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TEST PLAN DEVELOPMENT FOR PLASTIC AMMUNITION 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 sgecond phase of the project initiated
the testing suggested by the Phase I effort. This testing ir.cluded
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 to remain sealed. The two containers tested during the
project were the 155mm Propelling Charge Container and the M2A1 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 IXI of this report descyribes 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 c¢ontainer 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 thesec 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 11 effort was therefore
intentionally extended over an li-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




modelling scheme which, if the Volume II test plan is implement::, will
ultimately produce the lifetime prediction models required to judge the
efficacy of particular plastics and pliastic container iteas. The actual
test data and relationships described in the Volume I ‘echnical 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 numbexr 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 ¢hain which are most
important to the development of a lifetime prediction model required that
the items be studied from the "c¢radle 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, locading and unloading
during trainin,_ 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
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databases used were searched using a strategy based on key words describing
the materials to be studied, the dependencc of material properties on
environmental parameters and lifetime modelling. The Phase I effort also
involved identifying appropriate accelerated tezt 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. The < 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 c¢ycle,

The initial Phase II schedule alsn 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 wavelenyth in terms of MJI/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 propsrty data qualitatively in
that they can suggest changes in properties such as tengile strangth,
elongation, creep, and impact resistance by measuring changes in properties
such as modulus, crystallinity, and oxidative stability.

Tha logistics chain environmental 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:

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

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

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

) Obtain degradation mechanism information pertinent to a bhetter
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
databasgses listed in Table 2, a survey of the Defense Technical Information
Center (DTIC) database was also conducted.
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PLASTICS /MAYRRIALS
Acrylonitrile Butadiene
Styrent (ABS|
High Demsity Pelyetbylene
Polyester
Piber Reidforced Polyester
Polycarbinate
Acetal
Belypropylent
Palyurethane
heipfarced Polysster
Conpasate
Acetal Homopolymer
heetal Copolyner

TABRLE 1: Key Word List

PEYSICAL CHARACYRRISTICS ({PROPERYIES)

pensity

¥ater Vapor Trapsmission Rate
Noisture Vapor Transmission Rate
Tensile Strength

Bodulys {of elasticity)
Tapact Strength

Flongation

Tield Streagth

Conpression Strength
Coupression Set

Hardoess

Structural Strength
Structural Stability
Disensional Stability
thernonschanical (properties)
6lass Yrapsition

toeffacient of Bxpansion
Coefficient of Contraction
fatique

(rsep

{raze Resistance

Crack Resistance

Abrasion Resistance
Vistoelasticity

Calorimetry Properties
Stress Craziog

Solvent Resistance

Thernal Degradation (resistance)
Heat Distortion (resistance)
Oridation (resistance)
Thermal-Photo

Eodurance

Rydration

Hoisture (vater|

Perneability

Absorbtion

Diffusion

Test Hethod

TEST PROGRANS ITRENE CORDITIONS

Thernogravinetric Beat
Analysis Cold
Yater Vapor Tepperature
Traosaission Rate Bunidity
{YVTR} Yest Ageing
Moisture Vapor Lov Temperature {cold)
Tracsmission Rate thernal
Ternoaechanical Dltraviolet Radiation
Analysis Solar
Glass Transition Radiation - -
Coefficient of Xzpansion Vibration
Coefficient of Contraction Pressure
Tatigue Shoek
Creep Abrasion
Dyoamic Mechasical Oxidation
Apalysis Raviroowen.al Conditlon
Differential Scanting Bffects
Calorinetry

fheraal Cycliog L
Bumidity Cycling P
fropical Biposure

Arid Brposure

Solar Rxposure

Yeatherometer Tests

¥eathering Tests ‘
Exposure Yeats : !
Vibration Testing

Long-tera {ageing)

Accelerated Testing

Tensile Testing

Arctic Bposure

Desert Rrposure

govironmental fests

Predict Ageing

Predict Weatbering

Test Practice




DATABASE

DATABASE

DATARASE

DATABASE

DATABASE

]
H

TABLE 2: Databases Searched

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 Information Service
(AIAA/TIS), Rew York, BY

The Aerospace Database Trovides references, abstracts and controlled vocabulary-indexing of key
scientific and techoical documents, as vell as books, regorts and cooferences, covering aerospace
research and development in over 40 countries including Japas aod Conlunist-bioc pations. This
database sugports basic and applied research in aeronautics, astronautics and space sciences, as
vell as tecanology develoglent and applications in complementary and supporting fields such as
theaistry, geoscilences, physics, communications and electronics,

€A 3earch

Coverage : 1987 to the present
File Size: 7,100,000 records

Updates Hontbiy
Provider : Chemical Abstracts Service, Columbus, OH

The (& Search database includes citations to the literature of chemistry and its applications, (A
Search is ao exganded database which contains the basic bibliographic information appearing in the
printed Chemical Abstracts.

Compepdey®

Coverage : 1970 to the present
Pile Sizes 1,485,000 records

Updates Konthiy
Provider ¢ Bngiveering Information, Inc., Kew York, KY

Tbe Compendex® database is the machine-readable versicn of the Bagipsering lndex slonthly/anpual),
which provides abstracted information from the world's siguificant ¢nginéering and technolegical
literature, The Compender database provides worldwide coverage of approximately 4,500 joursals
and selected government reiorts and books. Subjects covered faclude: civil, emergy, environ-
sental, geciogical and biological enginmeering; electrical electrenics and control enginesring;
chemeal, :1n1ng, 1etals and fuel engieering; mechanical, automotive, nuclear and aercspace
engineering; and computers, robotics and industrial robots.

Taspee

Coverage : 1977 t¢ the present
File Size: 2,629,000 records {for 1969 to present)

pdates Konth]

Provider : The Institution of Blectrical Bngineers, Loodon, Bngland

The oo-line Taspec file covers the pricted Physics Abstracts, Blectrical and Blectromics Abstracts,
and 1T Fozus. Noo-English language source materials are alsc covered DUt absLractes and indexed it
English. Yhe principal subject areas are: Atomic and molecular phxsics; computer proira1|ing and

applications; coasuter systens aod equipment; and elementary particle physics. Journa pagers,
conference procesdings, technical reports, books, patents and university theses, ¥he total number
of journals in the database is approximately 3,000; over 200 of these are abstracted completely.

LIS 63

Coverage « (964 to the present

Pile Size: 1,164,000 records

Updates : Bi-veekly

Prevader & Natiopal Techuical Information Service (RTIS), U.5. Department of Commerce,
Springfield, VA

fhe NTI5 database consists of government-speasored research, developaent and engineerinq and
analzses ﬁrepared by federal agencies, thelr contractors, or grantees. It is tbe means through
which unclassified, publicly avaiiable, unlimived distrivution repcrts are wade available for sale
from agencies snch as NASA, DDC, DOE, HUD, DoT, Degartlent of Commerce and some 240 other agencies,
1o additisn, some state and local government agencies now contribute their reports to the database.

This database subjects 1nclude: adaipistration and mapagement, agriculture and food, bebavior and
sec1ety, building, bueiness and economics, chemistry, civil englneering, energy, bealth platning,
library and information science, saterials acience, sedicine and bioleqy military s:ience,
trapsphrtation, etc.
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Category

TABLE 3: Description of Categories

Description of Content

Accelerated weathering programs on plastic materials and
associated 1nformation.

Natural weathering and ageing test programs on plastic
materials and associated information, e.g., tropical

exposure tests, arid exposure tests,

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.

Water vapor 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.

Other information useful in predicting long-term ageing
characteristics of plastic materials under a variety of

.environmental conditions, e.g., effects of shock and

effects of vibration.

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

Theoretical or accepted models of physical changes
occurring in plastic materials under various conditions
including _ueag which may be used to explain weathering
phenomena, e.g., mechanisms of degradation, crack growth
propagation models.

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

Miscellaneous information deemed useful for the overall

goal of the project which did not fit into categories
1-8.




2.3 Logistics Chain Study

The logistics of six armunition 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:

105mm Tank Round

8imm 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
resarve 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 contuiners 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




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 M2A1 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 o¢bvious 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 res -tance of the container.

HDPE is known to be suv* ¢+ ( to deformation by creep and
thermal mechanisms. Therefore, the long- ~effects of palleticzalion loads
in warm ¢limates should be a concern for the 155mm Propelling Charge
container. The fiber reinforcement used in polyester M2A1 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
produce significant stresses from the temperature induced dimension changes.
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The approach needed to characterize the physical
environment and the long-titerm 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 c¢limates

AR 70-328 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 c¢limatic conditions are of primary concerm in
low latitude deserts, In additior. to high air temperatures, and low relative
humidities, intense solar radiation also plays a part in the degradation of
material 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 32°C and 49°C with a maximum relative
humidity of 8%; hot and humid, in which the daily temperature could range
betvween 31°C 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 factcrs must be considered by any test program designed to predict
rerformance. The specific mechanisms for thermal and photodegradation may
differ for different materials and have different resulting effects on the
b3 properties of the material, Humidity may also change the mechanism by
vitict a material degrades. In order to fully understand the degradation of a
po.ymeric 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
terperature 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 hign humidity
3. Basic¢ hot
4, Basic cold

The outstanding features of the operational,
storage, and transit conditions of each type are: constant tempe “ure and
greater than 95% relative hurmidity, for the constant high humidity condition,
variable temperature and humidity between 26°C and 63°C with humidity ranging
between 5% and 44%, for the basic hot conditions, and temperature between
-33°C and -21°C with close to 0% relative humidity for the basic cold
environment,

The same considerations for solar radiation noted in
paragraph 2.2.2.1 apply to the basic climatic types. The most notable
difference 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.




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 hetween -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°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. Th2 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




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 envirommental history.

The lack of suitable engineering property test specimens for the
155mm Propelling Charge Container and the M2Al1 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 rotatiorial 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 HXM-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 duri-ng a two-
year outdoor exposure. This outdoor exposure period ecould 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 heen
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 (TMA), 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 is, 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
thermomecharnical 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 testina 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 cccur long hefore there is a measurable change in
mechanical propertiss, In applications where plastics are used for thelr
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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 kecause the data are closely related to the chemical
and thermal processes that occur as a rasult 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
corcurrently with the initial material characterization tests, it is
difficult to guantitatively relate thermal analysis data to engineeriny
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 M2Al 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 cerystallinity 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 ¢f 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 viscoelastis properties
is illustrated by the generalization that a polymer subjected to a ¢onstant
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
development of the property relationships needed to make lifetime predictions
from DMA 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 bhasic 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 TGAR 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.

A3 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 strength. Therefore, the use of TGA determined "lifetime




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 M2A1l container
material by attempting tc 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 properties
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
repréesents 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.

THA 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.
Harlex CL-100 was compression molded into plaques and subsequently cut into
ASTM D632 Type IV tensile test specimens. These test specimens were tected
in accordance with ASTM D638. The materials testing procedures and materials
properties studied are summarized in Table 4.
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Material

155mm Prop Charge
Charge Container

HDPE

M2A1 Container
Glass Reinforced
Polyester

Marlex CL-100
Crosslinkable

HDPE

Table 4
Summary of Material Tests

Properties Measured

Spectral Reflectance
CIE Colorx
Thermal Decomposition

Heat of Fusion, Heat Flow and Degree
of Crystallinity

Coefficient of Thermal Expansion.

Spectral Reflectance
CIE Color

Thermal Decomposition and Composition
Changes

Storage and Loss Modulus, and Damping

Coefficient of Thermal Expansion

Tensile Strength and Elongation
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Measurement
ique

ASTM E903
ASTM D2244
TGA

DSC

TMA

ASTM E903
ASTM D2244

TGA

DMA

™A

ASTM D638




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, eftfects 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 ¢f these materials by the
container material. WMil-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 componhent 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. 'fherefore, 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 regimes 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 1'se of an accerleration or a test severity
factor based entirely on the ratio of test conditions to real environmental
conditions to predict results mist be judicious., An example of determining a
test severity factor is giver in Reference 22 where normal vapor pressures
are about 43 dynes/cm? for the worst tropical conditions, while the test
conditions had vapor pressures, in the range of 340 dynes/cm?, The ratio of
the vapor pressures would suygest an acceleration factor of 7.9. However,
more appropriate is the deterrination of test severity on the basis of a




ratio of transmitted moisture at different vapor pressure conditions. 1In
this example 0.6mg of transmitted moisture was measured at constant condi-
tions of 40°C with a vapor pressure of 6% dynes/cm? while 0.012mg where
measured at constant conditions of 25°C 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 ammnuni-
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 containelr approaches zero, the moisture vapor
transmission rate also approaches zero. Since 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 pel 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 Exposﬁre Tasting

A variety of environmental exposure test procedures were
followed to subject test specimens taken from actual ammunitjon containers
and ASTM D638 Type IV tensile test specimens made from Marlex CL~100 HDPE to
a wide range of environmental conditions. These tasty covered the range of
typical environmental exposure tests and inc¢luded 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 placed 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 (EMMAQUA®: exposure testing was
conducted in accordance with ASTM G90. BSample 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 tenperatures 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

Exposure Tests

Conducted on Sample Materials

Environmental Conditions

Related
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 ASTM D3045
ambient humidity

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

EMMAQUA® 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,
facing rack at a 34° angle.

Test items were mounted on a south
As noted for the accelerated outdoor testing,

sample temperatures were monitored around solor noon during the test., The
effects of elevated temperature with ambient laboratory humidity conditions

were evaluated using a mechanical convection oven.
with a constant 71°C temperature,

The test was conducted
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 -73°C to +176°C 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.




The array was positioned and operated to produce approxi-
mately 95 MJ/m2-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
Herazeus Original Hanau Suntest Accelerated Exposure Machine. A filter
eliminating ultraviclet below 290nm was used over a l.lkw 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/cm? 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°C. 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 S5 and € 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 pcocess. 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 emploved 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
rot 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 ¢ - " the material condition in which
most, if not all, reactive sites, or L.l events, have been depleted
during the application »of stress.

The linear portion of Figure & can be described by
writing & slope intercept equation, v = mx + b, where AP = mE + b, m is the
slope and k is the intercept. Solving for E, we obtain

E = 1/m {4P - b} (1)

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

P = m{(Z - 1} (2)

permitting prediction of durability of that property in the rate controlling
ster in terms of the exposure. It is important to note that few materials
plot as a normal linear relationship defined by eguation 2 and that generally
a log-normal and sometimes a log-log plot is reguired to achieve a linear
relationship. This is particularly true for systems with exponential or
togarithmic 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

2P =m{log B - log i}, or log LP = m{E - i} (3)

Correlation of accelerated and real-time exposures should
seldom, 1f ever, be performed on exposed, or stressed, materials in only the
industion r the saturation phase since these expressions only explain linear
portionz of the ageinyg process. We do use these regions in combination to
define 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 induction 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 molerular 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, 1In zero order reactions, we simply set the
derivative equal to the proportionality factor "k", the value of which
depends on thie temperalure as well as the order. 1In 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, M.

dM/dt = -kH (4)

which, on integrating, becomes
InM=-kM + b {S)

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 erergy for the reaction and R and T are the gas constant
and the absolute temperature, respectively. Integration of equation 6 yields
the expression

In(k) = - E/RT + 1n(A) (7)

where A is a constant of integration knowm as the Arrhenius factor. Eguation
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 ther we can, as an example,
expose a plastic for a specific ultraviolet exposure (in kJ/mZ) at scveral
different temperatures and employ equation 7 to determine its activation
energy. This can be done by plotting dP/dBuv versus 1/T and computing the
activation energy from the relationship tan « = E/R from

dp/dEyv = E/R (1/T) - ln(A) (8)




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/dEuy = A e{-E/RT} (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=5/8" = 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,

AP = m (log Eyuv ~ log 1), or (11)
log LP = m (Eiyv - 1) (12)

These equations may ke 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 1in 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 matzrials investigated, as will be discussed
further in subsecuent paragraphs, was limited by the performance of the
materials during the exposure tests and the short duration of the eyposure
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 step.

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 survey showed that little
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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 wecll 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 II. The survey identified information on the
deyradation 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 sensitivitieg 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 M2A1l 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 M2A1 container, the usefulness of the information to the
prediction of the M2A1 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 sgpecific fiber rainforced
material, exhibiting an acceptable degree of durahility 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 e¢oatings, 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 resistanca; *Acrylic weathering
resistance; *Natural weathering; *Rubber chlorinated coating
weathering resistance;

Figure 7: 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 cculd 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 ¢f 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 Munro in 1982 (Reference 25),




so0lid 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 forming
ultraviolet absorbing phenyl salicylates at the surface of polycarbonate
during natural outdoor exposure,

i 13
im (13)

(14)




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 removahle. 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 cvonditions during
i 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
unfilied or unpigmented polycarbonate., Intuitively, degradation due to solar
radiation exposure would therefore be limited to the surface of packaging
items. This surface degradation is imprrtant 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.
Acrvlonitrile 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
c¢ircumstances, allows the formation of microcracks which serve to relieve
intrinsic stress. The embrittlement of the rubber component by oxidation,
prevents the formation of microcracks and 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 zsusceptible to

photooxidation initiated by ultraviolet irradiation. The butadiene units are
photooxidized by molecular oxygen through firee radical oxidation mechanisms
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or by singlet oxygen -ene type oxygen techanisms (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 st(ength was ¢losely related to irradiation time.

The necessity for considering the synergistic
effects of environmental conditisns 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 tersile strength due to ultraviolet
exposure. The work reported by Gauskens 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 (160°C) 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@coating on the ABS. Degradation of ABS is
greatly dependent upon the rate of oxidation occurring within the bulk of the
polymer. 8Solar 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-
rlastic, although inherently unstahle, it is used in a variety of outdoor




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 differert processing conditions will have modified
reaction stages that are essentially specific to each (Reference 33 and 34).

hv
RH ===~- > R* + H* {Photo) (15)
RH + 0 ~==—- > R* +HO,* (Thermal) (16)
Propagation R* + 0 =-==-- > ROO* (Chain Reaction) (17)
ROO* + RH -~~-- > ROOH + R* (18)
Termination R* + R'* ===~- > RR' (non-propagating) (19)
R'* + ROO* ----- > R’OOR (20)
ROO* R'00 ----- > ROOOOR’ (21)

The study on thermal oxidation reported in Reference
35, at a temperature of 100°C 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 mechanismg 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 1is primarily dependent on the concentration and stability of
additives and that over a defined temperature range thermal oxidation effects
cannot be accelerated. This does not say however, that photooxidation or
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photooxidation combined with thermal oxidation will not accelerate degra-
dation of surface dependent physical properties and thus cause bulk fajilures,
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 tt: life cycle. As noted
for polycarbonate, logistic chain information sugge: ... that direct exposure
to solar radiation (i.e., the two-year uncontrolled :xposure) 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 jnstance 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 polvpropylene 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




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 c¢arbonyl
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 t¢ 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 polvester 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 cion of heat. Common catalysts for laminating formulationg are
activated in a temperature range between 112°C and 1%55°C. Characteristic of
poliester 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 polvester
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 fatigque 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 5C days of
exposure to 100°C 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 protaected by metal packaging in order to determine
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the statistics of accurate delivery to the target, will not provide long-temm
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 t¢ 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 MVTR requirements. However, these test procedures carried through to an
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 iten 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 bhacsed
on experience with plastic materials under current consideration the
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processing procedures and must alsc accommodate future improvements and
changes in materials and processing techniques ranging over the production
life of the item.

3.3 General Features of the lLogistics 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.
A 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 environment:l conditions that occurred
during the outdoor Arizona exposure tests are described in Appendix C.

The consideration of the t’ ', moisture, and solar aspects of
the logistics chain environment with 1 container materials degradaticn
characteristics form the kasis 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

ting, specifically accelerated environmental exposure testing, must
p.ovide conditions by which a naterial can degrade following realistic
mechanisms in order to quantify the chang¢: in properties with respect t» time
at condition. As an example, accelerated environmental testing typically
includes ultraviolet exposurs. 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 .n 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
hased on short duration tests vhich 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 indnction region of the property

degradationi curve shown in Figures 5 an( The success of the test
procedures usecd to reach the end of tf .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-
1ing 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 (°C) Average Solar Radiation
Max. Min. Av4. % _RH MI/m2)

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 1
90 days

Port of Embarkation
Concord, CA 23 6 15 75 17.4
19 days

[P

69 13.8

Port of Debarkation
Pusan, South Korea 29 -2 14 66 16.3
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 Logisti¢s Chain

Average Daily

Temperature (°C) Average Solar Radiation
Max. Min. Avg. % RH (MI/m?)
Canal Zone, Panama 32 22 27 28 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 Radlatlon
Below 385nm Using Various Exposures

EMMAQUA ® 1617.8 MJI/m2
24° South Florida 308.0 MI/m?
34° South Arizona 333.5 MJI/m2
Los Angeles Basin 211.4 MJI/m:
Suntest Exposure Cabinet 2453  MJ/m2*
DSET Solar Simulator 1900 MJ/m?*

* 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, mcdellinyg 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 coritainer
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 induc¢tion phase will most likely cause thermal and moisture




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 recuirement 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 piior toc 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 knowm
"state of degradation”,

The approach taken to determining the moisture vapor transmission
in the container and relavting the transmitted moisture to a vapor pressure
differential with respect to time at vonstant conditions could be used both
as a screening test for container design as well as for predicting long-term
performance. As an example of predicting moisture gain or loss, the vapor
pressure differential oucurring between the container and the load plant
snvironmeni. could Le determinsd by direct measurement of the temperature and
humidity at the timec of loading, or be based on the average conditions inside
the load plant wihon the containers are filled. The change in the vapor
pressure differential after long-term ctorage in another environment could
then be predicted on the bagis vt the expected rate of change in vapor
pressure differential. The vapor pressure differential resulting after a
period of time cuuld then ke used to determine the amount of moisture in the
conteiner, As ncted in paragraph 2.4.2, acceleration of the factors
“reenltyng in an increase in moisture vapor transmissicn are not directly
related to the test conditicns used, However, accurate monitoring of
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moisture vapor transmission and the characterization of a particular
container design under a variety of test conditions wonld 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

J 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 Qutdoor Exposure Testing

Container test sample materials, Marlex CL-100 samples and full-
scale 155mm Propelling Charge container and M2Al1 container items vere
eyposure tested in Arizona. Test items were mounted on a south facing rack
oriernted 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 renoved at several intervals for properties
testinyg, These results will he discussed in a subsequent paragraph.

Test sample temperature was monitored during the exposure abhout
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 £lux during the exposure, based on approximately ten hours of daylight
each day, was on the order of 0.1 MJI/m2.hr, A ten-hour day was also used to
represent the typical times at mavimum temperature 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 (°C) Temperature [°C) (MI/m2)

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 Prorelling 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 defects 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 investlgated 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 containars cannot be made from
this single test since no functional tests were conducted on the c¢ontainer
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 adeguate protection. Likewise, the cracked handle and fiber bloom
occurring on the M2Al1l 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 expcsure testing following ASTM G90 using
the EMMAQUA® 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 ¢ycle. 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 ultravioclet
flux during the exposure, based on approximately ten hours of daylight each
day, was on the order of 0.4 MJ/m2+hr. The same ten hour day noted for the
at~latitude testing was also used to reypresent the typical times at maximum
temperature during the EMMAQUA® tests for 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

s 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 M2Al container material. The test items were subjected
to the test environment for a total of 200 days with the failures described
occurring bhetween 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/m2.




Table 10
EMMAQUA® Test Sample Temperature and Radiation Data

Ultraviclet
Radiation
Exposure Cumulative Avg. Maximum Air Avg. Max. Sample Below 385nm
Interval Duration (Days) Temperature (°C) Temperature (°C {(MJ/m2)
11-13-87
to 30 22 40 107
12-13-87 .
12-14-87
to 67 17 37 169 .
01-13-88
01-14-88
to 157 25 71 588
04-16-88
04-19-88
to 1985 29 72 852
06-02-88
02-23-88
to 200 31 &5 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 sugdest 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 EMMAQUA® 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 DMA, as it 1elaies 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 71°C 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.




Elevated temperature/humidity tests were conducted at 60°C with 90%
RH. As for the other tests discussed, container material test samples and
Marlex 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 Hnlar Simulator Exposure Testing

The sclar 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%
AH during the course of the test. The sample temperature was maintained at

. 60°C 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? at a rate of approximately 0.14 MJ/m2.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. Althcugh a
complete matrix of te<t 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 58°C. The
noted failures were observed after approximately 2304 hours with a total of
645 MJI/m? of ultraviclet for the 155mm Propelling Charge container HDPE and
after 2147 hours with a total of 601 MI/m2 of ultraviolet for the M2Al
container material. The ultraviolet flux during the Xenon arc exposure was
approximately 0.28 MJI/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 varicus exposure tests. The degree of crystallinity was determined
using equation 22 from Reference 43,

Aﬂﬂumple
% crystallinity = —- X 100% (22)

OHstd




where AHiample is the measured heat of fusion and AHsia is the heat of fusion
for 100% crystalline material. A AHsua value of 70 calcries/gram, reporteqd
in Reference 44 for a polyethylene-hexene copolymer, #as used to analyre the
effects of the different exposure conditions on the 1£Smwm Propelling Charge
container HDPE. The technical product data sheet for th. Phillips Msrlex
HX1{-50100 used in the 155mm Propelling Charge container indicated that it was
a similar material and as a constant in equation 22, the AHgeq valus has no
effect on calculating the change in c¢rystallinity oc¢curring as a rasult of
the exposure testing.

