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I JQ" This Test Operations Ptocedure LTOPT describes general procedures
tor atmouspt.etxi field exposure of materials in a humid tropic environment and
tor measurint changes in physical propwrttes ot the materials alter eonosuss

2 FACILITIES M IStlET1I

a Exposure Facilities Thv LUnktd States Army Tropic Teat Site (TTS)
Fort Clayton. Paamma, has a amboe of sites available for exposure of
"mate-isis Those sites provide various tropic macro eonviaointu each o*w
h~viang poculiaz conditions -that accelerate specific enviroetental effects
The appropriate exposure site should be selected based on the unique require
ments of the test Itea A brief description of the gener|l ernvironmental -
conditions at each site is presented in Appo..Ln, C A vdner of different
micro-environments also may be foui% at each exposure &It* Th ea shoald be
considere4 when selecting a specific locatio" at he exposu.re sit* ich

'This TOP sup1isedes TOP 1 2 6bl dated I IKai 19so
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micro-environment vii affect the material differently Theretore., all micro-
environments present at any site should be corsidisred at the test planning
stage during site selection

Ixposute Sites Nmterials *s"Gsoue will be Con6octed in
the natural environment A suitable
eopsure site should be selected In the
humid tropics based on the exected

eneironmental conditiona umnder whtch the
test itse" is inteoded to be used
"(Wetrallv. seleLtion of exposure sites
should be meod in the most seavere, yet

teallstic natural environment available
to Increase the chances of detecting
material problems ruvirommentsal
patratets normally considered tor site

selectiosn are

a Daily Temperature (high. low. mean)
b Relative kHuiditV (high. low. mean)
c Rainfall (monthly, daily)
d Vegetation Description (types. stem

size. step density and height)
V Solar Radiation (intensity. wavelength

range)
f Soil (type)
g Wind (direction and speed)
h Atmospheric Saltfall (Chloride)

tog (CI-1/(ml -day))
i Nicrobial Activity (levels)
J lnject Activity (typos and levels)

NOTiU The Importance of each of theie parameters is discussed in Appendix B.

Laboratorv Facility This facility has a suitable environment
for conducting laboratory tests to
measure physical properties of test
materials. Storage of control material
samples is normally accomplished under
controlled enviromental '.onditions
within the laborsaory facility.

"kefers to an individual material specimen

Il! - I - _ - i .I lJ
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eteorological Site Instruments for collecting climatological
data during the exposure test should be
located in the immediate area of *ýhe
"materials under test Histerical data
may provide suitable characterization of
meteorological conditions for long term
exposure programs

Expostar, Ot, ks These structures are used to hold the
test materials at a spectiLed heij~ht and
"anle of exposure The racks must bc
securely ar&mhored for protection against
high seasonal vinds or tropical storm.

'iamdle Holders Most material samples tested will not be
suitable tot mounting directlv on
exposure racks In these cases, sample
holders are used to support the test
spec linens

b Exposure Modes The materials to be tested nav be evaluated
according to any of the followin& condition& (or exposure modes) under which
the matevials are intended to be used or stored

Direct Exposure Exposure to all prevailing atmospheric
elements

Open Shed Exposure under a roofed structure with
open sides perriftting free air flow but
not subject to direct sunlight and
rainfall

-Ovvid r -pusuw FIpioximately 10 co above the
ground on a pallet and covered with
ta.rpaulin to exclude direct sunlight and
rainfall

Storehouse Exposure in a large building. cent, or
bunker

2 2 Intorumentation

aL Field Instru iento The tollowing types of inst-uments are required

3
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fcr field inspection and data collection. Accuracy of the instruments will
depend upon specific test requirements and should be addressed during test
planning with attention given to the maximum permissible errors.

(1) MKeteorologLcal Instruments.

