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1, INTRODUCTICN

The use of photographic film on the Skylab Program was the most
dramatic example of the feasibility of photographic data recording in
space in the history of the space program. More than 400 rolls of
photographic film were used on Skylab to support more than 30 scienti-
fic experiments and crew operational photography. This totaled nearly
23 kilometers of film. Because of the importance of the data to be
recorded photographically during Skylab orbital operations, National
Aeronautics and Space Administration (NASA) scientists were concerned
about potential film degradation resulting from storage and use of film
in the Skylab environment during the comparatively long missions. There-
fore, NASA sponsored test programs to define environmental constraints
and protective measures to ensure that any photographic degradation
would be held within acceptable limits, These programs investigated
the effects of storing film in various combinations of temperature,
relative humidity, and ionizing radiation enviromments. Based on the
results of these tests, storage vaults to protect the photographic film
were fabricated and incorporated in Skylab.

1.1 Purpose

The purpose of this study is to provide a single report that de-
scribes the effects of Skylab environments on the film and provides
performance data for all Skylab flight film for which information was
available. The report is also a source document for future space sys-
tems and experiments that use photographic f£ilm. It will aid the evalu-
ation of the use of photographic film for space applications, selection
of £ilm, establishment of criteria for environmental protection, design
of spacecraft film repositories, and definition of pre-mission test
requirements for systems that employ photographic film.

1.2 Scope

All available environmental mission performance and test data
pertinent to the environmental effects on Skylab film were compiled
and analyzed. Bascd on the analyses, representative rolls of each
type of film and each applicable Skylab mission were selected for
additional analysis and discussion. Because of differences in the
film types used on Skylab, each type of film is reported independently.
Analyses of each type included correlation of Skylab-flight film data
to ground-control film data. Based on these analyses, the separate
effects of temperature, relative humidity, and ionizing radiation were
investigated and quantified where pr sible. Observed environmental
effects on flight film were correlated with values predicted from pre-
mission environmental testing. Interviews with principal investigators
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for Skylab experiments that used film were conducted to obtain their
evaluation of adequacy of the f£ilm to meet their experiment objectives;
film-related problems, shortcomings, degradation, or anomalieg; and re-
commended improvements for future use of photographic film in space.
Significant results of these interviews are incorporated in the "Per-
formance Evaluation" paragraph for each type of f£ilm,

Recommendations for future programs are included in the "Recommen-
dations®™ section of the report.

1.3 Summary

This Skylab Film Environmental Effects Study encompassed collec-
tion of data sufficient to define and analyze the Skylab environments
and environmental effects on 24 types of photographic film planned for
use or used on the Skylab. This report provides a description of each
film type, the method by which it was processed and the application in
which it was used during the Skylab mission.

Skylab environments are described in terms of the general atmos-
pheric environments within each major Skylab module and film vault
where film was stored and as detailed radiation, temperature and rela-
tive humidity timelines for each roll of film analyzed during this
study. Environmental timelines provide the enviromment history of
each roll from the time sensitometric film calibration exposures were
placed on flight film until after the Skylab mission vhen the film
was processed. The total ionizing radiation dose for each roll ana-
lyzed was computed using the Vette AP7 Model of the Earth trappad
radiation environment and a computerized shielding model of the Skylab.

Evaluation of the effects of the Skylab environmment was completed
for the 22 types of film actually used for data recording on the orbit-
ing Skylab. Photographic parameters evaluated in detail were film fog-
ging of black and white f£ilms, changes in maximum density of color film,
latent image fading and changes in film sensitivity. Other photographic
and film physical anomalies such as electrostatic exposure, emulsion
cracking, reciprocity failure, etc., were documented. Results of the
evaluation are presented independently for each film type. Analyses
were based, primarily, on f£ilm sensitometric curves obtained from
available flight film, ground control film and ground test film data.

This study showed that photographic film, almost without excep-
tion, fulfilled the requirements of the Skylab applications in which
it was used. Environmental film degradation, although present on al-
most every roll, did not preclude recording sufficient data to meet
experiment requirements for all film, except film type SC-3. Specific
conclusions are provided in the areas of Skylab environments, environ-
mental effects on photographic film and film related problems.
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Skylab Principal Investigatcrs were interviewed regarding film
performance on their experiments. Results identified during these
interviews are incorporated into this report. These investipators
also provided recommendations based on their work with Skylab films
relevant to obtaining improved photographic data on future space pro-
grams., These recommendations are also included in this report.
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2. SKYLAB FILM

The study investigated 24 different types of photographic film
prepared for launch on Skylab. Because of the absence of sensitometric
data, the nuclear emulsion pack used for the S009 Nuclear Emulsion Ex-
periment and polaroid film used in the SX-70 camera were not included,
Films investigated were manufactured by Fastman Kodak Co., Rochester,
N.Y., except SC-5, which was manufactured by Kodak Pathe' of France.
The Kodak name and f£ilm type number are given below,

TYPE /NUMBER KODAK NAME
NTB3 KODAK Special Film, Type 088-03
1L04-06 KODAK Special Film, Type 104-06
8C-5 SC-5 Film
101-05 KODAK Special Film, Type 101-05
101-06 KODAK Special Film, Type 101-06
103a-0 Spectroscopic Film
50-101 Solar Flare Patrol Film (ESTAR-AH Thin Base)
3414 High Definition Aerial Film (ESTAR Thin Base)
3400 PANATOMIC-X Aerial Film (ESTAR Thin Base)
S0-212 Spectrographic XUV Film (ESTAR Thin Base)
50-022 PANATOMIC-X Aerial Film (ESTAR Base)
026-02 KODAK Special Film, Type 026-02
3401 PLUS-X Aerial Film (ESTAR Thin Bace)
2403 TRI-X AEROGRAPHIC Film (ESTAR Base)
50-265 TRI-X Recording Film (ESTAR Base)
2485 High Speed Recording Film (ESTAR-AH Base)
2424 Infrared AEROGRAPHIC Film (ESTAR BASE)
S0-242 Aerial Color Film (ESTAR Thin Base)
50-356 High Definition EKTACHROME (ESTAR Base)
S0-268 EKTACHROME MS (ESTAR Thin Base)
50-168 EXTACHROME EF (ESTAR Thin Base)
2443 AEROCHROME Infrared (ESTAR Base)
3443 AEROCHROME Infrared (ESTAR Thin Base)
80-131 High Definition AEROCHROME Infrared (ESTAR Thin Base)

A general description of each type of £ilm is given in Appendix A.
All film types were evaluated, except PANATOMIC-X Aerial Type 3400 and
TRI-X AEROGRAPHIC Type 2403. These films were intended for use on the
Coronograph Contamination Measurements Experiment, T025, which was
to have been operated in the solar Scientific Airlock. However, the
airlock was used for the parasol that was deployed to shade the Orbital
Workshop after the micrometeoroid shield was torn away during launch.
Although T025 was finally operated during crew extravehicular activity
on the last mission, another f£ilm (TRI-X Recording Film Type 50-265)
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was substituted, Therefore, Type 3400 was never used to record in-
flight data, and Type 2403 was never launched, Consequently, neither
of these films was processed.

The many areas of application represented by the Skylab experi-
ments account for the variety of film types flown. These experiments
recorded scientific data over a spectral range from the soft X-ray
reglon begyinning at 0.2 nm (2 angstroms) through the near infrared
region up to 900 am (9000 angstroms). In addition, 20 kV electrons
were recorded photographically in a special electrographic camera.
Appendix B includes a list of the scientific experiments for which each
type of film was used. The appendix identifies the film type, princi-
pal investigator or experiment scientist, spectral region of applicatiom,
and objective of each experiment. Although principal investigator’s
comments are incorporated in Section 4 of this report, additional infor-
mation and results that postdate this study may be available through
personal contact with each principal investigator or science advisor.
Therefore, the professional address of each principal investigator or
science advisor is given in Appendix C.

2,1 Film Processing

Processing of Skylab film was carefully controlled to maximize
the scientific output and quality of each roll and, in some cases,
each frame of film data. Processing procedures were established before
the Skylab mission based on the nature of the data to be recorded and
analytical requirements of each experiment. The procedures were ad-
justed to achieve the desired film response curve on each roll of film.
Therefore, before processing the flight f£ilm, each processing machine
was certified to assure the desired film response. This was achieved
by making small changes in processing time, temperature, or chemistry.
Table 2-1 lists the basic film processing data for each Skylab film.
Variations in machine speed from mission to mission are due to adjust-
ments required by the certification procedure.

The processing locations in Table 2-1 show that much of the film
was processed by the Photographic Technology Division (PTID) at the
Lyndon B. Johnson Space Center (JSC), Houstom, Texas, Other agencies
and companies that processed Skylab flight film were:

Naval Research Laboratory (NRL), Washington, D.C.;
University of Texas at Austin (UT), Austin, Texas;
Aerospace Corporation, Los Angeles, California;

American Science and Engineering (AS&E), Cambridge, Mass.

Processing information was obtained by persomal contact with these
organizations and from reference documents l.a through l.d. Addi-
tional film handling and detailed processing information is given in
references 2.a through 2.1i.



TABLE 2-1 SKYLAB FIIM PROCESSING DATA

PROCESSING MACHINE SPEED/ DEVELOPER
FILM EXPERTMENT LOCATION  PROCESSOR  CHEMISTRY DEVELOFMENT TIME TEMPERATURE
NTB3 5201 JSC/PTD Hi-Speed 3.5 fpm 85°F
104-06 80824, S082B NRL Hand p-19 1:1 & min 68°F
8C-5 5183 JSC /PTD* Hand D-19B 1:1 4 min 680F
101-05 5183 JSC /PTID* Band p-19 1:1 & min 68°F
101-06 5019, S020 UT, NRL Hand D-19 1:1 4 min 68°F
103a-0 S183 JSC/PTD Hi-Speed D-19B8 29 fpm 75°F
S0-101 Ho Aerospace Fultron D-19 1l:2 2 min 70°F
3414 S190B JSC/PTD Fultron #1 MX-819 22 fpm 90°F
S0-212 5054 ASEE Filmline®* D-96 7.5 min 68°F
50-212 5056 J8C/PTD Hi-Speed  D-76 § min 50 sec 76°F
50-022 S190A JSG/PTD Fultron #2 MX-819 8.5 to 12 fpm 75%F & 82°F
026-02 5052 Aerospace Fultron AD-112 8 min 70°F
3401 5191 JSC/PTD Houston .19 46 fpm 85°F
3401 5233 JSC /PTD Hi-Speed D-76 5.5 fpm 75°F
S0-265 TD25, S063 JSC/PTD Hi-Speed D-76 4 fpm 759F
2485 T027, 5063, $232, S073 JSC/PID Hi-Speed D-19 4, 5 & 30 fpm 85°F
2424 S190A JSC/PTD Hi-Speed D-19 SL2-4 fpm; SL3,4-5 fpm 70°F
S0-242 5056 JSC /PTID VMT 1811 #3 EA-5 6 £pm 110°F
§0-242 51908 JSC/PID VMT 1811 EA-5 7 fpm 110°F
S0-356 S1904 JSC /PTD Houston ME-& 12,5 ipm 98°F
50-368 Op, TO53, 5063, §191  JSC/PTD Hi-Speed  ME-2A 4 fpm 75°F
50-168 Op, M479 JSC /PTD RAM ME-4 70 fpm 85°F
So-168 Op, 4151, M509, S191 JSC /PTD RAM ME-4 85 fpm 98°F
24643 S190A JSC/PTD yMT 1811 #3 EA-5 SL2-5 fpm 104.5°F
2443 §190A JSC /PTD vMT 1811 #3 EA-5 SL3-8 fpm; SL4-7 fpm 110%
3443 S190B, M479 JSC /PID yMT 1811 #3 EA-5 9 fpm 120°F
50-131 5190A JSC /PTD VMT 1811 #3 EA-5 4 fpm 93°F

*Processed by Andre Vuillemin,

Laboratoire d'Astronomie Spatiale, Marseille, France

#¥Modified by American Science and Engineering (AS&E)




3. THE SKYLAB ENVIRONMENT

The films used in Skylab were launched in either the unmanned
Skylab 1, or in one of the Command Modules on Skylab 2, 3,08 &,
Films were returned in one of the Command Modules after remaining in
orbit for one, two, or all three of the manned missions. The film
was stored in the Skylab environments for periods as long as 272 days.
This section presents the environmental history of Skylab as it applies
to the film used.

The Skylab mission profile is shown in Figure 3-1. The frequency
and duration of the missions, based primarily on medical considerations,
were planned to be 28, 56, and 56 days, with unmanned periods of 1, 60,
and 30 days between launches. This resulted in a total planned mission
duration of 231 days. However, actual mission duration was 272 days,
including manned periods of 28, 59, and 84 days preceded by unmanned
periods of 11, 36, and 52 days, respectively. The first unmanned period
was extended to provide time for analysis, planning, fabrication, stow-
age, and training for repairs made necessary by a launch phase anomaly.
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FIGURE 3-1 SKYLAB MISSION PROFILE



The second unmanned period was shortemed to return a crew as quickly as
possible to attend to spacecraft repairs. The third unmanned period
was extended to provide prime opportunities for viewing the newly dis-
covered Comet Kohoutek. The second and third manned periods were ex-
rended to obtain additional experimental data.

The Skylab mission began at 17:30 Greenwich Mean Time (GHI) on
May 14, 1973, with the Launch of Skylab 1 (SL1l) and ended on TFebruary 8,
1974, with the undocking of the Skylab &4 (SL4) Command and Service
Module (CSM). The unmanned Skylab was launched from Launch Complex 39
Pad A at the NASA Kennedy Space Center, Cape Kennedy, Florida. The
launch configuration consisted of a Saturn-IC first stage, Saturn Il
second stage, and the Skylab payload. Skylab elements were an Apollo
Telescope Mount (ATM), Multiple Docking Adapter (MDA) , Airlock Module
(AM), Instrument Unit (IU), and orbital Workshop (OWS). The unmanned
Skylab was placed in a nominal 235-nautical-mile (435-~kilometer) near-
circular orbit, inclined 50 degrees to the Equator.

At approximately 63 seconds in the Skylab 1 boost phase, an anomaly
occurred that resulted in the loss of the meteoroid shield around the
OWS. The shield was designed to protect the OWS against micrometeoroid
penetration and served as a thermal insulator. Loss of the shield re-
sulted in partial deployment of the OWS solar array panels, Panel 2 sub-
sequently separated from the OWS, apparently when the exhaust plume of
the Saturn LI stage retrorockets impacted the partially deployed panel.
OWS solar array panel 1 failed to deploy on command because it was re-
strained by debris from the meteoroid shield and jammed at approximately
the 10-percent deployed position.

Loss of the meteoroid shield resulted in high internal temperatures
in the OWS due to direct solar radiation on the workshop wall. Off-nor-
mal vehicle attitudes were necessary to maintain safe OWS temperatures.
After initial maneuvering, the attitude selected was a compromise that
provided partial ATIM solar-array line-of-sight pointing to the Sun, and
acceptable OWS internal temperatures. This attitude was maintained un-
til the Skylab 2 crew deployed a parasol to shade the OWS. The vehicle
was then maneuvered to the solar inertial attitude.

3.1 Radiation Environment

Potentially damaging natural radiation encountered by Skylab
films consisted of charged particles trapped in the Barth's magnetic
field and galactic cosmic radiation (GCR). Because of the low proba-
bility of occurrence and the partial shielding by the Earth's magneto-
sphere, solar flare events were not considered to present a problem.
Also, no significant nuclear radioactive sources were present on Sky-
lab. Therefore, these sources were not included in the pre-mission
£ilm damage analyses.



The primary particles of concern were those trapped by the Earth's

magnetic field in the regions known as the Van Allen belts, These
belts consist primarily of free protons and electrons trapped in the
magnetic field of the Earth. However, the distribution of the charged
particles throughout the field is not uniform. Because of several
factors--including charge, mass, particle velocity, and the Earth's
magnetic field strength--only a portion of the magnetic field can trap
and retain the charged particles. The intensity of the magnetic field
at a given point controls particle density at that point. Because the
intensity of the Earth's magnetic field is not completely uniform, it
follows that the spatial distribution of charged particles in the Van
Alien belts is not uniform. Spatial distribution of the particles in
the belts is further complicated by (1) the center of the Earth's
magnetic f£ield is not at the geometrical center of the Earth, and

(2) the axis of the magnetic field is not parallel with the spin axis
of the Earth, Together, these factors cause a distortion of the Van
Allen belts when viewed in geocentric coordinates., This distortion

s called the South Atlantic Anomaly.

Figure 3-2 illustrates the proton radiation intensities in the
anomaly based on the Vette API proton model (Ref. 3a) at Skylab alti-
tude,
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Trapped proton dose rates and shielding were caleculated usiag
the Vette AP7 proton model (Ref., 3b) and the Skylab orbit, The dose
due to protons was not continuous but was received in 8 or 9 pulses
per day as the orbit penetrated the South Atlantic magnetic anomaly.
Figure 3-3 shows the radiation dose calculated for each pass that
penetrated the anomaly diring the first 120 hours of the mission. This
pattern was repeated every 71 revolutions (approximately 5 days).
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FIGURE 3~3 FREE-SPACE PROTON DOSE AS A FUNCTION OF TINME
FOR PASSES THROUGH THE SOUTH ATLANTIC ANOMALY

The smallest pulses lasted about 5 minutes and contained few
high-energy protons. The longest pulses lasted about 16 minutes with
90% of the high-energy protons received during an 8-minute interval,
Approximately 12 hours per day were free of trapped proton doses. The
proton flux measured during the Skylab mission was only about 80% of
the flux predicted by the AP7 model for protons above 50 MeV. This
was well within the factor of two uncertainty usually quoted. On-
board measurements indicated that a harder proton spectrum should be
incorporated in the model to a lower altitude when the Vet.e models
are updated.

Film degradation caused by Bremsstrahlung radiation created by
electrons stopped in the outer material of Skylab was a concern. The
Vette electron environment model, AE2 prujected to 1968 (Ref, 3b), was
used to obtain premission trapped electron dos: rates and for shielding
caleulations., The dose due to the electron belts was received during
approximately 18 pulses per day. These pulses lasted from a few minutes
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to about a half hour. About one-third of the electron £lux above (0.5
MeV was due to inner belt electrons, while the remainder was due to
Skylab's encounter with the "outer" beit “horms." The so-called Yhorns"
were encountered only at the extreme north and south latitudes. The
¢lectrons preeent no problem to film stored in the film vaults. The
main concerns about electron damage were durlng EVA (ctivities, when

the film was installed in the ATM, and when film was used in cameras

on a boom extended through the Scientific Airlock.

Galactic Cosmic Rays (GCR) are a low flux of charped particles con-
sisting of protons, alpha particles, and other stripped nuclei with
atomic numbers up to approximately 28. The approximate composition of
GCRs is 87% protons, 12% alphas and the remainder heavier nuclei. The
GCR energy spectrum extends to very high energies (up to 1017 Mev), but
the number of these high-energy particles is very small compared to the
number of lower-energy particles, Because of the higher energies in-
volved, shielding and dose-rate calculations for GCR were somewhat
different from those for Van Allen Belt protons. These GCR particles
are very penetrating, and the introduction of moderate amounts of shield-
ing increases the dose due to secondary radiation production. Conse-
quently, shielding calculations for specific spacecraft like Skylab were
not made, but instead, reference was made to existing complex transport
and secondary production calculations performed for simplified spherical
shields. A GCR dose of 0.010 rad/day was used for the Skylab mission
(Ref. 3c, 3d, 3e). This dose rate was applied equally to all points
within Skylab.

Although film dose rates were lower than predicted, rates measured
during the Skylab mission indicated that the radiation environment
assumed before the mission was adequate to predict radiation damage to
film and determine shielding thicknesses, Dose, or the amcunt of radi-
ation received by a substance, is defined as the amount cf radiation
absorbed by that substance. The unit of radiation absorption used for
Skylab was the rad. One rad is the absorption of 100 ergs of ionizing
radiation per gram of material. Common rad units are rads-air or rads-
tissue. Because tissue has a higher energy absorption coefficient than
air, the rad-tissue is about 10% higher than the rad-air dose; that is,
about 10% less radiation is required to produce the rad-tissue dose.
The rad-air unit is used in this report to define radiation dose.

The Flight Data Calculated Dose was calculated using the Vette en-
vironmental models, which e.tablished the spectral radiation outside
Skylab in its plarned orbit. This information was fed into another
computer program that determined radiation dose at points inside Skylab.
Shielding afforded by Skylab was represented by a complex geometrical
analog consisting of more than 4000 shield volume elements composed of
about a dozen different materials.
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Dose calculations during mission flights were made by the Space
Radiation Analysis Support Group at JSC, using information supplied by
the Experiment Procedures Group and dose rates determined for various
locations throughout Skylab. The latter group supplied the times each
roll of film was in use. The exact time a film was out of the film
vault was essen.ial to dose determinations. If the film were outside
the vault during a high-dose pass through the South Atlantic anomaly,
the film received a higher dose than it would have received during a
pass that did not penetrate the aromaly. Daily average doses were used
for film while it was stored in the vault and Daily Film Dose Logs and
cumulative Film Dose Logs were prepared for all rolls of film stored in
the OWS vault (Ref. 3f).

Doses for film stored in MDA vaults and used in the ATM were calcu-
lated only for the SL1/2 mission., Martin Marietta estimated the dose
to MDA films examined in this report for SL3 and SL4 using data prepared
by the JSC Space Radiation Analysis Support Group.

Radiation dose timelines given in Appendix D were obtained by sub-
tracting the day-to-day values given in the cumulative dose logs.

The preflight dose rates given in this report were obtained from
references 3g, 3h, 31. Operational radiation measuring instruments
carried on Skylab that provicded comparisons with tire dose calculations
were; 1) Van Allen belt dosimeter (VABD) near the center of the OWS crew
quarters, 2) radiation survey mcter {RSM) used throughout the cluster,
3) personnel radiation dosimeters (PRD) (cigarette-pack size) carried
by crew members or stored in specific locations in the OWS, 4) passive
dosimeters (PD) containing lithium [luoride thermolumenescent dosimeter
(TLD) chips, nuclear emulsions, high-atomic-weight particle detectors,
and neutron activation foils, and 5) the Electron Proton Spectrometer.

Additional comparisons were obtained from results of the D008
(Radiation in Spacecraft) experiment, which measured the radiation in
the Command Module with one active and five passive dosimeters. The
active dosimeter gave instantaneous readouts that were telemetered to
Earth. Passive dosimeters had to be returned to Earth before data
could be obtained., The passive dosimeters were secured at five loca-
tions corresponding to different shielding thicknesses in the SL2
Command Module.

In general, preflight calculated doses and measured doses agreed
quite well and tended to confirm the validity of the assumed environ-
ment and spacecraft mockup. Table 3-1 gives the ratios of measured to
caleulated doses at various locations in the OWS for doses measured by
different instruments (Ref. 33, 3k).



TABLE 3-1 RATIO OF MEASURED TO CALCULATED DOSES AT VARIOUS OWS LOCATIONS

Instrument
Location VABD RSM PRD PD

Central Crew Quarters 0.73 0.73
Sleep Compartment 0.74
Experiment Compartment 0.52 0.50
Antisolar Scientific Airlock 0.65 0.48
Drawer A OWS Film Vault 0.76
SL2 Return

Drawer B OWS Film Vault 2.04

Drawer F OWS Film Vault 2.45
SL3 Return

Drawer B OWS Film Vault : 1.81

Drawer F OWS Film Vault 2.01

The table shows ratios of less than one for all points except
Drawers B and F of the OWS Film Vault. The five passive dosimeters for
the DOO8 experiment also show ratios less than one. The ratios for
Drawers B and F are not out of line for shielding calculations but are
completely inconsistent with the results for other locations. Investi-
gations during the Skylab flight and after the mission revealed no
apparent reason for the discrepancy, the cause of which is still not
known (Ref 31).

The doses measured by the Van Allen Belt dosimeter were in :enerally
good agreement with calculated dosus. They also confirmed the validity
of the methods used for preflight calculations. This dosimeter had two
readouts, one simulated skin doses and the other a depth, or tissue dose.
The skin dose, which should have been sensitive to small inaccuracies in
the shielding model, was generally overestimated. This overestimation
indicates that fewer low-energy protons should be used in the environmen-
tal model., The tissue (or depth) doses were generally in closer agree-
ment with calculations but had a tendency to be underestimated. The
lower calculated doses indicate that the assumed spectra above 50 MeV
are greater than was assumed in the AP7 proton model. However, the net
effect produced only minor changes in calculated doses. Van Allen Belt
dosimeter doses calculated using the spectrum determined with the elec-
tron proton spectrometer data showed excellent agreement with measured
values, thus giving additional credence to the shielding model and dose
calculation methods.

3,1.1 Skylab Film Vaults

Environmental protection provided for the film consisted of film
vaults for radiation shielding and ambient temperature and humidity
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control to keep the crew comfortable. Film vaults were provided in the
OWS for the Earth Resources Experiment Package (EREP), corollary experi-
ment and operational film, and in the MDA for the ATM £ilm. The vaults
were aluminum with wall thicknesses based on pre-mission tests that
defined the shielding required to protect the film in the particular
vault or compartment.

3.1,1.1 OWS Film Vault - The OWS f£ilm vault employed one large
aluminum casting with 12 drawers: 2 with 0.25 in. (0.635 cm) of
shielding, 5 with 1.9 in. (4.82 cm), 1 with 2.9 in. (7.37 cm), and
& with 3.4 in, (8.64 cm), as shown in Figure 3-4 (Ref. 3a). It
occupied a total envelope approximately 54 in. (137 cm) high, 40 in.
(101.8 cm) wide, and 26 in. (66 cm) deep. Its weight, without film,
was approximately 2250 1b,

The front of the vault was closed by two doors, hinged in the
center of the vault face. During launch, the doors were secured to
the main body of the vault by bolts. This eliminated the need for
massive hinges that would not be required in the zero-g environment
of space, While on orbit, the vault doors were held closed by suitcase-
type latches,

The insides of the doors hud indentations to provide the proper
amount of shielding and room for mounting potassium thiocyanate salt
pads. The pads absorbed or released moisture to the surrounding atmos-
phere, depending on the relative humidity. The number of salt pads in
the vault was selected to maintain a relative humidity of 45% +15%
during storage periods considering the controlled leakage of the doors.

3.1.1.2 MDA Film Vaults ~ Four film vaults were installed in the
MDA to provide stowage for the ATM cameras and f£ilm (Ref, 3m). The
vaults were of various sizes and wall thicknesses to meet the physical
and radiation requirements given in Table 3-2.

The vaults were mounted in the MDA at locations best suited for
crew operation and to sustain launch loads. The vaults were fabricated
from 6061-T6 aluminum. Doors were attached to each basic box with a
continuous piano hinge and locked in place for launch loads with expando
pins. During activation by the SL-2 crew, the expando pins were re-
placed with pip pins. The doors were equipped with a friction device
to control inertia forces on the door during crew operations in zero g,
The MPA vaults are shown in Figure 3-5.
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TABLE 3-2

MDA FILM VAULT DATA

VAULT WALL
FILM SIZE WEIGHT THICKNESS
VAULT ATM EQUIPMENT (INCHES) {POUNDS) (INCHES)
No, 1 ’2yS082A Cameras/ 23x24%40 260 0.50
Canisters
(2)5082B Cameras/
Canisters
Ne. 2 (2)S052 Cameras 32x23x%29 452 1,00
(2) 5054 Magazines
(2)5056 Magazines/
Shoe
No, 3 (1)8052 Camera 21x24%30 495 1.50
(1)S054 iMagazine
(1)S056 Magazine/
Shoe
No, & (3)H Alpha 1 34%28x%26 302 0.09
Magazines Min

3.2 Skylab Thermal and Atmospheric Environments

Temperature control in Skylab was largely passive. The vehicle
was heated by solar and Earth radiation and neat from equipment opera-
tion and crew metabolism. Active systems provided additional control
and proper heat distribution. The temperature and relative humidity
histories in the OWS and MDA, and their respective film vaults, are
presented and briefly described in this section. These histories,
plus the environments to which film was subjected during orbital use
and pre- and post-mission handling, compose the environmental history
for each film roll presented in Appendix D, Source of environmental
data are listed in references 4a through 4p.

3.2.1 QWS Temperature History

The OWS average internal temperature history is presented in
Figure 3-6. The average of the readouts from thermal sensors on the
ceiling grid of the experiment-level compartments was used to deter-
mine this temperature.

The ground thermal conditioning system controlled the OWS average
internal temperature to approximately 55°F at liftoff. At liftoff plus
63 seconds, the meteoroid shield tore loose from the OWS, exposing the
gold-coated Kapton on the cylindrical tank wall to the erbital environ-
ment. As a result, the OWS external tank wall temperature began to
climb at an abnormally high rate at orbital sunrise, 67 minutes after
liftoff,

17




81

TEMPERATURE (DEGREE F)

RELATIVE HUMIDITY (PRRCENT)

150

120

110

oo

30

il

50

40

N A 1
l Parasol deployed -
’J‘ ligh tecperstures
«-—f due to loss of -
T ¥atcorold Shictd
4‘ JR——
LI
LI
\ l\\ N 'ihin-?ol! Shield A
/ .\ deployed l' /.I\A v \
.
SHEILE Y- N N (ENES A
Full Sun —3 - 1 Posltive |
“" _:‘_ un I . Egh wlitl] TN I beta aagle o Fe-Full su‘:’]
bets angle // \ | A | | [
High keive
-+t . T — - P \\- 1-;5- ::5[2 1
Kl 3 -——J flgh positive pet— | | | I
{ 1 i bera acgle ] L= High negetive
T 1",4 é I H beta angle 1
k: i |
g 8 d g
— - _—— \/ \N‘\, . sh, J. = f X vl fa
g .J.N‘ : ¥ =
Lk X L T b i
n —+ 3
I S S ; ek _Ll_'.fﬂ-";‘_‘_'if“ﬁ'.'f‘_'—;_w orvisal Stazsse —1—~]
1:0 0 130 160 200 20 240 260 260 300 pra} 3o w5 15 25 %

DAY of YEAR

FIGURE 3-6 OWS AVERAGE TEMPERATURE AND RELATIVE HUMIDITY




OWS internal temperatures also began to rise as the heat scaked
through the polyurethane insulation on the inside tank wall, Analyti-
cal predictions indicated that the OWS internal temperature would
approach 160°F if the vehicle maintained the planned solar inertiai
attitude. To minimize degradation of food. film, tapes, and other
equipment, the vehicle was commanded into various attitudes so that
solar-radiation impingement on the gold foil would be reduced, Other
considerations, such as electrical power availability, control gas use,
and extreme temperatures of equipment ia other areas of Skylab, were
taken into account in determining the optimum vehicle attitude. In
general, the vehicle was maintained in a solar inertial attitude, with
a -40° to -50° pitch (MDA towards the Sun). This maneuvering kept the
OWS internal temperature below about 125°F until just before to SL2
launch.

QWS internal temperature sensors had a maximum calibration limit
of 120°F. As sensors went off scale high, it was necessary to estimate
their readings by using the AT relationship between the off-scale
sensors and other ceiling measurements that existed before they went
off scale high. For this weason, the OWS SL1 average temperature his-
tory during this time should be considered an estimate,

The parasol was deployed by the SLZ crew through the solar scien-
tific airlock on DOY 147 at approximately 0100 GMT, OWS internal tem-
peratures began to drop immediately and reached 80°% 8 days later,
After parasol deployment EREP maneuvers and OWS heat exchanger opera-
tion produced small (2 to 3°F) temperature variations but beta angle
was the most significant perturbing effect on OWS temperature. As
beta angle increased, the portion of the orbit that Skylab was in the
sun increased until it was in full-Sun for a few orbits to a few days.
Skylab entered one of these full-Sun periods at the end of SLZ on DOY
173. When the SIL2 crew left, the internal OWS temperature had risen to
839F and continued to rise to 98°F on DOY 177 when Skylab began to ex-
perience orbital night periods again,

Average OWS temperature remained between 78 aud 81% until the twin
pole shield was deployed at the end of DOY 219. Because of the addition-
al shading of the pold foil, which reduced the external heat load, the
OWS average temperature decreased to 72°F.

OWS film vault temperature profile is shown in Figure 3-7. Tempera-
tures of the film vaults were monicored during each mission using a
weighted average of temperature sensors in th. vicinity of each vault.
Values thus obtained were checked by the crew with a portable surface
temperature sensor and the weighting factors adjusted to yield vault
temperatures accurate to within a few degrees.
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The period of high temperature and low humidity at the beginning
of the Skylab mission was cause for concern for many of the experiments
employing £ilm stowed in the OWS film vault. Results of pre-mission
film degradation tests and other data available from Eastman Kodak Co,
were reviewed. It was determined that the low humidity, low pressure,
nitrogen atmosphere provided near-optimum storage conditions for the
elevated temperatures. The potential for color shift caused by tempera-
tures above 120°F indicated that resupply of the EREP visible color and
IR films was advisable. 1In addition, review of previous thermal tests
results for S5C-5 and 103a-0 f£ilms led to the same conclusion. Therefore,
experiments 5019, S183, S190A, and S190B (Ref. 4e) were either partially
or totally resupplied with fresh f£ilm rolls on SL2. The S009 Nuclear
Emulsion Experiment was also identified as requiring resupply, but was
delayed until SL4 due to space wnd weight considerations, The initial
5009 package was exposed and returned on SL2, but heat had fused the
layers of f£ilm, rendering the data unrecoverable.

The maximum film vault temperature of 122°F occurred just before
parascl deployment on DOY 147, After parasol deployment, the vault
cooled to the low 80s and remained there until the higher beta angles
at the end of the SLZ manned missions. During the full sunlight period
at the beginning of the SL2/SL3 storage period, the film vault reached
approximately 100°F before cooling down to the low 80s again. During
the remainder of the Skylab mission, f£ilm vault temperature was below
80°F except for short periods of high beta angle during SL4.

While the films were in the cameras, temperature and humidity de-
pended on the operational environment of the camera. EREP films used
in the MDA remained at "room" temperatures and were out of the OWS
film vault for only short periods, Some Scientific Airlock (SAL) ex-
periments viewed through windows (e.g., 5063 and 51908}, thus main-
taining OWS temperature, Others were vented to the outside and operated
in a vacuum (e.g., 5019 and 5020)., Temperatures for these experiments
were inferred from temperatures of surrounding equipment, preflight
analyses, and test data because temperature sensors were not integral
with most SAL experiments.

3.2.2 MDA Temperature History

The MDA average internal temperature history is presented in Figure
3-8, MDA temperatures before SL2 were influenced by the vehicle attitude
changes associated with theimal management of the OWS, and by management
of MDA wall heaters to conserve power. These factors resulted in MDA
temperatures between 50 and 65°F before SL2, Low MDA internal tempera-
tures were maintained during SL2 by operating the MDA wall heaters only
intermittently, This conserved power before solar-array panel deploy-
ment on DOY 158 and provided a cooler interchange flow with the OWS
after solar-array panel deployment. Intermal temperatures were approxi-
mately 47°F during both the SL2/SL3 and SL3/SL4 unmanned storage periods.
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During SL3 and SL4, MDA wall heaters were frequently switched to the &45°F
thermostat setting for puwer management associated with EREP and other
experiment maneuvers. The resulting temperature transients are reflected
in Figure 3-8. When allowed to operate normally, the system maintained
temperatures within the desired control range.

The MDA £ilm vault temperature requirement (80°F maximum) was met.
Film vault temperatures, measured by sensors in each vault, ranged
between 48 and 76°F during manned periods and between 44 and 71°F during
orbital storage periods. MDA film vault temperature histories are pre-
sented in Figures 3-9 through 3-11.

Most ATM cameras operated in vacuum but temperature was actively
controlled to maintain proper instrument temperature and minimize ther-
mal gradients.

3.2.3 Humidity Histories

Relative humidity timeline data are plotted in Figures 3-6 through
3-11 along with the temperature for each location.

The atmosphere moisture control system maintained the dewpoint with-
in & range of 46 to 60°F. Temporary exceptions o.curred during EVA,
when humidity dropped; during showers, when humidity increased, and
during some periods when the thermal control valves stuck causing the
humidity to drop. However, in each case, these events lasted only a
few hours.

During the missions, humidity in the film vaults was generally
that of the surrounding cabin atmosphere. When the vault doors were
closed, the normal mode except during film removal or stowage, the move-
ment of air in and out of the vaults was restricted. However, during
manned periods, the vaults were periodically opened, allowing entry of
cabin atmosphere.

Because of high temperatures in the OWS resulting from the loss of
the meteoroid shield, the relative humidity in the OWS film vault dropped
rapidly after SL1 launch and the potassium thiocyanate pads vere esti-
mated to have dried out in about 5 days, Potassium thiocyanate desiccant
absorbs or releases water to maintain relative humidity within about #l1%
at a given temperature. However, the humidity control band decreases as
temperature increases. At 90°F, the upper limit of available data, the
control band was from 41.2 to 42.6% relative humidity. As the OWS tem-
peratures increased, control humidity decreased, and the pads eventually
lost all their moisture,

It was feared that the low humidity would dry out the film fo the
point that emulsion cracking and static discharge might become problems.
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It was suggested that water might be introduced to the film vault through
the use of a moist towel, thus raising the humidity and allowing recon-
stitution of the film. However, the final decision was that the rise

in humidity due to activation of Skylab and the period of time between
activation and anticipated f£ilm use would be adequate for reconstitution.

During unmanned orbital storage the relative humidity of films
stowed in the OWS film vault was controlled to 45 +15% by the potassium
thiocyanate pads in the vault doors. These pads were sized to maintain
proper humidity in the OWS film vault during a 60-day storage period and
were reconstituted during SL2 and SL3.

The relative humidity in the MDA film vaults followed that in the
MDA during the manned missions, exceit for variations due to the slightly
different temperature at the specific film vault locations. The humidity
in the MDA was high during SLZ because of the low temperatures maintained
for power conservation and to aid in temperature control of the OWS, Al-
though the relative humidity in the MDA approached 100% several times
during SL2, no condensation was reported by the crew. Relative humidity
in the MDA during the storage periods was unknown because the humidity
control system was deactivated. It was expected to be relatively high
after SL2 because of the reduced temperature with no change in gas compo-
sition and conversely to be relatively low after SL3 because of the re-
pressurization with dry gas after a brief reduction to 2,0 psia. Some
of the ATM films were not exposed to MDA humidity because they were
gsealed in canisters filled with dry nitrogen,

3.2.4 Pre- and Postflight Environments

Environmental control of the films was provided during all periods
from applying the preflight sensitometry through postflight processing.
In some cases, this included refrigeration for substantial storage per-
iods. However, in almost every case, some periods were encountered
during which ambient room temperature and humidity conditions prevailed
(approximately 70°F and 50% RH). While films were in their launch
modules, the environment was controlled by ground support equipment.
After loading for launch, the ATM films stowed in the MDA and those in-
stalled in cameras were in a dry nitrogen atmosphere. 1In the Vertical
Assembly Building, the OWS atmosphere was maintained at 45 45° and
50% relative humidity. After rollout to the launch pad, the OWS was
also purged with nitrogen, which maintained the same film vault tempera-
ture. However, the relative humidity inside the OWS film vault was then
maintained at approximately 45% by the potassium thiocyanate salt pais,
as it was during orbital storage periods.