The oxidative stability of the HDPE was stndied 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 breakdown of the polymer and the
presence of stahilizers or additives. As will be discusszad subsequently, the
decomposition heat flow was also used with the degree of crystallinity to
investigate c¢hanges 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 c¢an 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 60°C.
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Table 11
155mm Propelling Charge Container DSC Exposure Test Data

Tim st Melting Melting Onset of Decomp. Adjusted
Raximm Point Point  Heat of Crystal- Decomp. Heat Haat
Exposure Ultraviolet Temperature Oneat Peak  Fusion  linity Tewperature Flow Flow .
Condition (hi/m2) {hrs. ) ) {c (J/y) ) © Mi/g)  (ung)
Hamidity Chamber 0 121.6  131.4  110.8 3.5 246.3 1.3 4.5
st 60C 429 12,9 132,01 1047 k) ] 248, 4 T.24 465
with 90% R 693 12.0 131 1016 W) | 246, 622 4,06

11% 12,0 131.5  f10.2 31.6% 246.8 6.61 L
1757 2.0 131.2 1311 o, 8% 245, 1 1.% 4,3
k 3] 12.0 1R 119.6 40. 8% 246.9 6.79 A0
J765 fo, 4 1315 11,8 38. 2 2.9 6. 46 39

Elevated Temperature ¢ 121.6  13i.4  110.8 37.6% 248.3 7.3 4.5
stne T®0 121,72 13,7 103.2 k- | 246.0 5. 91 3.43
1537 121.7  131.7  105.4 36. 0% 247.0 6.7¢ 4, 30
2138 fee.4 1316 119.3 40, 7% Y | 842 AN
4000 12i.7 131.8  t21.8 A1.6% 246. 1 .48 AT
AR 124,3  133.4 120. 4 41, 1% 238.3 6.74 %
AR 0 0 121.6  131.4  110.8 3.84 246.13 .38 4.5
107 300 12,2 1R.4 1045 B 242.8 6.17 .97
169 600 121.6 131,86  113.¢ 38.6% 2421 6.30 3.87

Sae 1570 f21.4  131.6 1127 k- §.7] 235.1 4,64 2.85 Crackss

s 1950 12t.6  131.9  114.2 39.0% 24,9 S. 06 3.09 Crackss
Xeron-fre 0 0 f21.6  131.4  110.8 n.e 246.1 7.3 4.5

€4S 2304 1et.4 1319  107.2 36.6% 239.4 5. 30 3.3 Crackse

883 3152 1ed.4 1313 119.1 O 226.5 % 2.33 ®rackst
firizona 0 0 12,6 131.4  110.8 .. 246.2 1.3 4.5
Rt-Latitude 101 1880 12.3  131.6  116.3 NN 2.3 6. 44 3.88
TS 1750 12,5 131.6 117.4 A0, 1% 239.1 . 3.46

1] 2300 #Cracks# -
Solar 0 0 12,6  131.4  110.8 3.4 246.1 1.3 'R
Simulator V) 307 121.6 131.8  107.3 36. 6% 2448 5.8 n :

67 &T7 122.6 1326 1046 kW, 4 243.8 6. 48 'RV
9 £90 122.4 131.8 118.9 40, 6% 28, | 8.06 AT

129 908 2.2 1.1 1209 LI | as2.1 1.75 (R ]




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 effecte, 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 15%5mm
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 tn longer exposure times and doses
would be dangerous since the curves are not well defined and are clearly not
logarithmic. On the other hand, extrapclation of the elevated temperature
and elevated temperature/humidity adjusted heat flow data to the level that
cracks occurred during the ultraviclet ewposure tests suggests a lifetime of
considerably less than 20 or 30 years. This is qualified by the 60°C
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 Tahles 12 and 13 and in Figures 13 and
14 where low R squared values were obtained. The simulated solar exposure
test regressions are particularcly interesting, although potentially
misleading, in that they suggzst 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 Effzcts

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
MI/m? ultraviolet radiation from Xenon arc lamp exposure are shown in
Table 14,

The percent crystallinity and oxidative stability
valueg 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 Jdepth 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 c¢rystallinity 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 stahility, 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 c¢racking 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
unaccaptable level. '

4.6.2 TGA Measurements on 155mm Propelling Charge Contaln»r
Haterial

The previous paragraph described the use of DSC tn
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
vere also used to evaluate the material’s oxidative stabilitv. The results
of this terting chowed that the Thermal decomposition involved a two-step
process. The first step vas bhel.ieved to he related to easlly oxidizable
nortiones of the polymer, such as branched chains, cross linked polymer ov
anticxidant additives. The closeness of the onset of decomposition temper-
ature, az measured using DSC, to *he onset of decomposition temperature for

‘the first step in the TGA suggests that these temperatures represent the sams

event. fTne second step in the process was not reproducible and is probably
related to the more stable species in the sample, partic¢le size and sample

" weight during the measurement. A typical TGA thermal curve is shown in

Pigure 15. Test datva are presented in Table 15 and Figures 16 through 19,

The 5% loss data in Table 15 and Figures 18 and 19
exhihit 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 noted at the
points where surface cracking was noted. These observations are attributed
to the weight loss kinetics of the 5% loss temperature not being
yeprasentative of the physical characteristices and thermal history of the
surface where cracking was observed. Thus, TGA is more appropriate for the
gtudy of bulk changes. As seen by the data, the exposure tests were not
corducted 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

fegression for Degree of Crystallinity

0ROV Test
fegression Output:
Constant 0.371841336
Std Err of Y Est 0. 012342212
R Squared 0. 344612083
" Noy of Observations 5
Pegrees of Freedos 3

X Coefficient (s} 0.000021440
Std Err of Coef. 0.000017070

fegression for Degree of Crystallinity
firizona At-Latitude Test

flegression Output:
Comstant 0,379926619
Std Err of Y E:l 0. 004695213
R Squared 0. 324 380400
No. of Observatins 3
Degrees of Freedos i

X Confficient (s) ©.000§132137
Std £rr of Coef. 0.000037793

Regression for Adjusted Heat Flow
+ Bolar Simlator Test
Wrgression Output:

Comstant, 4, 172191661
Btd Err of ¥ Est 0, 452365924
R Squaryl | 0, 107478034
No. of Clssrvetions S

Degrees of Fresdos 3

| X Coefficient(s) 0.002748844
18t Err of Coef. 0,00A573400

Regression for Adjusted Heat Flow

Xenon fire Test

fagression Output:
Covatart 4,623692700
8td Err of Y Est 0, 343517338
R Squarsd 0.9523%8763
No. of Observations 3
Pegraes of Fraedoe |

). Coefficiant(s) -0,00237924
8td Err of Conf. G,000531911

Regression for Degree of Crystallinity

Yeron Arc Test
fegression Dutput:
Constant 0, 372783
Std Err of Y Est 0.026038
R Squared 0.21%16
No, of Observations 3
Degrees of Freedom 1

X Coefficient(s) 0,000021363
Std Err of Coef. 0.000040318

Regression for Degree of Crystallinity
Solar Simulator Test
Regression Output:

Constant 0.361773
Std Err of YV Est 0.020828
R Squared 0. 452371
No. of Observations ]
Degrees of Freedom 3

X Costficient (s}  0.0003314%2
Std Err of Coef,  0.000210575

Regression for Adjusted Heat Flow
Arizona At-Latitude Test
Regression Output:

Coret ant 4, 540454
Std Err of ¥V Est 0, 029956
R Squarsd 0. 998523
fo. of Ohsarvations 3
Degrees of Freedon 1

X Coefficient (s) -0, 00627086
Std Err of Coef. 0.000241131

Regression for Adjusted Heat Flow

EMR0UA Tast

fegression Output:
Constant 4, 258725
8td Err of Y st 0, 340215
R Squared 0. 818056
Mo, of Observations ]
Degrees of Freedom 3

X Coefficient (s)  -0.00172822
Std Err of Coef.  0.000470561




Table 13
155mm Propelling Charge Container DSC Regression Data
Time at Maximum Temperature Analysis

fugression for Degree of Crystallinity
Tesperature/Mamidity Test

fegression Output:
Constant 0. 369597
§td Err of Y Est 0. 033385
f Squared 0. 181349
No. of Observations 7. 000000
Degrees of Froedom 5. 000000
X Coefficient (s) 0. 000010
§td Err of Coef. 0.000009

fegression for Degree of Crystallinity

EM0UR Test

fagression Outputt
Coratant 0, J70656634
8td Err of Y Est 0,012033291
R Squared 0. 376388323
No. of Qbservations S
Degreas of Freadon 3
X Coefficient (a) 0, 000009664
8td Err of Coef. 0.000007181
Regression for Degree of Crystallinity

@rizona ft-Latitude Test

Regression Dutput:
Constant 0. 3780695697
Std Err of Y Est 0,001811443
R Squared 0. 988744283
No. of (bservations k]
Degrees of Freedon 1

X Cosfficient(s) 0.0000132%5
8td Err of Coef. 0.000001414

60

fugression for Degree of Crystallinity
Elevated Tamperature Test

Regression Dutput:

Constant 0.362179

Std Err of ¥ Est 0.019453

R Squared 0. 605484

No. of Observations "~ 6a 000000

Deqrees of Freedos 4. 000000

¥ Coefficient(s) ©.000011

Std Err of Coef,  0.000005

fegression for Degree of Crystallinity

Yomon Are Test
fegression Output:
Constant 0. 372785
Std Err of ¥ Est 0. 026040
R Squared 0.219139
No. of Observations 3. 000000
Degrees of Fresdos 1, 000000
X Coefficient(s} 0,000006
Std Err of Coef, 0,000011
fegression for Dagree of Crystallinmity
Solar Simulator Test
Regression Output:
Constant 0. 361835325
§td Evr of ¥ Est 0, 020897372
R Squared 0. MA8745665
Mo. of Observations ]
Degrees of Freedom k|

X Confficient (s) 0.0000467
8td Err of Coef. €.0000299




Table 13

155mm Propelling Charge Container DSC Regression Data
Time at Maximum Temperature Analysis
(continued)

Pegression for Adjusted Heat Flow
Solar Sisulator Test

fugression Output:
Constamt 4. 1 T2R6E
8td Err of Y Est 0. 452374
f Squared 0. 106658
No. of Observations % 000000
Degrees of Freedom 3. 000000

X Coefficient(s) 0, 000388
8td Err of Coef. 0. 000648

fagression for Adjusted Heat Flow
Elevated Temperature Test

Regression Output:
Constant 4, 415200710
Std Err of Y Est 0. 439890938
R Squared 0, 027003402
No. of Observatiors 6
Degrees of Freedon A

X Cosfficient(s) =0.00003647
Std Err of Coef. 0.000109461

fegression for Rdjusted Heat Flow

Xenon Arc Test

fegression Output:
Comstant 4. 623697043
§td Err of Y Est 0. 343660258
f Squared 0. 952359146
No, of Observations 3
Dugrees of Freedon 1

1 Coefficient (s} -0,00066611
Std Err of Coof. 0.000148383

fegression for Adjusted Heat Flow
Temperature/Hupidity 1.

fogression Dutput:
Coratant - 4, 4B0050420
8td Err of Y Est 0, 208384168
R Squared 0.5019128%8
No. of Observatiors 7
Degrees of Freedos 3

Y Cosfficient (s) -0.000130
8td Err of Coef, 0.0000579

Reqression for Adjusted Heat Flom

ENAOUA Test

fegression Qutput:
Constant 4, /LR
9td Err of Y Est 0, 259532254
R Squared 0, 894120936
No, of Observations 5
Degrees of Freedos 3

X Confficient(s) =0.000779
Std Err of Coef. 0.00013548

fegression for Adjusted Heat Flow
Arizona At-Latitude Test

Pegression Output:
Constant 4, 57271987137
8td Ere of ¥V Est 0. 104044075
R Squared 0,982190173
o, of Observations 3
Degraes of Freedon 1

X Coefficient (s) -0.000603
8td Err of Coef. 0.0000812




Table 14
155mm Propelling Charge Container
DSC Data Showing Surface and Bulk Ultraviolet Effects

Helting Ouset of Deconp,
Helting Point Heat of Crystal- Decomp. Brat Adjusted
Point Onget Peak Fusion ligity Temp. Tlov Reat Mo
Sample (°¢) (e (Jia} 3! {°c) (¥/g) (¥/q)
Pre-Bxposure 121.% 131.4 110.8 31.8 246.3 1.1 4.58
Surface 123.5 131,13 96,3 32,9 225.8 3.7% 1,82
Bulk 121.4 131.5 119.1 40.7 240.1 §.29 KIS )!
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4.6.3 TGA and DA lleasurements on M2Al Container Material

Four thermal analysis techniques were used to obtain
baseline and characterization data for the M2A1 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. TMA measurements
attempted to determine the linear ccefficient of thermal expansion, the
softening peint and the glass transition of the resin. DMA was used to
measure storage and ioss moduli and the loss tangent. These properties are
useful for the characterization of c¢rystallinity and the loss of adhesion
between resin and filler.

As might he expected due to the randomness of the glass
reinforcement, TMA measurenents 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 not
detected in the material suggesting that the technique would not be suitable
for mcnitoring changes in the polymer during the course of exposure testing.
DHA data shovm 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 c¢ould 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 he capable of differentiating
between sample-to-sample differences from actual material changes.

TGA measurements conducted on unexposed contrel sample
material showed that the decomposition kinetics of the M2A1l container
material is complex. The occurrence of the several decomposition reactions
shewn in the TGA thermal curve in Figure 21 made a kinetic decomposition
study impossible during the course of the proiect, 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
deyredation mode based on visual appearance, includzs fading and hlocming 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 tiat the physical
properties of the container material were detrimentally affected as a result
of the exposure testing. However, the changes determined using TGA are not




R R A e

et oy

Exposure
Condition

Humidity

Chamber at
€0 C with
90% RH

Elevated Temperature

st e

Solar
Simulator

Arizona
fAt-Latitude

Xenon frc

0
91
144

124
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Table 15
155mm Propelling Charge Container TGA Data

©

Tise at Orset of
C Maxisus Decomp. 5% Loss
.. Ultravioizt Tempecature Tewperature Temperature
S /e - thrs,) ©

0.0 278.7 295.0

429.0 25,4 29,0

- €93,0 2.6 31.8

185.5 . 2Th 4 296.2

1757.0 2n.3  2%.9

3411.0 80,6 2997

3765.0 276.5 01,4

0.0 218.7 2%5.0

7200 27%.8 2929

1537.0 276.3 2%.35

- 2138.0 2.3 2%.0

- 4000, 0 278,7 30,6

4834.0 2.1 W4

0.0 0.0 218.7  eH.0

107.0 300, 0 1.9 2%.2

169.0 600,90 2713.6 2%.!¢

$86.0 1537.0 o648 303.3

852.0 1950.0 270.7 3045

0.0 0.0 1.7 2%.0

43.% 3071.0 26,3  296.4

Y AT1.0 &10.1 29,5

97.8 £%.0 0.1 2R.5

126.6 908.0 5.8 29,3

0.0 0.0 218,17 #%.0

101.0 1280.0 eT8.0  303.4

175.0 1750.0 2144 307.4
%m0

0.0 0.0 £78.7 295.0

A4S, O 2304, 0 269.1 2%.3

882.% 31,0 6.4 3050

1315.0 4690 273.6  316.5
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great enough to model or relate to a physical property. The blooming of ;he
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 M2Al1 Container Material
E' 8 35¢C Peak Peak Fezk
Sanpl: N:. Brpssure Canditianm Duratian (GPa) B’ (NP3l o) tan § tag § (°0)
1i-¢ pre-expasurs --- 7.8 87 200.5 9.1 12T
1e-2 pre-ezpasurs --- .62 N 189.¢ 1L 231
17-7 pre-eypesure --- .M 202 197.2 0.10 2304
17-12 pre-expssure --- 5.3% 266 190.€ 0.1 2322
17-14 pre-erposurs --- 7.03 104 195.2 (.09 2291
17-1° pre-2xpsure --- €.90 342 1997 1 e
hverage 5 29 195.4 0.10 211.8
fh- 1.1 &4 4,1 0,00¢ 4,7
1e-13¢ Tencn Ars 277 MI/m2lv 1.02 259.1 209.3 .03 242.9
Elevated 1155 hre 5.94 2368 1864 0.1t ui
Tzap'Hup On-1 (.32 (3.2 (3.1 10.001) 1.4
1757 brs £.79 320.3 191.4 A2 w3y
n-1 {.2 [20) (3.5) {0.014) (1,92}
Elevated 1537.5 hrs 7,05 292.1 202.0 0.1t 23€.8
Tepperature On-1 (.14) {25) (4.8) (.004) (3.9)
238 brs 7.49 3387 206.8 A0 233.5
Un-1 (.49} (33) (1.8) (.002)
EXNAQUL® 106.7 KI/2V - 7.12 4 202.,0 By 233,
Cn-1 {.36) {31.3) (8.3) {0.047) {2.9}
§zlar Simulator 43.5 ¥J/nllV 6.23 240.3 201.3 0.10 3343
n-1 {.32) {34.8) {4.8) (0.005) (1.8)
€7.6 MI/n2QV 1.3¢ 3¢ 203.4 0.1 238.2
On-1 {.46) {0.005) {5.6)
97.8 HJ/n2UV €. €9 272.5 203.¢ 0.10 23
On-1 {.26) 28,2 (2.3) {0.01) (2.9)
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Table 17
TGA Measurement Data for M2Al Container Material

Tine at Omet of

Wax i mun Deconp,

Exposure Ultraviolet Temperature Temperature Filler Glass Polymer

Condition (R/m2) {hrs. ) © ) %) (X}
Xenon firc 0 0 357.8 a1 40.1 3.8
208 743 30.7 &.8 43,5 33.6
an 989 3.6 .8 A3.4 33.8
601 2146 363, 4 16.3 96.6 21.0
Humidity 0 357.8 5.1 40,1 .8
Chamber at & 3*.1 23,4 4.3 34.4
60 C with 693 30,0 3.9 41,3 34.8
901 M 3% W33 3.9 41.2 3.9

1757 3.8 2.6 41.6 .8
Wil A0 26.0 36.0 38.0
®75 362.8 aa. 1 40.4 35.4

Elwvated Temperature 0 357.8 251 0.1 3.8
aannc T80 364.8 2.9 43.0 .1
1537 38, 5 2d.2 43.1 3.6
2138 349.1 246 40.1 "3

£l 0 ] 5.8 5.1 40.1 3.8
107 300 363.2 aLs 40,0 35.5

169 €00 YR 236 ALS 3.8

%68 1537 x2.3 2.3 42,6 3.1

(.~ 1950 3%6.5 2.5 4.7 33.8

Solar 0 0 357.8 &1 40,1 34,8
Simulator M 307 x62.5 2.4 4.8 .1
68 LY 14 345. 4 2490 4.7 35.3

% £% 5.7 23.4 4.5 3.1

129 908 347.5 23.1 4,6 .3

Arizoma 0 0 357.8 2.1 8.1 34,8
fAt-Latitude 101 1280 358.0 a3.2 4,3 3.5
175 170 338. 4 23.3 8.6 .1
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4.7 Marlex CL-100 Tensile Stre..gth Measurements

Tensile test data for the Marles CL-100 material are exhibited in
Table 1& and Figures 30 and 31. ASTM D638 :me IV specimens were tested at
an extension rate of 5.1 cm per minute using <" Instron Model 1123 Universal
Test Hachine in accordance with ASTM D638. Ten:ile strength and elongation
at vyield are reported, rather than at, the break point 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 $10% 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
Marlex CL-100 reported in Reference 32 which indicated that tensile strength
inc¢reased 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 Colorimetric 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 v 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 c¢oatings.

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 Al.3 of ASTM E903). Total reflectance measurements
vere obtained in the solar spectrum from 325nm to 2400nm at an incident angle
of 20°. Air mass 1.5 solar absorptance wa: determined using the solar
spectral distribution from ASTM E891. Reilectance 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.




Table 18

Marlex CL-100 Tensile and Elongation Data

Time at Tensile Tensile |
Maxicus Strength Strength Elongation Elongation
Exposure Ultraviolet Tewperature  at Yield Std. Dev. at Yield at Yield
Condition /e (hrs. ) (psi) 1$1] gtd. Dev.
Humidity Chamber 0.0 3953.0 160, 0 8.0 0.4
at 60 C 4.0 3%55.0 25,0 9.2 0.5
with 90%RH €93.0 3623.0 83.0 8.8 0.7
11%.0 3838.0 33,0 9.0 0.8
1757.0 3944, 0 301, 0 8.8 0.6
3765.0 4380.0 3.0 8.0 0.0
€levated Temperature 0.0 3959.0 160.0 8.0 0.4
atnc 70,0 4181,0 Te.0 8.5 0.7
1338.0 4328,0 176.¢ 8.2 0.4
2138.0 4404.0 31,0 8.2 0.5
5112.0 4246.0 121.0 1.2 0.0
12, 21 0.0 0.0 399.0 160.0 8.0 0.4
102.0 300.0 41300 38,0 8.2 0.4
169.0 600.0 5040.0 107.0 1.7 0.5
82,0 19%0.0 3489.0 117.0 # 0.8
583, 0 1570.0 4260.0 122.0 8.4 +
1154, 0 2000.0 3487.0 160,0 8.0 0.5
Solar Simulator 0.0 0.0 39,0 160.0 8.0 0.4
43.5 7.0 3990, 0 189.0 5.6 2.1
67.6 AT1.0 3042, 0 280,0 2.4 0.4
9.8 690.0 2858, 0 478.0 2.7 0.8
128.6 908.0 3266. 0 298.0 * .
Arizona 0,0 0.0 3959.0 160,0 8.0 0.4
At-Latitude 101,0 1280.¢ 4167.9 60,0 7.9 0.2
17,0 179%0.0 A0 19.0 8.5 0.9
2%.0 2900.0 38%5,0 300.0 6.0 1.6
Xenon frc 0,0 0.0 3959, 0 160.0 8.0 0.4
658,90 23%.0 3521,0 170.0 ] N
1062, 9 3719%.0 3601.0 127.0 & )
1110.2 39635, 0 1987.0 23,0 * *
& NOT MCASURERBLE

85

it




SWwT], *"SA Lu&ﬂ@hum 21TsSU3l 00110 XaTaeR

:0g 2andy¥d

Jojojnuilg Jojes ¢
ypiuing seainjoiaduwe) g

AuY vauey A apnnY—jy BuazuyY Y
YNOWING ¢ Jnjoiaduwa) pajoas|y +
(‘Y)Y FUniveIJMEL MOMIXYR 1Y INUL
(spubsnayy )
9 + z O]
L L L L i
b. -
ﬁl
v [
q maad
‘q amad
A .4
A a a o=
. [w] =
X
v B
.
+ A
+ o =
a + »
° -

00 | -T2 xelon
VLVd J1ISNIL

a1
0z
&'z
vz
) 4
- )
o'e
't
¥'s
g'e
ast
o'+
o'r
'y
L 4
ay
0‘s
s

(spunsney L)
(i%.., HLONBNLS FVUSNIL

86

S— - SPP—— = e gt AT



e
uoTIeTpRY 12|0TABII| “SA (I8Ua1IS QTSUIL QQO[-T1) Xo[IeW : 1€ 2andTg

WY uaumy spnin—~|y duaTuy g

dajpipug oo G YOI O
(ZUW/EN) NOILYIOVE LTTOIAYELIN
(spuBsnoL) )

b AN | 80 90 ¥°0 AR 3
1 I 1 1 ] 1 1 L 1 ] 1 a‘i

s

X L 02
B 4
e 4
L gz
. az
o | 0%
.
- pg

X X | gee
— A
v o B o
S L v

v by

9y
/'y
o - 0'8

'S

(spubnsnoy L)
(1sd) HLONTELS AUSNIL
87

00 1-12 X8l40N :
V1vVd JTSNIL




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 Measureaments

Color data for 155mm Propelling Charge container material
are presented in Table 19 and Figures 32 through 37. The Y c¢oordinate data
in Talle 19 shows that the container material darkens in the early part of
the environmental exposure tests before fading later on. Comparison of the
Y, %, 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 and 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 sampie is shown in Figure 38.
The lack of features, or the relative flatness, eghikited by the spectral
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Table

19

155mm Propelling Charge Container Colorimetric Data

Exposure
Conditions

Elevated Temperature
ata

Hamidity Chamber at
60 C with 0% R4

Solar Simulator

frizona
At-Latitude

Xenon fre

Tiee at
Naximus
Ultraviolet Tesperature
() /n2) (hrs)
0
720
1532.5
2138
0
A9
693
11555
1797.3
3765
0 0
106, 7 300
169.3 600
588 1570
a5 1950
1261 1200
1323 1500
0 0
43.5 X7
67.6 an
97.8 6%
128.6 908
0 0
101 1280
175 1750
295 2900
0 0
882 2304
1315 315
89

1. %7
13.62
11,66
1.5

fe.57
14. 11
12,93
12.42
1.y
9.8

12.%57
10.58
10,61
12.14
fe.88
13, 41
13.66

12.57
13, 44
10,70
10.67
11.36

12.57
1n
9.9
10. 64

1.3
12,13
17.81

0. 3432
0. 3415
OOM
0.3337

0.3432
0,3328
0.343
o. M
0.3A33
0. 3515

0. 43R
0. 3445
ol m
0. 3424
0. 3389
0.3329
6. 3303

0.3432
0. 3428
0. 3481
0. 3488
0. 34%2

0.3432
ol 33*
0. 3471
0. 3447

0.3432
0.3386
0.9

0. 3504
0. 3467
0.3483
0. 3404

0. 3504
0. 3463
o.m
0. 3488
0. 3528
0.3611

0. 3504
0. 3511
olm
0. 3531
0. 341
0. 3414
0. 3405

0. 3504
0. 3430
0.3475
0. 3542
0. 3564

0. 3504
0. 344
0. 3559
0. 354

0. 3504
0.3473
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 (MJ/m?2) (hours) Absorptance

Elevated Temperature o] 0.87

at 71°C 720 0.88
1538 0.88 '

2138 0.88

Humidity Chamber at 0 0.87

60°C with 90%RH 429 0.88

692 0.89

1156 0.88

1757 0.88

3765 0.88

EMHMAQUA® 0 0 0.87

107 300 .88

169 600 0.88

588 1570 0.8¢8

882 1350 0.87

1261 1200 0.91

1323 1500 0.91

Solar Simulator o] 0 0.87

43,5 307 0.87

67.6 477 0.82

97.8 690 0.88

128.6 908 0.88

Xenon-Arc 0 0 0.387

882.5 3152 0.82

131% 4696 0.91

Arizona At-Latitude 0 0 0.87

101 1280 0.87

1758 1750 0.87

295 2900 0.93
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reflectan:e explains in part ithe small changes determined for the solar
absorpceance. That is, the development of absorption bands as a result of the
exposure testing were nct 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 MZAR1 Container Material Measurements

Color data for the M2Al 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 ¢f the plateau noted in the
colorimetric data represents the end of the induction stage for the surface
of the composite material.

M2A1 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
container 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 M2A1 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 containzr items were
eno0sed using the same schedule reported for the test sample materials.

Shortly before the end of the testing the 155mm
Propelling Charge container exhihbited surface cracks on those portions of the
container which had a direct view of the sun. As mounted on the 34° socuth
faciny 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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Exposure
Corditions

Elevated Temperature
at M ¢

Hmidity Chamher at
60 C with 90% RH

Solar Simylator

Arizona
-Latitude

Xeron Arc

Table 21
M2A1 Small Ammo Container Colorimetric Data

Time at
Kaximus
Ultraviolet Temperature
(nW/m2) {hrs}
0
720
1538
2138
0
425
€93
1156
1757
3765
0 0
107 300
169 600
988 1570
52 190
126! 1200
1323 1500
0 0
L7 307
€8 ATT
9% 6%
19 908
0 0
101 1280
17 1750
0 0
601 2147

99

8.59
.75
9.07
10. 06

8.59
10.02
9.54
8.13
1.9
9.68

8.5
8.20
8.12
16.77
18.82
18.33
17.66

8.3
10.31
10,17
11.26
10. 12

8.5
11.40
11.60

8.59
16. 16

0. 1384
0.33%7
0. 3364
0. 3348

0, 3384
0. 3335
0, 3329
0, 3397
0. 3423
0. 3361

0.3384
0. 3411
0.3383
0, 3380
6,333
0. 3409
0. 3400

0. 3384
0.3341
0,3374
0. 3342
0, 3385

0. 3384
0,3374
0,3343

0. 3384
0,323

0, 3442
0. 3436
0. 3440
0. 342"

0. 342
0. 3421
0.3414
0. 3484
0. 3509
0. 3435

0, 3442
0, 3447
0. 3452
0, 3435
0. 3450
0. 3520
0, 3437

0. 3442
0.3421
0. 435
0, 3428
0. 3468

0.3M2
0,.2439
0.3411

0. 3442
0.3311
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Table 22

M2A1 Container Material Air Mass 1.5 Solar Absorptance

Exposure
Conditions

Elevated Temperature
at 71°C

Humidity Chamber at

60°C with 90%RH

EMMAQUA®

Solar Simulator

Xenon-Arc

Arizor .~Latitude

Ultravi

olet

(MJ/m2}

107
165
588
852

43.
67.
97.
128.