DeviceUL JO iAML& KaLsurena nt of, Accuracy

Temperature 20C

Relative humility < 901 ± 1. 2 90. ± 5l

kaintall ±I mm

Solar radiation 5 %1 of cumulative. ± 21 of
individual reading

ilnd speed 5 1i of observed value

Wind direction straight/steady gu s. gusts ± 10"

Air salt deposition ± 10% of measured value

Ozone. Nitrous Oxide.
Hydrocarbons. Sulfut compounds 10 of measured value

Ambient light ± 101 of measured value

(2) Miscellaneous Instruments

Sample weight changes 1 0 1% of measured 'alue or
as otherwise speclfied

Visual changes of s.mple as specified b, Lhe
appropriate P.andard

ristances 1 1/3000 (surveyed) of
observed value. ± 21
(vehicular) of observed value

Heading ±

Surface analysis 1 101 of measured value

Sample characteristics as specified by the
appropriate star•dard
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Dimensions t 0.02 mmn, 0.1% of measured
vi-tue, or as specified

Durability ± 52 of expected service life

Color J I color chart division

b. Laboratory instruments. The selected procedures for measurement of
material characteristics (paragraph 3.l.d) will determine the required
laboratory instruments for the exposure test. The required accuracy of the
instruments usually will be given by selected standard procedures (e.g..
American Society for Testing and Katerials (ASTK) standards or Federal Test

Method standards) and should be addressed during test planning.

Changes in tensile streogth. ± 2r, of measured value
elasticity, and absolute
elongation of polymers, metals

and fabrics.

Surface deterioration. ftngal as specified by the
growth. and contamination- appropriate standards

Locating surtace and sub-surtace as specified by the
flaws in the materials appropriate standards

Thickness. length, width, depth. 1 0 02 am. ± 0 It of
inslae diameter, outside dis- measurement
mater, and other physical dimen-
sions of the test material

Precise weight of test materials 1 0 1 of measured value

Changes in permeability of ± 51 of measured value
fabrics and packagin& materials

Inorganic materials such as as specified by the
corrosion products appropriate standards

IEtermining chemicai changes in as spectiled by the
surface of organic uaterials appropriate standards

3 LE0JIR[D TEST QUEDlTllOS

3.1 Protest Prguaratln.

a Establish scope and nbjective(s) of exposure test For example.
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exposure tests may be planned to permit reporting:

(1) Changes in the physical properties of the material after A
specified exposure time;

(2) Exposure time to the occurrence of a apeitied physical change
in the material or of a specific event. such as the accumlation of a
specified amount of solar radiation;

(3) Degradation profile, namely a record of a series of measurements
of changes in physical characteristics after specified exposure period&

b. Select exposure site(s) and mode(s) of exposure and determine thephysical characteristics of the material to be monitored and smasured
Selection of the exposure site(s) and mode(s) should be made on the basis of
the expected envirotmerntal conditions under which the test material is
irntendwid to be used While selecting the exposure site(s) consider the moit
severe. yet reallutic. zjetural environment available to increase the chances
of detecting material deterioration. Selection of physical characteristics
to be measured should be based on the expected end use of the material.

c Establish fixed procedures for prp' ring. conditioning. and cleaning
of the is-terial spectimns The procedures will vary with mat.rialz but must
be uniform to provide comparative results

d Establish labotatorv methods and procedures tor measurmeent of
siatetial characteristics When available. standard methods and procedures
shauld be employed. such as Federal Test Method standards or ASTh standards.

a Deteruine required instrvmentation and its accuracy for measurement
of material characteristics in accoruetnce witi. ,Aw) selected methods and
procedures

t Design data collection sheet(s) tot- collection of laboratory test
date

g Establish scoring standards or sy+,tms for application durinig visual
inspections of the exposed mate6ial samples Appendix E includes eight
references as guides for visual evaluation. ''

h Establish exposure test period Durv" on of exposure is determined
by the requirement of the individual test and .is material under test For
example. mteriels such as ceoamics deteriorate alowly over a period of years
while carbon steel might rust through withi". iht -;*oeeks

i Establish * field irspection scheAlte and a samle retrieval
schedule An appropriate retrieval schedule is critical to the test The

""Superscript numbers correspond to those in Appendix E. References

6
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schedule is determined by thv severity of zhe exposure site. the degradation
characteristics of the material, test duration, and cest objectives. The
following sample retrieval schedules are based or. experience of matoriml
&xposure at TTS sites and are intended for general guidance only.

AverageRaterial Qsr Tm Týicgl Retrieval Schedule

Carbon Steel 2 weeks Weekly
(thickness, 0.25 mm)

Cotton Fabric 1 year Biweekly foz first 8 weeks; monthly
thereafter.