During recovery, the environment in the Command Module was uncon-

trolled until it was loaded on the aircraft carrier. However, all
Skylab reentries were on target and the Command Modules were on deck
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in 40, 42, and 40 minutes, respectively, for SLZ, SL3 and SL4 (Ref,
c.2, ¢.3 and C.4). Film off-loading from the Command Module was com-

pleted within 4 hours 29 minutes for SL2, 8 hours 25 minutes for SL3,
and 8 hours 44 minutes for SL&. After removal from the Command Module,
the films were maintained in ambient room conditions (70 £10°F and 25
to 60% RH) during transportation to Houston and while at Houston await-
ing processing.

3.3 Environmental Timelines

Environmental timelines were formulated for each type of film docu-
mented in this report. A separate timeline was prepared for each film
load or magazine analyzed because different loads or magazines were ex-
posed to substantially different environments, particularly when used
on different missions. Each timeline was derived from general Skylab
environmental data discussed in the preceding paragraphs, plus specific
operational environmental data for the particular experiment and pre-
flight and postflight handling peculiar to that £film roll. Each time-
line represents the best available information about the enviroumentul
exposure of each load or magazine of each type of film. The timelines
were used in analysis of each film type, discussed in Section 4,

A sample timeline iz shown in Figure 3-12. At the top, each chart
defines the film type, roll number, and experiment on which the film was
used. Timelines are presented as graphic plots showing histories of
radiation dose in rads-air, temperature in degrees Fahrenheit, and
relative humidity in percent along a common time base. Below the plots,
significant film events are listed by date and cover the period from
application of preflight sensitometry to postflight processing. Also
noted on the timeline is the total radiation dose (upper right-hand
corner) for that film roll. Peculiar environments to which the f£ilm
was exposed (e.g., vacuum or nitrogen storage) are identified by coded
lines defined in the legend.
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4, ENVIRONMENTAL EFFECTS ON SKYLAB FIIM

Evaluation of envirommental effects was accomplished by first
collecting and compiling the available data for each film type. These
data included flight film environmental history and sensitometric curves,
ground-control f£ilm data, and pre~mission test data, The compillation
identified 411 rolls or carrousels of film that were launched and 375 that
were returned. The 36 rolls that remained in Skylab were replaced rith
fresh film or discarded as a result of experiment rescheduling and projected
thermal degradation from the high workshop temperatur-s encountered before
the parascol deployment on SL2,.

The compiled Skylab film data were analyzed, and representative rolls
of each type of film for each Skylab mission were selected for detailed
evaluation and presentation, Table 4-1 summarizes the data compiled and
identifies the number of rolls for which data are presented, The table
also identifies film size and the missions on which the rolls selected
were launched and returnped,

Note that, although 375 rolls of film were returned, fewer than 175
of these had the pre-flight, post-flight, and control sensitometry data
required for complete evaluation of environmental effects.

Analysis of the environmental effects on the film was based on the
effect that storing and using a film ia the Skylab environment had on the
Hurter and Driffield ( H & D) curve for that film, The H & D curves (also
referred to as the sensitometric curves) were derived from density measure-
ments of step wedge images placed on the flight and control films., These
data were obtained directly from principal investigators and references
S5a through 5£. The H & D curves provide the response of each f£ilm roll in
terms of film density resulting from a given exposure for the particular
processing procedure used, To simplify analysis of environmental effects,
families of H & D curves from several related semsitometric exposures were
plotted on single pages., Figure 4-1 illustrates a typical family of H & D
curves for a black-and-white negative film, and Figure 4-1b illustrates an
H & D curve family for a color reversal film. The curves are identified
by labels that indicate the environment associated with each curve,
Definitions associated with each label used in this memorandum ave:

FLIGHT PRE -~ Sensitometric exposure applied to the head of the flight
film roll before the Skylab mission on which the roll was launched.
Film was stored in the Skylab environment shown on the environ-
mental timeline chart. Curve is used to determine latent image
effects,
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TABLE 4-1 DATA COMPILATION SUMMARY

NUMBER OF ROLLS

ROLLS SELECTED FOR REPORT

FIIM TYPE FIIM SIZE | LAUNCHED RETURNED| NUMBER TAUNCH REYURN
NTB3 35 mm 3 3 3 SL4 SL&
104-06 wmagazines 10 10 +
5C-5 carrousel 3% 3 1 S5L1 5L2

of plates 1 SL2 5L2
1 SL4 5L4
101-05 carrousel 2% 2 2 SLA SL4
of plates
101-06  canister 6 5 + SL2 SL2
of plates SL3 SL3
SL4 SL&4
plate 1% 1 +
drum 2 2 -+
uagazine
103a-0 carrousel 1% 1 1 SL4 SL4
of plates
16 tm 4 4 1 SL1 SL2
1 SL2 5.2
1 513 SL3
50-101 35 mm 5 5 2 SL1 SL3
1 SL1 SL4
3414 35 gm 1 0 +
5 in 3 3 1 SL1 SL2
1 SL3 SL3
1 SL4 8L4
80-212 35 mm 4 4 1 SL1 SL2
2 SL1 SL3
1 SL1 SL&

*NOTE: S183 Carrousel 1-1 flown on SLé contained:

+ Sensitometry data not available,
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TABIE 4-1 DATA COMPIIATION SUMMARY (CONT'D)

FIIM TYPE FIIM SIZE

T OF ROLLS
LAUNCHED RETURNED

ROLLS SELECTED FOR REPORT
NUMBER LAUNCH RETURN

80-212

50-022

026-02

3401

50-265

2485

2424

50-242

50-356

50-368

70 mm

70 mm

35 mm

16 mm
35 mm
35 mm
16 mm

35 mm

70 mm

35 mm

70 mm

16 mm

35 mm

5

32

12

22

32

10

17

36

5

30

19

30

15

35

1 SL1
1 SL1
1 SL1
2 SL1
2 SL2
4 SL3
4 SL&
2 SL1
1 Ll
2 SL1
2 SL4
3 SL&
2 SL1
2 SL3
2 SL4
2 SL1
2 SL2
4 SL3
4 SL4
1 SL4
1 SL1
2 SL3
2 SL4
) SL2
2 SL3
2 SL&4
9 SL2
A SL3
+

SL2
SL3
SL4

SL2
SL2
SL3
SL4

SL3
SL4

SL2
SL4
SL4
SL2

SL3
SL4

SL2
SL2
SL3
SL4

SL4

SL2
SL3
SL4

SL2
SL3
5L4

SL2
SL3

+ BSensitometry data not available,
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TABLE 4-1 DATA COMPILATION SUMMARY (CONCL'D)

NUMBER OF ROLLS

ROLLS SELECTED FOR REPORT

FIIM TYPE FIIM SIZE TAUNCHED RETURNED NUMBER TLAUNCH RETURN
70 mm 17 17 2 SL1 SL2
2 SL2 812
2 SL3 SL3
3 SLA4 SL4
50-163 16 mm 100 9i 2 SL1 SL2
2 SL1 5L3
2 SL1 SL4
35 mm 28 27 4
2443 35 mm 8 8 +
7C mm 17 15 2 5L2 512
2 SL3 SL3
2 SL4 SL4
3443 16 mm 1 1 +
5 in 2 1 1 SL3 SL3
50-131 5 in 1 1 1 SL4 SL4
3400 35 mm 2 0 0
TOTALS 411 37s 114

+ Sensitometry data not available.
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FIGURE 4-1, SAMPLE H & D CURVES

POST FLIGHT - Sensitometric exposure applied to the head of the
flight film roll after the film was returned from orbit and
before processing. Film was stored in the Skylab environment
shown on the environmental timeline chart. Curve is used to
determine change in film sensitivity.

CONTROL - Sensitometric exposure applied to the head of the same
emulsion batch as the flight film at the same time as FLIGHT
POST. This film was stored in a refrigerated film storage
vault controlled to a 45 + 2°F and 45 + 10% relative humidity

and processed with flight-film.

keep the controls as constant as poss

and mission to mission.

Curve is use

Processing was adjusted to

ible from roll to roll
d as a fresh film standard.



GROUND CONTROL - Same as CONEROL, except that the film was stored
frozen (approximately O F). Frozen storage applied to most
infrared anl spectroscopic films,

HOUSTON PRE - Sensitometric exposure applied to film of the same
emulsion batch as the flight film at the same time as FLIGHT
PRE. This film was stored at ambient room conditions (72 -+
5°F and 45 + 10% relative humidity) at JSC Fhotographic Tech-
nology Division and processed with the flight £ilm. Curve is
used to approximate Skylab temperature and relative-humidity
latent-image effects and thereby isolate ionizing radiation
effects.,

HOUSTON POST - Same as HOUSTON PRE, except the sensitometrie exposure
was applied at the same time as FLIGHT POST. The curve is used
to evaluate changes in sensitivity.

FLIGHT HEAD - Sensitometric exposure applied to the head of the flight
film roll with an in-flight sensitometer during the first data
take on that roil.

FLIGHT TAIL - Sensitometric exposure applied to the last frame of the
flight £ilm roll with an inflight sensitometer during the last
data take with that roll.

GROUND CONTROL PRE - Same as the GROUND CONTROL, except the sensi-
metric exposure was made at the same time as FLIGHT PRE.

The H % D curve families are presented with the environmental time-
line charecs by film type in Appendix D. The curves for color reversal
films are presented for red, green, blue, and visual density measurements.
Dersity measurements taken with the red, green, and blue filters provide
for evaluation of the environmental effects on each emulsion layer of the
color film. The visual filter data indicate the overall effects observed
in the spectral region similar to that to which the human eye responds.

The H & D curves were analyzed to quantify the effects of spacecraft
environment in terms of increases in base plug fog and reduction of maximum
density. Environmental effects on the latent image and film sensitivity
were b.th quantified and evaluated to separate the effects of ionizing
radiation from those of storage time, temperature, and relative humidity.

Environmental effects on base plug fog or maximum density for color
film were evaluated by taking the difference between the flight-film base
plus fog or maximum density and that of the control £ilm. These data
were then tabulated with the calculated flight radiation dose estimate,
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pre-mission predicted radiatjion dose projection, and associlated pre=~
dicted change in base plus fog or maximum density.

Environmental effects on the latent image and f£ilm sensitivity
were analyzed by first determining the relative log exposure value
for each H & D curve in the curve family at densities of 0.6 and 1.2
above fog. Selective calculations of differences in these log exposure
values quantify the change in film response at these densities in terms
of log exposure, which is related to £ number by:

0.15 log exposure = % f£-stop;
0.30 log exposure = 1 f-stop.

The differences calculated and their relevance to the environmental
effects are:

CONTROL minus FLIGHT PRE -~ Latent image change
due to total Skylab environment on prelaunch exposure;

CONTROL minus HOUSTON PRE - Latent image change due to ambient
room~temperature storage fcr period of the mission on a
prelaunch exposure. This approximates the storage time,
temperature, and relative humidity effects on the flight
film to che extent of environmental similarity. (Good for
SL3 and SL4, poor for SL1 and SL2 films stored in the QWS).
It does not, however, account for any effects which may
have been caused by the increased oxygen content of the
Skylab atmosphere (70% 02, 30% Nz).

HOUSTON PRE minus FLIGHT PRE ~ Approximates the latent image change
du: to Skylab iomizing radiation. Accurate to the extent of
environmental similarity of the CONTROL minus HOUSTON PRE
discussed above,.

TEST CONTROL minus TEST - Comparative data from pre-mission testing
of temperature and humidity 1atent ~image* effects. Based on
film tests in environments of 100° F, 20% RH for 28 days for
comparison to SL1 and SL2, and 80°F, 50% RH for 56 and 84 days
for SL3 and SL4, These data provide relative comparison only
due to differences in the test and mission environmental con-
ditions.

*No pre-mission f£ilm sensitivity effects test data were available for
comparison.
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CONTROL minus FLIGHT POST ~ Total change in film sensitivity due
to the total Skylab environment for the applicable mission.

CONTROL minus HOUSTON POST ~- Approximate film sensitivity change
due to storage time, temperature, and relative humidity;
applicable to the same conditions and coustraints as the
CONTROL minus HOUSTON PRE discussed above.

HOUSTON POST minus FLIGHT POST - Approximately film sensitivity
change due to Skylab ionizing radiation, with the limitation
discussed under HOUSTON FRE minus FLIGHT PRE above,

The remainder in each of these calculations gives both the magnitude cof
the change and direction of shift of the film response curve. A nega-
tive remainder indicates a loss in the quantum efficiency of the film,
while a positive remainder indicates an increase in quantum efficiency.

Ratios of the remainders of these calculations also provide the
percentage of overall environmental effects caused by radiation dose

compared to storage time, temperature, and relative humidity. The ratios
used in this evaluation were:

CONTROL - HOUSTON (PRE or POST) .
CONTROL - FLIGHT (PRE or PosT) ~ 00 =% effect due to storage
time, temperature, and

relative humidity.

HOUSTON (PRE or POST)- FLIGHT (PRE or POST)

xloo"—'vo ff td t
CONTROL _ - FLIGHT (PRE or POST) ioﬁiziﬁg r::iaf

tion.

These calculations were subject to the same accuracy limitations defined
for input parameters.

In the subparagraphs of this section, results of the analysis of
H & D curves and comparison of these results to pre-~mission test pre-
dictions are discussed for each film type. The comparative analyses
were based on the pre-mission test data reported in reference 6a through
6k. These data include results of environmental testing of several of
the same types of film as flown on Skylab and some related f£ilm types.
For the most part, pre-mission tests were designed to measure film 60
response to a single environmental parameter: ionizing radiation (CO
gamma rays or protons), temperature, relative humidity, or vacuum,
Some limited simulations of projected Skylab environments and timelines
were also performed. Table 4-2 summarizes test data available for :
each Skylab film by environmental parameter. HNote that, although :
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TABLE 4-2,

SKYLAB PRE-MISSION TEST DATA AVAILABLE

55?2 RADIATION TEMPERATURE HUMIDITY VACUUM
NTE3

104-06 SWR 104-01 104-01 SHR
5C5 sC5 5C5 SCS

101-05 101-01 101-01 101-01

101-06 101-01 101-01 101-01

103a-0 103a-0

$0-101 S0-392

3414 3414

$0-212 $0-114 S0-114 S0-114 3400
$0-022 3400 3400 3400

026-02 3400 026-02 026-02

$0-265

2485 2485 $0-166 S0-166

2424 2424 S0-246 S0-246

$0-242 S0-242

$0-356 S0-242 S0-121 so-121

50-368 $0-368 S0-368 50-368

S0-168 S0-168 S0-168 S0-168

2443 2443 $0-180 50-180

3443 $0-180 S0-180 S0-180

50-131
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related film types were used in the comparative analyses, there vere
usually minor differences between these films and Skylab films. There-
fore, the comparisons are useful to analyze trends but may not be valid
in an absolute sense.

4.1 Performance Evaluation, Film Type 088-03 (NTB3)

This special film incorporated a thin NTB3 nuclear emulsion to
record 20-V electron images in the Lyman-alpha wavelength of Comet
Kohoutek and far-ultraviolet magnitude of stars. The special electro-
graphic camera used for this experiment and early results of the experi-
ment data analysis are described in reference 4i. Three 30-ft rolls
of £ilm were flown on SL4. Dr. Thoraton Page, Principal Investigator,
said that Type 088-03 (NTB3) had very good quantum efficiency ( 25%)
and was adequate in fulfilling S201 experiment requirements, However,
about 25% of the exposed photographic frames were degraded by random
localized film fogging. The fogging was very dense and appeared to be
caused by electrostatic flashes at the film surface during camera opera-
tion. This conclusion was based on three factors, First, the interior
of the camera and therefore the photographic film were purposely dehy-
drated to prevent degradation of the camera photocathode. Second, the
presence of high voltage (20Kv) in the camera provided a potential
charging mechanism. Third, the gamma of the film in the visible region
was very high ( ~ 160), and, therefore, an electrostatic flash bright
enough to expose the film would cause a localized high-density image.

4.1.1 Environmental Analysis Results, NTB3

Sensitometric step wedge images on the NIB3 flight film were limited
to visible-light exposures for processing controls. Sensitometric images
using 20Kv electron radiation, as was the case for in-flight data record-
ing, were not available due to the difficulty and operational impact of
providing such imagery. Environmental timelines and sensitometric curves
from visible-light exposure for the three NTB3 flight rolls are given in
Appendix D, Figures D-1 through D-3. 1t should be emphasized that these
curves do not represent the response of the film in the spectral region
of use, i.e., 20Kkv electrons. This is illustrated by the difference in
slope of these curves for the two different spectral regions. The slopes
or gamma for the visible-light curves given in Figure D-2 znd p=-? are
160, while the slope derived from flight-data analysis of 2(Kv electron
exposures was on the order ol | te 2. However, the visible light data are
presented because sufficient 20KV elactron data were not available, and
the visible light data do provide eavironmental effect data that may be
related to future applications of this type of film.

The H & D curves in Figures D-2 and D-3 show an increase in fog due
to the total Skylab environment of 0.34 to 0.42 density units and a
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reduction of maximum density of 1.12 density dnits compared to the

control-film curve,

This reduction of maximum density reduced the
density range of the film for visible light by about 1/3,

However,

scientific data were recovded in this upper third of the film density
range, indicating that this reduction of maximum density was not ap-
plicable to 20Kv electron exposures,

TABLE 4-3 ANALYSIS RESULTS, FILM TYPE NTB3

8, RADIATION DATA COMPARISON

PRE-MISSION DOSE | FLIGHT DATA PRE-NISSTON_ ACTUAL
EREDICTION CALCULATED DOSE PREDICTED. 1RCREASE THEREASE,_IN
ROLL oo | (Fads ALr, IN_FASE_PLUS FOG. iASE_PLUS Fog
NUMBER (Rads Air, CO ) Space Radiation) (Film Denatty) (Film Density)
1 + 1.63 + 0.36
2 + 1.68 + 0.34
3 + 1.69 + 0,62
b. LATENT IMAGE EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILM DATA ‘EMPE RATURE /HUMIDITY RADJATION EFFECT TEMPERATURE /HUMIDITY
EEFECT TEST_DATA COMPARISON*
CONTROL-FLIGHT PRE CONTROL~HOUSTON PRE HOUSTON PRE~-FLIGHT PRE| TEST CONTROL-TEST PRE
ROLL AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
NIMBER 0.6 ABOVE 1,2 AROVE | 0.6 ABOVE 1.2 ABOVE | 0.6 ABGVE 1.2 ARDVE | 0,6 ABOVE 1.2 ABOVE ‘I
FOG FOG FOG FDG FOG FOG FOG FOG
1 =0.07 -0,05 -0,23 =0.23 0,16 0,18 + +
2 -0,07 -0,04 -0.09 -0,08 0,02 0.04 + +
3 -0.04 G 0,14 -0.11 0.10 0.11 + +
e, FILM SENSITIVITY EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILM TEMPERATURE /HIMIDITY EFFECT | RADTATION EFFECT
CONTROL-FLIGHT POST CONTROL-HOUSTON POST HOUSTON POST-FLIGHT POST
ROLL AT DENSITY: AT DENSBITY: AT DENSITY1:
HUHBER 0.6 ABOVE 1,2 ABOVE 0.6 ABDVE 1.2 ABDVE 0.6 ABOVE 1.2 ABOVE
FOG FOG FOG FOC FOG FOG
1 0,08 -0.06 0,12 0.09 -0.04 0,15
4 0,20 0.16 0.13 0.16 0.07 o
3 0.17 0.21 + + + +

+ {fo data available,
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Quantitative analysis results are presented in Table 4-3. Radia-
tion data show an apparent discrepancy between the radiation dose and
the fog level for Roll 2, However, the lower fog on this roll is attri-
buted to the roll being under vacuum for only a short time relative to
the other two rolls. Therefore, because vacuum storage causes a slight
increase in sensitivity, the average sensitivity to ionizing radiation
over the total period of the mission was slightly less, resulting in a
lower fog.

Latent image effects show latent image facing due to storage time,
temperature, and humidity to be greater than the overall effect, with
the radiation effect partially (or totally in one case) cancelling out
the facing loss with a density increase. The net effect was a small
(less than 1/4 f-stop) latent-image loss. Again, the effects for Roll
2 were less dynamic, even though the net effect was about the same as
for Roll 1.

Film sensitivity results show a similar opposing effect between
temperature, humidity, and radiation for Roll 1, but an additive effect
for Roll 2. The net result shows an increase in sensitivity ranging
from 1/2 to 2/3 of an f-stop.

No comparison was made because no test data were available for
this film.

4,2 Performance Evaluation, Film Type 104-06

Photographic detection and quantification of vacuum ultraviolet radia-
tion is difficult due to the strong absorption of this radiation in the
gelatine used to protect and hold photosensitive silver halide crystals.
Kodak Special Film, Type 104-06, is a Schumann~type emulsion, similar to
Kodak SWR, developed to make photographic recordiug of this radiation
feasible. This type of emulsion is manufactured with a monolayer of
silver halide crystals held in place by an even thinner layer of gelatine.
Therefore, some of the silver halide crystals protrude from the gelatine.
These films have no gelatine overcoat and are consequently extremely
sensitive to abrasion, pressure sensitization, and chemical fogging.

Other Schumann-type emulsion films used on Skylab were Types SC-5, 101-05
and 101-06. S5C-5 is similar to 104-06 in film speed but is manufactured
by Kodak Pathe in France and coated using a different technique. Special
order films 101-05 and 101-06 are about 10 times faster than 104-06 and
are manufactured by the Kodak Research Luboratory, Rochester, N.Y.
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Type 104-06 was used on Skylab Experiments S082A (Extreme Ultra-
violet Spectroheliograph), and S082B (Spectrograph and Extreme Ultra-
violet Monitor). These experiments employed film carrcusels that
transported film strips mounted in individual film holders. This
technique was used to eliminate the possibility of film abrasion.
Experiment SO82A used six carrousels, two on eich Skylab mission.
S032B used four carrousels one each on SL2 an4 SL4 and two on SL3.
Because of the relatively smell quantity of film manufactured in a
given film batch, several film batches were used during the Skylab
missions. Therefore, film data are identified as 104-06-XX, in which
the last two digits give the batch number. Batch to batch variation
was both expected and observed.

Performance of this film in these Skylab applications was judged
to be gord by the experiments principal investigator, Dr. R. Tousey.
Some analytical difficulty was encountered due to batch-to-batch varia-
tion. Larger quantities of film with good uniformity between batches
are desirable. Some unpredicted fog was observed, even though radiation
levels were lower than anticipated. Fogging and desensitization streaks
were observed on SL2 and SL3 films in areas where the film was adjacent
to structural ridges in the stainless-steel film holder. The configuration
of the film, film holder and film streskc are illustrated in Figure 4-2.

Film holder

Film

Streaks

Images

FIGURE 4-2. EXPERIMENT SO82A FILM STREAKS
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This phenomenon could not be duplicated in pressure, stress, nor environ-
mental testing. However, the problem was corrected on SL4 by switching
to unribbed anodized aluminum film holders. The cause of this anomaly

is still undetermined. Aluminu. used near this film must be anodized
because contact with bare aluminum causes the film to fop.

The most dynamic effect of storing and using this film on Skylab
was a reduction of maximum density, The change in maximum density was
greatest for SL2 data, improved on SL 3, and was even less on SL4.

To eliminate chemical fogging, special precautions were taken in
handling this film. Naval Research Laboratory (NRL) personnel who
handled and processed the film applied many years of experience and
testing to establish these procedures. The procedures controlled both
known and unknown sources of chemical fogging, including clothing and
chemically treated fabrics and personal items such as after-shave
lotion, deodorant, hair spray, and cosmetics.

Because of the unique nature and application of this and other
Schumann~type emulsions, their use on future space programs is certain
to continue. Therefore, more research and testing of this type of film
are highly recommended.

4.2.1 Environmental Analysis Results, 104-06

Type 104-06 film was evaluated on a representative sample basis.
Environmental timelines and H & D curves used for analysis are given
in Appendix D, Figure D~4 through D-10. The curves provide representa-
tive data for Carrousels A-1, A-2, A-2%, A-5, B-1, B-2, and B-3 and
illustrate data for each Skylab mission for 5082A and all but SL4 for
S082B. The "Representative Control" curves provide composite data from
several fresh film receipt samples of that emulsion batch. The "Flight"
curves are based on reduction of a representative flight film plate
used to record solar data. Data points were derived from different
relative exposures of a common solar image point or data area taken at
selected exposure times., This derivation assumed a film reciprocity of
1.0. Data were recorded using 170- to 180-nm radiation, except for
Carrousels A-2, A-2% and A~5 "Flight Curves," which were exposed with
radiation at 30.4 nm., Figure D-8 also shows a "Post-Mission Coatrol"
derived from samples kept at 400F throughout the mission. These curves
show a typical difference observed between fresh film receipt data and
"Ground Control® (40°F) data.

%Replacement load for original A-2 load used during SLZ instead of during
8L3 due to malfunction of AOO3 camera.
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TABLE 4-4. ANALYSIS RESULTS, FILM TYPE 104-06

a. RADIATICN DATA COMPARLSON

PRE-MIS510N _DASE FLIGHT TATA PRE-MISSION ACTUAL
PRENICTION CALCULATED DOSE PREDICTED THCREASE INCREASE IN
ROLL 60 (kadas Alr, IN BASE PLUS FOG BASE PLUS FOG
MIMBER {Rads Alr, CO° ) Space Radfation) (Filo Density) {Filo Denaity)
Avl + .81 < 0.0} 0
A-2 + 0.74 < 0,01 0
An2% + 0.96 < 0,01 0.02
A-3 + L.66 < 0.01 1)
B-1 + 0,84 < 0,01 0
B=2 + 1,90 < 0.01 1]
B-3 + 2,32 0,01 0
b. LATENT IMAGE/SENSITIVITY EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILM DATA TEMPERATURE /HUMIDITY | RADIATION EFFECT TEMPERATURE /HUMIDITY
EFFECT TEST DATA COMPARISON
CONTROL-FLIGHT CONTROL-HOUSTON PRE  |HOUSTON PRE-FLIGHT FRE| TEST CONTROL-TEST PRE
ROLL AT DENBITY: AT DEKRSITY: AT DENSITY: AT DENSITY:
NUMBER 0.3 ABOVE 0.6 ALOVE 0.3 ABOVE 0.5 ABOVE |0,3 ABOVE 0.6 ABOVE 0.3 ABOVE 0,6 ABOVE
FOG FOG FOG FOG FOG FOG FOG FOG
A-1 0.06 -0.14 + + =0, 10> =0, 18%*
A=2 =0.04 =0.17 + +
Al -0,.14 ~0,07 + +
A=5 -0.22 =0,51 + +
B~ -0,23 =0.21 + +
B-2 -0.10 -0,66 + *
B-3 -0,08 =0,27 + +

# Substitute roll for original A-2
#k Bagod on pre-mission test data, 84 days at BUF and 50% R.H.
+ No datz available

Analysis of the H & D curves showed no measurable fogging due to
ionizing radiation. Results of the H & D curve analysis are tabulated
in Table 4-4. Of the film evaluated, only that for Carrousel A-2%
showed any increase in base plug fog. On the other hand, all flight
film plotted showed a loss in maximum density. This reduced the
density range of these film samples by 16 to 35%. The change in film
response at densities of 0.3 and 0.6 fog are tabulated under "Flight
Film Data"™ in Table 4-4b. This change in film response could not be
separated into image fading losses and film sensitivity changes because
the date of exposure of the flight data was not available.

%Replacement load for original A-2 load used during SL2 instead of during
SL3 due to malfunction of AOU3 camera.



4.2.2 Comparison of Flight and Test Data, 104-06

Quantitative comparison of flight radiation fogging, Table 4-4a,
and pre-mission radiation test data for SWR was not possible due to the
low radiation doses., However, the threshold for fogging does appear
consistent for the two films.

The temperatur2 aad humidity test that most nearly :zpprorimated the
flight conditions was a 84-day latent-image test of Type 104-~(1. During
this cest, the film was stored at BO°F at 50% RH. Test data suowed a
latent-~image loss of 0.10 and 0.18 log exposure at the two densities
evaluated, This is consistent with the flight results shown in Table
4<4b, although not directly comparavle due to both environmental and time
differences,

4.3 Performance Evaluation, Film Type SC-5

Kodak Special Film, Type SC-5, was used for Skylab Experiment S183
to study regions of the Milky Way that are dense in early-type stars in
the ultraviolet spectral region. This film was produced on glass plates
by Kodak Pathe Laboratories in Frunce. Three carrousels of 5C5 plates
were launched during the Skylab missions, Carrousel 1-1, containing 36
S5C-5 plates, were launched on SLl in the Orbital Workshop, and was there-
fore exposed to temperatures as high as 125°F. Carrousel 1-2, which also
contained 36 SC-5 plates, was launched on SL2 and was therefore exposed
to only nominal spacecraft temperatures. DBoth carrousels were returned
on SL2, Carrousel 1-1 was later launched on SL4 with six 8C-5 plates
but jammed due to a broken glass plate, so no scientific data were re-
corded. However, one SC-5 plate in this magazine was exposed with a
step wedge image before launch. Therefore, storage data for this single
plate were available.

4.3.1 Environmental Analysis Results, SC-5

Environmental timelines and SC-5 sensitometric curves representative
of each 5183 carrousel are given in Appendix D, Figures D-11 through D-13.
Sensitometric expusures for this film were made at three different loca-
tions, as indicated on the curves. Exposures made at the Laboratoire
d'Astronomie Spatiale (LAS), Marseilles, France, and those made a. Marshall
Space Flight Center (MSFC), were exposed with 260-nm radiation. Exposures
made at Johnson Space Center (JSC) were exposed with visible light. Den=-
sity measurements for this film were made at LAS with a Joyce Loeble micro-
densitometer using a 50- by 100-micrometer slit.

Analysis of the H & D curves indicates increases in base plus fog
of 0,36 density units for both carrousels returned on SL2 and 0.22 density

45



units on the SL4 carrousel, Calculated estimates of the flight radia-
tion dose for these carrousels were 1.49, 0,97, and 1.865 rads air for
Carrousels 1-1 and 1-2 returned on SL2 and Carrousel l-} flown on SL4,
respectively. Based on pre-mission test data, those dose levels were

: expected to yield base plus tog levels of 0.26, 0.18, and 0.31, respec-
; tively, as shown in Table 4~5. These data imply a strange coupling
between radiation effects and storage time and temperature effects for
i the SL1/2 and SL2 £film plates. The relatively low fog level on the

: SL4 plate is attributed to the severe latent image fading.

| TABLE 4-5. ANALYSIS RESULTS, FILM TYPE SC-5
|
1

a, RADIATION DATA COMPARISON

| PRE-MYSSTON DOSE FLIGHT DATA PRE-MISSION ACTUAL

! PREDIOTION CALCULATEDR DOSE PREDICTED INCREASE INCREASE IN

. ROLL 60 (Rada Afr, IH BASE PLUS FOG BASE PLUS FOG
NUMBER (Rads Alr, CO" ) Space Radiation) (Film Density) (Film Pensity)
1-1 SL 1/2 + 1,491 0.26 37

) 1-2 5L 2 + 972 0.18 «35
1-1 SL4 + 1.863 0,31 22

b. LATENT IMAGE EFFECTS

DELTA LOG EXPOSURE
FLIGNT FILM DATA TEMFERATURE /HUMIDITY | BADIATION EFFECT#* TEMPERATURE /HUMIDITY
EFFECT TEST DATA COMPARISON¥
CONTROL-FLIGHT FRE | CONTFOL-HOUSTON PRE |TEST CONTROL-TEST FRE | TEST CONTROL-IEST PRE
ROLL AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
NUMBER 0.6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE | 0.6 #BOVE 1.2 AROVE | 0.6 ABOVE 1.2 ABOVE
FoG FOG FOG FOG FoG FOG FOG FOG
i-1 8L 12 + + + + -0,12 -0,15 -1,97 -1.30
: 1.2 SL2 | -0.,46  =0.77 + + -0,10 -0,03 -0.99 -1.,08
1-1 SL4 | -0.76 -0.9 + + -0,16 ~0.16 -1,18 -1,32
i

¢. FILM SENSITIVITY EFFECTS

DELTA LOG EXPOSURE
i FLIGHT FILM TEMPERATURE /HUMIDITY EFFECT | RADIATION EFFECT
| CONTROL-FLIGHT POST CONTRCL-HOUSTON POST HOUSTON POST-FLIGHT POST
ROLL AT DENSITY: AT DENSITY: AT DENSITY:
“ NUMBER 0.3 ABOVE 0.6 ABOVE 0.3 ABOVE 0.6 ABDVE 0.3 ABOVE 0.6 ABOVE
: FOG FOG FOG FOG FOG FOG
¢ 1-1 SL 1/2 - 96 1,41 + + + +
1-2 SL 2 - .80 -1.60 + + + +
1«1 5L & + + + + + +

+* Bapad on pre-mission test dats using flight-data calculated dose.
+* Based on pre-mission test Jata.

+ No data available,
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Latent image fading of this film was considered to be severe. The
fading caused a reduction in maximum density of more than 50% of the
original density range. This effect, coupled with the increase in base
Plus fog, yielded a final film range for pre-mission exposures of 7,
28, and 42§, of the original range or missions SL1/2, SL2, and SL4,
respectively, The fading on the SL1/2 plate was so extensive that no
data were available at densities of 0.3 and 0.6 above fog. The SL2
and SL4 data show a fading of from 1.5 to 3 f-stops.

Film sensitivity data also show a severe loss of sensitivity for
the SL1/2 and SL2 carrousels. Comparison of FLIGHT POST DATA for plates
launched on SL1 to data for plates launched on 5L2 shows the loss of
sensitivity to be about the same in spite of storage temperature and
time differences. This loss was approximately equivalent to 3 f-stops
at 0.3 above fog and 5 f-stops at 0.6 above fog.

When the S8C-5 plates were developed after 8L2, folds appeared on
the emulsion after the film was placed in the developing solutions.
This was caused by improper adhesion of the emulsion to the glass
plate. However, this phenomenon did not occur on the SL& t.. *es, There~
fore, the problem may have been induced by the higher ten., - itures
experienced by the S5L2 film. Mechanical constraints betwee. the emul-
sion and its support that result from rehydration of the film after pro-
longed storage in vacuum were also identified as a potential cause of
emulsion folding. These constraints can cause folding if the film is
not rehydrated slowly before development and the emulsion is poorly
attached to the glass plate,

4.3.2 Comparison of Flight and Test Data, SC-5

Flight and test data were compared for radiation effects and latent
image effect. The comparison data, given in Table 4~5, indicate that
the effect of storage time and temperature dominate over radiation ef-
fect. This makes comparison of the radiation effect inconclusive.

Pre-mission test of latent-image fading predicted approximately 307
move fading than was actually observed on the f£light film. Due to the
magnitude uf image fading and the known batch=to~batch variation of this ;
film, either data may be representatave of future film samples, However, .
latent image fading and sensitivity loss trends are considered definite.

.4 Performance Evaluation, Film Type 101-05

Kodak Special Film, Type 101-05, a Schumann type emuision for
recording 5 to 400 nm radiation was used for Skylab Experiment S$183 on
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SL4. This film was selected as a replacement for SC-5 after the SL2
mission data showed severe environmental degradation of the 8C-3 plates
flown. Type 101-05 glass plates were procured and sent to France for
loading in carrousels for the SL3 mission., First attempts at loading
were unsuccessful due to plate fogging caused by an aluminum tool used
for loading. Therefore, new plates were loaded by hand the the flight
carrousels were hand carried to Kennedy Space Center {(KSC). Upon arrival,
it was discovered that the platr~s were again fogged. The cause of this
fogging, although believed to .z a chemical reaction with ocutgassed
material from the carrousel, could not be isolated. Therefore, no
101-05 or SC-5 film was flown on SL3.

During the SL3 mission, the carrousels were cleaned, baked, and
tested with 101-05 plates. 1In preparation for the SL4 mission, ten
101-05 plates were manually loaded in Carrousel 1-1 along with 19
103a-0 plates, six S5C-5 plates, and one 101-06 plate. However, a 5C-5
plate was mounted defectively, and broke. This led to a mechanical
failure of the spectrophotometric camera that caused desynchronization
of the magazine and no flight exposures could be taken.

4.4.1 Environmental Analysis Results, 101-05

One 101-05 plate launched on SL4 had a pre-mission sensitometric
exposure to 260-nm radiation at LAS, and one plate was exposed at JSC
after the mission. Due to both sensitometer and densitometer difference
between LAS and JSC, these data are plotted separately, with corres-
ponding controls and test data, in Appendix D, Figure D-14. The curves
show a large increase in base plus fog, and a significant decrease in
maximum density. This resulted in a reduction of the flight f£ilm den-
sity range to less than 0.4 density units for both pre-flight and post-
flight sensitometry. This is less than 28% of the original range.

Because of the small data sample, the radiation data analysis for
this film was inconclusive. Applying the flight-data calculated
radiation dose to the pre-mission test data implies that more than 60%
of the base-plus fog increase was due to storage time and temperature,
and the radiation effects were minor by comparison.

The reduction in demsity range made it impossible to analyze
latent image and film senmsitivity at densities of 0.6 and 1.2 above
fog. Therefore, these data were reduced for 0.2 and 0.3 density units
above fog. The data are given in Table 4-6, and show a latent image
fading in excess of 3.5 f-stops at demsity 0.2 abeve fog and 5.4 f-
stops at 0.3 above fog. On the other hand, the postflight data show a
loss of sensitivity of only 0.3 and 1.3 f-stops, respectively.
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TABLE 4-6., ANALYSIS RESULI5, FIIM TYPE 101-05
o, RADIATION DATA COMPARISON
FRE-MISSION DOSE FLIGHT DATA PRE-MISSION ACTUAL
PREDICTION CALCULATED_DOSE PREDICTED INCREASE INCREASE 1IN
ROLL 60 (Rads Afr, IN BASE PLUS FOC BASE PLUS FOG
NUMBER (Rada Alr, €O ) Space Radiation) (Film Density) (Film Donsity)
i-1 + 1,865 0.3 + radiation 0.5
fog
b. LATENT IMAGE EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILM DATA TEMPERATURE /HUMIDITY FOGGING EFFECT TEMPERATURE /HUMIDITY
EFFECT TEST DATA COMPARISON
CONTROL-FLIGHE FRE CONTROL-HOUSTON PRE TEST PRE~-FLIGHT PRE{ TEST CONTROL-TEST PRE
ROLL AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
NUMBER 0.2 ADOVE 0,3 ABOVE | 0.2 ABOVE 0,3 ADOVE | 0,2 ADOVE 0.3 ABOVE | 0.2 ABOVE 0,3 ABOVE
FOG FOG FOG FOG FOG FOG FOG FOG
1-1 -1.07 ~1.63 -0,62 -0,77 -0,45 -0.66 0,04% 0.0L%
¢. FILM SENSITIVITY EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILM TEMPERATURE /HUMIDITY EFFECT| RADIATION EFFECT
CONTROL-FLIGHT POST CONTROL-HOUSTON POST HOUSTON POST-FLIGHT POST
ROLL AT DENSITY: AT DENSITY: AT DENSITY?
NUMBER 0.2 ABOVE 0.5 ABOVE 0,2 ADOVE 0.3 ABOVE 0,2 ABOVE 0,3 AROVE
FOG FOG FOG FOG FOG FOG
i-1 =0,09 -0,40 + + + +

+ No data available.

* Based on pre-miseion 12-week simularion in Carrousel 2-1, Popltion 27,

4.4,2 Comparison of Flight and Test Data, 101-0>

Test data available for comparative analysis wete the l2-week simu-

lation conducted Tor latent-imape eifects with Csrrousel 2-1 during the

SL3 mission.

indicating an apparent difference in the two carrousels.
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problems encountered with this film indicate a need for more detailed
understanding of how to store and use thse Schumann-type emulsion films
in space applications. This is particularly important because the
atmosphere 1s opaque in the spectral region for which these films are
used and precludes their use in terrestrial telescopes. Therefore,
future use of these materials in space is likely.

