
AD

AD-E401 885

00

Contractor Report ARAED-CR-88017

N

TEST PLAN DEVELOPMENT FOR PLASTIC AMMUNITION
CONTAINERS, VOLUME I

J. E. Brzuskiewicz
DSET Laboratories, Inc.

Box 1850, Black Canyon Stage I
Phoenix, AZ 85027

Carlton Morrison
ARDEC

Project Engineer - -

"i , APR 18 1989

March 1989

U.S. ARMY ARMAMENT RESEARCH, DEVELOPMENT AND

ENGINEERING CENTER

Armement Engineering Directorate
UAR ANMY Picatin'ny Arsenal, New Jersey

ARIMAM IS N1 MUNIT1ONS,

is M'1MI(.J. COMMANO /
ARMAMENT RDO CENTER

Approved for public release; distribution unlimited.



The views, opinions, and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy, ,r decision,
uniess so designated by other documentation.

The citation in this report of the names of commercial firms or commercially available produc;:,
or services does not consitute official endorsement by or approval of the U.S. Government.

Destroy this report when no longer needed by any method that will prevent disclosure of con-
tents or reconstruction of the document. Do not return to the originator.

Now



Uncl assi fied
SECUR " CLASS;IrATION Oý THIS PA`Gz

REPORT DOCUMENTATION PAGE
I& REPORT SECuRITY CLASSIFICATION It). RESTRICTIVE MARKINGS

Unclassified
2& SECURITY CLASSIFICATION AUTHORITY 3 DISTRIaUTION 'AVAILABILITY OF REPORT

2b DECLASSIFICATION /DOWNGRADING SCHEDULE Approved for public release; di5'ribution

4 PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

DSET-Report 1,o1. R2970-23 (Final Report) ARAED CR-88017
6a. NAME OF PERFORMING ORGANIZATION 6bOFFICE SYMBOL 76. NAME OF MONITORING ORGANIZATION

DSET LABORATORIES, INC. j _______ARDECt AED

6c. ADDRESS (City. State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

Box 1850 Black Canyon Stage¶I Packaging division (SMCAR-AEP) Picatinny

Phoenix, Arizona 85027 Arsenal, New Jersey 07806-5000

86. NAME OF FUNDING /SPONSORING B b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION ARDEC, AJMD (if applicable)

STINFO BIR SMCAR-IMI-I DAAA-21-86-C-0275
Bk. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS -

PROGRAM PROJECT ITASK IWORK UNIT
Picatinny Arsenal, New Jersey 07806-5000 ELEMENT NO. NO. j ACCESSION NO.

11. TITLE (include S~curr Classifcation)

TEST PLAN DEVELOPMENT FOR PLASTIC AMMUNITION CONTAINERS - VOLUME I

12. PERSONAL AUTHORIS)
J.E. Brzuskiewicz ,:SET LABOPATORIES, 111C. and Carlton Morrison, ARDEC Project Engineer

13a. TYPE OF REPORT I b. TIME COVERED 14. ATE OF REPORT ýYear, Month, Day) S. PAGE COUNT

-4 16. SUPPLEMENTARY NOTATION

17.COSATI CODES Is. SUBJECT TERMS (Continue on rc~ever-n r.cessaty. and identity by block number)
FIELD GROUP SUB-GROUP 77- Ammunition containers, packag-ng, plastics, logistics,

lifetime prediction models, accelerated testing, Arrhenius
relationships test development, (~.~*

9'yBSTRACT (Continue on reverse it necesary and )dentify by block number).

rhe replacement of w-ood and metal by plastic materials in ammuilit4on packaging containe
* 'ppilcations ofestepotential .,.-)r substantial weight and cost reduction. Although plastic

ackaging has been common in the commercial sector for a conSide -able number of years, no
ong-term performance data is available. This is perhaps due t,ý the short design life of
oromercial packaging. The use Of plastic packaging, and pol~ymer c 'naterials in general, for

taypurposes requires consideration of environmental fac~tozs th,. are not encountered by
oxnmercial_ packaging. Military requirements dictate that ammunition iteins be offered protec-
on for up to thirty years in avariety of transit and storage conditions. 'The evaluation and

iltirnately the qualification of plastic packaging materials and plastic ammunition container
lesigns mtist be based on test procedures that will allow the accurate prediction of performance.

(continued)
* 20 DISTRIBUTION /AVAILABILITY OF ABSTRACT 21. ABSIRACT SECURITY CLASSIFICATION

OJUNCLASSIFIED'UNUMIlTED CR SAMF AS RPT DTIC USERS Unclassified
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (include Area Code) 22c. OFFICE SYMBOL

1 aznai1(201) 724-3316 1SMCAR,-IM-11 j
DD FORM It'j, io14MAK 133APR edition mnay be used until exhausted. SEFCURITY CLASSIFICATION OF THIS PAGE

All other~editions are obsolete.
Unclassified



SrCU r TV. -LASSIFICATION OF THIS PAGE

Two plastic ammunition containers and their materials were tested using a combination of
environmental exposure tests in order to provide the basis for a viable test plan which can be
used for a variety of container items, materials and designs. The test plan developed reflects
the testing philosophy required to determine the long-term acceptability of plastic materials
and plastic container design. The test data obtained also provides a basis for a continued test
effort required to produce accurate lifetime prediction and moisture vapor transmission rate
modeil for the two container items tested.

It was demonstrated that the typical accelerated environmental test procedures, generally
followed to evaluate the materials used in military items and to determine the acceptability of
items, in fact accelerate effects only to the extent that material degradation and time
dependent material's properties allow. The material and ful-scale item test data used to
prepare the lifetime prediction models developed over the nine month period in which the
tests were conducted therelore, do not provide the reliability required to make judgements
concerning the acceptability of the two container items tested or for the use of plastic
materials in general.

/Z1 - I J. 
' II

Accosojon !oi /
NTIS GRA&.I #

DT!C TA}II

D U tr : Un,'ai on

r AD'milatit.ilty Codes
• -"Ava.1" and/or

Dist al

Unclassified

SECuRITY CLASSIFICATION OF "HIS PAGE



FOREWARD

This is Report No. R2970-23 (Final Report) of DSET Project No. R2970
entitled, "Test Plan for Plastic Containers." Report No. R2970-23 is entitled,
"Test Plan Development for Plastic Ammunition Containers" and covers the work
conducted to develop accelerated test procedures for predicting the effective
lifetime of plastic ammunition packaging containers. The report is presented in
two separate volumes. Volume I contains the Final Technical Report and
includes the analysis of environmental test data, the characterization of
ammunition container logistic chains and container item lifetime prediction
analyses. Volume II contains the Final Test Plan prepared on the basis of
actual tests conducted on the 155mm Propelling Charge Container and the M2A1
Small Ammo Container.

The project work effort was conducted from August 1986 through
September 1988 at DSET Laboratories, Inc. under the technical direction of the
Packaging Division of the U.S. Army Armament Research, Development and
Engineering Center. Mr. Jasper C. Griggs and Mr. D. E. Jones served as
technical consultants to the project during the Phase I effort and assisted DSET
in the logistics and literature studies, respectively. The Texas Research
institute, Inc. conducted thermal analysis measurements on container materials
during the Phase II effort.

The project was funded under Contract No. DAAA-21-86-C-0275. Volume
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TEST PLAN DEVELOPMENT FOR PLASTIC AM4MINITION CONTAINERS - VOLUME I

1.0 INTRODUCTION

The purpose of this project was to establish a database and demonstrate
testing procedures that will predict the long-term reliability of plastic
ammunition containers. The project was divided into two phases. The first
phase determined the logistic chain of several ammunition containers,
identified the environmental extremes of their logistic chains, and attempted
to identify technical literature pertinent to the long-term performance
properties of plastic materials. The second phase of the project initiated
the testing suggested by the Phase I effort. This testing included
conducting real-time and accelerated exposure test procedures on container
materials and full-scale items. Plastic container materials subjected to
these environmental tests, were evaluated using optical, physical and thermal
measurement techniques in order to determine changes that might affect their
function in packaging applications. Full-scale items were used to determine
the moisture vapor transmission rate of two container items and the ability
of the containers -o remain sealed. The two containers tested during the
project were the 155mm Propelling Charge Container and the M2Al Small Ammo
Container.

The test data obtained from the Phase II effort was used to illustrate
the preparation of performance prediction models for the container materials
and the moisture vapor transmission rate of the two container items tested.
Volume II of this report describes the test plan that is required to produce
the data needed for the preparation of accurate models. The approach taken to
develop the test plan attempted to relate the change in container materials
properties to the functional integrity of the container in preventing
moisture from entering the container. The details of the specific approach
used during the project were dictated primarily by the short time period
allowed for actual testing and the lack of appropriate test sample materials.
Ideally, the environmental testing conducted on container materials would
have resulted in engineering property data as a function of environmental
exposure, which could then be used to predict the ability of the container to
resist impact and the effects of creep and compression set due to palletiza-
tion loads. However, no engineering test samples were available for testing
during the course of the project. The only recourse therefore, was to use
test specimens from actual container items. Thermal analysis was the only
technique that could be used to evaluate these samples and produced data that
are related to changes in engineering properties by identifying changes in
the structure of the polymer. The data obtained using these measurement
techniques can be related quantitatively to engineering properties only when
engineering property tests are concurrently conducted.

At the start, the project had the ambitious goal of identifying and
proving that specific accelerated test procedures could be used to produce
lifetime prediction models, all within a 49-week project, of which only 26
weeks were allowed for actual testing. The Phase II effort was therefore
intentionally extended over an 11-month period in order to maximize the
availability of actual test data on which to base and test the models
developed. The outcome of the project effort has resulted in a test and

1



modelling scheme which, if the Volume II test plan is implement. 1, will
ultimately produce the lifetime prediction models required to judge the
efficacy of particular plastics and p'astic container ite•v~. The actual
test data and relationships described in the Volume I technical report lack
the precision for accurate performance predictior. models. The materials tests
were too short in duration to precisely identify the end of the induction
stage of degradation or fully characterize the time and temperature condi-
tions that could be used to accelerate the end of the induction stage. The
full-scale item tests were also not statistically extensive enough to draw
firm conclusions concerning the moisture vapor transmission rate of the
container items tested.

Volume I of this report describes the approach, procedures, results and
conclusions of the development and testing aspects of the project. Volume II
of this report describes the test plan recommended for the characterization
and evaluation of plastic materials and plastic ammunition container items.
The format of the plan attempts to provide a test specification within the
constraints of the overall project.

2.0 PHASES I and II- APPROACH

2.1 Background

The Phase I approach involved identifying the features of the
logistic chain of a number of ammunition items and the technical literature
available concerning the long-term performance of a number of plastic
materials considered for ammunition packaging applications. The approach
taken to understand the features of the logistic chain which are most
important to the development of a lifetime prediction model required that
the items be studied from the "cradle to the grave." The information on the
container items was obtained by contacting the appropriate ammunition item
managers and characterized using the following criteria:

* The items were studied from the load plant to the firing point

* The geographical locations with the highest concentration of
each type of item were considered as the typical use
environments

* Maintenance, w"- reserve rotation, loading and unloading
during traininr operations, return to load plant and
refurbishment logistics were to be considered as having a
minimal impact on the lifetime of ammunition

* An estimate of the time and conditions the items were in
transit from the load plant and in depot storage was used to
characterize and define typical environmental histories for
each item.

The literature search was limited to public information and
unclassified Defense Technical Information Center (DTIC) databases. The

2



databases used were searched using a strategy based on key words desciibing
the materials to be studied, the dependenc; of material properties on
environmental parameters and lifetime modelling. The Phase I effort also
involved identifying appropriate accelerated test equipment, test procedures,
test instrumentation and the design of the test approach to be used during
Phase II of the project. Instruments, tests and measurements were selected
for use on the basis of their ability to detect materials degradation for
sample tests and the determination of moisture vapor transmission and
pressure changes inside the container test items during full-scale item
tests.

The Phase II work effort implemented test procedures identified
during Phase I. A combination of outdoor and laboratory exposure tests were
conducted on ammunition container sample materials and full-scale container
items. Thc -. tests were conducted to provide material degradation data and
container performance data. Real-time, outdoor exposure tests were conducted
to identify failure modes which are likely to occur as a result of natural
degradation processes. The laboratory exposure tests were conducted in order
to accelerate the degradation process. The full-scale item laboratory
testing also included the determination of the moisture vapor transmission
characteristics of the container items.

Although the Phase I effort identified general materials property
information on which the Phase II test program was based, the Phase II effort
was hampered by the shortness of the initial Phase II schedule, the lack of
specific materials property information and the lack of suitable materials
test specimens. The lack of engineering test specimens for the project
dictated the measurement approach taken during the Phase II effort. The
measurements used, although necessary to a thorough understanding of the
material degradation process, could not be used to quantify the changes in
engineering properties needed to quantify changes in container functional
properties that might occur over the container life cycle.

The initial Phase II schedule also required that a time based
exposure test schedule be used, rather than a schedule based on dose. This
approach provided the flexibility needed to maximize exposure durations and
doses while minimizing project schedule and cost. Exposure test projects are
more typically based on the basis of dose, for example total ultraviolet
below 385nm wavelength in terms of MJ/m2. This approach allows more precise
control of environmental test parameters but generally requires specific time
of year start dates and undefined end dates for testing.

Materials degradation data were obtained using optical property
measurements to evaluate appearance changes related to surface degradation
and thermal analysis measurements to evaluate changes in the polymer
structure and composition of the container materials. The thermal analysis
measurement data are related to engineering propeýrty data qualitatively in
that they can suggest changes in properties such as tensile strength,
elongation, creep, and impact resistance by measuring changes in properties
such as modulus, crystallinity, and oxidative stability.

The logistics ch-in environmsntal characterization was applied to
the full-scale item testing for moisture vapor transmission by considering



the vapor pressure differential occurring during the container life cycle.
This approach allows the test data to be used in determining both the rate of
moisture ingress or egress over time and to evaluate the moisture permeabil-
ity characteristics of a given container item.

2.2 Literature Survey

The objective of the literature survey was to establish a database
pertinent to developing specific test procedures that would demonstrate and
predict the long-term reliability of ammunition containers constructed of
plastic materials. The literature survey had the following goals:

a Obtain information detailing the environmental conditions and
their effect on plastic components and materials after more
than five years of exposure.

0 Identify specific information on accelerated test programs on
plastics and the results.

a Obtain information on related areas where plastics were
exposed to extreme conditions such as excessive heat, cold,
solar radiation, humidity, etc.

* Obtain degradation mechanism infozmation pertinent to a better
understanding of long-term ageing and weathering effects on
plastic containers.

* Obtain information on the Water Vapor Transmission Rate (WVTR)
of polymeric materials and detailed information on testing
practices used to determine the WVTR.

Obtain information on the physical characteristics of
polymeric materials.

A key word list using elements of the noted objectives and general
principles of polymeric materials performance was developed to search
scientific and technical literature. The final key word list used is shown
in Table 1. The key words were incorporated into appropriate syntax forms
and uploaded into five major computerized databases. The five databases
listed in Table 2 were searched to obtain titles, identifying terms,
descriptors and key words. The initial list was reviewed and culled for
appropriate citations. Abstracts and source information for these citations
were obtained. The procedure followed is summarized in Figure 1.

The information obtained was organized into nine categories shown
in Table 3. Specific citations within each category were then arranged into
a single standard citation format. The format grouped the information into
the four sections in Table 4. In addition to the survey performed with the
databases listed in Table 2, a survey of the Defense Technical Information
Center (DTIC) database was also conducted.

4
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Figure 1: Flow Chart Indicating Literature Survey Procedure

5



TABLE I, Key Word List

pLASTlCS/KATIRIALS PHY$1CAL CIARACTKRISTICS (PROPERTIES) TEST POGORMS _ITRIME COIDITIOLS

Acrylonitrilt Butadiene Density Thermogravimetric leat

Styrene (hSSi Water Vapor Transmission Rate Analysis Cold

High Density Polyethylene Moisture Vapor Transmission Rate later Vapor Tesperature

Polyester Tensile Strength Tracsiission Rate Humidity

fiber Reinforced Polyester lodulus tof elasticity) (NVTR) Test Ageing

Polycarbonate lipact Strength Moisture Vapor Lov Temperature (cold)

Acetal Elongation Transmission Rate Thermal

Polypropylene Yield Strength Teraomerbanical Ultraviolet Radiation

Polyurethane Compression Strength Analysis Solar

Reinforced ?Oly~ster Compression Set Glass Transition Radiation

comp~slte Hardness Coefficient of Expansion Vibration

Acetal Holopolymer Structural Strength Coefficient of Contraction Pressure

Icetal Copolyter Structural Stability fatigue Shock

Dimensional Stability Creep Abrasion

Theraomecbanical (properties) Dynamic Mechanical Oxidation

Glass Transition Analysis Environwen-al Conditiot

Coefficient of Expansion Differential Scanning Effects

Coefficient of Contraction Calorimetry

fatigue Thermal Cycling

Creep Humidity Cycling

Craze Resistance Tropical Exposure

Crack Resistance Arid Exposure

Abrasion Resistance Solar Exposure

Viscoelasticity leatberosettr Tests

Calorimetry Properties Weathering Tests

Stress Crazing Exposure Tests

Solvent Resistance Vibration Testing

Thermal Degradation (resistance) Long-term (ageing)

Heat Distortion (resistance) Accelerated Testing

Oxidation (resistancel Tensile Testing

Thermal-Photo Arctic Exposure

Endurance Desert Exposure

Hydration Environmental Tests

Moisture (vater) Predict Ageing

Permeability Predict Weathering

Absorbtion Test Practice

Diffusion
Test Method
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TABLE 2: Databases Searched

DATABASE Aerospace Database

Coverage ; 1962 to the present
file Size: 1,500,000 records
Updates Twice a month
Provider American Institute of Aeronautics and Astronautics/Technical Inforkation Service

(AIAAITIS), New York, NY

The Aerospace Database provides references, abstracts and controlled vocabulary-indexing of key
scientific and technica1 documents, as weli as books, reports and conferences covering aerospace
research and development in over 40 countries including ,apan and Communist-bloc nations, Tbis
database supports basic and applied research in aeronautics, astronautics and space sciences, as
well as technology develop tent and applications in complementary and supporting fields such as
chemistry, geosciences, physics, communications and electronics.

DATABASE CA Search

Coverage : 1967 to the present
File Size: 7,100 000 records
Updates Monthly
Provider Chemical Abstracts Service, Columbus, OH

The CA Search database includes citations to the literature of chemistry and its applications, CA
Search is an expanded database which contains the basic bibliographic information appearing in the
printed Chemica Abstracts.

DATABASE Compendexr

Coverage : 1970 to the present
File Size; 1,485 000 records
Updates : Konthly
Prcvider i Engineering Information, Inc,, New York, NY

The Compendex® database is the machine-readable version of the ZEojrering Index (montbly/annual),
which provides abstracted information from the world's significant engineering and technological
literature. The Coupendex database provides worldwide coverage of approximately 4,500 journals
and selected governm.vt reports and books. Subjects covered include: civil, energy, environ-
mental, geological and biological engineering; electrical electronics and control engineering;
cbemical, mining, metals and fuel engineering; mechanical, automotive, nuclear and aerospace
engineering; and computers, robotics and industrial robots,

DATABASE lktk

Coverage : 1977 to the present
File Size: 2,629 000 records {for 1969 to present)
Updates : Monthly
Provider : The Institution of Electrical Engineers, london, England

The on-line Inspec file covers the printed Physics Abstracts, Electrical and Eleztronics Abstracts,
and IT Fo:us. Non-English language source materials arWe- overed but abstracted and indMxed in
EnglishTnh e principal subject areas are: Atomic and molecular physlcs; computer programming and
applications; computer systems and equipment; and elementary particle physics. Journal pa ers,
conference proceedings, technical reports, books, patents and university theses. The total number
of ]ournals in the database is approximately 3,000, over 200 of these are abstracted completely,

DATABASE NTIS

Coverage 1 1964 to the present
file Size: 1,164,000 records
Updates : Bi-weekly
Prcvider National Technical Information Service (NTIS), US. Department of Commerce,

Springfield, VA

The NTIS database consists of goveroment-spoasored research, development and engineering and
analyses prepared by federal agencies, their contractors, or grantees. It is the means through
which unclassified, publicly availabl., unlimited distributioun tpýits a made availab"le fr "alo
from agencies such as NASA, DDC, DOE, HUD, DOT, Department of Commerce and some 240 other agencies.
In additicn, some state and local government agencies now contribute their reports to the database.

Tbis database subjects include: administration and management, agriculture and food behavior and
society, building, business and economics, chemistry, civil engineering, energy, health planning,
library and information science, materials science, medicine and biology miitary science,
transportation, etc.
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TABLE 3t Description of Categories

Category Description of Content

1 Accelerated weathering Programs on plastic materials and
associated information.

2 Natural weAthering and ageing test Rroarams on plastic
materials and associated information, e.g., tropical
exposure tests, arid exposure tests.

3 Extreme conditions (other than accelerated or natural
weathering and ageing) on plastic materials and
associated information, e.g., exposure to high relative
humidity environments, chemical environments.

4 Water vanor transmission, absorbtion and permeability of
plastic materials and associated information which
engineers may use to better understand transmission
phenomenon, e.g., diffusion rates, absorbtion
characteristics.

5 Other information useful in predicting long-tetm ageing
characteristics of plastic materials under a variety of
environmental conditions, e.g., effects of shock and
effects of vibration.

6 Physical characteristics of plastic materials, e.g.,
tensile characteristics, modulus characteristics.

7 Theoretical or accepted models of physical changes
occurring in plastic materials under various conditions
includin-' 4eas which may be used to explain weathering
phenomena, e.g., mechanisms of degradation, crack growth
propagation models.

8 Procedures used to enhance weatherability or desired
physical characteristics of plastic materials.

9 Miscellaneous information deemed useful for the overall
goal of the project which did not fit into categories
1-8.
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2.3 Logistics Chain Study

The logistics of six arm-unition items were studied by contacting
the appropriate item managers. The study started at the item load plant and
traced the items from the load plant to their permanent storage areas. The
items studied were:

0 105mm Tank Round
* 81mm Mortar Round
* 155mm Propelling Charge
* 2.75 inch Rocket
* 5.56mm Small Arms Ammunition
* 7.62mm Small Arms Ammunition

The flow chart in Figure 2 shows the investigative path followed to
characterize the logistics of each item. The logistics of all the items are
similar in that they are all transported from the load plant by rail, truck
and ship prior to CONUS and OCONUS storage. It was learned that no specified
conditions of temperature and humidity were used at the load plant and that
information on an allowable limit of moisture inside the container items was
unavailable when loaded or at the end of the design life. The items some-
times spend up to one year in temporary storage at the load plant before
deployment to the permanent storage area. The majority of production at the
present time is for OCONUS and uses primarily the same ports of embarkation.
Times in transit after leaving the load plant were also reported as being
similar for all items. The items generally were transported to the port of
embarkation using milvan or breakbulk. The items are transported by ship in
a dry ship hold environment with sealed hatches. Ship transport of the
ammunition items typically occurs over a period of approximately twenty days
and spend approximately one week in the port of debarkation before transpor-
tation to the permanent storage area by rail or truck.

The similarity in logistics between the different items studied
ends at the permanent storage area. Each item is stored, rotated from war
reserve and tested on schedules which depend on the availability of the item
and the policy of the Defense Ammunition Director and AMCCOM. The containers
undergo care and preservation by ammunition maintenance personnel after
inspection in accordance with SB 742-1. The ammunition containers studied
are generally discarded after the contents were removed. However, reuse of
the container items might be desired under some circumstances of supply,
logistics and war. The details of the logistics of each item are described
in Appendix A.

2.3.1 Physical Considerations for Plastic Container Logistics

Ammunition contrAiners are subject to many physical rigors
during transportation and at the permanent storage area which could detrimen-
tally affect the rate at which the container material ages and the rate at
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which the container gains moisture. The most typical to occur during trans-
portation include vibration, varying atmospheric pressure if moved by air
transport and impact during loading and unloading. Container items undergo
maintenance procedures, such as painting and depainting, and are moved by
fork lift, hand truck and conveyor. Palletization during storage also
presents a rigorous physical environment since items located on the bottom of
the pallet could experience considerable loads. Container handles, latches
and seals could undergo stresses caused by short term use and during main-
tenance procedures which could result in permanent deformation. Detrimental
effects of these seemingly minor abuses may not manifest themselves for years
after they occur.

Testing for all of the possible effects of the physical
environment on the design life of a plastic container item is virtually
impossible because of the infinite number of situations that could occur
over a thirty-year period. However, the effects of the physical environment
can be anticipated by considering the physio-chemical state of the container
material at the end of its design life. Accelerated environmental exposure
procedures could be conducted on the containers and container materials in
order to subsequently subject the container materials and container items to
the most likely physical environmental features while they are in a condition
representative of the end of the design life. The results of this testing
could be used to implement container design changes such as thickness, handle
and latch geometry, fasteners and other container features which are found to
affect performance.

The 155mm Propelling Charge container and the M2AI Small
Ammo container emphasized during the Phase II test effort present signif-
icantly different material and design features on which to base a testing
philosophy. The first and most obvious difference is size and weight. These
differences dictate different handling procedures and thus potentially
different physical environments. The high density polyethylene (HDPE) used
for the 155mm Propelling Charge container is unlikely to ever be painted
since HDPE is unpaintable. On the other hand the HDPE could have hot stamped
identification labels which might localize surface stresses which could
reduce impact resistance after long periods of storage or outdoor exposure.
The M2A1 container could conceivable be painted at some point during its
lifetime since the polyester molding compound is paintable and since the
polyester material is susceptible to fading. The painting and depainting
process could also cause stress cracking due 'o the solvents that might be
used. This would also decrease the impact rcs *tance of the container.

HDPE is known to be sW'4 L to deformation by creep and
thermal mechanisms. Therefore, the long- effects of palleizUdtion loads
in warm climates should be a concern for the 155mm Propelling Charge
container. The fiber reinforcement used in polyester M2AI container could be
particularly sensitive to moisture absorption and desorption effects over
long periods of time. Approximately 11,000 daily temperature and humidity
cycles will occur over a thirty-year period. These cycles are of major
concern to the performance of both container materials since the cycles could

•vrduc, significant stresses from the temperature Induced dimension changes.
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LOADING PLANT

1. PACKED 01 LINK AS A PART OF TPE LOADING PROCESS?
2, It PACKED LATER HOW KOCH LAG TINK?
3, KOISTURE COITIN? KEASURED? HOW KOCH ALLOWED A?

PACKING?
4. WHERE AND HOW STOWED AWAITING TRANSPORT?
5, HOW 'BUNDLED" FOR TRANSPORT? PALLET? SItE OF

PALLET AID IUKBER Of CONTAINERS?
6. HOW SHIPPED? RAIL, TRUCK, BARGE, AIR?

1. CONOS OILY OR COPUS AND OCONUS? I?
2. STORAGE ENVIRONKENT?
3, WAR RESERVE ROTATED TO TRAINING? HOW OFTEN?
4. AVERAGE LENGTH Of STORAGE?

MODE Of TRANSPORT
CONUS
OCONUS

USING INSTALLATION

CONUS OCORUS

WAR RES TRAINING WAR RRS TRAINING COMBAT

1. STORAGE ENVIRONKENT? 1. SAME AS CONDS
2, ROTATED? HOW OFTEN? 2. THROUGHPUT TO WHERE?
3. AVERAGE LENGTH Of STORAGE? 3, TRANSPORT?

fIlE FOINT
YES NO

I. WHAT COMPONENTS TURNED IN? 1. HOW TURNED IN?
2, DISPOSITION? 2. RENOVATED LOCALLY?
3. MODE OF SHIPMENT? 3. REISSUED?

4. RETURNED TO WHOLESALE?
WHAT LEVEL?

: RECYCLE POINT
ISSUES

1, RESHAPED?
2. REPAINTED?
3. REUSED FOR PACKAGIIG? I?
4. RETRACES LOGISTCS CHAIN?,

Figure 2, Logistics Chain Study
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The approach needed to characterize the physical
environment and the long-Lerm effects of the physical environment will
initially require that physical property tests be conducted on container
materials and container items as a function of accelerated environmental
testing. Plastics have been used in military items for a considerable
number of years and although the particular formulations for the plastics
used may no longer be available, the plastic military items that have been in
use could provide the information necessary to establish specific test
criteria. The approach to using plastic items with a reasonably well known
history, outlined in the Volume II Test Plan will involve evaluation of
failure if it occurred, and the determination of structural changes in the
polymer which could be related to engineering property changes such as
tensile strength or impact resistance.

2.3.2 Definition of the Environment

As noted in the logistic chain descriptions in
Appendix A, the environmental considerations early in a container's life
cycle are limited to the geographic locations between and including the load
plant and permanent storage areas. The ammunition items are further deployed
from the areas noted in the logistic chain descriptions to storage areas
surrounding the main storage areas. The general vicinity and typical
environmental features of these storage areas are described in Appendix B.
Comparison of the specific sites shows a considerable variation in altitude,
temperature, humidity and sunlight. An important consideration in under-
standing the effects of long-term storage Is the knowledge that environmental
conditions can be quite different, and thus different effects may result, for
ammunition items stored at locations separated by only a few miles.

The climates in the vicinity of specific storage sites
were characterized by obtaining and evaluating average temperature, humidity,
rainfall and solar radiation data. The data was obtained from References 1
through 8. The average data was typically based on measurements made over
more than five years, the exception being the solar radiation data for Korea
which represents only two years of measurements. Comparison of the data in
Appendix B indicates that the environments characterized in Mil-Std-210 can
be used over the container item logistics chain environments and can be
typified into four climate types in accordance with U.S. Army Regulation No.
70-38 to choose specific test conditions (References 9 and 10). These are:

1. Hot climates
2. Basic climates
3. Cold climates
4. Severe cold climates

AR 70-38 further classifies each of the climates into daily weather
cycles, operational, storage and transit conditions. The following sections
summarize the major features of the climatic conditions that were to be
considered during the course of this project.
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2.3.2.1 Hot Climates

Hot climatic conditions are of primary concern in
low latitude deserts. In addition to high air temperatures, and low relative
humidities, intense solar radiation also plays a part in the degradation of
mate!'ial performance. Two daily cycles have been used to characterize the
operational conditions of this type of environment; hot and dry, in which the
dai.y temperature could range between 326C and 490C with a maximum relative
humidity of 8%; hot and humid, in which the daily temperature could range
between 316C and 40*C with relative humidity ranging between 59% and 88%.

The performance of polymeric materials is sensitive
to both the thermal degradation and photodegradation effects of sunlight.
Both factors must be considered by any test program designed to predict
performance. The specific mechanisms for thermal and photodegradation may
differ for different materials and have different resulting effects on the
bK' properties of the material. Humidity may also change the mechanism by
%c! a material degrades. In order to fully understand the degradation of a
pc..yimeric material over a long period of time each environmental factor must
be studied separately and in combination.

2.3.2.2 Basic Climates

Climates classified as basic are generally found in
the humid tropics and mid-latitudes and are characterized by more moderate
temtperature extremes than found in the other climatic types. Four daily
cycles are recognized as being characteristic for this climate type:

1. Constant high humidity
2. Variable high humidity
3. Basic hot
4. Basic cold

The outstanding features of the operational,
storage, and transit conditioD6 of each type are: constant tempc ture and
greater than 95% relative humidity, for the constant high humidity condition,
variahle temnperature and humidity between 261C and 63WC with humidity ranging
between 5% and 44%, for the basic hot conditions, and temperature between
-330C and -21 0 C with close to 0% relative humidity for the basic cold
environment,

The same considerations for solar radiation noted in
paragraph 2.3.2.1 apply to the basic climatic types. The most notabledifference between the two environments discussed thus far is the low

temperature extreme in the latter. The effects of low temperature on
polymeric materials offer additional complication for the understanding of
degradation mechanisms and therefore make the development of a lifetime
prediction model more difficult.
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2.3.2.3 Cold Climates and Severe Cold Climates

The cold climatic type is generally found towards
the extremes of both northern and southern hemispheres and in some areas at
high altitudes. Air temperatures, with relative humidity levels tending
towards saturation, range between -37*C and -47*C. Solar radiation is
negligible. The severe cold climate is found in the very extreme areas of
the northern and southern hemispheres. The design minimum temperature
condition for this type of climate is -51 0 C.

2.3.2.4 Transportation Environments

Transportation of military items throughout the
world can rapidly, and drastically change the environment and, therefore, the
potential degradation mechanisms to which a polymeric material, used in a
military application, might be subjected. The act of transport itself offers
a potential for degrading the performance of a material and a fabricated part
by introducing physical forces to the item by impact or vibration.

The effects of vibration on an unrestrained poly-
meric material are for all practical purposes, nil. However, if the polymer
material is solidly attached as a component to an assembly, so that the
vibrational forces can be directly translated into tensile or compressive
stress on the material, the material could however degrade as a result of
fatigue, creep, or fracture. The effects of vibration on seals, joints, or
adhesive bonds can directly degrade the function of an assembly. The same is
true for impact-induced degradation, but obviously in a much shorter time.

2.4 Development of the Approach to Phase II Testing

The successful development of an accelerated environmental exposure
test procedure which can be used to predict the lifetime of plastic ammuni-
tion container items requires the knowledge of the dependance of plastic
materials properties degradation on environmental parameters in a quantita-
tive sense. Further, the dependance of the container's functional properties
on the material properties must also be known. TMh test approach used in the
Phase II therefore pursued both design, or functional testing of actual
container items, and materials tests to evaluate the stability of the
specific polymers used in the containers. The extent to which this knowledge
can ultimately be used in a lifetime prediction model is highly dependent
upon the nature of the mechanisms by which a given material degrades and the
extent to which these mechanisms can be controlled during the accelerated
testing procedures. In order to develop an accurate lifetime prediction
model using the test samples made available during the project and in the
time frame allowed for testing, it was necessary to identify instrumentation
capable of detecting the structural properties degradation of container
materials on a molecular scale. A combination of thermal analysis and
optical properties measurement techniques was chosen to study materials
degradation. Ideally these measurements would have been conducted in concert
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with engineering property testing, such as tensile strength and impact
resistance, to provide a defined link between material structure and material
properties. Such a link could then be used to directly predict container
performance as a function of environmental history.

The lack of suitable engineering property test specimens for the
155mm Propelling Charge Container and the M2A1 container items suggested that
the engineering properties of another material be studied for purposes of
illustrating the use of properties, such as tensile strength and elongation,
for the development of a lifetime prediction model. A crosslinkable HDPE was
selected on the basis of the availability of environmental performance data
for comparison. The material, tested in an unpigmented and unstabilized
form, is not comparable to the blow molding grade of HDPE used for the 155mm
Propelling Charge Container, however it provides an excellent contrast to the
container material by identifying material property changes directly related
to environmental effects on the chemical aspects of the material in a short
period of time,

Phillips Marlex CL-100 was chosen for study during the Phase II
test effort. This material is a rotational molding compound and is typically
used in outdoor applications and when properly compounded and processed, has
been found to have good retention of physical properties for long periods of
time. The 155mm Propelling Charge Container Material was a high density
polyethylene compound comprised of Phillips HXH-50100 HDPE and a proprietary
mixture of green pigment and stabilizers, the M2A1 container was made from a
sheet molding compound comprised of Silmar polyester resin, approximately 45%
glass fiber and approximately 25% filler. The filler contained a green
pigment and calcium carbcnate.

Full-scale item functional testing had the objective of determining
the moisture vapor transmission rate (MVTR) and the ability of the container
to remain sealed. The logistics chain of ammunition generally includes a
two-year uncontrolled outdoor exposure. A desired aspect of the testing
conducted was to predict the performance of the container items during a two-
year outdoor exposure. This outdoor exposure period could occur at any time
after the manufacture of the ammunition container. However, the test items
used for the full-scale testing were newly manufactured and not subjected to
pretest conditioning or preageing before testing. Thus, the extent to which
MVTR is dependent on the container material's age could not be investigated
during the project.

2.4.1 Materials Testing Approach

Optical, thermal and physical properties tests were
selected to characterize the degradation of the container materials and the
Marlex CL-100 HDPE. The specific measurement techniques selected have been
used successfully in a number of materials study programs to quantify and
model materials degradation due to environmental exposure (References 11
through 18).
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Reflectance measurements, made between 350nm and 2400nm,
and colorimetric measurements were used to quantify surface degradation.
Spectral reflectance measurements were chosen to show changes in absorption
coefficients and to identify spectral changes which might be related to
pigment and polymer matrix degradation. Colorimetric measurements, using CIE
chromaticity coordinates, were used to quantify visual changes in color and
could be related to camouflage requirements.

Physical properties measurements included tensile and
elongation testing of the Marlex CL-100. Thermal analysis measurements were
used to determine structural changes in the polymeric container item
materials. Container item materials were studied using thermogravimetric
analysis (TGA), thermomechanical (THA), differential scanning calorimetry
(DSC) and dynamic mechanical analysis (DMA). The use of thermal analysis
techniques to study ageing effects on polymeric materials had the advantages
of providing information on viscoelastic properties in the case of DMA, the
glass transition temperatures (Tg) in the case of TGA and DSC, the heat of
fusion in the case of DSC and decomposition temperatures in the case of TGA
and DSC.

Broadly interpreted, the glass transition temperature of
a polymer is the temperature at which no further molecular rearrangement
occurs. Below this critical temperature, molecular movement is a result of
thermal vibration. That i, as a polymer approaches its glass transition
temperature, it undergoes temperature dependent dimensional changes caused by
the rearrangement of the polymer structure. The glass transition temperature
is dependent primarily on chemical structure, the most important aspect being
polymer chain stiffness. Processing and environmental conditions also
influence glass transition temperature and therefore can play a great role in
the degradation mechanisms which affect performance not only at a given
temperature but over a given temperature range. A change in glass transition
temperature due to some aspect of a material's environmental history could
then be used to indicate changes in performance characteristics. The
thermomechanical properties of plastics for use as ammunition packaging
materials in this sense is important since the items are rarely intended to
serve solely in a single environment.

Most accelerated test programs subject materials to
abnormal conditions in order to induce failures in short periods of time.
The objectives of testJno a material in this manner are the evaluation and
prediction of a material's long-term performance with a short term test. The
current state-of-the-art methods to evaluate and predict materials' perform-
ance characteristics involve the concurrent study of chemical structure/
property relationships and mechanical property changes. The environmental
test procedures followed are classified by their use to predict outdoor
performance in the presence of solar radiation and thermal tests which are
conducted in the absence of solar radiation. The design and use of acceler-
ated testing must be based on the failure of a specific property. The
failure of many commercial items is judged on the basis of appearance which,
as a surface effect, may occur long before there is a measurable change in
mcchanica! properties. Tn applications where plastics are used for their
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structural properties, changes in the appearance of the item may be
acceptable. However, the use of plastics for ammunition containers requires
that both physical and optical properties remain stable and constant through-
out the container lifetime in order to protect the ammunition until it is
fired, to reduce maintenance costs and to meet camouflage color requirements.

The use of thermal analysis techniques offers a practical
and accurate method for determining the useful lifetime of many plastic
materials. The data obtained from thermal analysis measurements are also
well suited to modelling because the data are closely related to the chemical
and thermal processer that occur as a result of specific materials property
degradation mechanisms. These mechanisms, once related to the polymer
structure dependent properties, can be used to predict changes in basic
engineering properties. The various thermal analysis techniques available
offer the advantages of several different dynamic combinations of time,
temperature and stress in a single test. The use of appropriate test samples
and appropriate test sample preparation techniques cannot be overstated in
evaluating the suitability of thermal analysis for lifetime prediction
modelling since these factors are critical to obtaining reliable and
reproducible data. Further, if engineering property tests are not conducted
concurrently with the initial material characterization tests, it is
difficult to quantitatively relate thermal analysis data to engineering
properties. A thorough review of thermal analysis principles and
instrumentation may be found in Reference 19.

The use of DMA was evaluated for the fiber reinforced
polyester used for the M2AI container. Specifically, it was attempted to use
storage and loss moduli and the loss tangent to evaluate the integrity of the
adhesion between the polymer and fiber reinforcement. These properties are
also related to the crystallinity of the material. DMA as a viscoelastic
property measurement technique can be used to study other properties, such as
creep, by applying the measurement data to time/temperature superposition
principles and the Boltzmann superposition principle (References 17,20).
Time/temperature superpositioning principles are derived from the W-L-F and
Arrhenius equations which are used to determine the degree of horizontal
shift, or rather the time, that a given set of data can be used with respect
to temperature. The underlying principle for these mathematical relation-
ships is the dependency of polymer structural properties on time and
temperature. This is because the rate at which molecular relaxations and
rearrangements occur increase with increasing temperature due to the fact
that all polymers exhibit viscoelastic behavior. The storage of mechanical
energy and release of heat by the "viscous liquid" and "elastic solid" phases
of the polymer is thus time and temperature dependent.

Engineering plastics are known to have typically higher
modulus at room temperature than at elevated temperatures while the modulus
of elastomers is higher at low temperatures than at room temperatures. This
phenomenon is related to Tg. The time dependency of viscoelastic properties
is illustrated by the generalization that a polymer subjected to a constant
load, will result in a decrease in the elastic modulus over time, Further,
polymers deformed at high frequencies at a given temperature will show a high
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modulus whereas the same polymer deformed at the same temperature with low
frequency will exhibit lower modulus. Therefore, the time that these
processes take to occur is reduced at higher temperature.

Experimental determination of the factors allowing time/
temperature superposition of viscoelastic properties in using DMA offers a
technique for determining the functional lifetime of plastic packaging since
these properties are affected by ageing. Thermo- and photo- oxidation
effects could be quantified with a relatively few measurements by comparing
'shift factor curves and master curves developed for the materials before,
during and after various environmental exposure tests. The successful
develmpment of the property relationships needed to make lifetime predictions
from DM4A data however, is complicated both by the degree of crystallinity of
the material and geometrical factors associated with the test sample. The
former problem relates primarily to the deviation of many real materials from
the superpositioning principles due to property differences in the amorphous
and crystalline phases. Although these differences can be determined and
applied to modifications of basic viscoelastic principles, the process of
developing the relationships is tedious and costly. The latter problem
relates to the reproducibility of the measurement data. The combination of
these two problem areas and the potential impact on project schedule and
cost, limited the use of DMA to the M2Al container material and was only
pursued to the extent of attempting to evaluate the fiber and polymer matrix
integrity.

A second example of the use of thermal analysis to
predict lifetime is the use of TGA to study decomposition kinetics as
described in Reference 21. This technique assumes first order kinetics and
uses extrapolation to estimate the long lifetimes encountered at normal use
temperature. Further, the technique assumes that the limit of acceptability,
or lifetime, of the material is dependent on the thermal stability of a
polymer or the presence of a stabilizer, or a combination of the two. In
light of the preceding discussion on viscoelastic properties, the functional
lifetime of the ammunition container materials studied, could possibly exceed
lifetimes predicted by TGA data since there was no delined relationship
between a failure point and thermal decomposition. The thermal decomposition
of the materials is related to the presence of stabilizers and various
additives in addition to the stability of the polymer. TGA is useful in
studying various stages of thermal degradation and the compositional changes
that occur during the ageing process. However, the TGA data must be
associated with a functional property in order to predict useful lifetimes.

As an example, the HDPE used for the 155mm Propelling
Charge container could be terribly cracked after 30 years but, because it was
fabricated with a sufficient wall thickness, it could still provide adequate
protection to the contents. Similarly, the M2A1 container could appear
white, due to the blooming of the glass fiber reinforcement, and yet afford
the contents of the container adequate protection because the composite
retained sufficient strnigth. Therefore, the use of TGA determined "lifetime
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prediction" data must be related to critical engineering properties. TGA
only provides structural property data to the extent that properties are
dependent on the chemical makeup of the material.

A detailed decomposition kinetics study of the 155mm
Propelling Charge container material using TGA was considered during the
project work effort. However, the project schedule did not allow enough time
and no information was available for container materials regarding an
acceptable limit of property degradation. Therefore, the acceptable level of
decomposition had to be determined empirically. TGA was used to study both
the 155mm Propelling Charge container material and the M2A1 container
material by attempting to associate decomposition temperatures, mass loss and
composition changes with the various exposure conditions.

DSC was used to follow thermodynamic changes in con-
tainer materials by measuring the heat flow into and out of test samples.
Physical transitions such as Tg, melting temperature and crystallization and;
chemical transitions such as decomposition were monitored to study both
physical and chemical processes. The degree of crystallinity, as related to
the heat of fusion has a fundamental effect on material physical propertieF
such as modulus, permeability, density and melting point. The decomposition
temperature obtained from DSC relates to the oxidizable groups present in the
material. Lower onset of decomposition temperatures indicate that fewer
oxidizable groups are present in the material or the material has been
preoxidized. The onset of decomposition temperature is not a quantitative
value in respect to specific physical properties in the sense that it only
represents the temperature at which the material decomposes after passing
through the melt phase. The stability of the polymer, and thus the stability
of properties which are dependent on the oxidation state of the polymer, is
related to the decomposition temperature. Therefore, as a temperature value
it can be used to indicate the oxidative stability of the polymer. The heat
flow value associated with the onset of decomposition temperature is the area
under the decomposition curve. It represents the energy required to decom-
pose the sample and is dependent on the molecular weight, mass, and surface
area of the sample in addition to the thermal properties of the material.

TMA was used to determine dimensional changes in the
container materials as a function of temperature. This measurement technique
provides information on the thermal expansion, Tg and the softening point.