AN OO

152
601
1054
O
101
175

106

Time at
Maximum
Temperature

__hrs.

0
720
1538
2138

0
423
693

1156
1757

300
600
1570
1950

307
477
6390
908

542
2146
3764.3

1280
1750

Solar
Absorptance

0.89
0.9

0.89
0.89
0.89
0.88
0.91
0.89




Table 23
155mm Propelling Charge Container Moisture Gain Data
CHARBER
CONTAINER CHANBER CONTAINER CONTAINER
ELAPSED CONTAINER ROISTURE  VAPOR VAPOR  PRESSURE
TEST TIRE  MOISTURE BAIN RATE PRESSURE PRESSURE DIFFERENCE
SEQUENCE TINE {HRS) (8) {E/HR.)  (DYN/CM2) (DYN/CM2) (DYN/CN2)
' TRIAL %6 133.5 0 0.4204 n.9 8.1 9.8
SOLAR RADIATION 164 8.5 0.4854 0.0077h47 2.9 @
4BC/BOXRH 176,25 20,75 0.5174 0.0046744 3.8 46,1
* 186.25  30.75  0.3448 0.0041103 3.6 4.3
199.25  43.75  0.3812 0.0035754 33.1 42.2
225,25 69.75  0.4215 0,002B631 .8 40.1
290,25 94,75 0.4602 0.0025308 40,1 37.8
280.25 124,73 0.7032 0.0022449 £2.5 35.4
318,35 163 0.7445 0.0020006 43 32.9
358.5 203 0.7923 0.0018320 7.4 30.3
407.3 252 0.8407 0,0016678 50.3 27.4
SEPARATE RUN 617.5 00,7875 7.9 LY N 30.3
700.5 83  0.8864 0,0011915 33.2 .7
751.3 134 0.94 0.0011380 54.3 21.4
175.5 158 0.94 0,0009631 56.3 21,6
TRIAL 84 144,25 0 0.3114 19.4 98.35
SOLAR RADIATION 148,75 4.5 0,3542 0,009511) 2 35.9
4BC/BOIRH 193.23 9 0.3781 0.0074111 3.4 3.3
136,73 12,3 0.3786 0.005374 1.9 33
160.73 16,5 0,4294 0.0071515 26.5 1]
174 29.75  0.4558 0.0048537 28.1 49.9
178,73 34,5  0,4B49 0,0050289 29.9 8
183,25 39 0.5158 0,0052410 .86 46.3
TRIAL #6 39.75 0 0.2Bb 13 18,2 =32
DARK 41 1.25  0.3058 0.0153% 19.4 N
40C/20%RH 41.5 3,79 0.3262  0.0103% 20.6 -3.6
31,73 12 0,3477 0,0050914 22 -7
SEPARATE RUN 129.5 0 0.2847 17 -2
130.9 1 0,308 0,091 19.3 ~4,3
- 133.25 3,75 0.3262 0.0105333 20.6 -5.4
137.75 8.25  0.3477 0.0073539 22 -1
14,25 1173 0.3705 0.0071319 2.4 -B.4
- 144 16,5 0,3948 0,0065515 .9 -9.9
150.5 21 0,4204 0,0063bhb 2b.4 -11.4
TRIAL 46 833,73 9 0,928 163 56,3 108.7
DARK 836,735 30,9786 0.01bbbbb 59.5 105.5
40C/F0IRH 869.75 16 1,0373 0,0067937 62.8 102.2
884,25 30,5 1.0993 0.0035947 bb.3 9.7
903.25 49,5  1,1648 0.0047717 59.9 95.1
922.25 68.5 1,233 0.0084367 73.8 1.2
946,25 92.3 1.307 0.0040908 7.9 87.1
965,25  112.5  1.3841 0.0040488 82 83




Table 24

155mm Propelling Charge Container Graph Regression Information

SCLAR CTCLE 18T GROUF REGRESSION
Regression Gutput

fonstant =0.008¢2
Std Err of Y Est 0.00c23¢
R Squar:zd 0.7466%4
Ko, of Gbservatians it
Degrees of Fresdon 8

I Ceefrizientes) £,000:33
Std Brr of Tosi. 0.00004°

600 IQ%RH CYCLE iST GRCUF REGRESSICH

Regress.cn Output

Cemstant (.07
Std Err af Y Est 0.00004
E squared 0.99995

Ko, of Chservatacn
fiegreas of Preedon

— dax e O €D

I Coeffizientisy 0.003048
Std Brr of Coef. 0.00¢CZ:

CCMBIRLY SCLAR CYCLE DATA RBGRESSION

Keg¢rzssizn Qutput:

Ciostans -C.0042¢
Std Lrr of ¥ Bst {06105
P Squared (.529285
K., of Chservatizns 20
Degrzes of Freedoa 18

I Coeftizrent:

P8l G.CL0N0s
Std Err :& Cosf. 0.0Ga6C1

60°C/904kR CYCLE REGFESSION
Fegressicn Qutput:

Cipstapt -0.02:¢7
Std Brr ¢f Y Est 37
P Squared 0.537570
No. cf Chservaticos 1
Dogrezs of Preeds 5

I Ceefinsientis, .G0046E
Std Brr of Coef. G.000isv

108

SOLAR CYCLE LAST GROUP REGRESSION
Regression Output:

Constant -0. 01381
Std Err of Y Bst 0.0011%7
R Squared 0.626297
No. of Observatiens 7
Deqrees of Preedow ]

I Coefficient{s! 0.000363
Std Brr of Ceef. €,000135

60°C/204RR CYCLE 2ND GROUF REGRESSIZON

Regression Qutpus

Constant 0.02114¢
§td Srr of Y Bst (.0032%2
R Squared 0.652529
No. of Observations 6
Degrees of ?Preedon 4

I Coeffrcient(s) (.001497
Std Err of Coef. §.000546

COMBINED 6G°C/20%RH CYCLE DATA RBGRESSICK

Regressian Qutput

Constant 0.02019:3
Std Brr of Y Bst 0.003257
R Squared 0.582904
Ne. of Observaticns 4
Degress of Preedem 7

I Cosfficient(s' G.CO014c6
Std Err of Coef. (.000468
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The M2Al1 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 perforimance 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. The fuli-scale item tects and test data analysis
attempted to normalize the effects of thickness and temperature by using
chamber/containar vapor pressure differential and the use of container volume
to determine moisture gain and moisture gain rate,

The aralysis of test data pursued the relationship of
maisture gain in terms o ygrams per hour as a function of vapor pressur«
differential for the test cciditions used. This is based on the concept of
the rate of change in vapor pressure differential ag function of time. This
latter relationship is shown by equation 24 from Reference 48.

In{r/Fy) = -rt (24)

In equaticn 24,

P = water vapor pressure differentiail -
F, = T at time zero
t = time

L]
It

a rate constant derived from z material water vapor
transmission rate constant.

In practice the welght of molisture in the contalner as a
function of time was calculated using tl.a humidity ratic and dry air volume
from Reference 4% as determined from the container dew poaint and temperature.

The vaper presegure af the containar ae a finction of time yae detormined

R e e D A N L I R e e A R D
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likewise, while the vapor pressure of the test chamber was determined from
the chamber calibration experiments. Finally, the vapor pressure differen-
tial betwezn 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,

WS
—’V_""' \Y/ = WH 0 (25)
a 2

where W, and V, are the humidity ratio and dry air volume from Reference 49
and Wy o 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 t¢ the nearest degree.

The total water content inside the container at a given
time during the test was then asscociated 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 bv the glapsed time, Containexr moisture vapor pressure was determined
with the dew point temperature and che inside coniainer iemperature data.
Vapor pressure differential as a function ot time wac calculated hy subtract-
ing the test chamber vapor pressure from the contaluelr Vapor plesSsure at a
given time during the test.

Moisture gain rate data was then plotted with their
linear regrescions as a function of vapor pressure differential. The
regression line values were obtained vusing the natural logarithm of the
moisture gain rates. The slope of the i1ceyression was taken to be the
moisgture vapor transmission rate constant over the vapor pressure range
during the test. The rate constant was ewpressed in terms of grams of
moisture per hour per dyne/cm?. The calculated data are shown for both
containers tested in the takbles and figures in the following paragraphe.

4.9,2.1 155mm Propelling Charge Container Data Analysis

Moisture gain, moisture gain rate and vapor
presegure data for a number of 155mm Propelling Charge container test cycles
are showvn in Tahle 22. Moisture gain rate was plotted as a function of vapor
pressure differential. Table 24 exhibits linear regression analysis data
used to prepare Figures 46 through 48.

The data regressions are shown over a vapor
pressure differential of at Jeast 100 dynes/cm?, although the test data
coviers a significantly smaller range. Thie was done in order to compare the

111




change in rate of moisture gain for the different test c¢ycle conditions. The
use of the data regrescsions beyond the rangs covered by actual test data
however is risky.

The data shown for different test cycles having
identical test conditions, presented in Table 23, c¢learly suggests that
moisture gain rate must be determined using long-term constant conditicon
testing and that test conditions used to determine MVTR must be well inside
the ranges of maximum instrument sensitivity. The considerable scatter shovm
for the last group of solar radiation da~a (Trial Run #4) and 60°C/20%RH tect
data indicate the effect of using short-term cycle data. Under these
conditions the test chamber would have barely been stabilized when chamber
conditions were changed. The data from the 60°C/90%RH and the second
separate solar radiation cycles data shown in Table 23 present situations
vhare, although long-term test cycles were used, the high moisture content of
the centainer caused small changes in vapor preccure. These small changec
desreased the precision by which vapor pressure differential could he
determined,

The high R squared value obtained for the first
solar radiation test cycle and the R squored value for all solar radiation
test cyrle datu combined gives a high degree of confidence for the existence
of the linsar relationship between moisture gair rate and vapor rregsure
differsntial sugyested in References 47 and 45, The test conditions,
duration of the test, and the moiszture content of the container during the
test suyygest that at least 200 hours of constant condition testing for a
vapeor prescure differential in the range of 20 to 60 dynec/cm? are reguired
to obtain a reasonable measure of a moisture vapor transmiccion rate
constant,

Comparison of the rate curves shown in Figures 445
through 47 and the Y-intercept (constant) valuas shown in Table 24 indizats
that IVTF at any vaposr presszure differential is dependent on the environ-
mental condation:s surroundinyg the container, This ic expected since molsturn
permeation zonstante for many polymeric materials are temperature dependent.

The 60¢C/20%RH chamber condition data shown in
Figure 47 and the vapsr preseure data in Table 24 showy that although ti.
vapor pressure differential wag negative, mojsture inside the contains
contimied to inerease. This indicates that water continusd to desorly from
the container material for the chort period of time the test chamber was held
at these conditions.

Figure 47 zshows the effect of a larye vapor prerspurs
differential on the container during a time period when the container iten
eontained s substantisl guantity of water, Comparison of this test data to
the solayr radiation test data in Figure 42 shous that over & given perind of
time at the same temprrature conditions, the container could continus to gain
moigture even with a decrease in vapor precsure differential. This ig due te
the diffusion procens and ic important to the understanding of both outdoor
and indoor daytime and pighttime temperature/hbumidity swings.  Since the




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 cyrle and 60°C/90%RH
cycle regression lines in Figure 48, the moisture gain rate, or said another
vay, 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
assunmptinons, These assumptions are that the moisture permeation constants of
the container do not change ac the materials age, the container remaine
sealed during its lifetime, and that palletization of the container items
doee not affect VTR,

4,9,2.2 M2A1 Small Ammo Container Data Analysis

Moisture gain, mcisture gain rate and vapor pressure
data for two long-term cycles are shown for the M2Al container in Table 25,
The approach used to analyze the 155mm Propelling Charge container descrihed
in the previous paragraph was also used for the M2A1 container. Table 26
containg the linear regression data used to prepare Figures 42 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 M2Al container is strikingly different than was found for the
155mm Propelling Chargs container. The solar radiation cycle data shown in
Figure 28 and the small slope for the regrescsion line noted in Table 26
suggests the container lost moisture. However, the large error asscociated
with the glope could bhe taken to suggezt that the nmoisture gain rate remained
constant during the solar radiation cycle, The MVTR for the 60°C/90%RH cycle
however, was quite similar to the 155mm container under the same tesg
conditions. The difference hetween the performance of the two container
items is thus the difference in MVTR caused by effect of temperature on the
moicture permeability and diffucion coefficients of the materials comprising
the two container items,

The ohvicus, and thus primary, diffcrence betuerrn
the materiale used for the containers is the pigmentation and filler schoms,
The polyecter resin used for the M2AL container was glass fiber reintorced
and highly filled. The filler used consisted of a green pigment and Cal0..
The filler and glass fibers were noted to h: exposed by the effects of
erosion during environmental exposure teasting during the sample scale
tecting. The piyment and glass fibers at the surfaze of the container also
presented o large surfaze area for the absorption and desorption of moicture.
Simplifying the interpretation of the data for the case of the 112A1 contadiner
would liken the glass fiber and £filler to a wick,
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Table 25
M2A1 Container Moisture Gain Data

OvoBER
CONTAINER CHAMBER CONTRINER CONTAINER
CONTAINER MOISTURE  VAPGR YAPOR  PRESSURE

TEST ELAPSED  MOISTURE GAIN RATE PRESSURE PRESSURE DIFFERENCE
SEQUENCE TI¥E  TI¥E(HRS) 6 (B/HR.)  (DYN/CM2) (DYw/CM2) (DYN/CM2)
TRIAL #7 62 00,3069 163 6.8 102.2
DARK 63 10,3438  0.0389 70 95
60C/30%RH & 2 0.3643  0.0287 3.8 3.2
70 8  0.4085 0.0127125 8.1 2.9
& 20 0.438 0.007%53 9.1 3.3
% 34 0.4849 0.00052232 %3 89. |
107 S 0.5132 0.0045844 101 64
126 &4 0.5432 0.0036%21 106.3 38,7
143 87  0.5749 0,0030904 111.8 R.2
181 119 0.6084 0,0025338 117.5 47,5
208 146 0.6438 0,0023073 122.3 41,3
267,75 205,75 0,6B13 0.001B19€ 123.8 3.2
SOLAR 20175 0  0.7835 77.3 143.1 -65.2
RADIATION 381.75 87 0.6817 =0.001022 129.8 =319
48C/BORH 4127 {11 0.6442 ~0,001074 125.3 =43, 8
4d, TS 143 0.6088 -0.00108! 117.5 -39.58
479.7% 178 0,972 -0. 001057 {11.8 =332
3L TS 230  0.5435 -0.000936 106,3 -28, 4
586,73 285 0.3135 -0.000877 100.1 -&2.2
636,75 % 0.4583 -0.000911 a.1 -11,3
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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 outflov of
moisture. The solar radiation cycle was conducted subsequent to the
60°C/90%RH. This resulted in a substantial amount of moisture in the
container at the start of the solar radiation c¢ycle and azcounts 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, MVTR for these conditions is
approximately equal to the 155mm Propelling Charge container. A comparison
of the two test conditions used for the M2A1 Container is showm in Figures ©1
and 5Z. Tigure 50 shows data regressions over the vapor pressure differen-
tial range occurring during the tests. Figure 52 shows the same regressions
over the vapor pressure differential range used for the analysis of the 155mm
Propelling Charge container., The decrease of wmoisture in the container
during the solar radiation cycle suggests that the M2Al 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
H2A1 Container Graph Regression Information

SOLAFE CYCLE REGRESSION
Regression Output:

Constant -¢.0008z2
Std Err of Y EstL 0.00005%
R Squared 0.619a1¢
No. of Observations 7
Degrees of Freedom 5

¥ Coefficient(s) 0.000004
std Err of Coef. 0.000001

60°C/90%RH CYCLE REGRESSION
Regressiorn Dutput:

Constant 0.02270
Std Err of Y Est 0.006701
R Squared 0.7129¢0
No.. of Observations 11
Degrees of Freedom G
X Coefficient(s) C.00050%

Std Err f f‘r_‘)m_f._ N NNH1OE

VVVVVVVV
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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 »f 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
yvears 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 individval
basis for each specific material being considered for a particular
apilication. 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 environmentsl 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 M2Al 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 he 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
cbtained during the project have a considerable effect on the rate of
degradation, Indeed, the degradation rates observed during the project for
the 155%mm 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 eyplain 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
¢rystallinity 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 recistance at the surface first and f. llowed 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 conditinn used, was the rate
at vhich 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
evhibited by the data, could be used as an indication of the relative degrae
of acceleration, especially since surface cracking occurred shortly after the
end of the induction stage.

The general features of the trends showvn by the data can
be ewplained by the widely published effect of ultraviolet, temperature,
moisture, and oxygen on polyethylene. Specifically, the data shows the
effect of the uptake of ouyyen. 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, howaver, 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 cecomposition o¢f the
amorphous region. The mechanism of surface cracking postulated for the
ultraviclet exposure is therefore the decomposition of the amorphous region
betwean crystallites. This postulation justified the subtraction of the
effects of the crystalline component ¢f 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 fluenze, A
possibility for this could relate to the crystallinity increasing and
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 possibhility that the solar spectrum used, as
described in Figure 3, may have been deficient in low wavelength ultravioclet.
Further, the lack of surtace cracking during the simulated solar test used




for sample materials and full-scale items is explained by the influence of
water vapor on peroxide fermation and the ultraviclet fluy rate to hours of
"daylight" which could, by the degradation mechanisms precented 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
ftemperatures, with respect to ultraviolet fluence were greater than the
laboratsry and EMMAQUA® exposure tests, The solar simulation test, although
also having a high rate of inereasing 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 hulk, which
undoubtedly occurred during the real-time test.

The influence of even small temperature excursions as
related to ultravinlet iz seen by comparing the crystallization ratesg and
decomposition rates of all tects 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 tegts and thus would be eypected 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. Likewice,
the EMMAQUAT test, with temperature excursions, did not produce the greatect
rate of change on the hasis of ultraviolet fluence although it also presented
a high fluw rate, ov acceleration of ultraviclet radiation, The cause for
the noted relzationships being related to the uptake of oxygen are supporteq
by digcussions preszented in References 44, 45, 50, and 51 and by noting the
crystallization and decomposition rates for the elevated temperature tests
conducted at amhient humidity conditions and the elevated temperature/
humidity tests. The elevated temperature test exhibited the greater rate of
change although in an opposite direction from fthe tests with ultravioletx
radiation apparently due to the increase in crystallization resulting from
the elevated temperature.

The apparent mechanism by which the "accelerated
ultraviclet” tests did not produce acceleration of degradation in terms of
ultraviolet fluence is the chemistry by which reactive species at the surfaze
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,
Thic is shown by the DSC data in Table 14. However, the limiting values of
the DOC data related to the occurrence of ¢racking obtained from the measurs-
ment samples taken from the surface as compared to the bulk suggect a failure
print for engineering properties such as tensile and impact resistance. This
propeity therefore provided the hasins for the lifetime prediction analyses
described in subsecquent paragraphs and exhibited in Appendiz D.
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The influence of temperature ewcursions c¢an be explained
Ly the consideration of the creep properties of the material with regard to
time/temparature superpositioning principles as derived from the W-L-F and
Arrhenius equations as dicscussed in paragraph 2.4.1. The fatigue behavior of
semi-crystalline polymers, such ag 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 cheoise
of an accelerated tect which does not affect the crystallinity of the polymer
st a rate proportisnal to the rate that the real environment affects the
amerrhous 1egicn, cannol accelerate effects in a way that can be mode)led.

One conclusion that can be made from the results of the
preject for the 155mm Propelling Charge container, and very probably for
prlynlefins in general, which is suggested in the cited references that
decoribe the thicknecz of the samples used for other investigationz, ic that
thi~knesz mist he included as a variable in the test matrix to determine the
effects of the envirenment and acceleratad testing on structural propertiesg,
inzluding structurzl properties dependent on or originating at the surface.

The fact that surface craczking occurred very close to the
end of the heat flou and color data induction periods which could he related
to & bulk phenomensn compliczates the development of a lifetime prediction
model based on accelerated test data, It suggests that accurate lifetime
prediction models shzuld be baged on real-time exposure tests conducted over
a temperature regime covering the range of the logistics chain. Accelerated
tants could he conducted concurrent with real-time teste for purposece of
eralifi-atiosn and acceptance purposes for new materiale and processes,
hctrever,

(8,

.1.2 HM2A1 Smalil Ammo Container Material

The thermal analysis data for the 155mm Propelling Chargye
container material was related o cracking, and thus brittleness, hy asso-
ciating the change in a property with the cracking phenomenon. The end of
the induction perind for this material was seen graphically in hoth thermal
analysis data and colerimetric data and was applied to bulk properties. Thirs
analysis could not be applied to the M2A1 container material since, as shown
in Table 1% and FPigures 16 through 19, the properties that could be related
te a physical property were not found to reach the end of the induction
period. Az noted in the discussion of the exposure tests with solar or
cimulated solar radiation in paragraph 4.0, fiber blooming was a main feature
of the degradation of the matarial. The thermal analysis data suggests that
thic degradsation was limited t- the surface of the container and the
container test samples.  The extent to vwhich these surface property changes
can be related to the important functional properties of strength and impact
resistance is not known, However, it is ¢uite clear that in less than ons
year of outdoor ewposure the M2A1 container exhibited a measurable degres of
change., Thiz information can be used to base further testing to determine




the offr~t of the observed changes on strength properties and on moisture
vapor transmission rate properties. Performance prediction models could not
be prepared for the H2A1 container material with the limited data available,

The container handle material wias found to be sensitive
to ulrravicler in outdscr and accelerated tests. The handle material was not
subjzrted t2 the measurements described for the container materials but is a
result of the expeorgure testing the handle material was so badly cracked that
it 1s urlikely that the handle could function after even a short outdoor
expesure.  The metal hinge ping and pings used te retain the handle were alco
seen to exhibit slight corrosion.

5.2 155mm Fropelling Charge Container Haterial Performance
Predi~tion Hndel

The discusgzion of durability in paragraph 2.5 showed the temper-
ature dependenze of a property change for a material to be related to its
activation ensrgy. The mathematical treatmant of property change as a
function of temperature in paragraph 2.5 sugygestes that the activation
energies for photodegradation will he lower than the activation energy for
thermal degradation, Activation energies for thermal degradation processec
are avalilable in literature for many materials however, activation energies
for photodegradation are limited to a few materials and are not widely
rublished, A poseible reason for this relates to the approaches typically
taken to model degradation as a function of exposure testing.

Greocs properties, such as engineering or appearance properties, are
mezsured during typical exposure test programs. Thece propertieg are often
depandant on many measurement parameters, espacially the rate of testing for
engineering properties, as well as the influence of the surface properties on
bulk properties. Typiral test programs ygenerally do not account for surface
and bulk property changes and only rarely consider thickness effects. The
results of these tecst 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 tn these properties., Thus, even if the test ic
carried thiough the saturation phase the rate of degradation could depend on
the mechanism by which the material reached the rate ¢ontrolling phase. In
order to obtain an accurate rate and thus activation energy from experimental
data using gross property mezsurements requires an extensive investigation of
the effects of environmental factors on these properties. These environ-
mantal factore include time of year for outdoor exposures and time at
temperature for indoor exposures.

Similar statements concerning thermal analysis data could he made.
It is interesting however, to note that the relationship of the crystallinity
to the amorprhous region in a general sense explains the trends exhibited by
the DSC data f2r the 155mm Propelling Charge container. The outdoor and
arcelerated ultraviolet tests suggest the relationship is more dependent on




tims at temperature than on ultraviclet fluence while the temperature.
humidity and e=levated temperature test results indicate that moisture
affezred the rate of property change more than temperature. Thue, the uce of
DST techniques alloued the study of the effects of different environments con
the HDPE and hou these environments affected polymer structure in reaching
the rate ~ontrolling phase.  Had the exposure tests heen carried through the
rate contrclling rhase, differences in rate could then be ewxplained in term-
of changes in the polymer structure rather than variation in the environment.

Frrtuit-uely, the DSC measurements conducted on the HDPE correlaterd
& material structursl property vith a measurement property, both thermal and
rhotoasctivation energies for HDPE were found in literature, the exposure
teste were sanducted at different temperatures, and a structural property
failure vhich could ke meacsured at the surface and in the bulk was found to
ao7ur near the end of the induction phase. Thig combination of results and
events allavyed a verfcoimance prediction modelling scheme to he developed
vhih, although not az straight forvard as the scheme described in paragrapl
2.% and therefcore perhaps novel, resulted in a prediction of the range of
time and the range of temperatures over whish the 155mm Propelling Charge
containsr material is ewxpected to have a viable life,

The approath taken to prepare the performance predicticn models,
erhikited in Arpendix D, involved studving the effects of apparent activa-
tion energy over the temperature range representative of the logistice chain
on the Arrhenius rel:tionships presesnted in paragraph 2.5. The results of
this an=alysic, which used the rates of dsygradation determined experimentzllcy
during the project, allowed the determination of a range of time over which
the HDPT material used for the 15%5mm Prop=lling Tharge container would bhe
eupertad to retain structural propertiss uhen stored outdoore or indnore in
caveral different environments. The failure or endpoint used for the model:
vas hased on the adjusted heat flouv values dizcussed previously and ic
interpreted to indicate the point at which the container material would he
expreted t- eacily crach uell into the bulk of the raterial,

Equatione 26 and 27 were used to calrulate property values as a
funztion of time o1 ultraviclet fluence for the plots showm in Appendix D.
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Table 27
Activation Energy Values Used .
for '

155mm Propelling Charge Container Performance Prediction Models

Activation
Energy
(CAL/MOLE)

4633.1

7000

5500

12000

26000

Conditicns

Dry

Humid

Type Source of Value Comment.

Photo Experimental Data -

Photo Reference 41 -

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

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

Thermal Reference 19 -

Tabl = 28
155mm Fropelling Charge Container Material
Performance Prediction Model Summary

Indoor Storage Environment

Environmental

Modal Agtivation Temperature

Energqy {CAL/MOLFE) Range (°C Lifetime Prediction

12000 0 - 30 Greater than 34 years

26000 0 - 30 Greater than 34
years

12000 0 - 30 17 to 34 vears

26000 0 - 30 Greater than 34
years

Outdoor Storage
4633.1 20 - 60 1 to 2 years (300 to

800 MJI/mz ultraviolet)

7000 20 - 60 1 to 4 years (300 to
1200 MJ/m2 ultraviolet)

9500 20 - &0 1 to 5 years (300 to
1700 MJ/m2 ultraviolet)
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In equation 26, Kk, 1s the rate of change at temperature T,, E. is
the apparent activation energy, R is the gas constant, and ko, is the rate of
change at T.. P; is the calculated property value at T; in eguation 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 encrgy values used 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 integrily of the container seal and the wall thickness of the
container also contributed to the net incresase of moisture as shown by the
tests having lov 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 cf approximately 7.5 dynes/cm2. The solar cycle test conditions
used a vapor pressure outside the container of approximately 81 dynes/cm?
vhile the vapor pressure during the 60°C/90%RH cycle was approximately
166 dynes/c¢m?. 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
tvo times greater than during the solar cycles. Comparison of these data to
the 60°C/20%RH cycle where the outside vapor pressure wvas determined to be
16.9 dynes/cm? shows the driving effect of temperature on moisture gain by
desorption.

Thus, one conclusion to be made for the 155mm Propelling
Charge container i 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
vuonld ohvionsly tend to slow down the moisture gain rate, howvever the test
data suggest that even under real conditions there will be a net gain.




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 envircenments. 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 ag in the outdoor environment.

The 60°C/90%RH test conditions used represented the
exireme 0f the logistics chain environment. As a constant condition test it
also indicates the limit to which elevated temperaturs/humidity tests for the
evaluvation 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 quantifyving the daytime and nighttime changes in moisture
vapor pressure on a time basis to adjust the muistu.c yain in the container.

5.3.2 HM2A1 Small Ammo Container

The effect of moisture gain on the functional lifetime of
the M2A1 container aliso cannot be determined until after an allowable limit
of moisture inside the container has been established. The test data
obtained for the M2Al container indicates that it is less well-sealed thau
the 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 sclar 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 l}M2Al 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
H2A1 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 molsture,

The degree of acceleration for the M2A1l container would
result from test conditions which would allow the contents of the container
to bhe 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 M2A1 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 low vapor pressure cycle. Az seen from the test data presented in
Reference 46 each leg of the test cycle could be as long as several hundred
hours.




6.0 SUMHARY AND CONCLUSIONS

6.1 Summary

The ohiertive of the work reported was to develop a test
methodalogy 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 HNDPE 155mm Propelling Charge container and the glass
reinforced polyester M2A1 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 cn Mil-Std and commercially
accepted practices which are generally used for products with shorter life
cycles. These procedures are based on vears of experience and thus serve as
a basis for developing the methodology needed to extend test results to
thirtv-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.