4.5 Performance Evaluation, Film Type 101-06

Kodak Special Film, Type 101-06, is a high speec (approximately 10
time faster than 104-06) Schumann-type emulsion for recording 5 to 400
nm radiation. It is the same emulsion as 101-05 but is coated on 7 mil
ESTAR base with beaded edges.

Type 101-06 was used on Skylab Experiments SO019 (UV Stellar Astronomy),
8020 (X-Ray/UV Solar Photography), SO82A (Extremely Ultraviolet Spectro-
heliograph), and S082B (Spectrograph and Extreme Ultraviolet Monitor).
Experiment S019 photographed stellar UV emission and absorption spectra
in 130 to 500 om wavelengths, S020 photographed X-Ray/UV solar line spec-
tra in 1 to 20 nm wavelengths, SO82A photographs Solar Chromosphere and
corona in the XUV wavelengths between 15 and 62,5 nm and SO82B photographed
line spectra of small selected areas on and off the solar disk and across
the limb in two wavelength bands; 97 to 197 nm or 194 to 394 nm.

Experimeny 8019 used 164 individual slides in each film canister.
One canister was used during SL2 and two each during SL3 and SL4. The
principal investigator, Dr. K. Henize, reported that hundreds of stellar
spectra were successfully recorded. Each film slide was mounted to a
stainless steel plate with a grid of lightening holes. A very noticeable
fogging pattern, corresponding to the stainless steel plate configuration,
was present on most slides, except in areas covered by a nylon retaining
frame. The cause of the fogging could not be isolated but was assumed to
be associated with proximity to stainless steel. The zourse of the fog is
still unresolved. The fogging did not, in general, degrade the quality of
the spectra for accurate spectrophotometry.

Experiment 8020 used 10 strips of 101-06 film in each magazine. Ex-
periment cperations were originally scheduled to use the solar Scientific
Airlock on all missions but were limited to operating only during extra-
-vehicular activity because the airlock was used for the parasol, During
SL4, eight exposures w-rre obtained during three of the four extravehicular
activities. The principal investigator, Dr. R. Tousey, reported that
good solar spectra were obtained. No sensitometry data were, however,
recorded on this f£ilm. The Naval Research Laboratory reported the f£ilm
to vary from batch to batch. Aging characteristics were alsc unpredictable.
The batch used for the flight film was received in April 1973. 1t was not
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possible to procure fresher film, When loaded in QOctober, 1973, no
degradation had occurred. Analysis of the returned flight film, the
background density was higher than expected, and a modulation effect in
the £ilm, resembling a picket fence, was observed along the length of
the £ilm. The modulation effect was oriented 5 to 10 degrees from the
direction of the spectral lines and was therefore removable by proper
processing. This picket fence pattern was also present in the ground
control films, but to a lesser degree. Both ground control and flight
films had a base plus fog level of about 0.5 density units; the pre-
dicted fog increase of 0.3 from proton fogging was not observed.

Experiment 5082A and SO082B used individual 101-06 film strips
mounted in the SL2 carrousels to determine if this film would degrade
too severely for use on Skylab. These test strips gave satisfactory
results, so ten 101-06 £ilm strips were included in 50824 and 50 in
8082B SL4 canisters. The principal investigator, Dr. R. Tousey,
reported good results with this film. Sensitometry data was obtained
fur only one film strip from S082B that was expoged during SL4. This
film strip showed some evidence of light leakage and grain enlargement
that was not observed in the 104-06 film. This film strip also confirmed
that proton radiation was not a problem.

Testing of Schumann type films by the Naval Research Laboratory has
been limited to pressures greater than 10~3 Torr. It was recommended
that testing at lower pressures (10"6 to 10-12 Torr) be conducted to
determine what specific changes occur.

4.5.1 Environmental Analysis Results, 101-06

Sensitometric data for environmental analysis of this type of fiim
was limited to a single flight H & D curve and environmental timeline for
carrousel B~4 on the S082B experiment. Both this curve and the REPRESENTA-
TIVE CONTROIL. given in Appendix D, Figure D~15, were generated from film
exposed to radiation at 175-nm wavelength. These data were defined as
representative of that £ilm and carrousel.

Evaluation of the H & D curves shows an increase in base plug fog of
less than 0.02 density units. The calculated radiation dose for this
carrousel was 1.17 rads air, This demenstrates that this f£ilm was rela-
tively insensitive to the space ionizing radiation. Analytical results
are given in Table 4-7,
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TABLE 4-7, ANALYSIS RESULTS, FILM TYPE 101-06

a. RADIATION DATA COMPARISON

PRE -M155 10N FLIGHT DATA PRE-MISSION ACTUAL
DOSE PREDLICTICA CALCULATED DOSE PREDICIED UECREASE DECREASE IH
ROLL 60 {Rads Air, IN MAXIMUM DERSITY HAXTIMIM DENSITY
NUMBER (Rads Alr, C0°) Spoce Radiationm) (F1lm Density) (Film Denoity)
B-4 + 1.17 + 0.02
b. LATENT IMAGE EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILM DATA TEMPERATURE /HUMIDITY | RADIATION EFFECT TEMPERATL'RE /HUMIDITY
EFFECT TEST _DATA COMPARISON
CONTROL-FLIGHT PRE CONTROL-HOUSTON PRE [HOUSTON PRE-FLIGHT PRE| TEST CONTROL-TEST FRE
ROLL AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
KUMBER 0.6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE
FOG FOG FOG FOG FOG ¥oG FIG FOG
Bad =0.21 =0.66 +* + * + + +

Evaluation of image stability showed a reduction in the maximum
density similar to that observed for film type 104-06., This resulted in
a reduction of film response (See Table 4-7b) equivalent to approximately
2/3 £ stop at 0.6 above fog and 2 f stops at 1.2 above fog. This effect
could not be separated into contributions due to latent image fading
and loss of f£1lm sensitivity since the date of exposure for the flight data
was not available,.

No test data were available for comparative analysis.

4,6 Performance Evaluation, Film Type 103a-0

Film 103a-0 was primarily used in 16-mm format on Experiment S183
with a Maurer camera operating at 250 nm. Nineteen 103a-0 glass plates
were flown in Carrousel 1-1 on SL4, but no scientific uata were recorded
due to a broken plate that caused magazine failure., However, environmental
storage data were available on one 103a-0 plate. Adequate data were
available to evaluate the environmental effects an three of the four 16~mm
rolls flown. There were some operational problems with the Maurer cameras
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that effected the scientific data, but no film-related anomalies were
defined. The 103a~0 was considered adequate to meet experiment scien-
tific requirements.

4.6.1 Environmental Analysis Results, 103a-0

The H & D curves and related film-roll timelines for this type of
film are given in Appendix D, Figure D~16 through D-19. Note that the
densities for Rolls UAOl, UAO2, and UAD3 were measured at JSC using a
MacBeth TD504 diffuse densitometer with a 3-mm aperature. The densities

the glass plates illustrated for Carrousel 1l~1 on SL4 were measured
at LAS, France, with a Joyce Loebl microdensitometer, using a 50~ x
100-micrometer slit, Therefore, these data are not directly comparable.

Numerical analysis data given in Table 4-8 show that flight film
fogging for the 16-mm rolls did not track the flight-data calculated
dose, The 0.42 density difference in fog level between UAOl, launched

on SL1, and UAO3, launched on SL2, indicates a large increase in fog
due to the high SL1 temperatures. On the other hand, fog on rolls

UAO2 and UAO3, appears to show comparatively little temperature effect,
The cause of the higher~than-expected fogging on the Carrousel 1-1
plate is not known. However, it may be representative of 103a-0 glass
plates,

Latent-image-effect data support the fogging data and show a con-
siderable effect due fogging, resulting in an overall latent-image loss
of approximately 4/5 of an f-stop. JSC control data show that storage
at room temperature resulted in a small image growth for UAOLl and
UAQ3 storage periods (SL 1/2), and a small image loss for the UAO2 period
(SL3). However, caution should be used in applying the temperature/humidity
effects data for UAOl because of the difference in the flight«film tem-
perature and JSC control-film temperature.

Film sensitivity data show an unusual effect in that the higher tem-
peratures of SL1 and SL2Z appeared to retard a loss of sensitivity observed
in the SL3 film. This can be identified from the data shown in Table 4-8c,
in which the temperature/humidity effects oppose the radiation or fogging
effects for rolls UAOl and UAO3 and add for Roll UAO2. 1In addition, the
loss of sensitivity due to radiation or fogging effects was much larger
for UAD2, This resulted in a net sensitivity loss that was negligible
for UAOL, almost 1 f-stop for UAO2, and a slight increase in sensitivity
{1/4 f-stop) for UAO3.
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TABLE 4~8.

ANALYSIS RESULIS, FILM TYPE 103a~0

a, RADIATION DATA COHMPARISOR

PRE-MIESTON DOER FLIGHT DATA PEE-HISSION ACTUAL
FREDICTION CALCULATED DOSE FREDICTED IHGREASE IHCREASYE IN
ROLL 50 (Rads Alr, TN BASE_PLUS FOG HASE FLUS FOG
NUMBL R (2ada Alg, CO°) Space Radistion) (Film Density) (Film Density)
UADL + 0,912 0,27 0.64
uA02 1,412 1,493 0.41 0,37
UAO3 + 0,910 0,27%n 0,22
1-1 + 1.865 0,504 1.00
b. LATENT IMAGE EFPECTS
DELTA LOG EXFOSURE
FLIGHT FILM DATA TEMPERATURE /HUHIDY PognIng _EFFECT TEMPERATURE /UUMIDITY
E TEST_DATA_GOMPARLSOR
CONTROL-FLIGHT FRE ONIROL-HOUSTON PRE  |HOUSTON PRE-FLIGHT PFRE| rEST CONTROL-TEST PRE
ROLL AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
NUMBER D.6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE | 0.5 ABOVE 1.2 ABOVE | 0.6 ABOVE 1.0 ABOVE
oG FOG FOG FOG FOG FOG FOG
UAOL -0, 14 -3,20 0.07 0,08 0,21 -0,28 + +
UAO2 =-0,27 «0.24 «G,06 =0,02 -0,21 -0,22 + +
UAO3 + + 0.08 0.09 + + + +
1-1 =0,14 ~0.18 + + + + + +
¢. FILM SENSITIVITY EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILY TEMPERATURE /HIMIDITY EFFECT | BADIATION EF
CONTROL-FLIGHT POST CONTROL-HOUSTOR POST HOUSTON POST-FLIGHT FOST
ROLL AT DENWSITY: AT DENSITY: AT DENSITY:
KUMBER 0.5 ABOVE 1.2 ABOVE 0.6 ABOVE 1.2 ABOVE 0.6 ARDVE 1.2 ABOVE
FOG FO6 FOG FOG TOG ¥OG
LAGL -0,02 =0,06 0,0 .08 »0,0 0,14
VG2 -0.2 ~0.28 -0.0 -8:62 -0.2 -0.2
VAQ3 0.06 0.07 0,08 0.09 ~0,02 =-0,02
1-1 + + + + +

+ Ho cata available,

#* Baged on pre-mission test data using flight-data calculated dose.

b.7

Performance Evaluation, Film Type S50-101

Kodak Solar Flare Patrol Film, Type S0-101, was used to take high-
resolution H-alpha photographs of the solar disk and thus provide per-

manent records of ATM pointing.
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and was therefore virtually insensitive to Skylab environments, Five
rolls (35 mm x 1000 ft) were flown, but environmental effects data were
available for only three rolls at the time of this study, Users of
Skylab H-alpha film data identified no film-associated problems or
anomalies. They also described this film as well suited to this applica-
tion and adequate for the telescope and data reduction requirements,

4.7.1 Envirommental Analysis Results, 50-101

Sensitometric data for this film type were limited to "Flight Pre"
and "Ground Control" imagery. Therefore, film sensitivity effects could
not be analyzed. Environmental timelines and H & D curves from these
exposures are given in Appendix D, Figures D-20 through D-22, Numerical
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analysis results of these data are given in Table 4-9.

TABLE 4-9.

ANALYSIS RESULTS, FILM TYPE S0-101

a, RADIATION DATA COMPARISON

PRE-MISSI0N DOSE FLIGHT DATA FRE-MISSION ACTUAL
PREDICTION CALCULATED DOSE PREDICTED INCREASE INCREASE IN
ROLL 60 (Rads Alr, IN BASE PLUS FOG BASE PLVS KOG
NUMBER (Rads Adr, €O ) Space Radiation) (Fi{1lm Density) (Film Density)
2 + 2,38 0,01% 0.06
3 + 2,38 0,01% 0.03
4 + 4,72 0.02% 0.09
b. LATENT IMAGE EFFECTS
DELTA LOG EXPOSURE
FLIGHT FLLM DATA TEMPERATURE /HUMIDITY | RADIATION EFFECT TEMPERATURE /HUMIDITY
EFFECT TEST DATA COMPARISON
CONTROL-FLIGHT ¥RE CONTROL-HOU'STON PRE HOUSTON PRE-FLIGHT PRE| TEST CONTROL-TEST BRE
ROLL AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
NUMBER (.6 ABOVE 1.2 ABOVE 0.6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1,2 ARBOVE | 0.6 ARQVE 1.2 ABOVE
FOG FOG FOG FaG FOG FOG 3114 FOG
2 -0,02 -0,03 + * + + + s
3 -0.09 =006 + + + + + +
4 ~0,02 ~0,03 + + + + + +

+ NHo data available,
* Baged on test data using flight data calculated dose,
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Although the increase in base plus fog was small for all three rolls
analyzed, it was significantly higher than the fog projected by pre-mission
test results using the flight-data calculated dose (see Table 4~9a), The
cause of this difference is not certain but is expected to be the long
storage periods and temperatures experienced by these film rolls. This
slight increase in base plus fog also appeared to be the cause of the
small latent image losses shown in Table 4-9b. However, these changes
in film response are within processing error and are negligable for film
data applications.

4.8 Performance Evaluation, Film Type 3414

Type 3414, High Definition Aerial Film, was used during the Skylab
mission on the Earth Resources Experiment Package Experiment S190B, Earth
Terrain Camera. One roll 5 in. (12.7 cm) wide by 210 ft (64 m) long was
used on each of the three manned missions. One voll of 35-mm Type 3414
was launched on SL2 but was not used nor returned due to inaccessibility
of the solar scientific airlock. Type 3414 film is a very high-resolution
fine-grained film, and therefore has a very slow speed. Consequently,
it was comparatively insensitive to Skylab enviromments that caused de-
gradation of faster, more sensitive films. Evaluation of the flight
imagery and sensitometry showed no film anomalies., Imagery produced was
of very high quality and yielded ground resolution on the order of ten
meters under ideal atmospheric conditions.

4.8,1 Environmeantal Analysis Results, 3414

H & D curves for the analysis of this film are given in Appendix D
Figures D-23 through D-25, Numerical analysis data are given in Table
4-10. These data show no measurable increase in base plus fog, and all
changes in film response were so small that they were within the variance
expected for f£ilm processing.

The base plus fog level observed for the "Houston Pre" and “Houston
Post" on Roll 82 was lower than both the flight and control films. This
minor difference did not affect data analysis results.

Latent image effects data show a very slight latent image loss ( < %
f-stop) for atl three rolls at both 0,6 and 1.2 density above fog., This
fading was entirely due to storage time, temperature, and humidity. No
effects of ionizing radiation were observed.

A very slight decrease in film semsitivity ( ~% f stop) is observable
at a density of 1.2 above fog for all three rolls but oanly on Roll 89 at
a density of 0.6 above fog. Again, the trend is toward no radiation effect,
however, the data show both small opposing and additive effects of
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TABLE 4-10,

a, RADIATION DATA COMPARLISON

ANALYSIS RESULTS, FILM TYPE 3414

PRE-MISSION DOSE FLIGHT DATA PRE-MISSTON ACTUAL
EREDICTION CALGULATED DOSE. FREDICTED INCREASE|  INEREASE IN
RoLL, co. | (Rads Atr, It BASE_PLUS POG BASE PLUS Fos
NUMBER (Rads Afr, CO"") Space Radiation) (Film Density) {Film Density)
82 0,89 0.65 < 0,01 < 0,01
85 1,34 1.05 0.036 < 0,01
a9 + 1.47 + <0.01
b. LATENT IMAGE EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILM DATA TEMFERATURE /HUMIDITY BADIATION EFFECT TEHFERATURE /HUMIDITY
EFFECT TEST DATA COMPARISON*
CONTROL-FLIGHT PRE CONTROL-HOUSTON FPRE HOUSTON PRE-FLIGHT FRE| TEST CONTROL-TEST ERE
ROLL AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
NUMZER 0.6 ABOVE 1.2 ABOVE 0.6 ABOVE 1.2 AROVE | 0.6 ABOVE 1.2 ABOVE 0.6 ABDVE 1,2 ABOVE
o6 FOG FOG FOG FOG FOG FOG FOG
82 -0,04 -0.08 «0,02 -0,08 -0.06 0 + +
a5 0,04 -0.08 =0.04 -0,08 0 0 + +
89 -0,03 ~0.04 =0.03 =0,04 0 [} + +
Average =-0,037 -0,067 ~-0.03 =0.067 -0,02 1) + +
c, FILM SENSITIVITY EFFECTS
] DELTA LOG EXPOSURE
FLIGHT FILM TEMPERATURE /HUMIDITY EFFECT | RADIATION EFFECT
CONTROL-FLIGHT POST CONTROL-HOUSTON FPOST HOUSTON POST-FLIGHT POST
ROLL AT DENSITY: AT BDENSITY: AT DENSITY:
WUMBER 0.6 ABOVE 1.2 ABOVE 0.6 ABOVE 1.2 ABOA\E 0.6 ABOVE 1.2 ABOVE
FOG FOG FOG FOG FOG FOG
az 9 -0.08 -0.04 «0,04 0,04 ~0,04
85 0 =0,08 0 -0,.04 0 -0,04
89 ~0.06 -0,07 =-0,06 -0,07 Q [+
Average -0,02 -0,077 =0,033 -0.05 0.013 0,027

temperature and humidity versus radiation for Rolls 82 and 85.

mental effects on this film were so small they could be neglected except
for radiometric applications,.
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4.8.2 Comparison of Flight and Test Data, 3414

Test data available for this film were limited to ionizing radia-
tion. These data show that flight £ilm base plus fog was less than 0.01
density units for all three rolls. Pre-mission raw test data also
showed less than 0.0l density fogging. However, the pre-mission pre-
diction shown in Table 4-10 predicts fogging of 0.036 for Roll 85. 1t
was therefore, concluded that the predicted value was in error and the
actual test and flight data are in good agreement.

4,9 Performance Evaluation, Film Tvpe 3400

Kodak PANATOMIC-X Aerial Film, Type 3400 was a candidate for several
Skylab experiments prior to the Skylab mission and was tested extensively
during pre-mission tests. Modifications of this film were desired based
on the special requirements of several Skylab experiments. To satisfy
these requirements and other applications outside the Skylab Program,
Kodak provided three film types (50-212, §C~022 and 026-~02) for Skylab
experiments that were derived from film type 3400. The special charact-
eristics of these films are described in Appendix A. Performance evalua-
tions of these films are presented in paragraphs 4.10, 4.1l and 4,12
respectively,

Two rolls of type 3400 film (35 mm x 9 ft) were launched on SL4 in
support of experiment T025, Coronagraph Contamination Measurement. How~
ever, these rolls were not used to record in-flight data and consequently,
were not returned from space. Therefore, no flight data was available to
evaluate the Skylab environmental effects on this £ilm type.

4,10 Performance Evaluation, Film Type S§0-212

Kodak Spectrogcopie XUV Film, Type S50-212, was used in two Skylab,
ATM Experiments; 5054 X~Ray Spectrographic Telescope and 5056 X-ray
Telescope. These telescopes recorded solar images in 0.3 to 6 om (3
to 60 8) and 0.5 to 3.3 nm (5 to 33 R) spectral bands respectively.
Radiation at several wavelengths within these spectral bands is strongly
absorbed by the gelatine overcoat on photographic film. This radiation
is also absorbed by air, requiring these telescopes and the data recording
cameras to operate above the earth's atmosphere in an evacuated condition.
These considerations led to the development of film type S0-212 which is
the production version of 3400 emulsion with no gelatine overcoat to
attenuate the radiation and a Rem Jet anti-static backing to minimize
electrostatic images resulting from vacuum operation.

The X-Ray Spectrographic Telescope, 5054, used five 70 mm by 1300 ft
(400 meter) rolls of S0-212, These were designed as filmloads A through
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E. Filmloads A through D were launched on S1.1 and filmload E on SLA,
Filmload A was used and returned on SL2, tilmloads B and C on SL3 and
filmloads D and E on SL4, Evaluation of the S054 scientific data showed
this film fulfilled the experiment requirements very well and no film
anomalies were identified. This evaluation did, however, show the
brightness range of the sun in the soft X-ray spectral region to be
extrcmely wide and beyond the dynamic range of the film. Therefore, it
was recommended that future experiments use a lower film gamma to

better record this wide brightness range. The gamma of the film used

on this experiment was 1.39 + 0.05. 5054 investigators also identified
a need for additional data on latent image fading and maintenance of
film sensitivity during storage for « xtended periods at low temperatures.

The X-Ray Telescope, 5056, used four rolis of S0-212 and one roll
of 80-242, each 35 mm by 1000 ft. The S0-242 roll, designated as load
5, is discussed in paragraph 4.18, Rolls 1 through &4 were launched on
S1,i and returned as follows: load 1 om SL2, loads 2 and 3 on SL3 and
load 4 on SL&. S056 Principal Investigators described the photographic
capability of §0~212 as adequate for this application but noted the same
dynamic range and high gamma difficulty as the SOF% experiment personnel.
This made the data particularly hard to copy. They also indicated that
the resolution of the telescope was limited by the photographic £ilm;
and higher resolution was obtained with the S0-242 color film. However,
lower detection quantum efficiency of S0-242 caused an undesirable loss
of low intensity data. No photographic anomalies were identified on the
$0-212 film but small abrasions due to the film backing rubbing on the
emulsion surface during winding were prevalent. A need for more research
on the application of photographic £ilm in the soft Xeray spectral
region was identified, particularly in the areas of: film sensitivity
as a function of wavelength, film calibration and sensitometry, film
processing versus application and development of a soft X-ray sensitometer.

4.10.1 Environmental Analysis Results, 50-212

Sensitometric data for environmental analysis was available for 5054
filmloads A, B and D and all four $056 loads. Enviroumental timelines and
H & D curves for these film loads are plotted in Appendix D, Figures D-26
through D~32, S054 sensitometry was exposed with soft X-ray radiation at
0.83 nm (8.3 ) and 4.4 om {44 ﬁ, fiimload B only); while S056 sensitometry
was exposed using visible light. Sensitometry data for S054 was, however,
limited to FLIGHT PRE and GROUND CONTROL because of the long time required
to make sensitometric exposures at these soft X~ray wavelengths. Analytical
results are given in Table 4-11,
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TABLE 4-11.

RADIATION DATA COMPARISON

ANALYSIS RESULTS, FILM TYPE 80-212

PRE-MISSTON DOSE FLIGHT DATA TEET_DATA ACTUAL
EREDICTION CALCULATED DOSE PHEDICTED INCREASE INCREASE 1N
ROLL oo, | (Bads Alr, IN BASE PLUS_FOG BASE_PLUS FOO
HUMBER (Rade Air, CO ) Space Rediation) (Film Density) (Film Density)
A + 0.78 0.04 0,03
B - + 2,44 0.13 0,11
c 8 + + + 0.11
o w + 3.64 0.20 0.22
E + + + 0.08
Load 1 + 1.00 0.05 0.06
Load 2 B + 2,29 0.12 0,13
Load 3 B + 2,45 0.13 0,16
Load & + 2.99 0.16 0,24
b. LATENT IMAGE EFFECTS
BELTA LOG EXPOSURE
FLIGHT F1lLM DATA TEMPERATURE /HUMIDITY FLIGHT cti» _ INHENT TEMPERATURE /HUMIDITY
EFFECT EFFECT TEST DATA COMPARISON®
CONTROL-FLIGHT PRE CONTROL-HOUSTON PRE HOUSTON PRE-FLIGHT PRE| TEST CONTROL-TEST PRE
ROLL AT DENSITY: AT DENSITY: AT DERSITY: AT DENSITY:
WUMBER 0.5 ABOVE 1.2 ABOVE | 0.6 ABODVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE 0,6 ABOVE 1.2 ABOVE
FOG FOG FOG FOG FOG FOG FOG
a -
A B -0.04 -0.06
B 2 -0.04 0 + + + + + +
D o -0.02 -r,07
=
83 45 -o0.01 -0.04 + + + + + +
loed 1 o -0,13 -0.15 -0,23 -0.,27 -0.10 -0.12
Loat 2 3 «0,11 0. 14 ~0.06 =0.04 -0,05 -0,10 =0.14 ~0,16
Load 3 5 -0.16 -0,10 -0.12 -0.06 =0.04 -0,04
load & 3 -0.16 -0,22 -0,12 -0.12 -0.04 =0.10
c, FILM SENSITIVITY EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILM TEMPERATURE /HUMIDITY EFFECT | RADTATION EFFECT
QONTROL-FLIGHT POST CONTROL-HOUSTON POST HOUSTON PDST-FLIGHT POST
ROLL u AT DENSITY: AT DENSITY: AT DENSITY:
NUMBER 0.6 ABOVE 1.2 ABDVE 0.5 ABOVE 1.2 ABOVE 0.6 ABOVE 1.2 ABOVE
FOG FOG FOG FOG FOG FoG
Load 1 % 0.12 0,08 0,11 0.04 0,01 0.04
Load 2 & 0.02 =0,05 0.06 0,04 -0,04 =0.09
load 3 2 -0.07 -0.07 -0.04 -0.01 -0.03 ~0.06
Load 4 * -0,06 -0,09 -0,03 -0,06 =0.03 -0.04

*Based On Pro-Miss“on Test Data, B4 Days at 80°F and S50% R.H.
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The fog levels measured, see Table 4-1la, from the flight films
were in excellent agreement with the test values derived using flight
calculated doses for all rolls except S056 load 4. The cause of higher
fog on this roll could not be isolated.

The latent image fading data, given in Table 4-11b, show a definite
difference in the latent image fading of the soft X-ray images and tue
visible light images. X-Ray images shown average fading of ~1/8 f stop
while the visible light images shown average image fading of ~1/2 f
stop. This showed tiat latent image fading of X-ray imagery was small
compared to visible imagery. Therefore, visible sensitometry data cannot
be used to predict environmental effacts on soft X-ray exposures.

Visible light data for S056, load 1 showed a comparatively large,
latent image effect (almost one f stop) on the HOUSTON PRE film stored
at ambient room conditions at ~ 50% RH, The FLIGHT PRE, which was stored
mostly in a vacuum but also near room temperature, showed much less fading.
This illustrates that the removal of water vapor and oxygen retarded latent
image fading., This phenomenon was also observed during pre~mission envir-
onmental testing. The remainder of the $056 rolls showed consistent latent
image fading of ~1/2 f stop. A separation of image fading into environ~
mental components could not be .done because of the variance in flight
environments between film loads. However, flight data did show good cor-
relation with the pre-mission tempersture/humidicy test data.

Film sensitivity data were available for only the S056 visible light
exposures. These data showed a small increase in sensitivity for load 1

with a trend toward decreasing sensitivity for longer storage times.

4,11 Performance Evaluation, Film Type S0-022 (

Kodak PANATOMIC-X Aerial Film, Type S0-022, was used in the Multi-
spectral Photographic Camera, Experiment 5190A. The camera had six camera
stations, each imaging in a separate spectral band, with separate 70-mm
110-ft film rolls., Film type S0-022 was used in camera stations 5 and 6,
which recorded imagery of the Earth's surface in the spectral bands of
600 to 700 nm and 500 to 600 nm, respectively.

The Multispectral Photographic Camera was especially designed to pro-
duce radiometrically accurate photographic imagery. Therefore, each roll
of film was provided with both broadband and spectral sensitometric images
before and after each mission. The broadband sensitometric images were
recorded with Wratten 57 and 25A filters in the sensitometer light path to
simulate the operational spectrum of each camera station. Reduction of
these broadband sensitometric images was the basis for the envirommental
effects analysis.
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Thirty-two cassettes of S0-022 film were launched for use on Skylab.
Six cassettes were launched on SL1 and 5/14/73, stowed in the OWS film

vault. Due to anomalous environmental conditions occurring on SL1 before
SL2 launch, two new cassettes were launched on SL2 on 5/24/73 to replace
film possibly damaged during the orbital storage period. Four cassettes
of 80-022 fron the SL1 f£ilm launch were used for oan-~orbit photography as
well as the two resupplied on SL2, Camera statlions, magazine numbers, and
mission launch for all S0-022 film used during Skylab are listed below.

Camera Film Roll
Station Number Launch
5 05 SL2
5 11, 17 SL1
6 06 SL2
6 12, 18 SL1
5 23, 29, 35, 41, 47 5L3
6 24, 30, 36, 42, 48 SL3
5 53*%, 59, 653, 71, 77, SL4
A5, B5
6 54%, 60, 66, 72, 78, SL4
A6, B6

Due to a procedural error, filters were inadvertently not installed
on the camera for EREP passes 53 through 62, Therefore, film rolls
marked with an asterisk were exposed without filters and provided broad-
band panchromatic imagery limited only by the spectral sensitivity of
the £ilm. Under these conditions, data from camera stations 5 and & were
identical. Thevrefore, Roll 54 was not processed and Roll 533 required
special processing to compensate for the overexposure caused by omission
of the filter.

4,11.1 Environmental Analysis Results, 50-022

Environmental timelines and H & D curves on which the S0-022 analysis
was h-sed are presented in Appendix D, Figure D-33 through D-44, As il-
lustrated by these curves, environmental degradation effects on this film
type were minimal, Table 4-12a shows that the increase in base plus fog
varied from 0.02 density units on a f£ilm roll launched on SLZ to 0.07
density units for the film receiving the maximum radiation dose on SL4.

Detailed analysis of the shift in the H & D curves resulting from
latent image fading shows a range from no latent image fading on Roll
05 to an image loss of 0.16 and 0,15 log exposure at densities 0.6 and
1.2 above fog, respectively, for Roll B5., A loss of 0.15 log exposure
is equivalent to 1/2 f-stop. Note in Table 4-12b that for Roll 05 the
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TABLE 4-12 ANALYSIS RESULTS, FILM TYPE S50-022

a, RADIATIOL DATA COMPARISON

PRE-MISSION DOSE FLIGHT DATA PRE-MIF JION ACTUAL
BREDICTION CALCULATED DOSE PREDIM {ED INCREASF INCREASE IN
ROLL 60 (Rads Adr, IN DASE PLUS FOG BASE PLI'S FOG
NIMBER {Rads Air, CO ) Space Radiation) (Film Density) (Film Density)
5 0.66 0.47 0.02 .03
2] 0,66 0.47 0,02 0,02
17 0.76 0.85 0,02 0,04
i8 0.76 .65 0.02 0.04
23 1,22 1.00 0,04 0,06
24 1,22 1.00 0.04 0.05
47 1.19 0,94 0.04 0,06
48 1.19 0,94 0,04 0.06
59 + 1.55 + 0,07
60 + 1,55 + 0.06
BS + 1.91 + 0,07
B6 + 1,91 + 0,07
b. LATENT IMAGE EFFLCTS
DELTA LOG EXPOSURE-
FLIGHT FILM DATA TEMPERATURE /HUMIDITY | RADIATION EFFECT TEMPERATURE /HUMIDITY
EFFECT TEST_DATA COMPARISON®
CONTROL-FLIGHT PRE CONTROTL-HOUSTON PRE HOUSTON PRE-FLIGHT PRE} TEST CONTROL-TEST PRE
ROLL AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
MUMBER 0.6 AHOVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE | 0.6 ADOVE 1.2 ABOVE
FOG FOG FOG FOG FOG FOG FOG FOG
5 [} 0 Q.04 0.05 -0.04 -0,05 =0.12 =0,15
17 -0.09 =0,06 ~0,12 -0,05 0,03 0.03 -0.10 -0.15
23 ~0,08 =-0,11 ~0.07 -0,07 -0,01 ~0.04 =0,05 ~0,17
47 -0,08 -0,07 ~0.09 -0,09 =0.01 ~0.,02 -0,05 -0,17
59 -0,09 0,11 -0,10 =0.11 .01 0 -0,17 =0,19
BS =-0.16 ~0.15 -0,12 -0.11 -0.04 -0,06 -0.17 ~0.19
Average| -0.083 -0.083 -0,077 ~0,063 ~0,01 -0,023 ~0,11 =-0.17
6 -0.10 -0.08 -0.10 -0.06 0 -0,02 -0,12 ~0.15
18 0,02 0,04 -0,01 0.03 0.03 0,01 ~0.10 -0.15
24 0 0,01 0,02 0.03 -0,02 -0,02 ~0.05 =017
48 -0,03 -G,01 0 0 ~0,03 =-0.01 =-0.05 -0,17
60 ~0.04 -0,01 0.01 -0,01 -0.05 a -0,17 -0,17
BS -0,03 0,04 0 -0,04 ~0.03 [} -0.17 ~0,19
Average! =-0,01% ~0,015 -0,013 ~0.008 -0,16 -0,003 -0,11 -0,17
c. FILM SENSITIVITY EPPECTS
DELTA 10G EXPOSURE
FLIGHT FILM TEMPERATURE /HUMIDITY EFFECT | RADIATION EFFECT
QONTROL-FLIGHT POST CONTROL-HOUSTON POST HOUSTON POST-FLIGHT POST
ROLL AT DENSITY: AT DENSITY: AT DENSITY:
HUMBER 0.6 ARQVE 1.2 ABOVE 0.6 AROVE 1.2 ABOVE 0.6 ABOVE 1,2 AEOVE
FOG FOG FOG FOG FOG FOG
5 0,10 n.io 0.14 2.13 -0,04 ~0. 3
17 0,08 2.12 0 1] 0.08 0,13
23 0,01 0,02 a 0.02 0,01 0
47 ¢.02 0,02 -0,03 1} 0.05 0,02
59 0,04 0.04 0.04 0,03 0 0.01
BS -0.03 -0,03 o} 0 -0,03 =-0,03
Average 0,037 0,047 0,025 0.03 0,012 0,017
-] 0,02 0.n1 4] v} a.02 0.01
18 0,07 0,13 0,10 Q0,15 0.07 -0,02
24 0.11 0.11 -0.01 -0,04 0,12 0.15
48 0,09 0,09 0,08 0.08 0,01 0,01
60 0,10 G6.09 0,09 0.08 0.01 0,01
B6 ¢.05 0,03 0,05 0.05 o -0,02
Average 0.073 0,027 0.052 0.053 0.038 4,023
+ No data availuble.
* Based on pre=mission test data.
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effects of temperature/humidity and ionizing radiation were equal in
magnitude but opposite in direction. This resulted in no chaunge in
film response at the density levels above fog evaluated for the pre-
mission exposure, However, this cancellation of effects is exceptional.
Ratioing the average effects of temperature/humidity and radiation
separately with the resultant effect on the flight film shows that, at
a density of 0.6 above fog, ~90% of latent image fading was due to

the effect of storage time, temperature, and humidity, aand 10% due to
radiation. At 1.6 density units above fog, ~75% of the fading was

due to time, temperature, and humidity, and 25% due to radiation.

Analysis of the post-mission sensitometric curves is summarized in
Table 4-12c. These results show a slight increase in sensitivity (0.0l
to J.13 log E) for all rolls except B5. Average calculations shos that,
at both density values evaluated, ~65 to 70% of the sensitivity change
was due to time, temperature, and humidity, and ~30% was caused by
ionizing radliation effects,

4,11,2 Comparison of Flight and Test Data, S0~022

Pre-mission comparative test data were available only £for ionizing
radiation effect and latent image Ffading effects, The ionizing radiation
comparison is given in Table 4-12a. For this f£ilm type, the pre-mission
dose prediction was approximately 12% higher than the flight-data cal-~
culated dose. On the other hand, the predicted increase in base plus
fog, was ~30% less than the actual fog increase. However, this apparent
variance is expected because the actual base plus fog also includes time,
temperature, and humidity effects, Therefore, test and flight radiation
effects data are considered to be in very good agreement.

Comparison of latent-image-effect data is much more difficult be-
cause pre-mission test data were limited to temperatures of 80, 100 and
1209F, Therefore, the lowest test temperature was ~10° higher than the
nominal Skylab temperature. Compsiative data listed in Table 4~12b are
consistent with this temperature difference., As can be observed, the
average density for the test data is 0.02 to 0.087 log exposure higher
than that for the flight data. This appears to be a valid expected
difference for the difference in temperature, and adds credibility to the
test data,

4,12 Performance Evaluation, Film Type 026-02

Kodak Special Film, Type 026-02 was used on the White Light Corona-
graph, Experiment S052, Five film loads were flown on Skylab. Each load
consisted of a hermetically sealed film camera containing 750 ft (228
meters) of35 mm 026-02 thin base f£ilm, Each camera was pressurized to
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5.2 psia with 45-percent relative humidity gaseous nitrogen. Film load

1 was launched in the Coronagraph and loads 2, 3 and 4 in MDA film vaults
on SLl. Film load 5 was launched on SL4 in the Command Module. One film
load was used on SL2 and two each of SL3 and SL4.

Film type 026-02 was a derivative of film type 3400 modified speci-
fically for the 5052 experiment. The film performed very well in this
application and fulfilled the experiment requirements adequately. The
film, as supplied by the manufacture, was found to have a few {(approxi-~
mately 8 to 10 per roll) plus density streaks running diagonally across
the £ilm. These streaks were attributed to manufacturing but were in-
frequent and affected only a very small percentage of the data. The film
also had more particulate matter om it than expected. Therefore, visual
examination and selective destructive testing was employed to selected
optimum rolls for flight.

Reticulation was observed on the processed 026-02 £ilm, This phe-
nomenon, which is a series of ridges and valleys in the surface of the
photographic film, was caused by swelling and subsequent contraction of
the film gelatin during processing. This condition was corrected by
replacing the distilled water wash bath following development with Kodak
stop bath SB5. Detailed discussion of this anomaly are given in reference
4p.

4.12.1 Ernviroomental Analysis Results, 026-02

Sensitometric data for environmental effects evaluatio provided
from two types of calibration wedges. These included calib 1 wedges
applied with a specially designed sensitometer box (reference 4u) on the
front end of each flight roll at the time of camera loading and a calibra«
tion wedge applied to each frame of scientific data at the time of data
recording with an inflight calibration system. The latter system used the
sun as the exposing light source. H & D curves were plotted from the in-
flight wedges for the first and last frames of rolls 2 through 5. These
curves and the complimentary environmental timelines are given in Appendix
D, Figures D-45 through D-48. iIndividual curves are designated as FLIGHT
HEAD and FLIGHT TAIL identifying the first and last frames respectively.
These curves are summarized in figure 4-3a and 4-3b to show roll to roll
variations. trigure 4-3c gives a summary of the available data from the
ground based sensitometer. Curves for loads one and five are not shown
because there was some uncertainty in the sensitometry in those cases
{reference 40).

