalion A of 1585 and 40 CFR Part 372

CHEMICAL HARE Calz WL

Trailiur hodide a5 T} Trad30s «q

IFfomeadon presemied hensin has besn complied fhom soues corsidensd b be depencatls, and I3 acoumie and
refianis o e Deshof our Rnsscpe and Deled but s onol guarsmesd i be 50 Since condfons Of usE Ane Desond
our oorbrol, wis maks no sarandes, enessed or impled, excepd those that may e corlalned inowr wriken confract
of sale or ackrosledgerment.
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Appendix C
Electrical Schematics

38



TRIMBLE LASSEN
MODEL XXX $Q 8 CHANNLL
VOLTAGE 5 5t ot RECEIVER
DIVIDER aiE it 3" BY 3" Nal (TI) S
RUCKa} TURE SCINTILLATION ANTENA
DETECTOR
A
A
+ HIGH VOLTAGE TO PHOTO MULTIPLIER TUBE
A4
SCINTILLATION HIGH VOLTAGE FROM
SIGNALTO EMCO MODEL CN1§
DP4 CHARGE AMP POWER SUPPLY
1HZ 433V
SCOPE
OQUTPUT 480%2’;?:;}? R ¢ SERIAL DATA
NMEA GGA GND
AMPTEK DP4 MCA FORMAT
WITH PREAMP
WVU HASP POWER SUPPLY AND
DATA PROCESSING BOARD
LML3s 10 mVIK
e Pl ——
SENSOR ® MOUNTING
FLATE
$44 LMi34 T +28.30 VOLT HASP SUBPLY Ehas e
10 mV/K ADC +5V PC42 POWER SUPPLY PINS! A,B,C.D
. TEMPERATURE E: CHANNEL 1 +12V POWER SUPPLY
7 E & g SENSOR 12V TO HV POWER SUPPLY
i 5 +5V CPUPOWER SUPPLY POWER RETURN (GND) PINS! W,T,UX
1] ot — +3.3V CPU POWER SUPPLY 4
TEMPERATURE [ |—————— DO
Y SENSOR CHANNEL 2
POWER TO DP4 COM
DP4 i +5v
<
< GND
AMPTEK PC4-2 i L i HASP DATA L?‘;éfs MOUNTING
POWER SUPPLY _Levers | TTL/RS232 | LEVELS R conprcuration S0 «—>»f TTL/RS-232 Dl
conrigurATION I :
AND INTER = CONVERTER i DATA 17L | CONVERTER
FACE TOCPUZ L LEVELS i
. . . . ,
Figure D1: Electronic System Diagram of WVU HART’ s Payload
o P PWRI
TOEDAC 2BV INPUT ) . PT6214E v Rogear o (RULTI] EMCO CI15(N) e 0170 1500V SV
Pins ABCD | 4 I8V o 12V PR | 12V to +1500V ouT PMT
DC to DC Converter e B DC to DC Converter
TOEDAC 28V RET. s o = .
PimW.T.UX 17" Al INH = GND
TOEDAC  SIG, RE = T 5 = -
Pins LR . o %
S5
e | il PWRILTRUN-ON _ TO UL
— = RA4
= HY Adjust e
» To Ul
RAS
II‘I‘flf PWR2 :.II\' , 4
EEL] PT6212E Vou 0L SOURCE
—L 28V to 5V o4 E :
i DC to DC Converter m‘""j_: +EOV CPL
-'-‘Jf (ND AL INH - SOURCE
= 1 15
02 L_| | - +3.3V
’MUT SOURCE
— R-I
= R R2 R4 R 10K
- 180K ok 10K 10K 1%
\1('39‘; .'f.l« e e L e "
! 5085 o.1uf T R
L svinpeonlos HY MEASURED (ADCCHT) oo o
ol p— | 3.3V MIASURED (ADC CH3)
o T L T SV MEASURED (ADC CHO) o
12V MEASURED (ADC CHiS) TO U3-6
VR2 & MY MEASURED (ADC CH4) 10 3.8
MC39100-3.3BS) il joour
1" 433V REGMT—#
H GND + I+ R3 RS
=) e e i 10K 10K
= 0aul = ==

1%

R1n
0K
1%

Figure D2: WVU HART Power Supply Diagram
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100mA Fd = S0mW (efT = B0%) Pd = T20mW (eff = §0%)

: T PWRI1 185mA
TOEDAe 8VINPUT 0154 - PT6214F vourl 51011 S 12V INPUT 1 - EMCO CI15(N) +HY Ja_ImA TO 1500V o HHV to
L — R 28V to 12V o L 12Vto+1500v  OUT [T—— cn | T
; . 100u DC to DC Canverter Duf
TOEDAC 28VRET. _ TS'G‘ o DC to DC Converter I‘:;‘ i IKY ;
PinsW,T,UX I 7,8 ADJ INH .-J:- GND CASE NC =
TOEDAC SIC. RET, = ! 15 = 5 4] i
Pins LR Q1
BS§138
170mA o it PWR1 TRUN-ON TOUL-6
= = (RA4)
Pd = 780mW (eff = B1%a) u_{urI HV AdJust !
EITTY = PWR2 TRUN-ON TOUL-?
PWR2 i
o.4uf 600m A
2,3 Té vont JOLOLL B 5.0V DC4-2
_T_ oy A ZPS; ::25% e = Tl tupplies DC4-3 -28OURCE
s 100 (DP4) and CPL2
We may need (p - DC to DC Converter . ANA B +5.0v CPU
put reslstor In serles % GND ADJ INH = This supplies  SOURCE
to reduet power - —_ CPU1and ADC
disappated In VR1 = 1 15 120mA
1 P —=fog 433V
B88198 : SOURCE
4 This rupplies
30'313."'” P »? the GPS and two
iPd= 4anmw<: Lt = R R Rd R6 10K memory cards
H 180K 30K 10K 10K 1%
< VR1 6 1% 1% 1% it :
dmA MC39100-5,0B8] p.1ur 40mA :
o7k 15V REG.ouTi—¢- il HY MEASURED (ADCCHY) 10 1.4
s 4 oND 3.3V MSASURED (ADC CHY) no 1o o
Ot T sl 0 5V MEASURED (ADC CHe)
— = — TO 17
12V MEASURED (ADC CHG} 10 1.6
0 Pil = 200mW
120mA S 18V MEASURED (ADC CH4A) 1¢ 3.5
B o
3 0. 120mA
MC35100-3.3BS 1‘ur 100uf —