Plasti,.s (polyvinyl I year Iiweiklv for firs 8 weeks. monthly
chloride and nylon) thereafter
Latex (natural rubber) 3 months Daily for first 3 weeks, weekly

thereafter

j Estisiate the total sample size of material required to meez the test
objective Estimation of the sample size should be based on the test
•.quirements. exposure test length. retrieval schedule, type of laboratory
test (dvstructive/nondestructive). repeatability of measuremett techniques.
expected "terlal deterioration pattern, and prior knowledge of material
hotsogeneitv The sample size should include a sufficient number ot samples
to serve as control samples (Paragraph 3 3) A statistician and materials
wngi:veei should be consulted fot assistance in tstimating the required sample
It--e 1his is a critical step In test planning because an insufficient sample
size will jeopardize meeting test objpctives If test material is available
during the test planning phase- procedures at paragraph 3 3 b should be
performed at this time

k Establish the experimental design and statisttcal anilvses proposed
for addressing the objectives of !he exposure test

I Pre-arr a tr~t t-prel"ns checklist using the checklist provioed in
Appendix A as a guide The test operations checklist should cover specitics
fot the test material 4nd tebt milestones

3 1 1 Facilities

a Exposure Site Kessucr and record appropriate envirormental site
parameters Install exposure rackts) The area beneath the exposure tacks
:.hould be typical of the ground cover of the site or as specified in the test
plan

b Neteovological Site Install selected instr.mentation for
measurement of climatological data at the meteorological site. if feasible
and required Historical climatological data may be sufficient to
characterize meteorological conditions for long term exposure programs

.• ,2 " m [IW ... I . .. II " 'i--... .. I " • t IfI• .. ....... ......... .. .
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c Exposure Racks The design of the exposure racks (Figure 1) depends
on the size and characterization of the test material. Rack% and associated
hardware should be constructed of materials that are highly resistant to
corrosior Aluminum Alloy No. 6061-T6 and Monet' ore recommended as con-
struztion materials. Cenerally the racks should be designed to position the
exposed surfaces of. the material specimans at an angle of 30 degrees to the
horizontal. facing south or east For some materials. other orientations.
such as vertical or horizontal, may be required The. exposure rack ahould
not normally constitute a backing ior the specimens The rack should be
designed that the lovest specimens positioned on the rack are exposed at a
minimun height of 115 cm above the ground level, as shown in the figure
below, unless otherwise dictated by the expected use of the test material

tw

A/
"~j" I! __ K

(1-"183 am)

Figure 1 Typical thir:y degree expouure rack (rack may be 45 degrees)
(Frame mater.al is clotted aluminum angles, approximately 1 1,/2
,.3 81 ca) by 2 1/2 (6 35 cm) inches. 0.1 (0.25 cm) inches thick

d Sample Holders Sample 1iolders should be constructed of an inert
material, such as cera.ic ins-ulators. aluaisku- extruded shapes, and plexiglass
strips The sample holditrs ahould be designed so that the specime'ns cannot
shitt position. yet not be constrained (i a . be free to expand or contract

Swith thermal changes, to swemll from moisture absorption or to shrink because
"of plasticizer loss) The geom-tric shape. ,expected static or dynamic stress
use-conditions. physical size. weight. flexibility. and resistance to air flov
of the specimens must be considered in the selection of the specimen ho!deri

8
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Unless specified by the design, the specimen holder &hould not corstitute a
backing for the portion of the material to be evaluated.

3.1.2 Instrumentation.

Ensure that and laboratory instruments are calibrated IAW Army
Regulation (AR) 750-25'

3.1.3 Test Specimens.

a. Test specimens should be procured from the same materiil lot to
optimize homogensity. The specimens should be prepared and conditioned
identically 1AW selected procedures (Paragraph 3.lc)

b. Zxposure test specimens may be of any size or shape that can be
mounted in a holder directly applied to the racks or as specified by the
appropriate test design. The specimens must be of sufficient size so that an
appropriate number of suitable specimens may be cut for evaluation Exposure
test specimens should be large enough xo that mounting edges can be removed if
test results would otherwise be affected.