Table 4-13 gives analysis results derived from the H & D curves and

data reported in reference 4o. The radiation data (Table 4-13a) show the
pre~mission Dose Prediction was 30 to 100% higher than the Flight Calculated
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TABLE 4-13, ANALYSIS RESULTS, FILM TYPE 026-02

a, RADIATION DALA COMPARLSON

PRE-MISSION DOSE FLIGHT DATA PRE-MISSION ACTUAL
PREDICTION CALCULATED DOSE PREDICTED INCREASE INCREASE 1IN
ROLL 60 {Rads Alr, IN BASE PLUS FOG BASE PLUS FOG
NUMBER (Rads Adr, CO° ) Space Radiatiod) (F{lm Density) {Film Donsity)
1 2.1 1.09 D.06 (0.03)* 0.01
2 4.5 2.99 0.1a (0.09)% 0.10
3 4.5 2,59 0.16 (0.07)» 0.10
4 8.5 4,38 0.31 {0.16)* 0.21
5 3.4 2.05 0.11 (C.06)w 0,01
b. LATENT IMAGE EFFECTS
DELTA L0G EXPOSURE
FLIGHT FILM DATA ELIGHT FLLM DATA BADIATION EFFECT TEMPERATLIRE /HUNIDITY
GROUND SENSITOMETER | INFLIGHT SENSITOMETER TEST DATA COMPARISON
CONTROL-FLIGHNT PRE  FLIGHT TAIL-FLIGHT HEAL 'HOUSTON PRE-FLIGHT PRE| TEST CONTROL-TEST PRE
ROLL AT DENSITY: A" DENSITY: T DENSITY: AT DENSITY:
NUMBER N.6 ABOVE 2.8 ABOVE | 0.6 ADOVE 1.2 ABOVE | 0,6 ABGVE 1,2 ABOVE | 0.6 ADOVE 1.2 ABOVE
FOG FOG FOG FOG FOG FOC FOG Fos
|
1 i + + + + + + -C.10 -0.13
2 -0.03 -0.08 -0.02 -0, 04 + + -0, 14 -0.19
3 -0, 03 -0.08 0,03 -0.04 + + -0.13 -0.18
A -0.08 -0.19 -0.03 -0.03 + + -0.15 -0,22
5 + + -0.01 -0.03 + + R TS -0.17

*Based on pre-mission test data using flight data calculated dose.
+ No data available.

Dose., This result is consistent with the difference betwecen the pre-mission
predicted and actual incrcase in base plus fog. Therefore, base plus fog
values on the flight film were much less than expected. These results

show that radiation fog was not a scrious problem and the increase in fog
caused only a slight decreasc in the effective film sensitivity.

Latent image cffect data (Table 4-13b) show a variance in the trends
between the ground based and inflight sensitometry. The ground based
sensitometer data shows the latent image fading increasing with storage
time and film density, The inflight sensitometry, on the other hand,
showed a small constant effect regardless of storage time or density.
Based on trends established during pre-mission testing and on a larger
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than expected scatter of the inflight sensitometry data poi-ts, a
higher confidence was placed on the ground based sensitometry data.
These data showed that latent image effects were for this film small
and could be neglected in all applications except absolute radiometry.

4,12.2 Comparison of Flight and Test Data, 026-02

Comparison of the flight and test radiation base plus fog data
required that base plus fog values predicted by the test data for the
flight data calculated dose be determined, These values, shown in
parenthesis in Table 4~13a, compare fairly well with the actual increase
in fog with the exception of load 5. Some error was expected uue to the
potential inaccuracy (up to a factor of 2) of the Flight-Data Calculated
Dose. However, the close comparison of fog levels for most of the film
loads show the Flight Data Calculated Dose generally had good accuracy.

Latent image pre-mission test data were available for periods up
to 252 days. These data simulated the 50% relative humidity in gaseous
nitrogen at temperatures of 40, 70, 80 and 90°F, Short term exposures to
air were present in the simulation due to a requirement to remove test
data from environmental test chambers approximately every 28 days., Addie-
tionally the test chambers provided a continuous flow of N, and periodic
addition of water vapor to maintain the test environment. “The flight
film wvas sealed in a small volume of nitrogen and thus established a
constant equilibrium with the film, Latent image test data for film
stored at JOCF for a period approximating that of the flight film loads
wer2 used for comparison and are shown in Table 4-13b. The test data
show a much greater latent image fading than experienced by the flight
film. This difference was attributed to the periodic exposure of the
test film to air since air accelerates latent image fading compared to
a constant nitrogen environment.

Little or no sensitivity loss was expected to have occurred for the
flight 026~02 film loads, but no flight film sensitivity data were avail-
able.

4,13 Performance Evyluation, Film Type 301

Kodak FLUS-X Aerial Film, Type 3401 was used i» two Skylab experi-
ments; S191, Infrared Spectrometer Viewfinder Tracking System and $233,
Kohoutek Photometric Photography.

This film was used in the S5191, 16-mm Data Acquisition Camera to
photographically recorded the field of view of the infrared spectrometer.
Analysis of the imagery immediately following the SL2 mission showed some
difficulty in scene identification because c¢f film graininess inherent
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from processing in D-19 developer. Although, the film was still con-
sidered adequate for scene identification, it was judged that better
quality and interpretability could be obtained using color film. There-
fore, the use of type 3401 film on this experiment $191 was limited to
two 140-ft rolls on the SL2 mission.

Experiment 8233 used 4 rolls of 3401 (35-mm x 9-ft) in an Operational
35-mm Nikon camera, These rolls were launched and returned on SL4 to
coincide with comet Kohoutek's most active period. Tie objective of
this experiment was to obtain a series of visible light photographs ot
the comet Kohoutek suitable for photometry and to provide a photographic
history of the comet. The 3401 film provided data which was adequate
for this experiment, but post-mission evaluation showed a faster film
was desirable. Film photom~try analysis was complicated by low intensity
reciprocity failure since preflight sensitometric exposures were made at
an exposure time of 1/50 second and flight data exposures at 60 and 120
seconds, Postflight sensitometry was exposed at 60 seconds with the
light intensity reduced so the exposure value at each step was the same
as the preflight data. 1In order to perform photometric analysis the pre-
flight sensitometry had to then be adjusted for reciprocity failure,

These adjustments were made and are reported in reference 4v. The adjust-
ments were, however, complicated by not knowing what effect the Skylab
environment had on the reciprocity failure, Therefore, it was recommended
that the photometry be calibrated using the postflight calibration sensi-
tometry only. Data analysis personnel also recommended that preflight
reciprocity testing be conducted for future experiments employing long
exposure time and calibration sensitometry be extended to cover the
exposure time range of such experiments.

4,13.1 Enviroomental Analysis Results, 3401

Environmental timelines and H & D curves for this film are given in
Appendix D, Figures D-49 through D-54. Only FLIGHT PRE and FLIGHT POST
data were available for rolls BHO1 and BHOZ., It should also be noted,
that the curves plotted for rolls BHO3 through BHO6 reprecent data
recorded directly from film measurements and have not been adjusted for
reciprocity failure. Therefore, the CONTROL and PRE curves are labeled
as 1/50 second exposures and the POST curves as 60 second exposures,

It was not meaningful to relate differences ir these curves directly to
environmental effects since the major effects w re caused by reciprocity
failure. However, analysis of these sensitometric data was accomplished,
The analysis results are given in Table &4-14 and summarized below.

Fogging of the flight film due to the Skylab environment varied from

0.15 density on Roll BHO2 to 0,27 density on Rolls BHO5 and BHO6. The
fogging was generally consistent with the Flight Data Calculated Dose
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TABLE 4-14,

RADIATION DATA COMPARISON

ANALYSIS RESULTS, FILM TYPE 3401

PRE-MISSI1O0H POSE FLIGHT DATA IEST DATA% ACTUAL
EREDICTION, CALCULATED DOSE PREDICTED INCREASE INCREASE I
ROLL (Rads Air, I BASE FLUS FOG DASE_FLUS FOO
NUMBER {Rads Air, ca®®) Space Radistion) (Fiim Danaity) (Film Density)
BHOL + 0,761 0,17 0,19
BHOZ + 0,658 0,14 0.13
BHO3 + 1.812 0,27 0,26
BHO4 + 1,812 0.27 0.24
BEOS + 1,817 0.27 0,27
BHDG + 2,185 0.3t g.21 |
e
b. LATENT IMAGE EFFECTS
DELTA LOG EXFOSURE
FLIGHT FILM DATA TEMEERATURE /HUMIDITY RADIATION EFFECT TEMPERATURE /HUMIDITY
EFFECT TEST DATA COMPARISON
CONTRDL-FLIGHT PRE CONTROL-HOUSTON PRE |HOUSTON PRE-FLIGHT PRE{ TEST CONTROL-TEST PRE
ROLL AT DENSITY: AT DENSITY: AT DENSITY: AT DEWSITY:
NUMBER 0.6 ABOVE 1,2 ABOVE | 0.6 ABOVE 1.2 ABOVE | .6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE
FOG FOG YOG FOG FOG FOG FoG FOG
BHOL + + + + + + 4+ +
BHOZ + + + + + + + +
BHO2 ;o =0.16 0,19 =0.03 0.02 -0.13 -0.21 + +
BHO4 =0,15 -0.14 =0,01 0,09 -0.14 =0,23 + +
BHOS -0,15 -0.14 -0.04 0,04 -0.11 -0.18 + +
BHOG =0,20 -0,25 -0,06 -0.02 -0,14 =0,23 + +
Avorage «0,165 -0,18 -0.035 0,032 -0,13 -0,213 + +
¢, FPILM SENSITIVITY AND RECIPROCITY FAILURE EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILM RESULTS EGIER A FLIGUT EFEECT .
OONTROL-FLIGHT FOST CONTROL-HOUSTON FOST HOUSTON POST-FLIGHT POST
ROLL AT DENSITY: AT DENSITY: AT DENSITY:
HMBER 0.6 ABOVE 1.2 ABOVE 0.6 ABOVE 1.2 ABOVE 0.6 ABOVE 1.2 AROVE
FOG FOG FOnR FOG FoG FOG
BHOL + + + + + +
BHOZ + + + + + +
BHO3 -0.50 =0.44 -0.36 Ll =0.14 -0,20
BHO4 =049 =040 -0.36 -0,23 =0.13 ~0,21
BHO5 =0.53 =0.44 -0.38 «0,26 =0.15 -0,18
BHOB -0,53 ~0.53 ~0,3% -0.30 -0,14 =0.,23
Averages -0,513 =0.463 0,373 -0,258 0,140 =0.205

#Based on Pre-missieon test data ueing Flight Data Calculated Dose

+ No data

avatlable.
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{see Table 4-14a) but the nature of their relative varjiitions illustrates
th: statistical variation between the calculated and actual dose for each
roll of film,

Latent image fading analysis was limited to rolls BHO3 through BHO6
because no CONTROL curves were available for rolls BHOl and BHO2. This
analysis showed an average latent image loss of approximately 1/2 £ stop.
Evaluations using the HOUSTON PRE data indicated that at 0.6 density above
fog  80% of this effect was caused by radiation fogging., At 1.2 density
the radiation effects were larger than the net effect on the flight film.
However, this was offset by an opposing temperature effect, These results
shows that the actual fading of the latent image was very small and the
effect seen was a reduction in film sensitivity due to film fogging.

Although these effects were small, they must be considered in obtaining
precise photometry,

Film sensitivity effects could not be calculated directly because of
the exposure time differences of the CONTROL and the post-mission sensito=-
metry. However, the H & D curves for rolls BHOLl and BHO2 show this film
was very stable. Therefore, it was approximated that the HOUSTON CONTROL
was approximately the same as the CONTROL would have been if exposed at

60 seconds. Using this assumption, Table 4-14C provides the following
result columns:

a. Flight Film Results - Show the total loss of sensitivity due to
both reciprocity failure and environment,

b. Reciprocity Failure Effects - Approximates the loss of film
sensitivity at the specified densities caused by the difference
in exposure time (1/50 vs 60 seconds),

c¢. Flight Effects - Approximates the loss of sensitivity due to the
Skylab environment. Primarily due to the effect of radiation
fogaing.

Based on this assumption the loss of sensitivity averaged approximately
one £ stop due to reciprocity failure, 1/2 f stop due to the flight eaviron~
ment yielding a total effect of approximately 1 1/2 £ stops.

4.13.2 Comparison of Flight and Test Data, 3401

This comparison was done for only radiation fogging data because
film type 3401 was not included in the pre-mission temperature and
humidity tests, Comparison of the radiation fogging data was done by
tabulating the fog increase given by the pre-mission test results for
each Flight Data Calculated Dose (see Table 4-14a). Comparison of the
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resultant values to the increase in fog measured on the flight film
shows excellent correlation and agreement.

4.14 Performance Evaluation, Film Type 2403

Kodak TRI~X AEROGRAPHIC Film, Type 2403 was a candidate film for
Skylab during the planning phase of several Skylab experiments and was
tested as» part of the Skylab pre-mission environmental tests for its
response to both CO gamma rays and several envirommental test condi-
tions. This film was, however, replaced with TRI-X Recording Film,
Type 80-265 shortly before the SL1 launch, Therefore, type 2403 was
not launched on any of the Skylab missions. Test data on this film
type are given in references 6b and 6c.

4.15 Performance Evaluation, Film Type 80-265

Kodak TRI-X Recording Film, Type S0-265 was a special order film
produced in a limited quantity for an application outside the Skylab
program. This film type was substituted for TRI-X AEROGRAPHIC Film,
Type 2403 late in the mission preparation to eliminate light piping and
reduce halation. The S0-265 also had Rem Jet backing which reduced
electrostatic discharge during vacuum operation. Due to the special
nature of this £ilm and lack of general application Kodak discontinued
its production in Mareh 1973,

Film type 50-265 was used for Experiments T025, Coronagraph Contamina-
tion Measurement and S063, UV Airglow liorizon Photography. 5063 also use
other £film types in addition to S0-265, This film fulfilled the experiment
and data analysis requirements and was judged as the best available film
for the TO25 application, However, a film with higher speed, finer grain
and greater latitude was desired. Emulsion cracking was observed duriny
the data analysis, This phenomenon was caused by transporting the film
in the Electric Nikon during EVA activities after the emulsion had become
brittle due to the vacuum of space. This anomaly did not effect the data
analysis., Substantial data loss was, however, encountered due to opera=-
tional difficulties of the Nikon cameras.

Several recommendations were made by the scientists who anavyzed data
recorded with this film. These recommendations were directed mostly toward
obtaining better calibration. Specifically, it was recommended that in-
flight calibration be performed to guantifv the change in photographic
properties as a function of time; that more accurate film calibration be
done and that film spectral sensitivity tests be conducted to provide more
data for absolute spectral sensitivity and spectral response changes. It
was also recommended that reciprocity effects be more adequately considered
and tested.
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4.15.1 Environmental Analysis Results, S50-265

Twelve rolls (35-mm x 7~ft) of S0-265 film were launched for use on

5 Skylab but only eight were used and returned. All rolls were launched

and returned on SL4. Three rolls (BE03, BEll and BEl6 were selected for
environmental effects analysis as representative of the SL4 environmental
effects. Environmental timelines and H & D curves for these rolls are given
in Appendix D, Figures D-55 through D-37. HOUSTON PRE and POST data were
available for only rolls BEll and BE16. Numerical analysis results based
on these curves are given in Table 4-15.

TABLE 4~15, ANALYSIS RESULTS, FILM TYPE 50-265

|
i
i

a. RADIATION DATA COMPARLEQN

l
i PRE-MISSTON DOSE FLIGHT DATA PRE-MISSTON ACTUAL
i PREDICTION CALCULATED DOSE PREDICTED INCREASE INCNEASE IN
: ROLL 60 (Rads Alr, IN BASE PLUS FOG BAGE PLUS FOG
: NUMBER (Rods Adr, €O ) Space Radiation) (Film Density) (Film Density)
:‘ BEO3 + 2,113 + 0.54
; BEL1 + 2,107 + .54
BE16 + 1,789 + 0,54
b, LATENT IMAGE EFFECTS
DELTA LOG EXPOSURE
i FLIGHT FILM DATA TEMPERATUTE /HIMIDITY | RADIATION EFFECT TEMPERATURE /HUMIDITY
EFFECT TEST_DATA COMPARISON
: CONTROL-FLIGHT PRE CONTRDL-HOUSTON PRE |HOUSTON PRE-FLIGHT PRE| TEST CONTROL-TEST FPRE
' fOLL AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
NUMBER 0.6 ABOVE 1.0 ABOVE | 0.6 ABOVE 1.0 ABOVE | 0.6 ABOVE 1.0 ABOVE | 0.6 ABOGVE 1.0 ACOVE
FOG FOG FOC FOG FOG FOG FOG FOG
i BEO3 -0.70 -1.09 + + + + + +
: BE1l -0,67 ~-1,08 =0.06 -0,07 -0,61 =-1.01 + +
t BE16 -0,67 -0.96 -0,06 =0,05 -0.61 ~0.91 + +
Average -0,67 -1,02 -0,06 =0,06 0,61 =0.96 + +
: ¢. FILM SENSITIVITY EFPECTS
i DELTA 106 EXPOSURE
FLIGHT FILM TEMPERATURE /HUMIDITY EFFECT | RADIATION EFFECT
CONTROL-FLIGHT POST CONTRDL-HOUSTON POST HOUSTON POST-FLIGHT POST
ROLL AT DENSITY: AT DENSITY: AT DENSITY:
: WUMBER 0.6 ABOVE 1,0 ABOVE 0.6 ABOVE 1.0 ABOVE 0.6 ABDVE 1.0 ABOVE
' FOG FOG FOG FOG FOG FOG
: BEO3 -0.39 -0,78 " + + +
BELL ~0.43 -0.85 0,03 0.06 -0,46 0,91
BEl6 w040 =-0,69 0.02 0,06 0,42 =0.75
Average =0,415 ~0,77 0,025 0.06 ~0,44 =0,.83

+ No data available.
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The Radiation Data Comparison, Table 4-15a, shows that all three
rolls had thz same density increase in base plus fog even though the
calculated radiation dose values were different. This variance is
attributable to the inaccuracy of the calculated dose. Film fogging in
a reduction of the film density range of about 25% with a comparable
reduction in contrast.

The Latent Image Effects resulis, Table 4-15b, show an apparent
latent image loss of more than 2 f stops at 0.6 above fog and 3 f stops
at 1,0 above fog. However, comparisons of flight data with HOUSTON PRE
data show that only about 1/4 f stop of this change was due to latent
image fading and the rest due to the effects of radiation. The net
effect was a 2 to 3 £ stop effective loss in sensitivity of pre-exposed
imagery. A similar effect was observed for the change in film sensi-
tivity. The change in film sensitivity due to storage time, temperature
and humidity over the SL4 mission as shown by the HOUSTON POST data was

~ 1/4 £ stop. However, the ret effect, due primarily to radiation,
was to reduce the film sensitivity by an average of 1 1/2 f stops at
0.6 above fog and 2 1/2 f stops at 1.0 above fog. These effects account,
in part, for the inability of the film to detect faint atmospheric clouds
observed and photographed by the astronauts but not imaged on the flight
film.

4.16 Performance Evaluation, Film Type 2485

Kodak 2485 High Speed Recordiag Film was the fastest film used in
orbit during the Skslab missions, It was, therefore, used on several
experiments for detection and recording of low light level phenomena.
These experiments were:

5063 UV Airglow Horizon Photography
8073 Gegenschein/Zodiacal Light
8232 Barium Plasma Observations
TO27 Contamination Measurement

The objectives of these experiments are given in Appendix B. Twenty-
eight rolls of 2485 launched and 22 returned. Nine of these rolls were
selected for environmental effects analysis; two from SL1/2, four from
SL3 and three from SL4. Two rolls selected from SL1/2 and one roll from
SL3 were 16-mm by 7-ft. The remaining film rolls analyzed were 35-mm x
7-ft. long.

Principal Investigators of experiments that used this film reported
this film was the best available for these applications. It was found
to be adequate for daylight photography but reciprocity failure and loss
of sensitivity were too great for good night time photos. The film was
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reported to have macro grain clumping which caused a loss in resolution
and density changes due to varying pressure during spooling in the flight
cartridges. Considcrable fogging was observed on some rolls. 16-mm

rolls used in the vacuum of space showed numerous static electric dis-
charge images. These appeared as both high density fine lines originating
from the film edge and perforations and as random general fog regiouns with
little or no structure. The latter of these supggests electrostatic dis~-
charge at the film supply roll as the film was unwound.

Based on the above observation it was recommended that future low
light photographic detection experiments investigate the effects of
reciprocity failure as well as film environmental effects as a part of the
film selection procedure, This should be followed by test exposures using
flight cameras and film under simulated lighting -and environmental condi-
tions. Parcicular attention should be given to electrostatic degradation
for cameras to be operated in vacuum,

4.16.1 Environmental Analysis Results, 2485

Environmental timelines and H & D curves for 2485 flight rolls BVOL,
BV02, BVO7, BV13, BV15, BV22, BV26 and BV29 given in Appendix D, Figures
D~58 through D-66. It is noted that no Houston Control data was available
for rolls BVOl, BVO2 and only the FLIGHT PRE and GROUND CONTROL were avail-
able for roll BVQ7.

The relatively large increase in base plug fog of this film and the
small total radiation dose shown on the timelines indicate this film was
also the most sensitive film to ionizing radiation. These data show a
reduction of film density range of 27 to 50% due to film fogging. This
was expected based on premission tests. However, the Radiation Data Compari-
son analysis results given in Table 4-16a show the fogging of the flight film
was less than expected even though the Flight Data Calculated Dose was
larger than the pre-mission prediction. Therefore, analyses were made of
the pre-mission test data using the Flight- Data Calv.lated Dose, These
are indicated by an asterisk in the Table 4-16a. These results show the
flight fogging was 24 to 37% less than that ¢.ived from test data. This
difference is partially attributrble to the dirference in the effect of
Co gamma rays, used to expose the test data, and the lower energy space
radiation spectrum. Roll BVOl was not considered in this calculation due
the variance of the Flight Data Calculated Dose for thir roll with the rest
of the data. The timeline for this roll shows large dose contributions
for days when the T027 camera was used outside the Skylab., If these large
dose spikes are neglected the resultant radiation dose becomes consistent
with the fog increase observed on the film. It was, therefore, assumed
that the computer model used an [uncorrect shielding factor for the T027
camera during its uxternal operation.
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TABLE 4-16., ANALYSIS RESULTS, FILM TYPE 2485

a, RABIATION DATA COMPARISOR

PRE-MISSION DOSE | FLIGHT DATA PRE-MISSTON. ACTUAL
PREDICTION CALGULATED DOSE PREDICTED INCREASE|  LNCREASE IN
ROLL (Rads Alr, IN BASE PLUS_FOG BASE PLUS FOG
WUMBER (Rads Alr, c0®%) Space Rodiation) (F1ir Density) (Film Denaity)
BVO1 + 1.692 1,66% 0.64
BVO2 + 0.55 0.80% 0.56
BVO7 + 0.944 1.13% 0.86
BVL3 0.934 1.012 0.98 0.84
BY14 0.934 1,028 0.98 0.93
BV15 0.93% 0.961 0.98 0.83
BV22 - 1,478 1.50% 1.06
BV26 + 1.49 1,53% 1.04
BV29 + 1.685 1.65% 1.06
b. LATENT IMAGE RFFECTS
DELTA LOG EXPOSURE
FLIGHT F1LM DATA TEMPERATURE fRUMIDITY RADIATION EFFECT TEMPERATURE /HUMIDITY
EFFECT TEST_DATA COMPARISON
CONTROL-FLIGHT PRE CONTROL~HOUSTON PRE HOUSTON PRE-FLIGHT PRE{ TEST CONTROL-TEST PRE
ROLL ’—AT DENSITY: AT DPENSITY: AT DENSITY: AT DENSITIY:
NIMBER .6 ADOVE 1.7 ABOVE | 0.6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1,2 ABOVE
v 06 FOG FOG FOG FOG FOG FOG
BVOL -0.27 0,45 + + + + -0.04 -0.04
BVO2 -0.27 2 + + + + -0.04 -0.04
BVO7 -0.50 aa0l + + + + -0.02 -0.03
a1l -0.55 -0.78 -0.06  =0,02 -0.51 .0.76 -0.02 -0.03
Vi -0.62 -0.78 -0.06  =0.06 -0.56 -0.72 -0.02 -0.03
V15 -0.53 -0.73 -0.06  -0.06 -0.47 “0.67 -0.02 -0.03
BY22 -0.77 -1.52 -0.04  -0.06 -0.73 -1.48 " +
BY26 -0.76 -1.54 -0.08  -0.06 -0.68 -1.48 + -
BY29 -0.84 -1,53 -0.05  -0.04 -0.79 1,49 + +
Average -0.678  -1.147 -0.055  -0.047 -0.623 -1.10 -0,027  -0.033
¢. FILM SENSITIVITY EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILM TEMPERATURE SHUMIDITY EFFECT | RADIATION EFFECT
CONTROL-FLIGHT POST CONTROL-HOUSTON POST HOUSTON POST-FLIGHT POST
FOLL AT DENSITY: AT DENSITY: AT DENSLTY:
NUMBER 0.6 ABOVE 1.2 ABOVE 0.6 ABOVE 1.2 ABOVE 0,6 ABOVE 1.2 ABOVE
¥0G ¥06 FOG FOG FOG FOG
BYOL -0,60 -1.34 + + + +
' BYO2 -0.42 -0,62 + + + +
BYO7 @ + o+ + - -
BV13 -0.41 -0.78 ~0.11 -0.05 0,52 -0.73
BVLG -0.36 -0.50 -0.06 -0,03 -0.30 -0.47
V1S -0.42 -0.76 -0.06 -0.03 -0.36 -0.73
Bv22 -0.97 -1.52 0 0.04 -0.97 -1.56
BV26 -0.88 1.54 -0.03 0.02 -0.85 -1.56
BV29 -0.86 -1.53 -0,02 0,01 -0.85 -1.54
Average -0.65 -1.105 -0.01 -0.0L6 -0. 64 -1.098

% Baged on pro-misslon tost data at flight data calqulated dosc.
+ No data available.

‘ ORIGINAL; PAGE IS e

OF POOR QUALITY.




Latent Image Effects results, tabulated in Table 4-16b show envir-
onmental effects similar to those observed for film type S0-265, These
data indicated very little fading of the latent image ( <% f stop).
However, at 0.6 above fog, the increase in base plug fog due to radiation
caused a reduction of sensitivity of the pre-exposed sensitometry by 1
to almost 3 f stops, depending on radiation dose. At 1.2 above fog,
the loss was equivalent to 1% to 5 f stops. 92% of the image loss was
due to radiation effect at 0.6 above fog, and 96% at 1.2 above fog. The
threshold of detection for these rolls was also reduced by 1 to 2 f stops.

A change in film sensitivity was observed which followed the same
pattern as the latent image loss, i.e., a random, almost insignificant
sensitivity change was present due to storage time and temperature but
a large reduction in the overall response of the film was caused by the
radiation fogging. These losses varied from 1 to over 3 f stops at 0.6
above fog and from almost 2 to 5 f stops at 1.2 above fog. Se~sitivity
losses were proportional to the film fogging and radiation lev 1s. On
the average, 99% of the loss of sensitivity was due to the effects of
ionizing radiation and only 1% due to storage time, temperature and rela-

ave humidity,

4.16.2 Comparison of Flight and Test Data, 2485

Comparison of flight data for this film was accomplished using the
pre-mission test data for film type 50-166, This was the same film as
type 2485 but had a special order identification number prior to becoming
a Kodak production product. Comparison of the ionizing radiation effects
results showed the flight film iuscrease in fog was 24 to 37% less than
that predicted by the test data, Flight data calculated doses for the
SL3 mission were only about 6% higher than predicted. The temperature/
humidity test data for latent image fading, Table 4-16b, were comparable
with the FLIGHT minus HOUSTON PRE data. This supports the conclusion that
very little latent image fading occurred and apparent latent image effects
observed were caused by fogging due to ionizing radiation,

4,17 Performance Evaluation, Film Type 2424

Kodak Infrared AEROGRAFHIC Film, Type 2424, was used in the Skylab
Multispectral Photographic Camera, Experiment S190A. A. discussed in
paragraph 4.11 this camera had six camera stations, each imaging in a
separate spectral band on separate 70-mm by 110-ft f£ilm rolls. Film
type 2424 was used in camera stations 1 and 2 which recorded imagery
of the earth's surface in the spectral bands of 700 to 800 nm and 800 to
900 nm, respectively.
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To achieve radiometrie calibration, each roll of f£ilm was provided

with both broadband and spectral sensitometric images before and after
each mission. The broadband sensitcmetric images were recorded with

a Wratten 89B filter in the sensitometas to simulate the operational
spectrum for this. film, Analysis of th: broadband sensitometric images
was the basis for the environmental effects analysis.

A total of thirty-two cassettes of 2424 f£ilm were launched for use in
the S190A camera. Six cassettes were launched on SL1 on 5/14/73, stowed
in the OWS film vault., Due to the anomalous environmental conditions on
SL1 prior to SL2 launch, two new cassettes were launched on SL2 to replace
film possibly damaged during the orbital storage period. Four cassettes
of 2424 from the SL1 launch and the two resupp:ied on SL2 were used for
SL2 on-orbit photography. Camera stations, magazine uumbers, and mission
launch for all 2424 film used during Skylab are listed below.

Camera Film Roll
Station Number Launch
1 1 sL2
1 7, 13 SL1
2 2 512
2 8, 14 SL1
1 1., 25, 31, 37, 43 SL3
2 20, 26, 32, 38, 44 SL3
1 49%, 55, 61, 67, 73, Al, Bl SL4
2 50%, 56, 62, 68, 74, A2, B2 S1L4

Dus to a procedural error, filters were inadvertently not installed on
the camera for EREP passes 53 through 62, Ther=fore, film rolls marked with
an asterisk were exposed without filters and provided broadband imagery
limited only by the spectral sensitivity of the f£ilm. Uander these conditions
tihe data from camera stations 1 and 2 were identical, Therefore, roll 49
required special processes to compensate for the overexposure caused by
omission of the filter. No data was available for Roll 50.

4.17.1 FEnvirommen:al Analysis Results, 2424

Environmental timelines and H & D curves on which the 2424 analysis
was based are presented in Appendix D, Figure D-67 through D-78. Table
4-17 presents the environmental degradation effects exhibited by these
curves. Table 4-17a shows that the increase in base + fog varied from
0.13 density units for film launched on SL2 to 0.38 units for film used
on §L4. Pre-mission predictions of radiation dose were 18 to 30% less than
those calculated during the mission.
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Table 4-17b gives data from which latent image effects were deter-
mined. The averages of data for film used on each mission showed a net
latent image growth of ~% £ stop for 5L 1/2, % £ stop for SL3 and 1/8
f stap for SL4. The effects of storage time, temperature and humidity
and radiation were additive for SL 1/2 and SL3, but opposing for SIl4.

The radiation caused a latent image growth during all missions. The time,
temperature and humidity effect contributed to the image growth for SL
1/2 and SL3 but decreased the image growth auriug SLA4.

This indicstes that the effect of storage time and temperature on
this film was to first cause a latent image growth and then a latent
image fading with increasing time. This phenomenon was partially sup-
ported by the pre-mission test data.

Film sensitivity effects were determined by the analysis of post-
mission sensitometric curves. The results are summarized in Table 4~17c.
Storage time, temperature and humidity produced a decrease in sensitivity
as did the ionizing radiation. This decrease prevailed for all film
rolls evaluated, The net loss in sensitivity varied from % f stop on

rolls 1, 2 and 43 to 13 f stops on rolls 13 and 14 measured at a density
of 1,2 above fog.

4.17.2 Comparison of Flight and Test Data, 2424

Pre-mission comparative test data were available for the separate
effects of ionizing radiation and temperature-humidity but nut for the
simultaneous combination of these effecis. The ionizing radiation com-
parison is given in Table 4-17a. As discussed above the pre-mission
predicted doses were 20 to 30% lower than the fiight data calculated
doses. The actual increase in base plug fog, on the other hand, varied
from 35% higher to 9% lower than the pre-mission predicted increase in
fog. This apparent variance was expected since the actual base plus
fog includes the effect of time, temperature and humidity. Therefore,
the test and flight radiation effects data were considered to be in good
agreement.

Pre-mission temperature-humidity test data indicates latent image
growth for the majority of conditions tested. In general the higher the
test temperature and the longer the test period, the greater is the latent
image growth. Although no latent image fading ..as observed from pre-
mission testing, as was the case for the SL4 flight data, the longest test
period was ounly half as long as the storage period for the SL& film. The
effects were, however, consistent for common test and flight storage
periods.
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TABLE 4-17 ANALYSILS RESULTS, FILi TYPE 2424

a, RADIATION DATA COMPARISON

PRE-MISSION DOSE FLIGHT DATA PRE -MISSTON ACTUAL
BREDICTION CALCULATED DOSE PREDICTED INCREASE INCREASE XY
ROLL 60 (Rada alr, IN BABE PLUS FOG BASE PLUS ¥OG
WUMBER (Rads &lir, €O ) Space Radiation) (Film Deasity) (Pilm Deneity)
1 0.388 0.472 0.12 0,13
2 0.388 0.472 0.12 0.14
13 0.463 0.653 0,14 0.19
14 0.463 0.653 0.14 0,17
25 0.728 0,995 0.24 0.22
26 0.728 0,996 0.24 0.22
43 0.723 €. 944 0.24 0.23
24 0.723 0.944 0.24 0.23
55 + 1,530 0,24 * 2.30
56 + 1.550 0.24 * 0,31
Bl + 1.905 0.28 * 0.3¢
82 + 1.905 0.28 * 0.35
b. LATENT IMAGE EFFECES
DELTA LOG EXPOSURE
FLIGHT TILM DATA TEMPERATURE /HUMIDITY | RADIATION EFFECT TEMPERATURE /HUMIDITY
EFFECT TEST DATA COMPARISON
CONTROL-FLIGHT PRE CONTRDL-HOUSTON PRE  [HOUSTON PRE-FLIGHT PRE| TEST CONTROL-TEST PRE
ROLL AT DENSITY: AT DENSITY: AT DENSYTY: AT DENSITY:
NUMBER 0.6 ABOVE 1,2 ABOVE | 0.6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE | 0.6 ABOVE 1.2 ABOVE
FOG FOG FOG FOG FOG FOG FOG FOG
1 0.11 0.14 0.01 0.09 0,10 0.05 -0.01 0
2 0,10 0.13 0,06 0.09 0.0 0.04 -0.01 0
13 0,18 0.18 0 0.08 0.18 0.10 0.14 0.13
14 0.11 0.17 0,01 0,07 0.10 0.10 0.14 0.13
25 0.06 0.06 0.04 0,09 0,02 -0,03 0,02 0,03
26 0,09 0.09 0 0.07 0,09 0.02 0.02 0.03
43 0.08 0.05 0.03 0.06 0.05 -0.01 0.02 0.02
44 0.06 0.06 1] 0,05 0.06 0,01 0,02 0.03
55 1.04 0.06 -0.1% =0.12 0.17 0.18 0.08 0.06
56 0.02 0.04 -0.1% -0,14 0.17 0,18 0.08 0.06
Bl -0.02 -0.01 ~0,17 =0. 14 0.14 Q.12 0.08 0.06
B2 ¢ 0.03 0,04 0.1 -0.04 -0.08 0.08 0.06
c. FILM SENSITIVITY EFFECTS
DELTA 1AG EXPOSURE
<
FLIGHT FILM TEWPERATURE /HUMIDITY EFFECT | RADIATION EFFECT
CONTROL-FLIGHT FOST CONTROL-HOUSTON POST HOUSTON POST-FLIGHT POST
ROLL AT DENSITY: AT DENSITY: AT DENSITY:
NUMBER 0.6 ABOVE 1.2 ABOVE 0.6 ABOVE 1.2 ABDVE 0.6 ABOVE 1.2 ABOVE
FOG FOG FOG FOG FoG FOG
1 -0.12 -0.15 0.03 0.06 -0.14 -0.21
2 -0.15 -0.17 0.03 0.04 ~0.18 -0.21
13 -0.36 -0.47 -0,08 0.0} -0.28 -0.48
14 -0.35 ~0.42 ~0.05 -0.07 -0.30 -0.35
25 -0.21 -0,20 -0.08 -0,08 -0.13 -0.14
26 -0,20 -0.21 -0.08 -0.07 -0.12 -0.14
43 -0.16 -0.18 -0.08 -0.07 -0.08 -0.11
44 -0.19 -0.19 -0.19 -0.07 -0.09 -0.12
55 -0.28 -0.30 =0,13 -0.12 -0,15 -0.18
56 -0.27 -0,28 =0.13 -0,13 -0.14 ~0.15
Bl -0.'8 -0,23 -0.17 -0.15 -0.01 -0.08
B2 -0,23 -0.24 -0.14 -0.13 -0.09 -0,k

% Bused on pre-mission tést data at flight data

+ No data avallable.
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During data analysis, it was observed that the HOUSTON PRE sensi-
tometric curves for SL4 rolls 55, 56 and Bl were inconsistent with the
rest of the 2424 film rolls. The cause of this anomaly was not dis-
covered but caution should be used in applying results based on these
curves,

4,18 Performance Evaluation, Film Type 850-242

Kodak Aerial Color Film, Type S0-242, was a high resolution color
reversal film with good color saturation for high contrast., This film
was used during each Skylab mission in the Earth Terrain Camera, Experi-
ment 5190B, and on SL%4 in the X-Ray Telescope, Experiment $056. The
51908 Experiment used 9 rolls (5-inch x 210-ft); one on SL2 and 4 each
on SL3 and SL4. Experiment S056 used a single 35-mm by 1000-ft roll.

$0-242 film use in SL90B produced high quality images of the earth
with ground resolution of 18 to 25 meters on second generation film.
Roll 84 showed random faint yellow streaking approximately 2 mm wide
due to an emulsion defect in the film. However, this phenomenon was
not ozserved on other rolls of this film type. Minimal color shift
was observable at high demnsities due to the effect of ionizing radia-
tion on the film color layers. In this case, the blue layer experienced
a reduction in maximum density of up to 277 of its total density range
while the rea ind green layers were virtually unaffected., This film
performed the requirements of S190B adequately but the resolution of the
camera was film limited.

Type 50-242 film was used on the X-Ray Telescope, Experiment 5056,
as an experiment to determine if spectral definition could be accomplished
by color separation analysis of the film. This film had the advantage
of better spatial resolution than the $0-212 film used previously as
well as the potential for wavelength separation. However, the color
film was also found to have several disadvantages. The S50-242 was very
slow and had the standard gelatine overcoat over the film emulsion.
Therefore, many X-rays were absorbed before reaching the photosensitive
emulsion and only intense X-ray radiation from solar flares were recorded.
The color.film ~lso had less dynamic range than the black and white film
used previously. Over the period of data analysis, film color dye fading
was defined to be a problem because of the color separation density
variation with time and the long time recuired to complete the data
analysis, Spectral distribution identification by color separation
analysis has been unsuccessful to date because of color dye fading, the
apparent lack of color shift in the solar imagery and a lack of basic
laboratory data to establish the color film response to various soft
X ray wavelengths and spectral distributions. Based on these results,
Dr. J. Underwood, co-principal investigator for Experiment 5056, described
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this film as basically unsatisfactory in this application without
additional laboratory research, Additionally, he defined & need for
more and better film calibration in the soft X-ray spectral region and
recommended that an X-ray sensitometer with better wsvelength selec-
tivity and shorter exposure times be developed.