The Marlex CL-100, crosslinkable HDPE was studied using
tensile and elongation testing. Changes in tensile strength and elongation
are used to indicate ageing effects and are dependent on both the thermo-
dynamic and viscoelastic properties discussed in the preceding paragraphs.
Marlex CL-100 was compression molded into plaques and subsequently cut into
AST1 D638 Type IV tensile test specimens. These test specimens were tested
in accordance with AST4 D638. The materials testing procedures and materials
properties studied are summarized in Table 4.
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Table 4
Summary of Material Tests

Measurement
Material Properties Measured _Technaue

155mm Prop Charge Spectral Reflectance ASTM E903
Charge Container
HDPE CIE Color ASTM D2244

Thermal Decomposition TGA

Heat of Fusion, Heat Flow and Degree DSC
of Crystallinity

Coefficient of Thermal Expansion. THA

M2Al Container Spectral Reflectance ASTM E903
Glass Reinforced
Polyester CIE Color ASTM D2244

Thermal Decomposition and Composition TGA

Changes

Storage and Loss Modulus, and Damping DMA

Coefficient of Thermal Expansion TMA

Marlex CL-100 Tensile Strength and Elongation ASTM D638
Crosslinkable
HDPE
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2.4.2 Full-Scale Item Test Considerations

The development and use of accelerated test procedures
for estimating the useful life of a product must consider the mechanisms by
which the polymer degrades and the influence that product design can have on
the stability of the polymer. Materials tests are used to show the stability
of the polymer for a particular end use but do not show how the material will
perform as a component of a final product. An example of this is the rapid
failure of stabilized polymers in contact with an active metal which could
catalyze the oxidation of the stabilizer used in the polymer material.
Similarly, effects of environmental exposure on the functionality of the
container assembly could occur that would not otherwise be predicted by short
term testing of the container assembly alone since the rate of many of the
failure mechanisms associated with materials and product design are
controlled by diffusion processes which may not have the same synergistic
effect even when above ambient conditions are used. The mechanisms by which
container items could gain moisture in the seal area presents a good example
of this possibility.

By design, the performance of the seal area is dependent
on the performance of the elastomeric seal and the containe material.
Plasticizers and lubricants are often used to enhance the ductility of
elastomeric seal. The evolution of these materials from the seal is time and
temperature dependent as is the absorption oi these materials by the
container material. Mil-Std environmental testing typically subjects test
items to a combination of environmental conditions. Temperature and humidity
cycle testing is very often used to judge the acceptability and durability of
military items. Under cyclic testing of this sort, the component materials
are not subjected to the time at temperature and temperature change rates,
both of which are critical to a diffusion rate controlled process, which are
experienced under use conditions. The rapid temperature change rates and
short cycle times used for many tests also do not produce the same strains in
the material that would occur in real use. Therefore, the resulting effect
on the container materials after the test could be entirely different than
would result in the use environment.

Moisture gain and moisture gain rate are also to a great
extent diffusion rate controlled processes. The categorization of moisture
gain into high and low vapor pressure re~gimes can be used to determine the
severity of test conditions relative to real environmental conditions.
However, the extent to which test conditions can be used to increase moisture
vapor transmission rate and thus accelerate effects of moisture damage may be
dependent entirely on the material's inherent moisture permeation
coefficients. Therefore, the rse of an acceleration or a test severity
factor based entirely on the ratio of test conditions to real environmental
conditions to predict results must be judic.1 ous. An example of determining a
test severity factor is giver in Reference 22 where normal vapor pressures
are about 43 dynes/cm7 for tho worst tropical conditions, while the test
conditions had vapor pressuret, in the range of 340 dynes/cm2. The ratio of
the vapor pressures would suggezt an acceleration factor of 7.9. However,
more appropriate is the detrnrination of test severity on the basis of a
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ratio of transmitted moisture at different vapor pressure conditions. In
this example 0.6mg of transmitted moisture was measured at constant condi-
tions of 40 0C with a vapor pressure of 65 dynes/cm2 while 0.012mg where
measured at constant conditions of 250C with a vapor pressure of approxi-
mately 30 dynes/cm2 . In this example the acceleration factor based on
transmitted moisture is 0.6/0.012 or 50, while an acceleration factor based
on the test condition is 65/30 or 2.2.

The application of this model to the case of an ammuni-
tion container must account for the changes in vapor pressure differential
which occur as the container gains moisture. Thus, as,the container gains
moisture, the moisture vapor transmission, rate would tend to decrease. That
is, as the vapor pressure differential between the environment outside the
container and the inside of the container approaches zero, the moisture vapor
transmission rate also approaches zero. Sinca the containers could be
deployed to hot and dry and cold and dry environments, the containers could
also lose moisture over long periods of time.

The approach taken to determine the moisture vapor
transmission characteristics of the container items pursued the relation-
ship of moisture gain in terms of grams pev hour as a function of vapor
pressure differential for the test conditions used. In order to accomplish
this, the dew point was measured inside the container using a chilled mirror
type hygrometer. Dew point measurements were related to vapor pressure and
the moisture inside the container volume using the relationships in
Reference 23.

2.4.3 Environmental Exposure Testing

A variety of environmental exposure test procedures were
followed to subject test specimens taken from actual ammunitý.on containers
and AST4 D638 Type IV tensile test specimens made from Marlex CL-100 HDPE to
a wide range of environmental conditions. These tests covered the range of
typical environmental exposure tests and included those shown in Table 5.
The conditions used allowed the determination of the sensitivity of the
materials to particular aspects of the environment (i.e., solar radiation,
humidity, etc.). Test specimens were plactd on exposure in numbers
sufficiently large to allow individual pieces to be removed on a predeter-
mined schedule for properties measurements. Samples were not returned to
their respective exposures after completion of the measurements.

Accelerated outdoor (FUIAQUA®, exposure testing was
conducted in accordance with ASTM G90. Sample temperature was monitored
periodically during the exposure in order to determine the high, low and
typical temperature extremes occurring during the course of the test.
Sample temperatures were determined using a thermocouple attached to a
control sample of 155mm Propelling Charge Container material. Temperature
measurements were recorded around solar noon.
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Table 5
Summary of Environmental Exposure Tests

Conducted on Sample Materials

Related
Exposure Tests Environmental Conditions Test Standard

Temperature/Humidity Constant elevated temperature and MIL-STD 810D
Chamber high humidity Method 507.2

(tailored)

DSET Solar Simulator Constant elevated temperature and MIL-STD 810D
high humidity with simulated solar Method 505.2
radiation (tailored)

Suntest Xenon arc lamp exposure with
ambient conditions

Oven Constant elevated temperature with AST4 D3045
ambient humidity

Real-time Outdoor Natural outdoor Arizona, at-latitude ASTM D1435
exposure angle

EWHAQUA® Intensified natural solar radiation ASTM G-90
with ambient outdoor conditions

Real-time exposure tests were conducted in Arizona on
both full-scale items and test specimens. Test items were mounted on a south
facing rack at a 340 angle. As noted for the accelerated outdoor testing,
sample temperatures were monitored around solzir noon during the test. The
effects of elevated temperature with ambient laboratory humidity conditions
were evaluated using a mechanical convection oven. The test was conducted
with a constant 71WC temperature. Test specimens and the cap-seal portion of
a 155mm Propelling Charge container were subjected to these conditions.

Elevated temperature/humidity exposure testing was
conducted at 60*C/90%RH in a 1812 liter Envirotronics environmental chamber.
The chamber is capable of producing various conditions over a temperature
range of -736C to +176W0 with relative humidity control capability covering a
range between 20% and 95%. The effects of solar radiation with elevated
temperature and humidity was also studied using this environmental chamber in
combination with a solar simulator array. The solar simulator array was
122cm x 122cm and comprised of compact source iodide metal halide and UVA-340
fluorescent lamps.
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The array was positioned and operated to produce approxi-
mately 95 HJ/m 2 -day total radiation between 300nm and 2500nm with
approximately 3.8 MJ/M2.day ultraviolet radiation occurring below 385nm. The
test articles were located in a 76.2 cm x 96.5 cm target area behind an
ultraviolet absorbing acrylic panel. The spectral energy distribution at the
target plane is shown in Figure 3.

Test specimens were also exposure tested in a Xenon arc
ultraviolet exposure cabinet using ambient temperature and humidity
conditions. The samples were exposed to simulated solar radiation using a
Heraeus Original Hanau Suntest Accelerated Exposure Machine. A filter
eliminating ultraviolet below 290nm was used over a 1.1kw Xenon light source
to approximate the global radiation of natural sunlight in the 300nm to 800nm
wavelength region. The irradiance of the filtered light is approximately 185
mW/cm2 , with approximately 8.4 mW/cm2 below 400nm. The test samples were
located approximately 9 inches from the light source. Ambient air is circu-
lated in the exposure chamber to maintain the samples at close to ambient
temperature. Black panel temperature in the chamber was maintained at about
45 0C. The spectral distribution of the light source used in the chamber is
compared to natural sunlight in Figure 4.

2.5 Correlation of Data and Lifetime Prediction Models

2.5.1 Mathematical Modelling of Durability

The approach taken to mathematically correlate dura-
bility characteristics obtained from accelerated tests to real time tests was
to attempt to kinetically relate a material's exposure-induced properties to
the level of stress (e.g., exposure) taking into account structure-property
relationships. This requires information on rate constants as a function of
structure and temperature-related changes in those rate constants. The
development of complete expressions that predict performance apriori of the
actual exposure tests is essentially impossible. This is due primarily to a
lack of information on well-defined structure-property and stress-property
relationships for the same properties. However, the degradation rates of
certain important properties of plastics may be described by S-shaped curves
in which the property, or retention of property, is plotted as the dependent
variable as a function of the environmental stress. Plotted as change in
property, the relationship takes the form shown in Figure 5 where the inde-
pendent variable acts as the driving force which is a combination of solar
radiation, temperature, oxygen and moisture in this treatment of the ageing
process. The successful application of this modelling approach depends on
the availability of property data in the linear region of the curves in
Figures 5 and 6 and the identification of the limit of acceptability.

Examination of the concepts of induction, rate-
controlled, and saturation processes is a prerequisite to a thorough
understanding of the ageing pzocess. The term induction is represented by
region I of Figure 6; it is a convenient descriptor for the value "i" that
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represents quantitatively the magnitude of the independent variable neces-
sary to initiate the rate-controlled property change. More fundamentally,
induction describes both the reaction rates specific to initiation and the
quantity of stress required for the production of a sufficient number of
defects, or "observable events," that are necessary in order to be measurable
by whatever diagnostic tools are employed to assess the dependent variable.
Region II of Figure 6 is known as the rate-controlling step and is that
portion of the reaction, or ageing process, that is represented by a single
linear rate equation. More fundamentally, it is that time period of stress
application after initiation where the concentration of reactive sites
available for reaction obeys a well defined depletion rate. When this does
pot occur, either region II cannot be mathematically represented as a linear
relationship or the saturation phase has been reached. Obviously, saturation
is a descriptor that is employed to 0 e the material condition in wnich
most, if not all, reaztive sites, or t,.l events, have been depleted
during the application of stress.

The linear portion of Figure 6 can be described by
writing a slope intercept equation, y = mx + b, where ýP = mE + b, m is the
slope and b is the intercept. Solving for E, we obtain

E - //m {AP - b} (1)

where -b/m = i, the intercept on the abscissa that is the induction measured
in terms of the independent variable as exposure. Equation 1 can be written
in terms of loss of property as a function of exposure, giving

m{E i} (2)

permitting prediction of durability of that property in the rate controlling
step in terms of the exposure. It is important to note that few materials
plot as a normal linear relationship defined by equation 2 and that generally
a log-normal and sometimes a log-log plot is required to achieve a linear
relationship. This is particularly true for systems with exponential or
iogarithmic decay in the availability of reactive sites, or where the stress
such as ultraviolet radiation, exhibits such a decay as it penetrates into
the material's matrix. In this case equation 2 becomes

= m{log E - log i}, or log LP = m{E - i} (3)

Correlation of accelerated and real-time exposures should
seldom, if ever, be performed on exposed, or stressed, materials in only the
induction r the saturation phase since these expressions only explain linear
porti)n.D of the ageii~g process. We do use these regions in combination to
d-fine the entire exposure process; however, acceptance decisions should
never be made when either the real-time or the accelerated exposure level is
representative of one of these regions -- especially in the incduction phase.
Nonetheless, a number of researchers have undertaken studies to mathemati-
cally describe both the induction and saturation portions of rate equations.
These range from purely empirical to highly theoretical analyses.
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2.5.2 Kinetic Expressions of Ageing Processes

The instantaneous rates at which the concentration of
reactive molecular sites change with time (both the creation of new and the
depletion of existing species) in photochemical, oxidative, or photo-
oxidative reactions may be represented by the derivative dC/dt -- which
states a reaction velocity. In zero order reactions, we simply set the
derivative equal to the proportionality factor "k", the value of which
depends on the temperaLure as well as the order. In first, second and higher
order reactions which may be also opposing, or back reactions, or secondary
reactions of different order, these expressions become complicated by the
mathematical description of the instantaneous concentrations of unreacted
species, new species, etc. Nonetheless, it is instructive to examine the
simple first order reaction [mM + nN - products] where by definition the rate
depends only on the concentration of, for example, I4.

dH/dt = -WM (4)

which, on integrating, becomes

ln M - -kM + b (5)

which is similar to equation 3.

The influence of temperature on these relationships is
shown by a consideration of the Van't Hoff and Arrhenius equation. Arrhenius
developed the relationship

dln(k)/dT - E/RT (6)

from the Van't Hoff equation for the temperature coefficient of the equilib-
rium constant, where k is the specific rate constant, E is the material
specific activation energy for the reaction and R and T are the gas constant
and the absolute temperature, respectively. Integration of equation 6 yields
the expression

ln(k) E- /RT + ln(A) (7)

where A is a constant of integration known as the Arrhenius factor. Equation
7 is useful for plotting exposure data to develop activation energies. If we
consider that the reaction rate "k" can be described by the relationship
dP/dt as the change of property with time and if we consider the expression
dt to be represented by an incremental exposure then we can, as an example,
expose a plastic for a specific ultraviolet exposure (in kJ/m2) at several
different temperatures and employ equation 7 to determine its activation
energy. This can be done by plotting dP/dEuv versus 1/T and computing the
activation energy from the relationship tan a - E/R from

dP/dEuv = E/R (1/T) - ln(A) (8)
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Placing equation 7 in exponential form, as presented in
equation 8, a thermal reaction coefficient S for exposure of this plastic at
temperature T can be developed as shown in equation 9.

S - dP/dEuv - A e{-EIRT} (9)

A thermal velocity coefficient V can be computed from the ratio of two
thermal reaction coefficients S and S' normalized to an arbitrarily selected
reference temperature T' such that

V - S/S' - e{-E/RT}/e{-E/RT') (10)

and since this velocity coefficient applies to the independent variable, or
ultraviolet exposure in this example, we may now thermally adjust the
measured ultraviolet exposure data used to expose a plastic whose activation
energy we either know or have determined. Using this thermally adjusted
ultraviolet irradiance data, we may now plot the change in property (or log
of the change in property) versus the thermally adjusted ultraviolet exposure
Etuv (or log of exposure) to give. for example,

LP - m (log Etuv - log i), or (11)

log AP - m (Etuv - i) (12)

These equations may be considered as representing a "unified exposure theory"
that will permit the normalization of both irradiance data (ultraviolet) and
exposure temperature in exposure tests. This, in turn, means that differ-
ences in exposure results can then be interpreted in terms of differences in
environmental constituents such as humidity/ moisture/dew formation and
localized environmental constituents (ozone, smog, acid rain, etc.).

Although this approach emphasized ultraviolet effects for outdoor exposure,
the analysis technique is applicable to the thermal effects that occur as a
result of indoor exposure. The extent to which this modelling approach could
be applied to the containei: materials investigated, as will be discussed
further in subsequent paragraphs, was limited by the performance of the
materials during the exposure tests and the short duration of the exposure
testing. That is the HDPE was found to exhibit a failure very close to the
end of the induction phase while neither of the materials were exposure
tested long enough to characterize the rate controlling sttp.

3.0 PHASE I - DISCUSSION OF RESULTS

3.1 Literature Survey Results

The results of the literature survey were reported on in DSET
Report No. R2970-5 (Reference 24). The procedural objectives of the effort,
as discussed in paragraph 2.2, were met. The zurne',, showed thiat litt1I
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public information exists on the quantitative performance of plastic
materials beyond five year test programs. The fact that plastic materials,
and polymers in general, are in use well beyond a five-year period suggests
the potential for plastic products with greater than five year lifetimes.
Unfortunately, the literature survey clearly proved that little engineering
information exists on which to base the design life of products manufac-
tured with plastic materials, especially in long-term applications where
performance is critical.

The results of the literature survey proved valuable to the overall
understanding of the performance of plastic materials since it studied the
eleven materials listed in Table 1, and specifically addressed the develop-
ment of test procedures for the HDPE and polyester materials used for the
test items studied in Phase I1. The survey identified information on the
degradation mechanisms, and thus the environmental sensitivities, of the
materials. This information allowed the development of the Phase II environ-
mental testing approach and the materials properties measurement approach.
The degradation of the materials studied, the sensitivities of the materials
investigated and how the results of the literature survey were used are
discussed in the following paragraphs.

3.1.1 Example of the Use of Literature Survey Results

The use of the technical literature survey to identify
the chemical basis for the degradation of generically classified plastic
materials, is exemplified by the following discussion concerning one of the
literature citations identified during the survey and highlights the limited
usefulness of using reported data to judge the acceptability and qualifica-
tion of any specific materials. The information contained in Figure 7
alludes to the durability of plastic materials, in this case fiber reinforced
polyester which is generically related to the sheet molding compound of
interest to the 142A container, being acceptable for 10 to 12 years. Even if
the articles reported on in literature were fabricated from the same material
intended for the H2AI container, the usefulness of the information to the
prediction of the 142A1 container's functional lifetime would be limited by
the probability that the specific materials, additives and processes used
after 10 to 12 years would be changed. The significance of the information
to the project resides simply in the logic that a specific fiber reinforced
material, exhibiting an acceptable degree of durability for up to 12 years of
outdoor exposure, suggests that a like material subjected to primarily indoor
exposure conditions would have potential to exhibit an acceptable degree of
durability in excess of 12 years.
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STUDY OF THE AGEING RESISTANCE UNDER NATURAL CLIMATIC CONDITIONS OF
POLYMETHACRYLATE, POLYCARBONATE AND POLYESTER PLATES AND SELECTED
COATINGS AND FACINGS; Journal Article

,Goliszek, Anna; Pol.; Pr. Inst. Tech. Budow., 10(3), 54-61; 1981;
Polish;

The weathering resistance was reported for 16 plastic panels,
coatings and facings exposed to natural weathering in Warsaw for
up to 13 years. The investigated materials included glass fiber-
reinforced polyester panels, fire-resistant glass fiber-reinforced
polyester panels, chlorinated rubber of acrylic coatings, etc.
For example, decorative durability of glass fiber-reinforced
polyester panels was 6 yr., whereas their durability with respect
to mechanical properties was 10-12 yr.
Descriptors: *Weathering resistance; *Glass reinforced polyester;
*Weathering resistance; *Polycarbonate weathering resistance; *Fire
resistant polyester weathering resistance; *Acrylic weathering
resistance; *Natural weathering; *Rubber chlorinated coating
weathering resistance;

Figure 71 Literature Survey Citation - Excerpt From Reference 24

The major conclusion to be made from this example is that
the test plan resulting from this project must provide for concurrent real-
time and accelerated exposure testing of the component materials used in
container items. This will be made obvious in subsequent paragraphs by the
performance of the containers in real-time exposure tests. Other literature
identified the chemical mechanisms by which the plastic materials studied
degrade and thus suggested the environmental parameters which could be used
to accelerate the effects of long-term ageing. The degradation mechanisms
for several of the plastics studied are summarized in the following
paragraphs:

3.1.2 Material Degradation Mechanisms

3.1.2.1 Polycarbonate

Polycarbonate is available in number of grades
which offer exceptional impact resistance. It is based on dihydric or
polyhydric phenols which are linked through carbonate groups. Its structural
properties are adversely affected by ultraviolet exposure but when
appropriately stabilized or filled it is used in wide variety of
applications. Until the work of Clark and Hunro in 1982 (Reference 25),
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solid state polycarbonate was thought to degrade by the Photo-Fries
rearrangement shown in equation 13 both at the surface and in the bulk
(Reference 26). Their findings indicate that the surface of polycarbonate
actually degrades by photoxidation shown in equation 14. Their work further
showed that, at equilibrium, surface degradation and the mechanism of
degradation depends greatly on the wavelength of irradiation and flux rate.
The significance of these findings is in the low probability of foming
ultraviolet absorbing phenyl salicylates at the surface of polycarbonate
during natural outdoor exposure.
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The effect of water on the photochemistry of
polycarbonate is made obvious by the study of stoichiometry and kinetics
(Reference 25). The detrimental effects of hydrolysis is increased when
polycarbonate is initially irradiated under dry conditions. Surface
degradation effects due to short wavelength irradiation (formation of phenyl
salicylates) are generally water leachable or removable. The products formed
during irradiation under dry conditions although not affected by water, cause
chain breaks and form polar groups which favor the penetration of water and
the liberation of bisphenol A monomers which photooxidize faster than the
polymer (Reference 27).

The strength, impact resistance and craze resis-
tance of polycarbonate are closely related to thermal conditions during

'rocessing. As noted in Reference 28, the annealing conditions used to treat
polycarbonate are closely related to impact resistance. Cyclic temperature
excursions are particularly detrimental when polycarbonate materials contain
a relatively high percentage of moisture. Water resides in microvoids which
cause the material to craze with temperature changes.

The mechanism by which unfilled polycarbonate
degrades is sensitive to the synergistic effects of the wavelength distri-
bution of incident solar radiation, temperature and moisture. It is unlikely
that the use of polycarbonate as military item packaging material would use
unfilled or unpigmented polycarbonate. Intuitively, degradation due to solar
radiation exposure would therefore be limited to the surface of packaging
items. This surface degradation is impnrtant to impact resistance however.
Logistic chain information suggests that direct exposure to solar radiation
(i.e., the two-year uncontrolled exposure) would be minimal early in the life
cycle of any of the containers studied in this project and therefore suggests
that the effects of solar exposure would be greater at the end of the life
cycle.

3.1.2.2 Acrylonitrile, Butadiene, Styrene Polymers (ABS)

The performance of ABS is dependent upon the
contribution of each of the monomers from which it is comprised.
Acrylonitrile offers the property presence of butadiene while the styrene
monomer contributes rigidity. The mechanism by which ABS degrades includes
the oxidation of the rubber component. The rubber component, under normal
circumstances, allows the formation of microcracks which serve to relieve
intrinsic stress. The embrittlement of the rubber component by oxidation,
prevents the formation of microcracks &nd leads to major fracture. The
oxidative process begins at the surface and as a result of this, oxygen is
allowed to penetrate to an increasing depth within the bulk material. The
net result of the oxidative mechanism is a drastic loss of impact resis-
tance which will occur as soon as the surface is attacked.

The rubber portion of ABS polymers is susceptible to
photooxidation initiated by ultraviolet irradiation. The butadiene units are
photooxidized by molecular oxygen through free radical oxidation mechanisms
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or by singlet oxygen -ene type oxygen mechanisms (Reference 29). Ghaemy and
Scott, in Reference 12, state that the loss of impact strength due to
photooxidation is paralleled by a decrease in the concentration of 1, 2-
dialkylethylene groups in the polybutadiene component. They also found that
the degradation of impact strength was closely related to irradiation time.

The necessity for considering the synergistic
effects of environmental conditions when designing an accelerated test are
shown for ABS in References 30 and 31 where the effects of processing and
thermal history were found to influence tensile and elongation properties in
addition to the rate of change of tepsile strength due to ultraviolet
exposure. The work reported by Geuskans and Bastin also showed that a
phenolic antioxidant used to stabilize the ABS had a detrimental effect on
the tensile properties, in addition to the negative effect that a hindered
amine ultraviolet light stabilizer had on the antioxidant.

The effects of processing conditions (1600C) in air
were found to be related to the occurrence of acetophenone groups (signif-
icant to a decrease in average molecular weight) and therefore a decrease in
tensile strength. Samples prepared using increasing periods of time at
temperature, subsequently irradiated with ultraviolet light from 280nm to
360nm, with peak wavelength at 310nm, where found to have increased
concentrations of acetophenone groups.

The significance of the work reported in the study
of ABS polymers is that drastic changes in the surface chemistry resulting
from ultraviolet and/or thermal exposures can occur in a matter of minutes.
However, the rate of property change generally reaches a plateau after
several hundred hours of exposure only because the chemistry of the surface
layer provides a barrier to further degradation.

The mechanism by which unprotected ABS degrades is
particularly sensitive to the effects of solar radiation after even very
short term exposures. The volume of literature describing the poor envi-
ronmental performance of uncoated ABS suggests that unprotected ABS is not
suited for long-term packaging applications. The use of surface coatings to
protect ABS would considerably complicate the determination of realistic
accelerated test conditions because the test conditions must also consider
the performance and effects of th~mcoating on the ABS. Degradation of ABS is
greatly dependent upon the rate of oxidation occurring within the bulk of the
polymer. Solar exposure would accelerate this rate. However, stable surface
coatings could be used to prevent the degradation due to solar radiation
exposure until the surface coating itself failed. The structural property
degradation of the coated ABS item would under these circumstances depend
primarily on thermal and humidity environmental parameters.

3.1.2.3 Polyethylene

Polyethylene is a partially crystalline thermo-
plastic, although inherently unntable, it is used in a variety of outdoor
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service items. This is made possible through the use of stabilizers and
antioxidants. High density polyethylene results from a low pressure polymer-
ization reaction which allows the formation of long linear chains with little
or no branching (Reference 32). Polyethylene (and polypropylene) undergo
photooxidation where the mechanism proceeds through a hydroperoxide stage.
The following equations show a degradation mechanism for the general case.
Specific morphology and different processing conditions will have modified
reaction stages that are essentially specific to each (Reference 33 and 34).

hv

RH ----- > R* + H* (Photo) (15)

pR + 02 ------ R* +H02 * (Thermal) (16)

Propagation R* + 02 ----- > ROO* (Chain Reaction) (17)

ROO* + RH ----- > ROOH + R* (18)

Termination R* + R'*-----' RR' (non-propagating) (19)

R'* + ROO* . R'OOR (20)

ROO* R'OO-----> ROOOOR' (21)

The study on thermal oxidation reported in Reference
35, at a temperature of 100 0C at the surface of low density polyethylene,
showed that the rate of thermal oxidation at the surface increases after 150
hours of exposure while the rate of thermal oxidation in the bulk tends
toward steady state. This work also showed that hydro-peroxide formation, as
a result of photooxidation, reached a maximum after approximately 300 hours
of exposure and began to decrease long before carbonyl formation reached a
maximum. Although this information cannot be entirely applied to the high
density polyethylene materials pertinent to this project because the study
was conducted on unfilled and unstabilized low density polyethylene, the
degradation trends reported are very significant.

This work showed that, compared to photooxidation,
the uptake of oxygen during thermal oxidation is low. Further, the role of
hydroperoxides in the thermal degradation mechanisms at the surface is not as
important as in the bulk and that the extent of oxygen uptake is greater in
the bulk than in the surface. This suggests that the thermally induced
oxidative degradation of polyethylene is predominantly a bulk effect.
Therefore, in a real system (one containing the appropriate stabilizers and
antioxidants) at a given temperature the rate of degradation due to thermal
oxidation is primarily dependent on the concentration and stability of
additives and that over a defined temperature range thermal oxidation effects
cannot be ac~celerated. This does not say however, that. photooxidation or

36



photooxidation combined with thermal oxidation will not accelerate degra-
dation of surface dependent physical properties and thus cause bulk failures.
The report also indicates that the rate of degradation in the bulk due to
photooxidation tends to decrease with exposure time which suggests that a
barrier layer may be formed due to reaction products, although it also seems
likely that the rate of photooxidation depends on the diffusion rate of UV-
stabilizer to the surface.

The choice of pigments and fillers also greatly
affect the weatherability of polyethylenes. The mechanism by which they
contribute to or decrease stability is complex and undoubtedly dependent upon
their absorption properties, in the case of ultraviolet induced effects, and
their synergism with additives and oxygen, in the case of thermal oxidation
induced effects. Degradation due to solar radiation exposure would be
limited to the surface of packaging items early in tl i life cycle. As noted
for polycarbonate, logistic chain information sugge! - that direct exposure
to solar radiation (i.e., the two-year uncontrolled 4xposure) would be
minimal early in the life cycle and therefore suggests that thermal oxidative
degradation mechanisms will predominate. The literature indicates that
thermal oxidation effects cannot be accelerated at a given temperature
however, higher temperatures would increase the degradation rate. Therefore,
if we assume that the reaction products of thermal degradation are not
temperature dependent (for instance over a small increase in temperature
above actual use conditions, but below critical transition temperatures) it
should be possible to realistically accelerate thermal degradation effects by
testing at temperatures slightly above maximum service temperatures.

3.1.2.4 Polypropylene

Commercial polypropylene is primarily crystalline
and is more thermally stable than polyethylene. Like polyethylene, the
photooxidation of polypropylene involves hydroperoxide and carbonyl
formation. The photooxidation mechanism differs from polyethylene in that
the concentration of hydroperoxides continues to increase with increasing
irradiation time (Reference 36). In a series of articles by Allen and
Fatinikun (References 37-39), it is shown that carbonyl groups dominate the
rate of photodegradation for highly oxidized polypropylene however, their
role in initiating photooxidation is questioned. They also show that in
mildly oxidized polypropylene, hydroperoxides control the rate of photo-
oxidation.

The authors show evidence for an oxygen-polymer
charge transfer mechanism for the initiation of photooxidation. Their data
also strongly indicates that the degradation mechanism, in this case the rate
controlling mechanism, is dependent on the wavelength distribution of
irradiation. The charge transfer mechanism is not important to the deter-
mination of an accelerated test procedure because the initial degree of
oxidation exhibited in the test article will be dependent on the processing
conditions used to fabricate the test article. The influence of the wave-
length distribution of the irradiation on the rate of hydroperoxide and
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carbonyl formation is most significant. The effect of wavelength distribu-
tion on the photooxidation of polypropylene is shown by an increase in the
induction period when polypropylene is irradiated with wavelengths greater
than 370nm as compared to polypropylene irradiated with a complete spectrum
including ultraviolet. Under this circumstance the hydroperoxides are
expected to react but not the carbonyls. However, the induction period is
also increased, although not to the extent of the former case, when poly-
propylene is irradiated with wavelengths less than 2000nm. The significance
of these findings is in the fact that even though hydroperoxides photolyze to
give carbonyl groups, photooxidation will not progress unless the carbonyl
groups undergo further reaction.

Accelerating the degradation of polypropylene will
depend on producing a high degree of oxidation during the initial portion of
the exposure and the production of a complete solar spectrum in the test
chamber. The high degree of oxidation required can be produced by high
temperature. However, to maximize the wavelength distribution in the test
chamber, it would be necessary to minimize humidity at least for some portion
of the exposure cycle.

3.1.2.5 Polyester Sheet Molding Compound

The information obtained for polyester sheet molding
compounds pertinent to the design of an accelerated test method was minimal
as compared to the other materials investigated. This lack of specific,
detailed degradation mechanism information may in part be due to the constant
change and improvements made in composite materials over the last several
years. Our discussion of degradation mechanisms for polyester sheet molding
compounds is therefore cursory.

Polyesters for reinforced plastics for military
items are generally based on the unsaturated polyesters and the allyl type
resins. Unsaturated polyesters are polymerized from a mixture of unsatu-
rated and saturated acids or anhydrides. The unsaturates provide sites for
reaction with the monomer, while the saturates control the location of these
sites within the polymer molecule. Maleic anhydride and its isomer fumaric
acid are the principal unsaturates in polyester synthesis. The common
saturates are orthophthalic anhydride and isophthalic acid. The principal
dibasic alcohols are propylene, diethylene and ethylene glycols. Monomers
for laminating resins include dialkylphthalate, diallylisophthalate,
triallylcyanurate, styrene, vinyl toluene, methymethacrylate and
dichlorostyrene.

The usual means of initiating the copolymerization
of the polyester with the monomer is by the action of peroxide catalysts.
The specific catalyst determines the temperature at which curing takes place.
Some catalysts are reactive at room temperatures, while others require the
applic dion of heat. Common catalysts for laminating formulations are
activated in a temperature range between 1120C and 155 0 C. Characteristic of
pollo9ster cure is the fact that once the reaction has been initiated, it
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proceeds to completion and cannot be interrupted at an intermediate stage.
Completion occurs when 92 to 95% of the unsaturated ester sites have been
depleted (Reference 40).

The blooming of glass fibers for unfilled polyester
composites is generally preceded by yellowing of the matrix due to solar
radiation. The yellowing of these composites is due to photooxidation of
unreacted unsaturated sites on the polymer chain. The first sign of the
effects of weathering generally associated with filled composites is the
exposure of glass fibers at the surface of the material. The exposure of the
glass fibers is a result of cracking and erosion of the matrix around the
glass fibers. This process is the combination of photolytic processes
involving the resin and the physical effects of temperature and humidity
fluctuations. The stress fatigue associated with failure of the matrix
depends on the coefficient of thermal expansion mismatch between the glass
and the matrix and the differential swelling and shrinkage of the resin due
to moisture (Reference 41).

The number of accessible hydrolyzable ester groups
in polyesters have been found to affect the extent of hydrolysis leaching in
hot water. The formation of surface cracks and the debonding of glass fibers
are also related to the number of hydrolyzable ester groups. Debonding and
surface cracks are generally the first signs of damage in glass reinforced
laminates. Pritchard and Taneja report in Reference 42, that although
bisphenol polyesters exhibited considerable cracking after 50 days of
exposure to 1000C water, vinyl ester resins had no cracking, samples exposed
to 80*C water showed no degradation of mechanical properties even after 83
days.

3.2 Logistics Chain Study Results

The logistics chain study resulted in a detailed documentation of
the physical movement of ammunition items from the load plant to permanent
storage areas and the characterization of the logistics chain environments.
The features of the logistics chain, as described in Appendices A and B, are
related to a time scale which can change with the need for ammunition items,
changes in production schedules, training schedules, test schedules and war.
As noted in Appendix A, the expected lifetime of ammunition, and thus the
packaging containe: items is at the present time far less than thirty years.
The expected lifetime could be changed by an increase in production or the
stockpiling of ammunition over time, the use of the items in the event of war
or an increase in the frequency of maneuvers. The dynamics of the logistics
chain must therefore be considered when designing plastic ammunition
containers, the selection of container materials and during the interpreta-
tion of plastic packaging qualification and acceptance test results.

As an example, one of the ammunition items studied is currently in
short supply. Therefore, a study of the performance of plastic packaging on
a statistical basis for this item, similar to that which has typically been
conducted for ammunition protected by meta! packaging in order to dete-rmine
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the statistics of accurate delivery to the target, will not provide long-term
performance data. The use of ammunition performance to evaluate the perform-
ance of packaging in this case therefore cannot be used as a basis for
qualification of material or packaging design.

At the present time, packaging containers are apparently produced
at a rate similar to the ammunition items. Loaded containers are unlikely to
spend more than one year in storage at the load plant before deployment. The
initial portion of the lifetime of a plastic ammunition container is
dependent on the features of the load plant environment and, at least at the
present time, covers a period on the order of one year. The transportation
environment occurring after the ammunition is loaded into the container
covers a period of months. The deployment of the items to the permanent
storage areas is also on the order of months. Containers may be stored
indoors or outdoors prior to loading. The environment to be experienced by
the containers early in the life cycle will never be worse than the environ-
ment presented at the load plant and the environment presented at the ports
of embarkation and debarkation. In order to minimize the dependence of
lifetime prediction models on statistical testing, the container items should
be subjected to the worst possible conditions of the load plant, transporta-
tion environment and the port of debarkation, over an equivalent period of
time before conducting exposure tests to determine the effects of any
environment on the long-term performance of the container items.

The ability of the container items to meet "form, fit, and
function" requirements after the first one or two years of their manufacture
could be determined using typical Mil-Std 810D test procedures as tailored by
the HVTR requirements. However, these test procedures carried through to en
arbitrarily chosen set of conditions, cycle time and number of cycles would
be inadequate for determining the acceptance and qualification of plastic
container items or container iteii, materials for long-term use. The reason
for this relates to the time at temperature dependent degradation mechanisms
of the specific plastic materials used for the containers. As suggested in
the preceding paragraphs, plastics are stabilized for specific environmental
uses, additives are used to enhance processing and the manufacturing
procedures and manufacturing procedures are continually made more efficient
by changes in the manufacturing thermal cycles and processing aids used.
Therefore, lot-to-lot variations of plastic items will be a major concern for
the qualification of plastics for use in ammunition packaging applications
and must be accommodated by acceptance test procedures.

The results of the logistics chain study combined with the
knowledge of typical plastic material compounding and manufacturing
procedures and processes, clearly suggests that the efficacy of plastic
container items can be predicted for up to two years using typical
nilitary test procedures. The extension of these lifetime prediction models
to the lifetimes expected, after long periods of time under typical use and
storage conditions, requires not only tailoring of typical procedures
currently used, but close monitoring and testing of container items on a lot-
to-lot and batch-to-batch basis. The test plan that is adopted must be based
on experiezce with plastic materials under current. consideration the
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processing procedures and must also accommodate future improvements and
changes in materials and processing techniques ranging over the production
life of the item.

3.3 General Features of the Logistics Chain and Considerations for
Test Environments

The typical average environment of the 155mm Propelling Charge is
described in Table 6. The times and locations listed in Table 6 also apply
to the M2A1 container with the exception of the load plant which is located
near Independence, MO. The average environment for Independence, MO is
similar to the average environment of Charleston, IN. The extreme environ-
ment characteristics for the ammunition containers are summarized in Table 7.
ii comparison of the ultraviolet radiation environments occurring in several
United States locations and for the accelerated tests conducted during the
project is shown in Table 8. The environmental conditions that occurred
during the outdoor Arizona exposure tests are described in Appendix C.

The consideration of the t' 0, moisture, and solar aspects of
the logistics chain environment with t container materials degradation
characteristics form the basis for the interpretation of the environmental
test results. The preceding discussion of materials degradation rate
dependencies on environmental factors, such as temperature, humidity, and
ultraviolet, suggests that the degree of acceleration can be limited by the
characteristics of the plastic material. The chemical processes which occur
in the material as a result of environmental exposure follow predictable
kinetic paths. These paths, as described by rate equations, relate to
material property changes as the chemical structure of the plastic changes.
The structural and chemical changes of the plastic material are a function of
the time at specific conditions.

Accelerated exposure testing often has the objective of producing
materials effects rather than the objective of accelerating the degradation
of materials properties by specific mechanisms. Environmental exposure

ring, specifically accelerated environmental exposure testing, must
p•jvide conditions by which a material can degrade following realistic
mechanisms in order to quantify the change: in properties with respect te time
at condition. As an example, accelerated environmental testing typically
includes ultraviolet exposure. Chemical degradation by photo- processes is
generally limited to the surface of materials. Thus, material properties
which can be degraded by changes in the surface can be "accelerated".
However, bulk properties may remain unchanged or degrade by mechanisms which
are u 'istic. The use of data obtained from this test approach often
results in poor correlation of test data with actual performance. The
potential for unpredicted performance is especially great for materials and
products with very long expected lifetimes when lifetime predictions are
based on short duration tests which do not cause realistic degradation
mechanisms through the induction phase at the surface and in the bulk.
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The reason this test approach is often used relates to the limit of

a material's acceptability being in the induction region of the property

degradation curve shown in Figures 5 an(" The success of the test

procedures used to reach the end of t' ,ion period thus depends chiefly

on identifying the end of the inductio, .od rather than the manner by

which the degradation of the property was caused. The times needed, by

accelerated and real-time environmental testing, to reach the end of the

induction period are in a relative sense, close. Therefore, the accuracy of

lifetime prediction for materials designed to reach a failure point in the

induction period is greater than a material which fails in the rate control-

ling region of the property degradation curve. The prediction of ammunition

container performance over a thirty-year expected lifetime therefore requires

that the sensitivity of container material performance be well characterized

in the induction phase since a viable container material and container design

will likely reach a failure point in the rate controlling region of the
curve.

Table 6
155mm Propelling Charge Logistics Environment

Average Daily
Temperature (OC) Average Solar Radiation
Max. Min. Avg. % RH (MJ/m 2 )

European

Load Plant
Charlestown, IN 30 -4 13 69 13.8

90 days

Port of Embarkation
Sunny Point, SC 32 3 18 75 15.3

13 days

Port of Debarkation
Nordenham, West Germany 22 -2 9 79 10.4

7 days

Permanent Storage
Miesau, West Germany 25 -2 11 74 10.4

10-15 years

Asian

Load Plant
Charlestown, IN 30 -4 13 69 13.8

90 days

Port of Embarkation
Concord, CA 23 6 15 75 17.4

19 days

Port of Debarkation
Pusan, South Korea 29 -2 14 66 15.3

7 days

Permanent Storage
Uijongbu, South Korea 31 -9 11 69 11.4

10 to 15 years
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Table 7
Environmental Extremes of Ammunition Logistics Chain

Average Daily
Temperature (OC) Average Solar Radiation
Max. Min. A. % RH (MJ/m 2)

Canal Zone, Panama 32 22 27 88 16.2

Yuma, Arizona 42 6 23 37 21.8

Fairbanks, Alaska 22 -30 -3 63 8.7

Table 8
Comparison of Average Yearly Total Ultraviolet Radiation

Below 385nm Using Various Exposures

EM4AQUA ® 1617.8 JJ/m2

240 South Florida 308.0 II'/m2

340 South Arizona 333.5 MJ/m 2

Los Angeles Basin 211.4 HJ/mi

Suntest Exposure Cabinet 2453 MJ/m2A

DSET Solar Simulator 1900 MJ/m7*

* 24 hours per day, 365 days per year - below 400nm

The manner by which and the chemical mechanisms by which the
material degrades through the induction period is important to the container
lifetime prediction model since the conditions occurring during the induction
phase will affect the time that a material will function acceptably in the
rate controlling phase. Unfortunately, modelling performance and properties
in the induction phase is complicated by the dependence of plastic materials
on additives and processing conditions. This complexity is compounded by the
use of more than one material in container designs which offers the potential
for adverse effects of material incompatibility. This feature of container
testing must especially addressed during full-scale item testing.

The environmental features of the ammunition container logistics
chain which are most likely to influence the performance of the container
item during the induction phase will most likply cause thermal and moisture
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degradation processes to occur. This is due to the minimal probability that
the container items will be exposed to the outdoors early in the items' life
cycle. The requirement for the accelerated test procedures used being
capable of predicting the effects of a two-year, uncontrolled outdoor
exposure at anytime during a thirty-year lifetime provides the test guide-
lines needed to screen candidate container materials and also demands that
the material, once selected, be thoroughly characterized in regards to
performance after exposure to typical long-term conditions. Container
material screening and acceptability testing should logically include the
solar radiation environment since a material which degrades to an unaccept-
able level early in its life cycle after a two-year outdoor exposure would
obviously not function in a two-year outdoor exposure late in the life cycle.
The use of combined environment testing as the basis for lifetime prediction
models for containers manufactured from materials which exhibit acceptable
performance during initial testing could be used to identify the worst case,
or shortest life cycle.

3.4 Development of Full-Scale Item Test Procedures

The role of full-scale item testing in the development of a life-
time prediction model centers on measuring the functionality of the container
items. In light of the preceding discussions on the role of materials
properties in a container's life cycle, a full-scale item test must account
for the degradation of each container material component in addition to
providing functional performance data. The approach to accomplishing this,
as a result of the Phase I effort, includes the idea of pre-ageing and
conditioning the container items ptior to full-scale item testing. As noted
in the preceding paragraph for container materials, screening tests can be
conducted to determine the acceptability of particular container design
features, and combined environment tests can be used to identify worst case
performance. However, in order to quantify container performance as a
function of material age, the container items must be tested in a known
"state of degradation".

The approach taken to determining the moisture vapor transmission
in the container and relating the transmitted moisture to a vapor pressure
differential with respect to time at constant conditiont could be used both
as a screening test for containe- design as well as for pcedicting long-term
performnance. As an example, of predicting moisture gain or loss, the vapor
pressure differential oý.curring betwPen the container and the load plant
environmernt. could Le determin-0 by direct measurement of the temperature and
humidity at the timc of loAding, or be based on the average conditions inside
the load plant when the containers are filled. The change in the vapor
pressure differential after long-term storage in another environment could
then be predicted on the basis ot the expected rate of change in vapor
pressure differ 'ntial. The vapor pressure differential resulting atter a
period of time could there be used to determine the amount of moisture in the
contoiner. As nct•.d in paragraph 2.4.2, acceleration of the factors
ret'ult-ng in an increase in moisture vapor transmission are not directly
)laLU-d to the test conditions used. Howpver, accurate monitoring of
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moisture vapor transmission and the characterization of a particular
container design under a variety of test conditions would allow different
containers to be compared and judged on a merit basis.

The measurement of pressure inside the container was also consid-
ered during the Phase I effort. The pressure retention capability of the
container item can be characterized by the breaking pressure of the seal and
by the decay in pressure occurring in a pressurized container. Although
these features can be used to make judgements on the efficiency of the
container seal, the total pressure measured inside the container items
however, is dependent on temperature, water vapor pressure and the diffusion
of air through the container walls and seal. Therefore, pressure is only
related to the long-term functionality of the container to the extent that
the container seal remains intact to prevent the physical ingress of water.
Fluctuations in total pressure due to temperature changes or altitude can be
measured and used to identify a major leak, however the natural decay in
pressure level due to diffusion processes cannot be used for performance
prediction modelling since total pressure is dependent on the partial
pressures of all the gaseous contents of the container. Further, since
containers are neither pressurized or evacuated at the load plant, the
pressure differential will never exceed much more than several pounds per
square inch in pressure or vacuum. The pressure differential would have an
effect on moisture vapor transmission rate. Measurement of moisture vapor
transmission therefore is a more accurate means for determining the
sealability of containers that are well sealed to begin with.