B variety of materials property measurement techniques were also
evaluated during Liie course of the 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 prepare perfovmance predic-
tion models. The sensitivity of the thermal analysis and optical propectiec
measurements provided data which could be modelled even after s...rt term
testing. The tensile and elongation tests conducted on Marlex 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 M2A1 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 Mariex 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




will slowly be gained over long periods of time whereas the M2Al1 container
will gain and lose moisture depending on the environment. The test
procedures used to evaluate these different characteristics necessitate
different envircnmental test procedures in order to quantify the effects on
the ammunition items.

The specifi~ accomplishment of the project resides in forming the
hasis for the Volume II Test Plan by providing specific examples of the use
environmental test data to prepare performance prediction models. The data
ohtained and the resulting analyses for the two container items tested alsc
serve as the basis for continued testing for these items. The results of the
prcject suggest that a test plan, in a generic sense, is feasible. However,
the actual test procedures followed, the specific properties measured and the
analy:is 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 test or ceries 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 F.iopelling Charge container material tests
indicate that the HDPL 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 censitivity 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 palletirzation loads was not measured directly. However, the
nerforman~ce 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 HNDPE 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 outdonr exposure. The study
showed that the lifetime of the container material was also not greatly ’
atfected 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
env1ronment was predicted to range between one and five years in temperate
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predicted to be greater than 34 vyears in dry climates and in a range hatwveen
17 and 24 vears in humid climatern. Thesc predictions do not include the
effects of palletization loads, the long-term effects of typical temperatwe
su7ings on palletized containers or the effects of maintenance and transporta-
tinn enrvironments, all of which could shorten the life of the container. The
performance predictions for the container material also do not include the
long-term ageing effects of the seal.

The accuracy of the predictions cannot bhe sstablished at this time
sinve the a~tivaticn energies related to photodegradatien and thermal degra-
dation 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 modelrs were based on test data
ohtained in a temperature range representative of the end use environment.
Thig alc2 would tend to minimize error. A discussion of the effects of
errors in activation energy on scaled temperature tests is given in Reference
18, This analysis showed that the greater the difference between the service
temperature and the acceleratcd test temperature, the more accurate activa-
tion energy had to be in order to produce reliable lifetime predictions. A
small difference in temperatures bhetween real and accelerated conditionc
would regquire that the activation energy be determined to within 300 calories
per mole in order to determine a rate with a 10% 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 tus-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
coritainers. 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 items
everr in the same lot of items relates to the £ize and mass of the contairner.
Different cocl dowvmn 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 i1n the




rate controlling phase.  This vas required primarily for the teste withaut
solar radiation and relates specifically to the short duration of the tests.
The measurement data vas conecentrated in the induction phase where, hecause
of the action of stabhilizers, tect data are often scattered. Further,
degradation rates were determined using linear regression through the
induction phase.

The moisture vaper transmission rate testing cannot be related to &
lifetime prediction model at this time because an acceptable limit for th=
amount of moisture inside the container is not available. Test proradures
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
vhich would predict the amcunt of water inside the container with respest to
time in a specific moisture vapor pressure environment.

Caution should also be used vhen applying the results of the
moisture gain dala to a prediction model. Only one container item was
tested, Further, the effects of container age, the torque used to seal the
zap and effects of moisture brought into the container by the contants were
not investigated. Therefore the extent to which the data obtained ic
a~tually representative of the container design has not been established.

6.2 MH2A1 Small Ammo Container

The approach taken to determine the functional lifetime of the
fiberglass reinforced pelyester material used for the HZAI container focused
on measuring changss in the glass, filler, and polymer content of the
material as a functicn of the ewposure testing. The results of this testing
were inconclusive in that little measurable change occurred over the duration
of the tegsts conducted, A perfermance prediction model could not bhe
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 time frawe required on which to base further
accelerated testing however.

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

¢G.4 Container Test Plan

The data and analysis contained in this volume have been used as
the basic for the container test plan described in Volume II. The tect plan
iz applicable to plactic ammuniticn packaging containers from the concept




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 follouing
paragraph.

The performance of the container materials during the project shovs
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 Mil-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
ezposure testing. The degradation of M2A1 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
vas uced 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
M2P1 container material must use different accelerated test conditions or be
subjacted to a longer test in order to model performance.
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Further, since the test data, normalized to a time at temperature
scale or to ap ultraviclet fluernce scale, showed promise for the development
of performance rrediction models, it is likely that the use of tyrical

temperature /he eyele testgs would have caused lesg degradation than the
constant con estes used. This conclusicon is made since the test items
vould not have .t as long a period of time at maximum temperature in a

cyalic test.

Hateriale degradation ic often related te diffusion processes. In
order te obtain the required accuracy for the lifetime and perfoermiance
rredi~tion models resulting from accelerated tests, the tests must be
conducted n2ar the service temperature. This requires a tradecff of test
time, or acceleration, for accuracy. This is particularly important for
materials, such ac HDPE, used in a thick cross section.

This same test philosophy relateg to funttional testing such as
moisture vapor transmission, The study of the logistics chain environment
shows a broad range of conditions which are characterized by average features
of temperature. moisture, and solar radiation. The response of materiale and
items to a range of conditions over a long period of time results in a range
cf rerfermance levele dependent on the conditions that actually occur. Thus,
a sampling plan t2 provide a statistical base for performance prediction over
the rznge of environments must also be developed.

€.5 155mm Prcpelling Charge Container and M2R1 Small Ammo Container
Test Status :

£.5.1 155mm Propelling Charge Container

Tecst 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
orily gevaral containers vere tested and material performance was evaluated
over a short peried of time, the accuracy of the models cannot be determined.
Further, no limits of acceptability for container material performance or
molisture 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.
Obviouslv many more containers must be tested to confirm the models and to
guantify inherent performance variakility. The results of this project
suyyact that testing could be accomplished in a relatively short period of
time uhich would prove the models for the: extreme environments of the
logiztize chain.

Concurrent with this recommended additional effort is the
definition of performance limits, The material performance models could he



proven ucing test items sukjected to the recommended additional testr.
1” "sture gain acceptability could be establiched i:y testing the metzl
containers currently in production.

The approach taken during this project used actual
~entainer items as test specimens and applied test results to the Arrheniur
equatioan. In order to determine the effect of manufacturing processec and
thermzl hictery on the performance models, the activaticn energies of the
container material murt he accurately determined. Concurrent with this
effort should be the evaluation of engineering preperties such as impanct
resistance and tensile strength.

The ueight of loaded containers and the palletizatinon
scheme intended fer the containeres sugaests the long-term effacts of the ceal
on the container material should also be studied.

G.5.2 H2A1 Small Ammo “ontainer

The M2A1 container and container material were subjected
to the came exposure tegt procedures uged to evaluate the 155mm Propelling
Charge container. As noted previoucly, a modelable degradation could not he
measured. The nature of the degradation however, could adversely affect bLoth
strength and moaisture vapor transmicsinsn properties. Thus, the test statue
for the M2A1 container and its materials iz less advanced than for the 155mm
Propelling Chargyr container.

The starting point for further testing of the MIAL
centainer would bhe to determine the effest of curface degradation on
structural properties such as impact resistance. If it can he showm that the
container retaing functional integrity even with a considerable degreae of
fiber bloom, then additional test efforts should involve conducting longer
duratinn teste in order to reach the rate controlling stage of the material’s
degradation. The other additional tects and comments described in paragraph
6.4.1 for the 155mm Fropelling Charge Container also apply to the M2A1
contaliner.
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81mm MORTAR ROUND

0.5. ITEN WAKAGER ROYAL ORDNANCE ITEN MANAGER
Nr. frank Woodard Gr. Richard Smith
ANCCON Telepnone (02) 913-2211, ext.4040

Defense Aamunition Directorate
Telephone (309) 781-3261¢

KEY
AP = ATMOT Piercing HEAT = High Explosive Anti-Tanh
0s t fiscarging sabdbot wp = wWhite Phosphorous
FS = Fin Stabilizes HEP : High Explosive Plattic
The round 18 packed on the assembly line
LOAD PLANT 45 & part of the loading procedurs. The
British KE round 18 packed one per plastic
- KIGH EXPLOSIVE- ROYAL ORDNANCE container and three plastic containers per
GLASCOED, WALES, 3¥W/S51.SWN steel box. WU.$. produced 3llumination ang
TLLUMINATION @ LONGHORN ARMY AMMUNITION PLANT tmoke rounde xre packed one per fiber
MARSHALL, TX container and three fider containers per
AW/ I2N wooden box. There is no moisture testing
GOVERNMENT OWNED/CONTRACTOR requirements at packing [(see MSG PMAMMO
OPERATION (THIQROL) Log 2410302 Feb. 86). Containers are
SMOXRE : PINE BLUFF ARMY AMMUNITION PLANT palletioed for shipment/1S boxes per
PINE BLUFF, AR pallet. Short term storage at load plant
F2W /34N {up to one (1) year) 18 possible. Items
GOVERNMENT OWNED/GOVERNMENT tre shipped primgrily by rail, some by R
OPERATED truck to port of embarkation. More thua
1Sy of production goes to wir reserve with
CONTATKRER PART OF CONTRALT 50% going OCONUS.
U.5. PRODUCED ROUNDS
304 OF PRODUCTION 70% OF PRODUCTION
FOR 0COHUS FOR OCONUS
PORT OF DEBARKATION PORT OF ENBARKATION Items are generally 1n 2 ship hole
WEST €0AST EAST COAST envaronment -- gry with gealed Ratches for
COHCORD, CA 122%/38N SUNKY POINT, SC B0W/3°N up to 3 days dauring shipment to Germiny ang
OLEAN VESSEL TO fio £asT OCEAN VESSEL TO EUPOPE up to 19 days during shipment to South
(MILVAN OR BREAR BULK) (MILYAN OR BRLAK 3ULK) fForea. ltems may remain in port fur up te
7 days.
Unprotected storage, if any, will probably
PGRT OF DECARKATION PORT OF DEBARKATION be 4t the Miessu sate 1n Europe ang at the
FAR EAST EURDPE Taejon s1te in Korea since the preposition
PUSAN, §$.KOREA, 129E/35H NORDENHAM, GERMANY stock sites are an territory subjert to
(TRARSPORTED BY RAIL/ NORTHSEA $E/S3K eepionage activity. The basic lotd of
TRUCK TO STURAGE SITES) TRANSPORTED BY RAIL mortar AMmunition is kept in boxes in
T0 MIESAU bunkers (on pallets) or on vehicles. The
— basic load that is kept on vehicles will be
. kept in packs but protected by canvas or in
BRITISH PRODUCED (KE) the cise of methanyzed divisions, in

armored personnel carriers. Unlike tank
rounds, mortar rounds are not broken out
until needed for firing,

PERNAKENT STORAGE AREA PERNANENT STORAGE AREA Average length of storage ‘or mortar stocks
TAMP HUMPHRIES, S.ROREA KIESAU WEAPONS STORAGE SITE 18 15-20 years.
VICINITY OF DIJONGYU, 127E/37N MIESAU, W.GERMANY, SE/&9N
EARTH COVERED 10KM SW KAISERSLAUTEN S$tockpile testing schedule:
CORCRETE BUWKERS EARTH COVERED ¢S years old 2 yedr cycle
BUILT IN ACCORDANCE WITH CONCRETE BUNKERS »S years old  ILL (3 years)
DOD 5100.76-M BUILT IM ACCORDANCE WiTH moie (S yedrs;
SIMILAR STORAGE SITE IN DOD 5100.76-M HE unfused (S years)
YICINITY OF TAEJON, 127E/36N
tontainers undergo care and preservation by

tha smmwuriéian meantanance personnel after
inspection in accordance with SB 742-1.
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2.75 IN. ROCKET

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

LOAD FLANT

BALOWIN ELECTRONICS INOUSTRY
MULTIPURPOSE ROCKETS
CAMDEN, am, %3¥/30N
CONTRACTOR OWNED & ORERATED

LOUISTANA ARMY AMMUNITION
HIGH EXPLOSIVE ROCKETS

PLANY MIMDEN, LOVISIANA,
93.8W/32 SN GOVERMMENT OWNED/
CONTRACTOR OPERATED (THIOKOL)

CONTAIKER PART OF COMTRACLY

30% OF PKODUCTION 70% OF PRODUCTION

FOR OCONUS FOR OCONUS
PORT OF EXBARKATION PORT OF ERBARKATION
VEST COAST EAST COAST

CONCORD, CA 122W/38N
OCEAN YESSEL YO FaR EASY
(MILYAN OR DAEAK BULK)

SUNNY POINT, SC 80W/ 33N
OCEAN VESSEL TO EUROPE
(MILYAN OR QREAK BULYK)

PORT OF DEBARKATION
FAR EAST

PUSAN, $. KOREA, 129E/35N
(TRANSPORTED BY RAIL/TRUCK
TO STORAGE SITES)

PORT OF DESARKATION
EuRoPE

MORDENMAM, GERMANY,
NORTHSEA, SE/S3IN
(TRAMSPORTED BY RAIL TO
MITSAY)

PERNANENT STORAGE ARERM

CAMP MUMPHRIES, §. KOREA

VIC UIJOMGRU, 127E/37M

EARTH COVERED CONCRETE
BUNKERS DUJTLY 1IN ACCORDANCE
WITH DOD $100.76-M

SIMILAR STORAGE SIYE IN
VICINITY OF TAEJOW, 127C8/36M

PERNANENT STORAGE AREA

MIESAU WPNS STOMAGE S1ITE
MIESAY, V., GEAMANY BE/q9H
JOKM SW KAISERGLAUTEN

EARTH COVEREL CONCRETE
BUNKERS BUILT J# ACCORDAMWCE
VITH DOD 5100,78-M
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Rockets 8te packed on the ascemdly line
ai part of the loading procesure; one
per fiber container and four {(4) fiber
contalners per wooden box. Woodgen
boxes 4re palletized; 48 boxes per
pallet ahort term storage et load plant
presently does not exceed %0 days.
$hipped from load plant to port of
exbarkation by rail or truck, 6UY of
production goea QLONUS.

Iteses are generally in & ship holy
environment -« dry with seaied hatcher
for up to 33 days during shipmsent to
Germiny Ang up to 19 gays during
shiphent te $. Korea. Iltems may remain
in port for up to 7 dayr. High
tempersture and high humidity condi-
tions could eccur af a southern Foute
is taken.

With the sdvent ¢f the armed Helicopter
concept, the 2.73 focket han becope
much more in demand and is nok stored
in great quantity, The present ateck-
pile is tested every year (each type)
so that & pattern of relsability can be
deternined, Yhe frequency may change
after reliabality 15 determined.

containers ungerge care ang preserva-
tion by the ammun:tion mainterance
personnel after inspection an
accordance with $8742-1.




S.56 /7. 62mm

SMALL

CALIBER ROUNDS

ITEM MANAGER
Dick Green
AMCCOM

Tel (30%8) 782-3150

INDEPENDENCE,

LOLIN

LOAD PLANT

LAKE C3TY ARMY AMMUNITION PLANT
MISSQURL, 92.SwW/39N

GOVERNMENT JWNED/CONTRACTOR OFERATLD
WINLNFCTER)

CONTA,NTR PART OF CONTRACT

| 308 OF PRODULTION

70% OF PRODUCTION

| FOR 0CONYS FOR OCONUS
FORT 0F ENBARKATION PORT OF ENBARKATION
WEST CoaT EAST COAST

CONCORD, CA 122W/38N
OOCAN VECEEL TO Fa0 EAST

(MILYAN OR BREAR 8L LK

SUNNY POINRT, SC 8DOW/3I3NW
QLEEN VEQSLL YA FAG EaST
(MILVAN GR EKRtL¥ BULK!

T

PORT JF DEBARKATION
FAR EAST

PUSAN, $. KOREL, 128E/I%N
(TRANSPORTED 8y PAIL/TRUCK
TO STORAGE SITES)

PORY OF DEBARKATION
EUROPE

NOURDEMRAM, GERMANY
NOFTHSEA, BE/53N

1 TRANSPORYEL BY RAIL TO
MIFSAL:

PERNANENT STORAGE AREA

CAMP HUMPHRIES, 5. KOREM
YICINITY CF UIJONGBU, $27E,%7N
EARTH COVERED COWLRETE

BUNKERS BUILT IN ACCORDAMLE
WITH 00D S100.7¢-M

SIMILAP STORAGE STTE YICINITY
OF TAEJOGH, 127E/36R

[ ———— -

PERANENT STORAGE AREA

H

} MIEGAY WPNS STORAGE §1TE
WIES&Y, W. GERMANY RE/4GN

! SOKM (W KAJSERSUAUTEN

1 ZaRd LOYERER LOYORLDTE

l BUAFERS BUILT 1k ACIURDANCE

i WiTh B0 $100.06-u4

L.
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The Rounds 4re pgcked on the assembly line
it past 27 the losding prosequre Toe
S.66mm Jine 18 totally avtomateg from raw
materiale to packang tn contaaner. $.S&mm
aTe¢ put in mMeTEl M2AL containete. The
7.62mm line 18 onrly partially sutomated,
They gre Dactked in mets] MDAl or M1Q
contayners.

Twc metal contatners aces packesd 0o wire
wiapped wooden Lox. SOMS wlres weXps have
four (4) metal contixmare.  wWife wrapped
boxes are palletired; 48 boxes per pallet
short term storage at lozg plant fap to one
year) is possible. Items are shioped from
1oag plant to port of embzrkation by rail or
truck. #More thsn 75% of preductinn geer to
war rezerve, with 60% going ACINUS

jtems are generaily 10 & ship held
environment - 4ty with 322l¢d hatches for
Ue 1o §: oxys aJ¢rang shipment to Germsny
up te 19 Jayy during shippent e 5. Kofey.
Items may remain in port fur up to 7 Jays.

Bigit lokde of gmall srmy ymhuntion are kepo
an containers and 15 prokected storgge sitet
until regquirsd tor combat., It is ihe
phLiIagadhy ARC joelivy af the befenst
Ampunsison Drventor aAnG MMUCDM thel new
DrOGUSLAON Jtemg TP Bul IATLL WyPh rasefye
stocks ang &1¢ stockps rateteo cul to the
trsaniryg stosks,  Thil 1¢ coaMon praviszee,
put s 1ot up i theatrts commander as LG
tte tmplenetation.

Averagey lengih o4 atoerage fer amall avms ot
reeccve stocke at the prescrt taime 1w 18-20
veare,

Joy8/s 6vwm o ewminstion wiorkptle 1. tested
edecy b oyeLrTR,

Contrings? UNAATGC Car#® 4ng pregerveting by
the smmunaticns reantsrance persorun]l yfter
1Espestatn An docorderce vith §8 2421,




105mm TANK RJUND

ITEM MANAGER
Mr. Frank Woodard
AMCCOM

Defense Avwunition Directorate

Tel (309) 782-3261

KEY
AP t ATRof Plefcing KEAT = High Explosive Anti-Tank
bS s Discarding Sadot Ve z White Phosphorous
F$ r F3n Stabilized KEP = Righ Explesive Plastic

LOAD PLANT

MILAN ARNY AMMUNITION PLANT
MILAR, TN; $9V/Y6N
COVERNMENT OVWNED/CONTRACTOR QPERATED
(MARTIN-MARIETYA)

CONTAINER PARY OF CONTRACT

60% OF PRODUCTION
FOR OCOMYS

PORT OF ENBARKATION

SUNNY POINY, SC $0W/I3IN
QCEAN VESSEL YO EUROPE
iMILYAN Of BREMIX BULK)

PORT OF DEBARKATION

BORDENHAM, GEAMANY
HORTHSEA SE/SIN

TRAKSPORYED PRIWERILY BY RAIL,
SOME BY YRUCK TO MEISAU STORAGE SIVE

PERNANENT STORAGE AREA

METSAY WEAPOHS STURALY $ITE
HELSAU, W. SERMIHY SE/A8NM
JOKM W KAISEMSLAVTEN

€ARTH C(OYFRED COACPETL BUNXERS
SUILT IN ACCORDANCE VITH DOY
$100.78-M

The round iy packed on the ssseably line as a part of the loading
procedure. Rounds are packed one per fiber tube anc two fiber tubes per
wooden bor. 14 nev metal containers with square supports are used, there
will be one faber tube per metal container. There is no moisture testing
requirement at packing (MSG PMAMMO Log 2410302 Fed 86)., Containers 4re
palletized for shipment, 18 boxes per pallet, sShort term storage at load
plant (up to one (l) year) is poscidble., Items are shipped primarily by
rarl (some in Milvan), some by truck to pert of embarkation. Mere than
76% of production goes to ware reserve vith ¢0% going BCONUS,

ITtems are generally 1n & ship hold eavironment -- dry vith sealed hatches
for up to 13 days. Items may reasin 3n port for up tv 7 dayw.

85Y of the stock 16 stored here or in preposition supply points (FSP) in
¥ corps or YII Corps; 18% of this steck is carried as & basic load on
canks, out of contginers, an ready racks. FSPE are ¢f the same
construction as Miestu.

The stocks at Miesau sr¢ never intended to be out of bunker storage, but
if there is %o be & two-year unprotected ntorage, this wauld be the place
to consider since the PSPs are kept in bunker storage for both weather
ahd secufity. The prime consideration is security. TYhe tank carried
basic lead i never iotesded teo go bachk inte protected/sraled siorage,

1t is removed from the tanks once 4 year for approximately twoe veeks and
plsced in temporary storage at the training site 2ng returped to the
tints after completion of training ftirings, It is inspected each time
4ng renovated as necessary.

The P§P environment should be considered in areas lidkited to iongitudes
6F thru 128 and latitudes 48N thru S24.

Average length of storage st present:

L36-0riganal APDS -~ British Made (87/68) 20 years .

M7 “- U.§. Made 10 years
Hrga -« U.§. HaGe (just 1n production)
no histoery

$tockpile tenting schedule:
AP & WP $ year cycle
Hee 4 year cycle

APFS, HKEAY, APDF > 8 years ol¢ $ year cyele
<% years old 2 year cycle

Containers undergo care and preservation (paanting, etc.) by ammunition
maintenance pergonnel in accordance with inspection procecdure $h-742-1.

The overvhelming preponderance of armor and mechanizeg divisions in
turope, Bake this environment one to be considered for the 105mm tank
round. Far East environments Pave the same logistics 4w the Simm mortar
roung.
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155mm PROPELLING CHARGE

JTEM MANAGER
Gerry Price, AMCCOM
Tel (309) 782-3358

The chirges are ptched in contganers as part of
1o40ing plant assembly line procest. TYhere a-¢
several models of propelling chsrges. However,

siate al] are handled simslarly. The single
LOAD PLANT chirge contyiners are used a¢ the model. The
tharge 13 wrappeo with 2 sangle face corrugiateo
INGIANL ARMY AMMUKIT!ION PLANT fiberbeard &ng 1nserted ynto & cylinorical
CHARLESTOWN, 1HDIANA 86W/38K steel contziner. The cover for the container
contsins & rubber gasket for sealing the
GOVERNMENT owned/CBHTRACTOR OPERATED container against moisture., There 1t Lo
(1C] AMER]IC4L, THC.) molsture testing requifements at packing (see
MSG PM AMMO L0G 2416301 FEB 86), The
1 COKTAINEF PART OF CONTRALT contalners are then palledized. The present .
}

roung-end containers are palletized 29 per
paliet andg the proposed square end contairer
will have 36 per pallet. Short term storage at

1 80y OF lotd plsnt (up to 90 4», + 1% posiadble. Items -
20% 0F PRODUCTION l PRODULTION are shipped by rasl or truck te port of
FGF GLONUS I FORK QCONUS embarkation. More than 7% of precuvction goex
- —_— to war reserve with &0% going OCONULS.
i PORT OF EXBARKATION ‘ PORT OF EMBARKATION
WEST COAST EAST CL4ST 1tems are generally in a2 ship ho! environment
-- gry with realed hatches for up to 13 dayt
l CONLOKL, CA f22%/38K I SUNNY POINT, SC, 80W/33K guring shipment to Gefmany ang up to 19 days
DPEIN YISEr)L YO FAR EAST DCEAN YFSSEL YO FUROPT duryng shipment to §. Korea., Ilems may remain
{(MILYAN OR BREAF BYULF) l (MILYAR OF BREAR BULK) in port up to 7 days. ""
t {~_>_ S
PORT OF DERARKATION PORT OF DEBARKATLON o
FAR EAST EVURGPL =
PUSEN, S. KOREL, 129E/35« NORDENKAM, GERMANY
(TRANSPORTED TO RAlL/ KOPTHSEL, SE/S3N
TRUCL TO STORAGE S[TES) (CRAKSPORTED BY Rall TO
MIESAY!
L___ _ 188 of stock 318 cirried v(th the units as basic
] loss. Tt ts kept tn metal contasiners, either
I under c¢anvas or 1n thet accompanying light
[, VD S armored vehicle or on the self-propelled
I PERMANENT STORAGE AREA PERNANENT SYORABE AREA Howitzer itsel’. The charges are not broken 0
cut of the meta. container until needec.
CAHF HUMPHRIES, §. FOREX MIESAL WEAPONS STORAGE SITE Propelling chirges ate not normally storeo U
VICIN;TY OF UIJONGBU, MIESAU, W, GERMANY, SL/A9KX outeige. 1t unprotecteoc storage is to be i
12T I2IN EAPTH COVEPRED 30KM SW KAISERSLAUTEN consacered, 1t should be an the Miesdéu wedpons
CONCRZYE BUKFIRS BUILT 1N ![LRYN COVERED CONCRETE storage area environment. PSP environment -
ACLORPDARLE WITH IBUMFERS BUGTLT JM ACCORUANCE shoule be consideres in sreas lamited to
DUE S100.T7E-M, TiMILAP WITH D00 5100.26-M lengituges 6% thru 12f and latatuces 43% tThru
STOFAGE S1TE VI INITY OF [¥1 P
TAESOK, 17276/36H
R The average length of storage 18 10 to 1%
. ysars, Stotkpile testing 1t conducted 00 3 &-
to S-yedr cycle based on hittory of
reliedbality, Care ang preservation performed
as required 1n sccordance vith anspection
proctuure SB T¢2-1. Empty contaraers ire not
teturneg from QCOKLS .
v -~
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TAEJON, SOUTH KOREA

: 36N, 127k
n: About 60 m (About 200 ft)3

s Jlocated in west central South Korea approximately 150 km (93 mi) south of
The estimated averapge temperature is 11°C (52°F). the estimated average
hamidity is 69%., and the estimated average annual precipitation is 133 cm
The estimated highest and lowest temperatures recovded during a 22 year
Ve B7°C (99°F) and -24°C (-12°F), respectively.l

Avp. Temperature! R.H.} Tota) Prncip.z Avg. Daily Radiation3
Month Max . Min. Mean % (cm)  (in) (MJ/m?) (BTU/ft2)
°C °F °C °F “C  °F

Jan . 0 82 -9 15 -5 24 65 2.7 3.1 7.5 6673
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. 1 62 5 41 11 Hhe2 65 9.5 3.7 14.7 1292
May 22 72 11 51 17 62 69 9.2 3.6 16.35 1455
Jutie 27 30 16 61 22 M 71 17.3 6.8 17.7 1562
July 29 83 21 170 25 1 79 33.2 13.1 14.2 1254
Aug . 31 &7 2z 7} 27 79 76 26.0 10.2 14.1 1238
Sep. 2678 15 59 21 69 72 15.5 6.1 12.8 1131
Oct. 19 67 7T 45 13 55 68 4.9 1.9 10,7 938
Nov. 11 51 0 32 6 42 68 4.4 1.7 6.8 600
Dec. 3 37T -7 20 -2 29 66 3.2 1.3 G.3 5568
TOTALS 133.2 52.4

AVERAGES 16 61 6 43 11 52 69 12.0 1058

1Tempera
Press, 1
Korean 1
within 5
{93 mi)

Cochiwon

Kong ju

Nonsan

ture data from World Climatic Data, Frederick L. Wernstedt. Climatic Data
972 (ASU Library) contains average daily temperature data for 82 South

ccat fons. Unfortunately, Taejon is not one of them. Data from five cities
0 km (31 mi) of Taejon are listed below along with data for Seoul, 150 km
north of Taejon.