4,18.1 Environmental Analvysis Results, 50-242

Environmental analysis of this film was based on 5056 film load
5 and §190B film rolls 81, 83, 88, 90 and 94, Environmental timelines
ard H & C curves for these rolls are given in Appendix D, Figures D-79
through D-84, The H & D curves were plotted from density data measured
wich visual, red, green and blue filters ia the dsnsitometer. The visual
(photopic) filter data is representative of the total density observed
by the human eye while the red, green ard blue filter data give densities
of each color layer in the £ilm. Numerical analysis results for these
rolls are given in Table 4-18. These results were based on analysis of
the H & D curves derived from measurements with the visual filter in the
densitometer.

Evaluation of the H & D curve shows the decrease in maximum density
due to space radiation was negligible for all but the emulsion layer
measured with the blue densitometer filter. This layer showed reduc-
tions in maximum density of 0.70 for roll 81, 0.38 for rolls 83 and 88,
0.54 for roll 90, 0.60 for roll 94 and 0,70 for load 5. These reductions
in maximum density were approximately prcportional to the Flight Data
Calculated Dose listed in Table 4-18a. The larger effect on the blue
sensitive emulsion layer was expected due to the higher sensitivity of
this layer to ionizing radiation. This high sensitivity is required in
this film to achieve proper color balance of visible light exposures
with the emulsion stacking order of this film.

Latent image evaluation of this film type showed fading of approxi-
mately 1/3 to 1/2 f stops. Comparisons of the HOUSTON FRE control data
and the flight data showed that approximately 80 to 90% of the image
fading was due to the effects of storage time and temperature for the
S190B rolls flown on SL3 and SL4, Load 5 and roll 81 showed an apparent
latent image growth in the Radiation Effects column in Table 4-18b.
However, this was caused by an increase in the maximum density value of
the flight film which opposed the effect of storage time, temperature
and relative humidity and reduced the total observed latent image fading.

Film sensitivity anulysis showed a very small increase in sensitivity
primarily due to the effects of radiation. The affect was less tham 1/4
f. stop and therefore was considered negligible. Numerical results are
given in Table 4-18c. N
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TABLE 4-18.

a, TADIATION DATA OOMPARISON

ANALYSIS RESULTS, FILM TYPE S0-242

PRE-MISS10N

PHRLUICTIED DLCREASE
I MAAEIMUM DENSITY

ACTUAL
DECREASE 1IN
FAXIMUIM DENSITY

(Film Density)

{Filr Density)

Phl -M155 I FLIGHT DATA
bUst PR-DICL Uk CALCUIATED DOSE
Retlt P (Rads Adr,
SRR R (Rads Atr, €070 Space Radiation)
Load § + 2,05
81 0.979 0.560
43 1.72 1.101
L1 L.64 1.031
90 + 1,632
&4 + 1,468

DELTA LOG EXPOSURE

tz.  LATENT IMAGE EFFECTS

FLIGHT FIIM DATA TEMPERATURE /IRVIDITY RADIATION EFFECT TEMPERATLURE /HIMIDITY
EFFECT TEST DATA COMPATISON
QONTROL-FLIGHT T'RE CONTROL-HOUS JON PRE NOUSTON PRE.FLIGHT PRE| TEST CONTROL-TEST PRE
AT DENSITY: | AT DENSITY: AT DENSITY: AT DENS1TY:
ROLL 0.6 BELOW 1.2 BRLOW 0.6 BELOW 1.2 DELOV 0,6 BELOW 1.2 BELOW N.6 BELOW 1.2 DFLOW
NUMBER HAX. D MAX. D MAX, D MAX, D MAX. I MAX, T MAK, D HAX, D
Load 5 =U.Ue ~0,U6 -G,17 -0,15 vl 0.09 + +
B1 -0,10 -0,09 -0.16 =0.17 0.06 0.08 + +
B3 -0,12 -0.12 ~0,12 =0.10 4] -0.03 + +
88 -0.13 ~0,18 -0,12 -0,12 -0,03 -0.06 + +
¢ =0.17 -0.14 -0,12 -0,08 -0,0% -0,06 + +
94 «0,16 -0,16 -0,12 -0.13 =0.04 -0.03 + +
Ave-age | -U.120 -0,1z6 ~0.135 -0,125 . LUy ~0.0L + +

., FIWM SEXSITIVITY EFFECTS

NELTA 10OC EXPOSIRE
FLIGHT +TiM TEM PERATURE /HUMIDITY EFFECT RADIATION EFFECT
CONTRUL-FLIGHT POST CONTROL-HOU STOCN POST HOUSTON POST-FLIGHT POST
AT DEXSITY: AT DENSITY: AT DENSITY:
ROLL 0.6 BELOW 1.2 BELOW .6 BEIOW 1.2 BELOW .6 BELOW 1.2 BELOW
MYDIER MAX DENSITY MAX DENSITY MAX DENSITY  MAX DENSITY MAX DENSITY MAX DENSITY
Load 5 0.05 0.01 + + + +
BL 0.05 0.04 0.05 0.03 0 0.01
83 0.06 0,03 -0,07 -0,05 0.12 0.10
86 0.06 0,01 .01 1} 0.05 0.01
90 0,05 0.08 0,01 0,04 0,04 0.05
94 0.06 0.04 =0.61 ] 0,07 0,04
Average 0,056 + 0,044 -0,002 0.004 0.058 0.04

+ No data avallable.
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It should be noted thatr although load 5 was operated in a vacuum
for approximately 50 days the photographic performance and environmental
effect were comparable to the film rolls used inside the Skylab, Notice-
able differences were minor but were observable as variations in latent
image effects.

4.18.2 Comparison of Flight and Test Data, S50-242

Test data available for comparative analysis was limited to the
fogging predictions and pre-mission radiation dose calculations. Examing-
tion of Table 4-18a shows that pre-mission predicted radiation dose was
approximately 1.6 to 1,7 times that calculated during the mission. This
was within the Vette model error but was larger than most film dose com-
parisons, The predicted decrease in maximum density was grossly different
from that actually measured. It should be noted, however, that the
pre-mission prediction was based on film Type S0~121 test data since
850-242 was introduced after the pre-mission radiation testing was com-
pleted. However, the actual decrease in maximum density were still less
than expected,

4,19 Performance Tvolaation, Film Type 50-356

Kodak High Definition Ektachrome Film, Type S0-356, was the same
emulsion as S0-242 but was coated on 4 mil ESTAR base. This film was
used in Station & of the Skylab Multispectral Photograph Camera, Experi-
ment S190A. This station employed only a haze filter and, therefore, had
a spectral coverage of 400 to 700 nm.

Seventeen cassettes of S0-356, each 70-mm x 110-ft, were launched for
use during the Skylab mission. Two cassettes launched on SL1 were, however,
not used due to potential degradation from the high OWS temperatures. Three
rolls of fresh film were launched on SL2 and used in their place. There-
fore, a total of fifteen rolls were used and returned. The 80-356 rolls
ugsed are listed below by film roll number and launch.

Film Roll Number Launch
04, 10, 16 sL2
22, 28, 34, 40, 46 SL3
52, 58, 64, 70, 76, A4, B4 SL4

Due to a procedural error, the filter was inadvertently not installed
when roll 52 was used. This caused only a slight overexposure of imagery
on that roll which was compensated for in the film processing, Due to
this minor change in processing, the sensitometric data for this roll were
not considered in this environmental effects analysis.
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80-356 f£ilm performed the requirements of this experiment very well
and no film anomalies were observed, As a result, high quality images
of the earth were obtained. Each frame provided grourd coverage of a
square area approximately 100 miles on each side with ground resolution
of about 37 meters for second generation duplicate film.

4,19.1 Environmental Analysis Results, S0-356

Environmental analysis of this film was based on enviromnmental time-
lines and H & D curves for rolls 04, 16, 22, 46, 58 and B4 given in
Appendix D, Figures D-85 through D-90, The response of this film to the
Skylab environment was essentially the same as that observed for 50-242,

As shown in Table 4-19, the pre-mission dose prediction was 1.6 to

1.9 times that calculated during flight. The actual decrease in maximum
density for the visual, red, and green measurements were negligible while

a larger effect was observed in the blue., This effect was relatively small
and caused minimal color shift at high densities. As was observed from the
50-242 data, the actual decrease in maximum density did not compare well
with and was much less than the pre-mission test data based on film Type
s50-121,

Latent image effects analysis showed image losses of approximately
1/4 £ stop for SL2 film and 1/2 to 2/3 f stop for SL3 and SL4. These
small losses were attributable almost entirely to storage time, temperature
and relative humidity. Test data comparison values shown in Table 4-19b
were based on tests of film Type S0-121, These data imply that S0-121
was less susceptible to latent image fading than S0-356.

Film sensitivity analysis results, Table 4-19c, showed a small increase
in sensitivity {(approximately 1/4 £ stop) for the film rolls flown on SLZ
and a negligible decrease in sensitivity for those used on SL3 and SL&4.
Comparison of the temperature/humidity and radiation effects indicated that,
except for SL2Z, these environmental parameters caused opposing effects
resulting in a very small net sensitivity change,

4,20 Performance Evaluation, Film Type 50-368

Kodak Ektachrome MS Film, Type S0-368, was a medium speed color reversal
film generally processed at an ASA of 64. This film was used during Skylab
primarily for external hand-held photography to document crew and operational
activity. It was also used on Experiments TO053, 5063 and 8191. These multi-
disciplinary applications required that this film be used in 16-mm Data
Acquisition Cameras, Operational 35-mm Nikons and 70-mm Hasselblad Cameras.
The number of rolls launched and returned of each size is given in Table
4-1. Although 60 rolls of 50~368 were used on Skylab, complete sensitometric
data were available for only a few 16-mm and 70-mm rolls.
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TABLE 4-19. ANALYSIS RESULTS, FILM TYPE S0-356 (VISUAL)

o. BADIATION DATA COMPARISON

PN,

ERY-HLSS 1ON FLIGHT DATA PIE-V1SSTON ACTUAL
BOSE PREDICT IUN CALCULATED DOSE PREDICTED DECREASL DECREASE IN
RoLL 60 (Rads Afr, IN MAXIMUM DENSITY MAXIMIM DENSITY
NUMDER {Rods Afr, CO" ) Space Radiation) (F11m Density) (Film Denaity)
04 0,893 0,472 0.02 < 0.0}
16 0,898 0,463 0,02 <0.01
22 1,630 0.998 0,30 <0.0i
46 1.596 0.944 G.29 <0.01
58 + 1,550 + < 0.0}
BA + 1,90% + <0.01
b. LATENT IMAGE EFFECTS
DELTA LOG EXPOSURE
FLIGHT FILM DATA TEMPERATURE {HIMIDITY RADIATION EFFECT TEMPERATIRE /HEMIDITY
EFFECT TEST DATA COMPARISON
CONTROL-FLIGHT PRE CONTROL-HOUSTON PRE HOUSTON PRE-FLIGHT PRE | TEST CONTROL-TEST PRE
AT DENSTITY: AT DENSITY: AT DENSITY: AT DENSITY:
ROLL 0,6 BELOW 1,2 BELOW | 0,5 BELOW }.2? DELOW 0.6 EELOW 1,2 BELOW 0.6 BELOW 1.2 BELOW
NUMBER MAX. D MAX, D MAX, D VAX, O MAX, D MAX, D MAX, D MAX. D
04 ~0.07 =0,04 -0,05 =-0,08 «0,02 0.04 -0,04 -0,01
16 -0,07 -0,03 =0.09 -0,08 0,02 0.05 ~0,06 =0,01
22 -0.20 ~0,18 -0,19 -0,21 -0,01 0.03 ~0,04 =0,03
46 -0,18 -0.15 -0.18 -0.16 0 0.01 =0.04 -0.03
58 -0.20 -0,18 =0,17 ~0,1% -0.03 =-0.03 -0,.04 +0.04
B4 N, 14 =0,13 =0,14 =0.13 0 0 =0.04 -0,04
Average 40143 ~0,118 -0,137 =0.135 -0.007 0.016 -0.04 -0,027
e¢. FILM SENSITIVITY EFFECTS
DELTA LOG EXPOSURE -
FLIGHT FILM TEMPERATURE/HIMIDITY EFFECT RADIATION EFFECT
OONTROL-FLIGHT POST CONTROL-HOUSTON POST HOUSTON FOST-FLICHT POST
AT DENSITY: AT DENSITY: AT DENSITY:
ROLL 0.6 BELOW 1.2 BELOW 0.6 BELOW 1.2 PELOW 0.6 BELGW 1.2 BELDW
NIMDER MAX DENSITY MAX DENSITY MAX DENSITY MAX DENSITY MAX DENSITY MAX DENSTTY
113 0,08 0.08 0 0.04 0,08 0,04
16 0,10 .10 0 0.03 0,10 0.07
22 1] -0,01 -0,08 -0,07 0.08 0,06
[13 -0,02 -0,01 =0,07 -0,06 0.05 0,05
58 -0.02 -0,01 0,04 -5,04 0,02 0.03
B& =002 Q 0,04 =0.05 0,06 0,05
Average 0,027 0.025 -0,038 =0,025 0,065 0.65

+ No data availabla.
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This film was deterwmined to be adequate for the applications for
which it was used and no significant film problems or anomalies were
reported,

4.20.1 Environmental Analysis Results, S50-368
Environmental analysis was based on H & D cuives for 12 rolls of

film. The rolls are identified below by roll number, film size, and
mission on which they were launched and returned,

Roll Number Size Mission
CX01l 16-mm SL2
CX03 16-mm SL2
CX04 70-mm 512
CX05 70-mm s5L2
CX06 70-mm SL2
CXo7 16~-mm SL3
CXn9 16~mm SL3
CXi0 70-mm SL3
CX17 70-mm SL4
Cx23 70-mm SL2
CxX27 70-mm SL3
Ccx52 70-mm SL4

H & D curves and environmental timelines for these rolls are given in
Appendix D, Figures D-91 through D-102, Although some of these rolls
were used during extra-vehicular activity, the time ir the space vacuum
is not shown on the environmental timelines due to the short duration of
vacuum exposure, Lt should also be noted that the HOUSTON PRE and POST
data were not available for several rolls.

Changes in maximum density due to space radiation are given in
Table 4-20a. Variations of actual decrease in maximum density compared
to the Flight Data Calculated Dose show the statistical variation of
the calculated dose. This was illustrated by comparison of these para-
meters for rolls CX04, CX05 and CX06. 1In this case, the calculated dose
was identical while the change in maximum den..ty varied by over a factor
of two., Although reduction of maximum density for this film was as large
as 0.66 density units no observable data loss was identified. Additionally,
the space radiation caused comparable reduction of maximum density for
each of the three emulsion layers. Therelore, no color shift was observed.

Evaluation of the environmental effects on the film latent image
showed negligibley small effects for film flown on SL2. Reduction in film
response of up to 3/4 f stop was observed at 1.2 below maximum density on
SL3 and SL4 film data. Detailed analysis showed this effect was due to
the reduction of maximum density due to exposure by ionizing radiation
rather than to temperature/humidity effects.
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TABLE 4-20

. RADTATION DATA COMPARISON

ANALYSIS RESULTS, FILM TYPE 50-368 (VISUAL)

PRE-MIss Lod FLICHT DATA PRE-Y1SST0N ! ACTTAL "
DUS: P DICT Loy CAICUIATED DOSE Phoidt it DROREASEL DECREASE IN |
ROTT o fRads Adr, L MASIMUM DINSTIY SAXTMTY DFNRITY
MVEFR (Rads Ade, 007 ) Space Ra'iat{on) (" {im Denvitvy (Filr Denrity
cXol + 0.75 Qa,20% 0,15
cX03 + Q.75 0,20% 0,17
CX04 + 0,60 0, 14% 0,22
CXD5 + 0,60 0. law 0.42
CX06 + 0.60 0, 14% 0.48
CXo7 1,524 1,431 0,40 0.36
CX09 1.524 l.431 0,40 0,46
cX10 1.524 1.036 0.40 G.49
cx17 + 3.568 0,73+ 0.66
CX23 + 0,792 0.21% 0,22
cx2? 1.524 1,673 0.40 0.52
CX52 + 2,509 0.60* 0.64
b. LATENT IMAGE EFFECTS
F
DELTA LOG EXPOSURE
FLIGHT FIIM DATA TEMPERATURE /HIMIDITY RADIATION EFFECT TEMPERATUNE /HIMIDITY
EFFECT TEST DATA COMPARISON
CONTROL-FLIGHT PRE CONTROL-HOU'STON PRE HOUSTON PRE-PLIGHT PRE| TEST CONTROL-TEST PRE
AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
ROLL 0,6 BELOW 1,7 BELOW 0.6 BELOW 1.2 BELOW 0.6 EELOW 1.2 RFLOW 0.6 BELOW 1,2 BELOW
NUMBER MAX, D MAX, D MAX. D MAX. D MAX. D MAX, D MAX, D MAX, D
CXol 0,06 [y} + + + + Q 0
03 0.05 Q + + + + 0 0
04 0.02 -0,05 + + + + o 0
05 0,06 -0,01 + + + + i) o
06 0,07 -0,05 + + + + D 0
07 -0,01 =0,10 .11 0 =-0.12 =-0.10 -0,01 0.10
09 -0,02 ~0.10 0,11 0 -0,13 -0,10 «0.01 0,10
10 -0,11 -0.17 0 0.01 =0,11 -0.18 -0,01 0.10
17 -0.08 -0,24 -0.03 -0.02 «0,05 -0,22 ~0,09 0,02
23 0.03 ~0,02 + + + + [V} i}
27 =-0.11 -0,23 0.01 [} -0,12 0,23 =-0.01 0,01
32 -0,08 -0,19 0.02 0,02 -0,10 0,21 «0,09 0,02
Averages | -0.068 =-0,172 0,037 ¢.002 -0,105 -0,173 ~0.018 0.007
e, FILM SENSITIVITY EFFECTS
DELTA LOG EXPOSURE :
FLIGHT FILM TEMPERATURE /HIMIDITY EFFECT RADIATION EFFECT ]
CONTROL-FLIGHT POST CONTROL-HOUSTON POST HOUSTON POST-FLIGHT POST
AT DENSITY: AT DENSITY: AT DENSITY:
ROLL 0.6 BELOW 1.2 BELOW 0.6 BELOW 1.2 BELOW 0.6 BELOW 1.2 BELOW
NUMRER MAX DENSITY MAX DENSITY MAX DENSITY MAX DENSITY MAX DENSITY MAX DENSITY
CX01 -0.03 -0.05 + + + +
€x03 «0.04 -0,05 + + + 4
cX04 -0,04 -0.07 + 4 4 * +
CX05 -0.08 -0.04 + + + +
CX06 -0,09 -0,09 + + + +
cXo? -0,09 =0.15 L4 0 -0, 00 -0,15
CXo9 -0.08 =0,15 [} 0 =0.08 -0,15
CX10 =0.04 -0.13 -0,01 =0.01 ~0.03 -0,12
cx17 -0,18 -0.29 .03 0.04 -0,21 -0,33
cxX23 ~0.06 -0,10 + + + +
cx27 -0,06 -0,19 -0,03 -0,02 ~0.03 -0.16
CX52 -0.14 -0,27 0.05 0.04 -0.19 -0,31
Averages ~0.098 -0.197 0,007 0.0%7 -0,105 =0.203

* Based on pre-mission test data at flight data calculated dooe.

+ No data available.
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Evaluation of post-flight exposure data showed an effective reduc-
tion of £ilm sensitivity of up to 1 f stop at the densities evaluated,
This was also attributed to the change in maximum density caused by
space radiation., No consistent effects were observed from the temperature/
humidity effects data,

4,20,2 Comparison of Flight to Test Data, S0-348

Comparison of Pre-mission Dose Predictlon and Flight Dats Calculated
Dcse (Table 4-20a) showed the pre~mission prediction was within 10% of
the flight data calculated value for 3 out of 4 rolls, Preflight predic~-
tions of changes in maximum density were less than actual flight values by
an average of 0.08 density units. Test data comparison of maximum density
changes based on flight data calculated doses were also in good agreement
with flight data values except for rsoll CX05 and CX06. The calculated
dose for these rolls was obviously in error.

Comparison of Houston Temperature/Humidity Effects to the similar
effect from pre-mission test data showed general consistency but several

random discrepancies were present.

4,21 Performance Bvaluation, Film Tvpe 80-168

Kodak Ektachrome EF Film, Type S0-168, was a high speed color reversal
film used primarily for documenting crew and other operational activity
within the Skylab. In addition to the operational photography, this film
was used in support of Skylab Experiments §191, TOL3, T020, TO53, M479,
M487, M509, M516, ML151, and for Student Investigatioms and Science Demon-
strations, Most of this film was packaged in 400-ft or 140-ft cartridges
for use in Skylab 16-mm Data Acquisition Cameras, One hundred 16-mm rolls
were launched during the Skylab missions and 91 returned. In addition,

28 35-mm by 9~-ft rolls of S50-168 film were launched for use in Skylab
Nikon Cameras., Twenty-seven of these were used and r~turned,

Insofar as could be determined, this film was adequate to accomplish
the requirements of the many experiments and applications in which it was
used. However, some investigators identified a desire for color f£ilm with
higher film speed than S50-168. It was noted that certain phenomena observed
by the Skylab crew could not be photographed due to their low light levels
and constrasts.

4,21.1 Environmental Analysis Results, S0-168
Although many rolls of S50-168 film were used on Skylab, complete

sensitometric data, including Flight Pre and Post, Houston Pre and Post
and Control sensitometry were available for only one roll. Therefore,
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environmental effects analysis was based on the available sensitometry
from rolls CLOl, CI44, CI68, CI88 and CI89, Environmental timelines
and H & D curves for these rolls are given in Appendix D, Figures D-103
througis D-107. Numerical analysis results for reduction of maximum
density, and changes in latent image and sensitivity at 0.6 and 1,2
below maximum density are given in Table 4-21.

TABLE 4-21, ANALYSIS RESULTS, FILM TYPE S0-168 (VISUAL)

a, TADIATION DATA COMPARISON

PRE-MISSION FLIGHT DATA PRE-FISSION ACTUAL
DOSE PREDICT ION CALCULATED DOSE FREDICTED DECREASE DECREASE IN
ROLL 60 {Reds Alr, IN MAXIMUM DENSITY MAXTMIM DENSTTY
NUMBER {Rada Atr, €O ) Space Rodiattan) (Film Pensity) {Film Density)
cLol + 1,193 0.76% 0,64
CI&sh 3,435 3,179 1,71 1,31
cres 2,880 3,153 1.56 1.20
cIas + 4,728 1.93% 1.76
cIa9 + 4,726 1,93* 1,67
b. LATEN. TMAGE EFFECTS
DELTA LG EXPOSURE
FLIGHT FILM DATA MRE/HLMIDITY RADTATION EFFECT TEMPERATURE /HUMIDITY
EFFECT TEST DATA COMPARISON
CONTROL-FLIGHT PRE CONTROL-HOUSTON PRE HOUSTON PRE-FLIGHT PRE| TEST CONTROL-TEST PRE
AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
ROLL 0.6 BELOW 1,2 BELOW | 0.6 BELOW 1,2 BELOW 0.6 BELOW 1,2 BEiOW 0.6 BELOW 1,2 BELOW
WUMBER MAX, D MAX, D MAX, D MAX, D MAX, D MAX. D MAX, D MAX, D
CLOL -0,19 ~0,32 + + + + ~0,07 -0.07
CI4h =0.46 ~0,68 -0,06 -0.02 =0.40 =0,66 ~0,16 ~0,16
CI68 ~0,41 ~0.65 ~0.02 ~0.03 =0.29 -0,.62 -0,16 =0.16
CI188 (.73 -1,28 + + + + -0,32 -0,32
c189 ~0.71 -1.09 + + + + -0,32 -0,32
¢. FILM SENSITIVITY EFFECTS
DELTA LOG EXPOSURE
FLIGHT FIIM TRMPERATURE /HUMI))ITY EFFECT RADIATION EFFECT
CONTROL-FLIGHT POST CONTROL-HOUSTON 1'0ST HOUSTON POST-FLIGHT POST
AT DENSITY: AT DENSITY: AT DENBITY:
ROLL 0.6 BELOW 1.2 BELOW ¢.6 BELOW 1.2 BELOW 0.6 BELOW 1.2 BELOW
NUMBER MAX DENSITY MAX DENSITY MAX DENSITY MAX DENBITY MAX DENSITY MAX DENSITY
cLol -0.26 =0.64 + + + +
Clbh + + -0.02 0 + +
CI68 ~0,43 -0.70 0.01 0.03 =044 -0,73
[+ ] + + + + * +
c189 + + + + + +
+ MNo data available

* Base on test data at Flight Data Calculated Dose
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Decrease in maximum density values ranged from 0.64 to 1.76
density for the rolls evaluated., This caused a reduction in density
range due to the effects of space radiation of over 50% for film rolls
launched on SLL and returned on Sl4.

This caused a similar loss in contrast, cffective image loss to
pre-exposed sensitometry of up to 4 f stops at 1.2 density below max
D, and effective loss in film sensitivity of up to 2 1/3 £ stops.
Although the effective image losses at the density values evaluated
was very large, the threshold of detection was reduced by only 1 to 2
f stops. Therefore, little information was totally lost but considerable
reductions in film contrast were experienced, particularly for faint
objects.

Comparison of Flight and Houston Control sensitometry indicated
that the effects of temperature/humidity were negligible; therefore,
virtually all degradation of this film was caused by ionizing space
radiation.

4,21,2 Comparison of Flight to Test Data, SO0-168

Pre-mission radiation dose predictions, listed in Table 4~2la, were
available for only two S0-168 rolls. Pre-mission predicted values for
these rolls were within 10% of the Flight Data Calculated Dose. Pre-
mission predictions for reduction in film maximum density were higher
than measured values by 10 to 30%. Test data for this comparison was
based on c060 gamma ray exposures. Therefore, approximately 10% of this
difference was due to the difference in energy spectra between the space
radiation and the test radiation, Based on this information, the test
and flight data were considered to be in good agreement,

Comparison of pre-mission latent image temperature/humidity test
data and the Houston Control temperature/humidity data (Table 4-21b)
showed poor agreement. Values from pre-mission test data were approxi-
mately % £ stop larger than those derived from the Houston Control data,

4.2? Performance Evaluation, Film Type 2443

Kodak Aerochrome Infrared Film, Type 2443 was a false color infrared

gensitive color reversal film with a 4 mil ESTAR base. This film was used

on Skylab Experiments S063 and §190A and in operational hand-held Nikon
Careras. This film was used on S063 to photograph the Earth's twilight
airglow, aurorae, red areas and noctilucent clouds, 1In the S190A, Multi-
spectral Photographic Camera, it was used in camera station 3 to provide
false color imagery of the Earth's surface in the spectral range of 500

to 880 nm. Eight 35-mm by 7-ft rolls we used for the 5063 and operational
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photography while 15 70-mm by 110-ft rolls were used in SIG0A. Two
additional 70-mm rolls were launched on SL1 but were not used due to
potential film degradation from the high SL1 temperatures. Sensitometric
data for this film were available for only the S190A rolls. These rolls
are listed below with the mission on which they were used.

Roll Number Skylab Mission
03, 09, 15 S1.2
21, 27, 33, 39, 45 SL3
51%, 57, 63, 59, 75, A3, B3 SL4

*Exposed with the camera filter not installed.

The 2443 film performed the requirements of the 5190A Camera and the
operational photography adaquately. However, $190A camera station 3
was resolution limited by the film, No information was obtained con~
cerning the adequacy of this film in fulfilling the requirements of the
5063 experiment.

4.22.1 Environmental Analysis Results, 2443

Analysis of the environmental effect on this film were limited to
film rolls used for S190A since no sensitometric exposures were made on
the 35-mm rolls. The analysis was based on film rolls 03, 15, 21, 45,
57 and B3 which provide 2 rolls for each Skylab mission. K & D curves
and environmental timelines for these rolls are given in Appendix D,
Figures D-108 through D-113, Numerical analysis results are tabulated
in Table 4-22 for the visual, red, blue and green data to provide inter-
cowparison of environmental effects on the three emulsion layers,

The effects of ionizing radiation on tle filin maximum density are
given in Table 4-22a, This table shows the reduction in maximum density
for the visual, red and green filter measurements were approximately the
same for each given roll. The blue filter readings were off scale. The

reductions in maximum density due to radiation caused only a minimal effect

that was essentially unobservable on the ground imagery. A variation of
Flight Data Calculated Dose with the Actual Decrease in Maximum Density
was observed by roll 3 was compared to roll 15. This variation was due
to the inaccuracy of the calculated dose, 1In spite of this inaceuracy
the pre-mission dose prediction and that calculated from filight data
agreed very well. In each case, the dose predicted before the mission
was only 3 to 107% higher than the flight data calculation.

Evaluation of the savironmental effects on the latent image (Table
4-22b) showed negligibly small changes in the latent image for all rolls
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TABIIE 4"220

RADIATION DATA CDMPARIGOH

ANALYSIS RESULTS, FIIM TYPE 2443

e LEYLH] FLICUT DATA pRE-p1RaTON ACTUAL
DBOSE EREDICTION CALLVIATED DOSE PREDILIED LrembaSs | DECRFATE IS
RGLL .0, (Reds Alr, Th TG iG] DENSITY | PAXTHIT DPISITY
IVREER (Rods Alr, GO} Space Radlar{ion) {71lo Denilty) {Filn Denaity)
v 3 0.332 0,472 0,12 0
1 13 0.45% 0,483 0.52 0.06
[ BT 1,018 590 0,38 0,23
" 1,021 0,844 0,38 G212
A 57 - 1,550 + €.,33
L b3 + 1,503 + [0 B
3 0,568 0,672 G.16 0,07
A 15 .51 0,463 0,10 0,10
B 2 1,063 0,950 0,50 0.2
I 43 1,043 0,944 0,49 0.22
5 * 1,330 + 0.28
i) + 0% + 0,38
k] 0,384 [XYF) 0.i6 Density
s 15 0,368 0,683 0,14 Roading
L 31 1,213 0.998 0.97 244
u 45 L2 0,944 0.5% Sealo
3 57 + 1490 +
n + 1,905 +
b 3 0.631 047 048 -£,03
k 18 0,654 0,463 0,46 0,26
2 F39 1.063 0.998 0.3 Q.41
43 1046 0,944 0,3% 0,23
37 + 1.350 + Q,22
B3 + 1,505 + 0,44
b. LATENT $MAGE EFFE 3
DELTA LG EXFOSURE
FLICUT FIH BATA l TEMPERATURE [UUHIDITY BADIATION EFFFCT TPHPERATURE SINIDITY
EFFECT TRST_DATA_DRCFANESOI
CONTROL-FLICITE PRE CONTROL-UGCITON PRE fICUSTON TRE-FLIGHT PRE| TEST CONTROL-TEST Pr2
AT DELSITY; | AT DEUSITY: ~ | avommiry:  [aromsmys ]
noLL 0.5 tzioil 1.7 GELow | 0.6 GELDW 1.7 DELOE ®.6 tZi0W 1. CELAW | 0.6 CELGM 1,2 DELOW
MRER | HAX, © mx, D k. D nx, o Hax, o MAX, B "y, 0 M, D
v 03 -0.02 -0,61 +0.05 -0.03 0,m 0.02 0.00 (X
1 s 0 0 -0,02 -0,01 0.02 0,01 0.06 6,07
5 2L +0,02 -0,0% -0.02 -0,03 0,01 -0,02 0,07 0.07
u 45 0,02 0,05 0,03 -0,04 0.01 0,01 0.07 0.07
A 97 -0, 01 0,03 -0,0% -0.01 0,08 -0,02 0.07 0.07
L 5] -0.08 0,07 *0.03 «0.02 -0,05 -0.09 0,07 0.07
Average_{-0.021 -0,035 ~0,033 -9,023 0.1 0,012 0,067 0,07
5y 10 0,01 EINE 0,00~ [ moz 0.07 0,08 0,04
R 15 Al 0,02 0 0.01 .01 0,01 000 0,04
E 1 0,08 -0.06 004 =004 -0.02 0,02 6,07 0,09
- 63 0,02 =005 =0,18 -0.15 0.09 0.5 0.07 0,08
a7 0,02 -0.04 «0.02 -0.02 o «0.02 0,05 0.06
CL) -9.03 -0,07 -0,01 -0.04 «0.02 -0,06 0.0% o086
avorene 0,01 -0.03 -,03) -0,037 0.013 0,007 0,033 0,86
[33] -6,05 L] 0,09 0,08 0,03 0.03 <016 010
B 15 lo.08 0,04 -0,10 -0,06 0,04 6.02 0. 16 -0,1%
L at 0.03 6,01 -0.04 -0.03 0,07 0,04 0,12 8,13
H w3 0,02 0,01 -0.04 -0.902 0,06 Q.03 0.2 0,13
e 57 0,89 -0,03 0,01 0.12 0,08 X" 0,04
L] 0,14 0.03 0.04 0,11 0,06 0,02 0,04
Avaraga | 9,027 0,043 0,023 0,07, 0,06 0,007 a,007
G o3 Fo,01 0,05 0,03 0.04 0,01 -0,04 ©.08
n 35 10,09 -0,01 -0,01 -0.06 -0,01 -0,04 0,08
E 21 k0,02 -0.02 «0,02 & -0.02 0,05 0,00
£ 45 0,04 -8,04 0,02 0 -0,03 0,05 0,09
] 57 Lo, 06 -0.02 0,01 0,02 -9,06 0,05 0,69
B3 [ 0.02 0.03 0,02 -0,08 6,05 0,09
Avorage [0.013 -0,023 -0,093 -0.01 -0,028 0.02 0087

€.

FIWM SEMSITIVITY EFFECTS

DELTA 106 EXFOSLRE
FLIGRY FJH TCHPERATY RE/SMIDITY PYPECT RADTATION EFFECT
CONTROL-FLIGHT POST COTROL- 1oL 510! POST TGUSTO FOST-FLIGIT PGST
AT DELSITY: | Avoesstty: . AT DEWSITH: ]
[TEES T.6 BELOU 1.7 BELOD L] 7.7 LELOY G & CZIOY 1.2 CELOW
KIMBER MAX DEHEITY HAX OFNSLTY HAX DERSITY MAX DEHSITY KAX BENSITY MAX DEWSITY
v| 03 «8,36 -0.08 0,03 -0.05 6,01 -0.03
1 B =0.04 & -0.01 ~0.0% -0,04
s 0,08 -0.08 01,08 -0,0} -0,00
[F -0.95 0,01 -0.07 -0.62 «0,06
A 52 0,01 -0,02 -0,0% =0,01 +0,03
L b3 -0.1e =0, 14 -0.19 0 -0,04
Average 0,052 -0.048 =007 0,018 -0,05
[X] 5.1 <0,06 -G.06 *0.07 0,08
r 15 -0.10 -0.08 -0.08 -.04
E 2 +8,2% =011 -0,1% -0, 14
o 4% -p,24 0,22 -0.37 -0.02
37 =0.26 -0,23 ~0.26 -0.03
2] «0.27 -0,28 -,29 0,01
Avasrape =0,208 -0,14 =0,201 =0, 040
(1] [N =0.02 0401 0.0
1 15 6.1 -0.02 0 N1
L 2 0.08 o 9,61 0.08
v 43 .08 1 [ 0.0
e 3t 04 0.0% 0,04 0,10
* i ] 0.16 0,04 0.0} [ 1Y
Averags 0,081 0,008 G, 015 6,075 0,032
G (3] 0,07 0,06 ] 6,01 0,02
r 1) B4t 0,06 -0,02 0,05 .02
i at o 0,01 Q 20,01
B L3 -0.81 0 0,03 ~a,01 ~0.08
i 3? -0,03 o -0.03 -0.03 -0.06
] -0.01 0.1 -0.03 Lo <0,
Avarege 0,012 0.023 0,060 -u,002 0,033

+ Ny ¢ata available
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but B3, It was noted that the red and green filter data showed a
consistent latent image loss while the blue filter data showed an
apparent image increase for film used on SL3 and SL4, These effects
were small and therefore should have caused no observable color shift.

Evaluation of changes in film sensitivity showed more dynamic
effects on the separate emulsion layers. As an example, roll B3 showed
a loss in sensitivity of approximately 1 £ stop for the red filter data
while the blue filter data showed an increase in sensitivity of approxi-
mately % f stop. The change in the green layer was not significant,
Evaluation of the separate effects of temperature/humidity and radiation
showed most of the sensitivity loss in the red filter data was caused
by temperature/humidity effects. The blue and green data, on the other
hand, showed virtually no change due to this environmental parameters.
These data suggest that color shifts in this film, although not directly
observed may have been present on exposures made near the latter part
of the SL3 and SL4 mission due to the sensitivity changes described
above,

4,22,2 Comparison of Flight and Test Data, 2443

Comparative data given in Table 4-22a and 4-22b show that, in
general, the flight and test data for this film do not compare well,
This relatively poor comparison was attributed to the difference between
the test f£ilm and the flight £ilm. Pre-mission tests were performed
using Ektachrome Infrared Tilm, Type S50-180 while Aerochrome Infrared
Film, Type 2443 was finally selected for use on Skylab.

4,23 Performance Evaluation, Film Type 3443

Film Type 3443 was the same emulsion as type 2443 but was provided
on 2.5 mil ESTAR base. This film was used on Skylab Experiments M479
and S190B. Experiment M479, Zero Gravity Flammability used one 400-ft
roll of 3443 in a 16-mm Data Acquisition Camera to photograph the ignition,
propagation and extinguishment characteristics of materials in zero
gravity. Although acceptable data was collected to fulfill the experi-
ment requirements both a higher speed film and camera were desired and
recommended to provide a higher frame rate for observing this rapidly
changing phenomenon.,

Experiment S190B, Earth Terrain Camera, also used only one roll of
3443, This roll contained 5-in, by 210-ft film and was used on the SL3
mission., A similar roll of this type of film was launched on 5Ll but was
not used due to suspected environmental degradation and operating time
limitations om the S190B camera. The 3443 film roll used in S5190B
showed random blue streaking L to 2 mm wide which were attributed to an
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emulsion defect. In spite of this anomaly, good imagery was obtained.
The comparatively low resolution of this film defined the resolution
limit for the color infrared S190B photography. Therefore, to obtain
higher resolution imagery, Kodak High Definition Aerochrome Infrared
Film, Type S0-131 was used in place of 3443 on the SL4 mission.