4.0 PHASE II - RESULTS

4.1 Arizona Outdoor Exposure Testing

Container test sample materials, Harlex CL-100 samples and full-
scale 155mm Propelling Charge container and H2A1 container items were
exposure tested in Arizona. Test items were mounted on a south facing rack
oriented at a 34 degree angle. The 34 degree angle is the exposure site at-
latitude angle and was chosen to maximize solar radiation. This exposure
test was the only real-time test conducted during the project and thus
provides the baseline information to which accelerated exposure test results
will be compared. The test was conducted between November 13, 1987 and
September 12, 1988. Climate data for the exposure period is exhibited in
Appendix C. Test samples were removed at several intervals for properties
testing. These results will be discussed in a subsequent paragraph.

Test sample temperature was monitored during the exposure about
solar noon time. Average maximum sample and air temperature data for the
exposure intervals used during the test are shown in Table 9 with the
corresponding ultraviolet irradiance data for the time period. The ultra-
violet flux during the exposure, based on approximately ten hours of daylight
each day, was on the order of 0.1 MJ/m2.hr. A ten-hour day was also used to
represent the typical times at maximum temperAtflre for purposes of the data
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analysis conducted to differentiate thermal effects from ultraviolet induced
effects. This daylight hour time period was typical for the exposure test
and chosen to provide a relative time basis to compare the outdoor exposure
tests with laboratory and outdoor accelerated exposure tests. Actual time at
temperature and daylight hour measurements could be derived from the test
data. However, doing so would not enhance the understanding of the test
results since all of the exposure testing conducted during the project used
the same relative time frame.

Table 9
Arizona At-Latitude Test Sample Temperature and Radiation Data

Ultraviolet
Radiation

Exposure Cumulative Avg. Maximum Air Avg. Max. Sample Below 385nm
Interval Duration (Days) Temperature (OC) Temperature (OCI (MJ/m 2 )

11-1-%-87
to 128 26 35 101

03-28-83

03-29-88
to 188 31 50 175

05-31-88

05-31-88
to 290 39 65 295

09-12-88

Just prior to the end of the exposure test, the 155mm Propelling
Charge container was noted to have cracked on surfaces that were in at least
partial view of the sun during the exposure test. This cracking was noted
for the 155mm Propelling Charge container test samples also. The cracks were
not noticed the week before when the test items were being photographed. The
155mm Pro-elllng Charge container was noticeably faded in comparison to
containers which had been stored in the laboratory. The test items were
subjected to the desert environment for a total of 290 days representing some
1160 low-high and high-low temperature excursions due to day and night
temperature changes at the time these defecti were noted.

The M2A1 container was exposed with the cover and handle facing
upward. The container cover and the upper portion of the container sides
exhibited a significant degree of fiber bloom at the end of the exposure
test. The fiber bloom, with the associated fading of color, was noticed some
months before and progressively increased. The container handle was also
cracked at the end of the test.

The results of this testing suggest that the functional properties
of the container items investigated could be detrimentally affected by short
outdoor exposures early in the container items' life cycle. However,
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prediction of the functional lifetime of the containers cannot be made from
this single test since no functional tests were conducted on the container
items after the exposure test and no limits of acceptability were set for the
defects observed. Cracking of the HDPE used for the 155mm Propelling Charge
container could obviously have a significant influence on the impact
resistance of the container but the thickness of the container walls could
afford adequate protection. Likewise, the cracked handle and fiber bloom
occurring on the M2A1 container obviously decreases the load bearing
capability and impact resistance of the container, respectively.

4.2 Accelerated Outdoor Exposure Testing

Container test sample materials and Marlex CL-100 samples were
subjected to accelerated outdoor exposure testing following ASTN G90 using
the E124AQUA® test method. The test method uses a parabolic solar concentrat-
ing mirror array, which follows the sun throughout the day, and an eight
minute purified water spray cycle at hourly intervals of the irradiation.
Test items were mounted in the target plane of the mirror array. Samples
were maintained near their temperature in ambient air during irradiation by
continually blowing air over their surfaces. The sample temperature
decreased to ambient air temperature or to just below ambient air temperature
before the end of each water spray cycle and rose to its maximum temperature
within eight minutes after the end of the water spray cycle. The test was
conducted between November 13, 1987 and September 12, 1988. Climate data for
the exposure period is exhibited in Appendix C. Test samples were removed at
several intervals for properties testing. These results will be discussed in
a subsequent paragraph.

Test sample temperature was monitored during the exposure about
solar noon time. Average maximum sample and air temperature data for the
exposure intervals used during the test are shown in Table 10 with the corre-
sponding ultraviolet irradiance data for the time period. The ultraviolet
flux during the exposure, based on approximately ten hours of daylight each
day, was on the order of 0.4 MJ/m 2.hr. The same ten hour day noted for the
at-latitude testing was also used to represent the typical times at maximum
temperature during the EMI4AQUA® tests fur purposes of the data analysis
conducted to differentiate thermal effects from ultraviolet induced effects.
This daylight hour time period was typical for the exposure test and chosen
to provide a relative time basis to compare the outdoor accelerated exposure
tests with the other exposure tests conducted during the project.

Container material test specimens exhibited the same mode of
failure noted for the Arizona at-latitude test. Namely, cracking and fading
of the HDPE for the 155mm Propelling Charge container material and fading and
fiber bloom for the 112AI container material. The test items were subjected
to the test environment for a total of 200 days with the failures described
occurring between 60 and 157 days of exposure. After 157 days of exposure
the test samples had been subjected to some 1800 temperature excursions from
the water spray and day and night cycles. At the time the failures were
noted, the samples had a total ultraviolet fluence of 588 MJ/m 2 .
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Table 10
EHHAQUA® Test. Sample Temperature and Radiation Data

Ultraviolet
Radiation

Exposure Cumulative Avg. Maximum Air Avg. Max. Sample Below 385nm
Interval Duration (Days) Temperature (OC. Temperature (_C) (MJ/m2)
11-13-87 ,

to 30 22 40 107
12-13-87

12-14-87
to 69 17 37 169

01-13-88

01-14-88
to 157 25 71 588

04-18-88

04-19-88
to 195 29 72 852

06-02-88

02-23-88
to 200 31 65 1154

09-12-88

Using cracking and fiber blooming as the failure criteria, the
results of this testing compared to the results of the Arizona at-latitude
test suggest that outdoor exposure results are accelerated by small temper-
ature excursion cycles as well as by the ultraviolet flux or the average
maximum sample temperature, at least to the extent that the at-latitude
failures were noted within the range of ultraviolet fluence and the time at
temperature before such failures occurred during the EMHAQUA® test. A
possible explanation for this apparent relationship could be derived from the
discussion of time-temperature superpositioning, as discussed in paragraph
2.4.1 for D]IA, as it iL,:es to the action of the pigment, the ultraviolet
and thermal stabilizers in the HDPE and as it would relate to the debonding
of fibers from the polyester in the M2A1 container material.

4.3 Elevated Temperature and Elevated Temperature/Humidity Testing

Elevated temperature tests were conducted at 710C using a mechan-
ical convection oven. Test samples of the container materials, Marlex CL-100
and the cap-seal portion of a 155mm Propelling Charge container were
subjected to the elevated temperature conditions for over 5000 hours. No
visual changes were noted during the course of the test.
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Elevated temperature/humidity tests were conducted at 600C with 90%
RH. As for the other tests discussed, container material test samples and
Harlex CL-100 samples were tested using these conditions. The elevated
temperature/humidity test was conducted for 3765 hours. No visual changes

,were noted as a result of the exposure.

4.4 Solar Simulator Exposure Testing

The solar simulator and environmental chamber facility described in
paragraph 2.4.3 was used to evaluate the test materials in a combined envir-
onment laboratory test. The environmental chamber was operated at 48*C/90%
RH during the course of the test. The sample temperature was maintained at
60CC by the chamber temperature and the simulated solar radiation. The test
was conducted for a total of 908 hours resulting in a total ultraviolet
fluence of 129 MJ/m 2 at a rate of approximately 0.14 MJ/m 2 .hr. Although no
visual changes were observed for the container material test samples during
the exposure, the Marlex CL-100 samples exhibited a light brown color shortly
after the start of the irradiation.

4.5 Xenon Arc Exposure Testing

As described in paragraph 2.4.3, an Original Hanau Suntest
Accelerated Exposure machine was used to evaluate the effects of Xenon arc
lamp exposure on the container materials and Marlex CL-100. Although a
complete matrix of te'it specimens for each material was not tested under
these conditions, the few test specimens investigated produced interesting
results. The container materials exhibited the same cracking, fading, and
fiber blooming features seen as a result of the other exposure tests involv-
ing ultraviolet. Sample temperature during the exposure test was 58WC. The
noted failures were observed after approximately 2304 hours with a total of
645 MJ/m2 of ultraviolet for the 155mm Propelling Charge container HDPE and
after 2147 hours with a total of 601 MJ/m2 of ultraviolet for the M2A1
container material. The ultraviolet flux during the Xenon arc exposure was
approximately 0.28 HJ/m2.hr.

4.6 Sample Material Thermal Property Measurements

4.6.1 DSC Measurements on 155mm Propelling Charge Container
Material

DSC was used to study changes in the crystallinity and
oxidative stability of the 155mm Propelling Charge container HDPE resulting
from the various exposure tests. The degree of crystallinity was determined
using equation 22 from Reference 43,

6 HH tamp I e
% crystallinity - - x 100% (22)

6HE td
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where AH:;dmpte is the measured heat of fusion and AHstd is the heat of fusion
for 100" crystalline material. A AHý;td value of 70 calolies/gram, reported
in Reference 44 for a polyethylene-hexene copolymer, as used to analy-e the
effects of the different exposure conditions on the lS5n'n Propelling Charge
container HDPE. The technical product data sheet for th-2 Phillips Marlex
HX21-50100 used in the 155mm Propelling Charge container indicated that it was
a similar material and as a constant in equation 22, the AHstd value has no
effect on calculating the change in crystallinity occurring as a result of
the exposure testing.

The oxidative stability of the HDPE was stidied using the
onset of decomposition temperature and the decomposition heat flow. This
property is related to the quantity of oxidizable groups in tae sample.
Thus, decreasing decomposition temperature and decomposition heat flow
suggests a decrease in molecular weight, a breakdowrn of thp polymer and the
presence of stabilizers or additives. As will be discu~sed subsequently, the
decomposition heat flow was also used with the degree of crystallinity to
investigate changes in the crystalline and amorphous nature of the HDPE. A
typical DSC spectra is shown in Figure 8. DSC measurement data are exhibited
in Table 11.

The data in Table 11 shows a downward trend for the onset
of decomposition temperature and decomposition heat flow for all exposure
tests. The degree of crystallinity is seen to increase, if only slightly,
while the melting temperatures remain stable. These trends suggest that
while the degree of crystallinity remains stable or increases slightly, the
stability of the polymer decreases with environmental exposure, probably due
to changes in the amorphous region. The degree of crystallinity compared
with the decomposition properties appears to be related to the occurrence of
surface cracking. Interestingly, the "Adjusted Heat Flow" values shown in
Table 11 and plotted against time at maximum temperature in Figure 9 and
ultraviolet radiation in Figure 10, suggests a limiting value for the onset
of cracking. The Adjusted Heat Flow used for this analysis is described by
equation 23 for the exposure interval. The basis for this calculation is the
conjecture that the energy required to decompose the sample above its
crystalline melting point is proportional to the degree of crystallinity.
The extent to which this conjecture can hold true could only be determined by
testing sample materials with longer term exposures.

measured measured adjusted
heat flow - (% crystallinity x heat flow) - heat flow (23)

The percent crystallinity data in Table 11 and Figures 11
and 12 indicate that the polymer undergoes a rapid change in crystallinity
during the initial stages of the exposure tests. As noted in Reference 45,
thermal oxidation of polyethylene is temperature dependent and peaks within
the first several hundred hours of elevated temperature exposure. Thermal
oxidative effects also influence the mechanism of photooxidation. Photo-
oxidation occurs at the surface in pigmented systems and thus only affects
the bulk through diffusion processes. As noted in previous paragraphs, all
exposure tests were conducted within a limited temperature range around 00C.
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Table 11
155mm Propelling Charge Container DSC Exposure Test Data

Tim at Vltiiq Nltig IOnset of Dueo. Adjusted
aximom Point Point lbat of Crystal- hemp. Het "Nat

Exposre Ultraviolet Temperature )Met Peak Fusion linity Temperaturt Floe Floi
Codition (NPJI2) (hrs.) 4C) (C) (Jig) (5) (C (Nig) (ilw/

IHmidity Omer 0 121.6 131.4 110.8 37.8% 246.3 7.32 4.55
at 60 C 429 121.9 132.1 104.7 35.7% 248.4 7.24 4.65
vith 90% AN 693 122.0 13P.1 101.6 34.7% 246.1 6.22 4.06

1156 122.0 131.5 110.2 37.6% 2%.8 6.61 4.12
1757 122.0 131.2 131.1 44.8% 245.1 7.90 4.36
3411 122.0 132.1 119.6 40.8% 246.9 6.79 4.02
3765 121.4 131.5 111.8 38.2% 244.9 6.46 3.99

Elevated Tupurature 0 121.6 131.4 110.8 37.6% 246.3 7.3e 4.55
at 71 C 720 121.7 131.7 103.2 35.2% 246 0 5.91 3.83

1537 121.7 131.7 105.4 36.0% 247.0 6.72 4.30
2138 122.4 131.6 119.3 40.7% 847.1 L.42 4.99
4000 121.7 131.8 101.6 41.6% 246.1 7.46 4.37
4834 124.3 133.4 120.4 41.1% 238.3 6.74 3.97

on" 0 0 121.6 131.4 110.8 37.8% 246.3 7.32 4.55
107 300 122.2 132.4 104.5 35.7% 242.8 6.17 3.97
169 600 121.6 131.8 113.1 38.6% 243.1 6.30 3.87
5H 1570 121.4 131.6 11W.7 X5% 235.1 4.64 L.5 *Crackst
W52 1950 121.6 131.9 114.2 39.0% 234.9 5.06 3.05 KCracks#

Xu'.4b C 0 0 121.6 131.4 110.8 37.8% 246.3 7.32 4.55
645 2304 121.4 131.9 107.2 36.6% 239.4 5.30 3.36 iCraeks*
003 3152 121.4 131.3 119.1 40.7% 265 3.I 2.33 #Cracks#

Arizona 0 0 121.6 131.4 110.8 37.8% 246.3 7.32 4.55
A-Latitude 101 1000 121.3 131.6 116.3 39.7% 242.3 6.44 388

175 1750 121.5 131.6 117.4 40. 1% 239.1 5.77 3.46
M2900 MCracks,

Solar 0 0 121.6 131.4 110.8 37.8% 246.3 7.32 4.55
Simulato 44 307 121.6 131.8 107.3 X6.6% 244.8 5.09 3.73

67 477 122.6 132.6 104.6 35X7% 243.8 6.4L 4.17
96 690 122.4 131.8 118.9 40.6% 244.1 8.06 4.79

129 906 122.2 131.1 120.9 41.3% 242.1 7.75 4.55
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Therefore, the probable mechanism by which the HDPE changes relates to an
initial thermally induced decrease in crystallinity which makes the material
more sensitive to photooxidation at the surface, with rapid photooxidation of
the amorphous regions. The resulting effect, as seen from the tests with
ultraviolet, is surface cracking, The bulk effects, occurring by thermal
oxidation, would tend to follow the results of the elevated temperature and
elevated temperature/ humidity exposure tests.

The relative effects of ultraviolet radiation on the
degradation of the properties studied is clearly seen in the figures. The
surface cracks noted in Table 11 are typical for polyethylene material and
would have an obvious negative effect on strength and impact resistance.
Applying the above discussion of the change in crystallinity and decomposi.-.
tion heat. flow to the prediction of the functional lifetime of the 155mm
Propelling Charge container using the models suggested in paragraph 2.5
requires additional data points from longer term exposure testing in order to
clearly identify the rate controlling portion of the curve. The extra-
polation of the data presented in Table 11 to longer exposure times and doses
would be dangerous since the curves are not well defined and are clearly not
logarithmic. On the other hand, extrapolation of the elevated temperature
and elevated temperature/humidity adjusted heat flow data to the level that
cracks occurred during the ultraviolet exposure tests suggests a lifetime of
considerably less than 20 or 30 years. This is qualified by the 600C
exposure temperatures used presenting a worst case for the logistics chain
and the fact that no engineering property test data are available for the
container material to relate thickness effects to the function of the
material.

The limitation in using the data presented is also seen
in the linear regressions presented in Tables 12 and 13 and in Figures 13 and
14 where low R squared values were obtained. The simulated solar exposure
test regressions are particularly interesting, although potentially
misleading, in that they suggest a different degradation mechanism. However,
it is noted that the test was not as long in duration as the other tests,
which could account for the strikingly different rates.

4.6.1.1 Surface and Bulk Effects

Considerable effort was devoted to the development
of sample preparation techniques which allowed the production of measure-
ment samples with reasonably uniform and reproducible particle size. The
preparation procedure followed involved the use of a Spex laboratory
cryogenic grinder. This procedure also allowed surface and bulk effects to
be investigated by preferentially grinding from the center and front surface
of a test sample. Test data for sample material exposed to approximately 635
)IJ/m2 ultraviolet radiation from Xenon arc lamp exposure are shown in
Table 14.

The percent crystallizity and oxidative stability
values for both regions of the sample are noted to be significantly changed
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from the pre-exposure values. The surface region exhibits a decrease in
crystallinity and a decrease in oxidative stability while the bulk exhibits
an increase in crystallinity, Although the sample preparation procedure did
not allow for the measurement of depth into the surface, the difference in
properties measured from the surface of the sample can be used to account for
the cracking phenomenon. The decrease in crystallinity with the decrease in
oxidative stability indicates a decrease in strength and ductility at the
surface. The increase in crystallinity with the reduction of molecular
weight, as indicated by the decrease in oxidative stability, suggests the
bulk of the sample became embrittled and possibly weaker.

The Adjusted Heat Flow value noted in Table 14 for
the sample surface is significantly lower in magnitude than values determined
for the bulk region. The correspondence of surface cracking at this level
suggests its use as a failure point. Bulk measurements in this range would
indicate that the cross-section of the container has embrittled to an
unacceptable level.

4.6.2 TGA Measurements on 155mm Propelling Charge Container
M.aterial

The previous paragraph described the use of DSC to
measure the heat of fusion, evaluate the oxidative stability and relate these
measurements to changes in the crystalline and amorphous regions of the poly-.
ethylene to explain the surface cracking which occurred. TGA measurements:
were also used to evaluate the materia's oxidative stabilitv. The results
of this terting cshowed that the thermal decomposition involved a two-step
process. The first step was believed to be related to easily oxidizable
portionF of th- polymer, such as branched chains, cross linked polymer o-.
apticxidant additives. The closeness of the onset of decomposition temper-
ature, as measured using DSC, to *.he onset of decomposition temperature for
* the first step in the TGA suggests that these temperatures represent the same
event. Tne second ztep in the process was not reproduoible and is probably
related to the more stable species in the sample, particle size and sample
weight during the measurement. A typical TGA thermal curve is shown in
?igure 15. Test data are presented in Table 15 and Figures 16 through 19.

The 5% loss data in Table 15 and Figures 18 and 19
exhibit. a trend in oxidative stability similar to that noted for the DSC
measurenent data. The time line however is longer for the TGA data.
Further, a limiting value of the 5% loss temperature is not not,,d at the
points where surface cracking was noted. These observations are attributed
to the weight loss kinetics of the 5% loss temperature not being
representative of the physical characteristics anuI thermal history of the
surface where cracking was observed. Thus, TGA is more appropriate for the
study of bulk changes. As seen by the data, the exposure tests were not
conducted for a duration sufficient to allow a lifetime prediction analysis.
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Table 12
155mm Propelling Charge Container DSC Regression Data

Ultraviolet Radiation Analysis

bgrtssion for Degree of Crystallinity Regression for Degree of Crystallinity
BSMOW Test Xenon Ar Test

Regression Output: fogression Output,
Constant 0.371841336 Constant 0.372783
Std Err of Y Est 0.01234212 Std Err of Y Est 0.026038
R Squared 0.344612063 R Squared 0.21M16
No. of Observations 5 No. of Observatiors 3
Degrees of Freedom 3 Degrees of Freed 1

X Coefficient(s) 0.000021440 X Coefficient(s) 0.000021363
Std Err of Coef. 0.000017070 Std Err of Cosf. 0.000040318

Regression for Degree of Crystallinity Regression for Degre of Crystallinity
Arizona At-Latitude Test Solar Simulator Test

"Rgression Output: Rngression Output:
Constant 0.37996619 Constant 0.361773
Std Err of Y Et., 0.00469513 Std Err of Y Est 0.020M8
A Squared 0.924384o R Squared 0.452371
No. of Observati.•r, 3 No. of Observations 5
Degrees of Fredo I Degrees of Freedo 3

X Coefficientis) 0.000132137 X Coefficien(s) 0.000331492
Std Err of Coef. 0.000037793 Std Err of Coef. OO00210575

, RrMsion for Adjusted Heat Flow Regression for Adjusted Heat Flow
Solar Simulator Test Arizoma At-LatitWe Test

*.gression Output: legression Output:
Conetant, 4.172191661 Constant 4.540454
Std trr oi y Est 0. 45236M94 Std Err of Y Est 0.0M%556
0 Squa&"1, 0.107478034 A Squared 0.996523
No. of CW64-vtiotns 5 0o. of Observations 3
Demgre ),i Freedom 3 Degrees of Freedom

X Coefficint (s) 0.002748844 1 Coefficient (s) -0.00627066
Sltd Err of Coef. 0.00457M3400 td Err of Coef. 0.000241131

Regression for Adjusted Heat Flow Regession for Adjusted Heat Flow
Xenon Arc Test MAIAW Test
Regression Output: egression Output:

Coestdant 4.623692700 Const ant 4.256725
9td Err of Y Est 0.3341733M Std Err of Y Zst 0.340215
R Squared 0.395M763 R Squared 0.818056
No. of Obsr•vations 3 No. of Observation 5
Devrxvs of Fredw I Degr•es of Freedom 3

I Coeffiw nt(fs) -0,00237924 X Coefficient(s) -0.00172M
Std Err of Coef. O.0(0531911 Std Err of Coef. 0.000470561
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Table 13
155mm Propelling Charge Container DSC Regression Data

Time at Maximum Temperature Analysis

Degression for Degree of Crystallinity legression for Degree of Crystallinity
Taeeature/Isidity Test Elevated Tupurature Test

egresSion Output i bgression Output:
Constant 0. 36597 Costant 0.36.179
9td Err of Y Est 0.03336 Rkd Err of Y Est 0.019453
0i Squared 0.181349 N Suared 0.605W4
No. of Observatios 7.000000 No. of Oblervations 6.00000
Degrees of Fredm 5.000000 Degrees of Feeu 4.000000

X Coefficient(s) 0.000010 X Coofficient(s) 0.000011
Std Err of Coef. 0.000009 Std Err of Coef. 0.000005

Rgreussion for Degree of Crstallinity Inrssion for Der of Crystallinity
86MM Test Xeno Are Test

Ogression Outputt l igrsslo. OutputI
Costant 0.3706," Constant 0. 32785
9td Err of Y Est 0.012039291 Std Err of Y Est 0.06040
A Squared 0.3763I33 0 Squard 0.219139
W. of bsewvations 5 No. of Observatiom 3.00000
Degrees of Fradom 3 Derees of Freedom 1.000000

I Coefficientia) 0.000009664 1 Coefficient(s) 0.000006
Otd Err of Coef. 0.000007181 Std Err of Coef. 0.000011

Ilgreslion for Der of Crystallinity Ingression for Degree of frystallinity
Arizona A-atitude Test Solar Simulator Test

lgreslm on Output: Oeression OutputI
Contant 0. 37S6%697 Carst amt 0. 361653
91d Err of Y Est 0.001811443 Std Err of V Est 0.020697372
I Squared 0.98•74483 I Squaemd 0.448745665
No. of Observations 3 No. of Observations 5
Devres of Fro I Degrees of Freedom 3

1 Coefficient(s) 0.0000132 X Coefficient(s) 0.0000467
Std Err of Coef. 0.000 1414 Std Err of Coef. 0.0000
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Table 13
155mm Propelling Charge Container DSC Regression Data

Time at Maximum Temperature Analysis
(continued)

egression for Adjusted Heat Flcw Regrssion for Adjusted Heat Flow
Solar Sivulator Tlst Tpleratwe/)Maidity T. t'

egression Output: Reression OvuPtpI
Coustat 4. 17,6, Gotant -. 4605004O
Std Err of Y Est 0.4,2574 Std Err of Y Est 0.20M34166
R Squavd 0.1066,M 3 Squared 0.50191M
No. of Observations 5.000000 No. of Obervatiom 7
Delves of Feo 3.000000 Degrees of Freom 5

1 Coefficient(s) 0.0003M I Coefficient(s) -0.000130
9td Err of Coef. 0.00068 Std Err of Coef. 0.0000579

hiression for Adjusted Heat Flow NDlresuion for Adjusted Heat Flow
Elevated Tieeprature Test an" Test

lgression Output: IIt ession Output:
Constant 4.41500710 Cont ant 4. 3544W3V,
ltd Err of Y Est 0. 43990M36 9kd Err of V Est 0. 25953M

SSquared 0.027o03402 0 Squared 0.8909l
No. of Oieervations 6 No. of Obsurvatios 5
Degrees of Fredmo 4 Degrees of Fre 3

X Coefficient(s) -0.00003647 1 Coefficient(s) -0.000779
Std Err of Coef. 0.00010961 Std Err of Cowf. 0.0001548

Rigression for Adjusted eat Flow egrtesion for Adjusted Heat Flow
Xenon Arc Test Arizom At-Ltitude Test

lrvsion Output;: gesion Output.:
Constant 4.,83697843 C stant 4.57M7737
9td Err of Y Est 0.343G66'5 ltd Err of V Est 0.10 ~4475
1 Squred 0.•5•_9146 Squawe 0.99190173
No. of Observation 3 NO. of Observation 3
Drms of Fe I egreus of Freedm I

X Coefficient(s) -0.00066611 I Cofftcient(s) -0.000603
Std Err of Coef. 0.000148%3 ltd Err of Casf. 0.0000612



Table 14
15Smm Propelling Charge Container

DSC Data Showing Surface and Bulk Ultraviolet Effects

Kelting Onset of Decomp,
Melting Point Heat of Crystal- Decoup. HRat Adjusted

Point Onset Peak fusion linity Teup. Flow Heat flow
(11 (,o)i .J9 (1 (IC Rig).LE• (11q)

Pre-Exposure 121.6 131,4 110.8 37,8 246.3 7.32 4.55

Surface 123.5 131.3 96,3 32.9 225.8 3.75 2.52

Bulk 121.4 131.5 119.1 40.7 240.1 5,25 3.11
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4.6.3 TGA and DMIA leasurements on 112A1 Container Mlaterial

Four thermal analysis techniques were used to obtain
baseline and characterization data for the 112AI container material. TGA was
used to study decomposition and to determine the relative proportions of the
fillers and polymer comprising the material. DSC was used to characterize
the crystalline melting point of the polyester resin. THA measurements
attempted to determine the linear coefficient of thermal expansion, the
softening point and the glass transition of the resin. DMA was used to
measure storage and loss moduli and the loss tangent. These properties are
useful for the characterization of crystallinity and the loss of adhesion
between resin and filler.

As might be expected due to the randomness of the glass
reinforcement, THA measurer.ents were not reproducible. The DSC results for
unexposed material suggested that the resin, comprising only 35% of the
composite, might be too low in concentration for accurate measurements to be
made. This proved true; however, a crystalline melting point was rot
detected in the material suggesting that the technique would not be suitable
for monitoring changes in the polymer during the course of exposure testing.
DRA data shown in Figure 20 and Table 16 indicate that although storage and
loss moduli measurements, and the temperatures where the loss modulus and
loss tangent reach a maximum could be determined, they could not be measured
with enough precision to allow a meaningful data analysis to be conducted.
The reason for this problem is thought to be related to the nature of the
material and the samples used for the testing. The material is not
homogeneous, especially at the surface, and the technique quite sensitive.
Therefore, it was postulated that until significant changes occurred in the
material, the measurement technique would not be capable of differentiating
between sample-to-sample differences from actual material changes.

TGA measurements conducted on unexposed control sample
material showed that the decomposition kinetics of the M2A1 container
material is complex. The occurrence of the several decomposition reactions
shown in the TGA thermal caurve in Figure 21 made a kinetic decomposition
study impossible during the course of the project. However, a composi-
tional study of exposure test materials was undertaken. Measurements of the
relative changes in glass, filler, and resin concentration as a function of
the exposure tests were made. These data are shown in Table 17 and
Figures 22 through 29.

The data in Table 17 do not indicate a significant change in
the material as a result of any of the exposure tests. However, the
degradation mode based on visual appearance, includes fading and blooming of
the reinforcing fibers. The scatter exhibited by the decomposition data are
probably in part due to minor compositional differences in the individual
measurement samples which would have a significant effect on the TGA
measurement that is compounded by exposure induced changes. The visual
evaluation of test samples indicated the probability that. the physical
properties of the container material were detrimentally affected as a result
of the exposure testing. However, the changes determined using TGA are n.,t
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Table 15
155mm Propelling Charge Container TGA Data

Tim at Oset of
lAximm DeKO. 5% Loss

Exposure Ultravioiat Tepp'ature Tempratw' Temperature
Condition . (/.12) (hrs.) (C) (C)

Humidity 0.0 278.?7 -M2.0
Chmber at 429.0 275.4 2%2,0
60 C with 693.0 27R.6 291.8
903 RH 1155.5 274.4 26.2

1757.0 277.3 2 9
3411.0 M0.6 299.7
37C5.0 276.5 301.4

Elevated Tperature 0.0 278.7 295.0
at 71 C 720.0 276.8 Me, 9

1537.0 276.3 M5. 5
2138.0 277.3 2%.0
4000.0 278.7 301.6
W34. 0 272.1 307.4

0 0.0 0.0 278.7 M95.0
91 107.0 3W0.0 271.9 292.2

144 169.0 600.0 273.8 2%.1
50 5".0 1537.0 2.8 303.3 te Test Item Cracked e,,
724 am. 0 1950.0 270.7 304.5 4 Test Items Cracked *4*

Solar 0.0 0.0 278.7 2%5.0
Simulator 43.5 307.0 276.3 M96.4

67.1 477.0 270.1 2M5
97.6 690.0 270.1 292.5

I2.6 9N.0 275.8 2M53

Arizona 0.0 0.0 272.7 2M5.0
At-Latitudte 101.0 1260.0 275.0 303.4

175.0 1750.0 274.4 307.4
M.0 4 Test Items Cracked .4*

Xenon Am 0.0 0.0 278.7 M95.0
645.0 2304.0 269.1 22. 3 M Test Itmi Cracked *4*

882.5 31•52.0 266.4 305.0 Of Test Item Cracked *1
1315.0 469%.0 273.6 316.5 4 Test Items Cracked M*
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great enough to model or relate to a physical property. The blooming of the
reinforcing fibers could provide a protective layer for the 155mm Propelling
Charge Container TGA Data bulk of the material during outdoor exposure in
desert environments, however the fibers would provide a path for moisture in
wet and humid environments which could accelerate the degradation of the
material in temperate climates and indoor storage conditions that have typi-
cal temperature changes.

Table 16
DMA Data for M2Al Container Material

E' @ 351C Peak: Peak Pea
Salple N.. Elposure Condition Duration (GPa) E'' )MPa) 4 tan_ 6 tar, 51 Oc

-5. pre-expcsure --- 7..5 307 200.5 0. ...
-.... pre-ezpisure --- 662 27 189C ..IC 2'1.4

17-7 pre-p-sure- 4.77 20 197.?. 0.10 234.4
17-13 pre-exposure --- 5.35 266 190.6 0.!1 232.2
17-14 pre-exposure --- 7.03 304 195, 0.09 229.1
17-j" pre-ei p.:sure --- 6.90 342 199,7 r..! 221i

Average 6.3. 29- E 195,4 0.10 231.3-
C-I iI 64 4.7 0,00P 4,7

16-125 Xenca Arc 277 MJ/zzUV 7,02 259.1 209.3 0.03 242.9

Ele73ted 1155 hrE 5.94 236E. 186,4 0.11 223.•
Telp'HuR On.- (.32) (3.2) (3.1) (0.001) f1.4)

1757 brs 6.79 320.3 191.4 .12 222,4
an-i (.2) (20) (3.5) (0,014) (0.92)

Elev3ted 1537.5 brs 7.05 292.1 202.0 0.11 236.8
Temperature On., (.14) (25) (4,8) (.004) (3.91

2132 hrs 7.49 331.7 206.8 .10 233.5
On-I (.49) (33) (1.8) (.002)

EMMAQUw® 106.7 MJ/m2UV 7.12 313.4 202,0 '11 233,3.
(.36) (31.3) (5.3) (0.007) (2.9)

Solar Simulator 43.5 KJ!u 2UV 6,22 240.3 201.3 0.10 234.3
an-i (.32) (34,8) (4.8) (0.005) (1,9)

67.6 NJ/t 2UV 7.36 342 203.4 0.11 236,2
On-i (.46) (0.005) (5.61

97.8 MJ/I2UV 6.69 272.5 203,6 0.10 221.3
On-I (.26) 25.2 (2.3) (0.01) (2.9)
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Table 17
TGA Measurement Data for M2A1 Container Material

Tim at Onet of
Nhximum bmap.

Exposure Ultraviolet Temperature Temperature Filler Glass Polywme
Condition (NAJ2) (hm.) (C) (1) (%) (%)

Xenon Arc 0 0 357.8 a.1 40.1 34.8
206 743 350.7 22.8 43.5 33.6
277 989 352.6 22.8 43.4 33.8
601 2146 363.4 16.3 56.6 27.0

Humidity 0 357.8 25.1 40.1 34.8
O•mer at 429 367.1 23.4 42.3 34.4
60 C with 693 360.0 23.9 41.3 34.8
90% A 1155 3413 2.19 41.2 34.9

1757 353.6 23.6 41.6 34.8
3411 3AA.0 26.0 36.0 38.0
3675 362.8 24.1 40.4 35.4

Elevated Tmperature 0 357.8 25.1 40.1 34.8
at 71 C 720 364.8 22.9 43.0 34.1

1537 356.5 21.2 43.1 33.6
2138 349.1 24.6 40.1 35.3

S0 0 357.8 25.1 40.1 34.8
107 W0 363.2 24.5 40.0 35.5
169 600 347.4 23.6 41.5 34.6
5N 1537 362.3 23.3 42.6 34.1

S1950 356.5 22.5 43.7 33.8

Solar 0 0 357.8 25.1 40.1 34.8
Simulator 44 307 362.5 2,30 42.5 34.1

68 477 345.1 24.0 40.7 35.3
so 690 345.7 23.4 42.5 34.1

129 908 347.5 23.1 42.6 34.3

Arizons 0 0 357.8 25.1 40.1 34.8
At-Latitude 101 12I0 356.0 23.2 42.3 34.5

175 1750 358.4 23.3 42.6 34.1
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4.7 Marlex CL-1O0 Tensile Stre.gth Measurements

Tensile test data for the Marledx CL-100 material are exhibited in
Table 18 and Figures 30 and 31. ASTH D638 T'pe IV specimens were tested at
an extension rate of 5.1 cm per minute using &_ Instron Model 1123 Universal
Test Machine in accordance with ASTM D638. Tentiile strength and elongation
at yield are reported, rather than at, the break pcint since the specimens
typically necked down quite considerably during the tests. Tensile strength
and elongation at the break point were therefore not reproducible.

The tensile strength of the Marlex CL-100 for the various exposure
tests shown in Table 18 are generally within i10% of the pre-exposure test
values indicating that tensile strength remained fairly constant over the
course of the exposure tests conducted. This is also supported by data for
Narlex CL-100 reported in Reference 32 which indicated that tensile strength
increased only 6% after approximately five years of exposure in Arizona.
Over the same time period elongation was reported to decrease by 90%.

4.8 Optical Property Measurements

4.8.1 Colorinetric Measurements

CIE Y, x, and y colorimetric measurements were made on
155mm Propelling Charge container and M2Al container materials using a Hunter
Lab Model D25A-9 color difference meter with an Illuminant C light source
following ASTM D2244. Using this measurement system, the daylight color of
the test specimens are represented by points in a space formed by three
rectangular coordinates representing the lightness scale, Y, and chromaticity
scales x and y. The Y scale value describes relative "lightness", while the
x and y scales describe "redness" and "greenness", respectively. Although
other color coordinate systems could have been used, the Y, x, and y system
was chosen on the basis of its use in speci-fying a number of Mil-Spec
camouflage paint coatings.

4.8.2 Spectral Reflectance Measurements

Absolute hemispherical reflectance measurements were
performed on samples after each exposure test interval. These measurements
were made in accordance with ASTM E903. The measurements were made using a
Beckman DK-2A Spectrophotometer with an Absolute integrating sphere for wall
mounted specimens (Figure A1.3 of ASTH E903). Total reflectance measurements
were obtained in the solar spectrum from 325nm to 2400nm at an incident angle
of 201. Air mass 1.5 solar absorptance waQ: determined using the solar
spectral distribution from ASTH E891. ReLlectance data for 50 selected equal
energy ordinates were averaged as a fraction and subtracted from unity.
Solar absorptance values were calculated after each exposure interval.
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Table 18
Marlex CL-lOO Tensile and Elongation Data

Tim at Tmmile Temile
NaxiPA 9trwugth Strffqth Elonption Elorqation

Expos•re Ultraviolet Tuqurature at Yield 9td. Dwv. at Yield at Yield
Cmoition (RJ!I,) (hL) (psi) (W) Std. Dev.

Nwidity Chuber 0.0 3959.0 160.0 LO 0.4
at 60 C 429.0 3655.0 254.0 9.2 0.5
with 90W1 693.0 3123.0 89.0 L.8 0.7

1156.0 38.0 39.0 9.0 0.8
1757.0 394.0 301.0 8.8 0.6
3763.0 4380.0 33.0 6.0 0.0

Elevated Tmperature 0.0 3959.0 160.0 8.0 0.4
at 71 C 720.0 4181.0 72.0 8.5 0.7

1538.0 4328L 0 176.0 L.2 0.4
2138.0 4404.0 391.0 8.2 0.5
51120 4246.0 121.0 7.2 0.0

EMW" 0.0 0.0 399.0 160.0 6.0 0.4
107.0 300.0 4130.0 58.0 8.2 0.4
169.0 600.0 5040.0 107.0 7.7 0.5
852.0 1950.0 3W89.0 117.0 0.8
5M.0 1570.0 4260.0 122.0 6.4 1

1154.0 20.0 3487.0 160.0 8L0 0.5

Solar Simulato- 0.0 0.0 3959,0 160.0 8.0 0.4
43.5 307.0 3990.0 189.0 5.6 2.1
67.6 477.A 3042.0 280.0 2.4 0.4
97,8 690.0 28M8.0 478.0 27 0.8

12•.6 908.0 3M6.0 2%9.0 *

Aizon 0.0 0.0 3959.0 160.0 8.0 0.4
At-Latitude 901.0 1280.0 4187.0 60.0 7.9 0.2

175.0 1750.0 4347.0 19.0 8.5 0.9
M..0 2900.0 389 0 300.0 L.0 1.6

Xeno Arc ,.0 0.0 3959.0 160.0 LO 0.4
658.0 aw.0 3121.0 170.0 # a

1062.9 3796.0 3601.0 127.0 0 I

1110.2 3965.0 1987.0 223.0 # I

*NOT WAMPEBLE
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Spectral reflectance measurements serve to indicate
optical property changes in discrete wavelength regions of the spectrum.
Property changes of this sort result from the interaction of the pigment
and/or the binder with the environment. A typical change would be the
development or change of an absorption band. A change in absorption in a
particular wavelength region often can be related to a physical phenomenon at
the surface of a material and can be modeled using the change in reflec-
tance at the peak wavelength. Solar absorptance, although insensitive to all
but major changes in discreet wavelength regions, is a measure of the
broadband changes in the optical properties of material surfaces. Solar
absorptance also indicates the extent to which a material will absorb solar
radiation and thus be subject to solar radiation induced temperature change.

4.8.3 155mm Propelling Charge Container Material Measure~aents

Color data for 155mm Propelling Charge container material
are presented in Table 19 and Figures 32 through 37. The Y coordinate data
in Table 19 shows that the container material darkens in the early part of
the environmental exposure tests before fading later on. Comparison of the
Y, x, and y coordinate plots in Figures 32, 33, and 34 to Figures 35, 36, and
37 clearly shows the influence of ultraviolet on the surface of the container
material and in fact the figures reflect the S-shape referred to in paragraph
2.5.1. The data plotted against time at temperature in Figures 35 through 37
however are widely scattered.

It is particularly interesting to compare the DSC data to
the color data at the ultraviolet fluence at which surface cracks occurred.
This suggests that the end of the induction phase for the surface of the
container material at temperatures representing the extreme of the logistics
chain, would occur outdoors in less than a two-year period. Further, the
failure occurred shortly after the end of the induction phase. Thus, if the
performance of the containers is found to be unacceptable with the presence
of surface cracks, color measurements could be used to determine the
acceptability of a container item aid the change in color predictive of
failure.

Unfortunately, the elevated temperature and elevated
temperature/humidity data plotted against time, were not exposure tested long
enough to exhibit a trend. Colorimetric properties must be characterized
further before they could be used to predict or model performance. This is
especially important since the DSC data and its relationship to cracking
suggests that indoor storage, as shown by the elevated temperature and
elevated temperature/humidity tests, would have an effect on the crystal-
linity of the HDPE which after a long period of time could change the rate at
which surface cracking occurs either by thermal or photooxidative mechanisms.

155 Propelling Charge container spectral reflectance
measurement and solar absorptance data are shown in Table 20. A spectral
reflectance spectra for a pre-exposure test sample is shown in Figure 38.
The lack of features, or the relative flatness, exhibited by the spectral
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Table 19
155mm Propelling Charge Container Colorimetric Data

Time at
axiWm

Exposure Ultraviolet Tuauature
Corditios (O./,) (hrs) Y x y

Elevated Tapwrature 0 12.57 0.3432 0.3504
at 71 C 720 13.63 0.3415 0.3467

1537.5 11.66 0.3402 0.3483
2138 13.55 0.3337 0.3404

Huaidity Chube- at 0 12.57 0.3432 0.3504
60 C with 9D% RH 429 14.11 0.3328 0.3463

693 12.93 0.3432 0.3528
1155.5 12.42 0.3446 0.3488
1757.3 11.17 0.3433 0.3528

3765 9.89 0.3515 0.3611

S0 0 12.57 0.3432 0.3504
106.7 300 10.58 0.3445 0.3511
169.3 600 10.61 0.3489 0.354

588 1570 12.14 0.3424 0.3531
852 1950 12.88 0.3389 0.341

1261 1200 15.41 0.3329 0.3414
1323 1500 15.66 0.3303 0.3405

Solar Sioulator 0 0 12.57 0.3432 0.3504
43.5 307 13.44 0.3 0.3430
67.6 477 10.70 0.3481 0.3475
97.8 690 10.67 0.3488 0.3542

128.6 908 11.36 0.3492 0.3564

Arizona 0 0 12.57 0.3432 0.3504
At-Latitude 101 1280 12.77 0.3396 0.344

175 1750 9.96 0.3471 0.3559
2% 2M0 10.64 0.3447 0.354

Xey oAm•c 0 0 12.57 0.3432 0.3504
Be 2304 12.13 0.3386 0.3473

1315 3152 17.81 0.3299 0.3375
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Table 20
155mm Propelling Charge Container Material

Air Mass 1.5 Solar Absorptance

Time at
Maximum

Ultraviolet Temperature Solar
Exposure Conditions (__ /m 2 ) (hours) Absorltance

Elevated Temperature 0 0.87
at 71°C 720 0.88

1538 0.88
2138 0.88

Humidity Chamber at 0 0.67
600C with 90%RH 429 0.88

693 0.89
1156 0.88
1757 0.88
3765 0.88

EMI iAQUAG 0 0 0,87
107 300 0.88
169 600 0,88
588 1570 0.88
852 1950 0.87

1261 1200 0.91
1323 1500 0.91

Solar Simulator 0 0 0.87
43.5 307 0.87
67.6 477 0.88
97.8 690 0.88

128.6 908 0.88

Xenon-Arc 0 0 0.87
882.5 3152 0.82

1315 4696 0.91

Arizona At-Latitude 0 0 0.87
101 1280 0.87
175 1750 0.87
295 2900 0.93
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reflectan,-e explains in part ,he small changes determined for the solar
absorpuance. That is, the development of absorption bands as a result of the
exposure testing werf- not detected. Changes in the spectral reflectance
occurred, but did so across the spectrum. The trends in color noted above
could have been determined from spectral reflectance measurement data if
integrated against the appropriate spectral distribution.

4.8.4 M2AI Container Material Measurements

Color data for the 12AI container material are presented
in Table 21 and Figures 39 through 44. The data plotted against ultraviolet
radiation in the figures reaches a plateau since the evolution of the fibers
cause the color value of the material to approach that of the fibers. The
data for the exposure tests without ultraviolet would not be expected to
follow a similar trend since fiber blooming occurs as the resin matrix
erodes. There is insufficient data to make a comparison of DSC determined
compositional data to the colorimetric data although, consideration of the
fiber blooming effect suggests that the start of the plateau noted in the
colorimetric data represents the end of the induction stage for the surface
of the composite material.