c. Normally, all materials of unknown e*rd-use application will be
exposed in an unbacked condition. When conditions of use are known, the
specimen exposed will be displayed in a manner that conforms to the proposed
use mode. Backing may be necessary to simulate the proposed use mode. The
effect of backing is highly significant and say contribute to the degradation
as a function of reilectance and heat absorption. Backing shall be used only
to simulate an end-"Q system rathcr than as a standard mounting Method.

d, All tost specimens should be marked with appropriate identification,
which must remain legible throughoitt the exposure period. The rack itself and
the position on the rack should be identified. Aiter all specimens are placed
on the racks, the test officer should have a detailed sketch or photograph!.c
record ot the completed rack.with all the Pppropdiate markings and identifica-
tions

e The specimens to be removed after each retrieval interval should be
determined before exposure. These specimens should be exposed randomly oft
different racks to ensure a representative exposure.

t Packaging is an important factor to be conzidered before exposing
th:e material. The packaging method should not damage or aiter any properties
of the specimens while transporting the retrieved specimens back to the
laboratories for detailed analysis Preferably, each specimen should be
wtrapped individually in an inert envelope, such as paper or plastic In cases
vhere specimen surfaces are to be examined, soft padded tissue should be used
to wrap the specimens. Plastic bags may be szaled as appropriate. Desiccant
packs must be used it the material is subject to degradation by humidity
S;hipping of specimens should be by thl- fastest method available

9
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3.2 Environmental Impact Assessment

a. In compliance with the National Environmental Policy Act (NEPA), the

Department of the Army (DA) requires that a life cycle environmental document
(LCED) be prepared and that potential environmental impacta be assessed at the
earliest practicable stage in the planning process of all tests. Proposed
testing at U.S. Army Test and Evaluation Command (TECOM) facilities shall also
be assessed for environmentAl impact. An appropriate Record of Environmental
Consideration (REC) is required for all tests. When a proposed action may
significantly affect the quality of the environment, is highly environmentally
controversial, or is expected to evoke litigation based on environmental
issues, a detailed envircrmental impact statement (EIS) shall be prepared and
evaluated IAW NEPA processes. Before the Lest begins, the project officer
shall ensure that an LCED. a REC. and an EIS. or other appropriate
documentation has been received and understood

3.3 Test Contols and Limitations.

There arp basically two typts of control samples- aged and unaged.

a Unaged control specimens are those material specimens tested prior to
any storage or exposure The resulting test data are used as baseline data
(zero time on the performance "yersus exposure time graphs) and for confirma-
tion of the prev'ous assuwption of the degree of sample homogeneity (Paragraph
3 1 j) used for estimating the total sample size required for the exposure
test The size of the sample allocated to this control group should be
determined by a statistician experienced in experimental design, Based on the
test results of the unaged control samples, modification of the specimen
retrieval schedule or changes to ti-a exposed sample size(s) may be required
tot achievement oe the test objectives.

b Aged control specimens are thoge material specimens stored at
controlled standard conditions of 23*1"C with 50+2 percent relative humidity
and covered with inert wrapping to exclude light exposure, unless othervise
specifies by test requirements. These samples are removed periodically from
controlled storage and are tested in the laboratory along with exposed
samples Test data are used to identify the occurrence of nontropic
deterioration effects and systematic err'ors in laboratory test procedures
Sufficient material specimens should he allocated to this control group to
obtain statistically significant tr.t results. A statistician should be
consulted for estimation of the required sample size Aged control samples
are also used for comparison p,,.'poses during field inspection of the exposed
samples

•3•4 Data Required

a Description ot exposure site(s) and mode(s) to include

(1) Soil (tirpe.