| H
..;H

Figure D3: WVU HART Current Draw Estimations Diagram

N +5V REG,ouT
H L _L- _T_-t RI0 R3 RS
R8
T T 0K 10K 10K 10K
= 0.1uf = = 1% 1% 1% 1%

uz-21 218 rBo IV
.
1) vee
e RBt
! MEMORY
2)
fi S I.lJ MC1CS 1 CARD 1
RC2 - C8
1y > b il DATA FLASH
na 23 RB4 Moo 4ORSMB B
5
w21 268 RB3 —RCLK
wmn 274 RBs
221 258 rn7
o o i MEMORY vec
wn W Ra6 CARD 2
wma 3BRes :gi 1: rgé:s Hcs DATA FLASH
D1
ros p5__iv 'élno 4 OR 8MB
3 174 et Res fi6 CLK S ¥
4 4 83
5 8 84
9 _GND —$- - T
10— 4sv cPU l: R15 cil
HASP COM 5 10K our T
10FIN IDC =
HEADER Ul
+5v PIC18F2525
cPy
P CLK
+3.3V e U3 oo [-LEMEL £ [ 2 FIN 25 MIL
| 00 MOCP3208 oy [P1mme: HEADERS
; e XTI FOR LM135
o 12 BIT ADC ©H =l
+ o fl11_ances 43,3V MEASURED =
‘o 5V
- GPS REC DATA 1 cPU -
1 2 1
Qsct 3 6 1.0ut;
aps com_L_ a1 Yee 4 vour
4PINSIP = 18pf
HEADER n 03 = REF198
19,6608M Hs | (4.096V)
oscz 8 13 SLEEF  onp
c18 Ouf
VCC DGND _ AGKD 18pf :—E o
+5v IO = B
CPU C19
—L oduf =

B Figure D4: WVU HART Circuit Board CPU 1 Diagram
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U121 2TI RBO
U122 12' RE1
U123 2;I REZ
Ul-24 2"‘I RE3 |
Ul-25 25' REA4
2"’I RES
Ul-26 i LEpi  Ri6 300
— 0
e 27' En 02 RC2
i ZB| PIC18F2525 g o 5V
TU1-28 REB7 CFPU
CPU2 LED2 R17 300
U1 LA REO
U2 2@ RAG
Ui-3 34 RCE
osc1 P
3 Y| led Ci4
4 “IRco e L
18 =
5 v | RC6 19.6608MH:z
& RC1 10
GND oace
9 e (3 C15
W——5v CPU —= VCC DGND  AGND spt
DC-4 COM = =
10 PIN IDC +5V
HEADER CPU C16
| 0.1uf r
Figure D5: WVU HART Circuit Board CPU 2 Diagram
SIGNALS SIGNALS
AS VIEWED ASVIEWED
FORMPIC CPU FORM PC
3 TX DATA ufl U1 RS L RX DATA 3
4 i 2 ¥ mout MAX 232 rain 2 RIS 4
& RX DATA 1l our . |5 TX DATA 5
7 CTS ol TTL/RS232 coead ] s .
3 SIG GND 1! 5; N INTERFACE CND] 15 SIG GND 9
10 vee R$-232 1/0
TTL LD c1 10 PIN IDC
10PINIDC  gq HEADER
HEADER - m:_': . :
= = 2 1 3 |4 5 [s o8
I 1.0huf

C2 1.0uf

C3 1.0af C4 1.0uf

Figure D6: RS-232/TTL Converter

41



TRIMBLE

POWERED
GPS PATCH
ANTENNA

TRIMBLE LASSEN SQ
e - N vee GPS RECEIVER
ct
3 e
U o =0 " RF/POWER CABLE
1 GPS TXD
(o i 18 cnp
GPS COM |
4PINSIPE =
HEADER
RECEIVER DATA TRANSMITTED
AT 4800 BAUD SERIAL 3N1
ONCE PER SECOND

Figure D7: WVU HART GPS Receiver and Antenna

P e e e s r e e e - - -

' THE "D" REVISION

+ CHIPS DO NOT HAVE

| ' 5V TOLERANT INPUTS
RESISTORS R1 TO R6

ATMEL 8 '

cs 4spBi6lDp 2 ¢ SOLVE THIS PROBLEM

OR
gf  45DB321D gog

IN

GND VCC WP RS
4 5 3

e

THIS UNIT IS
COMPATIBLE WITH
ATMEL DATA FLASH

CARDS AND FITS INTO
THE DATA FLASH
SOCKET

ot
E

DATA FLASH CARD PIN-OUT
Figure 4: Possible WVU HART Memory Card Replacement
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