142A1 container material spectral reflectance measurement
data are shown in Table 22. A spectral reflectance spectra for pre-exposure
test sample is shown in Figure 45. As noted for the 155mm Propellirg Charge
contai.ner material, the flatness exhibited by the spectral reflectance
explains the small changes determined for the solar absorptance. Absorption
bands as a result of the exposure testing also were not detected. Changes in
the spectral. reflectance occurred, but did so across the spectrum as indi-
cated by the small change in solar absorptance values.

4.9 Full-Scale Item Tests

4.9.1 Arizona At-Latitude Exposure

Full-scale H2AJ. and 155mm Propelling Charge container
items were exposure tested with the test sample materials. The at-latitude
e: osure procedure was discussed in paragraph 4.1. The container items were
exposed using the same schedule reported for the test sample materials.

Shortly before the end of the testing the 155mm
Propelling Charge container exhibited surface cracks on those portions of the
container which had a direct view of the sun. As mounted on the 340 south
facing rack, two sides of the container did not have a view of the sun. One
side was in direct contact with the rack and was shielded while the other
side faced the ground at a 34"' angle. The container item was mounted with
its long dimension running east to west. Visual comparison of the exposure
tested item to an unexposed container showed slight fading.
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Table 21
M27 1 Small Ammo Container Colorimetric Data

Tim at
lhxima

Exposure Ultraviolet Temperature
Conditions (MJlm2 (hrs) y x y

Elevated Tempature 0 8.59 0.3384 0.3442
at 71 C 720 &875 0.3397 0.3436

153M 9.07 0.3364 0.3440
2138 10.06 0.3348 ý.W,,

Huidity Ownher at 0 & 59 0.3384 0.3442
60 C with 90% IH 429 10. 0.3335 0. 341I

693 9.54 0.3329 0.3414
1156 8.13 0.3397 0.3*84
1757 7.99 0.3423 0.3509
3765 9.68 0.3361 0.3435

Ow" 0 0 8.59 0.3384 0.3442
107 300 &820 0.3411 0.3447
169 600 9.12 0.3383 0.3452
588 1570 16.77 0.3380 0.3495
852 IM0 I882 0.3391 0.3480

121I 1200 18.33 0.3409 0.3520
13U3 1500 17.66 0.3400 0.3437

Solar Simulator 0 0 8.59 0.3384 v.3442
44 307 10.31 0.3341 0.3421
68 477 10.17 0.3374 0.3455
98 690 11.26 0.334, 0.3428

129 908 10.12 0.3305 0.3468

Arizona 0 0 8.59 0.3384 0.344-
At-Latitude 101 128A 11,40 0.3374 0.3439

175 1750 11.60 0.3343 0.3411

hrTI AcM 0 0 8.59 0.3384 0.3442
601 2147 18.18 0. W3 0.3311
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Table 22
M2AI Container Material Air Mass 1.5 Solar Absorptance

Time at
Maximum

Exposure Ultraviolet Temperature Solar
Conditions (MJ/m2) hrs. Absorptance

Elevated Temperature 0 0.89
at 71 0 C 720 0.9

1538 0.89
2138 0.89

Humidity Chamber at 0 0.89
600C with 90%RH 429 0.88

693 0.91
1156 0.89
1757 0.9

E1•OiAQUA® 0 0 0.89
107 300 0.9
169 600 0.88
580 1570 0.82
852 1950 0.8

Solar Simulator 0 0 0.89
43.5 307 0.89
67.6 477 0.89
97.8 690 0.88

128.6 908 0.88

Xenon-Arc 0 0 0.89
152 542 0.87
601 2146 0.87

1054 3764.3 0.89

Arizor _.-Latitude 0 0 0.89
101 1280 0.89
175 1750 0.87
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Table 23
155mm Propelling Charge Container Moisture Gain Data

MIAEER
CONTAINER CHAMBER CONTAINER CONTAINER

ELAPSED CONTAINER MOISTURE VAPOR VAPOR PRESSURE
TEST TIME MOISTURE GAIN RATE PRESSURE PRESSURE DIFFERENCE
SEQUENCE TIME MHRS) (5) ti/HR.) (YNICLM2) (DYN/CM21 (DYN/iC2)

TRIAL 16 155.5 0 0.4204 77.9 28.1 49.8
SOLAR RADIATION 164 9.5 0.4064 0.0077647 29.9 48

4BCiBORH 176.25 20.75 0.5174 0.0046746 31.9 46,1
186.25 30.75 0.5468 0.0041105 33.6 44.3
199.25 43.75 0.5•12 0.0036754 35.7 42.2
225.25 69.75 0.6215 0.0022831 3713 40.1
250.25 94.75 0.6602 0.0025308 40.1 37.8
2B0.25 124.75 0.7032 0.0022669 42.5 35.4
318.5 163 0.7465 0.0020006 45 32.9
358.5 203 0.7923 0.0018320 47.6 30.3
407.5 252 0.8407 0.0016678 50.3 27.6

SEPARATE RUN 617.5 0 0.7875 77.9 47.6 30.3
700.5 83 0.6864 0.0011915 53.2 24.7
751.5 134 0.94 0.0011360 56.3 21.6
775.5 158 0.94 0.0009651 56.3 21.6

TRIAL 14 144.25 0 0.3114 19.4 59.5
SOLAR RADIATION 148.75 4.5 0.3542 0.0095111 22 55.9

4BC/8ORH 153.25 9 0.3781 0.0074111 23.4 54.5
156.75 12.5 0.3786 0.005376 24.9 53
160.75 16.5 0.4294 0.0071515 26.5 51.4

174 29.75 0,4558 0.0048537 28.1 49.8
178.75 34.5 0,4849 0.0050289 29,9 4B
183.25 39 0.5159 0.0052410 31.6 46.3

TRIAL #6 39.75 0 0.2866 15 18.2 -3.2
DARK 41 1.25 0,3058 0.01536 19.4 -4.4
60C/20%RH 43.5 3.75 0.3262 0.01056 20.6 -5.6

51.75 12 0.3477 0.0050916 22 -7
SEPARATE RUN 129.5 0 0.2867 17 -2

130.5 1 0.3059 0.0191 19.3 -4.3
133.25 3.75 0.3262 0.0105333 20.6 -5.6
137.75 8.25 0.3477 0.0073939 22 -7
141.25 11.75 0.3705 0.0071319 23.4 -8.4

146 16.5 0,3948 0.0065515 24.9 -9.9
150,5 21 0.4204 0.0063666 26.4 -11.4

TRIAL 16 853.75 0 0.9286 165 56.3 108.7
DARK 956.75 3 0.9786 0.0166666 59.5 105.5
60C/9OZRH 869.75 16 1.0373 0.0067937 62.8 102.2

8B4.25 30.5 1.0993 0.0055967 66.3 98.7
903.25 49.5 1.1648 0.0047717 69.9 95,1
922.25 68.b 1.Z539 ý.00i4 73.3 91.2
946.25 92.5 1.307 0.004090P 77.9 97.1

966.25 112.5 1.3141 0.0040488 82 B3
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Table 24
155mm Propelling Charge Container Graph Regression Information

S"LAR CYCLE IST GROUF REGRESSION SOLAR CYCLE LAST GROUP REGRESSION
Regression Output: Regression Output:

Constant -0,0056E Constant -0.01381
Std Err of Y Est 0.00C999 Std Err of Y Est 0.001157
R Squred 0.146694 R Squared 0,626291
No. or Observatlons iC No. of Observations 7
Decrees of Fretdom 8 Degrees of Freedom 5

X Coefil:lentfs) .0000233 X Coefficient(s) 0.000393
Std Err of COeW. 0,00004' Std Err of Coef, 0,000135

6W'C 2%RN CYCLE 1ST GROUH REGRESSION 60'C;20%RH CYCLE 2ND GROUP REGRESSION
Regressýon Output: Regression Output:

Constart C,032'IC Constant 0,C2114C
Std Err Yf C Est 0.000649 Std Err of Y Est 0.003252
R Squared 0.999953 R Squared 0,652529
No. of Observation 1 No. of Observations 6
Degrees of Freedom I Degrees of ?reedom 4

X Cetfizient(si 0.CC03948 Coefficientisl 0,001497
Std Err of Coef. 0.006c0 Std Err of Coef. 0.000546

COMBINLC SOLAk CYCLE DATA REGRESSION COKBINED 6Cc20RH CYCLE DATA REGRESSCN
Roes ssl-n Output: Regression Output:

C:nstant. -0.0042b Constant 0.020153
Sul Err of Y Est C,OC1C5E Std Err of Y Est 0,003237
R Squared 0.829285 R Squared 0.582904
N;. of Cbservao:crs 2C No. of Observations
Degraes of Freed:m 18 Degrees of Freedom 7

X Coef".•rer"ts 0.05205 X Coefflcoent(s' 0.001466
Etd Er: : Co1f. 0.0000ii Std Err cf Coef. 0,000468

60'Ci90%H CYCLE REGRESSION
Regression Output:

Constant -0.0324'
Std Err of Y Est 0,0c3375
P Squared 0.537379
No. of Cbservations 7
Degroes of Freedom 5

I Ooeffa:aeos 0.r00040
Std Err of Coet. 0.000169
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The M2Al container item was mounted on the rack also with
its long dimension running east and west. The bottom of the container was
attached to the rack. The handle was in a deployed position throughout the
test rather than placing it flat against the top of the container lid. The
container progressively faded and exhibited fiber bloom over the course of
the test. The container lid was the most faded area, with fiber bloom most
concentrated at corners. The sides of the container were also faded with
fiber blooming decreasing in degree towards the bottom of the container. The
plastic handle on the lid was badly cracked at the end of the test.

4.9.2 Environmental Chamber Tests

The environmental chamber test procedures, setup and
results are reported in detail in Reference 46. The objectives of the full-
scale item tests were to develop environmental chamber test procedures that
could be used to predict the long-term performance of plastic ammunition
containers. The objectives included accelerating the ageing process of
container materials, determination of the container moisture vapor trans-
mission rate, and determination of the container's ability to remain sealed.

Moisture vapor transmission rate constants and permeation
constants are temperature dependent material properties. These constants
generally increase logarithmically with increasing temperature. This is to
be expected since water vapor pressure also increases with temperature in a
logarithmic manner. Moisture vapor transmission rate is generally inversely
dependent on thickness. TVit ful.-scile item tests aid test data c-ialysis
attempted to normalize the effects of thickness and temperature by using
chamber/container vapor pressure differential and the use of container volume
to determine moisture gain and moisture gain rate,

The a'alysis of test data pursued the relationship of
mcisture gain in terms o.: grams per hour as a function of vapor pressure-
differential for the test cciditions used. This is based on the concept of
the rate of change in vapor pressure differential as function of time. This
latter relationship is show.n by equation 24 from Reference 48.

In(rP/F,) = -rt (24)

In equation 24,

P = water vapor pressure differential
F,, = F at time zero
t = time
r = a rate constant derived from a material water vapor

tralismisJoion rate constant.

In practice the weight of moisture in the container aE a
function of ti'me was calculated using t]., humidity ratio and dry air volume
from Reference 49 as determined from the container dew point and temperature.
The p re.rett, re ,f the ccnta, r - a C f1 inc'ti- oY _f imC was d



likewise, while the vapor pressure of the test chamber was determined from
the chamber calibration experiments. Finally, the vapor pressure differen-
tial between the test chamber and the container was calculated as a function
of time from the vapor pressure data.

The amount of water occurring in the container during the
course of environmental testing was calculated using equation 25,

W

V - Wi (25)V 2
a

where W., and V,, are the humidity ratio and dry air volume from Reference 49
and 1-71 () is the weight of water contained in the container air volume, V.
W:. was"obtained from Reference 49 at the measured dew point. V,, was obtained
for the temperature measured inside the container during the test. Both
values were obtained for temperatures to the nearest degree.

The total water content inside the container at a given
time during the test was then associated with an elapsed time and test cham-
ber vapor pressure. Elapsed time was determined by subtracting the given
time in hours from time zero. Time zero was determined from data where the
chamber and container conditions had stabilized. Water gain rate, in terms
of grams per hour was then calculated by subtracting the moisture content of
the container at a given time from the water content at time zero and divid-
ing by the elapsed time, Container moisture vapor pressure was determined
with the dew point temperature and the inside: container temperature data.
Vapor pressure differential as a function ot timc was calculated by subtract-
ing the test chamber vapor presbure fruit the cuIiLiLt:ii VtpQL pressUIre at a
given time during the test.

Moisture gain rate data was then plotted with their
linear regressions as a function of vapor pressure differential. The
regression line values were obtained using the naturil logarithm of the
moisture gain rates. The slope of the- ieression was taken to be the
moisture vapor transmission rate constant over the vapor pressure range
during the test. The rate constant was expressed in tferms of grams of
moisture per hour per dyne/cm2 . The calculated data are shown for both
containers tested in the tables and figures in the following paragraphs.

4.9.2.1 155mm Propelling Charge Container Data Analysis

Moisture gain, moisture gain rate and vapor
pressure data for a number of 155mm Propelling Charge container test cycles
are shovnj in Table 23. Moisture gain rate was plotted as a function of valir
pressure differential. Table 24 exhibits linear regression analysis data
used to prepare Figure.: 46 through 48.

The data regressions are shov.m over a vapor
pr'_ssure differentia] of -it Jeast 100 dynes/c.m), although the test data
covers a significantly smaller range. This was done in order to compare th.
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change in rate of moisture gain for the different test cycle conditions. The
use of the data regressions beyond the range covered by actual test data
however is risky.

The data shown for different test cycles having
identical test conditions, presented in Table 23, clearly suggests that
moisture gain rate must be determined using long-term constant condition
testing and that test conditions used to determine IfVTR must be well inside
the range of maximum instrument sensitivity. The considerable scatter shoirn
for the last group of solar radiation da'a (Trial Run #4) and 60OC/20%RH test
data indicate the effect of using short-termn cycle data. Under these
conditions the test chamber would have barely been stabilized when chamber
conditions were changed. The data from the 600 C/90%RH and the second
separate solar radiation cycles data shown in Table 23 present situatiornFs

here., although long-term test cycles were used, the high moisture conteiit of
the container caused small changes in vapor pressure. These small changes
de.z•reased the precision by which vapor pressure differential could be
determined.

The high R squared value obtained for the first
solar radiation test cycle and the P squared value for all solar radiation
test cs'cle da:ta combined gives a high degree of confidence for the existence
of the ljnea: relatic',nshi, between moisture gain rate and vapor rrressurr
lifferential suggested- in References 47 and 46. The test conditior, s,
duration of the test, and the moisture content of the container during the
test suggest that at least 20{Y hours of constant condition testing for a
vapor pressure differential in the range of 30 to 60 dyrez/cm? are required
to obtain a reasonable measure of a moisture vapor transmission rate
cor[,.trant.

Comparison of the rate curves shonm in Figures 4G
thr-r-,jug1 4' c-.nd th'ý Y-intercept (conr-tant) valuer_ s_•hown in Table 24 ndi t-
that I!,.VTF at an-' v.:q-,r press'ure differentiai is depondent on the environ-
ment.:i] con,°atiton. surrounding the container, This is expected since mos:tuji-e
permer-tion sonstan.ts for many polymeric materials are temperature dependent.

The 60c'C/2•,';PH chamber condition data shorn in
Fi-vure 4( and the vr.-,r presur. cl;,ta in Table 24 show1 that although t:.-.
vapr pxessure differential was negative, moi sture inside the contaiinei
continueJ to increase. ThAis indicate.s. thlat water continued to de.ýorb frc.:Ii
the cont--,iner material for the short period of time the test chamber was h-1ld
at these condition5,.

Figure 47 shows the effect of a large vapor pre'-.•ure
differential or, the contajrer during a time period when thl, colntaijier iterii
contained it substantial quantity of water. Comparison of this test data to
the solai radiation test data in Figure 4) shows that over a given period of
time at thr- savr temperrature condition!,, the container could continue to gain
moat tu 1' even with a decrease in vapor pressure differential. This is; due t,:
the diffusion proces,;. aind ji important, to th. e und,--rs..tanding of both outdoor
anrd indoor daytime alnd iq)Ji ttiime term ;r': .ture /7umidi L ;winor. fli t., I,'
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slopes of the curves shown in Figures 47 and 48 are almost identical, the
rate of moisture flow into the container is unlikely to change when the
container is used in different moisture vapor pressure environments.
However, as shown by the plot of the solar radiation cycle and 60 0 C/90%RH
cycle regression lines in Figure 48, the moisture gain rate, or said another
way, the flow of moisture, into the container can be different at the same
vapor pressure differential at different temperatures.

Note that these comments can only be used to predict
long-term performance of 155mm Propelling Charge Containers using several
assumptions. These assumptions are that the moisture permeation constants of
the container do not change as the materials age, the container remains
sealed during its lifetime, and that pallerization of the container items
does- not affect MUT-R.

4.9.2.2 M2AI Small Ammo Container Data Analysis

Moisture gain, moisture gain rate and vapor pressure
data for two long-term cycles are shown for the H2A1 container in Table 25.
The approach used to analyze the 155mm Propelling Charge container described
in the previous paragraph was also used for the ?12AI container. Table 26
contains the linear regression data used to prepare Figures 49 through 52.

The relation of moisture gain rate and vapor
pressure differential seen in the figures for the two test conditions used to
evaluate the 112AI container is strikingly different than was found for the
155lmiPr Foelling Cliag,': cuhtt'ize. The .sultr radiation cycle ddta showni in
Figure 28 and the small slope for the regression line noted in Table 26
suggests thp container lost mcidsture. Howiever, the large error associated
with the slope could be taken: to suggest that the moisture gain rate remained
constant during the solar radiation cycle, The IP/TR for the 600 C/90%RH cycle
however, was quite similar to the 155mm container under the same test
conditions:. The difference between the performance of the two container
items is thus the difference in JUTR caused by effect of temperature on the
moisture permeability and diffusion coefficients of the materials comprising
the two container item,.

Th-��I;oius, and thus primary, differc.nce be-twecnrr
the m.terial, used for the containers is the pigmentation and fi].er schem,.
The polyester resin used for the IJ2AI container was glass: fiber reinforced
and highly filled. The filler used consisted of a green pigment and CaCOy..
The filler and glas., fibers were noted to b.. exposed by the effects of
eosion during environmental exposure testing during the sample scale
testing. The pi:jment and glass fibers at the surface of the container also
presented .a, large surface area for the absorption and desorpticn of m,-istur,.
Simplifying the interpretation of the data for the case of the 1!2A2 container
would ]ikern the: glass; fiber arrd filler t, a wick.
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Table 25
M2A1 Container Moisture Gain Data

CONTAINER CIMBER CONTAINER CONTAINER
CONTAINER MOISTURE VAPOR VAPR PR£URE

TEST OESW MOISTURE GAIN RATE PRESSURE PRESSUR DIFFERENCE
SEG{UE} TIM TIM(HRS) (6) (6/HR.) (DYN/CM2) (DYr4/[2) (DYN/C2)

TRIAL #7 62 0 0.3069 165 62.8 102.2
DARK 63 1 0.3438 0.0369 70 95

6C,./90%RH 64 2 0.3643 0.0M87 73.8 91.2
70 8 0.4086 0.0127125 8L.1 82.9
82 20 0.458 0.00= 91.1 73.9
96 34 0.4049 0. 0052252 95.9 69.1

107 45 0.5132 0.0045844 101 64
126 64 0.5432 0.0036321 106.3 58.7
149 87 0.5749 0. 0030M04 111.8 53.2
181 119 0.6084 0. 00255336 117.5 47.5
208 146 0.6438 0. 0023075 I12.5 41.5

2H7.75 '205, 5 0.6813 0.0018196 1213.8 35.2
SO.LAR 301. 7 0 0.7635 77.9 143.1 -65.2
RADIATION 381.75 80 0.6817 -0,001022 129.8 -51.9
48C/8061 41.175 111 0.6442 -0.001074 1L'.5 -45.6

"44.75 143 0.6080 -0.001081 117.5 -39.6
479. 75 178 0.5761 -0.001057 111.8 -33.3
531.75 230 0.5435 -0.000956 106.3 -28.4
586.75 285 0.5135 -0. 0M08T7 100.1 -22.2
636.75 32"5 0.4583 -0.000911 91.1 -!'2. 2
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During irradiation of the container the temperature
increase caused by solar absorption mechanisms resulting in surface heating
could be said to dry the container. The vapor pressure differential data in
Table 25 and shown in Figure 49, is also negative; indicating an outflow of
moisture. The solar radiation cycle was conducted subsequent to the
60°C/9OtRH. This resulted in a substantial amount of moisture in the
container at the start of the solar radiation cycle and accounts for the
negative vapor pressure differential during the test.

The 60*C/90%RH data shown in Figure 50 shows mois-
ture gain rate to increase with vapor pressure differential and by the slope
and intercept of the regression in Table 26, MITR for these conditions is
approximately equal to the 155mm Propelling Charge container. A comparison
of the two test conditions used for the U2Al Container is shown in Figures 51
and 52. Figure 50 shows data regressions over the v'apor pressure differen-
tial range occurring during the tests. Figure 52 shot-is the same regressions
over the vapor pressure differential range used for the analysis of the 155mm
Propelling Charge container. The decrease of moisture in the container
during the solar radiation cycle suggests that the 12A1 container is quite
permeable to moisture over a vapor pressure range caused by typical environ-
mental test conditions. This is in contrast to the 155mm container where
moisture gain continued to increase even when a negative vapor pressure
differential occurred.

Table 26
lI2AI Container Graph Regression Information

SOLAR CYCLE REGRESSION
Regression Output:

Constant -0. 000S.
Std Err of Y Est 0.000055
P Squiared 0,619818
No. of Observations 7
Degrees of Freedom 5

Y Coefficient(s) 0.000004
Std Err of Coef. 0.000001

60°C/90%RH CYCLE REGRESSION
Regressior, Output:

Constant 0. 022"
Std Err of Y Est 0.006701
P Squared 0.7129%0
Nol. of Observationm- 11
Degrees of Freedom

X Coefficient(s) 0.00C0505
Stý Err f Coef. 0. 0)00C
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5.0 PERFORMANCE PREDICTION MODELS

5.1 Container Materials - General Discussion

The primary challenge to justifying the use of the two plastic
materials studied during the project as ammunition packaging materials is the
lack of performance requirements and data covering the required design life
of the container items. Plastic materials, as with many engineering
materials, are designed and formulated to meet particular specifications.
Plastics, as raw materials, have and will change over a period of time in
order to allow more efficient manufacturing processes and lower cost starting
materials to be used to meet specification requirements. Testing of plastic
materials and products manufactured from plastics must be ongoing over the
production life of the manufactured goods in order to establish lot-to-lot
and batch-to-batch differences and to ensure that the plastic materials used
meet end use performance requirements. The requirement for plastic ammuni-
tion containers to function over a thirty-year period dictates that ageing
tests be conducted on container materials prior to production as part of the
container qualification program. This testing should also be conducted as
part of container production acceptance testing on a lot-to-lot basis.

The fact that plastics are formulated to meet specifications that
do not necessarily apply to their actual end use requires that performance
property limits be established and that these properties be tested as a
function of time. The establishment of an ongoing test program is critical
to the successful use of plastics for items with a thirty-year lifetime
requirement since unacceptable test results obtained after say ten or twenty
years of ageing will identify problems for particular ammunition items before
the end of their life cycle.

The project was faced with the problem of not having defined
performance limits to which the test data as a function of exposure could be
extended. Further, test sample materials, which could be used to obtain
typical engineering property information during the course of the project,
were not available. The significance and impact on the usefulness of the
performance and lifetime prediction models presented are such that the models
do not contain the degree of accuracy on which a major production program
should be based and they cannot be used to meet the objective for a 10%
certainty of performance over a thirty-year period without additional
testing. However, they can be used to predict limits of probable accept-
ability for the materials tested, especially for the uncontrolled outdoor
exposure period likely to occur during the container life cycle. The models,
based on the actual degradation of the materials tested, can be used to
predict the properties of these specific materials after being subjected to
worst case conditions at the extreme conditions of the logistics chain. The
extent to which this information can also be applied to the real use environ-
ment with any degree of certainty cannot be determined without further
testing. However, the fact that the container materials and the full-scale
items tested exhibited a measurable degree of failure after only a short
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period of real-time exposure at a point early in their life cycle imposes a
considerable doubt over the materials' appropriateness for ammunition
packaging reguiring a thirty-year certainty of performance capability.

The specific materials properties to be tested and the acceler-
ated environmental conditions to be used, should be chosen on an individual
basis for each specific material being considered for a particular
application. The need for this approach is clearly seen by the test data
presented in the preceding paragraphs for the two materials tested. The two
materials are chemically and compositionally different and therefore reacted
differently to the environmental tests conditions. The HDPE used for the
155mm Propelling Charge container was shown to be sensitive to ultraviolet
both at the surface and in the bulk. The effects of the thermal and humidity
environment, more typical of the indoor storage aspects of the logistics
chain, were found to cause very different changes in the material. The
degradation of the fiber reinforced polyester used for the 12A! tended to
limit itself at the surface during the time period over which the material
and full-scale item were tested. The extent to which the surface would
accelerate the degradation of the bulk of the material is unknown since the
test data tended towards a plateau and the tests were ended before degrada-
tion could be measured in the bulk of the material. Obviously, these two
materials, tested over equal time frames under similar conditions, react to
the environment at different rates and therefore will require different
accelerated test procedures to characterize their long-term performance
characteristics.

This aspect of the design of an accelerated test program cannot be
over stressed even in light of the U.S. Army's desire for a single test
procedure for all plastics. Plastic materials are different "chemicals" and
thus have different reaction kinetics and reaction rates. Plastics also are
not homogeneous. They vary both in molecular weight distribution and com-
pound formulation, although usually within standard manufacturing tolerances.
These variations cause the lot-to-lot and batch-to-batch differences referred
to. The effects of these variations must be well characterized.

The processing of plastic materials can also affect long-term
performance. A trend of plastics production processing is to increase
efficiency. The typical technique followed is to reduce cycle time or change
processing temperatures. The net effect of this on the HDPE would be a
change in the degree of crystallinity, while on the glass reinforced poly-
ester a change in cross-link density. These properties, as shown by the data
obtained during the project have a considerable effect on the rate of
degradation. Indeed, the degradation rates observed during the project for
the 155mm Propelling Charge container may have been quite different had the
items had an annealing cycle or a controlled rate of cooling after the
insertion of the fiberboard reinforcing tube component of the assembly. This
in part could explain the significant differences noted in the DSC data
between the elevated temperature testing conducted in a relatively low
humidity environment and the elevated temperature/humidity testing. The
crystallinity of HDPE is known to affect the fatigue resistance and thus, the
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surface cracking observed after less than one year of outdoor exposure during
this project since the degree of crystallinity affects b th the uptake in
oxygen and fatigue resistance at the surface first and f ilowed by the bulk
(References 44 and 45).

5.1.1 155mm Propelling Charge Container HDPE

A feature of the measurement data, for virtually every
property measured that was common to every test condition used, was the rate
at which the property changed early in the tests being different from later
stages of the tests. The test data presented in paragraph 4.0 exhibits the
S-shape typical for the degradation of materials discussed in paragraph 2.0.
The relative location of the end of the induction stage in this respect
exhibited by the data, could be used as an indication of the relative degree
of acceleration, especially since surface cracking occurred shortly after the
end of the induction stage.

The general features of the trends show.m by the data can
be explained by the widely published effect of ultraviolet, temperature,
moisture, and oxygen on polyethylene. Specifically, the data shows the
effect of the uptake of oxygen. This feature of polyethylene is important to
the design of an accelerated test and especially the interpretation of
results since thickness, time at temperature, and ultraviolet flux and
fluence all have a synergistic role in the degradation of the material.

The relationship of the crystalline phase to the
amorphous phase of the polyethylene is the main factor which determines the
properties of the polyethylene. The crystalline phase is inherently more
stable to oxidation, however, the structural properties of the polymer rely
on the amorphous region between crystallites, Therefore, an increase in
crystallinity should not necessarily be interpreted as a positive indica-
tion since an increase in crystallinity generally results from either the
crystallization of the amorphous region or by the decomposition of the
amorphous region. The mechanism of surface cracking postulated for the
ultraviolet exposure is therefore the decomposition of the amorphous region
between crystallites. This postulation justified the subtraction of the
effects of the crystalline component of the decomposition heat flow by the
DSC measurements.

The rate of change in the decomposition heat flow
property was found to be directly related to time at temperature for all of
the exposure tests involving ultraviolet radiation, with the exception of the
simulated solar radiation test. Interestingly for this test, the relation-
ship did not hold for the data as a function of ultraviolet fluence. A
possibility for this could relate to the crystallinity increasing arnd]
stabilizing the polyethylene at a rate greater than the decomposition of the
amorphous region due to ultraviolet since the test being conducted at
constant conditions and the possibility that the solar spectrum used, as
described in Figure 3, may have been deficient in low wavelength ultraviolet.
Further, the lack of surface cracking during the simulated solar test used
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for sample materials and full-scale item. is explained by the influence of
water vapor on peroxide formation and the ultraviolet flux rate to hours; of
"daylight" which could, by the degradation mechanisms presented in equations
15 through 21, prevent further photoinduced degradation. This is possible
since the container material was pigmented and especially thick compared to
the sample materials reported on in literature.

These possibilities also explain in part why the at-
latitude exposure heat flow degradation rates, conceivably conducted at lower
temperatures:, with respect to ultraviolet fluence were greater than the
laboratory and EIftAQUA® exposure tests. The solar simulation test, although
also having a high rate of increasing crystallinity had a slow rate of
decomposition in the amorphous region. Further, none of the laboratory tests
involved the temperature excursions in the surface or the bulk, which
undoubtedly occurred during the real-time test.

The influence of even small temperature excursions as H
related to ultraviolet is seen by comparing the crystallization rates and
decomposition rates of all tests involving ultraviolet. The Xenon and
simulated solar tests were conducted using constant conditions. The Xenon
radiation contained more low wavelength ultraviolet radiation than any of the
other tests and thus would be expected to cause damage to the polymer at a
greater rate tnan the other tests, especially on the basis of fluence. The
fact that it did not shows the importance of time at temperature. Likewise,
the EIM1AQUAr test, with temperature excursions, did not produce the greatest
rate of change on the basis of ultraviolet fluence although it also presented
a high flu= rate, or acceleration of ultraviolet radiation. The caure for
the noted relationships being related to the uptake of oxygen are supported
by discussions presented in References 44, 45, 50, and 51 and by noting the
crystallization and decomposition rates for the elevated temperature tests
conducted at ambient humidity conditions and the elevated temperature/
humidity tests. The elevated temperature test exhibited the greater rate of
change although in an opposite direction from the tests with ultraviolet
radiation opparently due to the increase in crystallization resulting from
the elevated temperature.

The apparent mechanism by which the "accelerated
ultraviolet" tests did not produce acceleration of degradation in terms of
ultraviolet fluence is the chemistry by which reactive species at the surface
are quickly tied up and provide a protective barrier for the further reaction
in the bulk of the material where thermal oxidative processes prevail, The
change in physical properties at the surface resulting from changes in
crystallinity thus could account for the occurrence of the surface cracks.
This is shown by the DSC data in Table 14. However, the limiting value!ý of
the DSC data related to the occurrence of cracking obtained from the measur'•
ment samples taken from the surface as compared to the bulk sugge.:t a failurr.
point for engineering propertiesý such as tensile and impact resistance. This-,
pr,,peity therefore provided the baris for the lifetime prediction analyse!;
described in subsequent paragraphs and exhibited in Appendix D.
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The influence of temperature excursions can be explained
by the conr ide-rat ion of the crt..e:r properties of the material with regard to
time/temrer.ature surp rpositioning principles as derived from the W-L-F and

Arrhenius equations as discussed in paragraph 2.4.1. The fatigue behavior of
semi-crystalIine polymers, such as polyethylene, depends on thermal history.

Crack propagation depends not only on annealing temperature, but on the amor-
phous region containing tie molecules between crystallites. Thus, the choice
of an accelerated test which does' not affect the crystallinity of the polymr.r
at a rate prortio)nal to the rate that the real environmevnt affects the
am<rl-hcu. le~i,-r, cannot accelerate effects in a way that can he modelled.

One conclusion that can be made from the results of the

project for the 155mm Propelling Charge container, and very probably for
plyo].efin, in general, which is suggested in the cited references that

de-crjbe the thickness of the samples used for other investigations., is that

thi ckness must be included as a variable in the test matrix to determine the

effects of the envirronment and accelerated testing on structural properties,
including structural properties dependent on or originating at the surface.

The fact that surface cracking occurred very close to the
end of thr, heat flow and color data inductorn periods which could be related
tr a bulk phenomenrn complio"te.F the development of a lifetime prediction
model based on accelerated test data. It suggests that accurate lifetime
prediction models sh:.uld be based on real-time exposure tests conducted over
a temperature regime covering the range of the logistics chain. Accelerated
tes'nts could be conducted concurrent with real-time tests for purposes of
qcj;a.ifi itl ?n and acceptance purrosecs, fcr new matreriz,.s arnd processe.s,

5.1.2 II2AI Small Ammo Container Material

The thermal analysis data for the 155mm Propelling Charge
container material was related to cracking, and thus brittleness, by asso-
ciating the. change in a property with the cracking phenomenon. The end of
the induction period for this material was seen graphically in both thermal
analysis data and colorimetric data and was applied to bulk propertier. This
analysis could not be applied to the 112AI container material since, as shon.m
in Table IS and Figurrs 16 through 19, the properties that could be related
to a physical property were not found to reach the end of the induction
period. As noted in the discussion of the exposure tests with solar or
simulated solar radiation in paragraph 4.0, fiber blooming was a main feature
,-,f the degradtion of the material. The thermal analysis data suggests. that
this, degradation was limited to the surface of the container and the
containre-r test samples, The extent to which these surface property change.-
canr be related to the important functional properties of strength and impact
resistance i.: not known. However, it jis quite clear that in less than on,-
year of outdooi exposure the 112A1 container exhibited a measurable degree of
change. ThiJ: information can be used to base further testing to determine
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th.- elf, -t of the observed changes on strength properties and or, moisture
vapor transmission rate properties. Performance prediction models could not
be prevatred for the H2AI container material with the limited data available.

The container handle material ;as found to be sensitive
tc, u]rvilc let in outdooi and accelerated tests. The handle material was not
suibj,:ted to the measuremernts described for the container materials but is a
result of the exposure testing the handle material was so badly cracked that
it is unlikely that the handle could function after even a short outdoor
exprsure. The metal hinge pins and pins used to retain the handle were also
seen to exhibit slight corrosion.

5.2 155mm Propelling Charge Container IMaterial Performance
Prediction ?Model

The discussion of durability in paragraph 2.5 showed the temper-
ature dependence of a property change for a material to be related to its
activation energy. The mathematical treatment of property change as a
function of temperature in paragraph 2.5 suggests that the activation
energies for photodegradation will be lower than the activation energy for
thermal degradation. Activation energies for thermal degradation processes
are available in literature for many materials however, activation energies
for photodegradation are limited to a few materials and are not widely
published. A possible reason for this relates to the approaches typically
taken to model degradation as a function of exposure testing.

Gross properties, such as engineering or appearance properties, are
me:-sured during typical exposure test programs. These properties are often
dependent on many measurement parameters, especially the rate of testing for
engineering propertiens, as well as the influence of the surface propertiesC! Cl
bulk properties. Typical test programs generally do not account for surface
and bulk property changes and only rarely consider thickness effects. The
results of these test programs therefore have limited applicability to the
prediction of performance for the material tested since the combination of
the degree of degradation at the surface, the thickness of the material and
the thermal history of the material affect the overall rate of degradation of
performance as they relate to these properties. Thus, even if the test is
carried tilough the saturation phase the rate of degrad.ation could depend on
the mechanism by which the material reached the rate controlling phase. In
order to obtain an accurate rate and thus activation energy from experimental
data using gross property measurements requires an extensive investigation of
the effects of environmental factors on these properties. These environ-
mental factors include time of year for outdoor exposures and time at
temperature for indoor exposures,

Similar statements concerning thermal analysis data could be made.
It is interesting however, to note that the relationship of the crystallinity
to the amorphous region in a general sense explains the trends exhibited by
the DflC data for the 255mm Propelling Charge container. The outdoor and
accelerated ultraviolet tests suggest the relationship is more dependent on
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tim:. ait temperature than on uitravml,]et fluence while the temperature.'
humility and elevate.d temp:erature test results indicate that moisture
affr:tced the rat, of property change mcre than temperature. Thus:, the u ofr- ,Jf
D£S techniques all]Dwed the study of the effects of different environments on
the HDPE and how these environments: affected polymer structure in reaching
th,: rate contr-llio rha7e. Had the es..rosure test:. been carried through thr-
rite contrcoling phase, differences an rate could then be explained in terms
of changes in the polymer structure rather than variation in the environment.

F:r-tuito-,usly, the DSC measurements conducted on the HDPE correlat-l
a material structural property with a measurement property, both thermal .nd
Fh.ctos,.ctivation energies" for HDPE were found in literature, the exposure
tests were conducted at different temperatures, and a structural property
failurr whJich could be measured at the surface and in the bulk was found to
occur near the end of the induction phase. This" combination of results and
eventsl aillowed a werformance prediction modelling scheme to be developed
w;hi:'h, although rot -s straigiht forward as the scheme described in paragraph
2.r- and therefore perhars novel, resulted in a prediction of the range of
time and the range of tempeeratures over whic7h the 155mm Propelling Charge
contalinerj material is expected to have a viable life.

The approach taken to prepare the performance prediction models,
exhibJ.ted in Ap.prendix D, involved studying the effects of apparent activa-
tion energy over the temperature range representative of the logistics chain
on the ArrheniJu rel:,tionships presenteed in paragraph 2,5. Thr results of
thJis an-wyi s, which used th- rate. ,f degýIdatiori determined experimental1 ..
durincg the Dr.:ject, a]lowed the determination of a range of time over which
th~e HDPE material used for the 155mm Propelling Charge container would be
exp-.cted to, reta•in structural propertir-s wh"en stored outdoors-" or inrdoors in
several different environments. The failure or endpoint used for the model:
wýa- based on the adjusted heat flow; values disc.ussFed .revinucly and is'
interpreted to indicate the point at which the container material would be
ex:pr-'cted t. eas-ily cracki well into the bulk of the material.

Equations 26 and 27 were used to calculate property values as a
function of time or ultravio.let fluence for the plots shoi-.n in Appendiz It.

•-F /RT

e I
P. /RT

P = P,, - k,,t (27)
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Table 27
Activation Energy Values Used

fo0
155mm Propelling Charge Container Performance Prediction Models

Activation
Energy

(CAL/HOLE) e Source of Value Comment

4633.1 Photo Experimental Data

7000 Photo Reference 41

9500 Photo Arbitrary Value Value used to test
effect of Activation
Energy on Model

12000 Thermal Arbitrary Value Value used to test
effect of Activation
Energy on Model

26000 Thermal Reference 19

Tabl 28
155mm Propelling Charge Container Material

Performance Prediction Model Summary

Indoor Storage Environment

Environmental
Model Activation Temperature

Conditions Energy (CAL/MOIE) Range (QC) Lifetime Prediction

Dry 12000 0 - 30 Greater than 34 years

26000 0 - 30 Greater than 34
years

Humid 12000 0 - 30 17 to 34 years

26000 0 - 30 Greater than 34
years

Outdoor Storage

4633.1 20 - 60 1 to 2 years (300 to
800 MJ/m2 ultraviolet)

7000 20 - 60 1 to 4 years (300 to
1200 MJ/m 2 ultraviolet)

9500 20 - 60 1 to 5 years (300 to
1700 M.J/mz ultraviolet)
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In equation 26, k, is the rate of change at t.emperature T1 , Eý, is
the apparent activation energy, R is the gas constant, and k, is Lhc rate of
change at T,.. P, is the calculated property value at T, in equation 27,
determined from linear regressions of measurement data obtained during the
project and may be found in Tables 12 and 13. The origins of the activa-
ticn cncrgy values uzed are shown in Table 27. The temperature values used
to prepare the models covered the range of temperatures expected to occur in
the logistics chain. A summary of the performance prediction models for a
number of generalized storage conditions is shown in Table 28.

5.3 Container Moisture Gain

5.3.1 155mm Propelling Charge Container

The effect of moisture gain on the functional lifetime of
the 155mm Propelling Charge container cannot be determined until the unac-
ceptable limit of moisture inside the container is determined. The test data
obtained during the project indicate that the unpalletized 155mm Propelling
Charge container retains its seal. However, when outside vapor pressure
conditions exceed the vapor pressure at the time of loading, for example when
stored in a tropical environment, there will be a net increase in moisture
inside the container. This is especially true during daytime periods when
the vapor pressure of the storage environment is likely to exceed the vapor
pressure inside the container in many geographic locations in the logistics
chain. The integri..y of the container seal and the wall thickness of the
container also contributed to the net increase of moisture as shown by the
tests having low outside vapor pressure. The results of these tests
indicated that the container walls continued to desorb moisture into the
container with time.

As reported in Reference 46, the 155mm Propelling Charge
container test item was sealed under conditions of 20°C/50%RH or at a vapor
pressure of approximately 7.5 dynes/cm2 . The solar cycle test conditions
used a vapor pressure outside the container of approximately 81 dynes/cm2

while the vapor pressure during the 60*C/90%RH cycle was approximately
166 dynes/cm2 . The moisture gain rates shown in Table 24 show that the
container gained moisture during the 60*C/90%RH cycle at a rate approximately
tw1o times greater than during the solar cycles. Comparison of these data to
the 600 C/20%RH cycle where the outside vapor pressure was determined to be
16.9 dynes/cm2 shows the driving effect of temperature on moisture gain by
desorption.

Thus, one conclusion to be made for the 155mm Propelling
Charge container is that the moisture content will tend to increase with time
in both temperate and humid environments where the moisture vapor pressure
environment is greater than at the load plant environment. Daytime and
nighttime temperature and humidity swings in temperate and humid environments
vinOl ohviJirlvy t.ind ton slow downm the moisture gain rate, however the test
data suggest that even under real conditions there will be a net gain.
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The extent to which the moisture gain rate can be
modelled will depend on obtaining more detailed temperature and humidity data
for the indoor storage environments. The logistics chain study indicated
that the storage bunkers were not specifically controlled. This suggests
that there would be daytime and nighttime temperature and humidity swings but
not as great as in the outdoor environment.

The 60*C/90%RH test conditions used represented the
extreme of the logistics chain environment. As a constant condition test it
alsD indicates the limit to which elevated temperature/humidity tests for the
evatuation of the effects of moisture can realistically be accelerated. The
degree of acceleration could be determined by the change in moisture gain
rate resulting at lower outside moisture vapor pressures and applied to a
prediction model by quantifying the daytime and nighttime changes in moisture
vapor pressure on a time basis to adjust the moisture gain in the container.

5.3.2 12A1 Small Ammo Container

The effect of moisture gain on the functional lifetime of
the H2AI container aiso ca'-.ot bh determined until after an allowable limit
of moisture inside the container has been ebtablished. The test data
obtained for the M2AI container indicates that it is less well-sealed thai,
thu 155mm Propelling Charge container but because of this the container might
not exhibit an overall net gain of moisture, especially during outdoor
exposure in low humidity environments. This is seen by the moisture gain
rate data in Table 26 where the rate of moisture gain during the solar cycle
was two orders of magnitude slower than during the high humidity test.

The modelling concept discussed for the 155mm Propelling
Charge container could be applied to the 1I2A1 container. However, the
results of the testing and the degree of acceleration must be interpreted
differently in view of the significant difference in moisture gain rate
between high and low moisture vapor pressure regimes. The contents of the
112AI container are likely to experience a cyclic humidity environment in both
hot, dry, and temperate environments. Under the conditions presented by the
container in these environments, the contents would be subjected to the
effects of absorption and desorption of moisture.

The degree of acceleration for the M2AI container would
result from test conditions which would allow the contents of the container
to be subjected to these absorption and desorption effects. This is in
direct contrast to the 155mm container where a constant condition test
apparently would produce the greatest acceleration. The specific test
conditions which would produce acceleration for the 1.2AI container were not
established during the project. The conditions most likely to produce
realistic acceleration, as suggested by the test data available, would
involve a cyclic test which would allow the container to desorb moisture
during a lot. vapor pressure cycle. As seen from the test data presented in
Reference 46 each leg of the test cycle could be as long as several hundred
hours.
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6.0 SUINWY AND CONCLUSIONS

6.1 Summary

The ohie-ive of the work reported x.7a to develop a test
methodology based on ammunition packaging container logistics which would
result in accurate life cycle performance models for plastic ammunition
packaging. Ideally, the methodology would involve a single series of tests
which would be applicable to all plastic packaging materials and full-scale
container items. The HDPE 155mm Propelling Charge container and the glass
reinforced polyester H2A1 Small Ammo container were used during the project
to study the performance of materials and the respective container items
during accelerated and real-time environmental tests. The test procedures
used during the course of the project focused on Hil-Std and commercially
accepted practices which are generally used for products with shorter life
cycles. These procedures are based on years of experience and thus serve as
a basis for developing the methodology needed to extend test results to
thirty-year time frames. The analytical portion of the work effort addressed
identifying the areas of current state-of-the-art testing methodology that
require change in order to develop long-term performance models.

A variety of materials property measurement techniques were also
evaluated during the coilrs& of tbh project.. These techniques included
thermal property, engineering property, and optical property measurement
procedures. The measurement data quantified property changes resulting from
environmental exposure testing and were used to prepai'e performance predic-
tion models. The sensitivity of the thermal analysis and optical properties
measurements provided data which could be modelled even after s,.: rt term
testing. The tensile and elongation tests conducted on flarlex CL-100 HDPE
showed that although these properties changed, the environmental tests were
not conducted long enough to derive a meaningful model by itself. However,
in combination the results of the project show that specific materials'
characteristics and specific container designs must be used to determine the
detailed test procedures to be followed in order to develop performance
prediction models. The results further show that it is unlikely that one
series of tests and one material property can be used to prepare models.
These conclusions are made by comparing in a relative sense, the performance
of the 155mm Propelling Charge container HDPE, the Marlex CL-100 HDPE, and
the glass reinforced polyester in the 1.12A1 container. Both the Marlex CL-100
and the 155mm Propelling Charge container polyethylene became embrittled
during the testing as evidenced by the changes in strength and elongation for
the Marlex CL-100 and by the decrease in the amorphous nature of the 155mm
Propelling Charge container material. The M2A1 container material exhibited
significant changes in appearance during the testing but changes related to
changes in structural performance were not measurable.