10
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(2) Vegetation (type, stem sire, stem spacing, and canopy hc.ight);

(3) Ground cover in imediato vicinity of exposure racks (type): and

(4) Slope of bite ýd.prees)

b. Physical location of meteoroiloical facility relative to test
site(s).

c. Description of exposure rack and sample holder construction.

d. Orientation of exposure rack(s).

e. Hethod of mouitring specimens

i Record of material specimen layout oni "xposure racks

g Description of material specimens including photographs

h Desciiption of specime-a conditioning and cleaning procedures.

i, Identification of laboratory test(s) to evaluate material
deterioration.

j Identification of scoring standards for visual inspections

k Results of laboratory tests of control specimens (baseline data)

I Exposure test period.

m Total sample size and ahllocation of specimens to control and exposure
siteks)

n Field inspection and specimen retrieval schedules

4. TEST PROCEDURES.

4 1 Procedures

a Install specimens on expos'are racks IAW the planned layout (Paragraph
3 13d)

NOTE Some kinds of sample materials are sensitive to cortamination by skin
contact For such materials, it is important to handle only with
suitable gloves, such as lint-free cotton, plastic, or rubber. This is
more of a requirement on initial omurscement than on retrieval

b Inspect the exposed specimens IAW che field inspection schedule
(Paragraph 3 1 1) Record data on Inspection Data Sheet(s), a! showi in

. ..........
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Appendix A. During field inspection. exercise caution in inspecting the
specimens. They uhould not be disturbed unless specified by the test design.

c. Retrieve specimens IAW the retrieval schedule (Paragraph 3.1.1).
Specimens should be packaged IAW established packing instruction (Paragraph
3.1.3.f). Transport srecimens to the laboratovy facility expeditiously.

d. Perform laboratory test on the retrieved specimens to determine
changes in their physical properties. Perform laboratory tests concurrently
on specimens from the aged control group. Record Jata on inspection data
sheets.

e. Compile and analyze test results.

f. When appropriate, adjust the field inspection schedule and specimen
retrieval schedule as data arv compiled and analyzed to obtain meaningful test
results or to reduce test costs. Somo, exposure sites may be morQ or lezs
severe to the specific material under rest than was originally est mated.

4.2 Test Controls and Limitations.

a Ensure that all sensors, recorders, and instrumentation are in a
cu,'rent state of calibration.

b Ensure that clean plastic gloves are worn at ill times when mounting
and removing specimens if so specified

c. Perform periodic inspections of the exposure site(s) to ensure
materials are properly exposed IAW te.t design1 d. Procure test sample material from the same lot to optimize sample
homogeneity.

e Provide for unaged and aged control samples (Paragraph 3.3).

F Utilize randomization techniques for the following actions (consult a

statistician for proper randomization procedures)-

(1) Sample selection from material lot.

(2) Specimen allocation (control and expused samples).

(3) SpecLien emplacement on exposure rack(s).

(4) Specimen rettleval from exponure rack(s)

(5) Laboratory testing of specimens (control and exposed samples)

12
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4.3 Data Required.

a. Daily Meteorological Data:

(1) Ambient temperature (minimunm, maxim-m. average) in 'C.

(2) Relative humidity (minimum, maximum, averagte) in percent.

(3) Wind speed (minimum. maximum, average), as required in m/sec.

(4) Wind direction (hourly or as required) in degrees.

(5) Solar radiation (total, horizontal/vertical. wavelength/
intensity) in J/ma.

(6) Rainfall (total and intensity), as requirwd in mm

(7) SulItfall (total), as required in (IglCV-]/(m1. day)).

(8) Other air contaminants, as required.

NOTE: Historical climatological data may be sufficient to cher:cterize
meteorological conditions fo,- long term exposure programs.

b. Field inspection data for each specimen lAW Inspection Data Sheet
(Appendix A).

c. Laboratory test data for each specimen (measurements of physical
properties of materials).

d. Duration, location, and dates of exposure for each specimen.

e. Presence, extent, and identification of biological growth on the
exposed specimens.

f. Material surface deterioration observed visually and under the

microscope

5. IATA REDUCTIOI AND PRM ESTATION.

a. Present the data outlined in paragraphs 3.4 and 4.3 in narrative,
tabular or chart format, as appropriate.

b. Compute the sampie means and standard deviations of the measured
physical propeeties of the materials and tabulate by exposure site, mode and
exposure times.

c. Perform appropriate statistical tests to determine significance of
changes in the physical properties of exposed material.