4.23.1 Environmental Analysis Results, 3443

Sensitometric data for this film was available for only the $19UB
roll 87. F & D curves and the environmental timeline for this roll are
given in Appendix D, Figure D-114., Numerical analysis results, based
on the H & D curves for each of the four densitometer filters are given
in Table 4,23, These data showed environmental effects similar te those

TABLE 4~23. ANALYSIS RESULTS, FILM TYPE 3443

o. RADIATION DATA COMPARISON

PRE-MISSION FLIGHT DATA PRE-MISSION ACTUAL
DOSE_PREDICTION CALCVLATED DOSE PREDICIED DECREASE |  DECREASE IN
ROLL 60 (Rads Alr, IN MAXTMUM DENSITY | MAXIMUM DENSITY
NUMBER (Raods Alr, CO™ ) Space Radiation) (FiIm Denaity) (Film Dennoity)
87
Visual 1.02 .95 .38 (L21)% .18
Red 1,05 +95 W49 (L20)* .22
Green 1.05 .95 W96 (.05)* .17
Blug 1,19 .95 .35 (.28)% il
b. [ATENT IMAGE EFFECTS
DELTA 10G EXPOSURE
FLIGHT FILM PATA TEMFERATURE /MUMIDETY RADIATION EFFECT TEMPERATURE /HUMIDITY
EFFECT TEST DATA COMPARISOR
CONTROL-FLIGHT PRE CONTROL-HOUSTON PRE HOUSTON PRE-FLIGHT PRE| TEST CONTROL-TEST PRE
AT DENSITY: AT DENSITY: AT DENSITY: AT DENSITY:
5L 0.6 BELOW 1.2 BELOW | 0.6 BELOW 1.2 BELOW 0,6 BELOW 1,2 DELOW 0.6 GELGW 1,2 BELOW
HIMBER HAX, D MAX. D MAX. D MAX, D MAX, D MAXK. D MAX, D MAX. D
87
Vigual | =-.03 -0 -.02 ~.01 =01 =02 07 .05
Red =03 =03 =-.01 =01 -.02 =-.02 +05 .07
Green -.04 =04 -.04 «.02 0 -.02 .06 .09
Blue Wk Fek sk Wk Wi ke ok ek
c. FIIM BENSITIVITY EFFECTS
I
DELTA LOG EXPOSURE
FLIGHT FIEM TR PERATURE /HUHIDITY EFFECT RADIATION EFFECT
CONTROL-FLIGHT POST CONTROL-IIDUSTON POST HOUSTON POST-FLIGHT FOST
| AT DENSITY: AT DENSITY: AT DENSITY:
ROLL 0,6 BEIOW 1.2 BELOW 0.6 BELOW 1,2 BELOW U.6 BEtoW 1.2 BELOW
MMBER MAX DENSITY MAX DENSITY MAX DENSITY MAX DENSITY HAX DENSITY MAX DENSITY
87
Visual .02 02 .03 .04 -.01 -.06
Red -.07 ~.09 .02 .03 -.09 =12
Green .02 4] 03 04 -.01 - 04
Blue sk ek wke ke el ok

+ No Data Available
* Baged on pro-mission test data weing FPlight Calculated Dose
¥* Readings off Acale of Pensitometer
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observed for film type 2443, The Pre-mission Radiation Dose Prediction
wa: 7 to 247 higher than that calculated using flight data and the Actual
Decrease in Maximuwna Density was much less than that predicted by pre-
mission testing of film type S0-180, RBoth latent image and film sensi-
tivity effect were negligible and comparison of the 3443 latent image
effects and those derived from S0-180 pre-mission test data showed

these two film types responded differently to similar envirommental
storage conditions.

4.24 Performance Evaluation, Film Type S0-131

Kodak High Definition Aerochrome Infrared Film, Type SO0~131 was a
newly developed false color infrared semsitive reversal film with higher
resolution and lower film speed than 3443. This film was used during
SL4 as a replacement for film type 3443 to obtain higher rescolution photo-
graphy from the Skylab Earth Terrain Camera, Experiment S190B, The f£ilm
performed very well resulting in high quality imagery of the Earth. How~
ever, the S190B camera was still resolution limited by the film. The
single 5-in by 210-ft roll used was designated as S190B roll 93,

4.24,1 Environmental Analysis Results, S0-131

The environmental timeline and H & D curves for roll 93 are given
in Appendix D, Figure D-115. Numerical analysis results based on the H&D
curves are given in Table 4-24. Since this film was a new Kodak preduct,
no comparative pre-mission test data were available, The reduction in
maximum density for the Flight Data Calculated Radiation Dose was approxi-
mately the same as that observed for a similar dose on the film type 2443,
This implies equivalent sensitivity to ionizing space radiation but was
based on an extremely small sample of only one roll,

Latent image effects for roll 93 showed total effective latent image
loss of % f stop; the blue curve showed the largest affect, The rela-
tive effects of the separate environmental parameters were not conclusive
due to the small sample of data available. It was, however, noted that
the Houston Control showed a reduction in maximum density similar to that
experienced by the flight film. Therefore, a separation of envirommental
parameter effects would have had a high uncertainty and, therefore, was
not attempted.

Film sensitivity effects data showed less sensitivity change than that
observed on the 2443 film flowr on SL4., A basic difference in 80-131 and
2443 was noted in the response of the data measured with the blue densi-
tometer filter. B50-131 .howed a small semsitivity loss in this layer while
film type 2443 showed an apparent increase in sensitivicy,
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TABLE 4~24, ANALYSIS RESULTS, FILM TYPE S50-13.
a. RADIATION DATA COMPARISON
PR:-MISSIOK FLIGHT DATA PRE_MISSION ACTLAL
DUSE PREDICTION CALCULATED DOSE PRLDICIED pECREASE |  DECREASE IN
noLL 60 {Rods Atr, Ih HMAXIMUM DERSITY PAXIMU DENSITY
KUMBER (Rads Afr, CO° ) Spaoce Radiation) {Film Density) {Film Density)
93
Vigual + 1.47 + W24
Red + 1,47 + .29
Green + 1.47 + .09
Blue + 1.47 + .17
b. LATENT IMAGE EFFECTS
DELTA 10C EXFOSURE
FLIGHT FILM DATA TEMPERATLU'RE /HUMIDITY RADIATION EFFECT TEMPERATUIE /HIMIDITY
EFFECT TEST DATA COMPARISON
CONTROL~-FLIGHT PRE COX". ROL-HOUSTON PRE HOUSTON PRE-FLIGHT PRE| TEST CONTROL-TEST PRE
AT DENSITY! AT DEUNSITY: AT DENSITY: AT DENSITY:
ROLL 0.6 PTLOW 1.2 BELGW 0.6 BELOW 1,2 RELOW 0.6 BELOW 1,2 BELOW 0.6 BELOW 1.2 DELOW
NUMBER MAX. D MAX, D MAX. D MAX, D MAX, D MAX. D MAX. D MAX. D
93
visunl | -.0%9 -1 -.02 -,03 -.07 -.08 + +
Red -.03 -,08 .03 .01 =.06 -.09 + +
Green =.01 .08 .01 .07 -.02 .01 + +
Blue -.13 -, 16 -.09 -.15 ~. 04 -.01 + +
g. FILM SENSITIVITY EFFECTS
DELTA LCG EXPOSURE
FLIGHT F1I¥ TEMPERATYRE /HUMIDITY EFFECT RADTATION EFFECT
CQONTROL-FLIGHT POST CONTROL-HOUSTON POST HOUSTON POST-FLIGHT FOST
AT DENSITY: AT DENSITY: AT DENSITY:
ROLI 0.6 BELOW 1.2 BELOW 0.6 BELCW 1.2 BELOW 0.6 BELOW 1,2 BELOW
NTVBER MAX DENSITY MAX DENSITY MAX DENSITY  MAX DENSITY MAX DENSITY MAX DENSITY
93
Visual .06 -.10 -.01 -.02 .07 -.08
Red -.06 -. 11 ,03 .02 -.09 ~.13
Green L0k .07 .02 .09 -.01 -.02
Blue -.09 -, 10 -.08 -.09 -.01 -, 01

No data awvailable.
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5. CONCLUSIONS

Evaluation of the Skylab environmental effects on the photographic
film used on Skylab has provided an unprecedented insight into the use
of film for space borne applications. The results of this evaluation
demonstrate that photographic film was both adequate and in most cases
the best available detection and recording system for the many applica-
tions to which it was applied. Within the limits of the film design
capability all but one Skylab experiment, that used photographic film,
successfully recorded the data of interest and met the experiment's
scientific requirements, Problems which resulted in total loss of data
or unacceptable degradation of photographic data were, generully, due
to anomalies in camera or hardware operation and not to environmental
film degradation. In addition, it was determined that data interpreta-
tion and analysis could be accomplished with even higher levels of en-
vironmental degradation than originally defined, provided suitable film
calibration data were generated.

General conclusions derived from this environmental effect study
are given below as they relate to the Skylab environment, environmental
effects on photographic film and film related problems, Specific con-
clusions for each film type are given in Section 4.

Skylab Environments

Q

The Vette radiation models were, generally, adequate to define
the external spacecraft radiation environment but generaliza-
tions and approximations made in simulation usage schedules,
usage locations aud spacecraft approximations used in shielding
caleculations produced errors of up to a factor of twe.

On the average, the proton flux measured during the S:ylab was
about 80% of the flux predicted by the AP7 Vette radiation
model for protons above 50 MeV.

On-board radiation measurements indicated a higher energy
proton spectrum at a lower altitude than the Vette model
used for Skylab calculations.

Film vaults provided to shield the film from lonizing radiation
were adequate and no films were fogged beyond their usefulness
by ionizing radiation.

The normal Skylab internal environment during the manned phases
was an acceptable storage environment for most photographic
films. However, an atmosphere, void of free oxygen, would have
minimized film degradation of most types of film.
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Environmental Effect on Photographic Film

o

8]

]

Environmental effects on Skylab photographic films were obser-
vable on almost every type of f£ilm but did not produce film
degradation to the extent that experiment data recording and
analysis requirements could not be met.

Environmental effects on photographic film must be considered
independently for each type of f£ilm or photographic emulsion.
Application of environmental effects data of one f£ilm type to
another showed disagreement in almost every case.

Although the environmental effects on latent image fading and
film sensitivity due to storage time, temperature and relative
humidity were separated from ionizing radiation effects using
Houston Control data; this could not be done with any certainty
for film fogging due to apparent changes in film sensitivity to
ionizing radiation as a function of temperature. Therefore,
some variance in relating film fogging to radiation levels was

assumed to be due to unknown contributions of temperature effects.

The high OWS temperatures experienced during SL1 and SL2 due to
the loss of the meteoroid shield increased the level of film
degradation but photographic data recorded with several types
of film that experienced these high temperatures was still
usable. However, a necd for more film calibration data to
account for film degradation during data analysis was defined.

The most universally expressed short coming associated with
the use of film on Skylab scientific experiments was a need
for more and better film calibration and sensitometric data,

Film Related Problems and Anomalics

0

Evaluation of the Skylab enviroamental effects on the vacuum-
ultraviolet sensitive Schumann type emulsion films resulted in
the compilation of several anomalies associated with these films,
For the most part, these anomalies, as listed below, arce unsolved
and should be investigated,

1. Latent Image Fading - Severe latent image fading was
encountered on film type 8C-5., This resulted in a
major loss of scientific data.

2, Loss of Film Sensitivity - Film type SC-5 showed an

unacceptable loss of sensitivity, reducing the detection
efficiency significantly.
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3. Chemical Fogging - Film type 10.-05 was repeatedly fogged
beyond use by unknown sources. The fogging was attributed
to chemical reactions but the fogging agents were not iso-
lated.

4. Loss of Maximum Density - Film types 104-06 and 101-06
suffered a reduction in the maximum density and thus re-
duced the density range and contrast of the film,

5. Film Holder Image Anomalies - Film types 104-06, 101-05 and
101-06 showed images or desentization in areas adjacent to
ribbing and hole patterns in stainless steel film holders.
This caused film density variations and complicated the
film data anci;sis.

The combined effects of items 1, 2 and 3 resulted in an almost
total loss of data for the Experiment S183 spectrophotometric
camera.

Many phenomena investigated by Skylab photographic experiments
were low light level objects. Therefore, long exposure times
were required which gave rise to film reciprocity failure,

This became a problem on some experiments because film calibra-
tion data did not adequately consider the effects of reciprocity.

One Skylab experiment esperienced reticulation of the flight
film due to a distilled water wash between the developer and
fix. This was oliminated by using SBS5 stop bath in place of
the distilled water. It was concluded that, although distilled
water pre-baths are used to reduce fog levels on some films, a
distilled water wash between chemicals and after processing is
not recommended.

Other problems observed that caused minimal effects on Skylab
film data evaluation were electrostatic fog and marks, film
cleanliness, emulsion cracking, abrasion of unovercoated f£ilm,
and color film dye instability.
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6. RECOMMENDATIONS

Recommendations given in this section are directed toward ob-
taining improved detection, recording and analysis results with
photographic f£ilms on future space borne payloads. The primary source
of these recommendations was the Skylab experiments Principal Investi-
gators. Therefore, they were based on the Principal Investigator's
experience in testing, using and analyzing the Skylab film data in
their individual areas of scientific application. Due to the unique
nature of many of these areas, Principal Investigator's recommendations
were usually applicable to only the film type or spectral region speci-
fied, Additional recommendations were provided by the Skylab f£film en-
vironmental anslysis team who prepared this report.

Based on these inputs the following recommendations are made:

o Schumann type films should be evaluated and tested to solve
or correct the five problems described for these €ilms in
Section 5.

o Since the presence of free oxygen in the atmosphere appeared
to accelerate latent image fading and sensitivity changes;
testing of the effects of air, N, and inert atmospheres on
these parameters are recommended to define optimum atmospheres
to minimize film degradation due to storage environments.

o Future scientific applications of film in space are expected
to require better radiometric accuracy and therefore better
and more precise film calibration. Additional effort in film
calibration for space applications are recommended in the
following areas:

1) Utilization of current state-of-the-art techniques.

2) Calibracion in the spectral bands of application.

3) Development of calibration sensitometers for soft x-ray
and XUV radiation.

4) Development of flight sensitometers or other capability
to obtain accurate in-flight £ilm calibration data.

5) Calibration and pre-flight tests for reciprocity failure,

6) Spectral sensitivity calibration of soft x-ray, XUV and
UV sensitive flight and test films.,

o Skylab Experiment S056, X-ray Telescope utilized one roll of
color film to investigate color film as a spectrally sensi-
tive detector for X-ray astronomy. This rell gave inconclu-
sive data due to a lack of laboratory calibration data. It
is recommended that additional laboratory testing be per-
formed to support analysis of the Skylab data and provide base-
line data for future X-ray astronomy systems.
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Several Skylab film related problems were associated with
camera operation in the vacuum of space. Therefore, it is
recommended the flight cameras be subjected to flight con-
figuration environmental testing before launch with flight
£film and simulated targets, This will identify both camera
operational and film environmental problems such as electro-
static discharge, emulsion cracking, film scratching and
reciprocity failure.

Uncertainty in the £ilm ionizing radiation dose due to the
lack of dose measurements reduced the accuracy and depend-
ability of the Skylab film radiation data. Future space born
fiim cassette designs should provide for small, light weight,
removable passive dosimeters which would directly record
radiation dose data for each film roll. Such data would be
valuable for both pre- and post-processing applicatiomns.

Preliminary f£ilm processing optimization tests of film ir-
radiated with ionizing radiation have shown that enhancement
of visuval imagery over radiation fogging may be possible by
optimization of developer time and temperature for particular
radiation levels. It is recommended that this be investigated
further.

The dates on which sensitometric exposures were applied to
Skylab flight and test film were critical to the environmental
effects analysis. Recording, storing and recovering these
dates for data users is a time consuming record keeping pro-
cess, The addition of a date block exposure applied to the
film simultaneously with the sensitometric exposure would
greatly simplify this process for both the film lab and the
user. It is recommended that such a date block be added to
both new and existing sensitometers,

Skylab pre-mission tests considered the latent image fading
and film fogging. Skylab flight f£ilm provided data on f£ilm
sensitivity change due to spacecraft storage and the combined
environmental effect. Therefore, f£film sensitivity and com-
bined environmental effects data are not available for some
films that have a high probability of future use in space.

It is recommended that laboratory film tests be performed to
£111 the voids in this data as future experiment candidate
films are defined.

Several scientific investigators identified exposure accuracy
problems, particularly in photographic objects with variable
light intensities. Therefore, it is recommended that an
automatic exposure control feature be added to selected 16 mm
cameras to reduce the loss of data due to over and under expo-
sure.
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o The potential for future long term space missions and the

)

desirability of photographic film data recording suggest in-
flight processing as a means of controlling enviroumental f£ilm
degradation., Therefore, investigations im this area are recom-
mended,

Color film dye fading was observed and defined to be a problem
in the analysis of Experiment 5056 data. Although this is not
a newly identified phenomenon, the impact of color fading on
space born experiment photographic data should be asaessed as
a part of the film selection process.
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Film Name and Type

Kodak Special Film,
Type 088-03 (NTB3)

Kodak Special Film
Type 104-06

Kodak SC-5

Kodak Special Film,
Type 101-05

Kodak Special Film,
Type 101-06

Kodak Spectroscopic
Film, Type 103a-0

APPENDIX
SKYLAB FLIGHT FILM GENERAL DESCRIPTION

Description

High sensitivity, NTB3 thin nuclear track emul-
sion, capable of recording charged particles.
Emulsion thickness of 6 micrometers on 4 mil
ESTAR base.

Shumann type emulsion for recording ultraviolet
radiation below 220 nm, similar to Kodak Short
Wayelength Radiation (SWR) emulsion but coated
on 7 mil ESTAR base with anti-halation backing.
104-06 also has beaded edges which separate the
convolutions on the film roll to prevent emul-
sion surface abrasion from film back to emul-
sion surface contact in rolils.

Kodak-Pathe Schumann type emulsion coated on
35 mm by 40 mm glass plates.

Schumann type emulsion for recording 5-400 nm
radiation, Approximately 10 times faster than
104-06 or SWR, Coated on glass plates.

Same emulsion as 101-05 but coated on 7 mil
ESTAR base with beaded edges.

Spectroscopic film for long exposure time,
unmodified spectral senmsitivily (250 to 500 nm)

Skylab
Experiment

5201

50824 & SOB2B

5183

s183

S019, SOB2A &
S082B

5183
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SKYLAB FLIGHT FILM GENERAL DESCRIPTION

Skylab
Film Name and Type Description Experiment
Kodak Solar Flare Patrol Fine grain, high contrast, panchromatic emulsion H-alpha
Film (ESTAR-AH Thin with extended red sensitivity. Maximum sensi-
Base) S0-101 tivity at H-alpha line, (6563 nm) 2.5 mil ESTAR
Base with 0.1 density anti-halation dye and fast
diying PX backing. Same as S0392 except for base.
Kodak High Definition Slow-speed, high definition emulsion with extended S190B
Aerial Film (ESTAR red sensitivity and very high resolution. 2,5 mil
Thin Base} 3414 ESTAR base with dyed-gel backing.
Kodak Panatomic-X Aerial Intermediate-speed, high contrast, fine grain pan- T025%
Film (ESTAR Thin Base) chromatic emulsion with extended red sensitivity,
3400 Coated on 2,5 mil ESTAR base with dyed-gel backing.,
Kodalk Spectrographic Panchromatic emulsion with extended red sensitivity 85054 & 5056
XUV Film (ESTAR Thin on 2,5 mil ESTAR base with Rem-~Jet backing and no
Base) S0-212 emulsion overcoat, Same emulsion as aerial type
3400, (Eastman Kodak discontinued this film,
12/74),
Kodal Panatomic-X Aerial Same as aerial type 3400 but on 4.0 mil ESTAR 5190a
Film (ESTAR Base) base with dye gel backing {discontinued 3/75)
S0-022 ‘

*Film wa: launched on Skylab but was not used nor returned.
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Film Name and Tvpe

Kodak Special Film,
Type 026-02

Kodalk Plus-X Aerial
Film (ESTAR Thin
Base 3401

Kodak Tri-X Aevographic
¥ilm (ESTAR Base)
2403

Keodak Tri~X Recording
Film (ESTAR Base)
80-265

Kodak 2485 High Speed
Recording Film (ESTAR-
AH Base)

Kodalk Infrared AERO-
CRAPHIC Film (ESTAR
Base) 2424

SKYLAB FLIGHT FILM GENERAL DESCRIPTION

Description

Same as aerial type 3400, but had modified
reciprocity characteristics for long eXposure
time. 2.5 mil ESTAR base,

Medium-speed, high contrast, fine grain panchro-

matic emulsion with extended red sensitiviiy and

high acutance on 2,5 mil ESTAR base with dyed-gel
backing.

High-speed panchromatic emulsion with extended red
sensitivity on 4 mil ESTAR base with fast~drying
backing.,

Modified 2403 on 4 mil ESTAR base with %:m Jet back-
ing; emulsion No. 101 which had soluble dark dye
in the pelloid {discontinued 3/75).

Extremely high speed panchromatic £ilm with
extended red sensitivity on 4 mil ESTAR-AH base
with 0.1 density and fast drying PX backing

High contrast emulsion, sensitive to infrared
radiation amd wvisible light on 4 wmil ESTAR base
with fast drying PX backing,

Sk~1ab
Experiment

5052

5191 & 8233

TO25%

T025 & 5063

T027, 5063,

S073, & $232

5190A

#Film was delivered to KSC but was not launched due to parasol deployment in the solar airlock.
24G3 was replaced by S0-265 for SL4 operation,
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Film Name and Typ.

Kodak Acrial Color Film
(ESTAR Thin Base)

S0-242

Kodak High Definition
EKTACHROME Film (ESTAR

Base) $S0356

Kodalk EKTACHROME MS Film
(F»TAR Thin Base)

850-368

Kodak EKTACHROME EF
Film (ESTAR Thin Base)

50-168

Kodalkk Aerochrome Infrared
Film (ESTAR Base) 2443

Kodak Aerochrome Infrared
Film (ESTAR Thin Base)

3443

Kodak High Definition
Aerochrome Infrared
Film (ESTAR Thin Base)

50-131

SKYLAB FLIGHT FIIM GENERAL DESCRIPTION

Description

Slow Speed, high resolution, extremely fine grain
color-reversal film with high contrast and good
color saturation on 2,5 mil ESTAR base with
clear-gel backing.

Slow speed, extremely fine grain, high contrast
color-reversal film with good color raturation.
Same as S0-242, but on 4 mil ESTAR Base.

Medium speed, color reversal film, color balanced
for daylight., 2.5 mil ESTAR base with fast
drying PX backing.

High speed, color reversal film, color balanced
for daylight. 2.5 mil ESTAR base with fast drying
PX backing.

"False colur", infrared sensitized reversal film
on 4 mil, ESTAR base with a fast drying backing.
Same emulsion as 2443 but on 2,5 mil ESTAR base

with a clear gel backing.

Low speed, high resolution, infrared color rever-
sal film on 2,5 mil ESTAR base.

Skylab
Experiment

5056 & 51908

5190A

T053, S063, §191
& Operational

T013, T020, TOC53,
5191, M151, M479,
M487, M509, M516 &
(perational

S063, S1904

51908, M479

5190B
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FILM TYPE

NIB3

104-06

5C-5

101-05

101-06

SKYLAB FIIM APPLICATION SUMMARY

EXPERTMENT

§201 Far UV Electrographic
Camera

S082A/5082B XUV
Spectroheliograph/
Spectrograph

S183 UV Panorama

§183 UV Panorama

$019 UV Stellar Astronomy

P.I1I.

Dr. T, Page
NRL @ JSC

Dr. R, Tousey
NRL

Dr. G. Courtes
LAS, France

Dr. G. Courtes
LAS, France

Dr. K. Henize
JSC -

OBJECTIVE

Study Kohoutek's emissions
in wavelength bands of 105 -
160 nm and 123 - 160 nm, in-
cluding emissions of atomic
oxygen and hydrogen Lyman-
alpha, using electrographic
camera, Film recorded 25 Kv
electron images.

Spectroheliograms of solar
disk in short XUV wavelengths

covering 15 to 65 nm and line

spectra of solar regions
covering 97 to 394 nm.

Photograph starfields in
60 nm bandwidths centered
about 187.8 nm and 297 nm,

Photograph Kohoutek's emis-
sions in 60 nu bandwidths
centered about 187.8 nm and
297 nm.

Photograph stellar UV emis-
sion and absorption spectra
covering 130 to 500 nm.
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FILM TYPE

101-06
(continued)

103a0

50101

3414

50212

SKYLABR FIIM APPLICATION SUMMARY

EXPERIMENT

$020 X-Ray/uV Solar
Photography

5183 UV Panorama

H-Alpha Solar Telescope

S190B Earth Terrain
Camera

S054 X-Ray Spectrographic
Camera

(continued)

P.I.

Dr. R. Tousey
NRL

Dr. G. Courtes
LAS, France

Dr., E. Reeves
HCO

K. Demel
JSC

Dr. A, Krieger
ASGE

OBJECTIVE

Photograph X-ray/OV solar line
spectra covering 1 t¢ 20 nm.

16mm starfield photograpas of
36 nm bandwidth centered at
256 om. Also used in film
carrousel on plates for photo-
graphs of 60 nm bandwidths
centered about 187.8 nm

297 nm.

Fnotographic record of the ATM
pointing history at 656 nm
wavelength (H-alpha)

Earth resources photography
extending from visible into
near infrared with higher
resolution than S1904,

Fhotograph spatial and spec-
tral distribution of X-ray
emissions from the sun's
lower corona in six wave-
lengtihh bands from 0.2 to 6 nm,
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FILM TYPE

50212
{Continued)

50022

026-02

3401

SKYLAB FIIM APPLICATION SUMMARY

EXPERTMENT

5056 X-Ray Telescope

S190A Multispectral
Photography Facility

5052 White Light Corona-
graph

5191 Infrared Spectro-

meter

233 Kohoutek Photometric
Photography

(continued)

P.I.
Dr. E. Tandberg-Hanssen
MSFC
Dr. J. Underwood

Aerospace Corp.

K. Demel
J5C

Dr. R. MacQueen
HAO

R. Juday

JSC

Dr. C. Lundquist
MSFC

OBJECTIVE

Photograph the sun's lower
corona in six wavelength bands
from G.6 to 3.3 nom.

Multispectral, radiometrically
accurate photography of
Earth's surface in visible
light (500 to 600 nm and

600 to 700 nm).

Photographic data of the
brightness, form, and polar-
ization of the solar corona
out to 6 solar radii in visi-
ble light.

Provide a visible wavelength
photographic record of the IR
spectrometer’s ground track.

Document the structure of the
comet and calibrate its visible
photometric brightness.
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FilM TYPE

50265

2485

SKYLAR FIIM APPLICATION SUMMARY

EXPERIMENT

5063 UV Ajrglow Horizon
Photography

T025 Coronagraph Contami-
nation Measurement

S063 UV Airglow Forizon
Photography

5232 Barium Plasma
Observations

T027 Contamination
Measurement

(continued)

B.I.

Dr. D, Pucker
NRL

Dr. M. Greenberg
Dudley Observatory

Dr. D. Packer
NRL

D, E, Westcott
U, Of Alaska

Dr. J. Muscari
MMC

OBJECTLVE

Photograph the Earth's ozone
layer, twilight airglow,
aurorae, red arcs, and nocti-
lucent clouds in mear UV and
visible wavelength bands,

Photograph reflected sunlight
from Earth's upper atmospheric
particles and Skylab's contami-
nation cloud in near UV and
visible wavelength bands.

Photograph the Earth's ozone
layer, twilight airglow,
aurorae, red arcs, and nocti-
lucent clouds in near UV and
visible wavelength bands.

Photograph rocket-launched
luminescent cloud of ionized
barium particles as they
align along the Earth's mag-
netic field lines,

Provide a 16mm visible record
of the photometer system
pointing direction and photo-
graph any bright contamination

particles in field of view.

e A o e e el i o e om 18
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FILM TYPE

2485
(Continued)

2424

50242

50356

EXPERTMENT

8073 Gegenschein/Zodiacal

Light

5190A Multispectral
Photographic Facility

51908 Earth Terrain
Camera

5056 X-Ray Telescope

S190A Multispectral
Photographic Facility

SKYLAB FILM APPLICATION SUMMARY
(continued)

P.I,

Dr, J. Weinberg
SAL @ SUNYA

K. Demel
JS8C

K. Demel
JSC

E. Tandberg-Hanssen
MSFC

J. Underwood
Aerospace Corp.

K. Demel
JsC

OBJECTIVE

Provide 16mm visible record
of photometer system pointing
direction and photograph
night sky. Also photograph
egenschein, lunar libration
regions, etc. in visible and
near UV with 35mm camera.

Multispectral, radiometrically
accurate photography of the
Earth's surface in visible and
near infrared (700 to 8C0 nm
and 800 to 900 nm).

Earth resources photography
extending from visible into
near infrared with higher
resolution than S190A.

Photograph the sun's lower
corona in six wavelength
bands from 0.6 to 3.3 nm

of color film for this pur-
pose was experimental,

Multispectral coler photo-
graphy of the Earth's sur-
face in visible light (400

to 700 nm).
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FILM TYPE

50368

50168

SKYLAB FILM APPLICATION SUMMARY

EXPERIMENT
Operational

S063 UV airglow Horizomn
Photography

$191 Infrared Spectrometer

5191 Infrared Spectrometer

Interior Experiments and
Operational

M551 Metals Melting

M553 Sphere Forming

(continued)

P.1.

Dr. D. Packer
NRL

R. Juday
JSC

R. Juday
JSC

R. Poornan
MSFC

E. Hasemeyer
MSEC

OBJEGTIVE
Color exterior photography.

Color photography of Earth's
twilight airglow, aurorae,
red arcs, and noctilucent
clouds.

Provide a visible light
photographic record of the
IR spectrometer's ground
track.

Provide a visible light
photographic record of the
IR spectrometer's ground
track.

Interior color photography.

Photograph melting and re-
solidification of metals in
M512 chamber.

Photograph melting and re-
solidification of metals in
M512 chamber.
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SKYLAB FILM APPLICATION SUMMARY

(continued)
© FILM TYPE EXPERIMENT P.I1. OBJECTIVE
2443 8063 UV Airglow Horizon Dr. D. Packer Photograph Earth's twilight
Photography NRL airglow, aurorae, red arcs,
and noctilucent clouds.
S1¢0A Multispectral K. Demel Multispectral false color
Photographic Facility Jsc photography of the Earth's
surface in visible aud nea:
infrared (500 to 880 nuy
Operational karth and crev false color
photography with hand held
cameras.
3443 5190B Earth Terrain K. Demel Earth resources false coler
Camera J8C IR photography with higher
resolution than 51904
(500 to 880 nm).
M479 Zero-Gravity J. Kimsey Photograph the ignitionm,
Flammability Jsc propa-ation and extinguish-
ment characteristics during
the combustion of various
materials in the M512 chamber
50131 $190B Earth Terrain Camera K. Demel High resolution earth resources
Jsc false color IR photography with

higher resolution than f£ilm type
3443 (500 to 880 nm),
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APPENDIX

PRINCIPAL INVESTIGATORS/SCIENTISTS ADDRESSES

Name/Address

Dr. Georges Courtes
Centre National d'Etudes Spatiale
Laboratoire d'Astronomie Spatiale
Marseilles, France

K. J. Demel

Science and Applications Directorate

Lyndon B. Johnson Space Center

National Aeronautics and Space
Administration

Houston, Texas 77058

Dr. Mayo Greemberg
The Dudley Observatory
100 Fuller Road
Albany, N.Y. 12205

Earl Hasemeyer

Material and Processes Laboratory

George C. Marshall Space Flight
Center

National Aeronautics and Space
Administration

Marshall Space Flight Center,
Alabama 35812

Dr. Karl Henize

Lyndon B. Johnson Space Center

National Aeronautics and Space
Administration

Hoaston, Texas 77058

Richard Juday

Lyndon B. Johnson Space Center

National Aeronautics and Space
Administration

Houston, Texas 770538

c-2

Experiment

5183 ~ Ultraviolet
Panorama

8190A - Multispectral
Photographic Facility

and S190B - Earth Terrain
Camera

T025 - Coronagraph Con-
tamination Measurement

M553 - Sphere Forming

8019 - UV Stellar Astronomy

5191 ~ Infrared Spectro-
meter



PRINCIPAL INVESTIGATORS/SCIENTISTS ADDRESSES

Name/Address

J. Howard Kimsey

(Continued)

Lyndon B. Johnson Space Center
National Aeronautics and Space

Administration
Houston, Texas

Dr. A. Krieger

American Science and Engineering, Inc
955 Massachusetts Avenue
Cambridge, Massachusetts

77000

Dr. Charles Linquist

Director

Space Sciences Laboratory

02139

George C. Marshall Space Tlight

Center

National Aeronautics and Space

Administration

Marshall Srace Flight Center,

Alabama 35812

Dr. Robert MacQueen

High Altitude Observatory

P. 0. Box 3000

Boulder, Colorado 80302

Dr. Joseph Muscari

Martin Marietta Aerospace

P. 0. Box 179
Denver, GColorado

80201

Dr. Donald Packer

Naval Research Laboratory

Washington, D.C.

20375

pr. Thornton Page
Lyndon B. Johnson Space Center
National Aeronautics and Space

Administration
Houston, Texas

77058

C-3

Experiment

M479 - Zero-CGravity
Flammability

5054 - X-ray Spectrographic
Camera

§233 - Kohoutek Photometric
Photography

8052 - White Light Corona-
graph

TO?7 ~ Contamination
Measurement

8063 -~ UV Airglor Horizon
Photography

5201 - Far UV Electrographic ]
Camera |



PRINCIPAL INVESTIGATORS/SCIENTISTS ADDRESSES

(Contime d)

Name/Address

Richard Poorman
Materials and Processes Laboratory

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama

35812

Dr. Edward Reeves

Harvard College Observatory

60 Garden Street

Cambridge, Massachusetts 02138

Dr. E. Tandberg - Haussen

Space Sciences Laboratory

George C. Marshall Space Flight
Center

Marshall Space Flight Center,
Alabama 35812

Dr. J. Underwood

Aerospace Corporation

P. 0. Box 92957

Los Angeles, California 90009

Dr. Richard Tousey
Naval Research Laboratory
Washington, D,C. 20375

Dr., Jerry Weinberg

Director, Space Astronomy Laboratory
Executive Park E

Stuyvesant Plaza

Albany, New York 12203

Dr. Eugene Westcott
University of Alaska
Fairbanks, Alaska

C-4

Experiment

M551 ~ Metals Melting

H~- Alpha Solar Telescope

8056 - X-ray Telescope

S056 - X-ray Telescope

5082A - XUV Spectroheliograph

S082B - UV Spectrograph

$020 - X~-ray/uV Solar Photo-
graphy

S073 - Gegenschein/Zodiacal
Light

5232 - Barium Plasma
Qbservations



APPENDIX D

SKYLAB FILM DATA CURVES

bp-1




ENVIRDIENTAL THMELINE  FILM TYPE Joma ROLL ¢ L EXFERIMENT _pa0)
.as—] RACIATION DOSE PER DAY

JOTAL DGSE
1.6 _ RALS AIR

5 104 [Epikes npr;un: o
1] 203 = cn data=collection days
@ .02
»01 =
120 ~] TEMFERAILRE
100
1 e i r_/\_a-*'—--.._/\_n,_
0 ] et
—] RELATIVE HUMIDITY
w30 < o
20 Ol Lot re———
0 {ee===Dry H, Storage l
iy Vacthp Btoln;',n . WML
w (L T
£ 20 pars= - IF 2 RP
8 a3 8 Sls
3 393 o ars
- »d -t - ~ "~
3
[
= - g 8 B o
o a
g : e 2 ]
- ] ] -
s 3 i §
sLil 52 5L3 AL L sLa s
ENVERDHFENTAL TIMELINE FILW TYPE _ WiB3 ROLL # 2 EXPERIMERT g201
Lo5.] RADLATION DOSE PER DAY TOTAL DOSE

1.68  RADS AIR

-

= Spikes rapramont dobe
a +03 =i on data-collection dayas
]

= ] i

120 —] TEMPERATURE

100
& 80— F, ey e N Iy WY N
&0
=4
40+

] RELATIVE HUMIDITY

so- -— —
» w0 b Vacuus Brovagsl . “::"‘- [t
30 1 ‘
Loy -
» T Tl 1 L
E 2o g 8L =2 e |2
g 24: o Ss
§ 335 8- S5
ﬂ?
[ ﬂf 5
5 3 83 g 3[E
g g 5 a ol
s 8 o =] 4le
o nﬁ 5|8
E8ds g3 E:
LY 512 L3 . &%

FIGURE D-1  ENVIRONMENTAL TIMELINES; FILM TYPE NTB3, ROLLS | &2

,
| 02
|




DENSITY

LR

e

sa

STEP NUMBER

Ll " "
FILM TYPE NTB-3

ROLL 1 EXPERIMENT 5201
(VISIBLE LIGNT)

o s R T

5.8

LR

LI

HEEEEEEER RN

L

-

£ E.L &

RELATIVE LOG EXPOSURE

STEP *"IMBER
v " "

; ; voow on
= = = = .0
FILM TYPE NTB-3 === = .,
ROLL 2 EXPERIMENT 5201 E ':.; = L

(VISIBLE L1GHT)

.

-

i
-

E i &

i
-
-

855 ESEREYES

-

-

.

i

L]

RELATIVE LOG EXPOSURE

FIGURE D-2  H&D CURVE FAMILIES; FILM TYPE NTB3, ROLLS | &2

D-3

W‘rﬁi#a&ﬁw e



0

DENSITY

Dass e st st EEEEERES S

ENVIRONMENTAL TIMELINE FILM TYPE _NTB3 ROLL # 3 EXPERIMENT 8201

.05~ RADIATION DOSE PER DAY
S0
=" s represent dose

;.Ol- on data-collection days
.02
oy !
120 - TEMPERATURE
100
e 3 bt
40 +
| reuarive womrnrre
i
;5 : i Vacuum St " g
30
5 | 5B | Nt
E nomd En B2 2
o s g233 e
§333 -3 1]
L] r .sm “mm- "w n
== =s=s ;8 i :
FILM TYPE NTB-3 = = E 28 5 l
ROLL 3 EXPERIMENT 5201 i1y, P E82ls H
(VISIBLE LIGAT) HEF e
= A: == S PN
=M
EEE I i
o = s
- a8
- === L]
. =5 a0
= £ = = ="
— h_ —f—12a
- = oo —as
H—t—{1s
rian o 3 ue
. S
= = T b
= % =57
. .
= — 16
1 ruen post S = B
= P
= & x e
S #
= —: = N
= ; = B
K] £l 12 Ly “ n 2.4 ar a0

RELATIVE LOG EXPOSURE
FIGURE D-3  ENVIRONMENTAL TIMELINE; H&D CURVE FAMILY; FILM TYPE NTB3, ROLL 3

D-4

e -



—BL RADS AIR

FILM TYPE 104-06-05 ROLL # _A-) EXPERIMENT _ 50828
'Wwﬁn

ENVIRONMENTAL TIMELINE

SLe

|

--—-Il,l’lm

e
8883013 1§ peojug

5 = z
B z
: =l

2
—. “ - EL/E/% WIV v [[ease]

T T =T l 1T b PR
222385 823%S £§838%% fae 3 o

Iy Sowd de b wa AN3A3

]

ROLL A-1 EXPERIMENT S082A

RS E R
ALISN3Q

A4

c

FIGURE D4 FILM TYPE 104-06-05,




EXPERINENT 50820

FILM TYPE 104-06-05  ROLL # A<2

ENVIRONMENTAL TIMELINE

o
2
| 1
uu .. 3 H
_M s 3
wu sy 93014
—| - 9 peojun
i T
“ €L/L/9 WV ey [|wasuy M
T 1 g1 Z
‘ ol M o £LI%S VOH U7 s03S
: m - osuy
m = | ® L /e 1891 951
WERE ISRy o b iy
2338% 3 w rwu cL/Lue proy
1Y S0 o 3 ave -

s:9 .4 2 3 532338 35 3§~ -

w0 O SRS B
ALISNIO

RELATIVE LOG EXPOSURE

CARROUSEL A-2

FIGURE D-5, FILM TYPE 104-06-05,

D6




ENVIRONMENTAL TIELINE  FILM TYPE 106-06-07 ROLL # _ A<+ EXPERIMENT 50828

05 -] RADIATION DOSE PER DAY ].,‘.....,..........
o | |on data-collection days
§
01 - L ‘
g0 - TERPERATURE
,. ; ol
0=
50
. )
4 RELATIVE WUMIDITY
‘:_ aswanse Vacuum Operatic:
- 8 =y
Pl | Bl BT |
:
a
E tilsy A
sl
LY sL2 SL3 SLd

FILM TYPE 104-06-07
ROLL A-2* EXPERIMENT SO82A

8

DENSITY

s e NS E R EEE

FIGURE D-6, FILM TYPE 104-06-07, CARROUSEL A-2*

D-7




ENVIRONMENTAL TIMELINE  FILM TYPE 104-06-07 ROLL # _ 4.3 EXPERIMENT soms

1 i e
+_.J| v/t ¥ 1 aoas
# T e
i
_m s, e
i :
:
- _ 2
H
1 3
K -
: i ;
.
i : :
333 T:%
v sows s v w3

STEP NUMBER

I T T O B W A e 0 B RO e

"

g 88 %9 9

L

b wE BT B U A R R
ALISNIO

CARROUSEL A-5

FIGURE D-7, FILM TYPE 104-06-07,

08




T3 3313333233325 288

CARROUSEL. B+l

b4

e
2

Storage
Operat:
bAYS
STEP NUMBER

ﬁl b—(1/62/9 883013 § pROTED

FIGURE D-8, FILM TYPE 104-06-04,

ENVIROWENTAL TIMELINE  FILN TYPE 104-06-04 ROLL # __gol EXPERINENT _ 5osas

3 f ! LR RV i R _
s & 213133l AT aT v Tn s
g m ALISN3g
m g
: $23 "laes e T .