The results of the moisture vapor transmission rate testing of the
two container items also supports the conclusion that a single series of
tests for all container items is not appropriate for the final test plan.
The characteristics of the 155mm Propelling Charge container suggest moisture
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will slowly be gained over long periods of time whereas the 112A1 container
will gain and lose moisture depending on the environment. The test
procedures: used to evaluate these different characteristics necessitate

different environmental test procedures in order to quantify the effects on
the ammunition items.

The spe'ifio accomplishment of the project resides in forming the
basis for the Volume II Test Plan by providing specific examples of the use
environmental test data to prepare performance prediction models. The data
obhtained and the resulting analyses for the two container items tested also
serve as the basis for continued testing for these items. The results of the
projec:t suggest that a test plan, in a generic sense, is feasible. However,
the Actual test procedures followed, the specific properties measured and the
analyLi- of test data must be on a materials specific and container item
specifi- basis. The results of this project show that it is unlikely that a
single ts'st or series of tests will result in sufficient data to develop life
cycle prediztion models covering a thirty-year period.

6.2 155mm Propelling Charge Container

The results of the 155mm FLopelling Charge container material tests
indicate that the HDPE used for the container will not meet the requirements
for a two-year uncontrolled outdoor exposure in extreme desert and tropic
environments. This is due to the sensitivity of the material to ultraviolet
radiation at high temperatures. The extent to which the wall thickness of
the container would provide adequate protection from physical abuse such as
impact or palletization loads was not measured directly. However, the
performanr'e prediction model used was based on the rate of a property change

measured in the bulk as a function of exposure testing which showed a clear
relationship to the cracking phenomenon at the surface. The results of tests
without solar radiation indicate that the HDPE material is more sensitive to
hot and humid environments than to hot and dry environments.

The performance prediction models prepared for the material were
derived by applying the Arrhenius equation to the measured rate of a property
change at temperatures representative of the logistics chain. The activation
energy of the HDPE used to prepare the model for the 155mm Propelliny Charge
container was not specifically determined during the course of the project.
However, several activation energies, taken from literature and derived from
experimental data by analysis, were used to evaluate the effect of this
property on the model. The range of activation energies used showed little

effect on the predicted lifetime for temperatures at the high temperature end
of the logistics chain environment involving outdoor exposure. The study
showed that the lifetime of the container material was also not greatly
affected by the activation energy value for dry indoor climates but did show
an effect for hot humid indoor environments.

The expected lifetime of the container material in the outdoor
environment, was predicted to range between one and five years in temperate
anid hIot .. i...t5.. The lifetime. of tiie containter material stored indoors
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predicted to be greater than 34 years in dry climates and in a range hetween
17 and 34 years in humid climates. These predictions do not include the
effects of palletization loads, the long-term effects of typical temperatuie
swings on palletized containers or the effects of maintenance and trarnsporta-
tion environments, all of which could shorten the life of the container, The
perfonnance predictions for the container material also do not include the
long-term ageing effects of the seal.

The accuracy of the predictions cannot be established at this time
sin:'e the activaticn energies related to photodegradation and thermal degra-
Sdation of the material were not actually determined. The range of activation
energies used to test the models however, does lend a degree of confidence in
the resulting predictions from the standpoint that the models predict the
failure of the material in less than one year of real-time outdoor exposure
and is supported by test data. Further, the models were based on test data
obtained in a temperature range representative of the end use environment.
This also would tend to minimize error. A discussion of the effects of
errors in activation energy on scaled temperature tests is given in Reference
1%. This analysis showed that the greater the difference between the service
temperature and the accelerated test temperature, the more accurate activa-
tion energy had to be in order to produce reliable lifetime predictions. A
small difference in temperatures between real and accelerated conditions
would require that the activation energy be determined to within 300 calories
per mole in order to determine a rate with a l0o error.

The tests conducted on the models used activation energies
different by several thousand calories per mole. Large differences in
activation energy over the logistics chain temperature range did not cause a
major change in the predicted lifetime at least in respect to the design life
requirements for a two-year uncontrolled outdoor storage and a thirty-year
service life. The accuracy of the models presented therefore depend greatly
on the degradation rates measured for the HDPE being representative for the
material and manufacturing process parameters used.

The test samples used during the project were taken from two
containers. However, test data was obtained with a reasonable variance.
Thermal analysis measurements did show that the thermal history of the
material could affect results. This aspect of the test results being related
to the degradation rate causes one of the two areas of concern in using the
models.

The possibility for a different thermal history for container itemr
even in the same lot of items relates to the size and mass of the container.

Different cool down rates after molding could occur as a result of plant
environment or handling after the molding cycle. Palletized containers could
he insulated by items on the outside of the pallet and thus be subjected to a
different thermal profile and as suggested in Reference 44 cause creep and
fatigue failure to occur at different rates

The second area of concern involves the extrapolation of materials
property data in the induction phase to a poorly characterized point in the
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rate controlling phase. This was required primarily for the tests without
solar radiation and relates specifically to the short duration of the tests.
The measurement data was concentrated in the induction phase where, because
of the action of stabilizers, test. data are often scattered. Further,
degradatjio•n rates were determined using linear regression through the
induction phase.

The moisture vapor transmission rate testing cannot be related to a-
lifetime prediction model at this time because an acceptable limit for th,}
amount of moisture inside the container is not available. Test proredures
have been established which resulted in moisture gain rate as a function of
vapor pressure differential. This rate could be used to prepare a model
which would predict the amount of water inside the container with respect to
time in a specific moisture vapor pressure environment.

Caution should also be used when applying the results of the
moisture gain ditL to a prediction model. Only one container item was
tested. Further, the effects of container age, the torque used to seal the
cap and effects of moisture brought into the container by the contents were
not investigated. Therefore the extent to which the data obtained is
actually representative of the container design has not been established.

6.? H2Al Small A,,,co Container

The approach taken to determine the functional lifetime of the
fiberglass reinforced polyester material used for the H2AI container focumd
on measuring changes in the glass, filler, and polymer content of the
material as a function of the exposure testing. The results of this testing
were inconclusive in that little measurable change occurred over the duration
of the tests conducted. A performance prediction model could not be
developed using the data available.

The mode of degradation resulting after less than one year of
outdoor desert exposure was typical for fiber reinforced composites. The
effect of the noted surface degradation on the ability of the container to
provide protection to its contents was not tested. The results of the tests
do give the conditions and tinit frade required on which to base further
accelerated testing however.

The results also show that the container handle material is not
environmentally stable. Since the container handle is directly related to.
the function of the container and it is directly exposed to the environment
it should be included in any future testing.

6.4 Container Test Plan

The data and analysis contained in this volume have been used as:
the basis for the container test plan described in Volume II. The test plan

applicable to plasýtic nmunitoncntainers from th nn t
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stage through production and addresses materials issues as well as functional
properties. Foremost to the success of the test plan will be the definition
of the limits of acceptability in regards to material properties and the
function of the container design. These definitions were not available
during this project and therefore hindered the success of the project if only
by making the significance of the results difficult to judge.

The modes of degradation and the degree of degradation recognized
for the 155mm Propelling Charge container and the M2A1 container in less than
one year of realtime exposure testing clearly suggests that the containers
and container materials be subjected to additional testing before they are
used for production items. The status of the testing of these two containers
will be summarized with suggestions for additional testing in the following
paragraph.

The performance of the container materials during the project shous
that realtime outdoor testing is a viable and low cost means to screen
materials for suitability in ammunition container packaging applications. An
ongoing realtime test program integrated with a materials qualification
program for packaging materials intended for longterm use should be
considered. Using this approach a materials database would be developed
which could serve as a materials selection guide and as a reference for
evaluating accelerated test results. Container manufacturers would be
required to select materials from a qualified materials listing and submit
test and evaluation sample materials prior to production or changing
formulations for production use. A similar approach could be used for
changes in manufacturing processes and conditions.

The accelerated test results reported showed two areas that must be
addressed by the test plan. First, typical Itil-Std-810 and state-of-the-art
accelerated tests do not necessarily accelerate effects which can be modelled
to a realtime base. This is particularly true for Mil-Std-810 testing which
generally cover less than one month of realtime even when conducted 24 hours
per day. The potential for misleading data are seen by comparing the results
of the laboratory accelerated tests conducted on the HDPE materials, which
were found to exhibit a failure near the end of the induction period, to the
realtime outdoor tests.

The second area to be addressed by the test plan is the selection
of appropriate test conditions and measurement techniques. The importance of
this area is seen by comparing the performance of the HDPE and the rein-
forced polyester materials. Both materials exhibited a visual change as a
result of several of the exposure tests which intuitively suggest that the
functional performance of both materials was detrimentally affected by the
exposure testing. The degradation of 112A1 container material could not be
measured and related to a structural property change for the duration of the
tests conducted. This implies that either the wrong measurement technique
was usel or that the material was degrading at a slower rate than the HDPE
under the same conditions. In this latter case accelerated testing of the
12AI container material must use different accelerated test conditions or be
subjected to a longer test in order to model performance.
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Further, since the test data, normalized to a time at temperature
t:ca.e -r to ar ultraviolet fluence scale, showed promise for the development
c.f jVerformance rrefliction models, it is likely that the use of typical
te:mpe-ature /h,1w cycle tests would have caused less degradation than tht
constant. con ests used. This conclusion is made since the test items
would not ha;. 1,t as long a period of time at maximum temperature in a
cyclic test.

Itbterials degradation is often related to diffusion processes. In
ord,:. t¢ obtain the required accuracy for the lifetime and performatnce
rrediction models resulting from accelerated tests, the tests must be
conducted near the service temperature. This requires a tradeoff of test
time, or acceleration, for accuracy. This is particularly important for
materials, such as HDPE, used in a thick cross section.

This same test philosophy relates to functional testing such as
moisture vzipor transmis•sion. The study of the logistics chain environment
shows a broad range ot conditions which are characterized by average features
of temperature}. moisture, and solar radiation. The response of materials and
items to a range of conditions over a long period of time results in a range
of performanr'e levels dependent on the conditions that actually occur. Thus,
a sampl.ing pldn to. provide a statistical base for performance prediction over
the range of environments must also be developed.

6.5 155mm Propelling Charge Container and 112A1 Small Ammo Container
Test Status

C .5.1 155mm Propelling Charge Container

Test procedures and performance prediction models were
developed for the 155mm Propelling Charge container material and for the
container item. The material performance model covered a range of environ-
ments and was extended over a thirty-year period. By nature of the fact that
only sevoral containers were te..ced and material performance was evaluated
over a short period of time, the accuracy of the models cannot be determined.
Further, no limits of acceptability for container material performance or
moisture gain have been established. Therefore the true end-of-life cannot.
be identified from the models.

These shortcomings provide the starting point for
improving confidence in the test approach and the models developed.
Obviously many more containers must be tested to confirm the models and to
quantify inherent performance variability. The results of this project
suggest that testing could be accomplished in a relatively short period of
t.imp which would prove the models for t|<,,- extremr- environments of the
logisýtics chain.

Concurrent with this recommended additional effort is the
definition of performance limits. The material performance models could be
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proven using test items suhjected to the recommended additional tests-.
V sture gain acceptability could be established by testing the metal
containers currently in production.

The approach taken during this project used actual
-ontainer items as test specimen-s and applied test results to the Arrheni)F
equation. In order to determine the effect of manufacturing processes and
therwial history on the performance models, the activation energies of the
contatiner maiterial must be accurately determined. Concurrent with this
effort should be the evaluation of engineering properties such as, impact
resistance and tensile strength.

The w'eight of loaded containers and the palletization
schemr' intended for the containers suggiests the long-term effecrts of thb. seal
on the container material should also be studied.

6.5.2 112A1 Small Ammo Container

The 1f2A1 container and container material were subjected
to the same exposure test procedures used to evaluate the 155mm Propelling
Charge container. As noted previously, a modelable degradation could not be
measured. The nature of the degradation however, could adversely affect Loth
strength and moisture vapor transmission properties. Thus, the test status
for the 112A1 container and its materials is less advanced than for the 155mm
Propelling Chargm container.

The starting point for turther testing of the f2Al
ccntainer would br. to determin,- the effect of surface degradation on
structural. properties such as impazt resistance. If it can be sho~m that the
container retains functional integrity even with a considerable degrree ,of
fiber bloom, then additional test efforts should involve conducting longer
duration tests in order to reach the rate control ling stage of the materi ;I's
degradation. The other additional tests and comments described in paragraph
6.4.1 for thr- 155mm Propelling Charge Container also apply to the H2A1
container.
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81mm MORTAR ROUND
U.S. ITEN MANAGER ROYAL ORDNANCE ITEM MANAGER

Mr. Frank Woodard Or. Richard Smith
AMCCON Telepnone (02) 913-2211, ext.4040
Defense Ammunition Directorate
Telephone (309) 782-3261

KEY
AP Armor Pfercing HEAT High Explosive Anti-Tenk
OS OiscariOng Sabot VP White Phosphorous

t an 6tab lize1 EP Nigh (xplosive PlastIc

- -.. .. -. . -.. -.. -.. -....-..-..-..-.. -. .-... .- . .-..-..-..-..-.. . .- . .- . The round 19 packed on the assembly lineLOAD PLANT as a part of the loading procedure. The

British fE round is packeo One per plast c

HIGH EXPLOSIVE ROYAL ORDNANCE container And three plastic containers per

GLASCOED, WALES, 3W/SI.SH steel box. U.S. proDuceD illuminAtion anO

!LLUMINATION LONGHORN iRMY AMMUNITION PLANT smoke rounds are packed one per fiber

MARSHALL, TX contasner and three fiber COntAiners per

9aW!32N wooden box. There is no moisture testing

GOVERNMENT OWNEUICONTRACTOR requirements at packing (see MSG PMAHMO

OPERATION ITNIIKOL) Log 241030Z Feb. 8U . ContaIners are

SMOlE PINE ELUFF ARMY AMMUNiTION PLANT palletlied for shipment/lIS boxes per

PINE BLUFF, AR pallet. Short term storage at loas plant

52WI3 H (up to one (1) year) is possible. Items

GOVERNMENT OWNED/GOVERNMENT ire shipped primarily by rail, some by

OPERATED truck to port of embarkation. More than

7St of prodoutlon goes to war reserve wlth
-CONTAINER PART OF CONTRACT 60 going OCONUS.

U.S. PRODUCED ROUNDSI 301 OF PROOUcTION 1 70% OF PRODUCTION
FO OcO.U$ FO 0.,0 S-~~ -- -------

PORT OF DEBARKATION PORT OF EMBARKATION Items Are generally in a ship hole

WEST COAST EAST COAST environment -- dry with sealed hatches for

CONCORD, CA 122wY'BN SUNNY POINT, SC BOW/3?N up to 3 days during shipment to Germany and

OCEAN VESSEL TO 1`1 EAST OCEAN vESSEL TO EUROPE u sp to 19 days during shipment to South

(MILVAN OR BREA?. BULE) IMILYAN OR BREAK a LK)b K 0orea. Items may remain in port for up to

7 days.

- . Unprotected storage, if any, will probably

PORT OF DEBARKATION PORT OF DEBARKATION be at the Mlesau site in Europe and at the

FPR EAST EUROPE Taejon site In Korea since the preposition

PUSAN, S.KOREA, 129E/35N NORDENHAM, GERMANY stock sites are in territory subajct to

(TRANSPORTED BY RAIL/ NORTNSEA SE/SIN espionage activity. The basic load of

TAUOC TO STORAGE SITES) TRANSPORTED BY RAIL mortar Ammunition is kept in boxes in

TO MIESAU bunkers (on pAlletl) or on vehicles. The

basic load that is kept on vehicles will be

kept in packs but protected by canvas or in

BRITISH PR DUCED (HE) the clae of mechanized divisions, in

armorOd personnel cArriers. Unlike tank
rounds, mortar rounds are not broken out

until needed for firing.

PERMANENT STORAGE AREA PERMANENT STORAGE AREA Average length of storage Aor mortar stocks

LAMP HUMPHRIES, S.kOREA HIESAU WEAPONS STORAGE SITE is 15-2O years.

VI LINITY orF UIJNGBU, 127E/31N MIESAU, W.GERNANY, BE/49N

EARTH COVERED 30KH SW KAISERSLAUTEN Stockpile testing schedole:

CONCRETE BUO YER$ EARTH COVERED (s years old 2 year cycle

4UILT IN ACCORDANCE WITH CONCRETE BUNKERS )S years old ILL (3 years)

DOD 5100.7k-M gUILT IN ACCOROANCE WITHA I uk, S yeA A)

IMILAR5TORAOF SITE IN f 0 S OO.76-M j HE unfosed I S yeArsB

-------- -TAEJON, 127-/36- Containers undergo care ane preservation by
t- ,montensn nce personnel after

inspection in accordance with SB 74?-I.
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2.75 IN. ROCKET

ITEM MANAGER
BEV SWANSON, AMCCOX
TEL (309) 782-4290

LOAO PLANT
Rockets are packed on the assembly line

BALDWIN ELECTROMICS INOUSTOY aj part of the loading procedure; one
NIUI TIPURPOSE ROCKETS per fiber container and four (4) fiber

CANOEN, AR, t93/30N containers per wooden box. Wooden

CON5IACTOP OWNED & OPERATED boxes are palletized; as boxes per

pallet ahort term storage at load plant
LOUISIANA ARMY AMMUNITION presentl) does not exceed to days.
HIGH EXPLOSIVE ROCKETS Shipped from lo0 plant to port of
PLANT MINDEN, LOUISIANA, esbarkation by rail or truck. 60% of

13.SV/32.SN GOVERNMENT OWNEO/ production goes OCONUS.

CONTRACTOR OPERATED (THIOKOL)

CONTAINER PART OF CONTRACT

T
30% OF PkODUCTION 70% Of PRODUCTION
FOR OCONUS FOR OCOKUý

Items are generally in a Ship hold

PORT OF ENBARKATION PORT OF ERBARRATION environment -- dry with Sealed hatches

WEST COAST EaST COAST for up to 13 days during shipment to

Germany and up to it Cays during
CONCORD, CA 122W/31M SUNNY POINT, SC IOW/3$N shipment to S. Korea. Items may remain
OCEAN VESSEL TO FAR EAST OCEAN VESSEL TO EUROPE in port for up to 7 days. High
(MILVAN OR BREAK BULK) (N|LVAN 09 $PEAK BULK) Itemperature and high humidity Condi-

tions could occur If a southern route

is taken.

PORT Of DESARKATION PORT OF BEIARKATION
FAR EAST EUROPE

PUSAN, S. KOREA, I22/1SN NORDEMNAM, GERMANY,
(TRANSPORTEO BY RAIL/TRUCK j NORT$SE, 1E/SN

TO STORAGE SITES) (TRANSPORTEO BY RAIL TO

MIESAU)

With the advent cf the aomeod Helicopter

concept, the 2.7$ Rocket ha4 becomo
PERMANENT STORAGE AREA PERMANENT STORAGE AREA much mote in demand and is not storeO

in grteat quantity. The present stock-
CAMP RUMPMRIE$, S. KOREA MIESAU WPMS STORAGE SIE pile is tilted every year (acnt typeo

ViC UIJONGIU, 127t/3TM MIESAU, W. GERMANY IE/4iM so that A pattern of rel'ability can be

EARTH COVERED CONCRETE 30KM SW KAISERSLAUTEN determined. The frequency may Change

BUNKER; BUILT IN ACCOROANCE EARTH COVERED CONCRETE After reliability is determined.

WITH DOD 11O0.76-M BUNKER$S bUILT 1c ACCORDANCE

SIMILAR STORAGE SITE IN WITH 000 5100.76-M Container, unoergo care and preserNa-
hICINITY OF TAEJON, 127E/36M lon by the Ammunition mainternoce

ptrsonnel After Inspection in

accordance with S6742-1.
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5. 5G/7.G62mm

SMALL CALIBER ROUNDS

ITEM MANAGER
Dick Green

AMCCOM
Tel (309) "82-3150

LOAD PLANT

LAPl r ITý AHMY AMMUNIIION PLANT

INOEPtENDENCE, MISSOURI, 94.SW/39N

GOVERNMENT OWNEDICONTRACTDOP OFERATLD

(OLIN -- WIN irtTEP)

CONTIbANE PART OF CONTRACT

30% OfPROOVTION 70% OF PRODUCTION
FOR OCONUS FOR OCONUS The Rounds are packed on the assembly line

- - I i- -- at ' the loading Dro ecoure Toe

PORT OF ENBARKATION PORT OF EMBARKATION S.S6m ione is totall1 automnatet fri.. ra.

WEST CHA',T/ EAST COAS matn'l to P0m in X container. S.%inrI iare put in metal, M2AI Container• The

CONCOso: CA IŽ2W/3ON SUNNY POINT, S': 80W!33N T.62mm line is only part:alI) Auto mate.

EMAI OE55C( TO fan EpST A t k el i T Pitt 5 6?i I "
SI L VA N OR A R[ P tL E A ( MIt AN CGPR t A 8U L K )co ,t A in er s.

- -. .-. .-..-.-.. -... . . . .. -- .-.-.-- - ------ ... ..... .. . . . . .. . .. .. . ..J- -
Tat metal container, ore ootinY or a •li'r

WrApped wooden too. soine wire wrsps have

four (4) metal containero . wire %raLpe0

............................. boxet are pallett?ed; 46 boxes per pallet

PORT IF PERARKATIOK tORT OF OEBARKATUON short term storage it loo plant (N to one

FAR EAST EuOPE year) is possible t I tto #r i hioed I rom
Iau plant to port of oMnbe'witton by rail or

O AS. A,2SE IESN DEAMEAMNa trock. More then 7S% nf piodut IoA gce! toU•.$.KOREA, 12EqNN'JROEHAAM, wa rsrv.wihSH 9irNOONS

ITeANSPORTED SY PAIL/TRUCK HOPTHOS A, Al/SON war r ese v , with 60% goinq IC.NUS.
1
O STORASE SITES) EY"iNSPOPTEC BY RAIL TO

lllfs ! ESfitm s are gener ali ! y in a ship hclU--------------.. . T ------- . . . .. . .. . .. .-- --- invironlnt -- dr y with 3ýaltd hetches f,ýr

up t o o qy neo 'ri0n9 obipanit to 6ormany

up to i1 dayi dor 1n0) shipment Lt S. Korea.

!tenm may remain to port for up to 7 days.

PERNANENT STORAGE AREA PERIANENT STORAGE AREA Katie loscs on smAll srm% se*nition Are hepl
I on conoianern and )n protected ntorAqt sitel

CAMP NUMPHRIES, S. KORNE i M•nAR W'NS s'fPAil S 7E unts I requ•'P4 o Or coet, at. It iX the
VICINITY OF UIOOti, lO7[/VA! oG5,. GERMANY PE!.4N phjoltOohy A n 0 AL y of th1e ebrfnse

EARTH COVERED CONCRETE OVM •W KASEoLrUTEN Aun' Cir'tor !ra ,i401M th!t etw

BUNKERS BUILT IN ACCORDA)IC, LOYERC CýOC.R[i . oduc ti of Iteec Art pUt mo'rC ur renerve

WITH DOD 5150.06- I aP-l( O I 'toc n p kna r 0 ttocko rotate tot ivt thi

SIMILAP UTORACG SITE VICINITY WITh 9 •N0 .1i" t r z ste':h. Thia ic CONNOl pAO iI It
OF TAEJON, 127I136N I 0u0 i-s IOrt uS theatre coou'aider as '4.

-------------------- * .. ito lipIs beoo 't~ot 0.

AVer~go L-IgII eg atorag1 for rmN. st' .$4 t,

ret-so v storks It. thl reuiýv L t In it It1-cD

; /. 6! n 0 w irnltiun slorhpltnt i tested
eirev S VAcre.

Cori•oet ollder¢ ctor- ano p)estrvoati'? by

the jr •unitlcn ruot~raoee oersoreel iftPr

inspec t 100. t deccorfr ce ,ith 52 742- 1
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105mm TANK ROUND
ITEM MANAGER

Mr. Frank Woodard
AMCCOM

Defense Aruunition Directorate
Tel (309) 782-3261

KEY
AP t Armor Piercing HLAT ; High Explosive Anti-Tink
O$ : niacsrdn9g sabot VP x white Phosphorous

F$ = rin Stabilized HIP High Explosive Plastic

The round is picked on the assembly lint as a part of the loading

LOAD PLANT procedure. Rounds are packed one per fiber tube and two fiber tubes per

wooden boc. If new metal containers with square supports are used, there
MILAN ARMY AMMUNITION PLANT wIll be one fiber tube per metal container. There is no moisture testing

MILAN, TN; SeV/36M requirement at packing (MOG PHaMMO Log 2410302 Feb w6), Containers are

sOofNtMENT OVNEO/CONTeaCTOP OPERATEO palletized for shipment, IS boxes per pallet, Short term storage at load

(MARTIN-mARIETTA) plant (up to one (1) year) is possible, Items are shipped primarily by

railf (some in Milvan), some by truck to port of embarkation. More than
CONTAINER PART OF CONTRACT 76% of production goes to ware reserve with 60% going OCONU$.

S60% OF PRODUCTION
FOR OCONUS

PORT OF EASARKATION
Items are generally in a ship hold environment -- dry with sealed hatches

SUsAN POIVS, Tc EOP/3Es for up to 13 days. Items may remain in port for up to 7 Gays.
OCt55 VI$$tL To (UPOPE

MItLYAN Of secak BULK)

a1% of the stock is stored here or in p:eposition supply points (POP) in

V Corps or VIl Corpos; St of this stock is carried As a basic load on

tanks, out of containers, in ready racks. POPs are of the same
PORT Of DEBARKATION construction as Miestu.

NORDKEHAM, GSERAHY The stocks at Miesau are never intended to be out of bunker storage, but

NORTH$[A sf/t3e if there is to be a two-year unprotected storage, this would be the place

to consider since the FSPs are kept in bunker storage for both weather

TIAKSPOUTIO PeIHARILY 5Y RtIL, and security. The prime consideration is security. The tank carried

SOME BY TRUCK 70 MEISAU STORAGE SITE basic lead ii sener istended to isg back lsts protected/seeled stersae.

It is removed from the tanks once a year for approximately two seeks and

placed in temporary storage At the training site and returned to the

tanks after completion of training firings. It is inspected each time

and renovated as necessary.

The PiP ennironment ehould be coniadered in areas limited to lonogtudea

51 thru 12; and latitudes ase thru $244.

Average length of storage at present:

L36-Original APOS -- British Made (47/60) 20 years

M774 -- U.S. Made 10 years
MHsi -- U.S. Made (just in production)

ma f I ot ry

Stockpile testing schedule:
PERUANERT STORAME AREA

Au & WP S year cycle
WEISAU VtsPOC$ STORAGI $ITE 4 P A year cycle
AEISAU, W. G(EM.HY I[/aoN APro, HEAT, AnPr i 5 years old 3 year cycle

|aN 3V eal4IISLAUTCN < $ years old 2 year cycle

(ARTi COPFPRE COOCPITC sUNKERs Contai,,ers undergo care and preservation (pacnting, etc.) by ammunition

BUILT IN ACCORDANCE WITH GOO maintenance personnel in accordance with inspection procedure 55-742-1.

SIO0.74-M

The overwhelming preponderance of armor anu machuniref divislons in

turope, make this environment one to be considered for the 105sm tank

round. Far East environments have the same logistics as the Sim mortar

round.
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155mm PROPELLING CHARGE
ITEN •ANAGER

Gerry Price, AMCCOM
Tel (309) 782-3358

The charges are pcked in Containers as part of

lod0ing plAnt assembly line proceoc. Trere Ie

several models of propelling charges. howener,

r - .------------------................. .- since all are handled oimn larly The tIngle

LOAD PLANT charge cont iners are used as the model. The
charge is vrsppeo with a single face corrugated

IWttiho aOMy I MU 10T:Oi "L;OT fiberbcard and inserted into a cylIndrical
CoiPL E0OwH, Ie uHA A uW/ IN stfee obCntainer. The cover for the container

contains a rubber gaaket for sealing the

iOVEd M[NIT OWNEOeCoNfTeRCTOR OERATEIo container Against moisture. There in i.o

IC I iMfRIC&, IfC.) moliture testing reQUgraemntl at packing (see
NISG PM AMMO 10 2yalI0, FEB *6). Tie

COdTA INeF PART OF CONTRACT contaIners ire then paileti ne. The present

L ................... ..... ....... J Pound-rno container iare palletooeo f t per

pallet and the proposed square AoC co&tuIrer

vlt hvne 36 per palIet. Short term storag9 atIota- 80 OF l o plInt (up to go Os, I I5 posi lb Ie. Items

20% OF PODUCTION IPRODUCTION a re shipped by rAil or truck to port o f

FOP OCONUS | FOR ocooUs embarhatnon. More than 7St of productio1 goes
I to war reserve with 605 going OCOHUS.

PORT OF ENBARKATIOX PORT Of EMBARRATION
WEST COAST E AST CCASg Items are generally in a snip no. environment

-- dry with reeled hitctes for up to I a days
COtCOPC, CA 122V13f SUNNY POINT, SC, OW3 uring shipmnt Germny up t 10 y

Onto E ¥hSrt T e V as LEIuT ( vI e W i F o q Fo10 F during shipment to S. KoreI Items may remain

(M IL aNaOR c sot. R ULPI (MILhuN 01 hEARt AUtK) in port up to 7 day. I

PORT OF DEPARKATION PORI OF DEBARKATIOK
PtAP East SROP ' E " "

PUSaN, S. V R A, E 129E/3S NOtRDPE W , t:IE:KI
-RAuS:gOPTtD TO R1LI MORTPMa5 t, Of/hIN

TRUCf TO 0TOuAGE S TES) (,I ARSPOROTID BY RIi TO

-............. . .. ..... 155 of stock is carried with the units as basic

Iload. It os kept in setub containers, eitheer

Iunder canvas or in the ac;oopany)re light

S---- ...... arm ored neI or on the self-oropel1ed

F PERMANENT STORAGE AREA K RANENAT7 STORA6"E'AREAi Ii fdtzer itsel'. The charges are not broken
o vut of the meta: container until needoc.

HUMPRIEPlt, S. rOREA IetoI$Axtt ay Pf STORAGE TO SIG E SPTC Propelling charges are not normally stored

v]C l Ti o o;I O F UI tO , MIDNAI, U. GEMMafNY, 1./49e outside. If unprotecteo storage is to be
yr'/n7w canoe LOotPtG 3COM te KuIttftSi*UTE consioeed, it Ehou d be in the MiesaI weapons

COWCoTE Uo fUoaS t U ILT IN EanTM ConVoERD CONCRETt storage a re tnivronment. PSP environment

A'COPDoWL 1 TIT BUNKERS GUiLT IN ACCOROANE should he considered in areas limited to

out 10-V tAP 1VTH DOD $ 10.76-H lMngitooes 6E thro 12 And lAtitudes All; thru

iuO(ov , I T7 1 

Si- ............................. T-e average Iength of storage is I0 to IS

years. StoLkpile testing is conducted on 0 0 -

to S-year cycle based on history o'
rtelbillty. Care and presernatior perforsed

as nqtUired in accordance wltr inspection

prou Jnre SR 7e?-I. Empty containers are not

teturneo from OCOWCU.
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TAEJON, SOUTH KOREA

Locat ion: 36N, 127E

Elevation: About 60 m (About 200 ft)3

'T;t.t:J, ij ]ocalted in west central South Korea approximately 150 km (93 mi) south of
".,e estimrtted average temperature is II C (52'F). the estimated average"'. lative homidity is 69%. and the estimated average annual p-ceipitati r is 133 cm

,52 in) The estimated highest and lowest temperatures recorded during a 22 year
p r iod ii! 37'(; (99'F) and -24'C (-12°') , respect ively. 1

Avg. Tempe. r etLreR1 1.I 1 1 Tota] Pl( ip). 2 Av . I)a i ] y Radi a, i( 3

M r,__ ItlI Max. Mil. Mealn 6 (cm) (in) (MJ/m 2 ) (B'fU,'ft2)
oC OF 0 c OF "C OF

Jan. 0 32, -9 15 -5 24 65 2.7 1.1 7.5 66'3
Feb. 3 37 -7 20 -2 29 62 3.0 1.2 10.3 906
Mar. 8 47 -2 29 3 38 62 4.3 1.7 12.5 1097
Apr. 17 62 5 41 11 52 65 9.5 3.7 14.7 1292
May 22 72 11 51 17 62 69 9.2 3.6 16.5 1455

27 W0 12 01 .. 71 71 17.3 6.8 17,7 1562
July 2.9 84 21 70 25 77 79 33.2 13.1 14,2 1254
Aung. 31 87 22 71 27 7) 76 26. ( 10.2 14.1 1238
S-p. 26 78 15 59 21 69 72 15.5 6,1 12.8 1131
0 f. 19 (07 7 45 13 5C 6.8 4.9 1.9 10.7 938
Nov'. 11 51 0 32 6 42 68 4.4 1.7 6.8 600
DecI. 3 37 -7 20 -2 29 66 3.2 1.03 G,3 558

TOTA[,S 133.2 52.4
AVERAGES 16 61 C 43 11 52 69 12.0 1053

1 Tempera tou r dat i from World C:li _T tic Da , Fr v de r i c'k L . W, rnis ted t. CIi rma ic Da! a

P'ress, 1972 (ASI ,Library) contains average( dally temperature data for 82 South
Korean locations. Unfortunately, Taejon is not. one of them, Data from five cities

J thiti 50 km (31 mi) of Tasejon are listed below along with data for Seoul, 150 kmii
(93 mi) north (if Taejon.

Average Daily' Temperatur'e

.J F M A- M___ ,J J A S _0 N D)

fcouh J wol - 4',(" - 2 'C ."( 1C"I C 16 (" C' 21°0C 25'C 2 G "(C 20 "C' 13°C C) C -I°C

24' U 29 ": " 39 " 51 3F 6210," 70'F 77'F 78OF 68'F 56 1: 43 F 31 F1

Kolireit] -4°0; -1'C F 5' °C I IC 7 "(; 22C; 26'C 26WC 20'C 14°C 7'C 0'1C
26°1" 31'F 40°F 52"F 63"!' 720Y 79°F 79'F 69"F 57'F 440F 320F

Nonsati -0'C o"C 5"; 12"C 18 ;C 22"C 2- C ? C 2 7'f 21 'C 14 "'C 11'C 1°01
27"F 32°F 42'F 531t.. 64 'F 72'1: 79°?F 800F 70°}" 57' 51'1. 34' F

155



Average Daily Temperature

J F M A M J J A S 0 N D

MUjul -40C -20 C 40C 110C 17'0C 210C 260C 260C 190C 130C 60C 00 C
250F 29OF 40OF 5 1 0F 620F 71*F 78OF ?80F 670F 550F 430F 330F

Poun -4'C -2'C 40C 110C 160C 210C 250C 260C 200C 130C 60C -1.0C
25OF 280F 390F 51OF 620F 700F 78OF 78OF 68OF 550F 43OF 31OF

Seoul -50C -20C 40C 110C 160C 210C 250C 25*C 200C 130C 60C -10C
230F 29OF 39 0 F 51OF~ 61OF 69OF 76 0 F ?8 0 F 69OF 56 0 F 43 0 F 30-F

This data would indicate that temperature dat~a for Taejon would be very similar to Seoul.
The data reported in the table is for Seoul (elevation 87 m [285 ft], 37' 34N, 1260
58'E) from p. 281 of World Weather Guide. E. A. Pearce and C. G. Smith, New York Times
Book Company, 1984 (ASU Library). The average and extremes for temperature and humidity
are based onl a 22 year period ending in 1980. The mean daily temperature was taken to be
the average between the maximum and minimum temperatures. Humidity at Seoul was recorded
at 0530 and 1330 hours. The humidity reported is an average of these two values.

2The five locations within 50 km (31 mi) of Taejon listed in explanation (1) above report

the following average monthly precipitation.

Average Precipitation by Month

CiyJ F M A M .J 'I A S 0 N D

Cochiwon 1.9cm 2.3cm 3.0cm 6.4cm 7.2cm 11.0cm 32.1cm 19.8cm 12.4cm 3.4cm 3.5cm 2.7cm
.8in .9in l.2in 2.5in 2.8in 4.3in 12.6in 7.8in 4.9in 1.31n l.4in l.lln

Kong~ju 2.7cm 3.0cm 4,3cm 9.5cm 9.2cm 17.3cm 33.2cm 26.0cm 15.5cm 4.9cm 4.4cm 3.2cm
l.lin l.2in l.7in 3.7in 3.6in 6.8in 13.1in l0.2in 6.linl1.9in l.7in l.3in

N~onsan 2.1cm 2.0cm 3. 5cm 8,0cm 8.0cm 15. 8cm 28.0cm 2.4. 2cm 13.4cm 4.4cm 3.8cm 3,0cm
.8in .8in l.4in 3.2in 3.2in 6.2in ll.Oin 9.5in 5.3in 1.7in 1.5in l.2in

m'uju 2.4cm 2.9cm 4.0cm 7.7cm 7.6cm 16.0cm 24.5cm 20.2cm 13.6cm 4.2cm 4.1cm 3.3cm
.9in 1.lin 1.6in 3.Oin 3.Oin 6.31n 9.7in 8.Oin 5.4in l.7in l.6in 1.0^

Poun 2.3cm 2.6cm 4.0cm 8.5cm 8.4cm 15.8cm 30.5cm 20.5cm 12.5cm -4.3cm 4.4cm 3.0cm
.9in l.Oin 1.6in 3.4in 3.3in 6.2in 12.Oin 8.1in 4.9in 1.7in l.7in 1.2in

Since Kongjmi (367' 28',N, 127' OWE) has reportedl the greatest precipitation, these values
were taken to represent Tuejon. The source is World Climatic Data, Frederick L.
Wernstedl., Climatic Data Press, 1972. The reporting period is 1942-1972,

311orizontal radiation data is, from p. 79 of the Present Analys is of the Sunlight Energy
Sources of Korea, KE-84-21, Volume Il (Appendix), Korean Energy Research Center, 1984
(provided by SFRI ). The data reported is from measuremenits at Kong~ju, about 35 km (22
mi) north of Taejon for the years 1983 anid 1984. This source reports the elevation of
Kongjiu as 59 in.
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UIJON3BU, SOUTH KOREA

Location: 37 0 45'N, 12700C

F I eva t i oni: Near Sea Level

Uijongbu is located in the northern portion of South Korea, approximately 30 km
(19 mi) north of Seoul. The estimated average temperature is 11°C (52'F), the
estimated average relative humidity is 69%, and the estimated average annual
precipitation is 133 cm (52.5 i n). The estimated highest and lowest temperatures
recorded during a 22 year period are 370C (99 0 F) and -240C (-12 0 F),
respect ivelV 1

Avg. Temperature 1  RH. 1  Total Precip. 2  Avg. Daily Radiation 3

Month Max. Min. Mean % (Ccm) (in) (MJ/m 2 ) (BTU/ft2).
0C 0F 0 C OF J C 0°F

Jan. 0 32 -9 15 -5 24 65 2.1 0.8 7.3 644
Feb. 3 37 -7 20 -2 29 62 2.1 0.8 9.7 853
Mar. 8 47 -2 29 3 38 62 3.6 1.4 12.7 1120
Apr. 17 62 5 41 11 52 65 7.8 3,1 14.8 1301
May 22 72 11 51 17 62 69 10.4 4.1 15.2 1342
Jun. 27 80 16 61 22 71 71 13.4 5.3 16.3 1432
July 29 84 21 70 25 77 79 41.0 16.1 12.2 1078
Aug. 31 87 22 71 27 79 76 27.3 10.7 12.4 1096
Sep. 26 78 15 59 21 69 72 14.3 5.6 13.3 1171
Oct. 19 67 7 45 13 56 68 4.3 1.7 10.4 91 ;
Nov. 11 51 0 32 6 42 68 4.3 1.7 7.0 616
Dec. 3 37 -7 20 -2 29 66 2.8 1.1 5.9 522

TOTAL 133.4 52.4
AVERAGES 10 61 6 43 11 52 69 11.4 1008

1Temperature and humidity data is from p. 2 8 1 of World Weather Guide, E.A, Pearce
and C.6. Smith, New York Times Book Company, 1984 (ASU Library). The reported
weather is for Seoul (elevation 87m [285 ft], 37 0 34'N, 126°58'E). The averages
and extremes for- temperature, humidity and precipitation are based on a 22 year
pt-riod ending in 1980. The mean daily temperature was taken to be the averag,
between the maximum and minimum temperatures. Humidity was recorded at 0530 and
1330 hours. The humidity reported is an average of these two values.

2 p1F.(ipijtatJonl data is from World Climatic Data, Frederick L,. Wernstedt, Climatic

Data Press, 1972. The station reported is Uijongbu and represe.rnts 1942 to 1972
data.

31torizontal radiation data is Irom p. 5b o1 tine i'resenT. Analysis of tLe Sun]igi1i L
Energy Sources of Korea, KE-84-21, Volume II (Appendix), Korean Energy Research
Center-, 1984 (provided by SERI ) . The data reporled is from measurements at
Seoul, about. 30 km (19 mi ) south of Uijongbu, for the years 1983 and 1984.

157



PUSAN, SOUTH KOREA

Location: 35006'N, 129 001'E

Elevat ion: Near, Sea Level

Pusan is located in southeastern Korea on the Pacific Ocean. The a,,erage
temperature is 14WC (57°F), the average relative humidity is 66%, and the average
annual precipitation is 137 cm (53 in). The highest and lowest temperatures
recorded during a 29 year period are 36°C (960F) and -14 0 C (7'1') res)ect ively 1

Avg. Temperature1  R.H. 1 Total Precip. 1 Avg. )al jP padiat io2
Month Max. Mi[. Mean % (cm) in) (M.l nm2 ) (BTU/'ftr)_

OC 0F °C °F °C °I"

Jan. 6 43 -2 29 2 36 49 4.3 1.7 11.3 997
Feb. 7 45 -1 31 3 38 53 3.6 *1.4 13.6 1197
Mar. 12 53 3 37 8 45 58 6.9 2.7 16.6 1462
Apr. 17 62 8 47 13 55 66 14.0 5.5 18.3 1611
May 21 69 13 55 17 62 67 13.2 5.2 19.8 1744
Jun. 2-1 7b 17 ti? 21 h9 "7? 2o. 1 7.9 18.4 1620
July 27 81 22 71 25 76 83 29.5 11.6 70.6 1.494
Aug. 29 85 23 73 26 79 79 13.0 5.1 18.1 1598
Sep. 26 78 18 65 22 72 73 17.3 6.8 15.2 1338
Oct. 21 70 12 54 17 62 64 7.4 2.9 14.2 1248
Nov. 15 59 6 43 11 51 61 4.1 1.6 10.7 942
Dec. 9 48 1 33 5 41 57 3.1 1.2 10,5 927

TOTAL 136.5 53.6
AVERAGES 18 64 10 50 14 57 66 15.3 1348

iTemperature, humidity, and precipitation data is from page 281 of World Weather
Guide, E.A. Pearce and C.G. Smith, New York Times Book Company, 1984 (ASU
Library). The reported weather is for Pusan. The averages and extremes for
temperature, humidity and precipitation are based on a 29 year period ending in
1980. The mean daily temperature was taken to be the average between Lhe
maximum and minimum temperatures. Humidity was recorded at 0530 and 1330 hours.
The humidity reported is an average of these 1wo values.

2 Horizontal radiation data is from p. 151 of the Present. Analysis of the Sunlight.
Energy Sources of Korea. KE-84-21, Volume II (Appendix), Korean Energy Research
Center, 1984 (provided by SERI ). The data reported is from measurements at Pusan
fcr the '-.r.- 1q83 and 1984.
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NORDENHAM, GERMANY

Location: 53N, 8E

El evat ion: Sea Level

Nordenhant is located on the North Sea in northern Germany about 100 km (62 mi)

west of Hamburg, The estimated average temeprature is 90 C (48 0 F), the estimated
average relative humidity is 79%, and the estimated average annual precipitation
is 72 cm (28 in). The estimated highest and lowest temperatures recorded during
a 30 year period ending in 1980 is 36WC (971F) and -29 0 C (-20 0 F), respectively. 1

Avg. Temperature1  R.H. 1 Total Precip. 2 Avg. Daily Radiation 3

Month Max. Mil. Mean % - (cm) (in) (M,/nm2 ) (BTU/ft2)
0C 

0F 0°C 0F 0C, 0F

Jan. 2 36 -2 28 0 32 87 5.7 2.2 2.1 184

Feb. 3 37 -2 28 1 33 85 4.8 1.9 4.4 386

Mar. 7 44 -1 31 3 38 78 4.2 1.7 8.7 767

Apr. 13 55 3 38 8 47 73 5.0 2.0 14.5 1274

May 18 64 7 45 13 55 69 5.6 2.2 18.0 1585

June 21 69 11 51 16 60 70 5.9 2.3 21.to 1852

July 22 73 13 55 18 64 74 9.2 3.6 18.6 1643

Aug. 2z 72 12 54 17 63 76 7.9 3.1 16.5 1458

Sep. 19 66 10 49 15 58 78 6.0 2.4 10 7 946

Oct. 13 55 6 43 10 49 83 5.8 2.3 5.8 514

Nov. 7 45 3 37 5 41 88 6.0 2.4 2.5 223

Dec. 4 39 U 31 2 35 89 5.4 2.1 1.6 141

TOTALS 71.5 28.1

AVERAGES 13 55 5 41 9 48 79 10.4 917

1 Temperature and humidity data is from P. 367 of World Weather Guide, E. A.

Pearce and C. G. Smith, New York Times Book Company, 1984 (ASU Library). The

reported weather is for Hamburg, Germany, a full 100 km (62 mi) east of

Nordenham. The averages and extremes are based on a 30 year period ending in

1980. The mean daily temperature was taken to be the average between the maximum

and minimum temperatures. The closest city for which any data could be found is
Bremen, about 30 km (19 mi) south of Nordenham. Only averages could be found at.