13
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4 DOeVlop graph& and display photographs for significantly different
grcAps of data to show chanhes of mAterial properties versus exposure times

e Analyze the data as required to doter wtUm votwhr observed changes in
material properties are statistically related to specific environoental
conditions

I.I

14
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"APR3NDIX A SMAPLL TEST OPUATIOMS O LMUST
AND IlLWL TEST IMSPLCTION DATA SHUT

Savmle Test Operations Checklist

I toe Yes No MA

I Scope and objectives of exposure test established?

2 Exposure iest(&) and mode(s) selected?

3 Methods and procedures selected for measurement of
physical properties of materials'

4 Scoring standards selected for visual inspection3'

5. Field and laboratorv instruments with required
accuracy procured?

6. Length of exposure test and 3ampltv size determined?

7 Field Inspection schedule established?

8. Sample retrieval schedule establish?

9 aselline data (control samples, paragraph 3 3)
collected aid analyzed?

10. Exposure rack(s) and sample holder(s) conntruscted?

11. Meteorological site established?

12. Required preparatorv data (paragraph 3.4) recorded?

13. Material samples ewplaced at exposure site(s)?

14. Test milestones completed? (List test milestones by
date, check off as complicated.)

15. All modifications to initial test design documented?

16. Required test data (paragraph 4.3) recorded?

A-1
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Sample Test Inspection Date Sheet

MWOJICT NO

SITE
DATE
WL•ATYE COITIOM

"INSPI•M

DISCKIPTIO/R OF SPIM __M_

I. General Appearance _

a. Surface nature (describe).

b. Surface damage (If yes. type of damage) Yea No
Broken? Yes Ko
Cracks? Yes No
Scoring? Yes No
Crazing? Yeo No
I of Damage.

c Color: Compare exposed specimen with aged control samples and
describe differences: If new
color, identify using WmsRell Color Guidse

Fading Yes No

d. Is sample Transparent? Yes No
Translucent? Yes No
Opaque? Yes No

e. Appearance. Glossy _ Dull_

2 Debris (any foreign matter on sample): Yes No

a. Percent top surface coverage:

b. Percent bottom surface coveragee:

c. Color of:

d. Shape of,_

e. Imbedded in material: Yes No
If no. is it loose? Yes No
If yes. give depth: I Coverage

A-2
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f. identify nature of debris (use of microscope Is recommended):

Salts Yes No
Corrosion products Yen NO
Soil Yes No
Plant exudaces Yeu No
Seeds Yes No
Pollen Yes No
Spores Yes-No
Algae Yes No
Insect @"as Yes No
Othur (Identify) Yes No

g. Collect debris for laboratory analyses.

3. Surface Temperature (if required) (time taken).

4 Corrosion:
Color(s) (describe).
Texture (describe):
Percent top surface coverage(s)"
Percent bottom surface coverage(s)_
Location(s) (describe--use photographs or line drawln. for clarity):

5. Condition

a. Is the specimen on the rack? Yes No
If no. iv it on the ground? Yes No
(identify)- -

If no, is It missing' Yem-No
If missing, explain:

b Is the asecimen damaged? Yes No
If yes, by Awa and to what extent (describe):

6 OLhne Commnts (for example, changes in dimensions becauze of stretching.
swelling or shrinking):"

A-)
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APPMIX A. IUUMOANCE OF VIVIRO•hhIKTAL PARAMNITES

1 Temperature: The rate of chemical reactions Increaes with temperature.
Many microorganisms exhibit maximai growth r. en temperatures are between
24 ad 36C Aix and surface tesiperature mesursaents should be made if the

study is designed to develop caus-effect relations.

2. Humidity, Condensation becomes a problem w~hen th relative humidity
approaches 100 percent. Water as vapor. can diffuse into almost any container

through pinhole or cracks larger than O0OO microns (QA) and condense there.
Water helps deteriorate materials by serving as a:

growth medium for bacteria, fungi and other microorganisms.

transport modium for chemicals.

medium tor chemical reaction.

hydration agent for dry materials, causing them to swell.

3 Rainfall Tropical raintall is usually a heavy downpour of a relatively
short duration Two important effects on materials are as follows: thermal
shock due to rapid cooling caused by water on hot surfaces. and wetting of
surfaces, thus initiating corrosion processes Lainwater normally contains
dissolved salts and is saturated with oxygen This water provides an

electrolytic path for corrosion propagation

d Vegetation Some types of vegetation exude tannins. sugars. and other
natural plant products that may support microbial growth and corrosion
processes

5 Solar Radiation (to include ultraviolet radiation). Radiation can damage
exposed samples caasing cross lInking and changes in polymeric structure aMV;
color Solar radiation may damage heat sensitive items and cause sublimation
of polymers and solvents.