Averape Naily Temperature

Lo EooMoooA M 1 A 5 0 8 D
-4¢C -27C 4*C 11°C 16°C 21°C 25°C 26°C 20°C  13°C  6°C -1°C
24°F  29°F 39°F S1°F F 70°F 77°F T78°F 68°F 56°F 43“F 31°F
-4°C  -1°C  5°C 11°C  17°C 22°C 26°C  26°C 20°C 14°C  7°C  0°C
26°F  B31°F 40°F 52°F 6370 72°F 79°F T9°F 69°F S57°F 44°F 32°F

¢ 26°C 27 21°C 14°C 11°C 1¢¢
2°F  79°F  80°F 70°F 57°F 51°F 34°F

C ao¢ 570 12"C 18°C
27°F  32°F 42°F 53°F 64°F

NN
ne




Average Daily Temperature

Muju -3°C -2°C 4°C 11°C 17°C 21°C 26°C 286°C 19°C 1i3°C 6°C o0°C
25°F 29°F 40°F 51°F 62°F 71°F 78°F 78°F 67°F 55°F 43°F 33°F

Poun -4°C -2°C 4°C 11°C 16°C 21°C 25°C 26°C 20°C 13°C 6°C -1°C
25°F 28°F 39°F 51°F 62°F 170°F 78°F 178°F 68°F 55°F 43°F 31°F

Seoul -5°C -2°C 4°C 11°C 16°C 21°C 25°C 25°C 20°C 13°C 6°C -1°C
23°F 29°F 39°F O51°F 61°F 69°F 76°F 78°F 69°F 56°F 43°F 30°F

This data would indicate that temperature data for Taejon would be very similar to Seoul.
The data reported in the table is for Seoul (elevation 87 m [285 ft], 37° 34'N, 126°
58'E) from p. 281 of World Weather Guide, E. A. Pearce and C. G. Smith, New York Times
Book Company, 19384 (ASU Library). The average and extremes for temperature and humidity
are based on 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

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

Cochiwon 1.9cm 2.3cm 3.0cm 6.4cm 7.2¢m 11.0cm 32.1cm 19.8cm 12.4cm 3.4cm 3.5cm 2.7cm
.8in  .9in 1.2in 2.5in 2.8in 4.3in 12.6in 17.8in 4.9in 1.3in 1.4in 1.1lin

—

Kong ju 2.7cm 3.0cm 4.3cm 9.5cm 9.2cm 17.3cm 33.2cm 26.0cm 15.5cm 4.9cm 4.4¢cm 3. 2c¢m
1.1in 1.2in 1.7in 3.7in 3.6in 6.8in 13.1in 10.2in 6.1in 1.9in 1.7in 1.3in

Nonsan 2.1cm 2.0cm 3.5cm 8. 0cm 8.0cm 15.8cm 28.0cm 21.2cm 13.4cm 4.4cm 3.8cm 3.0cm
.8in  .8in 1.4in 3.2in 3.2in 6.2in 11.0in 9.3in 5.3in 1.7in 1.5in 1.2in

Muju 2.4cm 2.9cm 4.0cm 7.7cm 7.6cm 16.0cm 24.5cm 20.2cm 13.6cm 4.2cm 4.1em 3. 3cm
.9in 1.1in 1.6in 3.0in 3.0in 6.3in 9.7in 8.0in 5.4in 1.7in 1.6in 1.0 .

Poun 2.3cm 2.6cm 4.0cm 8.5¢cm 8.4cm 15.8cm 30.5cm 20.5cm 12.5¢cm 4.3cm 4.4cm 3.0cm

[o> ¥4

.9in 1.0in 1.6in 3.4in

o

.31in .2in 12.0in 8.1lin 4.9in 1.7in 1.7in 1.2in

Since Kongju (36° 28'N, 127° 08'E) has reported the greatest precipitation, these values
were taken to represent Taejon. The source is World Climatic Data, Frederick L.
Wernstedt, Climatic Data Press, 1972. The reporting period is 1942-1972.

SHorizontal radiation data is from p. 79 of the Present Analysis of the Sunlight Energy
Sources of Korea, KE-84-21, Volume II (Appendix), Korean Energy Research Center, 1984
{provided by SERT). The data reported is from measurements at Kongju, about 35 km (22
mi) north of Taejon for the years 1983 and 1984. This source reports the elevation of
Kongju as 59 m.




UIJONGBU, SOUTH KOREA

Location: 37°45'N, 127°0¢

Elevation: 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 (32.5 in). The estimated highest apd lowest temperatures
recorded during a 22 year period are 37°C (99°F) and -24°C (-12°F),
respectively?,

Avg. Temperaturel R.H.1 Total Precip.2 Avg. Daily Radiation3
Month MAax. Min. Mean % (em)  (in) gMJ/mz) {BTU/ft2)
°C °F °C °F °¢c  °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 85H3
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 22 171 T 13.4 5.3 16.3 1432
July 29 84 21 70 25 17 79 41.0 16.1 12.2 1078
Aug . 31 87 22 171 27 79 76 27.3 10.7 12.4 1096
Sep. 26 780 15 59 21 69 72 14.3 5.6 13.3 1171
Oct. 19 67 7 45 13 56 68 4.3 1.7 10.4 916
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 16 61 6 43 11 52 69 11.4 1008

ITemperature and humidity data is from p.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 Seoul (elevation 87m [285 ft], 37°34'N, 126°58'E). The averages
and extremes for temperature, humidity and precipitation are hased on a 22 year
ptriod ending in 1980. The mean daily temperature was taken to be the average
between the maximum and minimum temperatures. Humidity was recorded at 0530 and
1330 hours. The humidity reported is an average of these two values.

2Preuipitatiun data is from World Climatic Data, Frederick L. Wernstedt, Climatic
Data Press, 1972. The station reported is Uijongbu and represents 1942 to 1972
data.

SHorjzontal radiation data is trom p. 5H of the rresent Analysis of ihe Sunliphi
Energy Sources of Korea, KFE-84-21, Volume Il (Appendix), Korecan Energy Research
Center, 1984 (provided by SERI). The data reported is from measurements at
Seoul, about 30 km (19 mi) south of Uijongbu, for the years 1983 and 1984.




PUSAN, SOUTH KOREA

Location: 35°06'N, 129°01'E

Elevation: Near Sea Level

Pusan is located in southeastern Korea on the Pacific Ocean. The average
temperature is 14°C (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 (96°F) and -14°C (7°F), resjyectivelyl.

Avg. Temperaturel R.H.! Total Precip.l Avg. Daily Radiation?
Month Max . Min. Mean % {em) (in) (MJ/m2) (BTU/ftZ)
°C °F °C °F °C  °F

Jan. 6 43 -2 29 2 36 49 4.3 1.7 11.3 997
Feb. 7T 45 -} H 3 38 53 3.6 1.4 13.6 1197
Mar. 12 53 5 37 8 45 58 6.9 2.1 16.6 1462
Apr. 17 62 8 47 13 55 66 14.0 5.5 18.3 1611
May 21 69 13 355 17 62 67 13.2 5.2 19.8 1744
Jun, 24 75 17 B2 21 69 T 20.1 7.9 18.4 1620
July 27 81 22 171 256 76 83 29.5 11.6 70.6 1494
Aug. 29 85 3 173 26 79 79 3.0 5.1 18.1 1508
Sep. 26 78 18 85 2z T2 73 17.3 6.8 15.2 1338
Cct. 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 38 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

lTemperature, humidity, and precipitation data is from page 281 of World Weather
Guide, E.A. Pearce and C.G. Smith, New York Times Book Cempany, 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 avarage between the
maximum and minimum temperatures. Humidity was recorded at 0530 and 1330 hours.
The humidity reported is an average of these t1wo values.

2Horizontal radiation data is from p. 151 of the Present Analysis of the Sunlight
Energy Sources of Korea., KE-84-21, Volume I1 (Appendix), Korean Energy Research
Center, 1984 (provided by SER1). The data reported is from measurements at Pusau
for the yoars 1983 and 1984.
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NORDENHAM, GERMANY

Location: 53N, BE
Elevation: Sea lLevel

Nordenham is located on the North Sea in northerun Germany about 100 Km (62 mi)

west of Hamburg., The estimated average temeprature is 9°C (48°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 36°C (97°F) and -29°C (-20°F), respectively.l

Avg. Temperature] R.H.1 Total Precip.?¢ Avg. Daily Radiation?3
Month Max Min. Mean % (cm) (in) (MJ/me) (BTL/ft2)
°C °F °C °F °C  °F

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. 7 434 -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 i3 59 69 5.6 2.2 18.0 1585
June 21 69 11 51 16 60 70 5.9 2.3 1.0 1852
July 22 73 13 55 18 64 74 e.2 3.6 18.6 1643
Aug . 22 Te 12 54 17 63 6 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 2.8 5.8 514
Nov., 7 45 3 37 5 41 88 6.0 2.4 2.5 223
Dec. 4 39 0 31 2 36 89 5.4 2.1 1.6 141
TOTALS 71.5 28.1

AVERAGES 13 55 o 41 9 48 79 10.4 917

lTemperature 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: .. Wernstedi, Climatic Data Press,
1972, is as follows:

g Fr M A M J J A s 0 K D
Hamburg  0°C  0°C  8°C  8°C 18°C 16°C 17°C 17°C 14°C  9°C “C 2%
32°F 33°F 38°F 46°F 55°F 60°F °F 62°F §7°F 48°F 41°F 35°F

Bremen 1°C 1°C 4°C g°C

159




The above data would indicate that temperature data for Bremen would be similar
to Hamburg. It is also expected that Nordenham data would be very similar to
Hamburg because of the moderating influence of the North Sea. Humidity data at
Hamburg was recorvded at 0630 and 1330 hours. The humidity reported is an average
of these two values.

2The precipitation data is from p. 191 of World Climatic Data, Frederick L.
wWernstedt, Climatic Data Press, 1972 (ASU Library). The data reported is for
Bremen (elevation 4 m |13 ft]), about 30 km (19 mi) south of Nordenham and covers
the period 1942-1972.

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

Location: 32% 32'N, 94° 21'W
Elevation: 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 72%, and the average annual
precipitation is 118 cm (46 in). The bhighest and lowest temperatures reccrded
(1951-1980) were 43°C (110°F) in August of 1962, and -16°C (4°F) in February of
1951, respectively.l

Avg., Temperaturel K.H.2 Total Precip.1 Avg. Daily Radiat ion?
Month Max. __ Min. Mean % (cm) (in) {MJ/m?) (BTL/ft2)

°¢C °F °C °F °C °F

Jan. 13 85 1 33 7 44 73 10.5 4.1 8.7 762

Feb. 15 80 3 37 9 48 69 9.4 3.7 11.8 1038

Mar. 20 67 6 43 13 556 68 16.1 4.0 15.2 1342

Apr. 256 76 12 53 18 65 70 13.0 5.1 18.3 1513

May 29 83 16 61 22 T2 73 12.3 4.9 21.4 1886 .

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

July 35 94 22 72 28 B3 T2 a8.4 3.R] 22.9 2014 -

Aug. 34 94 21 70 28 82 72 G.1 2.4 21.3 1877

Sep. 31 88 18 8% 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

Nav. 19 67 6 42 12 54 73 9.6 3.8 10.5 929 .

Dec. 15 59 2 36 8 47 74 10.4 4.1 8.3 731 ;
4

TOTALS 117.7 46.4

AVERAGES 24 76 12 &3 18 64 72 16.2 1426

ITemperature 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, Detreoit, M1 (DSET Library). The weather station reported is
Marshall, TX. The averages and extremes for temperature and precipitation ave
based on the period 1951-1980.

SHumidity data is from the same source as (1) (Vol. 1, p. 472), bhut since
humidity data is not published for Marshall, TX, this data is for Shreveport, LA
(32° 28'N, 93° 49'W. elevation 77 m [254 ft]) 7C km (43 mi) east of Marshall, TX.
Humidity is recorded at 0600, 1200, 1800, and 2400 hows. The average humjdity
is the mean of these four values. The averapges are based on a 31 year period
ending in 1980.

3Radiation data is from p. 95 of the Insolation Data Manual, Connie L. Knaop.
Thomas L. Stoffel, and Stephen D. Whittaker, Solar Energy Research Institute,
Golden, CC, 1980 {(ASU Librery). The radiation data is for Shreveport, LA.
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SUNNY POINT, SC

Location: Approx. 33°N, 80°W (vicinity of Charleston)
Elevation: Near Sea lLevel

Sunny Point is located on the Atlantic Ocean near Charleston. The average

temperature is 18°C (65°F), 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°F), in .June, 1944, and

-13°C (9°F) in December, 1962, respectively.l

Avg. Temperaturel R.H.1 Total Precip.} Avg. Daily Radiation?

Month Max. Miri. Mean % {cm) (in) (MJ/m?) (BTU/ft?)
°C °F °C °F °C °F

Jan. 15 59 3 37 S 48 73 8.5 3.3 8.5 744
Feb. 16 61 4 38 10 50 69 8.6 3.4 11.3 995
Matr ., 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 18 61 22 172 75 11.2 4.4 21.1 1860
June 31 87 20 68 25 178 717 16.6 6.6 20.9 1844
July 32 89 22 T2 27 81 #U 18.6 7.3 20.4 1799
Aug . 32 8¢ 22 71 27 80 81 16.5 6.5 18.0 1685
Sep. 29 85 19 67 24 176 81 12.5 4.9 15.8 1394
Oct. 25 77 13 565 19 67 78 7.4 2.9 13.56 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 24 175 12 54 18 65 75 15.8 1345

Temperaiure, humidity, and precipitation data is from p. 992 of Climete of the
States, Vul. 2, National Oceanic and Atmospheric Administration, 3rd e1., 1985,
Gale Research Company, Detroit, MI (DSET library). The wealher station reporicd
is the Charleston Municipal Aicport, 32°54'N, 80°02'W, elevation 12 m (39 f't)
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.

€The radiation data is from p. 195 of the Insolation Data Manual, Connie L.

Knapp, Thomas J. Stoffel, and Stephen D, Whittsker, S-Yar Energy Research
Institute, Golden, CO, 1980. The weather station reported is Solmet Station No.
13880 at the same latitude, longiiude, and elevation as in (1) above.




GLASCOED WALES

Location: Approximately 51.5°x. 3°W (vicinivy of Newport)

Elevation: Nedr @ea leve]

Glascoed, Wales it locataed in soutiiern Wales near wewport at the mouth cf he
Severn River. The estimated average temperature is 11°C (51°F), the estimated
average relative humidity is 81%., and the estimated average aunual precipitation
is 108.5cm (42 in.). The highest and lowest temperatures tecocvded (avout 1950-
1980) were 33°C (91°F) aund -17°C (2°F), respectively.l

Avg. Temperaturel R.U.: Total Precip.l Avg. Daily Radialion~
Month Max. Min. Mean % {em)  (in) (MJ./me) (BTU/ft2i
OC OI) OC O}) OC OF
Jan. 7 45 2 35 5 40 89 10.8 4.3 2.3 206
Feb. 7 45 2 35 g 40 o7 T2 2.8 4.0 aun
Mar. 10 30 3 38 7 44 82 5.3 2.5 8.5 7513
Apr. 13 56 5 41 9 49 T4 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 5.3 2.5 18.4d 1620
July 20 89 12 54 16 A1 6 £.9 3.5 17.4 1532
Aug. 21 69 13 55 17 62 78 9.7 3.8 13,7 1210
Sep. 18 64 11 31 15 58 81 9.9 3.9 1.2 90z
Oct. 14 58 8 46 11 52 85 10.9 4.3 6.0 5338
Nov. 10 31 5 41 8 46 88 11.6 4.7 3.4 2498
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

1Temperature, humidity, and precipitation data is from p. 375 of World Weather
Guide, E. A. Pearce and C. G. Smith, New York Timec Book Company, 1984 (ASU
library). The reported weather is for Cardiff, Wales, 52°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 vear period ending in 1980. It is most likely
that a maximum-minimum type thermometer was used since the mean daily
temperature is nol reported. For this table, the mean was taken to be the
average between maximum aid minimum temperatures. The humidity was recorded at
0900 hours.

The radiation dats is rrom p. 80 of European Scolar Radiation Atlas, vol 1., W.
Palz, ed., Commission of European Communities. 1984 (DSET library). The weather
station reported in Malvern, Fngland, 52°06'N, 2°18'W, elevation 63m, (207 tt)
about 60k (27 wi) northeast ol Newport.
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MILAN, TN

Location: 34° SG'N, 88° 46'W
Flevation: 131m (430 ft)

Milan is Jocated in the Mississippi River Valley in western Tennessee about 80 km

(50 mi} east of the Mississippi River and 160 km (99 mi) northeast »f Memphis. |
The average temperature is 15°C (59°F), the estimated average relative humidity .
is 69%, and the average annual precipitation is 135 cm (53 in). The highest and

iowest temperatures recorded (1951-1980) were 42°C (108°F) in July., 1952, and the

lowest -31°C (23°F) in February, 1962, respectively.? ] .
Avg. Temperaturel R.H.2 Total Precip.! Avg. Daily Radiation3
Month Max . Min. Mean % (em)  (in) (MJ/m2) (BTU/fi2;
OC OF OC 0}“ OC 0}“
Jan. 8 46 -3 26 2 36 71 11.8 4.6 7.7 683
¥eb. 10 87 -2 29 4 40 68 11.5 4.5 10.7 245
Mar. 15 359 3 38 9 49 65 i4.5 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 15.1 5.1 21.4 1885
June 30 87 18 64 24 18 69 10.8 4.3 23.2 2045
July 32 90 20 68 26 79 7 10.0 3.9 22.4 1972
Aug. 3z &85 19 66 25 78 73 9.8 2.9 20.7 1824
Seis. 29 83 i5 59 22 71 71 9.9 3.9 16.7 1471
Oct. 23 73 8 46 15 59 68 6.8 2.7 12.7 1205
Now, 18 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 g9 47 15 59 69 15.95 1366

1Based on an average of data taken at Milan, TN from 1951 to 1980. The data was
cbtained from p. 1031 of Climates of the States, Vol. 2, National Oceanic and
Atmospheric Administration, 3rd ed., 1985, Gale Research Company, Detroit, MI
(DSET Library).

25ince humidity data is not published for Milan, this data is f{or Memphis, TN -
{elevation 79 m [258 ft]), aboul 160 km (99 mi) SW of Milan. Since both Milan

and Memphis are in the western (flat) portion of Tennessee, it is not expected

that there would be significant differences between the humidity in Milan and

Memphis. This data is from the same source as 1 (p. 1037). Humidity at Memphis

is recorded at 0600, 1200, 1800, and 2400 hours. The average humidity is the

mean of these four recorded values. The averages are based on a 44 year period

ending in 1980. {(DSET Library).

SRadiation data is from the Insolation Data Manual, Connie .. Knapp, Thomas [,

Stoffel, and Stephen D. Whittaker, Solar Energy Research Institute, Golden, (U,
1980. The radiation data is for Memphis (ASU Library).




CAMDEN, AR

Location: 33°36'N, 92°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
hizhest and lowest temperatures recorded (1951-1980) were 44°C (111°F} in July of
1354 and -22°C (-8°F) in February of 1951, respectively.l

Avg. Temperaturel R.H.2 Total Precip.l Avg. Daily RadiationS

.H.
Month Max. Min. Mean % (em)  (in) (MJ/m2) (BTU/ft2)
OC OF OC OF OC OF

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 11 851 18 64 67 13.0 5.1 18.3 1611
May 28 83 15 59 22 11 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. 25 178 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 24 175 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.

2Humjdity 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,

3Radiation 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°C (64°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°C (108°F) in August of 1951 and
-18°C in (0°F) January of 1962, respectively.l

Avg. Temperaturel R.H.2 Total Precip.l Avg. Daily Radiation3
Month Max. Min. Mean % (cm)  (in) (MJ/m) (BTU/ft2)
°C °F °C °F °C °F

Jan. 13 56 1 34 7T 45 73 11.1 4.4 8.7 762
Feb. 16 61 3 37 g9 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 25 176 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

AVERAGEC 25 176 11 33 18 64 72 16.2 1426

ITemperature 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.

2Humidity data is from the same source as (1) (p. 472), but since humidity is not
published for Minden, this data is for Shreveport (32° 28'N, 93° 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.

3Radiation data is from p. 95 of the Insclation 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°C (56°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°C (109°F) in July of 1980 and -26°C
(-14°F) in January of 1982, respectively.l

Avg. Temperaturel R.H.1  Total Precip.! Avg. Daily Radiation?
Month Max. Min. Mean % (cm) (in) (MJ/m2) (BTU/ft2)
°C OF °C OP‘ OC °F

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 87 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 22 171 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 22 171 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 45 617 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, 38° 07'N, 94° 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.

2The radiation data is from p. 116 of the Insolation Data Manual, Connie L.
Knapp, Thomas J. Stoffel, and Stephen D). 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 12FE
(Excluding East Germany)

TEMPERATURE

Three sources (referenced as (1), (2), and (3)) were found to contain significant
data. The veriety of this data is described below:

#
Source Cities Avg. Daily Temps. Max/Min Temps. Extreme Temps.
(1) 1 Yes Yes Yes
(2) 7 Yes Yes Nn
(3) 134 Yes Ne 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) (¢C) (°F) (°C) (°F)

Kcolenz 50°21'N 7°36'E 66 217 19.1 66.4 10.5 50.9
Leverkusen 51°02'N 86°59'E 44 144 18.6 63.5 10.3 50.5
Freiberg 48°01'N T°51'E 259 850 19.4 66.9 10.3 £0.5
Frankfurt 50°07'N 8°40'E 103 338 19.4 66.9 10.2 50.4
Dusseldorf 51°18'N 6°45'E 36 118 18.4 65.1 10.2 50.4

Source (1) contains the most coumplete 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) (°cy (°F) (°C) (°F)

Hof 50°19'N 11°85'E 471 1545 -2.9 26.8 6.7 44.1
Kahler Asten 51°11'N 8§°29'E 836 2743 -3.1 26.4 5.0 41.0
Tenschnitz 50°24'N 11°23'E 622 2041 -3.6 25.5 6.2 43.2
Wasserkuppe 50°30'N 9°57'E 920 3018 -3.9 25.0 4.8 40.6

None of the four cities listed above are included in source {(1). However, it is
surprising that only a 6°C difference exists between the coldest and warmest
locations within the entire designated arca.

Of the four cities listed in source (1), the coolest is Munich.

Munich 48*10'N 11°30'. 515 1696 -2,1 28.2 7.9 46.2

Munich is approximately 2°C warmer than the four cities listed above.
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Using Munich and Frankfart as a guide, we could use source (1) to estimate the
following temperature extremes:

Highest recorded; 38°C (101°F)} (Frankfurt, July)
Lowest recorded: -30°C (--21°F) (Munich, February)

The complete temperaturce data for these two cities are listed in the following
tables:

FRAKKFURT (WARM) MUNICH (COLD)

Highest Avg. Daily Lowest Highest Avp. Daily Lowest
Monthi  Recorded Max. Min. Recorded Recorded  Max, Min. Recorded

°C °r °¢ °F °C °F °C °F °C  °F °C °F °C °F °C ¥
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 23 -30  -21
Mar. 24 15 11 51 2 35 -8 17 24 7 9 48 -1 30 -18 0
Apr. 31 87 16 60 6 42 -3 26 29 &4 14 56 3 38 -16 3
May 34 94 20 69 9 49 -2 29 31 8% 18 64 T 45 ~6 22
Jun. 38 101 23 74 13 55 4 39 35 914 21 70 11 51 3 37
Jul. 38 101 26 77 15 58 8 46 35 95 23 74 13 55 5 40
Altg. 38 140 24 76 14 57 7 443 o6 96 23 73 12 54 3 38
Sep. 34 94 21 69 11 52 1 33 32 90 20 67 9 40 -3 28
Oct. 2678 14 58 7 44 -4 26 28 82 13 &6 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 O 16 60 2 36 -4 26 -2z -8

The Frankfurt and Munich data reported are from source (1) and represent 29 years
of data ending in 1980.

1f the designated area were expanded to include West Germany south of latitude
u48°N {German Alps), the cold temperatures would decrzase by 10° to 15°C (18 to
279F) .

HUMIDITY

surprisingly, the humidity listed for the cities in source (1) all have almost
identicul relative humidity averages:

(29) (27) (28) (29)

Frankfurt Freiberg Kassel Munich
Month 0630h 1330h 0630h 1330h 0630h 1320h 0700h  1400h
NEHE 86 17 85 78 817 81 87 77
Feb. 86 70 85 72 87 70 817 71
Mar. 83 H 83 60 817 64 86 61
Apr. 79 51 80 56 83 58 82 55
May 78 50 8] 57 82 65 81 57
Jurn. 74 52 &1 60 82 56 80 o8
Jul. 81 K 80 58 85 58 81 57
Aup. ]85 84 84 59 88 57 RS nHe
Sep. 89 60 68 63 91 62 8Y 61
gct . vl 68 90 70 92 70 91 68
Nov. &9 7 83 76 89 79 9?7 78
Dec . 88 831 86 79 gy 849 P2V 8z
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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 (3) contains average monthly precipitation for 104 cities within the
designated area. The city with the highest annual precipitation is Treiberg
{elevation 683m {2241 ft], 48°00'N, 9°14'E):

Month Average Total Precip. .
cm in

Jan. 15.7 6.2 A
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. 13.2 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

[9)]
-3
(&)

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°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:

Month Avp. Daily Radiation

MJ/m2 BTU/ft2
Jan. 3.9 347

Feb. 6.7 587 .

Mar. 10.7 240
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. 7.9 599
Nov. 1.2 282
Dec. 3.1 273
TOTAL 11.7 1031
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CHARLESTOWN, IN

Location: Approx. 38°N, 86°W

Elevation: Approx. 150m

Charlestown is located in southern Indiana about 30km (19 mi) no
and the Chio River. The average temperature is 13°C (56°F). the
humidity, 69%. and the average annual precipitation 111 cm (43 i
and lowest temperatures recorded (1951-1980) were 41°C (105°F)} i
and -29°C (-20°F) in January of 1963, respectively.l

Ave. Temperaturel R.H.1 Total Precip.l Avg.
Month Max. Min. Mean % _fem)  tin) (MJ

rth of Louisville

average relative
11). The highest
n July of 1954

Daily Radiation
;m2) (BTL,/ft2)

oC o}; OC oF oC cF

Jan. 5 41 -4 24 11 588 70 8.6 3.4 6.2 546
Feb. T 45 -3 27 2 36 68 8.2 3.2 9.0 T8Y
Mar. 13 55 2 35 7 45 65 12.0 4.7 12.5 1102
Apr . 20 68 8 46 14 57 62 10.4 4.1 16.6 1467
May 25 76 13 53 19 65 67 10.5 4.2 19.3 1720
June 29 84 17 62 23 74 70 9.1 3.6 21.6 1904
July 31 88 20 68 25 78 71 10.4 4.1 2.9 1838
Aug. 30 87 18 66 25 768 72 8.4 3.3 19.1 1680
Sep. 27 81 15 59 21 70 74 8.5 3.4 15.4 1361
Oct. 21 69 8 46 4 58 70 6.7 2.6 11.8 1042
Nov . 12 56 3 37 8 46 70 g.9 3.5 7.4 652
Dec. 745 -2 29 3 37 70 8.8 3.5 5.5 a8
TOTAL 110.5 43.6

AVERAGES 19 66 5 46 13 56 69 13.8 1216

Temperature, humidity, and precipitation data is from p. 451 of
States. vol, 1, National Oceanic and Atmospheric Administration
Gale Rescarch Company, Deiroit, MI (DSFT library). The weather
is Louisville (3B°11'N, 85°44'W, elevation 145 m [477 ft]). abo
south of Charlestown. The averages and extremes for temperatul
and precipitation are based on a 23 year period ending in 1980.
recoerded at 0100, 0700, 1300, and 1900 hours. The average dail
mean of these four values.