/e peoT § W)

4 L uvo N3A3




h--'ﬂl‘lm
sessase Vacuum Operatios

IMIII..III

8
—

gL/ 2/ 01 9883013 ¥ peojug

i

€Lve 'l.—!.w.

< £4/9/9 WY U3 [1eIsl
i
F
B
F 2
1m ® £ i
. M wels VO uY m03s
m Ly a1 364
- | u/tyy  saes meoey
) m = /iy W1%4 PROT % WD
oo n pm g A R G i 109
22335 $238%3% §883%
Wiy sovy 4o : ) uve N3

FIGURE D-9, FILM TYPE 104-06-06, CARROUSEL B-2

0-10




Lz

ENVIRONMENTAL TIMELINE FILM TYPE 104-06-05 ROLL # __Bo3 EXPERIMENT

— 50828
—

DAYS
SLe

m""m

Lao

on data-collection days
1

| pusion

ad 9
Ci/el/e TN °3 IS0
(] 0 S

~”
€L/9T/8 WLV Uy paTImISUIZ

2
b
i #
] L &
g H e e —
Ly 3991 O8N0
m o LTy g
- annoey § projew
M fLfy  wasew) peotug
L ayeq annoey
= . curoee jﬂ:
TYTLT DE08T T2048 emu o
Wiy Sove 40 awt Ei!.uevl.

FIGURE 010, FILM TYPE 104-06-05, CARROUSEL B-3

(XY



ENVIROWENTAL TIMELINE  FILW TYPE SC.S PletesROLL # Larsoussl i-1 ENPERIMENT _818)

10 JTwootarion oose rer oar TB“
!':d Spike represents dose ]
!'“ on data-collection deys

:QI- I

Jrewensrone
= fl\/
£ BEEI A
e womorty
n 1 I""P\-
- Dip rep
%0 - \ '.-l-.'“l“‘-
E % T ﬂ'ﬂl
HE ik
I [ : !
ali | . c

FILM TYPE SC-5 :
CARROUSEL 1-1 EXPERIMENT 5183 -
(st 1/2)

£t E L EEEES

w5

DENSITY

uh&b‘_ﬁ\i“

FIGURE D-l1, FILM TYPE SC-5, CARROUSEL I-1 (SL/2)




1

FILM TYPE SC-3 Plates ROLL ¢ Carcoussl 1-2EXPERINENT _ 5180

ENVIRONMENTAL TIMELINE

: 3
H
&
3 [] a
.
i
i 1]
= M il F—&& _..._......_...“
H———
- : w g
g g Ge om = ey
28233 §§88s  RI%
Wiy Sove 4o 4 ve ANGAZ

RELATIVE LOG EXPOSURE

CARROUSEL 1-2 (S12)

FIGURE D-12, FILM TYPE SC-5,

D-13




ENVIRONMENTAL TIMELINE  FILM TYPE go.s places®OLL # Carrousel 1-1ENPERIMENT _ 5183
—

H I
./:.a.a possasory
w ..IT.l | o W -S~T WD 93 A|ney
i ) ¥ P
L] L[ R W
hm n.nn.ﬂls Teues sag
; 3
i § 2
2
i 2
£ E -
§ i
| m
L] L} L3 | ] | | L} L |
2222% Rg8s S 238
alv o de ] uve ANAD

3

FILM TYPE SC-6

CARROUSEL 1

—
"
-
—

CARROUSEL 11 (S14)

“«
b
&
[
i
:
:

D-14




ENVIRONMENTAL TIMELINE

FILN TYPE 101-03 PlateshOLL ¢ Carrousel i-1 CIPERINNT _ 5183

T
Lud S0 Na

R

E % ~§~7 WO 03 I1"eA

SLe

RELATIVE LOG EXPOSURE

£4-81-11 31n8a @3 O

s s

“ J..I.“_..-.: 269 Iw posy o
P + “~— C=1=11 2dSH W
Pepeo] [9SNO1IIN) -
“m |T\.:.2.2 Teusg g | Fils TR B i 14 -
,m uuuuuuuuuuuuuuuu....
E ?m uuuuuuuu.uuuuu...,
l..l...m ¥ - J ﬂg 4 u.m
- ] . " " “
B £
J
- 3
E £ 2 g ¢ '8
g H s §
: ¥ s
mnn,
“d -M— -.lul_ Mh.&m
2833% 833 8 e
Wiy SOw de 3 Ilvo AN3AT

u...u.uu.u.uu_n_.,...uuu_u....._
ALISN3Q

CARROUSEL I (51L&

FIGURE D-14, FILM TYPE 10I-05,

D-15




ENVIRONMENTAL TIMELINE

FILM TYPE 101-06-10 ROLL # _ B=5 EXPERIMENT _ 5082

RADIATION DOSE PER DAY dose
-..’-1 -wu_m “‘I“ MR
- = e S v .~ s iy
03
02
01 r
80— TEMPERATURE
= g N A
L - v
& e
“-
10~4 RELATIVE WUMIDITY
0
" 50 wmmn Vacuus Operation L
i o~ [
o
! |
i J - ey 1IN
20 DAYS it S o =
=812 g B o=
sl - -
: LAY
a o £ ! "
S 443 P 1
Ll 2 - s
{ IR H] sL3 sL4
1 w " n
a0 i e LU
a s
FILM TYPE 101-06-10
s —438
= ROLL B-8 EXPERIMENT 50828 -
24 i : 34
EE] —{33
a0 20
an H2a
28 2
24 e
En. 422
Eu 10
" 41
N n
A e
Al 1
= — 10
a »
- -
. .
al- 2

FIGURE D-I5, FILM “YPE 101-06,

D-16

CARROUSEL B4




s183

]

o e B B SO R M S0k O 0 20 L RL LS.
._.f,..m...:..‘ i ] H ik 1 ”.,, T

i T il 3
Rk H i i1

sLe

f A A

M 2 »

UAOL

ROLL ¢

Lao oars
SL3

103a-0

STEP NUMBER
" "
HOUSTON PRE |———
M.m"w s Ry o
..
RELATIVE LOG EXPOSURE

.

FILM TYPE

L

-‘1 r -

/]

] RADIATTON DOSE PER DAY

ENVIRONMENTAL TIMELINE
— RELATIVE WUMIDITY

8 .
- m m _ ‘_ o
» - m : _mm ' -
m s mu m:m v A
- =1 £ 7]
b=, £L/211 pessadolg Ww L& R L
1sog L T ; R
qmﬁm mmu.—‘- & g ] %
3
o °
2 ST 13321211333y vaw
ALISN3Q
— sy ELU L ]
€L/9/% A4 uT pemoag
TSt 28 °3 o8
et ysusg 213
e ANIAZ

FIGURE D16, FILM TYPE 103a-0, ROLL UAOI
0417




Lo492 BAIS AIR

UAOZ EXPERIMENT _ S183

10370 ROLL #

FILM TYPE

ENVIRONMENTAL TIMELINE

5 =
um
w...m
i
Lic/ot passaloid
£/7/01 Tsuag 3s04
EL/ET/6 WO ©3 IInEA
v 3
bl M.- u €L/0€/L 1™®A ©3 WD
it afemolg
i P
- :
e T
: m £ g
3 i -
s883 388 "lg gs
4y SO de 3 e AN3A3

nuuuuuuuuuuuuuuuu
i Wil T i ke

STEP l'l‘ﬂl‘l

FILM TYPE 1032-0
ROLL UAOZ EXPERIMENT 5183

TS T3 TR

& % %"

...._.‘M

Hil

9 32 3 3 3

" ALISNIQ

HOUSTON PRE
= HOUSTON POST —

N )

[T

W oW ou
RELATIVE LOG EXPOSURE

FIGURE D-17, FILM TYPE 103a-0, ROLL UAO2




ROLL #

FILM TYPE _ 103a-0

ENVIRONMENTAL TIMELINE

]
|
3
2
um 2
a
i
£L/eit passadosg
€L/t Tsuag Isog
" gt vl_ M = €4/02/9 WD 03 3Ines
Mr — W ﬂw -“m:u“n INEA 03 WD M
SEE s
= 3
g : g
i : 8
L R R 0 e .
28833 53889 23R
ulv sowy 4o ] T N3

FILM TYPE 103a-0

ROLL UAD3

E
Ll
H
=
g
-

s 2135 2233 3 3%~

FIGURE D-18, FILM TYPE I103a-0, ROLL UA02

D-19



ENVIRONMENTAL TIMELINE

-/zlﬂln passadolg

FILM TYPE 103a~0 PlateROLL # Carrousel -1EXPERIMENT 5183

f

) ]

34 By ﬁ 3
% ] \

./4 u - 3 03
T R e
Lh | .q. \:ééﬂl}ﬁuﬂw

| M i3
[ mw
B o] ;
1 . m u
i 2
= 3
] z o
g :
o immt
22223 28333 $RsR
Hly Sove e 14 Uv0 ANIAI

STEP NUMBER

5183

1 EXPERIMENT

FILM TYPE 103a-0

e
i
L
L

5 93 33133233 328383838 a0

CARROUSEL I

FIGURE D-19, FILM TYPE 103a-0,

D-20




FILMTYPE _gg-101  ROLL # EXPERIMENT g.gigha

ENVIRONMENTAL TIMELINE

_J raotation oose per oAy

m $ 3323323232 %53 322382 3% N NN
W_ 3
5 | s
i A
ﬂ He
= e
H .
Il— atbhonde n SR, pe W i Ly
— A €4/9/9 WIV 5T paIwIsu] M #
: : .
2 g
h, - -
b # S O il i
£ 2 SR E RS RS A AR R RN
“ €4/9/S V@R u§ pamoag ALISN3Q
-
u L ce/e/v 9w o3 peddpyg
"l.—.Mtu.__‘. Jeusg sag
FIU TITET O i,

D-21

FIGURE D-20, FILM TYPE SO-I0I, ROLL2



SL

- DTy l’ Storage
|assssess Vacuum Operation

ENVIRONMENTAL TIMELINE  FILM TYPE50-100 ROLL ¢ __ 2 EXPERIMENT Ji-glphs

EL/62/6

!

cL/ve/e WOV uF T 3

= T £ 5
< 2
£
i z
1§ & =
: 4 3 gk ER A
£ - e
‘ Iplm s VOR 97 me3s
]
Elid hes ==
T ) ¥ 1 T 1 1 T (jez/s  2ask o2 dmus
34385 *"SRs §88sR
HIv sovd 2o T e a3

o L B i

ALISN3Q

FIGURE D-21, FILM TYPE SO-i0I, ROLL3

D-22




FUNTWPEgooag)  MOLL W g EXPERINNT jogighe

ENVIRONMENTAL TIMELINE

&— : H HE:W [r—
”n ﬁj M i
i wsyn ]
wouj saceey
li €4/TT/ 11 WLV 9T [IeIeN]
§
m.ll
1B
¥
i :
<P m_.
<
i
2
< i
H - 3
£ . -
. m ) £L/9s l-.l..-l
m =
cEli] 4 Rig 358
TITSL TESEY RELEE i
8y sove de : 11v w3

STEP NUMBER

uuuuuunu“unnuu.ununa.aa .

5
2
£
z

FIGURE D-22, FILM TYPE 50-10i, ROLL4

b3




04

+03 = Spikes represent dose
: ' on data-collaction deys
i .02
1 -t

12, =] TEMPERATURE ’-\

r:- : f\/'“]_
ol = ¥

- RELATIVE HUMIPITY

{ e 7 2 Gl
| - \/
‘N T
P || W
| 1Y :
ali | mirl . v

FILM TYPE 3414
| ROLL B2 EXPERIMENT 51908

DENSITY

hbb“l‘=“‘”=.‘==“.=:

FIGURE D-23, FILM TYPE 3414, ROLL 82

D-24




FILM TYPE 3414 ROLL ¢

ENVIRONMENTAL TIMELINE

b

-
_m
§
m LILTI6 passadoly
W- 5 - EL/Lele jeusg 3804
cL/eere D o3 ITnep
-
S t €L/0t/L AnEp 03 WO
—l e/t a%wac3s
L - SN R
3 P
: ; ?
- g M
m g H
¥ 2
| ) |} T | J L Ll L ]
3383 gsss 298
uly Sows de 1 va ANIAT

FILM TYPE 3414

3333133133333 3% a4
ALISN30

RELATIVE LOG EXPOSURE

FIGURE D-24, FILM TYPE 34i4, ROLL 85

D-25




e T

FILM TYPE 3414

ENVIRONMENTAL TIMELINE

ROL 683 EAPERINNT _sisos

-

=

- o1/t pasnedold

3 - F- oLz 1ousg 3904

M_ M ﬁ:ﬂ— o 03 ey
‘ ) .
- N H =

et “

M 7 cLmn InEA 02 WO
um H wsumn afemods
| mn ™ wsezron 6% ©% 28f
| W

]Ml”b b= EL/S/6 jeusg aig
w P
!
|
,_
i 3
: : z
g £ 3
] : s
44’ 838  =2s3s
iy SOw 4o 3 1va N33

au.m..u u..u. A,u‘.

FILM TYPE 3414
ROLL 89 EXPERIMENT S1908

43 33 332232 3% % %
KL T

PLIGHT POST |

T3 3 3223 K2 AR RTTNN
ALISN3Q

it

-

-

4 7

3 B B
RELATIVE LOG EXPOSURE

-

FIGURE D-25, FILM TYPE 544, ROLL 89

D-26



s il 1

ENVIRONMENTAL TIMELINE

FILN TYPE _80-212 _ ROLL # Fils Losd A EXPERINENT _ 8036

RADIATION DOSE PER DAY |opike represents dose
jon data-collection days

i WS AIR

RELATIVE HUMIDITY
L sssssnVacuue Operation
e ury N, Storage
|
33 He | Lew
- gl 2
u!] 11 51
s34y 4 £
T A | 2 i
IR
. bl sz 3 e
g
SFS  pwrvee so-2i2 e
: nmtojﬂ:l,mm :
EE] a3
2ol 20
i 2
8 8
24 a4
EI-I 23
20 20
g ;
e e
na .‘
it} “
o “w
. -
- .
El -
E 3

b, T SR ) S AR, R R S U N SR O TR W O N T ¢ g

LOG ENERGY (Ergsiem?)

FIGURE D-26, FILM TYPE S0-212, FILM LOAD A (S054)

p-21




File Load B CXPERIMENT _ g§os4

. ROLL ¢

FILN TYPE

ENVIRONMENTAL TIMELINE

054 RADIATION DOSE PER DAY

Lk WADS AIR

Vi W

Storage

DAYS
SLe

Lao

passsess Vacuum Operation
- Dry N

ud €-2-01  pewsesaxy

-
CL-92+6 WO 93 ey

~92-9 zp 31nea W pasoas3
T HIv W03} poasmay

CL-61-9 Wy 9} pajimsu]

a

-

2

£L=1~5 vau sflang

£L=9-6 WON U} pemoig
€L-€Z-v om ¢ elwacag u]

o8N 3¢ 3s0]

01

°
> o

-] RELA:IVE HUMIDLTY

€L-E2-7 03 20ja4 wojINIOjU]

s u‘. .‘u u.

¥ 1

STEP NUMBER
" "

FILM TYPE S0-212 E &
FILMLOAD B ugumm 4+——
4 nm,

FILe TYPE ‘so-nz
FILMLOAD ,u.h’!.lim 5054

3. 33 % ¢332 %3 33
if ol W L T 4 s T R R R

i ki g i i e

T 133753195583 sven
ALISNIO

g 13131332 %33
; i i A ik R

T 2 9 ¢ =

B i

as
=14

2

(*.
| PLIGNT PR

EEEET N B EE T SR
ALISN3G

31

1.9

-0.5% 0.1 8.7 1.3

-1.4

-1.7

2.3

0.5 0.1 o7 1 L¥ - 35 a8
LOG ENERGY (Ergs/cm?)

-1

-1.3

LOG ENERGY (Ergsicm?)

FIGURE D-27, FILM TYPE SO-212, FILM LOAD B (S054)

D-28



2
E 4
n_¢ “ 9-0L-z  pedojaasg

%ot oo am
m 3323383033383 an,
: - B ¢ 0 i i O R i -
u i 4 1 44 -
€ 3inep uj paueg 3 , §
“6I-I1 WLV Wo3j pascuay : i it i »
i R i H i i =
. i i i it B ~
' e i | I I | -
a kb i i "

106 mcm’t

FILMTYPE _$0-212  ROLL # Film Load 0 ENPERIMENT _ sos¢

ENVIRONMENTAL TIMELINE
05 RADIATION DOSE PER DAY

2 n | i ! ”H_ n L
At | I il _h_ -
C-22-6 ¥ U3 peLTease] Mn ! i T o m _ p
A e "~ B i s

S =F | _ e
EEIE N G £ T l
vmu M - mw 1 " y B “" -
H 2 g ' G < H -
i 3 g - Trrrer et e e
m BEEEEEESEN N E E T R

L A ] ALISNIQ

..l-l‘ Tt~ VN o%ang

CL/9/5 VO U1 pamols

£L/52/y -2 I eBezolg u]

«f RELATIVE HUMIDITY

04
3
0l=

wiv Sowy de 1 uva AN3A3

ra

FIGURE D-28, FILM TYPE S0-212, FILM LOAD D (S054)




ENVIROM NTAL TIMELINE FILM TYPE S0-212 ROLL # _lLoad 1

EPERINENT _ 0%

RADIATION DOSE PER DAY

' 03~
.02

PV S . m—

TOTAL DOSE.
L we

Spike represents dose
on data-collection daye

01 -

+ 0

RELATIVE wymMIDITY

poeniVacuoum Storage
' pm=<Dry IJL Storage

12/8/712

EVENT
Pre Sensi

Lao ows

11313

Moved to lawnch pad 4/16,

Installed in ATM 1/8/73

Post Semsi 7/3/7

Purge MDA 5-7-73

Processed

-
-
25 hd
1
-

FILM TYPE S0-212

00 1 R 5

DENSITY

% owow b ELT E LY EE S EEER EER

o
-
>
.

FIGURE D-29, FILM TYPE 50-212, LOAD | (S056)

D-30

OB T Y AR R R




ROLL # _Load 2 EXPERIMENT _ 5056

FILM TYPE _S0-212

ENVIRONMENTAL TIMCUINE

2.2%0 RADS AIR

w s
- & m: g
; _m 5 %
; |
iy
i
3 o
€L-91-6l Buyssacoayg

€L-91-01 4£33emoijsusg Isog

~92-8 VOK ©3 asysueay

4 = iy
- \. £4-9-8 MLV °1 iajsueay
3
a
2 i
vl < )
i / 3
2T E =
m pues a
€L-L~§ VR 98ang
& 1 m m £L-9-C VOM U} pamolg
& H g
-
i # ¥
i 4 1 T T T T T T T TL/RiT1 Vsueg aag
283388 8”8 3 888R"°
iy Sow e ] va ANIAT

STEP NUMBER

e o

(

FILM TYPE S0-212
S

LOAD 2

O E R R R
ALISN3Q

R i

23 33

I

383 5 X 3 % wwn

+

FIGURE D-30, FILM TYPE $0-212, LOAD 2 (S056)

D-31




2,430 RADS AIR

nuuuuuu.uuuuuuuuuua.‘._

Storage
20
4

b T

L
s

1—

besssssaen Vacuum Operation|

DY I’

./E_B:: Sujssesoiy

CL/L1/01  JsuSC 1sog

TL/22/6 VOA o3 isjsuea]

SL

£L/92/8 WLV 93 13jsusal

et

|

FILWTYPE _80-212  ROLL # Loed 3 ENPERIMNT __ 503

FILM TYPE $0-212

No Data

|
|

%

Wy

g , , Al i i |
EEEVEESEE RS . - A R e
ALISN3Q

2
EL/LIS  VOR e8ang

€L/9/S VOR Ul pemodg

ENVIRONMENTAL TIMELINE

¢ -

T T ze/9/z1 Veusg wag

FIGURE D-31, FILM TYPE S0-212, LOAD 3 (S056)
D-32




ENVIRONMENTAL TIMELINE  FILMTYPE _50.21>  ROLL # Loga 4 ENPERIMENT _gosg

L RADIATION DOSE PER DAY uu.ﬁ it
a:ﬂlq Spikes represent dose wassn Dry N, Storage b
!." on data-collection days . Vacuum Operation]
R ——
- = #’ L
" o] L/\\‘ [ \ |
0= i
 reuarive womorry
" :-' ! {\ No Data ~—— =
40 Data - A
ck 1]
§ ol 8 4 [
g L -3 2
L il s
s g "
B 1y i
< H
‘E !! Ll sL2 SL3 ! gsu !-.

FILM TYPE S0-212
LOAD ? Eﬂlg‘l‘l’ 5056
VISIBLE

FIGURE D-32, FILM TYPE S0-212, LOAD 4 (5056)

D-33



ENVIRONMENTAL TIMELINE

FILN TYPE __S0-022 = ROLL ¢ 3

EXPERTMENT _S190A

| naotation pose ew oAy L o i b
a AN i st LN ez
‘.n_ Spikes represent dose
g o f | Geeeiietios dae
02
W01
_| reweratune
100
= 80 I\/N].
“ f
&0 =
) revative womtpITy
w 30 ....‘r“'—\
40
30
E 20 DAYS g plaR
5 838
w o lee
% 8=
H £ 5|3}
- o CEEAY
8
g 8|2k
L2 sL3 sLe
STEP NUMBER
1 3 1] T v " n L] w w n
“ i oS S gEs oE = 2 52 TE S
s FILM TYPE $0-022
ROLL 5 EXPERIMENT S190A
b M'A%m §7)
a4 i
a2

DENSITY
a.s...:ccss'::!:tt

: s

PR R i

FIGURE D-33, FILM TYPE $0-022, ROLL 5

D-34




FILMTYPE _go-ga2  ROLL # ¢ EXPERIMENT _ 51000

ENVIRONMENTAL TIMELINE

SL4

SL3

Spikes represent dose
data-collectd

i

€L/ST/9 pIssad0ad
n €L/sele Jsuag 3s0q

/o9 HD 03 IInep

o~
€Lreess Ines 03 lwn

_| mADIATION DOSE PER DAY

4 TEMPERATURE

f RELATIVE HUMIDITY

LI L

+03
02

01

40 -

30

1 T

v 1N3A3

i

STEP NUMBER
T

L

5
FILM TYPE S0-022

ROLL 6 EXPERIMENT g‘llll
(WRATTEN 25

ALISN3Q

33 3% 2833 3 3333 3.3
B 110 M I

o i

4 ¢ % %

15 it

AEERESEEEE R R

FLIGHT PRE

12

)
RELATIVE LOG EXPOSURE

FIGURE D-34, FILM TYPE S0-022, ROLL 6

D-35




ENVIRONMENTAL TIMELINE  FILM TYPE __50-022 ROLL # __ 17 CXPERIMENT _51904

RADIATION DOSE PER DAY RADS ATR

p—— —

Splie
H on data-cellection days

[ ™

1]1 . .

RELATIVE HUMIDITY

EVENT

.—-“"-"
—

22a.2 plog 20 DAYS
4832 8133
B 3lee
k 5
-'5.'.3 s .!!
3!_ s|ud
HET H
E¥a3 bul sz ® ’E! sL3 sL4
STEP NUMBER
1 ] 3 | ] L . " L] L w " n
a0 o g = 2= =% - . a0
e FILM TYPE 50-022 i
sl ROLL 17 EXPERIMENT 51908 =
(WRATTEN 25) =
ERY = ES ey “Aae
. % S et = .
20 +- - Hse
10—+ 4+ —2s
a4 a4
a3 2
E £
gu —{ 10
18 fee "
= —4 1
. - "
Bl = A
LT = A
b = 8
- HOUSTON PRE = O 1
a —}- - 4
a = e B o i - o 2
L ] E » £l (5] . u 2] 24 ar e

FIGURE D-35, F1IM TYPE S0-022, ROLL i7

D-36




FiLm TYPE _So0-022 ROLL ¢ _ 18 EXPERIMENT __ S190a

ENVIRONMENTAL TIMELINE

LY
«653

-
&
e
=
2
1 w.
gt | s ) -
Mm i m Lt 2 W.
i =
, W.« i ! a
|.Lum :
W i
— &3 ! L/se/s Sepeneanss o
- v
i Ml. _. £/$T19 ¥ A:..-a 4
P
D E =
m i F rf.T.r.lIT .M — 2
g -4 _ H
g H L 4% e g 1108
£ B - - citn . e
& = { = sL/s/e 1euss a1
b 2 F R B LT N
¥iy sov = ' e w3

FILM TYPE

3333333333

i 1l

$J-022

£ 3 2 30 3%

EXPERIMENT $190A

RoLL 18
(WRATT 2N 57)

3332332232322

ALISN3G

uu,n..;..._

RELATIVE LOG EXPOSURE

FIGURE D-36, FILM TYPE S0-022, ROLL 18

0-37




uu;u‘.uuuuunuuuuuuuu...;..

SLe

23

JLele passad03d
cL/eese Jrueg 3804

e D 01 InEA

FILN TYPE So-022

|

i

ENVIRONMENTAL TIMELINE

g
e

;.ﬂ-

2 3 §
L § % | _ %
CLjoc/t WA 03 KD R m i (i £
it sBemog i g T . |
i -m.. % i i 5 m . i m
— e 268 03 280 bz < %
- i £ = s
—  cset/e Touss 224 i m ; e
@ :
3 e W R W R R R R i,
ALISN3Q
¥
8
10 A3

FIGURE D-37, FILM TYPE S0-022, ROLLZ3
D-38




ENVIRONMENTAL TIMELINE

FILM TYPE _ S0-022 WL # 2%

EXPERIMENT _5190a

| maoraTion pose per wl L
§ o] .,T,,A,l.u_.._- MGl S B - =t L]
+03 - Spikes represent dose
! = on data-collection days
w01 |
| rewerature
100 i
o 80 —h
5 i } S Sl M ! s i e
40 — S
J seLaTive womtpiTy
w50~
&0
o
T 1T 7T
E mmJ S R olnn
2l 2 &|8 S|58
- ~ -~ sle e
- .1
g HEEE 8|f i
Blos B Fim |
- 9 Fi
bl s2®l 5 %18 s by s
STEP NUMBER
L 3 L] r . " L) w " "
“ =] i %] =T = .. = .
T3 :
Lad = FILM TYPE $50-022 o o N 2 X = a8
sef= R0l 24 RIMENT $190A fete b as
SURATTEN 577 n
= SR i
a2
ae
wl
s
24

DENS ITY
H

s B8 £ & E K

- »

FIGURE D-38, FILM TYPE S0-022, ROLL 24

0-39




5

EVENT

ENVIRONMENTAL TIMELINE

FILMTYPE __s0-022 ROLL # ___ 47 EXPERINNT __ 51908

_| maotarion oose pen oav 1 1 | l f 4 | Y~
N 0 e i A ER L S (P AN ool S e O (Y Mo o
403 .4 t _1 1 Spike represents dose
.02 on data-collection days
T
01 I‘ {
 reweratune
100 . » e (o
80 1‘ SelE i
60— ---w--yl——-- — i =~ S Summae S — 4 - --\t»—-- B s -y
- | |
” | I |
J reuarive womonty i
| - T S
50 -
30 |
|
| 1
 ons) f &g gled
s 2 5B glss
$ ~ e elas
] Bl-
) 8 I3
: 3|ii
5| = X 2133
L‘ . 8 3 ES
4ose f B s cIEE e
STEP NUMBER
' 3 s [ . " " " "
a0 S G e e .
sef=  Fum Tvee s0-022 .
: [} R |l - ;
o o »
L] b S e
aa i a3
20 - 30

!\’.’!

DENSITY
B

H

:

L

» & & b

-

bbb‘EBESSBfg‘.

FIGURE D-39, FILM TYPE S0-022, ROLL 47

D-40




ENVIRONMENTAL TIMELINE

FILMTYPE _ 50-022  WMOLL # __ 48 CPERIENT 00,

RADIATION DOSE PER DAY

- : 90 L 3 LA Sy R, W (SWN. o SSYEAL AP s J.,““ J. - . WA A
g » i f %
+03 Spike represents dose
g & on data-collection days
. |
.01 - r_
_] reweratune
100 A o
- 80
60 -4 v s I -+ B e
&0 ~
] RELATIVE wum1DITY
M . o
v 50 =
%0
30 -
T T 0
E 20 m-] R R RIR RlRR
s 3 =3 S|=E
3 = g2 | &%
= = .3 =
2 L :| 31
8 ? . u|*8
| 1k
b s2®l 5 2|8 gy 2|2E s
STEP NUMBER
L) 3 L] r . " L] " ” "w n
a0 == e ~as
= s o S s i g = & 3
bad =4 FILM TYPE $0-022 B s b
18 ROLL 48 EXPERIMENT §1m - 38
- (WRATTEN 57 . .
a4 L
23 2
a0 £t
- i
24 =M
14 ErY
213 433
E E =
gu {20
. .
Lr ] - .
e .
= v
e w
K = B
af -
Fi1= A
a2 a2
L] a0

FIGURE D-40, FILM TYPE S0-022, ROLL 48

D41




ENVIRONMENTAL TIMELINE

FILMTYPE __ $0-022 ROLL # 59  ENPERIMENT _5190a

| raotavion oose pes oar 1 I ! o .
g-“ I WU NI W—— S Sy— ‘;' i I— - i -
e on dav.-collection days
i T
401 -
] reweratune
100 =
> oo Hh\_—.—h—h..q g U 3
0 — - 4 -
&0 - T
) revarive womorTy
" 50 \J t
40
30
I 1
" RIR
§ mn £ s 3la z[22
2 3 SIS L 3
£ - el Bad ~N N~
= Bl
5 i L ¢[i1
- 8 ! -] s, H
g g ils i
Bul s sL3 sLe
STEP NUMBER
] L] 1 " ” " w " n
m == T = e O
s FILN TP 50-022 e
u XPERIMENT 5190A e
ROLL 59 CRATTEN zzj .
24 e
30 = 0
2 - {1
28 28
14 4
212 L]
§.. &
" "
18 4 1e
e wd L8
] = L
10 1w
. )
. o &
a ; A a
2 ‘ K ]

- - “a " “w L 14 ar a0

RELATIVE LOG EXPOSURE

FIGURE D-41, FILM TYPE S0-022, ROLL 59

D42




mvaﬁm ot

W/S/T W e aney

1332322

1 3 3 % ¢ v

e

5 g i K 4 L

‘_/\--—--,_/\_a.

CL/9L/11_ ainep o3 D
Lrsrm I8

t/eT/n 262 °3 28r

ROLL #

€L/ot/e g 3y

5L3

FILN TYPE _S0-022

“.l.lﬂi

b

ENVIRONMENTAL TIMELINE

2 oars

«f RADIATION DOSE PER DAY
~ RELATIVE WUMIDITY

04,
Y.
30

s
RELATIVE LOG EXPOSURE

D43

FIGURE D-42, FILM TYPE S0-022, ROLL 60



wL/O1/T pessadoly
3 ¥

L.905  RADS AIR

wL/sit WO °3 aInep

51904

S L, N |

\.——-"""""'-n-.__‘,—ur

EXPERTMENT

T

FILM Typg _ S0-022

M A 3
- .
€L/91/11__ 31nwa 03 O s i s
sw/isu/n abwacag i
— cL/6z/01 08X 03 J8r - I
g
) =
n- u um
“n um
— cL/oc/e jsusg f-_-m m. _ m m j _ ﬂm
e B
e o8
A mm
- .-.m -
=
- u ‘
P
2 .uuuuuuuuuuuuuuuu...,.
ALISN3O

ENVIRONMENTAL TIMELINE

 ows

] RADIATION DOSE PER DAY
] TEMPERATURE

o~ RELATIVE WUMIDITY

+06=

<04

+02 ~
&0
30

FIGURE D-43, FILM TYPE S0-022, ROLL B
D-44



FILMTYPE S0-02 _ ROLL # _B6 EXPERIMENT 51908

ENVIRONMENTAL TIMELINE

-
=
u wejol/z  pessadexg
| = » wi/O1/T Vsues 1804
_ u F —  L/S/T WO ©3 3TnEp
i ( 2
i
3 )
€L/91/11 3Tnwa 03 WD
m.m J.. 4 €L/st/1t s
g 1
— [~ €z/6z/01 8 ©3 20
™ cL/ot/e ysues 333 m
] P
g i | =
m a8
" H
8 5 ¢ [ 2
: : : :
& 8
L 5 T T T T T T T
88 28 gges 2 3%
wiv Sow o 1 10 N33

STEP I‘I‘Hﬁl

EXPERIMENT S190A

(WRATTEN 57)

ROLL B6

T 333322333

ALISN3Q

1

]
RELATIVE LOG EXPOSURE

FIGURE D-44, FILM TYPE 50-022, ROLL B6

D-45




EXPERTMENT

Load 2

ROLL #

FILM TYpg _026-02

ENVIRONMENTAL TIMELINE
_0s] RADIATION DOSE PER DAY

2.99  RADS AIR

Lao ows

weesFreezer Storage

Spikes represent dose
on data-collection days

Sealed
in ﬂ:

L-1-01 passadolg
EL-L1-6 WOISTOY I® PIALIIY

€L-E2-6 WD ©3 lessauny

-
e a
€L/72/8 pencudy wivue)

€L/C/S  Ppamolg wisme)

™= €L/ET/v 28X v peajRYy

£L-16-C PopRo] =134 %

03
1=

100 ] RELATIVE HUMIDITY

w 60
“w

pajddy A1jamoljsuag

3.4 2

-

STEP NUMBER
" ]

it [tk

FILM TYPE 026-02

g
:
i
2

32333

e T 0 O 1 B

n u

e o

T 333 3233
: ALl

3 2
i

FLIGHT TAIL

32
SN30

R

2 3.2 % IR B
Rl i
ifi et i 2

“. § : i t .

i i , I a
k| it
S um

i e Hi i i

i ;
i i 2 m

(R i it
i) M ,_; . m

i T He

il T
t it n
i
o

FIGURE D45, FILM TYPE (26-02, LOAD 2

D-46



EXPERIMENT __ 5052

ROLL # _Load 3

TOTAL DOSE
2.5% RADS AIR

ﬂ

Spikes represent dose

L
SL4

-

FILM TYPE 026-02

ENVIRONMENTAL TIMELINE

2
b4 |
k
-1
g
§ -
: 3y
“ - £=1-0. pIIsav0ly
{={T-6 WOISNOJ I® paIajily
i TL-27-6 WO UF peasas
! ® peacusy caser)
. -
| .lv { bt (-v2-8 PolIasn] sasmey P
|
= i -
= ! P
g 1z -
A= B 2
i g _ " £ €L-6-5 quldns uo pamcas
g e L= £L-CZ-Y OSN 3¢ paajecay
g ] = €-12-  ppeor mig
| ﬂ = Por1ddy Lajwmoljsusg
m , = | ¥
G 100 O R 5 5 N R UL U
g3ssgs 282 88%R°
ulv Sovd de T — —

JdT 3358233384305 N80

STEP D‘I'.N!R

RELATIVE LOG EXPOSURE

FLIGHT TAIL =4

FILM TYPE 026-02
LOAD 3 EXPERIMENT 5052

82323385339
ALISN30

FIGURE D-46, FILM TYPE 026-02, LOAD 3

D47




RS o6

= B e

FILM TYPE _026-02  ROLL # _Load & EXPERIMENT __S032

ENVIRONMENTAL TIMELINE

Sealed
in -2

e YL/9T/T Peesacoay
E-.n 80 30 p,28y sammm)

4,38 RADS AIR

b Pi-E-T D °3 IIney

-
L €L-52-21 wan w3 peacas
v pescudy eisue)

€4-I2~6 P 1PISU] masuE)

a

E 5
hsssf reezer Storage|

€L=62-%  OSN 3¢ paajedwy
= L-12- papeo] B114 9

patiddy A119m01jsudg

~f RELATIVE HUMIDITY

n 60
&0

STEP NUMBER

3 2 3 3 0% 9%
o _JJHI.‘

¢ % 9

1

it

i

nuuuuuunuiu,u.

-
<
-
m_
M.

FILM TYPE 026-02
LOAD 4 EXPERIMENT 5052

s

12

RELATIVE LOG EXPOSURE

.