6 Soil Type Soil chemistry and surface water influence, moisture absorp-
tion. insect infestation, rot. and corrosion processes of materials used or

7. Wind Direction and Speed: Uind direction and intensity will influence the
amount of particulates that impinge on the test material. At coastal sites.
moisture and salt are also transported by winds.

S. Salt Air Airborne salt will greatly licreaie the corrosion of Asetals.
especially galvanic corrosion. Sites with heavy iam-•fall v•h.bit rapid
corrosion rates.

S-i
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9. Microbial Activity: Microbial activity is important w4onever micro-organisas uai the exposed sample as a nutrition source or mhen the metabolic
products are detrimeatal to the material.

10. Inrsect Fauna: Exposure items, in many instances, serve as food and as a
habitat f•r a variety of insects Metabolic vast. fro& these insects may
damags the exposure items through the action of organic acids or by acting &a
a substrate for microbial attack.
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APPE•NDIX C. DKSCRIPTION• OF USATTS EXPOSURE SIUSL

1. U.S. Army Tropic Test Site (TTS) ha exposure sites an the Atlantic and

Pacific sides of the Pa~ms Isthm~us. A description in given of the severity

of several e9osure site* for selected mtorlalj In the USATTC report.
Determinttior, if Optimum Tropic Storage and Exposure Sites., The climate of
the TTS sites is classified as either constant high humidity or variable high
humidity by AR 70-38.2 Additional exposure testing data may be found in
USATTC report. Materiel Testing in the Tropics.'

2. On the Atlantic side, there are four atmospheric exposure sites All are

located on Fort Sherman

SitesGrid Coordinates

Fort Sherman Breakwater Exposure 15603614
Fort Sherman Coastal Exposure 15203596
Fort Sherman Open Exposure 14803144
Fort Shermsan Forest Exposure lb03113

a. The Breakwater Exposure site is located on the west breakwater at the
northern entrance of the Panama Canal on Toro Point The area is barren, with
sparse vegetation. Wind blows continuously froa the north There is consid-
erable salt spray because of the combined effect of continuous wave action
and wind. Tho site is open with no shade and is 84 by 4.5 meters. It has
stands and panel racks of Honel and additional space to accommodate more racks
and specimens It In the most aggressive natural atmospheric corrosion site

in the world.*

b. The Coastal Exposure Site is located about 500 meters west of the
Breakwater Site, 50 meters iron the water line, and protected by a coral reef.
which greatly reduces wave action and makes atmo'pheric saltfall were typical

'Sprouse, JF., M.D Neptune, and i C. Bryaa. Determination of QpLimu
Trooic Storasw and Exposure Sites.. ietort. 1. Ein=rical Data Canal Zone.
U.S Army Tropic Test Center. TECOK Project No 9-GO-009-000-006, AD AOO017.
USATTC Report No 7403001, March 1974

JA.. O-~i IAUN.703 Reerh Deeopet Tes . -- W Evaluation of

Materiel for Extrem Climatic Condition, I August 1979

'Hateriel Testing the Tronics U S. Army Tropic Test Center, TECOI Project
No 9-CD-150-000-002, USATTC keport No 790401. Apr il 1919

"Downs. George F III and Earl A. Baker. Coarative Corrosion Evaluation:
fjgLU,%b--an. Pans"_ and Kure Beach. North CarolIMg. U S Army Tropic Test
Center. TECOM Project No 7-CO-RB7-TTO-003. VSATTC Report No 891001.
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of other marine exposure sites. The fenced area is 12 by 20 meters. largely
-W coral soil. covered by grass. There is no shade. Aluminum racks and exposure

cabinets are available at this site. Although substantially less aggressive
than the breakwater Site. continuin& high humidity, warm temqperatures and
fiequont vatting and drying cambine to make this site more agremsive than
most other marine atmospheric corrosion sites s

c The Open EKxpouure site. 60 by 30 meters. is about 16 kilometers
inland The atmospheric saltfall is much less than at the Coastal or
Breakwater sitcs.' The site floor is covered modtly by grass and there is no
vegetation to shad* the exposure racks. During the rainy season, the watertable is at or near ground leveh, resulting in very high humidity near the
surface Comercial electric poier is available.