2The radiation data is from p. 91 of the Insolation Data Mabual,
Thomas J. Stoffel, »nd Stephen . Whittaker, Solar Fnergy Resea
Golden, CO, 1980. The weather station reported is Louisville,
Jongitude, and elevation as in (1) above.
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MIESAU, WEST GERMANY

Location: 49N, 8E
Elevation: 232 m (761 rt)4

Miesau is located inh 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
74%, and the estimated average annual precipitation is 77 cm (30 in). The
estimated highest and lowest temperatures recorded duriug a 30 year period are
38°C (101°F) and -24°C (-11°F), respectively.l

Avg. Temperaturel R.H.1 Total Precip.2 Avg. Daily Radiation?
Mouth Max. Min. Mean % (cm) _{in) (MJ/mé) (BTU, ft2)
OC OI“ OC OI’“ OC OF

Jan. 3 388 -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. 11 51 2 35 7T 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 1640
July 256 77 15 58 20 68 67 6.7 2.6 18.5 1628
AUE . 24 76 14 57 19 66 70 7.7 3.0 15.8 1366
Sep. 21 69 11 52 16 61 75 6.5 2.6 11.9 1045
Oct. 14 58 T 44 11 51 80 5.8 2.3 6.7 593
Nov. 8 47 3 38 6 47 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

AVFRAGES 15 58 6 43 11 5 74 10.4 9156

ITemperature and humidity data is from p. 371 of World Weather Guide, E. 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 clousest 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 Press, 1972 (ASU Library),
is as follows:
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J EFE M A M J J A S 0 N D
Kaiserlautern 0°C 1°C 5°C 8°C 13°C 16°C 18°C 17°C 14°C 9°C 5°C 1¢C
32°F 33°F 40°F 47°F b55°F 61°F 64°F 62°F 57°F 48°F 40°F 34°F

Saarbrucken 1°C 2°C 6°C 10°C 14°C 17°C 19°C 18°C 15°C 10°C 6°C 2°C
34°F 36°F 42°F )

Frankfurt 1°C 2°C 6°C 10°C 15°C 18°C 18°C 19°C 15°C 10°C 6°C 2°C
6

Nancy. FR 1°C 2°C 6°C 9°C 18°C 16°C 18°C 18°C 15°C 10°C 5°C 2°C
: . <)

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.

2The 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 (618 ft)}, abcout 40 km (25 mi) southwest of Miesau and
covers the period 1942-1972. Saarbrucken was chosen instead of Kaiserslautern
because Saarbrucken receives about 10% more precipitation.

3The 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.

4The elevation of Miesau was obtained from Jasper Griggs.
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PINE BLUFF, ARKANSAS » .

Location: 34°13'W, 92°01'W
Elevation: 66 m (215 ft)

Pine Bluff is located in the Mississippi River valley iu west central Arkansas
about 75 km (47 mi) west of thec 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%. and the average annua! precipitation is 128 cm (50 in).
The highest and lowest temperatures recocded (1951-1980) were 43°C {110°F) in
July and August of 1954 and -18°C (-1°F) in January of 1966, respectively.l

Avg. Temperaturel R.H.2 Total Precip.l Avg Daily Radiation3 B
Month Max. Mili, Mean % (em) _ (in) (MJ/m2) (BTL/ft2) =
°C °F °C °F °C  °F

Jan. 12 83 1 33 68 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 65 67 13.4 5.3 14.2 1611

May 28 83 16 61 22 972 72 14.3 8.6 21.9 1929

June 32 90 20 68 26 79 70 7.7 3.1 23.9 2107

Juiy 34 94 22 T2 28 83 72 9.2 5.6 23.1 2032 b -
Aug . 3¢ 93 21 70 28 82 71 7.8 3.1 21.1 1841 '
Sep. 30 87 i8 64 24 175 74 9.6 3.8 17.2 1518

Oct. 25 77 11 52 18 65 70 $.1 3.2 13.9 1208 7
Nov . 18 65 6 42 12 53 71 105 4.2 9.6 847 =
Dec. 13 56 2 36 8 46 71 12.0 4.7 7.6 674 !
TOTALS 127.7 50.3 &
AVERAGES 24 175 11 53 18 64 70 5.9 1404

1Temperature and precipitation data is from p. 73 of Climates of the States, Vol.
1, Natioanal Oceanic and Atmospheric Administration, 23rd ed., 1983, Gale Rescarch
Company, Detroit, MI (DSET Library). The weather station reported is Pine BiInff.
The averages and extremes for temperature and precipitatior are based on the
period 1951-1980.

2Humjdity data is from the same source as (1) (p. 77} but since humidity data is

not published for Pine BIluff, this data is for Little Rock, AR (34° 44'N, g2° g
14'W, elevation 78 m [257 ft]), about 50 km (31 mi) northwest of Pine Bluff. e
Humidity is reccrded at 0600, 1200, 1800, and 2400 hours. The average humidity

is the mean of these four values. The averapes are based on a 23 year period

ending in 1980.

3Radiation data is from p. 28 of the Insolation Data Manual, Conwnie L. Knapp.
Thomas i, Stoffel | and Stephen D Whittaker  Solar Energy Research Institnte,

Golden, CO, 1380 (ASU Library). The radiation data is for Little Rock.
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CONCORD, CA

Location: 38°N, 122°W
Elevation: Near Sea Level

Concord is iocated in the San Francisco BRay area about 25 km (16 mi) east of
Rizhmond and 30 km (19 mi) northeast of Oakland. The estimated average
temperature is 15°C (58°F), the estimated average relative humidity is 75%, and
the estimated average annual precipitation is 56 cm {22 in). The estimated
highest and lowest temperatures recorded during the period 1951-1980 were 42°C
(107°F) and ~4°C (24°F). respectively.l

Avg., Temperature1 R.H.2 Total Irecip. 1 Avg. Daily Radiationd
Mouth Max. Min. Mean % (em)  (in) (MJ me) (BLU/ft2)
oL- 01: oC oF oc oF

=

Jan. 1 87 6 42 10 50 73 12.6 5.0 8.0 708
Feb. 16 62 7 45 12 53 74 8.5 3.3 11.5 1018
Mar. 17 63 8 46 13 K& 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 11 351} 16 80 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 70 183 355 17 62 82 0.2 0.1 26.4 2323
Aug. 21 70 13 56 17 6R 72 0.2 0.1 23.3 20563
Sep. 23 74 14 56 18 65 75 0.8 0.3 lu. 4 1701
Oct. 22 72 12 5838 783 (53¢ 3.1 1.2 13.8 1212
Nov. 18 65 9 48 13 586 T3 7.2 2.8 9.3 g22
Dec. 15 58 6 43 10 51 T2 10.6 4.2 7.3 647
TOTALS 55.5 21.8

AVERAGES 19 66 10 50 15 56 TH 17.4 1535

1Temperature and precipitation data is {rom p. 112 of Climates of the States,
Val. 1, National QOceanic and Atmaspheric Administration, 3rd ed., 1985, Gale
Research Company, Detrojit, MI (DsE7T Library). The weather station reported is
Richmond (37° 56G'N, 122° 21'W, elevation 17 m (55 ft]) about 25 km (16 mi) west
of Concord. The averages and extremes for temperature and precipitation are
based on the period 1951-1980.

2Humidjty data is Troum the same source as (1) {(p. 1295, bul since humidity data

is not published for Richmond. this data is for San Francisco (Miscion Dolores, .
elevation 2z2m {75 ft], 37° 46'N, 122° 26'W}, about 40 km (25 mi) southwest of

Concourd. Humidity is recorded at 0400, 1000, 1600, and 2200 hours. The averape
humidity is the mean of these four values. The averapes are based on the period

1851 -1980.

SRadjation data is from p. 39 of the Jusolation Data Manual, Connie L. Enapp.

Thomas L. 3toff«1, and Stephen D, Whittaker Solar Energy Reserach Institute,
Gelden, CO, 1980 (ASU Library). Thne radiation data is tor Oakland, €A, about 30
km {19 mi) southwest of Concord.




CANAL ZONE. PANAMA

Location: 9°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°C (80°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°F) and 17°C (63°F). respectively.l

Average Temperature1 R.H. Total Precip.2 Ave. Dailv Radiation?
Month Max. Min. Mean (%) fcm)  (in) (MJ/m2) (BTL ft2)
OC GF OC OF OC OF

Jan. 1 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
Mav 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. 29 853 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 8¢ 90 26.1 i0.3 16.7 1475
Totals 318.0 125.3

Averages 31 87 23 73 27 80 88 16.2 1424

1Temperature. humidity and precipitation data is from p. 196 of World

1984 (ASU Library). The reported weather is for Balboa Heights, Panama
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.

(8° 57'N, 79° 33'W. elevation 33m [118 ft.1).

2Precjpjtation data is from a 3-5-87 telephone call with Mr. Weingarten of
The data presented is for
the Atlantic side of the Canal Zone. which receives about twice as much

the Tropic Test Center, Fort Clavton. Panama.

rainfali as the Pacific side.

e ] .
“Radiation data is from the same source as note 2 ahove.

The data

presented is for the Pacific side of the Canal Zone which receives more

radiation than the Atléntic side.
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YUMA. ARIZONA

Location: 32° 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°C (74°F). 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°C (120°F) in
August of 1981 and -4°C (24°F) in January of 1971, respectively.l

Average Temperaturel R.H.1 Total Precip.l Avg. Daily Radiation?
Month Max. Min. Mean (%) (cm) (in) (MJ/m2) (BTL/ft?)

°C °F °C °F °C °F
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 2433
Aug. 41 105 26 80 34 92 39 1.1 0.4 26.4 2328
Sep. 39 101 23 73 31 87 40 0.6 0.3 23.3 20351
Oct. 33 91 17 62 25 176 38 0.7 0.8 18.4 1623
Nov. 25 77 10 50 18 64 41 0.5 0.2 13.8 12135
Dec. 21 69 7 44 14 57 46 0.9 0.3 11.4 1000
Totals 6.7 2.7
Averages 31 88 15 60 23 74 37 21.8 1924

1Temperature. 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 (32° 40'N. 114° 36'W.
elevation 59 m [194 ft]). The averages and extremes for temperature,
precipitation and humidity are based on the period 1951-1980. Humidityv is
recorded at 0500, 1100, 1700, and 2300 hours. The average daily humidity
is the mean of these four values.

2The 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_ORLFANS. LOUISIANA

Location: 30°N, 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 temveratures
recorded (1951-1980) were 39°C (102°F) in August of 1980 and -10°C (14°F)
in December of 1983, respectively.l

Averacge Temperaturel R.H.1 Total Precip.] Avg, Dailvy Radiation?
Month Max Min  Mean kS (cm)  (in) ~ (MJ/m?) (BTU fr2)

OC C‘F OC OF C‘C OF

Jan. 17 62 6 43 11 52 77 12.6 5.0 9.5

Feb. 18 63 7 45 13 53 69 13.3 5.2 12.6 1112
Mar. 22 71 11 32 16 61 73 12.0 4.7 16.1 1415
Apr. 26 79 15 59 20 69 74 11.4 4.3 20.2 1780
Mav 29 85 19 65 24 75 73 12.9 5.1 22.3 1962
Jun. 32 90 22 71 27 80 76 11.7 4.6 22.7 2004
Jul. 33 91 23 74 28 82 8¢ 7.1 6.7 20.6 1814
Aug. 32 90 °3 73 28 82 80 135.3 6.0 19.5 1717
Sep. 3¢ 87 21 70 26 79 7Y 14.9 5.9 17.2 1514
Oct. 26 80 15 39 21 6Y 76 6.7 2.7 15.2 1335
Nov. 21 170 10 30 16 60 76 10.3 4.0 11.0 978
Dec. 18 64 7 45 13 35 77 13.4 5.3 8.8 779
Totals 151.6 39.7

Averages 25 78 15 60 20 68 76 16.3 1437

1Tempera‘cur‘e. humidity. and precipitation data is from p. 472 of Climates
of the States. Vol. 1. National Oceanic and Atmospheric Administration. 3rd

ed.. 1985. Gale Research Company. Detroit. MI (DSET Librarv). The weather
station reported is the New Orleans International Airport (29° 39'N. 90°
5' W. elevation 1 m [4 ftl). The averages and extremes for temperature,

precipvitation and humidity are based on the period 1951-1980. Humidityv is
recorded at 0600. 1200. 1800 and 2400 hours. The average daily humidity i
the mean of these four values.

S

¢The radiation data is from the Insolation Data Manual. Connie L. Knapp.
Thomas J. Stoffel. and Stephen D. Whittaker. Solar Energyv Research
Institute. Golden. CO. 1980. The weather station reported is the New
Orleans International Airport.
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ANCHORAGF.. ALASKA

Location: 61°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 2°C (35°F). the average relative
humidity is 71%. and the average annual precipitation is 39 cm (13 in).

The highest and lowest temperatures recorded (1951-1980) were 29°C (83°F)
in June of 1969 and -37°C (-34°F) in January of 1973, respectivel::.1

Average Temperature1 R.H.1 Total Precip.1 Avg. Daily Radiation®
Month Max Min Mean % (cm) (in) (MJme)  (BTU ft2)

°C °F °C °F °C  °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 1& - § 24 67 1.8 0.7 3.6 ToY
Apr. 6 43 - 2 28 2 35 63 1.7 0.7 14.2 124¢%
Mav 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 17513
Jul. 18 65 11 51 13 38 71 5.0 2.0 18.1 159¢
Aug. 17 63 10 49 13 56 73 5.4 2.1 13.5 1189
Sep. 13 55 5 41 9 48 76 6.2 2.4 9.0 791
Oct. ] 41 - 2 28 1 85 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 73 2.8 1.1 0.7 4
Totals 38.6 15.2
Averages 6 42 - 2 28 2 33 71 9.5 834

lTemperature. humidity. and precipitation 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 Libraryv). The weather
station reported is the Anchorage International Airport (61° 10'N. 130°¢
01'w. elevation 35 m (114 ftl). The averages and extremes for temperature.

precipitation. and humidity are based on the period 195i-1880. Humidity is
recorded at 0200, 0800 1400. and 2000 hours. The average dailv humidity
is the mean of these four values.

2The 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
(59°¢ 38'N, 151° 30'W, elevation 22 m {72 feetl). 160 km (100 mi) southwest
of Anchorage.




FATRBANKS. ALASKA

Location: 65°N, 147°W
Elevation: 133 m (436 ft)

Fairbanks is located in central Alaska about 200 km (123 mi) south of the
Arctic Circle. The average temperature is -3°C (26°F), the average
relative humiditv is 63%. and the average annual precipitation is 26 cm (10
in). The highest and lowest temperatures recorded (1951-1980) were 36°C
(96°F) in June of 1969 and -52°C {-62°F) in December of 1961,
respectively.1

Average Temperaturel R.KE.1 Total Precip.1 Avg., Dailv Radiation

Month Max Min Mean % (cm) (in) (MJ'me) _ (BTL ft°)
°C °F °C °F °C °F

Jan. -20 -4 -30 -22 -253 -13 66 1.3 0.5 0.3 30
Feb. -14 7T -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. 3 41 - 7 20 -1 30 55 0.7 0.3 13.5 1194
Mav 13 359 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 37 67 4.7 1.9 12.7 1118
Sep. 12 54 2 33 7 45 68 2.8 1.1 8.1 709
Octl. 0 33 - 8 18 - 4 25 T2 1.9 0.7 3.3 293
Nov. -11 12 -20 -5 -16 4 71 1.7 6.7 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 - 83 26 63 8.7 T68

]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 Librarv). The weather
station reported is the Fairbanks International Airport (64° 49'N. 147° 32°'
W. elevation 133 m {436 ft]). The averages and extremes for temperature,
precipitation and humidity are based on the period 1951-1980. Humiditv is
recorded at 0200. 0800. 1400. and 2000 hours. The average daily humidity
is the mean of these four values.

2The 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 ENVIRONMENTAL CONDITIONS
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LABORATORIES, INC.
Box 1850
Black Canyon Stage |
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Telephone: 602-465-7356
TWX: 910-950-4681 OSET PHX
THE WEATHER AT NEW RIVER, ARIZONA NOVEMBER 1987
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LABORATORIES, INC.

Box 1850
Biack Canyon Stage |
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Giopal total measuresents recoroed using Eppiey PSP Pyvranceeters, vart A

6lotal UV measurewents recoroed using Epaley TUVR ((383 ra),

EMMAAA total measuresents computec using irect-norsdl seasuresents frow Zoblev NIP Pyrheliceeter,
EWROUA M measuresents comouten usirg 05T zitravio.et sky socel.

To convert from MJ/mé to iancievs. Civioe ¥YJ/md oy 9, 84iba,

— Mot avaiianie.
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LABORATORIES, INC.

Bux 1850
Bilack Canyon Stage |
Phoenix, Arizona 85029

Telaphone: 602-465-7356
TWX: 910-950-4681 DSET PHX

THE WERATHER AT NEW RIVER, ARRIZONA JANUARY 19488
TEMPERATURS wmInITy SO.AR RRDIANT IXPOSURE (Mred) wo” Ava.
DATE tnecrees C) (%) TOTAL w6, TOTRC W TOTRL TOTRL TOTAL Ly TI¥E ORPIN WIND Sy
ribn LDw YEAN KIBH LOW  MEAN 45 45 34 34 S TRAZY IMMADGR IWNAZA v em dmtr. DIND
H 5 7 i@ 235 16 xR 8¢ 1.4 B2 83 10,3 2 61 io2h .2 e 2. 827
g % 5 8 57 1 192 16,4 17,9 298 it 204 BE .44 e.¢ Q.¢ O 87
3 16 3 1@ 58 32 46 16,4 14,1 ST K 8. 15.3 =3 247 aLe e 7.4 87
A 21 1e 8 A 19 3% fiad 5.6 19,9 a. 44 1.9 1.5 18 0. 37 8,2 e.¢ 1.4 5.7
5 S 9 1z 93 4 67 a1 2.3 33 e 4.8 2.7 ¢ e 53 . 5.8 oz
6 59§ 93 66 85 17,5 18,3 16,4 R.5S 9.5 2.t 116 2,37 6.3 8,9 S Y
7 & 3 9 R4 T4 8.3 15.6 7.3 e38 7.7 Zih 147 2,38 B¢ SR 7l L2
B 6 3 9 B5 48 73 M4 12.5 18.7  @.6: 8.5 e4l 13 3,08 el Q¢ 8.2 8.7
9 6 6 1@ 85 ¥ & 23,8 2.3 2L.8 869 117 2. 182 3.3 e.2 o 7.8 R
19 P T N ¥4 7S 5SS gl 16,9 &7  d.67 1.3 26,5 167 L4z a.¢ e 7.5 TR
{1 18 7 1 T4 41 B 8.3 6.8 0.2 8. 41 7.9 .7 ) 8.8 3. ¢.¢ 5.2 254N
e 2 & 13 7017 3 26,3 208 22,4 QAN 1.5 @eb.h 2 4,23 2.2 2.8 iZ.8 R
13 &1 8 13 48 16 27 19.7 6.8 W7 B M3 5.8 i34 .77 O ek 57
{4 ed 1R 14 4, 13 23 5.3 2B 23.9 .73 12.8 ch, @ o8 3,48 0.0 9. 13,6 L&
15 8 8 12 88 24 3 6.5 3.7 6.6 2.3 6.9 6.5 9 e, & L4 g.: Wi
6 16 8 e 9B W B 12,6 1e.z 14,5 0.5 .4 16.5 8 2.3 8.8 . £.5 LT
7 4 6 9 9% o0 B8R ok . ! 2.7 1S W3 1.9 0 8, & 7.3 0.¢ 9.. Gyl
18 8§ = 93 63 83 6.3 5.4 5.3 8.8 4.1 4.5 e 8.0 &2 R 14,1 o
19 e . 7T M 5 el.s 182 0.8 @70 8.7 3.8 [1i8 .45 LN 8.6 C.R
b 11 i1 3 &2 28 39 19.9 17.9 17.2  0.68 B.7  @i.S i 3.6 8.0 2.¢ 12t L&
21 iz @8 6 65 26 45 25.0 2.4 &9 €78 i3 2835 o 4.2¢ .8 e 9.6 IR
& 5 6 10 37 18 & 5.8 2.0 2.4 @79 13.9 XS ¥ 4,36 8.0 9.2 14,8 LR
23 5 3 8 68 23 48 238 197 271 8.7 13.4 26,7 187 3.98 2.¢  ¢.8 1.6 R
24 18 2 1 EE D L ‘.t 2LS 0 246 073 13,9 A K] 4,34 2.0 2.8 1aE R
Fon) 2t 6 12 5 15 27 25.5 21,8 248 0.8 143 35! 186 3,97 0.8 6.8 13.2 LR
26 2 9 1% 3 14 24 244 2.8 239 6.8 14y 21,7 W 4,84 .8 e 124 CR
el ¢ 14 17 25 14 5.2 13.9 15.8 8.6¢ 145 17.5 25 .54 e.9 0.¢ 12,4 BrN
28 &% 13 17 39 14 24 18.8  16.1 18,7 @.7¢ 12,8 231 134 M a0 Q.0 9.9 o)
29 ez 15 68 21 4 2.6 19.3 .| .77 3.7 2.6 182 3.97 .9 2,0 7.L LR
3 19 8 13 67 3 S3 4.4 7.9 23,7 @73 14,3 21.8 192 4.ct .8 9.0 7.6 Lk
31 8 5 il 68 3& 53 18.6 $5.9 183 e.51 fe.2 231 73 1.6 e.8 9.0 7.5 527
TOTAL 567.7 485.4 5448 18,78 337 6598 3kAE 76.B1  Ba.g 0.4
Ave. 17 6 11 66 3® 47 18,3  15.7 17.6  0.68 19,4 2L.3 ] c. 48 3.3 ‘
YEAR TO DATE TOTALS 567.7 4R5.4 SA4. 8 1B.7¢ 3.7 659.8 364 T76.81 B¢ 0.4
Glopal total measuresents recorges using Eooiey PSP Pyranometers. cars F

Global UV measurssents recoroed using topley TUYR ({383 nm).
EMAI0LA votal mearuresents comoutec using cirect-norsal measurerents frow Eppiev NIF Pyrneilowster.
EMMAQUA L measuresents computen using DSET ultravioiet sxy sooel.
Yo convert from MJ/m¢ to ianpieys, divice MJ/wZ oy @, 34184,
— %ot availanle.
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LABORATORIES, INC.

Box 1850
Biack Canyon Stage |
Phoenix, Artzona 85029

Telephone: 602-465-7356
TWX: 910-850-4681 DSET PHX

THE WEARTHER AT NEW RIVER, ARIZONA FEBRUARY 1988
TEWPERATURE HMIDITY SOLAR RADIANT EXPOSURE (MJ/me) WET AVS.
DATE {oegrees L) (x) TOTRL  U.6,  TOTAL W TOTRL  TOTA.  TOTAL w TIME RAIN  WIND Sk
HIGH LOW MEAN HIGH LOW MEAN 45 45 H 34 S TRACK EMMAUA EMRAQUR  (ne)  (oml oanry COND.
{ 1 8 U 59 & 83 a7 2.3 3 a9 4.@ 31 ] e® 239 ¢ A o
e 171k 1 R X 3.1 b 4.6 0.2 6.6 3.9 ) e® 157 07 6.¢ 0
3 7 8 &2 X 5 8 N9 178 R7T T 1.6 e 15 347 lze 8.5 7.1 CLx
4 6 11 13 S5 M A 5.5 4.7 .3 R 3.8 2.9 [ . g.e 0.0 15,3 ove
3 4 B U U A3 18 3 6.4 26 201 665 149 R0 184 2.3 8.8 8¢ 1R CL&
& s N B V4 T2 2l M .6 227 B4 R INT #I3 e S.& 3.0 9.0 5.4 oLR
7 19 6 1 2 4 % 26,5 &7 2.3 e85 158 343 218 A9 .0 4@ 7 C.p
8 el 1t 16 6 31 M a6.2 22.4 24.7 e.89 5.7 31.4 224 5. 1@ .2 9@ 1.5 e
9 & 1w 17 54 16 34 26,7 oc. 8 25.3 8.85 16.1 k.0 2% 5. 18 e.8 e.e .7 ol
18 2 9 16 A9 15 X 6.3 &Za B[l 89 15.4  R7T 2l 4.95 2.6 e.¢ 17 &F
i &% & »® 13 2 27.4 235 2.1 &R 66 339 @7 2. 49 e.¢ @8 154 LR
12 21 11 18 M 12 2 27.4 235 2.4 0,93 1686 R.4& 228 S. 3% . @8 141 L.n
13 Z 9 1B 44 2 R %.8 2293 2.6 8.9 87 385 it 5. 11 8.8 0.0 S 4 CLk
14 23 9 18 4 19 B eh.6 =7 2.5 8% ieb 339 4,74 e.6 &0 25 CF
15 z 8 13 47 18 &8 26.6 2.7 2.5 &R 6.8 33,6 288 4, %% e.e 6.8 18,3 CLR
16 2l 7 1a 4 16 28 26.2 a4 5.8 R 168 /2 20 4.81 e.e .9 9.9 Lw
17 19 8 8 28 16 2 26,7 229 2.4 89 (7. 3.7 2l 5.87 0.8 2.8 S Tk
18 15 4 1@ W 19 23 11,6 9.9 1.8 @83 13 134 k3 8. 88 e.8 8.0 1tz ot
19 et 8 13 3% 15 24 27.3 e23.4 o.¢ 097 7.9 2ne 1% 2. 6 2. e8¢ LS (]
b 2 8 14 ¥ 15 2 27.7 23,7 .8 @95 184 3.4 239 5. 85 e.8 e¢90 1.9 Lok
gl & 9 1 33 13 24 24,6 21,8 ea®  0.93 165 307 184 4,53 0.0 .8 2.4 CLi
22 g3 1 15 A3 17 28 e7.4 234 2.3 099 183 34T 228 S.6¢ e.p 0.0 ) CLR
23 &9 16 41 15 3@ €39 25 233 &89 168 286 IS 3. 84 g.0 o0 9.9 CLR
24 2l 1 18 o112 2 5.5 2L8 2,7 % 1.7 Re 197 4,89 6.6 .98 9.8 CLR
Yoo @8 17 26 12 19 2.5 1.5 .3 esk 156 245 115 2. 88 .8 o.0 5.9 81
=3 27 13 18 85 24 4l 8.5 2.3 8.4 e.47 3.1 1.¢ ¢ o.w 19.¢ e.¢ 18,0 ove
21 2 13 13 87 &8 8 19.4 5.6 15.8 Q& 8.7 149 8 e.® 3.9 o0 8.7 8CT
28 8 12 19 70 14 4 6.5 227 2.8 .8 17,5 ;.1 2is 5.9 .8 0.0 6.1 CLr
29 AT SR “ 2@ ¥ %.8 229 2.9 1,6 15.e 3.8 el S. 44 e o0 5.6 CLR
TOTA 648.3 554,3 623.8 23.58 Al6.5 T76.1 421 1R0.2 931 L4
ave, & 18 13 N oz % 2z.4 181 2.0 8.8l laé 26,8 13 3. 64 18.8
YEAR TO DATE TOTALS 1216.@ 1833.7 116B.6 42,28 T4d.2 14359 6863 182,33 1353 1B
Blobal total measuresents recorded using Eppley PSP Pyranometers, Fart R
Slesal (K mnacuremeric rencroed veing Ennley TINR ((JR ra),
EA0UR total measurements computed using direct-norwa] seasuresents from Eppley NIP Pyrneliometer,
EMA0UA (V seasuresents computed using DSET ultraviolet sky mooel.
To convert from WJ/m¢ to langieys, divioe MJ/me by €.04)84,
— hot availavle,




LABORATORIES, INC.