Bremen. A comparison of averages (1942-1972) for Bremen and Hamburg from p. 191

and 192 of World Climatic Data, Frederic.: . Wernstedt, Climatic Data Press,

1972, is as follows:

.1 F M A M J J A S 0 N D

Hamburg 00(" 00C 31C 8'C 130C 16°C 17°(, 17C 140C C 9°C 5C 20C(

32'F 33°F 38OF 460F 55 0 F 60°F 630F 62°F 570 F 48OF 41OF 35°F

Bremen 1I(I 1°C 4 (C 8'C 13°C 160C 170(2 170C 140C 90C 50C 20C

33°F 34°F 39°F 470F 55°F 61'F 63°F 63 0 F 57%F 49 0 F 42 0 F 36°F
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The abovu data would i ndi(cate thet temperature data for Bremen wou ld be similar
to Hamburg. It is also expected that Nordenham data would be very similar to
Hamburg because of lhe moderating influence of the North Sea. Humidity data at
Hamburg was recorded at 0630 and 1330 hours. The humidity reported is an average
of these two values.

2 The precipitation data is from p. 191 of World Climatic Data, Frederick L.
Weriistedt, Clintatic Data Press, 1972 (ASU Library). The data reported is for
Bremen (elevation 4 m 113 ft]), about 30 km (19 mi) south of Nordenham and covers
the period 1942--1972,

3 The radiation data is from European Solar Radiation Atlas, Vol. 1, W. Palz. ed.
Commission of European Communities, 1984 (I)SET Library). The data reported is
for Bremerhaven, about 5 km t3 mi) east of Nordenham. The reporting period is
1966 1975.
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MARSHALL, TX

Location: 32' 32'N, 940 21'W

Elevat ion: 107 m (352 ft)

Marshall is located in east. Texas about 30 km (19 mi) from the Louisiana border

and about 70 km (43 mi) west. of Shreveport, LA. The average temperature is 18'C

(64'F). the estimated average relative humidity is 729%, and the average annual

preripitalion is 118 cm (46 in). The highest and lowest temperatures recorded

(1951-1980) were 430C (1lO"F) in August of 1962, and -160 C (4 0 F) in February of

1951 , respectively.
1

Avg. Temperature 1  R.H.2 Total Precip. 1 Avg. Daily Radiat iorn3

Month Max. Min. Mean % (cm) (in) (MJ/m 2 ) (BTU'ft2)
°C -F 0 C 0F." °C YF

Jan. 13 55 1 33 7 44 73 10.5 4.1 8.7 762
Feb. 15 60 3 37 9 48 69 9.4 3.7 11.8 1038

Mar. 20 67 6 43 13 55 68 10.1 4.0 15.2 13.12
Apr. 25 76 12 53 18 65 70 13.0 5.1 18.3 1613

May 29 83 16 61 22 72 73 12.3 4.9 21.4 1886

June 32 90 20 68 26 79 73 9.5 3.7 23.4 2065

July 35 94 22 72 28 83 72 8.4 3.3 22.9 2014

Aug. 34 94 21 70 28 82 72 6.1 2.4 21.3 1877
Sop. 31 88 18 67 25 77 73 10.4 4.1 17.6 1554

Oct.. 26 79 11 53 19 66 71 8.1 3.2 14.8 1304
Nov. 19 67 6 42 12 54 73 9.5 3.8 10.5 929

Dec. 15 59 2 36 8 47 74 10.4 4.1 8Z3 731

TOTALS 117.7 46.4

AVERAGES 24 76 12 53 18 64 72 16.2 142G

1 Temperature and Precipitation data is from p. 1080 of Climates of the States.

Vol. 2. National Oceanic and Atmospheric Administration, 3rd ed., 1985, Gale

Research Company, Detrroit, Ml (IDSET Library). The weather station reported is

Marshall, TX. The averages and extremes for temperature and precipitation are

based on the period 1951--1980.

2 Humidity data is from the same source as (1) (Vol. 1, p. 472), but since

humidity data is not published for Marshall, TX, this data is for Shreveport, LA

(320 28'N, 930 19'W, elevation 77 m [254 ft]) 70 km (43 mi) east of Marshall. TX.

Humidity is recorded at 0600, 1200, 1800, and 2400 houws. The average humidity
is the mean of these four values. The averages are ba.;ed on a 31 year per.ioa

ending in 1980.

3Ridjatjoi, data is fr'om p. 95 of the Insolation Data Manual, Connie L,. K!<.apt,,

Thomas L. Stoffel, and Stephen D. Whi ttaker, Solar, Energy Resa-arch Instit ie,

Golden, CO, 1980 (ASU Libriry). The radiation data is for Shreveport. LA.
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SUNNY POINT, SC

Location: Approx. 330N, 80°W (vicinity of Charleston)

El evat oion: Near Sea Level

SunnIy Point is lnciated on the Atlantic Ocean near Charleston. The average
temperature is 18°C (651F), the average relative humidity is 75%, and the
average annual precipitation is 131 cm (52 in), The highest and lowest
temperatures recorded (1951-1980) were 39°C (102 0 F), in June, 1944, and
-13% (9°F) in December, 1962, respectively. 1

Avg. TemperatureI R.H. 1  Total Precip. 1 Avg. Daily Radiation 2

Month Max. Mir,. Mean % (cm) (in) MJ_/m 2 ) (BTU/ft 2 )
°C OF °C °F °C OF

Jan. 15 59 3 37 9 48 73 8,5 3.3 8.5 744
Feb. 16 61 4 38 10 50 69 8,6 3.4 11.3 995
Mar. 20 68 7 45 14 57 70 11.1 4.4 15.2 1339
Apr. 24 76 11 53 18 64 71 6,6 2.6 19.7 1732
May 28 83 16 61 22 72 75 11.2 4.4 21.1 1860
June 31 87 20 68 25 78 77 16.6 6.6 20.9 1844
July 32 89 22 72 27 81 80 18.6 7 .3 20.4 1799
Aug. 32 85 22 71 27 80 81 16.5 6.5 18.0 1585
Sep. 29 85 19 67 24 76 81 12.5 4.9 15.8 1394
Oct. 25 77 13 55 19 67 78 7.4 2.9 13.5 1193
Nov. 20 69 7 45 14 57 75 5.5 2.2 10.6 934
Dec. 16 61 4 39 10 50 73 7.9 3.1 8.2 721

TOTAL 131.0 51.6
AVERAGE 24 75 12 54 18 65 75 o15.3 1345

1TempurdLuie, humidity, and precipitation data is from p. 992 of Clim.rnte of the
States, Vol. 2, National Oceanic and Atmospheric Administration, 3rd el., 1985,
Gale Research Company. Detroit, MI (DSET library). The weather station rep-•rT:'d
i. the Charleston Municipal Aicport, 32'54'N, 80'02'W, elevation 12 m (39 tt)
above sea level. The averages and extremes for temperature, precipitation, and
humidity are based on the period 1951-1980. Humidity is recorded at 0600, 1200,
1800, and 2400 hours; the average daily humidity is the mean of these four
values.

2 The radiation data is from p. 195 of the Insolation Data Manual, Connie L.

Knapp, Thomas J. Stoffel , and Stephen D, Whittaker, S.1.ar Fnergy Research
Institute, Golden, CO, 1980. The weather station rel, )rted is Solmet Stiation No.
13880 at the sam., latitude, longitude, and elevation a.; in (1) above.
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GIASCOED WALES

Location: Approximlately 51.5'N. :.81W (\(1ici1nixy of Newport)

Elevation: Near sea level

G6ascoed, Wales i's :ocalted I a 3outliern Wales ieiri" New:;art. a! the mouth of the

Severn River. The estirmat.ed average, temperature is 11iC (51°F), the estimated
average relative humidity is 81"?%, and the estimrted average alnudl precipitation
is 106.5cm (42 in.). The 1 ighltsL and &owust remperult're'; rlecorded (anoon 1950-
1980) were 330C (91"0) and -17C'C (2rF), respect ively.1

Avg. Temperature] ,. Ii. Total Prec ip.1 Avg. Dai• I Rad iW. i tti'

Month Max. Min. Meai % (cm) (in) (Minm2) (BTll "t2_i
0 C 00" 00 OF 0C OF

Jan. 7 45 2 35 5 40 89 10. 6 4.3 2.3 206
Feb. 7 45 225 5 -,. ':.2 2.L . 5 S

Mar. 10 50 3 38 7 44 82 6.3 2.5 8 .5 751

Apr. 13 56 5 41 9 49 74 6.5 2.6 11.8 1040

May 16 61 8 46 12 54 74 7.6 3.0 15.8 1393

June 19 66 11 52 15 59 73 6.3 2.5 18 .4 1620

July 20 6q 12 54 16 61 76 8.9 3.5 3I74 1532
Aug. 21 69 13 55 17 62 78 9.7 3,3 13 7 1210
Sep. 18 64 11 51 15 58 81 9.9 3.9 i0.2 90'.
Out. 14 58 8 46 11 52 85 20.9 4.3 6.0 5313

Nov. 10 51 5 41 8 46 88 11.6 4.7 3.4 298

Dec. 8 46 3 37 7 42 89 10.8 4.3 2.1 181

TOTAL 106,5 42.2
AVERAGES 14 57 7 44 11 51 81 9.5 841

1 Temperature, humidity, and precipitation data is from p. 375 of World Weather
Guide, E. A. Pearce aid C. G. Smith, New York Times Book Company, 1984 (ASU
1 ibrary ) . The reported weather is for Cardiff, Wales, 52 0 29'N, 1°56'W,

elevation 163m (535 ft), about 20 km (12 mi) southwest of Newport along the
mouth of' the Severn. The averages and extremes for temperature, humidity, and
precipitation are based on a 30 year period ending in 1980. It is most likely
that a maximum-minimum type thermometer was used sinrce the mean daily
temperature is not. reported. For this table, the mean was taken to be the

average between maximum and miii iimum temperatures. The humidity was recorded at.
0900 hours.

2 Tl radiation data is- 1i'.)m 1p. 80 of Li iiotezi Solar Radiat ion Atlas, vol 1 , W.

Palz, ed., eCommissji i of0 European Common ities. 1984 (I)SET library ). The weather
station reported in Ma,.lvern, England, 52 0 06'N, 2 0 18'W, elevation 63m, (207 tft)
about 60kim (27 riij) n'irtlheast of Newport.
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MILAN, TN

Location. 340 56'N, 880 46'W

L.1evit :ioli: 131m (430 ft.)

Milan is located in the Missi ssippi River Val1ey in western Tennessee about 80 km
(50 mit) east of the Mississippi River and 160 km (99 mr) northeast of Memphis.
The average temperiture is 15'C (59°'F), the estimated average relat.ive humindit.y
is 69%, and the average annual precipitation is 135 cm (53 in). The highest. and
lowest temperatures recorded (1951-1980) were 42 0 C (108 0 F) in July, 1952, and the
lowest -31°C (23°F) in February, 1962, respectively. 1

Avg. Temperature1  R.H.2 Total Precip.1 Avg. Daily RddlXioWn3

Month Max. Mill. Mean % (_m) (in) (MJ/m 2 ) (BTU/f1...
°C OF 0 C OF 0C OF

Jan. 8 46 -3 26 2 36 71 11.8 4.6 7.7 683
f eb. 10 59 -2 29 4 40 68 11 .5 4.5 10.7 945
Mar. 15 59 3 38 9 49 65 L4,5 5.7 14.5 1278
Apr. 22 71 9 48 15 60 64 13.2 5.2 18.6 1639
May 26 79 14 56 20 68 67 1*,;.1 5.1 2 1.4 1885
June 30 87 18 64 24 '6 69 10.8 4.3 2 3.2 2045
July 32 90 20 68 26 79 70 10.0 3.9 22.4 1972
Aug. 32 89 19 66 2,3 78S 7, 9.18 3.9 20 7 1 824,
Sep. 29 83 15 59 22 71 71 9.9 3.9 16.7 1471
Oct. 23 73 8 46 15 59 68 6.8 2.7 13.7 1205
Nov. 15 60 3 37 9 48 68 11.4 4.5 9.3 817
Dec. 10 50 -1 30 4 40 70 12.1 4.8 7.1 629

TOTALS 134.9 53.1
AVERAGES 21 70 9 47 15 59 69 15.5 1366

1 Based on an average of data taken at Milan, TN from 1951 to 1980. The data was
obtainc.l from p. 1031 of Climates of the States, Vol. 2, National Oceanic and
Atmospheric Administration, 3rd ed., 1985, Gale Research Company, Detroit, MI
(DSET Ijbriary),

2Sinlce humidity data is not published for Milan, this dat.a is for Memphis, TX
(elevation 79 m 1258 ft]), about 160 km (99 mi) SW of Milan. Since both Milan
and Memphis are in the western (flat.) portionn of Tennessee, it ix not expected
that there would be significant differences between the humidity in Milan and
Memphis. This data is from the same source as I (p. 1037). Humidity at Meniphis
is recorded at 0600, 1200, 1800, and 2400 hours. The average humidity is tht
mean of these four recorded values. The averages are based on a 44 year period
ending in 1980. (DSET Library).

3 Radiatiori data is from the Insolation Data Manual, Connie 1. Knapp, Thomas I..
Stoffel, and Stephen 1). Whittaker, Solar Energy Reseaich Institute, Golden, (L0,
1980. The radiaLion data is for Memphis (ASU Library).
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CAMDEN, AR

Location: 33 0 36'N. 92 0 49'W

Elevation: 35m (116 ft)

Camden is located in the Mississippi River Valley in southern Arkansas about 140
km (87 mi) south of Little Rock and about 140 km (87 mi) west of the Mississippi
River. The average temperature is 17'C (63°F), the estimated average relative
humidity is 70%, and the average annual precipitation is 128 cm (50 in). The
highest and lowest temperatures recorded (1951-1980) were 44°C (111°F) in July of
1954 and -22°C (-8°F) in February of 1951, respectively. 1

Avg. Temperature1  R.H. 2  Total Precip. 1 Avg. Daily Radiation3

Month Max. Min. Mean % (cm) (in) (MJ/m 2 ) (BTU/ft2)
0C OF °C OF 0C 0F

Jan. 12 54 -1 31 6 42 70 11.1 4.4 8.3 731
Feb. 15 59 1 34 8 47 67 10.0 3.9 11.4 1003
Mar. 20 67 5 41 12 54 65 12.4 4.9 14.9 1313
Apr. 25 77 11 51 18 64 67 13.0 5.1 18.3 1611
May 28 83 15 59 22 71 72 12.0 4.7 21.9 1929
June 32 90 19 67 26 78 70 9.3 3.7 23.9 2107
July 34 94 21 70 28 82 72 10.4 4.1 23.1 2032
Aug. 34 93 20 69 27 81 71 7.8 3.1 21.1 1861
Sep. 31 87 17 62 24 75 74 11.4 4.5 17.2 1518
Oct. 25 78 10 49 18 64 70 7.0 2.8 13.9 1228
Nov. 19 66 4 40 11 53 71 11.6 4.6 9.6 847
Dec. 14 57 1 33 7 45 71 11.7 4.6 7.6 674

TOTALS 127.7 50.3
AVGS 24 75 10 51 17 63 70 15.9 1404

1Temperature and precipitation data is from p. 64 of Climates of the States, Vol.
1, National Oceanic and Atmospheric Administration, 3rd ed., 1985, Gale Research
Company, Detroit, MI (DSET Library). The weather station reported is Camden.
The averages and extremes for temperature and precipitation are based on the
period 1951-1980.

2 Humidity data is from the same source as (1) (p. 77), but since humidity data is
not published for Camden, this data is for Little Rock, 140 km (87 mi) north of
Camden. Humidity is recorded at 0600, 1200, 1800, and 2400 hours. The average
humidity is the mean of these four values. The averages are based on a 23 year
period ending in 1980.

3 Radiation data is from p. 28 of the Insolation Data Manual, Connie L. Knapp,
Thomas L. Stoffel, and Stephen D. Whittaker, Solar Energy Research Institute,
Golden, CO, 1980 (ASU Library). The radiation data is for Little Rock.



MINDEN, LA

Location:32°36'N, 93*18'W

Elevation:76 m (250 ft)

Minden is located in northwestern Louisiana about 50 km east of Shreveport. The

average temperature is 18 0 C (64 0 F), the estimated average relative humidity is

72%, and the average annual precipitation is 123 cm (48 in). The highest and

lowest temperatures recorded (1951-1980) were 42 0 C (108 0 F) in August of 1951 and

-18°C in (O°F) January of 1962, respectively. 1

Avg. Temperature1  R.H. 2 Total Precip. 1 Avg. Daily Radiation 3

Month Max. Min. Mean % (cm) (in) (MJ/m 2 ) (BTU/ft2)
*C OF °C OF °C OF

Jan. 13 56 1 34 7 45 73 11.1 4.4 8.7 762
Feb. 16 61 3 37 9 49 69 10.2 4.0 11.8 1038
Mar. 20 68 6 43 13 56 68 11.1 4.4 15.2 1342
Apr. 25 77 12 53 18 65 70 11.7 4.6 18.3 1613
May 29 83 16 61 22 72 73 13.8 5.4 21.4 1886
June 32 90 20 68 26 79 73 9.6 3.8 23.4 2065
July 34 93 22 71 28 82 72 10.8 4.3 22.9 2014
Aug. 34 93 21 70 28 82 72 7.6 3.0 21.3 1877
Sep. 31 88 18 64 25 76 73 8.3 3.3 17.6 1554
Oct. 26 79 11 52 19 65 71 6.4 2.5 14.8 1304
Nov. 20 67 6 42 13 55 73 10.7 4.2 10.5 929
Dec. 15 59 2 36 9 47 74 11.3 4.4 8.3 731

TOTALS 122.6 48.3
AVERAGES 25 76 11 53 18 64 72 16.2 1426

1Temperature and precipitation data is from p. 466 of Climates of the States,
Vol. 2, National Oceanic and Atmospheric Administration, 3rd ed., Gale Research
Company, Detroit, MI (DSET Library). The weather station reported is Minden.
The averages and extremes for temperature and precipitation are based on the
period 1951-1980.

2 Humidlty data is from the same source as (1) (p. 472), but since humidity is not
published for Minden, this data is for Shreveport (320 28'N, 930 49'W, elevation
77 m [254 ft]), about 50 km (31 mi) west of Minden. Humidity is recorded at
0600, 1200, 1800, and 2400 hours. The average humidity is the mean of these four
values. The averages are based on a 31 year period ending in 1980.

3 Radiation data is from p. 95 of the Insolation Data Manual, Connie L. Knapp,
Thomas L. Stoffel, and Stephen D. Whittaker, Solar Energy Research Institute,
Golden, CO, 1980 (ASU Library). The radiation data is for Shreveport, LA.
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INDEPENDENCE, MO

Location: 39°N, 94,5*W

Elevation: Approx. 250m (820 ft)

Independence is located near Kansas City at the western edge of Missouri. The
average temperature is 14 0 C (56 0 F), the average relative humidity is 64%, and the
average annual precipitation is 75 cm (29 in). The highest and lowest
temperatures recorded (1951-1980) were 43 0 C (109 0 F) in July of 1980 and -26°C
(-14'F) in January of 1982, respectively. 1

Avg. Temperature1  R.H. 1  Total Precip. 1 Avg. Daily Radiation 2

Month Max. Min. Mean % (cm) (in) (MJ/m 2 ) (BTU/ft2)
°C OF 0C OF °C OF

Jan. 3 37 -7 19 -2 28 66 2.5 1.0 7.4 648
Feb. 6 44 -4 25 1 34 65 2.7 1.1 10.2 895
Mar. 12 54 1 34 6 44 60 5.4 2.1 13.7 1203
Apr. 20 67 8 46 14 57 58 6.8 2.7 17.9 1575
May 25 77 14 57 19 67 63 8.7 3.4 21.3 1873
June 30 85 19 66 24 76 68 10.5 4.1 23.6 2080
July 33 91 22 71 27 81 64 8.9 3.5 23.9 2102
Aug. 32 89 21 69 26 79 65 8.0 3.2 21.1 1862
Sep. 27 81 16 61 22 71 66 8.5 3.3 16.5 1452
Oct. 21 71 9 49 15 60 61 6.5 2.6 12.4 1092
Nov. 13 55 1 34 7 45 67 3.1 1.2 8.4 737
Dec. 6 43 -4 26 1 34 69 2.9 1.1 6.4 562

TOTAL 74.5 29.3
AVGS 19 66 8 47 14 56 64 15.2 1340

1Temperature, humidity and precipitation data is from p. 632 of Climates of the
States, Vol. 2, National Oceanic and Atmospheric Administration, 3rd ed., 1985,
Gale Research Company, Detroit, MI (DSET Library). The weather station reported
is the downtown Kansas City airport, 390 07N, 940 36'W, elevation 226 m
(742 ft). The averages and extremes for temperature, precipitation, and
humidity are based on the period 1951-1980. Humidity is recorded at 0600, 1200,
1800, and 2400 hours; the average daily humidity is the mean of these four
values.

2 The radiation data is from p. 116 of the Insolation Data Manual, Connie L.
Knapp, Thomas J. Stoffel, and Stephen ). Whittaker, Solar Energy Research
Institute, Golden, CO, 1980 (ASU Library). The weather station reported is
Kansas City.
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48N to 52N, 6E to 12F
(Excluding East Germany)

TEMPERATURE

Three sources (referenced as (1), (2), and (3)) were found to contain significant
data. The variety of this data is described below:

Source Cities Avg. Daily Temps. Max/Min Temps. Extreme Temnps.

(1) 4 Yes Yes Yes
(2) 7 Yes Yes Nn
(3) 134 Yes NC No

Using source (3) which only contains average daily temperatures (by month), the
warmest cities within the designated area are as follows:

Avg. Temps.
City Latitude Longitude Elevation July Entire Year

(M) (ft) (cC) (OF) (°C) (°F)

Kca lenz 50 0 21'N 7`36'E 66 217 19.1 66.4 10.5 50.9
Leverkusen 51 0 02'N 6 0 59'E 44 144 18.6 65.5 10.3 50.5
Freiberg 48 0 01'N 7 9 51'E 259 850 19.4 66.9 10.3 -0.5
Frankfurt 50007'N 8 0 40'E 103 338 19.4 66.9 10.2 50.4
Dusseldorf 51 0 13'N 6 0 45'E 36 118 18.4 65.1 10.2 50.4

Source (1) contains the most complete information since it also includes
temperature extremes. Frankfurt is one of the cities listed in source (1) and it
is one of the warmest cities in West Germany based on source (3).

Using a similar approach, the coldest cities within the designated area based on
source (3) are listed in the following table:

Avg. Temps.
City Latitude Longitude Elevation Jan. Entire Year

(M) (ft) (°C) (OF) (°C) (OF)

lRof 50'19'N 11 0 55'E 471 1545 -2.9 26.8 6.7 41.1
Kahler Asten 51°1I'N 8029'E 836 2743 -3.1 26.4 5.0 41.0
Terischnitz 50024'N 11023'E 622 2041 -3.6 25.5 6.2 43.2
Wasserkuppe 50'30'N 9'57'E 92o 3018 -3.9 25.0 4.8 40.6

None of the four ci ties listed above are included in source (1). However. It is
surprising that only a 6°C difference exists between the coldest and warmest
locat ious withini the entire des ignated area.

Of the four cities listed in source (1), the coolest is Muilich.

Munic:h 418 IO'N 11 °30', 515 1690 -2.) 28.2 7.9 46t.2

Munich is approximutely 2'(.: warmer than the four cities listed above.
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Using Munich and Frankfurt as a guide, we could use source (1) to estimate the
fn I Kwi iMI t emptratut' ext refre:s

Highest recorded; 388C (101 0 }) (Frankfurt, July)
Lowest rec orded(: -30%C P-213F) (Munich, February)

The complete temperaturie data for these two cities are listed in the following
tables:

FRANKFURT_ (WARM) NUN ICHl (COLD)
iHighest Avg. Daily Ioweqt Highest Avg. Daily Lowest.

Month Recorded Max. Min. Recorded Recorded Max. Mini. Recordcd
0C °F 0 C 0F V C CF 0 C OF °C 0F O{ "F °C °F F C °F

Jan. 14 57 3 38 -2 29 -24 -11 16 62 1 35 -5 23 -29 -20
Feb, 18 65 5 41 -1 30 -19 -3 20 68 3 38 -5 22 -30 -21
Mar. 24 75 11 51 2 35 -8 17 24 74 9 48 -1 30 -18 0
Apr 31 87 16 60 6 42 -4 26 2.9 84 14 56 3 38 - 16 3
May 34 94 20 69 9 49 -2 29 31 81 18 64 7 45 -6 22
Jun1 38 101 23 74 13 55 4 39 35 94 21 70 11 51 3 37
Jul. 38 101 25 77 15 58 8 46 35 95 23 74 13 55 5 40
Aug. 38 biO 24 76 14 57 7 44 56 96 23 73 12 54 3 38
Sep. 34 94 21 69 i1 52 1 33 32 90 20 67 9 40 -3 28
Oct. 26 78 14 58 7 44 -4 25 28 82 13 56 4 40 -6 21
Nov. 19 65 8 47 3 38 -7 19 20 37 7 44 0 33 -12 10
Dec. 14 56 4 39 0 32 -18 0 16 60 2 36 -4 26 -22 -8

The Frankfurt and Munich data reported are from source (1) and represent 29 years
of data enrdinig in 1980.

If the designated area were expanded to include West Germany south of latitude
48ON (German Alps), the cold temperatures would decrease by 10' to 15%C (18 to
27 0 F).

!H1UMIDITY

Surprisingly, the humidity listed for the cities in source (I) all have almost
identical reilkiive humidity averages;

(29) (27) (28) (29)
Frankfurt Freiberg Kassel Muni ch

Month 0630h 1330h 0630h 1330h 0630h 1320h 0700h 1400h

.86i 8(3 77 85 78 87 81 87 77
Feb. 8G 70 85 72 87 75 87 71
Mar. 84 57 83 60 87 64 86 6 1
Apc, 79 5 1 80 5G 83 58 82 55
May 78 50 81 57 82 55 81 57
Jun. 78 52 81 60 82 56 80 58
.Ju l ] 81 53 80 5 8 8,5 58 81 57
^ 85 51 84 59 '7 85 52
Sep 89 60 88 63 91 62 89 61
Oct. 91 G8 90 70 92 70 91 (.t8
Nov. 8"' 77 81 7(6 89 79 9 2 78
hL. 88 81 8b 79 89 84 U0 82

169



The data reported is from source (1). The number above each city is the number

of years of data used to obtain the reported averages. The extreme humidity
should be taken as 100%.

PRECIPITATION

Source 13) contains average monthly precip)itatioln for 104 cities within the

designated area. The city with the highest annual precipitation is Treiberg
(elevation 683m [2241 At], 48°00'N, 9'14'E):

Month Average Total Precip.
cm in

Jan. 15.7 6.2
Feb. 13.4 5.3
Mar. 9.9 3.9
Apr. 9.5 3.7
May 10.2 4.0
Jun. 13.7 5.4
Jul. 33.2 5.2
Aug. 13.3 5.2
Sep. 11.8 4.7
Oct. 11.4 4.5
Nov. 12.8 5.0
Dec. 11.2 4.4

TOTALS 146.1 57.5

The reported data is based on a 30 year period.

RADIATION

Source (4) contains radiation data for 41 stations within the designated area.

Of these stations, the greatest annual radiation occurs in Augsberg, latitude
48 0 26'N, longitude 10'56'W, elevation 461 m (1512 ft). Data for Augsburg based

on recordings of radiation from 1966 to 1975 are as follows:

Munt h1 Avg. Daily1 Radiation
MJ/m 2  BTU/ft 2

Jan. 3.9 347
Feb. 6.7 587
Mar. 10.7 940

Apr. 15.1 1330
May 18.6 1641
Jun. 19.6 1728

Jul. 20.1 1774
Aug. 16.5 1450
Sep. 13.6 1200
Oct. 7.9 699
Nov.., A i 3 2

Dec. 3.1 273

TOTAl, 11.7 1031
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(1) World Weather Guide, EA. Pearce ind CG. Smith,
New York Times Book Company, 1984 (ASU Library)

(2) World Climates, Willy Rudloff, Wissenschaftliche
Verlagsgesellschaft, Stuttgart, 1981 (ASU Library)

(3) World Climatic Data. Frederick L. Wernstedt,
Climatic Data Press, 1972 (ASU Library)

(4) European Solar Radiation Atlas, Volume 1, W. Palz, Editor,

Commission of the European Cominunites,
Brussels and Luxembourg, 1984 (DSET Library)
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CHARLESTOWNJI

Location: Approx. 38 0 N, 860 W

Elevation: Approx. 150m

Charlestown is located in southern Indiana about 30km (19 mi) nor~th of Louisville
and the Ohio River. The average temperature is 13"C (56 0 F). the average relative
humidity, 69%, and the average annual precipitation 1II cm (44 in). The highest
and lowest temperatures recorded (1951--1980) were 41"C (105°F) in July of 1954
and -29'C (-20'F) in January of 1963, respectively.1

Avg. Temperat IPre 1  R.H.1 Total Precip. 1 Avg. Daily Radi o nn2 2
MUlntb, Max. Min. Mean (cm) (in) (MJ;m 2 ) [BTl.ft2)

°C °F OC °F 0C °F

Jan. 5 41 -4 24 11 53 70 8.6 3.4 6.2 546
Feb. 7 45 -3 27 2 36 68 8.2 3. 2 9.0 789
Mat'. 13 55 2 35 7 45 65 12.0 4.7 12.5 1102
Api. 20 68 8 46 14 57 62 10.4 4.1 16.6 1467
May 25 76 13 55 19 65 67 10.5 4.2 19.5 1720
June 29 84 17 63 23 74 70 9.1 3.6 21.6 1904
.July 31 88 20 68 25 78 71 10.4 4.1 20.9 1838
Aug 30 87 19 66 25 76 72 8.4 3.3 19.1 1680
Sep 27 81 15 59 21 70 74 8.5 3.4 15.4 1361
Oclt 21 69 8 46 14 58 70 6.7 2.6 11.8 1042
Nov. 13 56 3 37 8 46 70 8.9 3.5 7.4 652
Dec. 7 45 -2 29 3 37 70 8.8 3.5 5.5 4 ..8.

TOTAL 110.5 43.6
AVERAGES 19 6; 9 46 13 56 69 13.8 1216

1Temperattu e . humlidi ty', and precipitatJoii data is from p1. 451 of Clims te of ie
States. vol, 1, National Oceanic and Atmospheric Administration, 3rd ed. , 1985,
.... -,esee, Compan, Detroit MIT (DSFT libruary ). The weather station reliortntd
is Louisville (38°11'N, 85'44'W, elevation 145 m [477 ft]). about 30km (19 mil
south of Charl estown. The averages anld extremes for temlperat.uie, precipJlttinon.
and precipitation are based on a 23 year period ending in 1980. Humidity is
recorded at 0100, 0700, 1300, and 1900 hours. The average daily humidity is the
mean of these four values.

2 The radiation data is from p. 91 of the Inso at ion Daita Mailu, Connie L. Kniapp,
Thomas .1. Stolfe• , c.nd Stephen 1). Wh t taker, Solar Energy Research Institute,
Golden, CO, 1980. The weather, station reported is Louisville, KY. , latitude,
j (Ogi ttide, a Il d cat Fon Ns Ji 11 ( ) a )oVP
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MIESAU, WEST GERMANY

Location: 49N, 8E

Elevation: 232 m (761 ft) 4

Miesau is located in southwestern Germany about 40 km (25 mi) northeast of
Saarbrucken (elevation 188 m (616 ft]}) on the French border, and about 30 km (19

mi) southwest of Kaiserslautern (elevation 280 m [918 ft]). The estimated

average temperature is 11°C (51°F), the estimated average relative humidity is
744%, and the estimated average annual precipitation is 77 cm (30 in). The

estimated highest and lowest temperatures recorded during a 30 year period are

38°C (101'F) and -24'C (-11 F), respectively. 1

Avg. Temperature 1  RH. 1 Total Precip. 2 Avg. Daily Radiation 3

Month Max. Mil. Mean %__ (cm) 1 ._1MJm 2 ) (BTCift2)
0C OF °C OF °C °F

Jan. 3 38 -2 29 1 34 82 7.5 3,0 2.6 232

Feb. 5 41 -1 30 2 36 78 6.3 2.5 5.5 484

Mar. II 51 2 35 7 43 71 4.6 1.8 9.0 791

Apr'. 16 60 6 42 11 51 65 5.5 2.2 13.5 1186

May 20 69 9 49 15 59 64 5.7 2.2 17.3 1523
June 23 74 13 55 18 65 65 6.9 2.7 18.6 16431

July 25 77 15 58 20 68 67 6.7 2.6 18.5 1628
Aug. 24 76 14 57 19 66 70 7.7 3.0 15.5 1366
Sep. 21 69 11 52 16 61 75 6.5 2.6 11.9 1045

Oct. 14 58 7 44 11 51 80 5.8 2.3 6.7 593

Nov. 8 47 3 38 6 43 83 6.7 2.6 3.2 279

Dec. 4 39 0 32 2 36 85 6.9 2.7 2.1 188

TOTALS 76.8 30.2
AVERAGES 15 58 6 43 11 51 74 10.4 915

1Temperature and humidity data is from p, 371 of World Weather Guide, F. A.

Pearce and C. G. Smith, New York Times Book Company, 1984 (ASU Library). The
reported weather is for Frankfurt, a full 150 km (93 mi) northeast of Miesau.
The close.rt cities for which any data could be found are Kaiserlautern and

Saarbrucken. Only averages could be found at these locations. A comparison of
averages (1942-1972) for Kaiserlautern, Saarbrucken, Frankfurt, and Nancy (in

France, 150 km southwest of Miesau) from p. 185, 192, 193, and 195 of' World
Climatic Data, Frederick L. Wernstedt, Climatic Data Piress, 1972 (ASk: Library),

is as follows:
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J F M A M J 3 A S 0 N D

Kaiserlautern O°C IOC 5°C 8*C 13 0 C 16CC 18°C 17'C 14 0 C 90 C 5VC 10 C
32 0 F 33 0 F 40F 470F 55°F 61OF 64 0 F 62 0 F 57 0 F 48OF 40OF 340 F

Saarbrucken 10C 20 C 60 C IOC 14 0 C 17 0 C 19 0 C 18 0 C 15OC 10C 6"C 20C

34 0 F 36°F 42°F 50OF 57*F 63°F 66°F 64°F 59°F 50F 42'F 360F

Frankfurt IOC 20 C 60 C IO°C 15 0 C 180 C 19 0 C 19'C 15'C 10'C 6CC 20 C
33°F 35°F 43 0 F 51°F 58°F 64 0 F 67 0 F 66 0 F 59 OF 50°F 42°F 36CF

Nancy. FR 1°C 2°C 6CC 9°C 13°C 16 0 C 18°C 18°C 15°C 100C 50C 2°C
34°F 36°F 42 0 F 49°F 56°F 61OF 65OF 64 0 F 59°F 50CF 42'F 35Fý

Very complete data is available for Frankfurt and Nancy. The Frankfurt data is
very similar to Saarbrucken which is close to Miesau. The averages and extremes
are based on a 29 year period ending approximately in 1980. The mean daily
temperature was taken to be the average between the maximum and minimum
temperatures. Humidity data at Frankfurt was recorded at 0630 and 1330 hours. The
humidity reported is the average of these two values.

2 The precipitation data is from p. 195 of World Climatic Data, Frederick L.
Wernstedt., Climatic Data Press, 1972 (ASU Library). The data reported is for
Saarbrucken (elevation 188 m (616 ft), about 40 km (25 mi) southwest of Miesau and
covers tLs period 1942-1972. Saarbrucken was chosen instead of Kaiserslautern
because Saarbrucken receives about 10% more precipitation.

3 The radiation data is from European Solar Radiation Atlas, Vol. 1, W. Palz, ed.,
Commission of European Communities, 1984 (DSET Library). The data reported is for
Saarbrucken.

4 The elevation of Miesau was obtained from Jasper Griggs.
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PINE BLUFF, ARKANSAS

Location: 34 0 13'W, 92 0 01'W

Elevation: 66 m (215 ft)

Pine Bluff is located in the Mississippi River valley it, west central Arkansas
about 75 km (47 mi) west of thc Mississippi River and 50 km (31 mi) southeast of
Little Rock. The average temperature is 18°C (64'F), the estimated average
relative humidity is 70%, arid the average annual precipitation is 128 cm (50 in).
The highest and lowest temperatures recn:'ded (1951-1980) were 43 0 C (110OF) inl
July and August of 1954 and -l8°C (-I°F) in .January of 1966, respective]y. 1

Avg. Temperature 1  R.tI. 2 Total Precip. 1 Avg Daily Radiat ion 3

Month Max. Mill. Meall % (cm) (in) NýJ/m 2 ) (BTU/ft2)
.C OF 0 C OF °C OF

Jan. 12 53 1 33 6 43 70 11.2 4.4 8.3 731
Feb. 14 58 2 36 8 47 67 11.0 4.4 11.4 1003
Mar. 19 66 6 43 13 55 65 12.9 5.1 14.9 1313
Apr. 25 76 12 53 18 6) 67 13.4 .H.3 10.3 161i
May 28 83 16 61 22 72 72 14.3 5.6 21.9 1929
June 32 90 20 68 26 79 70 7.7 3.1 23.9 2107
July 34 94 22 72 28 83 72 9 .2 3.6 23. 1 2032
Aug. 34 93 21 70 28 82 71 7.8 3.1 21.1 1861
Sep. 30 87 18 64 24 75 74 9.6 3.8 17.2 1518
Oct. 25 77 11 52 18 65 70 8.1 3.2 13.9 122e
Nov. 18 65 6 42 12 53 71 10.5 4.2 9.6 347
Dec. 13 56 2 36 8 46 71 12.0 4.7 7.6 674

TOTALS 127.7 50.3
AVERAGES 24 75 31 53 18 64 70 15.9 1404

1ITemperature and precipitation data is from p, 73 of Climates of the States, Vol.
1, National Oceanic and Atmos-;pheric AdminiJstrvat ion, 3r' ed. 1-85 Gale Rescdarcl
Company, Detroit, MI (DSFT 1. ibritry). The weather station reported is Pine Bluff
The averages and extremes for temperature and precipitation are based on the
period 1951-1980.

2 Hum.idJty data is from the same source as (1) (p. 77) brit. since humidity data is
not published for Pine Bluff, this data is for Little Rock, AR (34' 44WN, 92,
14'W, elevation 78 In 1257 ft] ), about 50 km (31 nii) northweslt of Pine Bluff.

Humidity is recorded at 0600. 1200, 1800, and 2400 hours. The average humidity
is the mean of these four values. The averages are based on a 23 year pejriod
ending in 1980.

3 Radiat.on data is from p. 28 of the Insolation Datia Manuail], Coannle L,. Knapp.
Thn!n i, I n4f'£•qt fphf-1 !) W h i Ittikpi_. f 101.F' 'r. P,,','Y _ T,_ ]-,t lit, f-.

Golden, CO, 1380 (ASU Library). The radiation data is for Little Rock.
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CONCORD, CA

Locdtion: 38°N, 122-W

Elevation: Near Sea Level

Concord is locatred in the San Francisco Bay area about 25 km (16 mi) east. of
Rinhmond and 30 km (19 mi) northeast of Oakland. The estimate-!d averavge
temperature is 15°C (58°F). the estimated average relative humidity is 75%, and
the estimated average annual precipitation is 56 cm (22 ii). The estimated
highest and lowest temperatures recorded during the period 1951-1980 were 42'C
(107°F) and .-4°C (240F), respectively. 1

Avg. Temperature 1  R. H. 2 Total lrecip. 1 Avg. Dlylv Radi at tioi

alau I Max Mi. Mean % .crm] fin) (MJ.Jm2 ) (BTU/ft2)Mt 'F 01: C 'F °C °F

Jan. 14 57 6 42 10 50 73 12.6 5.} 8.0 708
Feb. 16 62 7 45 12 53 74 8.5 3.3 11.5 1018
Mar. 17 63 8 46 13 55 70 6.8 2.7 16.5 1456
Apr. 19 66 9 48 14 57 71 4.4 1,7 21 .8 1922
May 20 69 11 51 16 60 77 0.8 0.3 25.3 2211
June 21 70 12 54 17 62 80 0.3 0.1 26.7 2350
July 21 70 13 55 17 62 82 0.2 0.1 26.4 2323
Autlg. 21 70 13 56 C7 G:M P2 0.2 0.1 23.3 2053
Sep. 23 74 14 56 18 65 75 0.8 0.3 11.3 1701
Oct. 22 72 12 53 17 63 69 3.1 1.2 13.8 1212
Nov. 18 65 9 4B 13 56 73 7.2 2.8 9.3 822
Dec, 15 58 6 43 10 51 "2 10.6 4.2 7.3 647

TOTALS 55.5 21.8
AVERAGES 19 66 10 50 15 58 75 17.4 1535

ITemperat ure and prec i i ta Iion datail i i fio p. 112 of Climates of' the States,
Vol. 1, National Oceanic and Atmospheiic Administ-ration , 3rd ed., 1985, Gale
Research Company, Dettroit, MI ()D'•1' I ilary). The weather station reporlted is
Richmond (37 5G'N, 1•2 21 'W, ePevation 17 rn {55 ft]) about 25 km (16 mi) west.
of Concord. The aver'ages alnd extremes fur- temperature and pi'ecipitati oni are
based on the period 1951-1980.

2 flumidity data is from the same source as 1) (p . 129), but sirnc( humidity dotu
is not publ ished for Richmond, this datýi is for San Francisco (Mi-,;iori Dolores,
elevation 22m [75 ft], 37' 46'N, 122" 26'W>, about 40 k,, (2,5 fi) southwest of
Concord. Humidity is recorded at 0400, 1000, 1600. and 2200 hours. The aver'ago
humidity is the mean of these four vol ues. The avecrages; are based on the per i rid
3951 -1980.

3RHadjitionl dala is f'rom01 p. 39 of tile ]I sco] ion' Dot a Manutlo , Connie L. Knapp.
Thomas L. Stof ,!I, and Stephen D. Whilttaker . Solal En erigy Rese'rach Institute,
G l den , 1-0, I]08W (ASU [ibrariy). Trie radiation data is Ior Oakland, CA, about. 30
km (19 mi) southwest of Co ciord.
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CANAL ZONE. PANAMA

Location: 90 N. 80°W
Elevation: Near Sea Level

The Canal Zone in Panama is at the southeastern tip of Central America
about 320 km (200 mi) northwest of the Columbian border. The average
annual temperature is 27 0 C (80 0 F), the average relative humidity is 88%.
and the average annual precipitation is 177 cm (70 in). The highest and
lowest temperatures recorded during a 34 year period ending in 1980 were
36°C (97 0 F) and 171C (63 0 F). respectively. 1

Average Temperature1  R.H. 1  Total Precip. 2  Avg. Dail. Radiation3

Month Max. Min. Mean (%) (cm) (in) (MJ/m 2) (BTL''ft 2 )
0C CF 0C OF °C OF

Jan. 31 88 22 71 27 80 86 9.2 3.6 18.9 1663
Feb. 32 89 22 71 27 80 83 4.2 1.7 20.5 1803
Mar. 32 90 22 72 27 81 80 3.0 1.2 20.4 1799
Apr. 31 87 23 74 27 81 81 14.3 5.6 18.7 1648
May 30 86 23 74 27 80 88 33.1 13.0 15.3 1349
Jun. 31 87 23 74 27 81 90 35.4 13.9 13.3 1169
Jul. 31 87 23 74 27 81 91 34.5 13.6 14.7 1298
Aug. 30 86 23 74 27 80 91 37.8 14.9 14.2 1254
Sep. 29 85 23 74 26 80 91 30.1 11.9 14.0 1231
Oct. 29 85 23 73 26 79 91 41.8 16.5 13.3 1176
Nov. 29 85 23 73 26 79 92 48.5 19.1 13.9 1228
Dec. 31 87 23 73 27 80 90 26.1 10.3 16.7 1475

Totals 318.0 125.3
Averages 0A 87 23 73 27 80 88 16.2 1424

ITemperature. humidity and precipitation data is from p. 196 of World
W eatheer Guide. E.A. Pearce and C.G. Smith, New York Times Book Company.
1984 (ASU Library). The reported weather is for Balboa Heights, Panama
(80 57'N. 790 33'W. elevation 33m [118 ft.1). The averages and extremes
for temperature and humidity are based on a 34 year period ending in 1980.
The mean daily temperature was taken to be the average between the maximum
and minimum temperatures. Humidity was recorded at 0730 and 1930 hours.
The humidity reported is an average of these two values.

2 Precipitation data is from a 3-5-87 telephone call with Mr. Weingarten of
the Tropic Test Center, Fort Clayton, Panama. The data presented is for
the Atlantic side of the Canal Zone, which receives about twice as much
rainfall as the Pacific side.