d The Forest Exposure site is located in a tropical moist forest. The
forest canopy covers the site completely and the trees are considered mature
The relative humidity at this site remains fairly constant near 95 percent

! during the wet season (mid-March to mid-December) Little sunlight reaches
the forest floor and the atmospheric sa.tfoll is low This site should be
used for exposure of noncritical materials because it in unguarded, and
unfenced Alternating current (AC) power is not 4vailable

3 On the Pacific side of the Ist|mus. TTS has tvo sites in Fort Clayton and
one site iti kodman Naval Station

Sites Grid Courdinates

Fort Clayton General Purpose Test Area 55bO9850
Fort Clayton Multipurpose Test Area %5129523
Rodman Naval Station Munitions

Surveillance Site 52179160

a The General Purpose Test Area has a variety of different micro-
environments because of its relatively !Vr&e area They differ from each
other, such as under canopy. in the open. on a creek. on a slope, grasslands.
etc This test area is not secured and im currently only in use for tests of
termite Insecticides on treated stakes because of frequent intrusions by
local nationals and troops in training, there is no guarantee or expectation
of security of any items left in the area unless they are under constant
surveillance Also because of its relatively large amount of gransland-
precautions against fire must be taken during the lete dry season (mid-January

'Ibid

bIbid

'Holdridge, L R , et al.Fes in Tropical Life 7•no
£llL.ioL usL London Pergamon Ptess, 1971
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b The Multipurpose Test Area was formerly used primarily to test
collapsible fabric fuel tanks. The sits consists of a secured fenced area ot
17 hectares. Temporary office. storage, and maintenance building space is
provided within the secure area. The site is characterized by high solar
radiation and low saltfall Vegetation ranges from tropical moist forest to
grass covered Berms are available for fuel tank testing and racks and cages
can be erect-od fnr other exposure testing Improved roads reach all areas and
structures.

C. The Munitions Surveillance site is a secured area and is used to
expose ammunition, explosives end 'sensitive" items. TTS has four cages of
which three have paved floors The two larger cages have metal roofing
hunkers and other magazines can also be made available by the Ammunition
Supply Point (ASP) Most of the surrounding area is covered by vegetation.
including mature tropical moist forest and grassland
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APPUMIflX D. AJUI•VIATION4S

AC alternating current

AR - Army Regulation

ASP - Ammunition Supply Point

ASTH - American Society for Testing and Katerials

DA - Department of the Army

EIS environmental impact statement

IAV - in accordance with

LCED life cycle environmental docuent

NEPA - National Environmer.tal Policy Act

REC - Record of Environmental Consideration

TLCOI - US. Army Test and Evaluation Command

TOP Test Operations Procedure

TIS U.S. Army Tropic Test Site
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4 American Society for Testing and Materials. Philadelphia. Pennsylvania,
Standard D714. Standard Test Method for Evaluating Degree of Blistering of
Paints. 1987."25 American Society for Testing and Material&. Philadelptia. Pennsylvania.

S:zndard Di535. Standard Test Method for Specifying Color by the lunsell

System. 1989

6. American Society for Testing and Materials. Philadelphia. Pennsylvania,
Standard D1654. Standard Method for Evaluation of Painted or Coated Specimens
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7 American Society for Testing and Materials, Philadelphia. Pennsylvania.
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Exterior Paint Films, 1989.
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Recommended changes of this publica.ior should be forwarded to
Commander, U.S Army Test and Evaluation Command. ATI: ' AMSTE-
CT-T, Aberdeen Proving Ground, MD 21005-5055. Technical
information may be obtained by the preparing acLivity: Station
Mdnager. U.S Army Tropic Test Site. Unit 7140. APO AA 34004-5000.
Additional copies are available from the Defense Technical
Intormation Center. Cameron Station. Alexandria, VA 22304-6145.
This document is identified by the accession number (AD No.)
printed on the first pase.
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