Box 1850
Black Canyon Stage |
Phoenix, Arizona 85029

Telephone: 602-465-7356
TWX: 910-850-4681 DSET PHX

THE WEATHER AT NEW RIVER, ARIZONA MARCH 1988
TENPERATURE HMIDITY SOLRR RADIANT EXPOSURE (MJ/m2) WET AVa.
DATE (degrees () %) T0TAL u.6, TOTAL Uy TOTAL  T0TAL  TOTAL oy TIEE  RAIN WIND KY
HIGH LOW MEAN HIBK LOW MEAN 45 45 34 34 5 TRACK EMMAGUQ EMMAQUA (hr)  (cw)  (km/nr)  COND.
1 2 7 13 47 18 29 21.8 18,6 21.6 0.% 6.5  26.9 156 4,82 e.c g.2 7.8 SCT
2 15 9 13 91 43 T 14,7 12.5 14,4 0.69 15.3 9.9 ¢ e.0 14,4 e° 1.5 BRI
3 19 6 u ® 5% & "¢ 151 6.9 @76 129 8.4 91 2.3 9.2 Q! 7.4 Bk
4 &2 8 14 91 4 68 o2 R4 2.2 8P 1.4 2T 18 4,67 187 3@ 7.9 L
5 5 9 ™ S5 3 2.5 226 2.3 1.8 183 M6 R 6.8 2.0 ¢ 8. LR
6 a1 18 @ 18 41 &%6.8 2.9 2.6 1.87 18,8 3®’.1 238 h, 29 e.¢ e 9.8 C.R
7 & 9 17 63 15 2 a8 »t1 BT LG 198 R824 S, b4 2.0 Q.8 13.¢ LR
8 23 18 15 19 13 16 e8.9 247 .4 12 218 X3 1% 5.18 e.8 Q. If0 R
S 24 8 16 2t 13 6 28,0 239 27.8 .89 21,4 3T 253 6. 74 .0 Q.0 9.7 CLR
18 19 7 14 2@ 15 16 29.6 24.B 28,7 L.l& 221 32 2ES 7.9 2.8 2.8 141 CLR
i1 702 18 a3 15 B 8.5 244 EB.4  LID 222 3%.3 A 7.18 o.8 Q.8 8.¢& TR
12 e 3 1 I 15 2 8.4 24,3 27,3 L1423 9.9 66 .18 8.0 @0 8.7 CLR
13 a4 5 13 2t 14 17 2.0 248 9.1 .15 27 M8 268 7.24 2.6 Q@ 12 LR
14 2 5 14 & uw 1 28.9 247 8.8 LIt &9 3.9 268 .88 e.e ee 1.8 LR
15 &2 5 s 2 13 17 28.3 242 8.3 f.12 227 %8 &8 7.3 8.0 @8 124 LR
16 R 5 14 B 14 20 8.6 24,5 28.7 1,15 23.1 3.4 263 1.2} e.e 0.0 11,8 R
17 23 7 15 23 13 17 28.3 eh2 28,4 .14 238 3.9 2Rl 7.15 8.8 8.0 1.3 ILR
18 24 9 16 19 13 16 28.2 241 28,4 1.1 233 3.6 23 7.8 0.8 o0 12 (R
18 2 12 19 17 11 1A 28.9 247 2.3 .19 239 4.7 268 7.39 .8 e 123 CLR
xR 31 13 el 17 18 14 28.7 24,9 &2 .17 239 4L® 2Bk 7.3 8.6 Q@ 185 CLR
2! » 13 2! 17 11 {4 24,6 218 8.2 1.83 21,2 3.8 187 5.21 %.e 8.8 0.1 SCT
2 2 18 19 18 11 i5 6.7  22.8 27.2 .1 22.7 33,8 221 6.17 2.0 2@ 8.7 CR
23 » 13 2 18 11 14 26.3 22.5 27.9 .11 22.9 34.3 ) 6,15 0.8 e.e 8.7 CLR
24 ¥ 15 23 18 18 13 21,6 2.6 28,2 .17 237 HI R 7.87 e 9.¢ 16 CLR
& 3 18 &5 5 9 12 27.9 238 285 2.4 24,3 381 280 7.3 0.8 Q.8 144 CLR
26 3T 2t 27 14 8 12 2,1 231 8.5 1,21 244 M5 265 7.99 e.e @8 (3.3 CLR
& 3 17 & 16 9 12 27.6 23.6 28,4 1.2 244 39.6 23 7.47 e.e e.e 127 CLR
28 28 18 18 11 14 28.2 241 2.9 .28 265 392 100 3.41 6.0 @.¢ 159 tLR
&9 ] 8 15 18 12 16 28.5 244 29.4 .22 25,6 4.6 182 S.17 2.9 e.e 1z.8 CLR
i 33 24 7 16 19 13 16 .3 2lLsb .2 1.10 23,4 34,6 180 5.13 2.0 0.0 14,8 OLR
31 21 7 13 21 14 17 21.2 18.1 2.2 .9 2.3 2.2 128 3.8 e.8 Q.0 10.3 SCT
TOTAL 822.7 7832 8232 34.68 B74.7 1862.5 6728 18399 423 .6
AaBs, 5 9 17 33 16 24 &%.5 27 .6 .12 28 K3 217 5. 94 11,3
YEAR TO DATE TOTALS 2038.7 1742.9 1991.8  76.96 1414,9 2498.4 14797 366.32 197.6 2.4
Global total seasu-ements recorded using Epnley PSP Pyranometers, Fart R

Globa]l WV seasurewents recorded using Epoley TUNR ({383 ra).

EMMADUA total seasuresents computed using direct-normal weasuresents from Eppley NIP Pyrhelicmeter.
EMNAOUA IV measuresents computety using DSET ultraviolet siy mooel,

To comvert from MJ/e2 to langleys, divioe WJ/m by ©.041B4,

-— Mot available.
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LABORATORIES, INC.
. Biack Ganyon Stage |

AR oy o8

&'Q Telephone: 802-485-7358

. TWX: 910-980-4881 DSET PHX
.
THE WEATHER AT NEW RIVER, ARIZONA APRIL 1988
TEPERRTURE HMIDITY SOLAR RADIANT EXPOSURE (KJ/m2) WeT AVE,
DATE (degrees C) N 3 TOTR.  U.G.  TOTARL W TOTAL  TOTAL  TCT 1Y IR RAIN WIAD Sy
HIGH iOW MEAN HIGH LDW MEAN 45 45 K2} 34 5  TRAC: DWRGE EwmaGus vl foed (e/ne COND.

b 24 7 $8 8 13 18 27.3  23.4 28.4 W82 24k 3.4 249 7,13 N e.e 9.4 .
2 27 8 18 21 e 16 27,2 233 &4 o nee 3.8 A3 24 T e e .o 2.8
3 A& e 2N 18 1t 14 2.9 3.0 28! 1,22 2e 3BT 24 £.99 0. 8. 8.6 o]
4 &9 U 2 18 11 14 27.0 23! B2 L2 &3 .0 cuk 7.06 g.¢ e 0 &G C.R
S KR TR/ 17 8 13 27,3 233 28,5 l.eé 260 336 Al £.96 .8 & w7 C.R
6 x 2 2 14 8 2 27.3 2.3 286 l.oh 4 385 258 7.4 g.e e T L%
7 #» 17 2% 15 9 12 2.1 23 214 L& B3 3.6 @3k 6.97 NN g LR
8 3B 6 B 19 8 13 26.5 2.6 27.8 l.2& E5.& 33.@ 24l 7.07 g.e e.¢ 9.4 L
] 33 18 2 15 9 1 2.5 %t 251 L7 LA X7 a8 4,3 .6 @98 158 L8
10 W 17 & 15 9 13 2.6 2.6 28.¢ L.28 k.8 4B 197 5.78 e.e e.¢  (Ex L.8
1 N 17 B 15 9 12 a7 28 2.2 LB 25,2 3%.0 188 S.51 e.e e.¢ i@ LR
12 3 6 2 15 9 12 2.3 190 2.8 e 230 W5 18 3. 47 e.e ot 3.4 o
i3 31 189 23 41 11 21 14,4 1e.@ 15.1 8.76 15.5 7.4 i 8.04 1.2 ¢.e b 1,
14 27 18 2l 7 23 &3 2e.1 17.2 21.5 LE3 2.6 ¢t.e 7. 218 2.8 e.e W5 sCY
1S 2l 1k 16 9 3% 63 4,9 4,2 .8 0.23 £.8 4,6 ? e g7 L. g5 C
16 ' 9 ! ® b 8 6.3 54 49 % b,¢ 4.2 ¢ g 8.7 &! 8,2 Exa
17 15 9 1 9 T &8 4,6 3.9 4,7 @025 5.2 3.7 0 a.® 153 @5 8.z LY
18 23 1 91 4! &8 19,4 16,6 8.8 .87 (7.2 1B.2 14 LB g.c @.@ 5% o
18 27 e 19 " 28 S 23.9 ¢4 2.6 LR DA WE IS8 .91 e.e & 8.9 CLk
P 2% 12 28 77 18 3 20.8 17.8 .5 1.9 22,6 28.5 98 9% 2.¢ 2. ¢ 12,3 <ol
2l 18 9 13 ® ¥ 7B .2 7.1 8.5 2.43 8.3 9.2 8 g.& 125 L7 e Ve
2 18 7 12 % 48 7 13.6 11.7 1.9 8.8 8.2 14,7 ] 2. 1¢.5 e 7.5 Brn
23 2 10 i6 86 23 54 2.9 19.5 24,1 1. 14 11.0 3.5 13 3.99 e 0.0 12,3 oY
24 23 8 16 85 23 48 5.5 2.8 2.6 L8 2.7 380 2 6,93 6.7 .0 8.5 TR
] 8 11 N 4 12 I 2.7 2.9 281 1,26 28,4 423 59 .1 .8 @@ 9.¢ C.k
- 2 2 A 18 22 a5.4 21,7 2.7 1,23 283 4.3 253 7.54 ee ee¢ e LR
27 3B 65 #» 9 19 %.4 2.5 2n4 L&’ ene 1.9 23 .98 e 0.0 5.9 LR
28 2 17 & 3 12 18 24,3 182 230 i1 23.6 8. 1@ R .5 ee LT =084
-y ] R 14 22 48 13 2 5.6 2.4 274 L22 28,5 3.6 24 .17 6.0 0. 1.t Cuk
» 3 15 a3 N 2 g6 2 27 2.6 1,24 2.2 3.8 220 .54 .0 0.8 42 LR

TOTAL 649.7 S55.4 685.8 31,76 6A0,8 BB9,8 478! 142,29 BB 4.3

M, 28 13 2 A9 20 M 2,7 185 29 1.8 2,7 2487 18 4,68 10,2

YEAR TO DATE TOTALS 2688,4 2298.3 2677.6 108,72 2064,7 J3B8.2 19578 506.6! 224,64 &7

Global total seasuremerts recorded using Eppley 250 Dyranometers, . Yavr

Glodbal UV ssasurswents recoroed using £ooley TWR ((3A3 m).,

DMAAN sots] measuresents coasutec usirg Cirect-nored)- weasurecents from Epoiev NIT Fvrne.lomeser,
D0 v measureaerts conoutec using D527 ultraviciet sxy moce..

To corvert frow Y./BC to langieys, Civice FJ/uZ Sy R,341B4,

~— Act availao.e,
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LABORATORIES, INC.
Box 1850
Biack Crnyon Stage !
Phoenix, Anzona 85029
Telephone 602-465-7350
TWX: 910-950-4681 DSET PHX
THE WERTHER AT NEW RIVER, ARIZONA MAY 1988
TEMPERATLRE HUMIDITY SOLAR RADIANT EXPOSLRE (MJ/m2) WET AVG.
14043 (ceorees () (¢ T0TR u.6.  TOTARL v TOTR  TOTAL  TOTR w TIME  RAIN WIND SKY
HIGH LOw MEAN HIBK LDW ERN AS 45 34 34 5  TRACK CMWAGUR EMMAQUA nr) o) (unsnre COND,
1 22 18 15 W 17 21.7 18,5 23.9 1.15 25.3 38,4 181 5. 40 .8 Q.2 17.¢ ST
2 2 1’ 1n 2l 12 16 2.7 2. 2B, 4 1,19 5.0 41,4 he 7.94 e.e 0.0 9,7 CLR
3 » 12 2 21 18 15 5.2 1.5 2.6 i 18 3.5 4.5 b4 7.88 2. 8,Q 4.8 CLR
4 X 15 i 19 18 13 2h.¢ 2L.s 2.9 1.3 29.6 Al.e 187 5. 68 e.¢ 8.2 9.6 CLR
9 23 W 6 11 14 ce.9 19.6 25,1 LW 1.4 3.9 19¢ QT 2.8 0.¢ 17.3 s
6 ¢ 714 et 14 18 2.7 9.8 25,6 1.21 2.y 2.6 139 L Q.0 9,0 S.¢ (R
7 23 8 I 23 14 19 249 203 er.7 1.3 235.6 4§,@ 2Af 1.E N 6.e e Cui
) cb 9 16 47 1 2% 24.% .9 2.1 1.3 .4 4.1 253 7.6 ¢.@ e.¢ 7.5 CLF
9 X 13 23 3 18 18 244 .9 2l.¢e L3l 3.4 42,3 &2 1.37 e.¢ 8.0 9.3 CLr
19 37 16 @ ) & 13 k.2 &7 el i 1,29 29.4 %.9 3 7.63 a.¢ 0.2 18.9 CLR
it ¥ 25 3 13 7 10 26.5  28.3 27. ¢ 1.3 n.1 33.9 259 7. 83 e.e e.2 18,5 CLR
12 4 25 3! 13 7 18 1.8 .3 Ph. 6 1.28 9.1 3.1 ¢38 7.28 e.e e.e 18,4 CLR
13 33 &2 8 15 i1 e3.9 a5 2¢€.7 1,24 29.3 33.5 238 7.20 o.e 8.e le.l LLR
14 ¥ 21 R 15 7 u 23.6 N .6 1.25 9.1 4.4 228 £.9 Q.0 Q.2 10. ¢ C.R
15 ¥ a R 15 7 11 £3.3 .8 %2 l.c4 e8.7 4.7 223 6.77 g.e e.e 8.8 CLR
16 B & B 17 8 12 18,7 1¢.6 16,3 0,84 18.8 25.2 23 1.8 e.9 0.0 g.e ST
17 33 @ 3 18 16 15.9 13.6 17,4 8.69 1.3 .8 ie 8.37 e.0 0.e 9.9 1
18 a v 31 1 17 3.5 .l 6.6 1,34 2.8 3B.5 241 .33 8.8 Q.0 7.2 CLR
19 W 18 27 2k 3 16 ed.6 e et.7 1e34 29.7 41,8 233 .7 e.e 0.@ 9.7 CLR
) » xR 14 2 1 24,1 I2.N 274 1. 36 R.9 4c, 0 cb4 8.%7 8.0 2.8 2.6 CLR
2! 3 ® &5 1s B 1 24,86 AR5 2l.4 1,34 31,0 45,1 268 .2 0.0 8.e 11.8 C.R
22 ¥ 2 R 14 7 11 23,8 0. 27.8 lL.X 36.3 4.8 249 7.63 g.2 9.8 9,7 CLR
23 H 2 X 14 7 1@ cz.8 19.5 2.8 1,85 9. 4 4.9 21 £, 89 0.9 0.0 9.3 CLR
24 B e r 15 703 23. 1%.6 °0. 8 1.08 3.5 3.9 238 7.34 €8 2.0 1.5 CR
) I 23 P 16 7T 1 235.0 19.7 2o, 1 1.8 9.8 3%.e en 8,99 8.8 8.0 8.8 LR
b 3% o8 ® 3 7 1 ¢3.6 8.2 ek, 7 1,22 .3 3.7 b1 8.15 8.0 6.0 10,8 CLK
27 ¥ 19 3 15 6 10 €36 .z 6.7 1.3 2.5 37.4 231 7.21 0.8 0.8 10.8 CLR
. =) P xR N 15 5 19 22.86 .4 27.9 1,38 .6 43.6 287 8.9 2.0 6.0 8.7 CLR
29 X 171 A er 4 17 1.2 15.6 20.6 1.87 b, 1 X.2 129 3.74 0.8 0.0 8.2 ST
R 3 » A 17 B 12 23,8 8.3 6.8 L33 .9 27.9 cif 1.7 8.8 8.0 9.9 CLR
. 2 9 2 15 6 1 23.8 28.3 271 1.38 .1 3.1 4% 7.64 e.e 8.0 9.1 CLR
T0TR. 716.2 blZ.¢ 803.3 38,73 B&6. 4 11780 6891 210,18 0.0 e.8
Ave. 18 26 « 9 14 3.1 13.8 5. 1.25 28.6 8.0 222 6£.78 10,5
YEAR TO DATE TOTALS 34846 £918.7 3J4BE.9 147.47 2951.1 4&56B.B ZOABD 716,71 2P4.4 6.7
Global total weasurements recorded using Epple; POP Dyranceeters, Part A

Gisbal UV measurewerts recorted usang Epoley TIVR {383 ),

EAUR total weasures nic computed using direct-norma: measuresents froe topley NIP Pyrneliometer,
ERAUA WV aeasurceents comoutes using DSET ultravioiet sky wooel,

To convert from MJ/a2 to langieys, rivice BJ/e2 py 8.84184.

=== N0t avillable.




LABORATORIES, INC
Box 1850
Black Canyon Stage |
Phoenix, Arizona 85029
‘(slephone: 602-465-7356
TWX: 910-350-4681 DSET PHX
THE WEATHER AT NEW RIVER, ARIZONA JUNE i9as8
TEMPERATURL HmIDITY SOLAR RADIANT EXPOSURE (WJ)/m! Wet 5.
DATE toegrees () (1) TOTA.  u.b. TOTARL W CTAR. TCTAL TOTRL W 71 RAIN  WIKD S
Hibe LOw MEAN HIG 0w ®EAN 45 45 3 X S5 TRALK EMMAQUL EMAQLL (v dem) ake/n DAL,
1 B 16 2% T 9 1 2.4 191 & 1.26  ¢E.8 3.3 160 .84 e e 8. L%
¢ N & A 15 7 1 az.1 19.4 26,1 .3 N s B¢ 7.9 g.2 e 1.8 L=
3 4 % B e 7 9 ee. 19.6  26.¢ 1.X RS R0 £ . 45 e.d e q.. Con
) w & X 14 7 19 2.5 193 2h .29 3. 43 33 8.ec 2. Qe 9.1 o
5 3o 14 8 11 23,7 8.3 265 1.3 3.3 amb 26 8.3 8.8 .8 1.4 CuR
& W 1727 16 & {e 23.1 19.7 25,8 1,37 2.6 4gR cBE B.£R 0.2 0. 1.t o
7 W 16 & 6 9 12 23.4 220 27.2 1.3 3.1 bz BT 8.58 d.e e 1.8 C.®
& I N 2 16 9 12 ed. 1 197 2.6  1.37 3.8 &b 279 9% 3.2 6. 6. L=
] B R » W 8 1! 3.1 13.8 269 1.89 3.7 5.3 2% 8.% e.8 Q.@ 5.7 ik
13 ¥ o= A 13 7 18 21.7 18,6 25.¢ 1.183  29.3 A6 2 673 o.e e 8.7 .+
1 KT I 14 B 11 £3.1 19.8 286 1,30 3.7 433 266 8.7 ee Q3 1e. ¢ Lok
Jtd W 20 28 & 9 11 e~.8 19.5 2.3 1.3 di.e 435 8.79 e ee 9.4 oE
13 I 19 28 15 8 ! 2.5 193 2.1 1.8 X.9 4.8 ek 8. 64 2.8 o.2 8.3 LR
14 3 2l 2 14 7 18 2.6 193 &z .. R A6 259 8.4 e e 8.6 L.F
15 AL 23 13 3 7 10 .2 198 257 9.9 28.5 a6 23 7.9 ¢ et 6.3 C.»
16 4y 28 3B e & 9 21,7 186 &2 125 B BT 2R 7,69 e.¢ e 13z Ger
17 Al 28 38 w 7 9 .2 15.e¢ 5.8 9.8 W2 A28 238 8.8 S el 11.¢ LA
18 37 28 A 37 e 17 8.3 8.0 10,5 .62 1.5 1. 0 o.% 11 0.0 12.% fn
19 8 23 B g 27 2i,7 185 &4 897 27.1 3.6 213 1.4 2.¢ A 8.7 C.R
fa ] 41 26 3 & 8 13 2.2 1.y 2%z @& 57 W9 184 6.57 g.¢ g 7.9 &
21 ¥ 26 19 6 18 28,9 1.9 26 L1 288 343 197 6,68 e.e e.¢ 1.7 BN
@ 27 3 15§ @ 21,8 1BE 252 1.8 9.6 29.3 244 8. 24 ee 0. b.e CLw
23 5 9 37 2 5 8 2.7 18& 2.2 L9 S5 37 2% 7.85 g.s 0.9 11,3 I
24 & 29 X w7 9 15,2 13.¢ 17,3 % = 2.3 4] 1.39 8.8 @.e 8.z T
T 8 26 w7 18 22,3 191 2.7 LI 289 4.8 244 8.25 ¢.e 8.8 16.6 L8
2% M 2 @ 8 12 21,9 18,7 8.4 1. 288 4.3 8 8.7¢ e.¢ 0. 8.e L.R
a 2 21 8 7 & 2.1 i7.¢ 231 .14 21,8 332 183 6. 17 26 e.e 6.2 LR )
28 B a1 9 St 17 3% 18,5 9.6 1.8 @.68 145 17.6 60 <. 2¢ 8.6 1.6 ove
il N #% 2 41 10 28 18.7 6.8 &z 1,13 23,7 23.8  1bé 5.38 ¢ @88 159 8ol
» & a3 83 & 27 21,5 184 @7 LA 242 3658 227 7.66 2.6 8% e R )
TOTAL 632,31 948,93 7262 3441 B37.7 1138.3 6583 214,24 8.6 @&
5. H a =x ¢ b6 13 el.d 8.8 2.2 .15 @&ns 1.9 217 1. 14 1.3
YeAR "0 DATE TOTRCLS 4236.9 3AS1.6 A87.1 1B1.86 3788.8 S7e5.1 3297z 9IS 233.¢ 1.3
ioBa] total measurements recoroed using Eppley PSP Pyranoseters. vars A
Blobal (N seasuresents recorded using tppley TUVR ({283 ra).
DRATH tota) seasurements comouted using direct-ro~ual smeasuresents from Edilay NIT Zy-ne.iomEsET.
EWATP NV measurements computes using DSET Jitrar.c.et Sy koGe..
1o tonvert frow MI/aC to langleys, civige *imd by €.94.04.
~— hct avai.dnje.
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DSET

LABORATORIES, INC.

Box 1850
Black Canyon Stage |
Phoenix, Arizona 85029

Telephone: 602-465-7356
TWX: 910-950-4681 DEET PHX

THE WEARATHER AT NEW RIVER, ARIZONA JuULy 1988
TEMPERATURE HUMIDITY SOLAR RADIANT EXPOSURE (MJ/m) WET AVG.
ATt {aegrees () (%) TOTR. UG TOTAC W TOTAL  TOTRL  TOTAL w TIME  RAIN  WIND Y
HIGH LW WEAN HIGH LOW MEAN AS 45 4 34 S5 TRACK EMMAOUA EMMAGUA (nr)  (om)  (km/nr) COND,
i 25 33 54 b 24 8.5 7.6 23.4 1.14  26.8 R.9 176 5.9 2.8 0.0 8.3 T
¢ 4 26 34 3 7 18 20.9 1.9 2.8 1.16 27.9 31.9 195 6.5 8.0 0.0 11.6 s
2 4 & 34 S 71 1 .8 188 2.3 .23 287 39.8 244 8.21 2.6 0.0 1.5 C.R
) 4 24 34 3 7 13 2.8 188 247 l2¢ 2.7 %3 e 7,47 0.2 Q.9 8.3 e
5 AL 27 3 & 8 11 21.% 18.4 4.5 1.21 8.8 X9 23 8.& 2.¢ Q.0 9.0 (0
B & 23 B 18 7 n .1 189 (.4 1,23 8.3 e N 8,37 g.e e 12 -
7 £ B B 8 11 13 1.7 186 252 .19 287 B9 23 1.68 0.8 2.0 9.8 CUR
8 H B8 N % 8 ¢¢ 1%.2 13.9 19.3 1.18 24,0 29.3 154 5.10 8.1 0.9 18.7 8T
g 321 A N 8 20 15.8 6.8 19.6 1.8 23.3 33 18 6.8 0.8 0.0 9.2 §C7
18 I N U M 13 24 15.4  13.2 {60 Q.9 21.9 281! 16! 3.3 8.3 o 8.8 T
i 370 A 8 6 ¥ 218 18.7  26.& .26 28.8 38.7 237 1.8 e.9 8,0 8.3 R
1¢ T Z B ¥ 7T 17 2.6 193 27,1 Lok 8.5 389 S 8. 6.8 .0 8.3 LR
13 43 B8 B 1« 6 9 3.9 15.7  25.4 1.® &z 37.0 218 7.18 .0 0,0 18,0 CeR
14 43 26 39 13 6 9 2e.4 181 25.4 1,83 29.8 386 2R 8.12 0.6 2.0 100 Co
15 3 B I 4 6 S 2.4 192 257 L.2é 23.6 M4 2d 8,13 2.8 o.@ 8.4 CUR
16 & 2% 3B 135 9 2.7 194 236 L& 8.2 388 28 8,15 3.0 0.8 1.8 TR
17 4 28 IS I’ 8 12 6.2 13,8 18.0 8,97 239 S ¢ L& 8.0 0.8 108 ove
18 Ry R 18 17,6 1S, 196 1.8 244 25,4 % 2.97 2.0 080 127 BEN
19 ¥ B R 63 11 3 2,1 189 248 1,25 @85 384 29 1.3 2.3 0.8 183 CLR
] 4 12 29 B4 13 4 18.8 15,4 18,5 €92 2.z 5.3 1o 3. 34 2.4 1,4 9.4 sC”
2} A 2 32 6 12 3% 1.6 185 21 L2 275 ke 2l 6.37 .8 .2 7.9 BN
22 2 21 3% 8 9 26 21,3 18z 2408 1,15 6.3 333 21 6,70 .8 @&.0 9.3 CLK
a3 A3 2 3 31 FARY e, 7 19,4 25,7 .19 287 3. 237 7.5 0.0 A9 19,1 LR
24 M4 28 3N h 8 21 el.2 18,1 23.8 .12 2.8 23 19 6.23 2 @@ %1 (LR
A A3 28 35 I3 12 18 1.9 153 28.¢ 8.97 2.6 251 &2 2.% 0.9 o8 183 71
26 B 26 3 3 14 2 g4 192 51 L2t 7.9 348 218 6.78 0.6 0.0 9.1 CLR
a1 8 27T x &£ 16 3 21.5 18,4 238 .17 X9 3.8 18 3.75 g8 8.8 1.8 QLR
28 B % A3 2 13 18,5 15,8 284 101 21,8 5.0 %4 2.89 0.0 0.0 9.7 CLR
& o 14 30 & 19 A3 @1 172 29 1.6 281 268 1B 4,13 5¢ 1.5 1.2 SCT
» H 23 28 83 41 &2 16.3 14.9 18.8 1,08 2.8 24,1 e 0.8 .3 0.8 1.1 BKN
! X » 28 78 4 63 15.3 131 1.7 L& 19.6 .9 e 0.& &t 8.2 6.9 o
TOTAL 624.7 537,86 787.4 35.37 8152 {8133 513 179.%8 147 4.3
e, Al 25 033 o 12 5 2.2 17,3 28 Ll %3 PT 178 5.7 9.7
YEAR 10 DATE TOTALS 4661.6 3989.4 4914.5 217.23 4b84.@ 6718,4 38480 1116.55 a4, 7 6.6
Global tota) measurements recorded using Eooley PSP Pyranometers, Part A