'Radlatlon data is from the same source as note 2 above, The data
presented Is for the Pacific side of the Canal Zone which receives more
r;idi;ation than the Atlantic: side.
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YUMA. ARIZONA

Location: 320 40'N. 114° 36' W
Elevation: 59 m (141 ft)

Yuma is located in southwestern Arizona about 300 km (185 mi) southwest of
Phoenix. The average temperature is 23 0 C (740F). the average relative
humidity Is 37%. and the average annual precipitation is 7 cm (3 in). The
highest and lowest temperatures recorded (1951-1980) were 49 0 C (120 0 F) in

August of 1981 and -4*C (24*F) in January of 1971, respectively. 1

Average Temperature 1  R.H. 1  Total Precip. 1  Avg. Daily Radiation 2

Month Max. Min. Mean (%) (cm) (in) (MJ/m 2) (BTUift 2 )

°C OF °C OF °C OF

Jan. 20 69 6 43 13 56 43 1.0 0.4 12.4 1096
Feb. 23 74 8 46 16 60 40 0.7 0.3 16.4 1443
Mar. 25 77 10 50 18 64 36 0.5 0.2 21.8 1919
Apr. 30 86 13 56 22 71 31 0.3 0.1 27.4 2413
May 34 94 17 63 26 78 29 0.1 0.0 31.0 2728
Jun. 39 103 22 71 31 87 27 0.0 0.0 31.9 2814
Jul. 42 107 27 80 34 94 36 0.4 0.2 27.8 2453
Aug. 41 105 26 80 34 92 39 1.1 0.4 26.4 2329
Sep. 39 101 23 73 31 87 40 0.6 0.3 23.3 2052
Oct. 33 91 17 62 25 76 38 0.7 0.3 18.4 1623
Nov. 25 77 10 50 18 64 41 0.5 0.2 13.8 1215
Dec. 21 69 7 44 14 57 46 0.9 0.3 11.4 1000

Totals 6.7 2.7
Averages 32 88 15 60 23 74 37 21.8 1924

lTemperature. humidity and precipitation data is from p. 54 of Climates of
the States. Vol. 1. National Oceanic and Atmospheric Administration. 3rd
ed.. 1985, Gale Research Company. Detroit. MI (DSET Library). The weather
station reported is the Yuma International Airport (32c 40'N. 1140 36'W.
elevation 59 m [194 ft3). The averages and extremes for temperature,
precipitation and humidity are based on the period 1951-1980. Humidity is
recorded at 0500. 1100, 1700. and 2300 hours. The average daily humidity
is the mean of these four values.

2 The radiation data is from the Insolation Data Manual. Connie L. Knapp.
Thomas J. Stoffel, and Stephen D. Whittaker. Solar Energy Research
Institute. Golden, CO. 1980. The weather station reported is the Yuma
International Airport.
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NEW ORLEANS. LOUISIANA

Location: 300N, 90°W
Elevation: Sea Level

New Orleans is located near the southern end of the Mississippi River on
the Gulf of Mexico in southern Louisiana. The average temperature is 20'C
(68*F). the average relative humidity is 76%. and the average annual
precipitation is 152 cm (60 in). The highest and lowest tenioeratures
recorded (1951-1980) were 39 0 C (102 0 F) in August of 1980 and -100 C (14CF)
in December of 1983. respectively. 1

Average Temoeraturel R.H.1 Total Precip. 1  Avg, Daily Radiation 2

Month Max Min Mean % (cm) (in) (MJ,'i 2 ) (BTU ft 2 )

CC OF C IF OC 0F

Jan. 17 62 6 43 11 52 77 12.6 5.0 9.5 835
Feb. 18 65 7 45 13 55 69 13.3 5.2 12.6 1112
Mar. 22 71 11 52 16 61 73 12.0 4.7 16.1 1415
Apr. 26 79 15 59 20 69 74 11.4 4.5 20.2 1780
May 29 85 19 65 24 75 75 12.9 5.1 22.3 1968
Jun. 32 90 22 71 27 80 76 11.7 4.6 22.7 2004
Jul. 33 91 23 74 28 82 80 17.1 6.7 20.6 1814
Auq_ 32 90 ?3 73 28 82 80 13.3 6.0 19.5 1717
Sep. 30 87 21 70 26 79 79 14.9 5.9 17.2 1514
Oct. 26 80 15 59 21 69 76 6.7 2.7 15.2 1335
Nov. 21 70 10 50 16 60 76 10.3 4.0 11.0 973
Dec. 18 64 7 45 13 55 77 13.4 5.3 8.8 779

Totals 151.6 59.7
Averages 25 78 15 60 20 68 76 16.3 1437

ITemperature. humidity. and precipitation data is from p. 472 of Climates
of the States. Vol. 1. National Oceanic and Atmospheric Administration. 3rd
ed.. 1985. Gaje Research Company. Detroit. MI (DSET Library). The weather
station reported is the New Orleans International Airport (29c 59'N, 90"
15' W. elevation 1 m F4 ft!). The averages and extremes for temperature,
precipitation and humidity are based on the period 1951-1980. Humidity is
recorded at 0600. 1200. 1800 and 2400 hours. The average daily humidity is
the mean of these four values.

2 The radiation data is from the Insolation Data Manual. Connie L. Knapp.
Thomas J. Stoffel. and Stephen D. Whittaker. Solar Energy Research
Institute. Golden. CO. 1980. The weather station reported is the New
Orleans International Airport.
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ANCHORAGE. ALASKA

Location: 61 0 N. 149°W
Elevation: Near Sea Level

Anchorage is located on Cook Inlet off the Gulf of Alaska along Alaska's
southern edge. The average temperatur', is 24C (35 0 F). the average relative
humidity is 71%. and the average annual precipitation is 39 cm (15 in).
The highest and lowest temperatures recorded (1951-1980) were 29°C (857F)
in June of 1969 and -37 0 C (-34 0 F) in January of 1975, respectively. 1

Average Temperature1  R.H. 1 Total Precip. 1  Avg. Daily Radiation 2

Month Max Min Mean % (cm) (in) (M.lm 2 ) (BTL''ft2}
0 C;F 0 C OF 0C 0 F

Jan. -7 20 -14 6 -11 13 71 2.0 0.8 1.4 122
Feb. -4 26 -12 10 - 8 18 71 2.4 0.9 3.8 334
Mar. 0 32 - 9 16 5 2,4 67 1.8 0.7 3.6 759
Aor. 6 43 - 2 28 2 35 65 1.7 0.7 14.2 1248
May 12 54 4 38 8 46 62 1.4 0.6 18.0 1583
Jun. 17 62 8 47 12 54 66 2.7 1.1 19.9 175:
Jul. 18 65 11 51 15 58 71 5.0 2.0 18.1 1598
Aug. 17 63 10 49 13 56 75 5.4 2.1 13.5 1189
Sep. 13 55 5 41 9 48 76 6.2 2.4 9.0 791
Oct. 5 41 - 2 28 1 35 75 4.4 1.7 5.0 437
Nov. - 2 28 - 9 15 - 6 22 77 2.8 1.1 2.0 175
Dec. - 6 20 -14 7 -10 14 75 2.8 1.1 0.7 64

Totals 38.6 15.2
Averages 6 42 - 2 28 2 35 71 9.5 838

1Temperature, humidity, and precipitatioo data is from p. 27 of Climates of
the States. Vol. 1. National Oceanic and Atmospheric Administration. 3rd
ed.. 1985. Gale Research Company. Detroit. MI (DSET Library). The weather
station reported is the Anchorage International Airport (610 ION. 1500

O'W. elevation 35 m 5114 ft)). The averages and extremes for temperature.
precipitation. and humidity are- based on the period 1951-1980. Humidity is
recorded at 0200, 0800 1400. and 2000 hours. The average daily humidity
is the mean of these four values.

2 The radiation data is from p. 13 of the Insolation Data Manual, Connie L.

Knapp. Thomas J. Stoffel, and Stephen D. Whittaker. Solar Energy Research
Institute, Golden CO. 1980. The weather station reported is Homer, Alaska
(590 38'N, 1515 30W, elevation 22 m F72 feetl). 160 km (100 mi) southwest
of Anchorage.
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FAIRBANKS, ALASKA

Location: 65 0 N. 147 0W
Elevation: 133 m (436 ft)

Fairbanks is located in central Alaska about 200 km (125 mi) south of the
Arctic Circle. The average temperature is -3 0 C (26 0 F), the average
relative humidity is 63%. and the average annual precipitation is 26 cm (10
in). The highest and lowest temperatures recorded (1951-1980) were 360C
(96*F) in June of 1969 and -52 0 C (-62*F) in December of 1961.
respectively.1

Average Temperature1  R.H. 1  Total Precip.1 Avg. Daily Radiation
Month Max Min Mean % (cm) (in) (MJ'm 2 ) BTt ft 2 )

SC 0F 0C 0F 0C 0 F

Jan. -20 - 4 -30 -22 -25 -13 66 1.3 0.5 0.3 30
Feb. -14 7 -26 -15 -20 - 4 63 1.1 0.4 2.5 221
Mar - 6 22 -20 - 5 -13 9 59 1.0 0.4 7.7 674
Apr. 5 41 - 7 20 - 1 30 55 0.7 0.3 13.5 1194
May 15 59 3 37 9 48 48 1.4 0.6 18.2 1604
Jun. 21 70 9 49 15 59 55 3.4 1.3 19.9 1752
Jul. 22 71 11 52 16 62 64 4.5 1.8 17.5 1543
Aug. 19 67 8 47 14 57 67 4.7 1.9 12.7 1118
Sep. 12 54 2 35 7 45 68 2.8 1.1 8.1 709
Oct. 0 33 - 8 18 - 4 25 72 1.9 0.7 3.3 293
Nov. -11 12 -20 - 5 -16 4 71 1.7 0.7 0.8 74
Dec. -19 - 2 -28 -18 -23 -10 67 1.9 0.7 0.0 3

Totals 26.4 10.4
Averages 2 36 - 9 16 - 3 26 63 8.7 768

1 Temperature, humidity and precipitation data is from p. 31 of Climates of
the States. Vol. 1. National Oceanic and Atmospheric Administration, 3rd
ed., 1985. Gale Research Company. Detroit. MI (DSET Library). The weather
station reported is the Fairbanks International Airport (640 49'N. 147c 52
W. elevation 133 m [436 ft]). The averages and extremes for temperature.
precipitation and humidity are based on the period 1951-1980. Humidity is
recorded at 0200. 0800. 1400. and 2000 hours. The average daily humidity
is the mean of these four values.

2 The radiation data is from p. 11 of the Insolation Date Manual. Connie L.
Knapp. Thomas J. Stoffel. and Stephen D. Whittaker. Solar Energy Research
Institute. Golden, CO. 1980. The weather station reported is the Fairbanks
International Airport.
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APPENDIX C

ARIZONA ENVIRONI-ENTAL CONDITIONS
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t~DSET

LABORATORIES, INC.

Box 1850
Black Canyon Stage I
Phoenix, Arizona 85029

Telephone: 602-465-7356
TWX: 910.950.4681 DSET PHX

THE WEATHER AT NEW RIVER, ARIZONA NOVEMBER 1987

TE*ERATURE "MIDITY S&PR RADI•N EXPOSL'E ŽJ/m2; W-. AV.
DATE (aeprees C) (M TOTAL U.G. TOTAL UI TOTAL TOTAL TOTP._ UN TIME WIlk WINE 650

$l&I LOW c hi1G, LOW I 45 45 34 ;4 5 TRACK EMAULHE ,,MAH unr) tcT) /r•r CON. --

1 20 14 17 92 76 86 9.7 8.3 6.6 044 4.8 10.4 e 0.0 !2.6 . .,
2 21 14 17 92 67 81 13.6 11.7 12.8 0.6U 10.0 i6.4 5e -. 33 Z.' .8 6e. e-,
3 25 14 19 87 42 69 24.5 a. 9 23.1 0.9e 13.6 U.4 i92 5.13 0. q e.L e .' LA
4 29 14 22 76 19 45 22.6 19,3 21.6 0.K? 2 13.7 27.7 .45 3.B8 8.6 e.e 1e.5 L£3
5 22 12 16 K 56 84 9.3 8.8 8.6 8.42 4.i 8.8 4i :.89 29.9 8.? 7.8 ,
6 22 11 15 92 48 79 16.3 15.6 17.1 0.7: 15.7 2e.7 89 E.. 3.5 0.8 6.? S:7
7 21 1t 15 91 53 75 2,.1 20.6 22.4 e.83 13.9 3e.- 169 j4.45 e.8 8 . 7.7 C3-
8 25 11 18 87 25 5e 25.6 21.9 E3.8 Z.86 14.6 32.6 198 5.2% a .8 e ,8 1..3 A C)'
9 25 14 15 5e 16 34 25.3 21.7 23.7 8.85 14.6 31.7 19- 5. e. 8.8e 1..5 E_3

18 26 13 2e 43 14 25 24.3 2Z.7 ,2.6 8.88 1'. 1 38.6 17q 4.52 8.8 8.8 9.: r

11 25 12 18 44 20 35 25.3 21.7 23.8 Z.8.K 14.3 32.3 196 5.09 e.8 1.e 1-0. [C
12 26 13 18 42 14 30 26.0 22.2 24.4 0.83 1,4.5 33.1 8 5.38 0.8 8.8 18.9 £3e
13 23 18 16 51 24 39 16.1 13.8 15.6 e.56 18.9 19.7 66 i.7W 8.8 8.8 7.' es
14 19 18 14 81 40 57 13.5 11.5 13.@ 0.5Ž 7.1 15.5 53 1.34 1.. 0.8 e . B.-
15 17 6 11 6, 20 39 25.8 Ž2.0 24.2 0.81 13.7 32.6 2W 5. 1 0.8 e .8 9.4 £_;
16 18 6 11 60 21 4Q 24.9 21.3 23.e 0.78 13.6 31.4 197 4.99 L.0 8.8e 6.8 C_
17 19 7 ii 51 21 41 13.2 11.3 12.7 8.49 9.1 15.5 48 1.22 0.0 8.@ 7.3 BM,
18 22 11 15 43 14 22 26,4 22.6 24.6 0.79 14.2 33.5 70 1.76 0.8 8.e 18.3 CLR
19 2E6 14 19 24 12 16 26.4 2.6 24.6 e.79 14.0 33.6 142 3. 5 .e 0.. 8 1S. C£3
28 27 13 IB 24 12 16 K.4 22.5 24.4 8.8e 13.9 33.3 210 5.16 0.0 8.0 12.6 £. C
21 2K 9 15 41 15 24 24.9 21.3 23.3 8.76 13.3 31.2 196 4.87 e.9 i.1 7.9 £L9
22 22 8 14 40 21 34 24.4 20.9 L2.8 0.75 12.9 38.7 N4 5.07 e.0 8.8 8.5 C£;
23 22 9 14 45 19 35 9.4 8.1 9.0 8.33 6.8 10.9 41 1.*8 0.8e e. 6.7 BV1
24 23 9 14 t9 17 35 24.9 21.2 23.2 0,73 13.8 1,.2 181 4.43 8.8 8.8 1h. 5-
25 18 5 11 56 18 36 24.2 20.7 22.5 0.70 12.8 30.8 204 4.98 e.80 e. 10.5 CR
26 18 6 10 43 28 35 24.8 21.2 23.0 0.73 12.8 30.6 0 8.0 8.8 8.e 1m.e £3R
27 20 7 12 43 18 31 25.1 21.5 23.3 8,74 12.9 31.7 219 5.31 0.0 8.8 1 .. C.R£
28 28 8 13 35 17 27 26.1 22.3 19.0 0.67 11.9 27.0 150 3.63 0.0 8.8 1.32 £3
29 17 3 10 49 27 38 22.6 19.4 21.0 0.66 12.0 27.9 174 4.18 0.0 t.0 7.0 £9
30 18 5 11 50 23 39 21.9 18.7 21.5 0.66 11.8 6.4 171 4.08 e.e 8.8 8.5 £3

TOTAL 649.6 555.5 6N.8 21.17 363.8 798.5 4188 11KB5 36.5 .10

AV8. 22 10 15 58 27 43 21.7 18.5 20.0 0.71 12.1 26,6 139 3.53 5

YEAR TO DATE TOTALS 7383.1 62" .5 7602.7 333.84 7011.0 10583.2 57881 16.09 239.8 17.1

bloul total measurements recoroec usinao uooey PP- Pyranomueers. ',.l
Global IN measurewnts recoroec using Eooiey TLVR ((383 rm).
LAW" total measuremets cogoutea usin_ oirec-normaz measuremerts fror E;ley vNP Pyrne.lcmeter,
EDWOIA IN measurements comoutec usinm DSET uitravioiet sky 0ee.,
To conrmn from KJ/m2 to langleys, aivice MJi/? Dy 0.04,84.

-Not availanie,
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LABORATORIES, INC.

box ¶6S0
Black Canyon Stage I
Phoenix, Ar-zona 6S529

Telephone: D2.-465.7356
TWX: 91O.90-4681 DSET PHX

THE WEATHER AT NEW RIVER. ARIZONA DECEMBER 1987

ICERTUAR MAJIDITY SOLAR RADIiT EXPOSuqE (VJ/iu ,vA7.
DITh (aearme C) 0 TOTAL u. E. TOTA~L LIV ýDA T07k TOTP.. iN T!MýE RAIN' WIN7 S

tUBG- L0N MEAN MiG- -OW kEAN 45 45 34 34 5 TRACK F-MMIDL EM•"U2 vnr) (cm) t',r K.'I .

i18 9 2 44 65 31 a.7 .9. 4 21.2 t.66 12.D 27.6 i91 4.53 e.. 0 .6 I.:
2 2: 11 15 41 26 32 22.0 18.8 20.6 0.67 1..9 27.4 161 1.78 0.e 0.8 .6_
3 25 10 16 45 19 35 23.4 &.0 21.6 6.71 12.1 26.8 196 4.6e e.6 e . e 10. e .
4 15 8 1± 96 61 B 9.4 8.0 5.. 6.36 6.7 I.7 43 ..6 15.6 t. 0 1Z.8 9,
5 19 9 13 93 51 75 14.9 2.7 13.9 8.49 5.7 17.8 54 1.24 L.9 e.? 6.9
6 20 7 13 89 43 70 23.5 2e.1 21.6 0.69 1e.3 29.4 26A 4.6* o, 0.6 7.7 9
7 18 7 13 84 46 68 23,4 Lt.6 Ž1,6 .67 11.4 29. .98 4.50 0.0 0.t S. e
6 2@ 8 12 74 19 44 18.7 16.0 17.5 0.57 10.1 22.4 129 2.9' 0.e .0 t, sK
9 19 7 12 52 , 26 42 21.9 ,8,7 2e.3 0.67 11.3 26.6 179 4. . 0.6e 0.e 8.1 r _

1i 23 11 15 62 28 43 23.8 a.3 21.9 e,69 11.6 29.9 18 4.00 e.6 e , 60. ,
11 H 8 15 67 28 49 23.2 ;9.9 21.3 0.69 11.4 28.9 4 •.53 0.6 6.6 6.9 :.
!2 18 4 12 58 2e 34 24.4 d.9 5 2. 0.69 11.9 28.9 2@9 4.56 0.0 0. p 13. 2
13 5 a 3 a7 31 u• 6.1 5.E 5.6 8.30 6.1 7.5 a e. K Z.2 e. 1 , 7
14 11 -1 4 84 36 63 19.5 1. 7 18.2 6.61 1. 23.6 142 a.2i 0.e @.6 ,'s 14 4 8 49 23 36 21.0 17.9 i9.6 C.&3 10.9 25.3 2.5E 3.8 6 .6 6.6 •.4 -

16 16 7 IR 46 25 37 6. 1 5.2 6.3 e.29 6.0 6.3 e N.6 0.0 0.0 5.3
17 1Ž 5 9 92 67 85 1.@ 6.8 0.8 0.66 1.0 1.5 e e.08 !6.9 6.2 :6.7
16 15 6 9 kŽ 67 85 8.7 7.5 9., 6.46 7.9 16.2 0 0. n 3..s e. 0. 8.1 ,
19 !1 6 8 94 86 91 2.3 2.e 2.5 6.17 1 ,2 I2.6 e C.68 9.1 O.e 4.2 :,

20 17 4 9 93 45 75 21.9 16.7 21.3 0.67 11.2 28.4 195 4.07 7.6 6.6 8-,1:
21 19 5 16 8o 31 61 24.2 20.7 22.2 6.68 11.7 29.S 2.7 1. 5 6. e 0.6 8.9 9
2i 19 5 11 83 34 24 Ž.1 at.6 22.1 0.68 5.6 30.6 216 4.48 06. 0.0 7.2 ,.
a N a 11 72 !9 43 19.3 16.5 18.0 0.57 6.6 23. .19 2.46 e . 0.0 6.2 r.
24 :5 6 9 8S 41 70 10.4 8.9 16.0 06.4 6.7 11.9 e C.&• e .6 6.6 7, 7 C+
25 -7 4 1 91 47 77 7.9 6.8 7.9 0.35 5.9 8.0 ? 0. N 0.6 6.e 7.5 N.l

S 16 6 16 55 2. 35 14.4 12.3 13.7 0.46 8.1 17,3 63 1.29 6.6 0.6 5,6 SCE
27 19 8 11 44 2; .7 24.4 22.8 22.4 a.69 11.2 30. 206 4.12 2.6 6.6 8.3 9

28 18 7 11 57 33 45 18.9 16.2 17.6 6.56 5.7 23.6 71 1.45 6.6 0.0 6.8 ,-
Ž9 19 37 11 59 19 37 24.6 21. K 2.6 a.67 11.9 36.3 213 ,34 0.6 O.e 9.2 "LR
30 13 0 6 8 31 58 19.9 17.0 16.7 0.L! 1068 23.B 146 3.81 6.6 I.6 7,6 S.I
31 14 25 8 65 20 34 14.0 11.9 13.2 0.45 8.7 16.7 :7 6.34 0.0 6.0 14.9 8<N

TOTAL 540.0 461.-6 561. 16.77 27S.7 657. 6 37!7 Be, 9 ,58.8 2.2

AVG. 17 8 11 7Ž 3K 55 17.4 14.9 1G.2 0.54 8.9 21.2 :6 2.a E 8.4

YEAR TO DATE TOTA.S 7843.1 671L 1 8114.1 350.61 7287.7 11240.8 61598 17?3.A4 298.6 17.3

Gioabl total wasurevents recroed usirip EDgiFY PSP Praraciers. Par. A
Global UY fhasurmmns recome using EDl1y T•NR ((383 ru).
E4 A tota1 measuretwts c-ootjtec usir cirec•t-mrsa, measurents fro% Eoriiey NIP Pyrnel1c~eer.
EOMA UV N asurumnts cmuo us•mq , SEi .iravio.et sky lscel.
To coonvr frol MJ/m to JannIeeys. civioe Y P.E Dy a.64164.

Not avallaDie.
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$)w DSET
LABORATORIES, INC,

BuA 1550
Black Canyon Stage I
Phoenix, Atizona 85029

Telephone: 602-465-7356"TWX: 910-950-4681 DSET PHX

THE WEATHER AT NEW RIVER, ARIZONA JANUARY 1988

TEMPRARiEu t".IDITY SO..PR ;ADIAN\ :_XPOSJTC i i C-

DATE woeerees C) M%) TOTPL u.G. TOTL_ UV TOTA.- 70'k TOTL uV TN7E RP.i\ w!ND SKY
Ml6ti LO CN NE ISH L1 MEAN 45 45 34 34 5 TRP'-! EMM~J~q £tYA2IA ui 1 r t

: i5 7 10 23 16 a 19.2 16.4 18. 8.59 18.5 2.2 61 a .24 e. e , 2v'.
2 16 5 9 57 2N 31 19.2 16.4 17.9 e.59 1.A 2.4 115 .41 0.0 0.e u. _

3 16 3 10 58 32 46 16.4 14.1 15.5 1 .53 9.1 19.5 121 2.47 Z.0 e.1 7.4 5--
4 21 1e 14 47 19 3m 111.3- 9.6 10.9 Z. 44 7.9 11.9 16 ý. 37 0.0 0. e 7.4 K2
5 15 9 12 93 44 67 2.7 2.3 3.3 e.20 4.1 2.7 e e. &1 5.6 9C-?
6 ,5 5 9 93 66 85 17.9 15.3 16.4 0.55 9.9 N.6 116 2.37 6.3 0. 5.
7 16 5 9 9 43 74 16.3 15.6 17.3 0 58 7.7 21.4 117 i.36 8.2 0.8 7.. _
6 16 3 9 86 48 73 21.4 17.5 18.9 0.61 10.5 24.1. 151 3i.& 0.1 0.0 6.5 r 2S
9 16 6 10 E5 34 62 23.8 20.3 21.9 0.69 !!.7 27.1 152 3.94 0.0 e.t 7.t 2-uR

18 2N 6 12 75 34 55 22.1 18.9 &,7 0.67 11.9 26.5 167 3.42 0.0 0.e -.
11 18 7 12 74 41 55 19.3 8.8 !0.0 0.41 7.9 I•.7 0 0. 8 . 1? el.e 6.5 kK
I? ?e 6 13 71 17 37 24.3 2.8 E2.4 0.71 12.5 26.4 N25 4.23 0.0 0.0 6.0 1. L
13 21 9 13 48 16 27 19.7 16.8 18,7 0.62 11.3 23.8 134 2. 7 0).e 0 1( 2 .. t -
14 23 10 14 41 13 23 25.3 21.6 23.5 M.73 12.8 24.0 i68 3.46 8,0 0.e 13.6 C-R
15 18 8 12 89 24 34 6.5 5.7 6.6 @. 31 6. e 6.5 0 0.88 & .4 8. 8 6.1 ID ,

16 16 8 18 93 6 O 2 12.0 10.2 14.9 8.55 8.4 16. e &.88 9.8 e.1 Z.9 s 4K
17 14 6 9 94 68 2.4 2.1 2.7 e.15 :.3 1.9 8 8.8 7.3 8.2 9.1 ov:

18 8 93 63 83 6.3 5.4 5.3 8.28 4.1 4.5 0 0.80 .2, M.' 14.1 1,
19 18 77 48 54 21.1 18.2 28.8 0.70 10.7 23.8 118 2.49 0.0 8.0 9.6 CR
22 11 1 62 20 39 19.9 17.0 17.2 0.68 8.7 23.5 171 3.60 0.0 0.0 12.6 CAR

21 12 8 6 65 26 45 25.0 21.4 22.9 8.78 13.0 29.5 2& 4.22 0.8 0 9.6 :-
22 15 6 18 37 18 25 25.8 22.0 24.4 e.79 13.9 32.5 205 4.36 0.0 0.0 14.0 CLR
23 15 3 8 68 23 40 23.0 19.7 22.7 0.76 13.4 26.7 187 3.98 Z.0 0.0 7.6 ZRQ

24 18 2 1i 77 16 32 25.1 21.5 24.6 0.79 13.9 K!,1 03 4,34 0,0 A.0 13.6 CA
25 21 6 12 55 15 27 25.5 21.8 24.8 0.88 14.3 33.1 186 3.97 8.0 0.0 15.2 ZR
26 24 9 16 36 14 24 24.4 28.8 23.9 0.80 14.1 27.7 2M7 4.44 0.0 0.0 12,4 C'A
27 24 14 17 25 14 21 15.2 13.0 15.8 0.62 11.5 17.5 25 e.54 8.0 0.0 12.1 BKN

28 26 13 17 39 14 24 18.8 16.1 18.7 0.70 12.0 23.1 134 2.90 8.0 0.0 9.9 9T

29 22 !1 15 68 21 48 22.6 19.3 22.1 0.77 13.7 27.6 182 3.97 0.0 8.0 7.L CAR
30 19 8 13 67 34 53 24.4 2.9 23.7 0.79 14.3 27.8 192 4.21 8.0 0.0 7,6 rCFA

31 18 5 11 68 34 53 18.6 15.9 18.3 8.91 12.2 23.1 73 1.60 8.0 08. 7.5 b S7

TDTAL 567.7 485.4 564.8 18.70 323.7 659.8 3648 76.81 6K.2 0.4

PVA. 17 6 11 66 30 47 18.3 15.7 17.6 0.6e 10.4 21.3 118 2.48 5.9

YEAR TU DATE TOTALS 567.7 4&5.4 544.8 18.70 3e3.7 &59.8 3648 76.81 G2.2• 0.4

6ional totai measurements recoroeo ustnQ Eooiey PSP Pvranoeeters. Pir: P

Global LN measurmments recorcec usino Eooley TuVR ((383 rev.
EMM X: total me.eurements coucuteo usmno cirect-roraai ueasurerents frow Enoiev NIP Pvrneiloweeer.
E A e'. asuremnts cououteo usin DSE-T uWtravioiet sKy mooel.
To convert from PQJlw to lanoleys, divLre J/e2 ny 8,04164.

t o% availacle.
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SLABORATORIES, INC.

box 1850
Bieck Canyon Stage I

S Plow Ix, Arizona 85MZ•
Telephomne: W02-465, 7356

f it TWX: 910-9W.4681 DSET PHX

THE WEATHER AT NEW RIVER, ARIZONA FEBRUARY I e:86

TM~PRATM;R "IIDITY SOLAR RRDIAhr• EXPOSURE (KJ/m2) Wt AV.
DATE (Geares C) MI• TOTAL U. G. TOTAL UV TOTAL TOlk, TOTAL m• TIME RAIN WIE SK

HIGH LOW MEA HIGH LN• ME.AN 45 45 A4 34 5 TRAlCK 90U EPW in,) (cm (Km/nr CON:.,

1 15 6 11 59 42 S,3 2.7 2.3 3.3 0,19 4.0 1,1 a e.0 fe .3.9 0.0 OV 0

2 17 it 12 92 52 72 3.1 216 4.6 0.25 6.6 3.9 9 0,0W. 13.7 0.7 6,s D•,

3 17 8 12 98 55 so 20.9 17.8 20.7 6.77 10.6 24. e 1.56 3,47 12.6 0. 5 7., CL;

4 16 11 13 55 Q 45 5.5 4.7 6.3 0. K 3.8 5.9 0 0.,a 0.0 0.0 15.3 M0

5 N0 10 14 43 18 31 4 22,6 25.1 0. a 14.9 32.0 1@4 2.56 0.0 Le 1E. Ct R

6 N0 A 12 72 21 46 2t. 6 22.7 25.4 0.90 15.7 34.3 22 5.0 K .0 e. 0 5.4 U R

7 19 6 12 '72 40 56 26.5 22.7 25.3 0.89 15.8 34.3 M1 4,.• 0.A 0.0 . C•

a 21 11 16 &4 31 4ý 26.2 22.4 24.7 0.89 15.7 31A4 224 5.10 0.0 t. 0 7.9 Q

9 E-' 1;- 17 54 16 34 26.7 .8 25.3 e. 89 16.1 32.0 Z2 5.16 0.0 e.0 e , le.

le 24 9 16 49 15 32 26.3 22.4 25.1 0.91 15.4 K. 7 214 4. ?1 0.0 0.0 1 e. 31 [

11 26 1E 17 30 13 2J 27.4 23.5 26.1 0.92 16.6 33.9 107 a. 49 e. 0 0.0 15, 4 LkR

12 27 11 18 Q• 12 21 27.4 23.5 26.4 0.93 16.6 32.4 226 5.36 0.0 e, .0 1'ý.1 C-ý

13 L, 9 15 49 2e m 26.8 22,9 25.6 6. 91 16.7 33.5 2171 S. ii 0.0 0.9 S.4 CJ•

14 23 9 le 46 l9 30 26.6 22.7 25.5 e.9W 16.6 33.9 PP- 4.74 6.0 0.0 12.5 CLP

15 22 a 13 47 18 29 26.6 22. 7 253.5 0.92 16,8 33.6 M• 4.94 0.0 0.0 le.,3 CLR

16 21 7 14 46 16 29 26.2 2?.4 25,0 0. W. 16.8 29,.2 201 4.81 0. @ 0.0 9.9 L'

17 19 9 13 28 16 21 26.7 22.9 25.4 e.93 1-7,2 31.7 212 5.07 M. 0.0 A•.5 r, .

is 15 4 10 14 19 23 11.6 9.9 11.8 0.53 10.3 13.4 36 0.88 0.0 0.0 R0.2 SO-

19 21 B 13 36 15 24 27.3 23.4 a6.0 0.97 17.9 27.e M0 2. 6e 0. e 0. t 1C.,9 CLP

29 22 8 14 36 15 21 27.7 22.,7 6.8 e.99 18.4 36.4 239 5.85 0.0 0.0 Me, L;_F

21 25 9 16 39 13 24 24.6 21A0 24.0 0.93 16,9 30.7 184 4.53 0.0 0.0 e. le CLR

Z2 23 7 15 43 17 28 27.4 22.4 KA. e.99 18.3 34.7 228 5.62 0.0@ 0.0 6.0 CLR

?3 65 9 16 Al 15 30 23.9 2e.5 23.3 0.89 16.8 28.6 1 % 3.64 e. 0 Ole 9,9 CLr'

24 27 11 18 34 12 L2 25.5 21.6 24.7 0.96 17.7 30.0 197 4.89 0.0 0.0 9.8 CLIR

25 28 17 a2 2 12 19 20.5 17.5 20.3 0.64 15.6 2A.5 115 2.66 0.@ 8.0 9. 9 SC-1

26 27 13 19 89 24 41 8.5 7.3 8.4 0.47 1.1 7.2 0 a, t 19.6 0.2 le.0 9 m

27 6 13 19 87 28 58 19,4 16,6 15.6 0.62 8.7 14.9 0 0.00 23.9 0.0 S.7 K7•

28 28 12 19 70 14 44 26.5 22.7 26.0 1.64 17,5 35.1l 214 5. 5? 0,0 0.0 6. I •R

29 Z5 11 is 54 29 36 a6.8 M-9 25.9 1.15 19.0 31.8 211 5.41 0.0 0.0 9.6 CLR

TOTAL W•.3 55.3 62.3.8 23.58 416.5 776.1 W1 105.52 93.1 1.4

M.e 22 1@ 15 t2 22 36 Z2.4 19.1 al 25 1.81. 14.4 26.8 152 3. &4 19. 8

Y-EAR TO DATE TOTALS 1216.0 10M,7 1168.6 Q.,a 740.2 1435.9 PA69 162,3 155.3 '.8

Slow'l total insurermns recorde using Eppley PS P-ranomters. Part A

M total measurements computed using dirvct-normul ieasureIents from Eppley NIP Pireliometer,

E•W:I•.W W measuie ts coouted usinG DSE ultraviolet sky mooel.

To covrt from KJ4 to lingie,/s, divioe MJ/02 by e0.4184.

N•ot IVIIla•!e.



~ LABORATORIES, INC.

Box 1850
Black Canyon Stage I
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THE WEATHER AT NEW RIVER, ARIZONA MARCH 1918

TDMATURE RIDITY SOLAR RADIANT EXPOURE (iMJ/a2 WFT AVG.
DATE (de•rees C) (%) TOTAL U.G. TOTAL IN TOTAL TOTAL TOTAL UV TIKE RAIN WINE, SKY

HIGH LOW Oi HIGH LOW MAN 45 45 34 34 5 TRACK EM¶AUP EM91AQLf (nr) (to) (Ki/hn CONL.

1 22 7 13 47 18 29 21.8 18.6 21.6 0.90 16.5 26.9 156 4.8 0 .C e . 0 7,6 SCn

2 19 9 13 91 43 71 14.7 1U.5 14.4 0.69 15.3 9.9 0 0.08 14.4 2.5 7.5 W.JN
3 19 6 11 92 56 82 1" 6 15.1 16.9 0.76 12.9 8.4 91 2.35 9.2 0.1 7,4 FNN
4 22 8 14 91 40 68 EQ.2 22.4 21.2 0.99 17.4 2.7 179 4.67 18.7 0.Q 7.9 r.,
5 25 9 17 79 25 53 26.5 22.6 26.3 1.06 18.3 34.6 230 6.06 0.0 M.2 8,' CLR
6 25 11 18 66 18 41 26.6 22.9 26.6 1.07 19.8 35.1 238 6.6 0,0 0.e 9. e LR
7 ES 9 17 63 15 34 25.8 22.1 25.7 1.05 19.8 32.8 214 5.64 8.2@ 0.0 310 CAR
8 23 10 15 19 13 16 28.9 24.7 28.4 1.12 21.8 35.3 196 5.18 0.0 0.0 16. 9 :R
9 24 8 16 21 13 16 28.0 23.9 27.8 1.09 21.4 35.7 253 6.74 0.1 0.2 9.7 L.R

10 19 7 14 20 15 16 29.0 24.3 28.7 1.14 22.1 37.2 265 7.06 0.0 0.0 14,1 CLR
11 17 2 18 29 15 N r8.5 24.4 28.4 1.13 22.2 36.9 264 7. i 0 e.e 0.e 8.6 CL;
12 18 3 11 35 15 21 28.4 24.3 27.3 1.14 22.3 39.9 26 7.16 0.0 0.0 9.7 CDF
13 21 5 13 21 14 17 29.0 24.8 29.1 1.15 22.7 48.8 268 7.24 8 0 .0 12.0 : LR
14 22 5 14 22 14 17 28.9 24.7 28.8 1.11 22.9 37.9 268 7.29 0.0 O.l 12.8 CLR
15 22 5 14 22 13 17 28.3 24.2 28.3 1.12 22.7 36.8 258 7.03 8.0 0.2 12.4 C'P
16 20 5 14 38 14 20 28.6 24.5 28.7 1.15 23.1 37.4 263 7.21 0.0 0.0 11.e CLR
17 23 7 15 23 13 17 28.3 24.2 28.4 1.14 23.0 36.9 260 7.15 0.0 0.0 11.3 CLR
18 24 9 16 19 !3 16 28.2 24.1 28.4 1.15 23.3 38.6 225 7.05 0.0 0.0 12.2 C1R
19 29 12 19 17 11 14 28.9 24.7 29.3 1.19 23.9 40.7 268 7.39 0.2 8.0 12.3 CLR
20 31 13 21 17 12 14 28.7 24.5 29.2 1.17 23.9 41.0 266 7.35 0.0 0.0 11.5 CLR
21 30 13 21 17 11 14 24.6 21.8 25.2 1.83 21.2 33.8 187 5.21 8.0 2.8 10.1 SCU
22 28 10 19 18 11 15 26.7 22.8 27.2 1.11 22.7 33.0 221 6.17 0.0 0.0 8.7 CLR
23 38 13 21 18 11 14 26.3 22.5 27.0 1.11 22.9 34.3 22N 6.15 0.2 20, 9.7 CLP
24 32 15 23 18 10 13 27.6 23.6 28.2 1.17 23.7 36.1 252 7.07 0.8 0.8 11.6 CLR
25 35 18 25 15 9 12 27.9 23.8 28.5 2.00 24.3 38.1 26W 7.33 2.2 0.2 14.4 CLR
26 37 21 27 14 8 12 27.7 23.7 28.5 1.21 24.4 40.5 265 7.50 0.2 0 .0 13.3 CLR
27 33 17 25 16 9 12 27.6 23.6 2&84 1.20 24.4 39.6 263 7.47 0.0 0.0 12.7 CIA
2B 28 10 29 18 11 14 2a.2 24.1 28.9 1.20 26.5 39.2 120 3.41 0.0 2.0 16.9 CLR
29 25 8 15 18 12 16 285 24.4 L9.4 1.22 25.6 40.6 182 5.17 0.0 2.0 12.8 CLR
33 24 7 16 19 13 16 25.3 21.6 26.2 1.10 23.4 34.6 182 5.13 0.0 0.0 14.0 alP
31 21 7 13 21 14 17 21.2 18.1 22.2 0.99 20.3 27.2 12 3.42 0.0 8.0 10.3 SCT

TOTAL &82.7 783.2 823.2 34.68 674.7 1062.5 6728 163.99 42.3 0.6

AVG. 25 9 17 33 16 24 26.5 22.7 26.6 1.12 21.8 34.3 217 5.94 11.3

YEAf TO DATE TOTALS 238.7 1742.9 1991.8 76.96 1414.9 2498.4 14797 366.32 197.6 2.4

Global total m -asur•e•ts rscort, j using Epnley PSP Pyranometers. Part A
Global [N meas-enlts rtcrded using Eooley T[NR ((383 rs).
E)QS total asaurtents cemouted usino direct-normal measurements froa Eppley NIP Pyrheliometer.
E-9JUA UV aasureurts computed using MET ultraviolet sh(y moee,
To covrt from MJ/e2 to lanoleys, divice MJ'n2 by 2.84184.

NoIt available.
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THE WEATHER AT NEW RIVER, ARIZONA APRIL 1988

TVMETURE HUMIDIM SOLAR RADIPt7 EXPMSUR: WJi2) w AM.

DATE (dm s C) , TOTAL U.6. TOTA. UV TOTAL T TOTAL :TA.L ,' T7- R:'N WINJ S.,y
HIw' LOW WA HIGH LOW WA 45 45 34 34 5 DQL EMQ3U; t nr) icr kL' CDJ

1 24 7 15 29 13 18 27.3 23.4 28.4 1.22 24.8 37.4 249 7.13 0.2 M.2 9.4 C

2 27 8 18 21 12 16 27.2 213.3 28.4 1.2E 31.8 40.3 247 7.0 2.2 9.2 6.' m.
3 29 12 29 18 11 14 26.9 23.e 28.1 1.22 25.2 38.7 243 6.99 0.2 t .e 9,6 :L;
4 29 11 21 18 11 14 27.0 23.1 28.2 1.23 25.3 36.e 246 7.M6 ea. . 8m.s C.R
5 33 14 24 17 9 13 27.3 23.3 28.5 1.24 26. 33.6 24: 6.96 0.2 2.e 12.7 C7.LR
6 36 26 27 14 8 12 27.3 23.3 28.6 1.24 26.! 39.5 25! 7.4e 0.e e.e 1:.7 rR
7 34 17 26 15 9 12 26.1 22.3 27.4 1.23 25.3 37.6 239 6.97 0.e e.2 e .5.!
8 33 16 25 19 16 13 26.5 226 27.8 1.22 25.8 39.e 24! 7.M7 9.2 e 0, 9.4 •
9 33 18 24 15 9 12 27.5 23.5 29.1 1.27 27.4 25.7 149 4.36 0.0 e.0 16.2 t .L;

it 34 17 24 15 9 13 27.6 23.6 29. 1.26 32.8 40.6 197 5.78 0.M e.2 e 5.ý -R

11 34 17 25 15 9 12 25.7 22.0 27.2 1.18 25.2 36.0 188 5.51 0.2 e .2 L .e e
12 35 16 26 15 9 12 22.3 19.0 23.8 1.e5 23.0 3e.5 1.18 3.47 e.0 e .2 9.4 5s7

13 31 19 23 47 11 2! 14.1 12.0 15.1 6.76 15.5 17.4 1 8.6. 1. 8.6 e 12.6 ov '
14 27 16 21 72 23 43 20.1 17.2 21.5 !.93 20.6 27.2 7" 2.16 2.8 M .2 9.t 5rT
15 21 16 16 91 36 63 4.9 4.2 2.8 6.23 6.6 4.6 0 9.8w 19.7 1.e 9.5 ! D0
16 16' 9 11 9e 61 83 6.3 5.4 4.9 e.58 4.2 4.2 e u.82 9.7 6.! 9.9 h..
17 15 9 11 .9. 75 88 4.6 3.9 4.7 L.25 5.2 3.7 0 6.8 15.3 e.5 8a. Ov:
16 23 11 17 91 41 68 19.4 16.6 26.8 1.7 17.9 18.2 114 3.38 6.2 6.e 5.9 5:7
19 27 12 19 79 28 52 23.9 22.4 25.6 1.2t 25.4 34.6 199 5.91. 0. 0.2 8.9 CL;
29 26 12 29 77 18 39 20.8 17.8 2.5 1.09 22.6 28.5 98 2. 2 ,.e 0.? 12.3 SE"!
21 18 9 13 92 39 75 8.2 7.1 8.5 0.49 8.3 9.2 6 8.8e 12.5 1.7 19.E N:
22 18 7 12 92 48 77 13.6 11.7 12.9 0.86 9.2 14.7 0 6.8e 10.3 I.e 7.6 B0•
23 22 10 16 86 23 54 22.9 19.5 24.1 1.14 11.0 30.5 134 3.99 e.1 0.6 1.3 SCT
24 23 8 16 85 23 48 25.5 21.8 27.6 1.29 21.7 38.0 233 6.93 0.7 6.0 8.5 C.R

25 28 11 21 64 12 35 25.7 21.9 28.1 1.26 28.4 42.3 259 7.71 .6 8.2e 9.2 CLY

26 32 14 23 41 10 22 25.4 21.7 27.7 1.23 28.3 40.3 253 7.54 O.e 6.2 10.- CLR
27 33 16 25 34 9 19 25.1 21.5 27.4 1.23 27.8 37.9 234 6.98 6.0 0.0 S.9 CLR

28 29 17 23 38 12 18 21.3 18.2 23.6 1.10 23.6 28.@ 110 3.3M 9.5 0.0 11.7 SC-

29 38 14 22 48 13 26 25.0 21.4 27.4 1.22 28.5 36.6 242 7.17 6.0 O.l 7.5 C1 L
36 31 15 23 39 11 21 24.2 20.7 26.6 1.21 27.2 37.0 220 6.54 2.0 8.8 14.2 CLR

"TOTL' 649.7 555.4 685.8 31.76 649.8 889.8 4781 142.2N 68.2 4.3

AMG. 28 13 28 49 20 34 21.7 18.5 22.9 1.06 21.7 29.7 159 4.68 16.2

YEAR T DATE TOTA.LS 2688.4 2298.3 2677.6 1•8.72 2664.7 3388.2 19578 506.61 224.4 6.7

61o41 total masu•,mts ftwo'ded using Enolay O•3 t'anowters, ,
Global UV wasurvw¶.s mar~eoi usin; Eocvy TLNR ((343 ri19.
DOLI total ggasuriments cceguttc us-v; cimtc-norume-asuset fro'v , EoOIPY N%: :,Yr.,o:wer.