Global WV weasurements recordes using Eppley TUVR ({383 rm),
EMPAOUA total measurements comouted using direct-normal measuresents from Eppley NIP Pyrhelioseter.
A0 LV seasurewents comouted using DSET ultraviolet sky sodel.
To convert from M)/ to iangieys, divice MJ/eZ by 8.84184,

Not availaple.
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THE WERATHER AT NEW RIVER, ARIZONA AUGUST 1988
TEMPERATURE HUMIDITY SOLAR RADIANT EXPOSURE (MJ/m2) WET AYE.
DRTE {degrees C) 4} TOTRL  U.6. TOTAL vV TOTAL TOTAL TOTARL w TIE RAIN  WIND SKY
HISH LOW MEAN HIGH LDW MEAN A5 A5 K7} 34 5 TRACK EMMAQUA EMMAQUA (hr)  (cae)  (km/hr) COND,
H B a3 3 "R R 16,3 139 179 &% 1.5 2.9 A8 1.46 .6 @1 8.1 SCT
2 N A3 A Hh R R 2.0 17,0 28 1,12 26 83 139 4.20 0.2 0.0 1.9 SCT
3 3% % I 7 e 2.2 196 2.7 .2 2.5 3.0 217 6.5¢ 2.0 8.9 1.4 gLR
4 ¥k 2 3 8 X RN 139 11,5 14,2 77T 45 185 e 0.® 3.4 &1 186 ove
5 37 a2 3 8l X = 18,9 16,2 20.6 1.85 2.7 246 69 2.87 8.2 o.¢@ 7.4 SCT
6 ¥ %6 3 Bl 14 35 1.6 185 2.9 15 B4 K2 19 3.2! 0.2 0.0 126 8T
7 B 24 X S5 18 28 2.1 18,9 2.9 17 &9 336 2 7.43 .o 0.0 9.8 CLR
8 N 23 3k 8 9 16 2.9 196 2.2 19 263 #H3 25 7.46 0.2 0.0 7.8 L
S 4 2% 2 8 3 241 W65 26,8 1,26 281 4.8 265 .72 8.2 2.8 9.1 CLr
19 A 2 R 18 8 12 2.9 S5 6.5 .23 2L7 387 26 7.64 8.2 o.0 9,9 CLR
b3 o 2% N es 18 17 23.8 .3 82 L.23 27.9 3.2 243 7.2 .9 @89 10.2 CLa
e I/ B T &4 11 24 24,0 206 265 l.24 27,4 377 238 7.38 8.9 0.2 1.1 CLR
3 4 23 33 266 7 14 24,8 2.2 27.4 L2 9.4 380 276 7.86 8.3 @e.@ 8.8 CLR
14 43 b 34 3% 6 IS 23.¢ 197 &,3 115 o.@ 349 226 6.40 8.5 @8 (2.9 £iR
< W 25 33 49 8 ¢ 23.4 20 255 L& 289 3.6 2l 6.96 2.3 o 9.3 tid
i 8 £ 33 2 11 25 23,9 5 .2 1,23 2.6 3B.2 249 6.99 8.2 0.9 9.9 CLR
) 4 27 35 26 i1 | e3.3 19.9 &% 2@ 285 3.4 23 6.52 .8 0,2 9.9 £La
18 41 28 33 37 & 24 @5 1S 2.4 1,7 24 2397 189 S.24 .2 29 22 87
] sy 24 32 3] cp @ 3.6 22 257 L2 238 3.9 24 6. 43 3.4 A2 8.8 8¢
2] & 23 22 87 33 &S 8.4 7.2 9.4 @5 1.3 2.6 0 8.0 5.5 @3 8.6 BN
2t B 2 & B9 65 e 8.8 7.3 8.9 a6 L7 133 3 g.®@ 16,8 3.6 4,7 oV
ez I 2B A B7 43 &S 23.0 186 242 L.14  B/r A4 248 £.55 6.3 0.9 7.8 LR
EXi 3 5 8y 35 & 21,2 181 231 LIl 223 289 1% 5.2 8! o3 7.2 L.
g I3 £ B X 4 24,2 207 2! 1.2 245 381 239 E.46 2.0 .3 7.3 L
B 39 23 2 &8 33 &= 2.9 183 23! ;@ 224 295 187 5.83 2.8 0.2 8.3 LLa
ek 3 & i &7 & 3 8.3 6.2 2.4 097 18,8 26.3 169 4,28 .1 Al g.! sc
2 i SY- I 3t 4 7 2.6 188 13.5 @67 leT 153 2 e 43 L3 L8 cve
] B’ 22 28 7 3 B @2 1.3 2.3 L3 196 2.4 168 4,37 8.2 9.9 8.2 scY
e 3 gl g8 85 33 %6 6,0 12,3 15,4 77 163 159 43 1,14 7.6 QA5 137 ovi
30 £ 2 @ &8 &6 el.3 182 2.4 1.8 N6 865 133 .08 2.3 81l 1L SCT
31 37 & 28 FETC X 2i,6 l8.4 2% l.12 2l.4 2.9 187 4,98 2.9 a2 1.6 cLR
TOTRL £31.8 543.3 687.3 33.2! 6948 92B.4 5310 149.83 5.3 6.7
Ave. 38 24 3 61 B & 2.4 17,4 2.2 107 224 BV N 4.83 8.2
YERR TO DATE TUTALS 593,84 4529.7 5E01.B 250.44 52%B.8 Th46.B 3795 1268.36 288.2 17.3
Glotai totai measuresents recorced usirg Eopiey PSP Pyranoweters. Part A

Slcoal LV aeasurenents recorcec using Zooley TUVR ((383 nei.
EMATUA totai measurements computeg using direct-normal measuresents from Eooley NIP Pyrhelioseter,
2OQUA LV measurements coaoutes using DSET ultraviolet sky modei.
Tc convert from MJ/xe to lancleys, divice MJ/me by 8.@841B4,

== Not avaiiable.
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THE WEATHER AT NEW RIVER, ARIZONA SEPTEMBER 1988
TEMPERRTURE HUMIDITY SOLAR RADIANT EXPOSURE (MJ/a2) WeT RVG.
DATE {degrees L) (x) TOTARL ~ U.G.  TOTAL W TOTR. TOTAL TOTAL w TIME RAIN  WIND &
HIGH LON MEAN HIGH LOW MEAN 45 45 34 34 5 TRACK EMMAGUA EMMAGUA (hr)  f{cu)  (km/hr) COX
! 3 5 N 63 27 45 22.8 135 &3 Ll 227 38 189 4,50 8.1 8.3 L6 SC
2 By XB R 67 2@ 39 24,4 2.8 25,8 L6 237 BD4E 1% S.a2 .3 0.8 il cL
3 3I S5 3 4 9 o 2.2 18.8 2.4 A% g6 292 182 4,95 2.8 0.9 L3 sC
4 37 2% 3 3 1123 2,8 2.2 2.3 113 &.3 %9 199 3.3 .8 a.¢ L7 s
3 B 23 &9 N 10 20 24,6 el 257 L8 23z 334 2l0 3.55 0.8 2.2 2.2 .
6 3/ 21 30 3% 8 19 25.3 2L.6 26,3 1,23 243 3.2 243 6.49 8.3 0.2 8.: e
7 B 2 3 X 10 19 248 21,2 268 1.7 2l 354 214 3.73 2.2 9.2 8.3 £y
8 3?23 N 3% 11 23 2.6 21,1 .8 L83 2Le 3.4 219 5.89 2.2 0.9 7.8 PR
9 48 28 31 34 2 A 24,7 2.1 &8 L2 &7 33 &9 B. 14 22 0.3 8.4 o
1@ 39 26 X 31 12 o8 2.9 187 228 L& 196 3.5 98 2.63 .0 3. 2.3 &
i 37 23 A3 48 3 8 9.2 i5.% 283 8% 151 8.8 7 1,94 a2z ae 10 =8
: % a3 2 48 12 2 es.d  2L.4 .9 L2 17 % eld 3.74 2 R A t.
: I N 17 @ 13 26,9 &2 e L3 2l 3k/ee &2 5.97 29 A2 125 Co
4 KV I 8 9 14 ¢h,3 2.5 2nLe L 2ie 35,8 240 B. 43 8.2 82 1% L.
: 7 o2 2 19 3 14 26.5 2.6 2.3 L4 2.3 /.2 42 6.53 8.3 22 12.¢ oL
TOTAL B3 Jdz IS 649 7.5 S24.3 2918 7.7 ISR
Av3 7o A 37 12 & ae.: .7 253 Lie 2.8 337 188 5.2l 2.
YEAR T ZATE TOTALS S855.5 4839.3 SHAL.I 266.33 SEeE.4 BISL7 4B7LI 1238.S5F 293,% NI
2103a: 1073l neasuresments recorced using Esoley FEP Svranometars. “ars

Siczal UV ueasuremenss recorsef using Szoiav TLYR ({332 na).

Z=¥AGlA Tetel

BASUrENeNntTS JCHCUTEC usir: llrect-normal zeasuremerts from zolev NIF Pyrnelicweter.

-----

tec using ©827

:lsravioies

P—

238

T2 convers Srom X0/n2 1o lannievs, divicde *3/nd ay 3.24134,
Not avai.

33.2.

v xccel.
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APPENDIX D

155MM PROPELLING CHARGE CONTAINER MATERIAL PERFORMANCE MODELS
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Ea 4633. 1
T o0
df/duv —Q. Q0627

Fo 4.85

Ultraviclet
Radiaticon
(MJ /mz)

0O
100
200
300
4Q0
SO0
600
700
aQn
300

1000
1100
1200
1300
1400

1500

Table 1-A

Performance Prediction Mcdel
155mm Propelling Charge Contairer
Outdcor Expasure

cal/mcle
Deg. C
W/g

Degrees C
Container

Degrees C Degrees C Degrees C
Cartainer Contairner Coantainer

Temperature Temperature Temperature Temperature

20

[
=

i BTN

) h g M n

-
L)

ner ot mao o anoen

+
C
[T
m

o o & Tu —
[ZRRRE]

- ~4

1610
1. 8624
1.5637
. 2651
0.96E5
0.6£78
Q. 3692
0. 0706

[ U (OO CNI PSR % B ON B S )

199

S0 40 €0

Calculated Values

4, 5500 4, 5300 4, 5500
4.1613 4, 0525 3. 7706
27726 3.5551 2. 9312
3. 3833 3. 0976 c.2119
2.99353 2. 5602 1. 4325
2. 6066 s o 0.65321
Z.21749 1.9653

1.829¢ 1. 0678

1. 4405 0.5704

1.0518 0,0729

0. 6632

Q. 2745
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Ea
Te
dP/duv
P

Ultravialet
Radiation
(MJI/7m&)

0
1o
200
300
400
200
600
700
800
300

1QQ0
1100
1200
1300
1400
1500
1600
1700
1800
1300
2000
2100
2200

Table 2-D

Ferformance Predictian Model
135mm Fraopelling Charge Contairer

Outdoor Expoasure

7000 cal/mole
30 Deg. C

~0. COERY

4,55 W/g
Degrees C
Container

Degrees C
Covmtainer

Degrees C
Container

Degrees C
Cantainer

Temperature Temperature Temperature Temperature

20

4, 2500
4, 3456
4,141 8

. ®

U+

i
[

06y o= ()

<
—
[

NI R SN N

=
¥
m
m

e LU (VN (UNR R YRR fY I S5 OF I 9%
[oe]
I
)

o)
m
~
W

1. 4834
1.2730
1. 0746
0.8701
(0. 6697
0.4613
0. 2568
0,0024

201

30

4103

Calculated Values

4. 5500
[~

£~
m

v
d -

G

m LN o o= g

E}' (28} .L.) ) o~
L) O M

7o
RN
W e oo

-

2.1145
1.8100
1. 5056
1.2011
Q. 8987
0,5923

0.2878

4, 3500
4. 1080
3. B6EQ

ST P S ['0 e S))
L~
£ n:
= &
- e

el
~d = N

&0

4. 9500
. 6790
2. 8080
1.9370
1. 0660
£ 1950
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Table 3-D
Performance Prediction Model
159mm Prapelling Charge Contailrner
Outdcor Exposure

Ea 9500 cal/mole
Te S0 Deqg. C
dRr/duv -0, 00627
Po 4.55 W/g
Degrees C Degrees C Degrees C Degrees C
Ultraviolet Contaiver Container Contairer Container
Radiation Tenperature Temperature Temperature Temperature
(MI/mz) 20 20 49 £
Calculated Values
0 4. 3500 4. 5500 4., 5500 4, 5500
100 4, 4130 4.3148 4,1399 3. 5705
200 4, 2760 4, 0736 3.7638 Z.5910
300 4.1330 3. 8444 3. 3797 1.6115
400 4, Q020 3. 6092 2.38937 0.6321
S00 3. 8650 3. 3740 2.59936
600 3. 7280 3. 1388 &.2038
700 3.59910 2. 9036 1.8134
800 3. 4540 2. 6684 1.4293
900 3. 3170 2.4332 1.033z
1Q00 F. 1800 Z2.1980 0.6432
1100 3. 0423 1.9¢62 Q, 2531
1200 2.90593 1.7275
1300 Z.7689 1.4923
1400 2.6319 1.2571
1500 . 4949 1.0213
1600 2. 3579 0. 787
1700 2.2209 0. 5515
1800 Z.08373 0.3163
1300 1. 9469 0.0811
2000 1.8099
Z100 1.86755
2200 1.5353
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Ea
Ta
dF
Po

/duv

Time at
Temnperat e
thre.)

Q
100
=00
200
400
SO0
(SRR
700
8O0
OO

1000
2000
2000
4000
SQO0
6000
7000
8000
900
10000

Table 4-D

Performarce Prediction Model
15%mm Propelling Charge Contairer
Outdaor Expasure

46323, 1 cal/wale
S0 Deg. C
-0, Q00603
4,55 W/g

Degrees C Degrees C Degrees C Degrees C

Container Cortainer Contairer Container

Temperature Temperature Temperature Temperature
e 30 40 60

Calculated VYalues

4, 9500 4. 5500 4. 5500 4, 5500
4,513 4.312¢ 4,50z 4, 4750
4, 4926 4,475 4,4343 4, 4001
4, 4638 4, 4379 4, 4065 4, 325

4, 4351 4, 4005 4, 3586 4. 2502
4. 4064 4, 3631 4, 3108 4, 1752
4, 3777 4, 3257 4, 2630 4, 1003
4, 3430 4.2883 4, 2151 4, 0253
4, 3202 4,2310 4,1673 3. 3504
4.&29315 4, 2136 4.1134 3.8754
4, 2628 4.1762 4,0716 3.6 15
3.9375¢ 3. 8024 3. 9332 3. 0,09
3. 6884 3. 4286 3.1148 3014
3. 4012 3. 0548 2. 6364 1.5518
3. 1140 2. 6810 2.1380 0, 8023
2. B2E8 2. 3¢C7& 1. 67395

. 9396 1.9334 1.2011

2, 2924 1.993% 0,727

1. 9658 1.1857 Q. 2443

1. 6780 0.81172
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Table 5-D

Performarce Prediction Model
135mm Propelling Charge Contairer
Outdoor Exposure

Ea 7000 cal/male
Ta S0 Deg. C
df/duv =0, QOO603
Fao 4,55 W/g
Degrees C Degrees C Degrees C Degrees €
Tine at Cortainer Contairer Comtainer Container
Temperat ure Tenperature Temperature Temperature Temperature
(hrs. ) 20 30 40 &0
Calculated Values
G 4, 3300 4. 83500 4, 3500 4, 5500
100 4, 5303 4. 5207 4. 5075 4. 4EEE
200 4.5107 4.4914 4, 4630 4, 3825
300 4, 4310 4. 4622 4. 4225 4,2987
400 4,4714 4. 4329 4. 3800 4.2149
SO0 4. 4517 4. 4036 4, 3373 4,131
T8l 4, 4320 4.3743 4, 2350 4.0474
700 4o B124 4. 3450 4,2525 3. 636
800 4. 3927 4.3158 4.2100 3.8739
S00 4. 37360 4.2BES 415974 3.7961
1000 4, 3934 4, 2372 4, 12473 3.7123
2000 4.1568 3. 9644 3. 6393 2. 8747
J000 3. IB0E 2.671¢6 D. 2748 2. 0370
4000 3. 7636 2., 3788 2.8436 1. 1994
SO00 3.5669 3, 0861 e, 4247 0., 3617
£000 3.3703 2.73:3 1.99%7
7000 3.1737 2, S00n 1.574€
8000 2.3771 2. 2077 1.1493%
000 2. 7805 1.31453 0, 7245
10000 £.583%5 1.6221 Q. 8994
euislelel 0.6178
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Table 6-D

Ferformarnce Prediction Model
155mm Propelling Charge Carntairner
Outdcor Exposure

Fa 2900 cal/nole
Ta S0 Deg. C
’ dr/duv ~Q, 000803
Fo 4.95 W/g
Degrees C Degrees C Degrees C Degrees C
‘ Time at Cantainer Container Contairer Contaiver
Temperature Tenperature Temperature Temperature Temperature
(hrs,) 20 30 40 &0
Calculated Values
o 4.5500 4. 5500 4. 5500 4, 5500
100 4.5368 4,5274 4,5125 4, 4558
200 4,5236 4,3048 4.4750 4. 3616
300 4.5100 4, 4821 4., 4375 4. 2674
400 4.4273 4. 4595 4. 3999 4,173z
S00 4.4841 4, 4363 4, 3624 4. 0790
600 4.4709 4, 4143 4. 3249 3.92848
700 4. 4578 4, 3917 4, 2874 2. 8306
800 4.4446 4, 36730 4,24733 2,734
300 4.4314 4. 3464 4.2124 3. 7088
1000 4,418¢ 4, 3238 4,1748 2. 6080
2000 4, 2865 4, 0976 3.7337 2. 6660
2000 4,1547 S.8714 3.4245 1.7240
4000 4, 0230 2. 6452 3. 0434 0, 7820
SO00 2.891z 2. 4190 Z. 6742
&000 3. 75994 3.19z8 2.2931
7000 2.6277 2. 96EE 1.9833
8000 3. 4953 2. 7404 1, 54886
3000 3. 3642 2. 5142 1.173¢
10000 3.2324 2. &880 0.7985
20000 1,9148
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Table 7-D
Performarice Fredicticon Madel
133mm Propelling Charge Container
Humid Irdcor Storage
Ea 12000 cal/mcle
Ta 60 Deg. C
dP/duy -0, 00013
Pa 4,35 W/g
- Degrees C Degrees C Degrees C Degrees C
Time at Cantainer Container Container Contairer
Temperature Temperature Temperature Temperature Temperature
) (hrs.) 0 10 20 30
Calculated VYalues
0 4. 5500 4, 5500 4., 9500 4, SS00
100 4, 53498 4.35495 4.9489 4,5479
200 4.59435 4.5430 4.5478 © 4,5457
300 4, 5493 4.5484 4, 5467 4, 5436
400 4.3430 4.95473 4. 5457 4.5414
=00 4,5488 4,9474 4, 5446 4.35333
600 4, S486 4.5463 4, 5435 4.5371
700 4.5483 4.5463 4,5424 4,.5350
800 4,548 4.5458 4,5413 4,5328
300 4,5473 4.5453 4 5402 4,5307
1000 4,9476 4,35448 4,539 4. 5286
2000 4. 9452 4.539%¢ 4,5283 4.9071
3000 4, 5429 4,5343 4,5173 4, 4857
{000 4.5405 4, 5231 4, 5067 4. 4642
S000 4,5381 4.5239 4, 4958 4. 4428
6000 4, 5357 4,5187 4, 4850 4,413
7000 4,.5333 4.513S 4.4741 4. 3399
8000 4.5310 4.5083 4. 4633 4,3784
3000 4,528¢6 4.5030 4, 4525 4,3570
10000 4, 5262 4.49378 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
S0000 4. 4309 4.2831 4, 0082 3.4777
- €000 4.4071 4.2370 3.87998 3. 2632
70000 4, 3833 4. 1848 3.7915 3.0488
80000 4.3535 4,1326 3.6831 2.8343
v 90000 4, 3357 4.0804 3.5747 2.6138
100000 4,31159 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 Prediction Mcdel
158mm Propelling Charge Container
Humid Irdocr Storage
Ea 26000 cal/ncle
Ta 60 Dey. €
dF/duy -Q, 00013
- Fa 4,55 W/y
Degrees C  Degrees C Degrees C Degrees C
Time at Container Contairer Container Cortainer
¢ Temperature Tenperature Temperature Temperature Temperature
(hre.) 0 10 20 30
Calculated Values
0 4, 5500 4, 3500 4, 3300 4. 5500
100 4, S500 - 9500 4, 54933 4.5437
200 4, 3500 4, 5500 4, 5499 4.3435
300 4, 9500 4. 5500 4,5498 4,549z
400 4. 5500 4. 5500 4.5498 4.5430
S0¢ 4, 3500 4.0439 4, 54537 4, 5487
€00 4, 5500 4.5439 4.549¢ 4.5484
700 4, 5500 4,5499 4.5496 4, 5482
800 4. 3500 4, 5439 4.5432 4.5479
900 4. 5500 4,5439 4, 5495 4.547¢6
1000 4. 5500 4,5439 4, 5494 4,5474
2000 4. 5500 4.54938 4.35488 4.5448
3000 4.5493 4,346 4, 3482 4, 5421
4000 4.5433 4. 5495 4,5476 4.543%
S000 4, 5499 4.39494 4,547¢Q 4, 5369
&O0O0 4, 5499 4.5433 4.59464 4. 5542
7000 4.54938 4, 5431 4,35458 4,3317
8G00 4, 5438 4, 5430 4. 5458 4,5230
3000 4.5498 4,5483 4, 544¢ 4, 5264
10000 4,5438 4, 5488 4, 5440 4,5238
20000 4.54%6 4.54735 4.5381 4, 437¢
30000 4,354332 4, 9463 4,532 4, 4714
40000 4, 5491 4,5451 4.9261 4, 4452
S0000 4.5489 4. 0439 4,520 4, 4130
- 60000 4,5487 4, 54326 4,5142 4, 3328
70000 4.5484 4.5414 4.5082 4, 366E
. 80000 4.5482 4, 3402 4,502 4. 3404
90000 4.5480 4.5390 4. 4363 4, 314
100000 4.9478 4,59377 4.4903 4, 2880
200000 4,9455 4, 9295 4. 4306 4. 0260
200000 4,5433 4,9132 4.3709 2. 76373
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Ea
Ta
dp
Po

/duv

Time at
Tenperature
(hrs.)

Q

100
Q0
300
400
SO0
600
700
800
QOO
1000
2000
2000
L4000
S000
6000
7000
8000
GO0
10000
20000
30000
40000
50000
70000
80000
90000
1 Q0000
200000

Table 9-D

Ferfoarmance Frediction Model
1535mn Propelling Charge Contairner
Dry Indoor Storage

12000 cal/mcle
71 Deg. C
-0, Q00036

4,55 W/ng
Degrees C Degrees C Deyrees C Degrees C
Cartairer Container Container Container
Temperature Temperature Temperature Temperature

0 10 20 3¢

Calculated Values

4, 5500 4. 5500 4, 3500 4, 3500
4, 5500 4.3493 4.5498 4, 5497
4, 54939 4, 5438 4, 5437 4,543%
4. 5493 4.54938 4, 5435 4. 54930
4,549393 4, 9437 4,5493 4, 9487
4.5438 4, 5496 4, 549 4. 3482
4.5498 4.549% 4, 5430 4, 5480
4, 5497 4.5494 4.5488 4. 5477
4. 5497 4.5494 4.5487 4,5473
4, 5497 4. 54935 4, 5485 4. 9470
4,949¢ 4. 54932 4.5483 4, 5467
4, 5493 4, 5484 4. 54€6 4, 54354
4.5489 4,5476 4, 5450 4, 5400
45485 4. 5468 4, 5433 4,956
4, 5482 4.5460 4, 3416 4,5334
4,5478 4. 5452 4.3399 4, 5301
4.5474 4,5443 4,5383 4, 5268
4,547 4.5435 4. 5366 4. 5835
4. 5467 4.5427 4.5345 4, 5201
4,5463 4.35419 4,533 4,5168
4, 5426 4,333 4,516% 4. 4856
4, 536853 4,525 4, 4997 4. 4504
4.5353 4.5177 4.4829 4. 4173
4.5316 4, 098 4, 4662 4. 3841
4, 5279 4,5016 4, 4434 4, 3509
4, 5242 4, 4335 4, 4326 4, 3177
4, 5205 4. 4854 4. 4153 4, 2845
4.5168 4, 4773 4, 3391 4. 2513
4,513z 4, 4633 4. 3823 4,2181
4, 4763 4, 3885 L2146 2. 8863
4. 4395 4,3078 4, Q470 2.5544
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Table 10-D

Performarce Predictiorn Mcocdel
15%mm Propelling Charge Container
Dry Indoo~ Storage

Ea 26000 pal/male
To 71 Deg. C
dR/duv -0 000036
Pa 4.55 W/g
Degrees C Degrees C Degrees C Degrees C
Time at Coantainer Container Container Container
Temperature Tenperature Temperature Temperature Temperature
thrs.) 8] 10 20 20
Calculated Values
0O 4, 5500 4. 5500 4, 3500 4.5500
100 4. 5500 4.3500 4, 5500 4. 5500
200 4, 5300 4.58500 4, S500 4. 5500
300 4, 5500 4, 3500 4, 5500 4, 5439
400 4, 3500 4. 5500 4, 3500 4.9493
00 4, 5500 4. 3500 4, 3500 4. 5499
600 4. 5500 4, 3500 4., 5500 4, 54972
700 4, S500 4, 5500 4. 3300 4, 5439
800 4, GR00 4.5500 4, 3500 4.5498
00 4, 9500 4, 5500 . S500 4. 5438
1000 4., 8500 4.5500 4, 5500 4.5438
2000 4, 5500 4, 5500 4, 5433 4. 5496
3000 4, 5900 4. 3500 4, 5492 4. 5494
4000 4, 5500 4. 5500 4.5438 4.5492
S000 4, 5500 4. 3500 4. 54938 4,5430
6000 4, 8500 4. 5493 4. 5437 4. 5488
7000 4, 5300 4.5433 4,9437 4. S48¢
8000 4, 5500 4.5499 4. S49¢ 4. 5484
3000 4, 5500 4.549% 4. 9436 4.5481
10000 4, 3500 4, 5499 4. 9495 4,5479
20000 4. 5500 L.3438 4, 35491 4.5453
30000 4, 5499 4, 5497 4, 5486 4.5438
40000 4, 59499 4, 3496 4. 5481 4.5418
S0000 4, 5499 4.5495 4,5477 4. 5337
60000 4,5499 4.35494 4.5472 4,3377
70000 4. 5499 4.5495 4. 5467 4.59356
8000¢ 4. 5499 4.5432 4,5463 4.5336
90000 4, 5438 4. 5491 4.5458 4.531%
100000 4, 5438 4, 5430 4.3453 4.5234
200000 4,549¢6 4, 5461 4.340¢€ 4, 5083
300000 4. 354933 4.59471 4,3359 4.4883
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