-30 Is uhasufuew.ts C32%1 Uinit;*IJE7 ix a s~ uol.
To movv-i frow Y.'4/2 to 1ern;`pvs. viv~ct .11@2 .3y 0,0CIB4.

- " avaa"10:1.
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"THE WEATHER AT NEW RIVER, ARIZONA MAY 1988

TI RATUR HUMIDITY SOLAR RADflWf EXPOSURE (KJi/) WE7 AV6.
DATE (decrees C) (%) TOTA Li. U. T TOTAL M TOTk TOTk TOTk. UV TIME RIN WIND SKY

HIGH LN C-i $IGý L06 %.AN 453 45 34 34 5 TRXý EMLIQ Q EWALi mnri Irma (Kw.inr; CONE.

1 20 10 15 20 14 17 21.7 18,5 23.9 1.,15 25.3 35,4 181 5.4 0.0 e.e 17.2 SCT
2 25 10 17 21 12 16 2S.7 Z2.0 28.' 1.19 30,0 41.4 266 7.94 8,0 0.0 9.7 CLR
3 32 12 21 21 10 15 25.2 21.5 27.8 1.18 29.5 Q'.5 264 7.86 2.1 0.0 6. B CLR

4 32 15 24 19 1@ 13 25.2 21.5 2'.9 1.31 2.6 41.2 187 5.6 8.8e e.0 9.8 CLR
5 29 14 22 18 11 14 22.9 19.6 25.1 1.N 27.4 33.5 13 5.7, e.8 0.0 17.3 SC"
6 2V 7 14 26 14 18 23.2 19.8 a.6 1.21 27.5 37,6 159 A.7 0. 0.0 9.2 CR
7 23 8 16 29 14 19 34.9 21.3 27.7 1.3e 25.6 #1.@ 24i 7.2, 8.8 0.8 118 CLU
8 26 9 18 47 14 26 24.5ý 20.9 27.3 1.33 29.4 40.1 253 7.6 8.e 0. e .5 CL£
9 32 13 63 33 1i 18 24.4 L 2. 9 27.2 1.31 , ,4 42.3 65.2 7.57' e. 0.8 9.2 C-£

16 37 16 26 2$ 8 13 2&.2 N.7 27. i 1.6 29,4 K2,.9 252 7.63 e.e 0.0 18.9 CUR
11 39 25 31 13 7 10 24.5 22.9 27.4 1.31 30.1 39.9 259 7.80 0.0 0.0 12,5 CLR
12 40 25 31 13 7 iS ?3-F N".3 26.6 1.28 29,1 39.1 23F 7.20 @. 0.@ 10. 4 CLR
13 39 22. 31 15 7 11 23.9 a-.5 26.7 1.24 29.3 39.5 238 7.2a 0.8 0.8 12.: CLL
14 is 21 3v 15 7 11 23.6 2,.2 2. 6 1,25 29.1 41.4 228 C,,90 e.0 0.8 10.6 CUR
15 39 21 R 15 7 11 23.3 28.8 26.2 1.24 28.7 40.7 223 6.77 8.8 0.0 8.8 CLR
16 38 22 39 17 8 12 14.7 12.6 16.5 0.BA 18.8 25.2 22 1.82 .0 0.0 8.e SET
17 33 2 27 34 18 16 15.9 13.6 17.4 0.89 19.3 22.8 12 0.37 e.0 0.8 9.9 SCT
18^ 31 17 25 31 10 17 s5 2N.1 26.6 1.34 29.8 35.5 241 7.33 8.6 0.0 7.3 CUR
19 34 18 27 2B 9 16 23.6 20.2 26.7 1.3 29,7 41.8 23 7.70 O.0 0.0 9.7 CLR
2 35 2e 27 14 9 12 24.1 r. E6 27.4 1.36 30.9 42.0 264 8.07 Ol. 0.0 12.6 CLR
21 37 20 29 14 8 11 24.8 22.5 27.4 1.34 31.0 45.1 268 8.20 8.60 0.0 1.0 CLR
22 39 21 3e 14 7 11 23.8 N.4% 27.0 1.32 30.3 42.8 249 7.63 8.0 0.0 9.7 CDR
23 39 21 3 14 7 10 2..8 19.5 25.8 1.L5 29.4 40.0 E21 -..S 0.0 0.0 9.3 CLR
24 38 19 20 15 7 :1 23.2 19.6 N, 1.28 9._ 5 37.9 238 7.34 9.0 0,0 7.5 CUR
25 39 20 36 16 7 11 23.0 19,7 2.1 1.29 29.8 39.0 277 8.59 0.0 0.0 8.8 CUR
a 39 2N 3e 16 7 11 23.6 22.2 2E.7 1.22 36.3 39.7 261 8.15 @1B 0.0 11.8 CLR
27 39 19 3A 15 6 10 23.6 26,2 28.7 1.32 30.5 37.4 231 7.21 .60 080 10.8 CLR
e6 39 20 30 15 5 16 22.8 20,4 27.0 1.38 30.6 43.6 287 8.99 Ole 0.0 8.7 CLR
29 32 17 25 27 14 17 18.2 15.6 20.6 1.67 26.1 32.2 12 3.74 8.0 8.0 18.2 SET
30 39 26 29 17 8 12 23.8 2n.3 26.8 1.33 38.9 27.a 248 7.77 0.8 8.0 9.9 C.R
21 39 21 38 15 6 11 23.8 20.3 27.1 1.38 30.1 37.1 249 7.84 8.8 080 9.1 CLR

TOTAL. 716.2 612. 803.3 38.73 986.4 1178.6 6891 210,10 0.0 0.0

AYC. .34 18 26 LO 9 14 L3.1 19.8 25.9 1.25 28.6 38.0 222 6.78 1e.5

YEA TO lATE TOTAL! 348. 2910.7 348N.9 147.45 2951.1 4566.8 26469 716.71 224.4 G.7

Global total iwasureumnts recorded usirn Eov1e0) PSP Pyraroneters. Part A
EJobal Vv4 measuretrts ri-orgud using ELoley TtNR 1(383 re).

EYt% total easurm-nt .eOUDuted usj.l div'p•ct-noruaz measurements frog Eooney NIP Pyrnelicmeter.
Ef%•" IV measurements comoutec uslnf I)SET ultramvoiet sky sooel.

To convrt from .J/&2 to lanqieys, divice MJ/2 Dy 0.64i84.

W-- *'t avalable.
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7HE WEATHER AT NEW RIVER, ARIZONA JUNE 1988

ýE TuRM ,HUIDITY SOLAR RADIANT EXPMýPR:.. M1@2 , AG
DATE itoer'ees C) I%) TOTCý. U. G. TOTL IN TOTAk 10kL • LI,' 7; X RA, W]Il;5 s-:'

1 34 16 26 17 9 12 Z2. 19.1 6.,1 11.28 aE. 6 3ý. 9 160 5. 14 0.0 e . 8. L ý
2 3$ 4 31 15 7 le 22.7 19.4 26.1 1.32 U0.3 ý 41.• 4 C 7.9b e.0 k) . e le. C'•_

3 41 2 35 12 7 9• 2.5 19., 26.1 1.32 3e. 5 Q.10 ý&3 8. 41 e.• 0 , e.. e

5 37 2: 30 14 8 11 23.7 20.3 26.,9 r,3 31.3 4,4.6 264 8.31 0.0 e.• e !1.4 CL;
6 34 17 27 16 9 12 23.1 19. 7 2S.8l i.,37 1-,6 42. @ 268• h.u Ole @0, IE Z. z
7 34 16 26 16 9 12 23.4 20, 27.2 1.36 3E. 1 46.2; 267 8.58 e. 0 R. .•9 _
6 35 17 27 16 9 12 E3. 1 19.7 26.6 1.3-1 31.86 46.,1 279 9. R 0,@ 0. 1 8'.: _
9 38 a• 38 l4 8 ii ?.3.1 19.8 26.9 1.2?9 31.7 45. 3 276 8. 9E l0.0 e .0 .7 -_

1e 3ý 22 31 13 7 10 21. 7 18,6 25.@ 1.19 29.3 40.6 Ný 6,7ý e.0 C. 0 9.7 .

1i 37, 20 29 14 8 11 23.1 19,8 28.6 1.30 31.7 43,3 266 a,7 T .0 e .e M l. 0 L P•
12 3A 29 2 14 9 11 2ý.'. 19.5 26.3 1.33 31.2 43, e 267 8,79 el• 0 .0 9.1, :,--
13 ri 19 29 15 8 11 22.5 19.3 &.i 1.• 29 .9 411.6 26ý 9.64 e. 0 0.0 e .3 L._;
14 39 21 31 14 7 10 22.6 19.3 [26.2 :.0& 30.6 41,6 m,5 a,• 0,@ 0.0 8.6 LP

15 41 23 33 13 7 10 K•,.2 19.0 25.7 0,98 29.5 41.6 236 7.94 0.,e 0.? 6.3 C_;
16 43 28 35 12 6 9 21.7 16.6 M.2 1.25 'IS.2 38.7 23e 7, E9 0,@ 0,. 13.2 .
17 411 28 38 14 7 9 i2.,2 19,. @ 5.8 Ole: N.. 42.0 239 8.02 0. 5 0.0 11.2 E E_-
ie 37 28 31 37 10 17 9.3 8.0 @ 1. 5 0.2 12.5 15.0 e 0e. w 1.1I 0. e 12.5 jqý,,

19 Q 23 33 77 9 27 21.,7 18.5 22., e. 97 27.1 37.6 2'13 7. R ., i 0." a.7 ý _Q
2 41 26 34 L, 8 13 20.2 17. ý 2,2 0. 45 25.7 3e.9 194 6.57 0.0@ ele 7.9 K-
21 42 26 35 19 6 10 20,9 17.9 22.6 1. 16 2E.,8 34.3 197 6.68 6.0 9.0 ie. 7 BXN

K• 4j 27 37 15 5 9 21.6 16.6 25.3 1. R 29.6 39.3 244 6.214 Ole 9..@ 6. e .
P.3 45 29 37 12 8 2'1.,7 18.• E. 5.2 1. !9 29.,5 38,7 23ý 7. B5 0.0 0,0 11.,3 ý.•
a4 42 29 35 11 7 9 15.2 13.0 17.3 0. W 20.1 25.3 41 1.39 Ole 0.,@ 8,12 K

25 49 26 34 14 7 It 22,.3 19.1 25.7 1.33 28.9 40.8 244 6,5 e,0 Ole le.,8 C-9
2 40 24 33 20 8 12 21.9 18.7 25.4 1.32 29.8 42.3 2'58 8.72 a,@ 0.0 8.,q LR

2 42 27 .4 18 7 12 20.1 17.,• 23.1 1. 14 21.8 33.2 1a3 6.17 0,0 0.0 1e.£ 21 E.R

a8 33 27 29 51 17 34 le.,5 9.0 11.8 06.8 14.5 17. C 69 2.084 2.0 0,6 11,16 OYC
2 39 26 31 41 1A ?A 19.7 1L. 8 22.2 1.13 23,7 29.8 1W 5.38 0.2 0.0 15.9 9-
36 42 23 32 63 8l 27 21.5 18.4 14.7 1.14 24.2 35. 8 227 7.66 L.6 0. 5 12.5 LzR

TOTk. GM,?3 508.9 726.2 34.41 637,7 1138.3 6503 214.,il 8.6 0,6

W6S. 39 Z3 ? 22 8 13 21,.1 18.8 24.2 1. 15 27.9 37.9 217 7,.14 10.3

YEP-0JR' DAETDTkS• 40•36.9 3451.6 427. i 181.86 378&8 576.1 32972 930.95 &C. 0. 7.3

Glow!i total metsurmns recvroed using Eppley P9 Pr •-canmeters. Da -. A
Global i.V oeasuresnts rec-orded using Eppley 'I!WR ( (243L rm).

D@ýVA, iota. measu~ewents con~uted usiro Girezt-roo-va, aeasw-even,5 froe E N.l 'i'-:,E.oe.
EWJ0 'L1,1 meast.remes mmo=uted usin; DS jltrai.c'et slay koce.,
c,, rcorivert from w,%1 to arqgLes, ci•v.oe,-n y ,4..
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LABORATORIES, INC.

Box 1850
Black Canyon Stage I
Phoenix, Arizona 85029

Telephone: 602-465-7356
TWX: 9M0-950-4681 DSET PHX

THE WEATHER AT NEW RIVER, ARIZONA JULY 1988

TEM.ERATURE HUMIDITY SOLAR RADIANT EXFPSURE (MI3/m2) WET AVG.
DATE (degrees C) (M) TUTPt U.G. TOTL UI TOTAL TOTAL TOTAL UV TIM* PAIN WIND SKY

HIGi LOW OF-AN HIGH LOW MEAN 45 45 34 34 5 TRACK EWA"UA ENMOUA (nr) (ci) (Kmtlri C•OD.

1 41 25 33 54 8 24 20.5 17.6 23.4 1.14 26.8 32.9 176 5.92 I 0.8 0.0 9.3 SCT

2 4E 26 34 32 7 18 20.9 17.9 23.8 1.16 27.0 31.9 195 6.56 0.0 0.0 11.6 Sz'
3 41 2S 34 35 7 17 22.0 12.8 25.3 1.23 2.7 39,8 244 8.21 0.0 0.0 1i.5 CLR
4 41 24 34 33 7 13 2.0 18,8 24.7 1.22 29.7 36.3 222 7.47 0.0 0.8 8.9 cC

5 41 27 34 16 8 11 2).5 18.4 24.5 1.21 28.0 35.9 239 8.0r 0.0 0.0 9.0 C5R
6 4ý 25 35 18 7 11 22.1 18.9 25.4 1.23 29.3 37.2 250 8.37 0.0 0.0 10.2 '-;

7 42 33 38 18 11 13 21.7 18.6 25.2 1.19 29.7 38.9 238 7.69 8.8 0.0 9.9 RA

8 M 29 35 36 8 n 15,2 13.0 19.. 1.18 24.0 29.3 154 5.10 e.1 0.0 10.7 S-

9 43 27 34 40 8 20 15.8 16.8 19.6 1.89 23.3 31.5 182 6.09 0.0 0.0 9.2 SCT

10 39 25 31 44 13 24 15.4 13.2 18.8 0.98 21.9 28.1 161 536 0.3 0.0 8.8 SC

1 1 37 24 31 58 16 32 21.6 18.7 26.8 1.26 28.8 38.7 237 7.82 0.0 0.8 863 C.R
12 Q 24 33 36 7 17 22.6 19.3 27,1 1.26 29.5 39.9 265 8.71 0.0 0.0 6.3 8 L
13 43 25 34 14 6 9 23.0 19.7 25.4 1.20 29.2 37.0 219 7.18 0.0 0.0 10.0 CAR
14 43 26 35 13 6 9 22.4 19.1 25.4 1.23 29.8 38.6 25m 8.19 0.0 0.0 10.0 CAP
15 43 25 35 14 6 S 22.4 19.2 25.7 1.24 29.6 4e.1 249 8,13 0.0 0.0 9.4 ZR
16 45 26 36 13 5 9 22.7 19,4 23.6 1. 2 29.2 38.8 251 8.15 e.0 0.0 10,8 C-R
17 41 28 35 35 8 12 16.2 13.8 18.0 0.97 23.0 24.5 0 O.• 0.0 0.0 10.8 OVC
18 37 27 32 5A 18 35 17.6 15,1 19.6 1.02 24.4 25.4 92 2.97 0,0 0.0 12.7 BN
19 39 ?5 32 63 11 37 22.1 18.9 24.8 1.2 28.5 38.4 229 7.37 0.3 0.0 10.3 CLP
20 41 12 29 EA 13 46 18.0 15.4 18.5 0,9P 23.2 25.3 104 3.34 2.4 •1.4 9.4 SC'

21 41 26 33 61 12 36 21.6 18.5 24.1 1.20 27.5 32.6 201 6.37 0.0 0.2 7.9 WfN
22 42 27 34 59 9 26 21.3 18.2 24.0 1.15 26.3 33.3 212 6.70 .0@ 0.0 9.3 CLR
23 43 26 35 31 7 i7 2.7 19,4 5,7 1. 19 28.7 38.1 237 7.50 0. 0.8 10.1 0 9R
24 44 28 35 41 8 21 21.2 18.1 23.8 1.12 26.0 32.3 199 6.25 9.2 l0e 9.1 ILR
25 43 28 35 39 12 18 17.9 15.3 20.0 0.97 21.6 25.1 82 2.56 0.0 0.0 10.3 SCT
26 40 26 34 39 14 26 22.4 19.2 25.1 1.21 27.5 34.8 218 6.78 0.0 0.0 9.1 QLR
27 Q 27 32 42 16 31 21.5 18.4 23.8 1.17 .25.9 31.8 166 5.75 0.0 0.8 11.8 CLR
28 8 26 32 43 20 33 18.5 15.8 20,4 1.01 21.8 25.0 94 2.89 0.0 9.0 9.7 CLR
29 40 14 30 86 19 43 29.1 17.2 20.9 1.05 25.1 26.8 135 4.13 5.8 1.5 10.2 SOT
30 34 23 28 83 41 62 16.3 14.0 18.8 1.89 22.0 24.1 0 0.0w 1.3 0.0 7.7 WIN
31 34 25 28 78 42 63 15.3 13.1 17.7 1.06 19.0 20.9 0 0.KI 2.1 0.2 6.9 DVC

TOTk 624.7 537.8 707.4 35.37 815.2 1013.3 5313 179.58 11.7 3.3

M, 41 25 33 42 12 25 20.2 17.3 22,8 1.14 26.3 32.7 178 5.79 9.7

YEAR T0 DATE TOTALS 4661.6 3989.4 4914.5 217.23 4604.0 6718.4 3848bt i111.b3 t 44.7 i1,6

G1ob1C tota) measurements recorded using Epoley PSP Pyranor ters. Part A
Global IV mesurenwnts recordeo using Epolay TLNR ((383 rm).
EMfJ total asasurements cocoutec using direct-normal sasurements from Eppley NIP Pyrheli~oeter,

WIUA IN measurements comouted using DSET ultraviolet sky model.
To cr,vert from K/Jm2 to .argieys, divide Mi/m2 by 0.8184,

- ttt availaola.
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THE WEATHER AT NEW RIVER, ARIZONA AUGUST 1988

TMERATURE HUMIDITY SOLAR RADIANT EXPOSURE (MJI.2) WET AG.
DATE (dogpr C) ME TOTAL U. 6. TOTAL UN TOTAL TOTAL TOTAL UI TIM RIN WIND SKY

HIS. LOW A•AN HI6M LOW MEAN 45 45 34 34 5 TRAC9 EM&QUA EOUA (hr) (cm) (km/hr) COND.,

1 38 23 29 75 32 50 16.3 13.9 17.9 0.92 18.5 21.9 48 1.46 1.6 8.1 8.1 SCT
2 37 2 31 74 32 58 2 .0 17.1 21.8 1.12 23.6 29.3 139 4.20 8.8 0.0 7.9 SCT

3 39 26 33 57 21 34 22.2 19.0 24.7 1.22 26.5 36.0 217 6.52 0.0 0.0 7.4 C.R
4 36 23 29 84 32 50 A3.5 11.5 14.2 8.77 14.5 18.5 0 0. N 3.4 0.1 10.6 OVc
5 37 24 31 81 32 52 18.9 16.2 20.6 1.85 22.7 24.6 69 2.07 0.0 0.0 7.4 SCT

6 39 26 33 61 14 35 21.6 18.5 23.9 1.15 25.4 34.2 109 3.21 0.8 0.0 10.6 SCT
7 38 24 32 56 18 28 22.1 18.9 24.9 1.17 25.9 33.6 252 7.43 0.0 0.0 9.8 CLR
8 40 23 32 28 9 !6 22.9 19.6 25.2 1.19 26.3 34.3 254 7.46 0.0 0.0 7.8 CLR
9 41 24 33 22 8 13 24.1 20.6 26.8 1.26 28.1 40.0 265 7.72 0.0 0.0 9.1 CL•

10 41 25 33 18 8 12 23.9 20.5 26.5 1.23 27.7 38.7 264 7.64 0.0 0.0 9.0 C.R
: 4 4 26 34 28 10 17 23.8 20.3 26.2 1.23 27.0 38.2 243 7.00 0.0 0.0 10.2 CLR
.2 39 25 32 44 1! 24 24.0 20.6 26.5 1.24 27.4 37.7 258 7.32 0.8 0.0 11.1 D-.R
:3 41 23 33 28 7 14 24.8 21.2 27.4 1.24 29.4 39.0 276 7.86 0.0 8.1 8.8 CL
14 43 E6 34 34 6 15 23.0 19.7 25.3 1.15 26.0 34.9 226 6.40 0.5 0.0 12.9 CLR
.5 48 6 33 49 8 26 23.4 20.0 25.5 2.20 25.9 36.6 216 6.06 0.0 0.0 9.3 CLR

:6 4 29- 33 42 11 25 23.9 20.5 26.2 1.23 26.6 38.2 249 6.99 0.0 0.0 9.0 CAR
.7 42 27 35 24 11 18 23.3 19.9 25.5 1.20 25.6 35.4 237 6.62 0.0 0.0 9.9 CLR
18 41 28 33 37 16 24 20.5 17.5 22.4 1.07 22.4 29.7 189 5.24 0.0 0.0 18.2 SC-
:9 A? 24 32 81 20 "0 23.6 20.2 25.7 1.20 23.0 35.9 234 6.45 3.4 0.2 8.8 K7
20 36 23 LA 87 39 65 8.4 7.2 9.4 8.54 10.5 12.6 0 0.0N 5.5 0.3 8.6 B'KN
h1 33 2! 25 89 65 E2 8.8 7.5 8.9 0.62 11.7 13.0 0 0.0M 16.8 3.6 4.7 D'rC
22 36 23 29 87 43 65 23.0 19.6 24.2 1.14 25.: 33.4 240 8.S 6.9 0.0 7.0 CR

"--,B 25 -- 84 36 63 2!..2 18.1 23.1 1.11 22.5 29.9 192 5.E 0.1 0.0 7.2 CLA
24 i3 E! 32 8a 30 54 24.2 20.7 26.1 1.22 24.5 38.1 239 6.46 '.0 0.0 7.2 CLR
25 39 2- 32 68 33 52 2.. 18.- 23.1 1.09 22.4 29.5 187 5.83 0.8 0.0 8.6 C'I
26 39 26 31 67 32 !: 18.9 :6.2 R.4 0.97 18.8 26.0 160 4.29 1.1 0.. 9.: SCT
27 34 Ia EE 9! 48 70 !2.6 10.5 13.5 8.67 10.5 15.5 0 .0v 4.3 1.3 11.8 CYVC
2E 36 212 29 76 35 56 20.2 17.7 21.5 1.83 19.6 22.4 164 4.37 0.0 0.0 8.2 SCT

2•3 i26 89 39 6 '14.4 12.3 15.4 0.77 !6.5 15.9 43 1.14 7.6 0.9 13.7 eVC
30 K 22 27 66 40 66 21.3 18.2 22.4 1.89 21.8 26.5 153 4.08 2.3 0.1 11.2 SC7
31 37 23 29 73 33 53 21.6 18.4 22.9 1.12 21.4 28.9 187 4.98 0.0 0.a 11.6 CL

TOTAL. 631.8 54Q.3 687.3 33.21 694.8 928.4 5318 149.83 53.5 6.7

MV. 38 24 3: 61 25 42 20.4 17.4 22.2 1.87 22.4 29.9 171 4.83 9.3

YEAR '0 DATE TOTALS 5293.4 4529.7 5601.8 250.44 5298.8 7646.8 43795 1268.36 298.2 17.3

21ozai zotai measur emns re•orced usirn Enoiey PSP Pyranometers. Part A
glcoal UV measurements recoroec usina £oole. T.,VR ((383 rn).

L.OUA total measuresents comou:ea usinn direct-normal measureuents from Eooley NIP Pyrneliometer.
£-M!QA LUV *'easurewents cooutec usir. IS-T ultraviolet sky moce!.
To converý from M/I%2 to lancleys. alvide .J/m2 by 0.04184.
- •Not available.
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THE WEATHER AT NEW RIVER, ARIZONA SEPTEMBER 1988

TEMPERATURE HUMIDITY SOLAR RADIAT EXPOSURE (MJ/s2) W AVG.
DATE (degruu$ C) (%) TOTAL U. G. TOTAL UV TOTAL TOTAL TOTAL UN TIKE RIN WIND S

HIGH LOW WAN HIGH LOW PON 45 45 34 34 5 TRACK. EM]QUA E1RAQUA (hr) (ca) (km/hr) Ck

1 39 25 30 63 27 45 22.8 19.5 24.3 1.12 227 33.8 169 4.50 0.1 0.0 11.6 SC
2 38 25 32 67 20 39 24.4 20.8 25.8 1.16 23.7 35.4 196 5.22 0.0 0.0 11.1 CL!
3 39 25 31 45 9 26 22.2 18.8 23.4 0.95 21.6 29.2 152 4.05 0.0 0.0 11.3 SC
4 37 24 31 37 11 23 24.8 21.2 25.9 1.13 23.3 34.9 199 5.30 0.0 0.e 11.7 SC
5 36 23 29 35 10 20 24.6 21.1 25.7 1.18 23.2 33.4 210 5.59 0.0 0.0 9.3 CL:
6 39 21 30 34 8 19 25.3 21.6 26.3 1.23 24.3 35.2 243 6.49 0.0 0.0 8.1 CLý
7 38 22 30 32 10 19 24.8 21.2 26.0 1.07 23.1 35.4 214 5.73 0.0 0.8 8.3 CLi
8 39 23 30 34 11 23 24.6 21.1 25.8 1.09 21.2 35.4 219 5.89 0,8 080 7.8 1S
9 40 24 31 34 10 21 24.7 21.1 25.8 1.12 22.7 34.5 M9 6.14 0.0 0.0 8.4 CS

10 39 26 32 31 12 20 21.9 18.7 22.8 1.00 19.6 30.5 98 2.63 0.0 0.z 9.3 $2.

11 37 23 2 48 15 28 19.2 16.4 20.3 0.92 15.1 25.8 72 1.94 0.2 8.2 10.2 5
":2 34 23 27 48 12 26 25.0 21.4 25.9 1.12 17.5 34.1 213 5.74 0.0 8.0 11.5 CSC
!3 35 20 27 17 10 13 26.8 2.2 27.2 1.3 23.1 35.6 222 5.97 0.0 0.8 !2., CL
:4 35 r8 26 18 9 14 26.3 22.5 27.2 1.12 23,2 35,8 240 6.45 8.0 0.8 1., C6
15 37 21 28 19 9 14 26.5 22.6 27.3 1.14 22.3 35.9 242 6.53 0. 0.. 112.S '

T:TAL 363.1 3A1.2 379.5 !6.49 27.6 504.9 2918 78..7

AVG. 37 2.3 23 37 :2 23 24.2 20.7 25.3 1.12 21.8 33.7 195 5. 2:

YEAR 7 :A'- TOTALS 5656.5 4839.9 5981.3 266.33 526.- 815.1.7 46723 13.38... 298.5 :7.

.:zza. :o:al .eas-ureaen~ s reccrceK -us-no Emolev 'SP ;-'raT.et's. -

3cza! L-V ,asýre.,ern:s recor--e ;s:nnr --.. v TVR ((283 ra).
-C2• tz'a. :.:easurs'.,en:s :c:-.ec us5:r: nrec:-nort-a± measuremen.ts frc, 7--o:ev N'IP 'vrne 1c4,eer.

-•A,. V ,.esris.*: := : n: •~ D__: ý!.rav~ole: sky •cev

T. conver" -ri:/.J 2 : "ar.ieys. J:vide .'fJ/r.2 by 3.04184.
- Not avai.'23121
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APPENDIX D

155111 PROPELLING CHARGE CONTAINER MATERIAL PERFORMANCE MODELS
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Table !-A
Performance Prediction Model

155mm Propelling Charge Container

Outdoor Exposure

Ea 4633. 1 cal/mole
To 50 Deg. C
dP/duv -0. 00627
Pc. 4.55 W/g

Degrees C Degrees C Degrees C Degrees C
Ultraviolet Cont airner Cort e i.rier Corit airner Container

Rad i at i C, Temperature Temperature Temperature Temper at ure
(MJ/ m) 20 30 40 60

Calculated Values
( 4. 5500 4. 5500 4. 5500 4. 5500

100 4.2514 4.1613 4. 0525 3. 7706
200 3.9527 3.7726 3.5551 2.9912
300 3. 6541 3.3839 3. 0576 2.2119
400 3. 3555 2. 9953 2. 5602 1. 4325
500 3. 0569 2. 6066 2. 0627 0. 6531
600 2.7582 2.217 ' 1.5653
700 2.4596 1. 8292 1.0678
800 2.1610 1. 4405 0. 5704
900 1.8624 1.0518 0. 0729

1000 (1.5637 0. 6632
1100 1. 2651 0.2745
1200 C0. 9665
1300 0.6678
1400 0. 3692
1500 0. 0706
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Table 2-D

Performance Prediction Model
155mm Propelling Charge Container

Outdoor Exposure

Ea 7000 cal/mole
To 50 Deg. C
dP/duv -0. 00627
Pc, 4.55 W/g

Degrees C Degrees C Degrees C Degrees C
Ultrav iolet Contairner Corttainer Container Cort ai ner

Radiation Temperature Temperature Temperature Temperatu-re
(MJ/m2) 20 30 40 60

Calculated Values
0 4.5500 4. 5500 4.5500 4.5500

100 4. 3456 4. 2456 4. 1080 3. 6790
200 4.1411 3.9411 3.6660 2. 8080
300 3. 9367 3. 6367 3. 2241 1. 9370
400 3. 7323 3. 3322 2. 7821 1. 0660
5Q0 .5278 3..0278 2. 3401 0. 1950

600 3. 3234 2.7233 18981
700 3.1189 2.4189 1. 4562
800 2.9145 2.1145 1. 0142
900 2.7101 1.8100 0. 5722

1000 2.5056 1. 5056 0. 1302
1100 2.3012 1.2011
1200 2.0968 0.8967
1300 I.8923 0.5923
1400 1.6879 0.2878
1500 1.4834
1600 1. 2790
1700 1. 0746
1800 0. 8701
1900 0. 6657

uOUu 0.4613
2100 0. 2568
2200 0. 0524
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"Table 3-D
Performance Prediction Model

155mm Propelling Charqe Container
Outdoor Exposure

Ea 9500 cal/mole
Tc, 50 Deg. C
dP/duv -0. 00627
Po 4.55 W/g

Degrees C Degrees C Degrees C Degrees C

Ultravilc et Cont airier Container Cont a i ner Cont a i rer
Rad i at i or, Temperature Temperature Temperature Temperature

(MJ m2) 20 30 40 60

Calculated Values
0 4.5500 4. 5500 4. 5500 4. 5500

100 4.4130 4.3148 4.1599 3. 5705
200 4. 2760 4. 0790 3.7698 . 5910
300 4. 1390 3.8444 3.3797 1.6115
400 4. 0020 3. 6092 2.9897 0. 6321
500 3. 8650 3. 3740 2. 5996
600 3. 7280 3. 1388 2.2095
700 3.5910 2. 9036 1.8194
800 3. 4540 2. 6684 1.4233
900 3. 3170 2. 4332 1.0392

1000 .. 1800 2. 1980 ) 0.6492
1100 3.0429 1.9627 0.22591
1200 2.9059 1. 7275
1300 2. 7689 1. 4923
1400 2.6319 1.2571
1500 2.4949 1. 0219
1600 2.3579 0. 7867
170(- 2. 2209 0.5515
1800 2. 0839 0.3163
1900 1.9469 0.0811
2000 1I. 8099
2 1O0 1. 6729
2200 1. 5359
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Table 4-D
Per f orr-rrce Prediction Model

155mm l Propelling Charge Container

Outdoor Exposure

Ea 4633. 1 cal/!,ole
Tc 50 Deg. C
dP!duv -0. 000603
Pc, 4.55 W/l

Degrees C Degrees C Degrees C Degrees C
Time at Cont a i roe Cont al rier Cont a i ner Cont a i rer

I emperat ,.-e Temperat Lire Ternperature Ternperat ure Temperatuire
( hrs. ) a 30 40 60

Calculated Values
0 4. 5500 4. 5500 4. 5500 4. 5500

100 4.5213 4.512E 4. 5022 4.4750
200 4.4926 4. 4752 4.4543 4. 4001
300 4. 4638 4. 4379 4. 4065 4. 3251 1
400 4. 4351 4. 4005 4. 358t 4. 250(Ž,2
500 4.4(0-64 4. 3631 4.3108 4. 1752c
600 4. 3777 4. 3257 4. 2630 4. 1003
700 4. 3490 4. 2883 4. 2151 4. 0 2 53

- 4. 3202 4. 2510 4. 1673 3. 9504
9(-) 4. 2915 4. 2136 4.1194 3. -C,

1000 4. 2628 4. 1762 4.0716 3.8 :)5
2(-(1* 3. 9756 3. 8024 3. 5932 3. 0509
3000 3. 6884 3. 4286 3.1148 2. 3014
4000 . 4012 3. 0548 2. 6364 1.5518
5000 3. 1140 2. 68 10 2. 1580 0. 8023
6000 2. 8E68 2. 3072 1. 6795
7000 2. 5396 1. 9334 1. 2011
8000 2. 2524 1. 5596 0. 7227
900 1. 19652 1.1857 0. 2443

1000O0 1. 6780 0. 8119
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Table 5-D
Performance Prediction Model

155mm Propelling Charge Container
Outdoor Exposure

Ea 7000 cal/mole
To 50 Deg. C
dP/duv -0. 000603
Po 4.55 W/g

Degrees C Degrees C Degrees C Degrees C
Time at Corta i ner Cont a i ner Cont a i ner Cont airner

Temperat ure Temperature Temperature Temperature Temperature
(hrs.) 20 30 40 60

Calculated Valuee
0 4. 5500 4. 5500 4. 5500 4. 5500

100 4. 5303 4. 5207 4. 5075 4. 4662
200 4. 5107 4.4914 4. 4650) 4.3825
300 4.4910 4.4622 4.4225 4.2987
400 4.4714 4.4329 4.3800 4.2149
500 4.4517 4.4036 4. 3375 4. 1312
600 4. 4320. 4. 3743 4. 2950 4. 0474
700 4.4124 4. 3450 4. 2525 3. 9'636
800 4.3927 4.3158 4.2100j 3.8799
900 4. 373C, 4.2865 4. 16574 3.7961

1000 4.3534 4.2572 4.1249 3.7123
"2000 4. 1568 3. 9644 3. 6999 2. 8747
3000 ?. 602 3.6716 3.2748 2. 0370
400()0 3. 7636 3. 3788 2. 8498 1. 199';
5000 3. 5669 3. (0)861 2.4247 0. 3617
6000 3. 3703 2. 7933 1. 9997
7000 3. 1737 '.50(5 1. 5746
8000 2. 9771 2. 2077 1. 1495
9000 2.780()5 1.9149 0. 7245

10000 2. 5839 1. 6221 0. 2994
20000 0.617b
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Tabla 6-D

Performance Prediction Model
155ram Propel ling Charge Container

Outdoor Exposure

Fa 95' c1a /too le
To 50 Deg. C
dP/d'uv -0. 000603
Po 4.55 W/g

Degrees C Degrees C Degrees C Degrees C
Time at Cornt air er- Cornt airner Cort ainier Conta i ner

Temperature Temperature Temperature Temperature Temperat ure
(hrs. ) 20 30 40 6,c)

Calculated Values
0 4. 5500 4. 5500 4. 5500 4. 550(

100 4.5368 4.5274 4.5125 4. 4558
200 4. 5236 4.5048 4. 4750 4. 3616
300 4. 5105 4. 4821 4.4375 4. 2674
400 4. 4973 4.4595 4. 3999 4. 1732
500 4.4841 4. 4369 4. 3624 4. 079':
600 4.4709 4.4143 4.3249 3.9848
700 4. 4578 4.3917 4.2874 3.8906
800 4.4446 4. 3690 4. 2499 3. 7964
900 4.4314 4. 3464 4.2124 3. 7022

1000 4.4182 4.3238 4. 1748 3. 608")
2000 4. 2865 4. 0976 3. 7997 2. 6660
3000 4.1547 3.8714 3.4245 1.7240

4000 4. 0230 3. 6452 3. 0494 0. 7820
5000 3. 8912 3. 4190 2. 6742
600( 1. 7594 3. 1928 2. 2991
7000 3. 6277 2. 9666 1. 9239
8000 3. 4959 2. 7404 1. 548B
9000 3.3642 2.5142 1. 1736

10000 . 232`4 2. 2880 0. 7985

20000 1. 9148
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Table 7-D

Performance Predict ion Model
155mm Propelling Charge Container

Humid Indoor Storage

Ea 12000 cal/mole
Tc 60 Deg. C
dP/duv -0.00013
PC, 4.55 W/g

Degrees C Degrees C Degrees C Degrees C
Time at Container Container Container Container

Temperat ure Temperature Temperat ure Temperature Temperature
(hrs.) 0 10 20 30

Calculated Values
0 4. 5500 4. 5500 4. 5500 4. 5500

100I 4.5498 4.5495 4.5489 4.5479
200 4.5495 4.5490 4.5478 4. 5457
300 4.5493 4.5484 4.5467 4.5436
400 4.5490 4.5479 4.5457 4.5414
500 4.5488 4.5474 4.5446 4.5393
600 4.5486 4.5469 4.5435 4.5371
700 4. 5483 4. 5463 4. 5424 4. 5350
800 4.5481 4.5458 4.5413 4.5328
900 4. 5479 4.5453 4.5402 4.5307

1000 4.5476 4.5448 4.5392 4.5286
2000 4. 5452 4. 5396 4. 5283 4. 5071
3000 4.5429 4.5343 4.5175 4.4857
4000 4. 5405 4. 5291 4.5067 4. 4642
5000 4.5381 4.5239 4.4958 4.4428
600')0 4.5357 4.5187 4. 4850 4. 4213
7000 4.5333 4.5135 4.4741 4.3999
80(00 4.5310 4.5083 4.4633 4.3784
9000 4. 5286 4.5030 4. 4525 4. 3570

10000 4.5262 4.4978 4.4416 4. 3355
20000 4. 5024 4.4457 4.3333 4. 1211
30000 4. 4786 4. 3935 4. 2249 3. 9066
40000 4.4548 4.3413 4.1166 3.6921
50000 4. 4309 4. 2891 4. 0082 3. 4777
60000 4.4071 4.2370 3.8998 3.2632
70000 4. 3833 4. 1848 3. 7915 3. 0488
80000 4. 3595 4.1326 3. 6831 2.8343
9000(: 4. 3357 4. 0804 3. 5747 2.6198

100000 4.3119 4.0283 3.4664 2.4054
200000 4. 0738 3. 5065 2. 3828 0. 2607
300000 3. 8357 2. 9848 1.2991
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Table 8-D

Performance Predict ion Model
155mm Propelling Charge Container

Humid indoor Storage

Ea 26000 cal/mole
To 60 Deg. C
dP/duv -0.00013
PC 4.55 W/g

Degrees C Degrees C Degrees C Degrees C
Time at Container Container Container Container

Temperat ure Temperature Temperature Temper-ature Temperature
(hrs.) 0 ()0 20 30

Calculated Values
0 4. 5500 4. 5500 4. 5500 4. 550 0

100 4. 5500 . 5500 4.5499 4. 5497
200 4.5500 4.5500 4.5499 4.5495
300 4. 5500 4. 5500 4. 5498 4. 5492
400 4. 55(00 4. 5500 4. 5498 4. 5490
500 4. 5500 4. 5499 4. 5497 4. 5487
600 4. 5500" 4. 5499 4. 5496 4. 5484
700 4. 5500 4. 5499 4. 5496 4. 5482
800 4. 5500 4. 5499 4. 5495 4. 5479
900 4. 5500 4. 5499 4. 5495 4. 5476

1000 4. 5500 4.5439 4.5494 4.5474
2000 4. 5500 4. 5498 4. 5488 4, 5448
3000 4.5499 4.5496 4.5482 k.5421
4000 4.5499 4.5495 4.5476 4. 5295
5000 4.5499 4.5494 4.5470 4. 5369
6000 4. 5499 4. 5493 4. 5464 4. 5343
7000 4. 5498 4.5491 4.5458 4. 5317
8000 4. 5498 4. 5490 4. 5452 4. 5290
9000 4.5498 4. 5489 4.5446 4. 5264

10000 4.5498 4.5488 4.544(0 4. 5238
20000 4. 5496 4. 5475 4. 5381 4. 4976
30000 4.5493 4.5463 4.532'1 4.4714
40000 4.5491 4.5451 4.5261 4.4452
50000 4. 5489 4. L439 4.5202 4.4190
60000 4.5487 4.5426 4.5142 4.3928
70000 4.5484 4.5414 4.5082 4.3666
80000 4. 5482 4. 5402 4. 5022 4. 3404
90000 4.5480 4.5390 4. 4963 4.3142

10000 4.5478 4.5377 4.4903 4. 2880
200000 4.5455 4. 5255 4. 4306 4. 0260
300000 4.5433 4.5132 4.3709 3. 7639
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lable 9-D

Performance Prediction Model
155ram Propelling Charge Container

Dry Indoor Storage

Ea 12000 cal/mole
To 71 Deg. C
dP/duv -0. 000036
PcO 4.55 W/g

Degrees C Degrees C Degrees C Degrees C
Time at Container Container Container Container

Temperat ure Temperature Temperature Temperature Ternperat uLre
(hrs.) 0 10 20

Calculated Values
0 4. 5500 4. 5500 4. 5500 4. 5500

100 4. 5500 4. 5499 4. 5498 4, 5 4 97
e00 4. 5499 4. 5438 4. 5497 4. 5493
300 4. 5499 4. 5498 4. 5495 4. 5490
400 4. 5499 4. 5497 4. 5493 4. 5487
500 4. 5498 4. 5496 4. 5492 4. 5483

600 4.5498 4.5495 4,5490 4.5480
700 4.5497 4.5494 4.5488 4.5477
800 4. 5497 4.5494 4. 5487 4.5473
900 4. 5497 4. 5493 4. 5485 4. 5470
1000 4. 5496 4. 5492 4. 5483 4. 5467
2000 4. 5493 4. 5484 4. 5" 66 4. 5434
2000) 4.5489 4.5476 4. 545o 4. 54r-0
4000 4. 5485 4. 5468 4. 5433 4. 536 ,'
5000 4.5482 4. 5460) 4.5416 4.5334
6000 4.5478 4. 5452 4. 5399 4.5301
7000 4.5474 4. 5443 4. 5383 4. 5263
8000 4. 5471 4. 5435 4. 5366 4. 5235
9[00 4.5467 4.5427 4. 5349 4.52 I

10000 4.5463 4.5419 4.5-332 4.5168
20000 4, 5426 4. 5339 4. 5165 4. 483-6
3)C)000 4. 5389 4. 5258 4. 4997 ',. 4504

40000 4. 5353 4.5177 4.4B29 4. 4173
50000 4.5316 4. 5096 4. 4662 4. 3841
60000 4.5279 4.5016 4. 4494 4. 3509
70000 4. 5242 4, 4935 4. 4326 4.3177
80000 4. 5205 4.485'4 4. 4159 4. 2845
90000 4.5168 4.4773 4.3991 4o 2513

100)000 4. 5132 4. 4693 4.3823 4, 181
200000 4.4763 4.3885 4.2146 2.88663
300000 4. 4395 4. 3078 4. 0470 3. 5544
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lable 10-D

Performance Prediction Model
155mm Propelling Charge Cortainer

Dry Indoor Storage

Ea 26000 cal/mole
To 71 Dep. C
dP / d uv -0. 000036
PC, 4.55 W/g

Degrees C Degrees C Degrees C Degrees C
Time at Cont a i rer Cont airner Cornt airner Cont a i ner

Temperature Temperature Temperature Temperature Temperature
(hrs. ) 0 10 20

Calculated Values
(0 4. 5500 4. 5500 4, 55004. 5500

100 4. 5500 4. 55 4.5500 4. 5500
200 4. 5500 4. 5500 4. 5500 4. 5500
300 4. 5500 4. 5500 4. 550() 4. 5499
400 4. 5500 4. 5500 4. 5500 4. 5499
500 4. 5500 4. 5500 4. 5500 4. 5499

600 4. 5500 4. 5500 4. 5500 4. 5499
700 4. 5500 4. 5500 4. 5500 4. 5499
800 4. 5500- 4. 5500 4. 5500 4.5438

4. 5500 4. 5500 4. 5500 4. 5498
9100 4. 5500 4. 5500 4. 5500 4. 5498

1000 4. 5500 4. 5500 4. 5439 4.5498
2000 4. 5500 4. 5500 4. 5499 4.5496
3000 4. 5500 4. 5500 4. 5499 4. 5494
4000 4. 5500 4. 5500 4. 5498 4. 5492
5000') 4. 5500 4. 5500 4. 5498 4. 549881

7000 4. 5500 4.5499 4.5497 4.5488
7000 4. 5500 4. 5499 4.5497 4. 5484

9000 4. 5500 4. 5499 4. 5496 4. 5481

10000 4. 5500 4. 5499 4. 5495 4. 5479
20000 4. 5500 4.5498 4.5491 4.5459
30000 4. 5499 4. 5497 4. 5486 4. 5438
40000 4.5499 4. 5496 4. 5481 4.5418
50000 4. 5499 4. 5495 4. 5477 4. 5397
60000 4. 5499 4. 5494 4. 5472 4. 5377

70000 4. 5499 4. 5493 4. 5467 4. 5356
8000c, 4. 5499 4. 5492 4. 5463 4. 5336
9000C) 4. 5498 4. 5491 4. 5458 4.5315

100000 4. 5498 4. 5490 4.5453 4. 5294
200000 4. 5496 4. 5481 4. 5406 4. 5089

300000 4. 5495 4. 5471 4.5359 4. 4883
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