FIGURE 047, FILM TYPE 026-02, LOAD 4

D48




vL/92/T passmoay
L2/0L/2 O8I 3% P,3%y wisus)

™ %t~ WD 9} puaeyg
pascary visuw)

1

— €L-81-11 31n*4s @3 D

EXPERIMENT __S052

T B i ok 0 B L U0 S0 M OO 0 LI B 5 Dol b

-
MEL-§2-21 POLIRIs] eaemey 3

-
= £L-ST-11 WD ©3 wiauw)

Losd $

——e

CL-€1-6 OSN I® peajaoay

—

STEP EHEI

026-02  ROLL #

FILM TYPE

jess Freezer Stovage

ENVIRONMENTAL TIMELINE

o~ RELATIVE HUMIDITY

-6 papeor w14
5 pejddy Lijamoljsuag - -
-
# . g 2
M m i I
- m ‘ .A,ﬂ,
mm g |
2 'r— i _ It
= B i §
ﬂ'
4+
3 _ i ,
s B R A R B RS
ALISN3Q
g
2

_cs-] RADIATION DOSE PER DAY

S
01

W
RELATIVE LOG EXPOSURE

£l

FIGURE D-48, FILM TYPE 026-02, LOAD 5



FILM TYPE __ 3401 ROLL # _ B0 EXPERTMENT _ 5193

ENVIRONMENTAL TIMELINE

2
B
8 &
“m B 3 =
— 8 H
: :
i Bane e i
W- ML —. TLI0L/9 WO o3 3ineA m
Nl.. n‘.iv rl’ 3 L , i TR R R |
£ he - O T ol G e - o B B A B R e
™ -1
ﬂ M ALISN3O
m m b CL/9/Y no] oy
m L = L~ /v AL W penods
¥l LA Gyt
§3383 533 it B4
wly SOvs do 1 ve N33

FIGURE D49, FILM TYPE 3401, ROLL BHOI




FILMTYPE __ 3401  MOLL # gugp =~ ENPERINENT g4,

ENVIRONMENTAL TIMEL.9E

]
H
3
3
H £
! EY -
s p ; Lt e
Foos o e s
= D 18 3
g I
g m £ T anoyrow
i LT s
SAREE- SR80S R
v Sove e ] uva ANIAZ

- FILM TYPE 3401
— ROLL BHOZ EPERINENT 5191

EEEEEEE R
ALISN3IQ

e = e« = =

FIGURE D-50, FILM TYPE 3401, ROLL BHO2

D51




ROLL # __BNO3Y EXPERIMENT S233

FILM TYPE 3401

5
- .m wi/1z/T  pessasany
“ ._ — CETTTY
% —m W w . (=]
{5 e :
ﬁ ﬂ» CL/9T/11 N4 03 WD
1 ﬁ | wam oo
s
i 3
mmmm
3 E
: .
g B e
m INEE
TIiiy TERET %

RELATIVE LOG EXPOSURE

FIGURE D-51, FILM TYPE 340/, ROLL BHO3

0-52




5
] || [\Siotr  vows e
. % h F wiie mo .
D m..
§ J
515 0 S “
g T30 S TR LR 1 ¢ mouiline g
L ”mw €L/9z/01  yemes eag m.
i 8 i m
L.mm M
it :
P
i : 2
<|8 B m E
||
TITIT BRI4T 'R

0-53



ENVIRONMENTAL TIMELINE  FILWTYPE _s01  ROLL # _mmos EPERIMENT 233

1o OTATION G0 PR 00| ekt bertwnn ers bk
3 ey iy
' on deta-collection days
TEMPERAT URE
- rJ\_--u,_/
i 2
L wuarive ooty
- 50 -"_\/n g
30
M
H gR & {'
S 3 i
<4 3
] i ot i
L 8 3s i
" s SL3 SLe

FIGURE D-53, FILM TYPE 340/, ROLL BHOS

D-54




= wisit W e apm

;_, f

L4

€L/A/TT Anes 03 WD
taum LT

A~ N

o

Rems max

D-55

FIGURE D-54, FILM TYPE 3401, ROLL BHO6

ENVIRONMENTAL TIPELINE  FILNTYP __3.%1  ROLL # _swos  ENPERIMENT _s233

&0 -
30 —

.08
"-
m-

& 0

- 50—

 jel




DWIOUENTAL TIELINE  FILNTYPE 50-26  MOLL # _sgoy  EPURINNT g

l/ﬂ:n: pessadold

w/S/IT WD 03 ey

SLe

€L/81/11__ a4 02 WD

‘_/N.--—h-._/‘\-—q_

~d

F  cusyor osu o3 osr
cLieTion Temeg aag

sL2

kL

20 s

.r RELATIVE HOMIDITY

ALIS

3 S N BN S A che il
SN3C

FIGURE D-55, FILM TYPE S0-265, ROLL BED3

D-56



w/eie pessesdoiy
*/0T/T  yeueg aseg

—

EXPERIMENT 5063

‘_j"'-—""_"---_/\—-dl__

-

-

WW/S/T WD 0 aney

L4
e
s
e

L]
LR
2o
2.
2.
24
21
0
“
L.
e
2
e
-
-
-
a

w/sun

i

2
s
£
H

ROLL # BELL

STEP NUMBER

FILM TYPE _50-265

BE11 EXPERIMENT S063

L

ROL

"t 233233322333 23¢%2¢2:3¢2°¢:

|
-+

ENv/ . JMMENTAL TIMELINE
.10 -] RADIATION DOSE PER DAY

g.u

~f RELATIVE HUMIDITY

-

06 =
+02 =
100

L
60
40 <

w 50—
0
”-

ALISN3Q

20 oars

RELATIVE LOG EXPOSURE
D-57

FIGURE D-56, FILM TYPE S0-265, ROLL BEIl



B V—

e/t passadord
w/0T/T Jousg 3s0d

‘\-—-""“"ﬁ--_./'\_n‘__

—

®/S/IT WD 03 Inwp

SLe

CL/&L/1T 2InEA 93 KD

ENPERIMENT _T025

=4

———\__.-r—-...___,__f'“"

-

BEL&

/s adwnolg

cL/6t/01 8% o3 %
£L/9t/0n jousg aag

ROLL #

3

sL
1

RELATIVE LOG EXPOSURE

FILM TYPE _80-265

-
b
g
g
=
s |
o

sL2

i

BLY

ENVIPONMENTAL TIMELINE

.10 RACIATION DOSE PER DAY

f TEMPERATURE
~f RELATIVE HUMIDITY

-

! o
o

‘ abh=
+02

2 ows|

FIGURE D-57, FILM TYPE S0-265, ROLL BEI6
D-58



FLMTYPE _ 2685  RoLL ¢ _BVOL EXPERIMENT _T027

ENVIRONMENTAL TIMELINE

RADS AIR

L

SL4

Lo

b 0_\ h
i8
€L/62/9 passad0id
M\_ q— = gu/Lz/9  Yeweg 380d
— €L/0%/9 WO °3 InEA
: 8 L :
g = = =
m r..ll[... = -\‘l\
- g :
m m Ly noy1ey
m U m | _—ce/t/y A w1 pomols
l_ i £L/GL/E 983 3 38T
T T cL/oe jsuag g
L) L] L] T 1 1
8 2 §8888$ R X T
WIY Sovd FA 1 ETT) 03

g
:
=
g

ROLL BVO1

RELATIVE LOG EXPOSURE

FIGURE D-58, FILM TYPE 2485, ROLL BVOI

D-59



FILNTYPE 2485 MOLL # w0l EXPERIMENT Mot weed

ENVIRONMENTAL TIMELINE

-
3
,
£
[3 3
Ml— ﬂ— ﬂh_\“\- d"l“l”"“
e
i
o~
3
B -
S R iy o “ " 2
SEE B
- : : - e
] m rl_ m —cifei/e | o o1 o8r
€L/ ysusg aag
258z 288%% 3333
uiv sowd de ] uve N33

E
15
£
5
il

g

FIGURE D-59, FILM TYPE 2485, ROLL BV02

D-60




FILM TYPE __2485 ROLL # _ BvO7 EXPERIMENT __ 1027

ENVIRORMENTAL TIMELINE

-
=
{
|
4|
M
H
E
3
I
mm
| 35
R
=t } CL/ET/6 WO °3 a1mea
P
oo -
-ll— — — CL/T1/L 283 °3 J8f
€L/ 1eues eag
i 4
m g m w
o5 e :
-
§ m }
" 8
T 8 ] 1 L) L) 1 L]
83383 3§88s s=s8
Iy SO 40 M v o

133 %1 3% 22323880 %00

FILM TYPE 2488
ROLL BVO7 EXPERIMENT TO027

& TS0 0 O e
3+ 9333 % 53333833335
, ALISN3O

FIGURE D-60, FILM TYPE 2485, ROLL BVO7

D-61



1,012 RADS AIR

SL4

gL/z/o1  passedoiy
" g/1/00  veueg 3%0d

=

Spikes represent dose

FILM TYPE 2483 ROLL # _p.13 EXPERIMENT 5063

€L/ET/6 YO ©3 anep

— = £L/0E/L  II™A €3 WD

L
l_ — /e 284 03 "l
cLisit Youag ayg

b

05— RADIATION DOSE PER DAY

ENVIRONMENTAL TIMELINE

IMJ

] RELATIVE HUMIDITY

FILM TYPE 2485

$ 3331223332403

f

O aE BN B ORE B MR OU SE AR B
ALISN3Q

L e MR Mo

% 9 % =

RELATIVE LOG EXPOSURE

FIGURE D-6I, FILM TYPE 2485, ROLL BVI3

D-62




1,028 _ RADS AIR

4

FrmTYpE 2485 ROLL #  BV14

ENVIRONMENTAL TIMELINE

@
: m cL/z/on possadord
"- _1 .l\\ln:__-__.s jeusg 3s0g
€L/€T/6 WD °3 I ey
-
A
€L/0C/L  31™eA 03 WD
= eeie/t afemols
| _ €L/11/¢ 283 °3 28C
€Lt Teueg a1y
~
] :
] Lol
m E z
g s =y
= .M. m
s
j g 1 1 ) S 1 1 T L)
8438 S§88%3 32 38
Wiy Sowe do 11 siva INIA3

STEP NUMBER

9313223231332 2%2333 824
14 & ; L 4 A J #E

ROLL BYV14 EXPERIMENT S063

EEEEE SRR YR
ALISN3Q

FIGURE D-62, FILM TYPE 2485, ROLL BVI4

D63



EAVIRONMENTAL TIMELINE

FILMTYPE __2ens  MOLL # gnyys EXPERINENT oo,

’wﬂﬂ"--'

J961 __ RADS AIR

S0

on data-collection days

«01 =

5 R

120 ] TEWPERATURE

& 00+

_J reLative womiorty

" 50 ™ PEED:
30 -
m
i 20 owrs 2 gle
2 8|38
= e
f: # 8
: is ¢ zil
EE s L
Bl sz 513 S
STEP NUMBER
' s y . " W ”w "w an
a0 i = -
¥ i
FILM TYPE 2485 b = S e o o e e
ME- noLL BVIS EXPERIMENT 5063 T oamm e = g
- -
" e
a0 : sl
a8 .“
“ - - a8
o4 EE )
22 ” - i
E o
B" FLIGHT POST -
1. - = - fad
“ = = oo = v
- <o : - , u
0 s 5 o e = o
. - *
s Wl best GROIND CONTROL ; .
N HOUSTON PRE - *
; s -

4 & W WM WM 8 M ¥ -

RELATIVE LOG EXPOSURE

FIGURE D-63, FILM TYPE 2485, ROLL BVIS

D-64




ENVIRONMENTAL TIMELINE
.10-] mavtATION oosE PeR DAY

. 80

H
w — P p—— 61/ passadoxd
. ] [t 20
BEsiad u..
um
rEeE
. =
t{mw WA
m -
L P
£
2
P
m -
2 :
it
TLRYIR LIRS

FILM TYPE 2485

=
8
g
=
5
g

ROLL

FIGURE D-64, FILM TYPE 2485, ROLL BV22

D-65



jEmErEEnE SR
I { :
1 bh ~ i
m _m v CL/OT/TT  3TeA ©3 KD
] w 4_....“ TG
L i pae max
; .
L F
E
2
1B -
4F ; 5
il imng

m. -lr' w. A uve 33

=3 3 433 323 %33
i i # “_,.m. [ A R il

7
FILM TYPE 2485
EXPERIMENTS 5063,5073

'8 432333133
ALl

3 3

3 32
o i 3

i i

3 % ¢ % %
" i i o 2

it
=

$ 323
SN30

i
i HHH

S i Bl

4 N »

"
RELATIVE LOG EXPOSURE

L1

FIGURE D65, Fili TYPE 2485, ROLL BV26

D-66



_./M—q-

-q-l

ENVIRONMENTAL TIMELINE FILN TYPE 2485 ROLL ¢ _pV29 EXPERIMENT 5063

] RELATLVE WumIDITY

4

10| RADIATION DOSE PER DAY

202
m-

& w0

o wiot/t Ppaseadaid
wi/61/z  teues yeeq
WL/SIT WO 03 athes
93 3.3 3 % % %9
; dddididiaaaratiae .
I i i i i & i
t- : , . 4 - s
CL/91/11  31veA 93 1D i ( : 41D B
/st stencas w il i “ It & i t
= tu/6z/01 083 03 8P - i f e 5
£L/9T/01  Teues o3 1 . ¥
R il
= )
W I R
b © B 8
- m w w
a ne 5 2 e
8 - @ ol & B :
~ s 8 : 5 .
&
i’ e - )g
- = § - .
g :
- m L]
@
L - -
2 393333 32 ur:“!lu B i MBE S, L SRl BN
'3
g
e NN

FIGURE D-66, FILM TYPE 2485, ROLL BV29
0-67



e —

FILATYPE __2a26  ROLL /o1 EXPERTMENT

ENVIRONMENTAL TIMELINE

-1 <az2_ RADS AIR

]
: i
£ a3 B
m
b R
wl. __ TL/0T/8 WO 3 atnwa
i NJ r coree/s ..-I-SUM
£ — W | 263 03
g i
. 2 !
i F -
FERT! 558 aan
dlv SO do e ANIAI

ya i S FE S SR EYNES TSN

FILM TYPE 2424
ROLL 01 EXPERIMENT S190A

FIGURE D-67, FILM TYPE 2424, ROLL OI

D-68




ENVIRONMENTAL TIMELINE

S

S SR o

i i

FILOTYRE a3 ROLL ¢ __oz EXPERIME.T _gison

Spike(s) represent dos.
i on data-collection days

hn:ﬁu; passadoig

=t s e

1

~

a

0 oarsJ

y -

g
£

120 f TEMPERATURE

T
g§8%

de

40 —

=4 RELATIVE WUMIDITY

30 ~

HEE

ROLL 02 EXPERIMENT S190A

2 3

g 33 3 3.3 33 2 3% 3% %9

ALISN3O

-

FIGURE D-68, FILM TYPE 2424, ROLL 02

D69




ENVIROVENTAL TINELINE  FILMTYE 2age RO # 33 ENPERIMENT _gien,

b

01

120 TEWPERATURE

100
& 80

40

4 RELATIVE HUMIDITY

RELATIVE LOG EXPOSURE

FIGURE D-69, FILM TYPE 2424, ROLL 13




ENVIRONMENTAL TIMELINE  FILM TYPE Za2s ROLL ¢ _ 14 EXPERIMNT _ 1000

RADIATION DOSE PER DAY ! ToTAL
- & RADS AIR
5 - ; 5 i l l = I e e E i A il el e ,,ﬁ-:g%,, 4= RS
03— ! Spike vepresents dose
g - ! on data-collection days
- 1
Ol
EmEEERY
120~] TEMPERATURE N
1004 : —t
“ 80 N~
60 re | 5 ISEPENTS SRFUSE SRR REERN S g \; ----- B S RAERS SO
40 |
| RELATIVE HUMIDITY
i 4”._#.--_;_ B NGNS SIS (S, RESULS SEE 5 B S WS al
e T - :
= ElA
i -
1 1
g 2RaR b La DAYS
22332 s
ARIT ’ b v
.|
-EY 1 i
& jso it 1
355 T |
LR33 F
£383 ks sn.z’EE sL3 sLa
STEP NUMBER
' 2 s 7 v " R S " 2
b . i S 2% 22 1S £ 3= b
£ = —{as
u - FILM TYPE 2124 —
ROLL 14 EXPER(MENT S190A
24 ~aa
a3 —a2
0 30
2 2
14 24
22 a3
£
§u 10
18 — "
[ == e
18 - :_ : s
= 4 1
2 FLIGHT PRE
1= o w
ot “ F
» + +
a - ,. -
a a

° a - - =] 1. w8 M Y W

RELATIVE 10G EXPOSURE

FIGURE D-70, FILM TYPE 2424, ROLL '4

D-71



FILM TYPE 2424 ROLL # 25 EXPERIMENT _5190A

ENVIRONMENTAL TIMELINE

996
——

sL4

/101
£L/8T/6

pessad01d
jeusg I3sod

—
—

CL/ETl6

£LI0C/L

st
EL/s/t

R 03 3Ines

3

SL

Ine; 03 WO

2% °3 280
Yeueg 234

i

Lll sL2

RADIATION DOSE PER DAY

] TEMPERATURE

] RELATIVE HUMIDITY

Iy 30w

£

40

IOMJ

STEP NUMBER

FILM TYPE 2424
ROLL 25 EXPERIMENT S190A

-uuuuuuuuuuu._uuuu...
ALISN3Q

FIGURE D-71, FILM TYPE 2424, ROLL 25




FILM TYPE __2424

ENVIRONMENTAL TIMELIN

ROLL # 26 EXPERIMENT _gjeon

u
_u
mm
m €0 pescadolg
m. L CL/8L/6 ‘Jsuag 3804
sy | { EL/ET/6 WD 03 ateea
)
3
ﬁ €L/oe/L Ines 03 WD
| 77—
— s/t 283 ©3 28r
4 St 83§ a1g
3 3
] : 2
: : e
i : :
S 8
jEEE! ) :
aly sow de 11v0 D3

ROLL 26 EXPERIMENT

_,
! g

FH BN S TR B R R
ALISN3a

FIGURE D-72, FILM TYPE 2424, ROLL 26

D-13




EXPERIMENT __ 51904

43

2424 ROLL #

Jrws_ RADS AIR

FILM TYPE

ENVIRONMENTAL TIMELINE

-
a
M. -
i : .
:
m EL/ot/e pessadoid n
W. o L £L/82/6 jsuag asog
cL/eT/e WD 03 Inep
s
3 B,
€L/oE/L arnes 03 WD i
[T afenolg
- €L/11/L 253 ©3 28r ol
i youag 8ag
-
o~
1 #
g ‘ ¥ 3
i : : :
T T T ¥ T T T
1383 $ AR
BI¥ SOvE 5 T an3

FILM TYPE 2424

:
:
-
;

23 3

233 3

ki
1

ALISN3Q

22 3 3 3

i

$ 313171323283 sasssnN

4 Ay

(]
RELATIVE LOG EXPOSURE

FIGURE D-73, FILM TYPE 2424, ROLL 43




FILN TYPE __ 2624 ROLL # &6

ENVIRONMENTAL TIMELINE

i
-
A
-
i
P m £L/0€/6 passadory
| w— y L _—_—r ysuog asog
e = ﬂ £L/5T/6 WD 03 3fnes
a
_r €L/oe/ ¢ nEp 03 WD
™ IR afemolg
— €L/ 283 23 98¢
™ € Tsusg a1y
i 3
-
* = —
8 . w0
-
=3 i |
: 5 §
* 8
{ 4o 2 4 T T w T 8
g8s g8¢e R38R
WY SOwd de 3 EiL] AN3A3

FILM TYPE 2424
ROLL 44 EXPERIMENT S190A

2333322322125+~
ALISN3O

FIGURE D-74, FILM TYPE 2424, ROLL 44




ENVIRONMENTAL TIMELINE

FILM TYPE _ 2424 ROLL # 33

EXPERIMENT _S190A

RADIATION DOSE PER DAY

|Spties roprasent dose |, 7000

on deta-collection days

- "
2 o
i
T
] TEMPERATURE
100
o L | T
“ -~
40 -
| RELATIVE HUMIDITY
» 50+ . e
40 e
30
5 ] :
£ BIR
g g g 2)8 1
3 s 2|2 21558
= 5 8
g i i 3|
L : B i1
W s SUE ! 8 SLé
STEP NUMBER
' 3 3 7 . TN, S Jegh JGaaE
a0 E .0
s E - a8
FILM TYPE 2424 = = =
28 —~ a8
ROLL 55 EXPERIMENT S190A
- : = 34
33 : a3
L 10
s - 24
- 26
24 2e
12 s s - = it - 22
2 == :
g .
b e
L .
14 e L
“w = AL
10 e
. - )
-
4 o
a o 2

FIGURE D-75, FILM TYPE 2424, ROLL 55

D-76




e WLIT possanoid
»I9N/T 1eusg 3804

w/sit WD 03 IRes

—-/HL_

4

SL

cL/mtn Inep 03 WD

FILWTYPE 2424 ROLL # __ 3¢ EWPERIMENT _gisos

st/ afenolg
creT/on 260 °3 28
= L/ 1sueg #ag m m w
: & @ i 2
; i
m :
]
3 ¥ i
2 Tt T AT Ty Ty

ALISN3O

ENVIRONMENTAL TIMELINE

o RELATIVE HUMIDITY

,05 ] RADIATION DOSE PER DAY

=R
0~

!-
.02

o-m

FIGURE D-76, FILM TYPE 2424, ROLL 56




FILWTYE a2 MOL ¢ __g EXPERIMENT _ 51004

ENVIRONMENTAL TIMELINE

]
“ 1 l\uﬂﬂ““ .n-oﬂu
m M w/S/T WD o3 apnes
i )
n. ( ( b
v / EL/8T/T1  31ea 03 WD
“- Hl} ( st afen01§
c/6z/or 8% 03 28
— eusis s en
@
i P
. £ -
g 3
g “ ¢ i |
i T T 1E :
8
¥ T T L L T L 1
$833 8835 288
#Iv Sow 4o T 10 3

EXPERIMENT S190A

3
RoLL 1

o BN R
ALISN3Q

. n

FIGURE D-77, FILM TYPE 2424, ROLL Bl



FUNTYPE 3ae ML ¢ a2 EPERINT gsos
!

ENVIRONMENTAL TIMELINE
-] RADIATION DOSE PER DAY

g
' & wigw T PESAION]
1 ¥ $/91Ir  yhueg 3sog
mm P ‘ WL/S.. o3 agney
H hH ;
i 3 5
_“ 1E
7 R
*n J. LISy . aten
b= gz/6z/0t  28a ©3 381
b~ cLisre ysuag aig
3
.
= . —— - —
m 3
: 3
: :
T T T T 1 T T
28383 g§88s 838
iy sow de ] uwa N33

STEP NUMBER

2323

EXPERIMENT S19LA

ROLL B2

W W B e A o N

4 8 % e =
rm _

A

I 33338333373
ALISN3Q

i Gk

2 8 @ « =

FIGURE D-78, FILM TYPE 2424, ROLL B2

L




‘l‘g!

ww/sit eA 93 D

L}

L

(mmVacuum Storage|

ENVIRONMENTAL TIMELINE FILM TYPE g0-242 ROLL ¢ oad 5 EXPERIMENT _ gisg

] RELATIVE HumIDITY

.10 _) RADIATION DOSE PER DAY

g
-
I
l.-
80 =
* 0
40 -

2
a3 v
/STt aesoas
fu/6z/01 988 ©3 8¢
'
G/ veues e
2 nw
3 -
- £ | i i i H
_a uuuuuuuuuuuuuuuuaaas
ALISN3Q
i
2
uve 1N3A3

FIGURE D-79, FILM TYPE $0-242, LOAD 5 (S056)
0-80



DENSITY

» » » B EEEEELEEECEEEEEES

TR E R S R NS

PR

DENSITY

FILM TYPE S0-242 BLUE
LOAD § EXPERIMENT 5056

B

T

-
-

=

-3 . » u L] . £ 24 r

RELATIVE LOG EXPOSURE

FIGURE D-79, FILM TYPE S0-242, LOAD 5 (5056) icont)

D-81

STEP NUMBER STEP NUMBER
" nw woow om0 3 s r Y S |
= - ¢
= FILM TYPE S0-242 RED 4 = FILM TYPE S0-242 GREEN
T | (ows oecent sose | : LOAD 5 EXPERIMENT 5056
- = s = o o 5 B
= “ -
- a0
- s
2
b
. -
£ F
gu =
£ 8 ok
bl
=
o =
v
=
- b
=
A=
e e a7 38 8 3 & & a3 s w0 om0 2a

RELATIVE LOG EXPOSURE




ENVIRONMENTAL TIMELINE FILWTYPE _80-242  ROLL ¢ __§) EXPERIMENT __ 51908

RADIATION DOSE PER DAY |spiken vepresent dose
3 oo data-collection days 560

03—
02

01

> w0

:
o I
—

) -

o RELATIVE HuMI|

3

wnm
6-25-73

EVENT
Pre Senst
JSC to ¥SC 3/24/T73
“/8im

Rollout &N16/73

Veult to 01 6-20-73

Post Semsi 6-25-73

FILM TYPE $0-242 VISUAL
ROLL 81 EXPERIMENT S1908

DENSITY

hbbh“““:t“‘::g“

FIGURE D-80, FILM TYPE 50-242, ROLL 8

D-82




-
-
-
-
H
s
H
-
-
-
-
-

STEP NUMBER
. " "

FILM TYPE 50-242 RED

ROLL B ENPERIMENT 51908

FILM TYPE 50-242 GREEN [ |

ROLL 81 EXPERIMENT 51908 —ae
=
1

DENSITY

» » E EEE E 2 EEPCZCESEEEES

-

D » 1 . W w0 34 a7 20 O A .
STEP NUMBER
' 3 s 7 + n "

FILM TYPE 50-242 BLUE
ROLL 81 EXPERIMENT 51908

2

“

° A - - L L] . n 2.4 ar

RELATIVE LOG EXPOSURE

FIGURE D-80, FILM TYPE SO-242, ROLL 8! (cont)

D-83

“w

2

RELATIVE LOG EXPOSURE

2.

r an



ENVIRONMENTAL TIMELINE

FILWTYPE go.2a2  ROLL # g3 EXPERINENT _gie0n

RADIAT Spikes represent dose

i i S ’_-mu-u:zlul Lagl

] :'__'

£

01 = r

L rowenaone

100 |

&0 L

60

&0 -

J RELATIVE WuMIDITY

w5 - r

40

”-
TT

§ woml ef g gle
= *~ ~
g2 I sI5s

s 5l

¥

g L 311

: ilit
%
% ) E% ' o 5 sLa

DENSITY

hbbb‘:““::::‘

|

FILM TYPE $0-242 VISUAL
ROLL 83 EXPERIMENT 51908

FIGURE D-81, FILM TYPE S0-242, ROLL 83

D-84




DENSITY

-

s LT s s s s Lo

b = B & E &

STEP NUMBER STEP NUMBER
L " " " w " n 1 » 1] r L " w " ”w "w "
i “o S e o K_ Dee
FILM TYPE $0-242 RED = : - L
ROLL 83 EXPERIMENT $1908 _: b : 3 FILM TYPE $0-242 GREEN :
% = ROLL B3 EXPERIMENT 51908 =t
il ==
- = 8

Ls L n 2.4 27 a0 L Bl - » L] L] . n .4 7

DENSITY

RELATIVE LOG EXPOSURE

STEP NUMBER
"

. " ” "w n

— ROLL 83 EXPERIMENT S1908

=
-+ FILM TYPE 50-242 BLUE -

L] E] - L =] s L] n T4 ar a0

RELATIVE LOG EXPOSURE

FIGURE D-81, FILM TYPE S0-242, ROLL 83 (cont)

D-85




ENVIRONMENTAL TIMELINE FILM TYPE _S50-242 ROLL # es EXPERIMCNT __ S1908

_J raota. 1on nose PR oay I Spikes cupresent doss
o 8 cu data-collection days
& o %6 SRS (AR [0 UL ¥ by v ;
;.u-
+02 U
014 {_ \‘
L rewenatuse
100
¥ o0
P
40— 1
| revarive woorry
w 50 E— r
30
It
5 woml ef gt
25 }% 3|58
~ e~ -~ FEET)
2 -]
g '1'5 i s|if
- ]
- L #1513
¥ ii
bl siz i 8 W - e
SILV NUMBEK
1 3 L] r L " L) 1 ” "w n
“ = S5 = i e g == had
“ FILW TYPE S0-262 VISUL [
18 ROLL 88 EXPERIMENT $190B =3
bt Ll —aa
a3 _ e +3a
- L1 i
8 — =
24 = = a4
22
£
QI-.
a

- 5 & 5 &

L

-

FIGURE D-82, FILM TYPE S0-242, ROLL 88

D-86




DENSITY

s L s s s E e

f

FILM TYPE 5S0-242 RED
ROLL 88 EXPERIMENT 51908

1 0

T
I
i

1

St Lt

DENSITY
H

:

FILM TYPE S0-242 GREEN
ROLL 88 EXPERIMENT 51908

FILM TYPE S0-242 BLUE
ROLL 88 EXPERIMENT $1908

° 3 e o -u w0 a4 a7
RELATIVE LOG EXPOSURE

FIGURE D-82, FILM TYPE S0-242, ROLL 88 (cont)

D-87




ENVIRONMENTAL TIMELINE

FILM TYPE _50-242  ROLL # ___90 EXPERIMENT _§1908

E
“_
! ) \
A Z
| = = 11__3pnes &1 K
m&. J. ey sfenoag
| h cL/ezion 28X ©3 J8r
w
i
ku
: €L/E/R joueg Ay ™
Z
g 3
: : =
g w Iw
n =
3 : 2
FETY 283 838
1y sov P M v a3

STEP NUMBER

uu;nuuuuuuluuuuuanam

UAETMERK b RBE

FIGURE D-83, FILM TYPE 50-242, ROLL 90

D-88



-
-
-
-

w L n L) 3 L] 7 v " " " "w n

. had i .

e e “~ s =
FILM TYPE 50-242 RED s : FILM TYPE 50-242 GREEN -

1. = L “Jae
ROLL 90 EXPERIMENT 51908 = ROLL 90 EXPERIMENT 51908 |

da — e = L

a : wEHHEE i 3 k

20

2

2

DENSITY

wrs st 3
L] 3 -~ L 1 8 L L2 14 ar 0 ° -3 E » " . e n 2.4 ar ae

STEP NUMBER
"

] 3 3 L4 " "

—f-F  FILNTYPE s0-242 BLUE
1 ROLL 90 EXPERIMENT 51908

s

2

8

a4

13

o E ] - . L3 " i t ] A ar 30

RELATIVE LOG EXPOSURE

FIGURE D-83, FILM TYPE S0-242, ROLL 90 {cont)

D-89



ENVIRONMENTAL TIMELINE FILM TIPE  80-242  ROLL # _ % EXPERIMENT _ 51908

RADS AIR

by J

g B 4

g

EVENT

PER dose
e ey e sallontion daye| -LstSe WSS AIR

i3}

RELATIVE HUMIDITY

¥

20 MVSJ

b

DENSITY

8/31/73

10/29/73
11/15/73
11/18/73

-3

“Pre Sensi
JSC to
Stowage

CM to Vault

FILM TYPE S0-242 VISUAL
ROLL 94 EXPERIMENT S190B

27517
2/10/7%
ET3 Y

Vault to M
Post Sensi
Processed

SL4

o v 0

FIGURE D-84, FILM TYPE SO-2&2, ROLL 94

D-%0




1 3 s . " " " " w  om ' 3 s ’ v W "
. a0 e e e e
| s Y e —+- —as
| FILM TYPL S0-242 RED b P r FueTYeE s0-242  GREEN
'™ ] {' 2 Lo
ROLL 94 EXPERIMENT 51908 B Eegel 4 L § 4 -1 ROLL 94 EXPERIMENT 51908 ¥
24 '7 f F  saf= - = ed 5.4
a2 o 5 33— —f 4 —
a0 = —+— s - e
e 4+ saf— e £ .
T S = S 4+
e ’ g 2 |+ N
: £ g A% E ST IR R
24 24 24
23 = N 12
E 1z : = mw
gu gu 20
" 18 e .
4+ b RLIGHT POST !
by TS “E= = FLIGT PRE T 154
1 11 up } o
: f} ol b dog-bobogs 5 S a e g H
[F1= —fd A - ~
I i e _h #EE e 1
L] = e e i * F - HOUSTON PRE [~ 11 '@
*F . . CONTROL .
: HOUSTON POST =z S = o : s SER IR RN
. i L HOUSTON PRE —+ — & 4 & \ il
: - A o e i b 2
ap - - e El + .
R= i = m;r} _ 10 e b 111 wousTow post : £
=S A 3 ML = =N =5 T G R e A Pt v =
- - & S5 e 6 g
° » - # 1 w0 a1 24 27 38 © a3 . C) 4 m 1e a7 ae
RELATIVE LOG EXPOSURE RELATIVE LGC FXPOSURE

FILM TYPE S0-242 BLUE
ROLL 54 EXPERIMENT 51908

k 4 _;._{_..

Eier #oT e

L) E ] - . 12 L= ] e n 24 r El )

RELATIVE LOG EXPOSURE

FIGURE D-84, FILM TYPE SO-242, ROLL 94 (cont)

0-91




ot P o e b b e A it

A A i B S - s i et e et e

-

~SA00 .
S

i
3
4§
£s
23

i

FILMTYPE _S0-356  ROLL # _ 04 EXPERINENT

2
m.
E 8
2
2
:

“h.n“\a._.t passadold
cifoz/e WD °3 IInep

-~
3
fe/Lzls  3mes 03 O

M
d‘r'-H

RADIATION DOSE PER DAY

l._
E
8

ENVIRONMENTAL TIMELINE

o RELATIVE WUMIDITY

403

Wiy SOWY 4s ] uve JLE k]




STEP NUMBER STEP NUMBER
1] 3 L] 7 . " " " "w " n "
.~ —_ o - {an
a G 3 4 = "
=E=EE FILM TYPE $0-356 RED b FILM TYPE $0-356 GREEN i
24 - 2
= i ROLL 04 EXPERIMENT S190A 2] ; ROLL 04 EXPERIMENT S190A 4
= = = - = e B I £ 4 =
2 & T 1 .—-? ~{23
30 h ! a0
LR b __ 1= L]
E- e A L
£ 8 ¥ 2.
14 L e e | 1
S e 0 +- e .
13 23 ettt = 11
2 ELMERRRS, |15
§n E“ - HOUSTON POST | i 10
7 2 b i 53 SEEC R E o =
2 = o e o f = 5 5 : A
N FLIGHT POST * 4 e
= : .
L o =l i
r Zmmammean . HOUSTON PRE
- CONTROL + 1
¥ - : s e e ||
L HOUSTON PRE T 1 5 : 2 -
= . .
% af NG .
Bl = e § ‘-i -
° 3 » s 12 w8 w1 24 ar as © a . » 13 1 W 1 24 2y a0
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE
1 3 L] " " n
o T 1 a0
ae s L1
FILM TYPE 50-356 BLUE g
i {38
s ROLL 04 EXPERIMENT S190A =3
L= —aa
23 32
28 = 28
18 16
240 24
23 12
z 8 &
§ 20 20
e "
. “
14 I
AE ] iy
i 1w
. N
*
Rl
o ke e
d 1
34 37 38

RELATIVE LOG EXPOSURE

FIGURE D-85, FILM TYPE S0-356, ROLL 04 (cont)

D93



————

- s 33331283380 2 8 0.0 0 0 0
2 . gk RN T T i ol
¢ gl i
. i i ..: i
i ] i i g
'mm Hy i i CHER
._ e f

"
FILM TYPE S0-356 VISUAL
BOLL 16 EXPERIMENT S190A

FILM TYPE __50-336 ROLL ¢ __1 EXPERIMENT _51304

-.‘r‘l--\.

i i
gk ,_ m _
07
s | fi M ,,..mm__. . - T
} oo IR NE O s T
_..\un.:os possad0ld i 9 T s i F M '
-
K:g un_lp-aﬂm 3 ; i
eratss— oen oo gut & N R R
LIS Tousg #ag ALISN30

o RELATIVE HUMIDITY

ENVIRONMENTAL TIMELINE

.u.
02
+01 =
> 0
ol
v 50
20

|

FIGURE D-85, FILM TYPE 50-356, ROLL 16
D-94




DENSITY

st eS8 L oC

5 £

=

NUMBER
" " "”w " " 1] L] L] r
3 -
an
FILM TYPE 50-356 RED
s
ROLL 16 EXPERIMENT S190A
“ =
aa
a0
'-. =
oE
24
-
" -

FILM TYPE 50-356 GREEN
R.LL 16 EXPERIMNT $190A

» » @ b & &

RELATIVE LOG EXPOSURE "

DENSITY

s . R 24 ar 30 L] E - L

STEP NUMBER
1 3 L] L4 * " " L ” "w n
e : Fee
e
b =N
FILM TYPE $0-356 BLUE |
“E ROLL 16 EXPERIMENT SisoA | 1*
14 =L
an i a2
b ={"
" 24
28 —{ 18
24l 24
20 {20
" 18
e “
e 14
Lt ; At
i w
8

-

L] 3 - » L= ] s L= k2 24 ar

RELATIVE LOG EXPOSURE

FIGURE D-86, FILM TYPE $0-35, ROLL 16 (cont)

D-95

-

u L] 24 y

RELATIVE LOG EXPOSURE




EXPERTMENT _S1904

FILM TYPE _$0-336 ROLL #

ENVIRONMENTAL TIMELINE

] RADIATION DOSE PER DAY

|
#
Mm 161/6 passadoly
L CL/LTle Tousg 3904
“ﬂ CL/CT/6 WO 03 InEp
m 3
InEs 03
eL/eeie afenog
=~ /i 280 03 280
- L/ eueg oy
#
E 3
: g
: :
RRE JeRS TR
Wiy sowe 4s L] v ANIA3

IS W O R e I e
it e § R R ilfigne ik i i
. by "mT
3 m m d |
s = m - i
=i M w §
ﬂn m -
i =
3- P g , - -
WI 1 i L it
H | ; 1 a Sl

j AR
f R B i
i i i i
ot i

SRS EEEE TR EE B R
ALISN3G

& o N

o8 A i

"
RELATIVE LOG EXPOSURE

FIGURE D-87, FILM TYPE S0-35%, ROLL 22

D-9%



R

»
-

s

-

L] L] L] 7 "w "w " " ) 3 L] r " " w "
a0 = “
sa il = 5 = N d =
E “F-F  Fnuetvee s0-356  mED - | FILW TYPE S0-356 GREEN @
o TE 1 ez cempensioon [ ™ " ORDLL 22 DPERIMENT SIS
= —+ 5. - ==
= + e T g + =
- 1 i
30
.
“ -3
24 3 24— - 5 34—
. WEEEE! ++1
z += 2V E HOUSTON PRE
Qe L e et T T o
ot 1 vefdd conTROL
. . : 2 = 4
oy AL =
= r = g ;
2 i WY - =
=¥ " i HOUSTON POST =3
1 | FLIGHT PRE
- = 1L e = = —4- -
= S8 S —4 - § FLIGHT PRE |- e e e :
—t L = .
= - T 1] men rost =
1 Aien post ! 2 ‘ITET =W 5 B :
A -
= = = i EEmESTEEC
2 ; - - 4
° Y - » L% ¥ ] L] 2 2.4 ar 30 L] E ] - - L " . 11 .4 ar
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE
STEP NUMBER
1 E ] ] v " L] " " " m
z - T
- 1 3.8
4 FILMTYPE 50-356 BLUE
=t ROLL 22 EXPERIMENT S190A [ {34
—13.4
e e (X
e B i "
8
: 18
4
d 2
z ==
2 PRE 20
&y "
..
- e
: "
“w
.
-~
== o “
o E ] » - (%] “s L L) 24 ar e

RELATIVE LOG EXPOSURE

FIGURE D-87, FILM TYPE S0-356, ROLL 22 (cont)

D-97




FILMTYPE §o-336  ROLL # __ 48 EXPERIMENT _ 5i90a

ENVIRUNMENTAL TIMELINE

o84 RADS ALR

e
-
mu
»w s rm
UR= F - Ti/ci/e D o3 3w
#
€L/0E/L Ines 03 O
. | T
= e 281 °3 281
ﬁ cLve Jsuag J
“ : 2
g : :
: i i P X Ty re'rrx
§8s3 g83 s 28
Wiy Sow 4o % ETC 1NA3

3

ROLL 46 EXPERIMENT S190A

H
3
;
3
=

N R RS
ALISN3O

RELATIVE LOG EXPOSURE

FIGURE D-88, FILM TYPE S0-356, ROLL 46

D-98




DENSITY

H

» b & & &

t‘.‘.!_l:l!tt!t

STEP NUMBER STEP NUMBER

1 ] 3 L] r L " " w "w | ] 1] L] r ¥ " “w w "w n
s S . “n ’ a0

= 5 = = = = . 4
1 A = - 438

= —4  FILM TYPE S0-356 RED EE = z = FILM TYPE S0356 - GREEN =
£ T ROLL 46 EXPERIMENT S190A bad = T 0w 46 ExERenT S19oa ||t
sap o {34

e O 1, = -

DENSITY

L] E] - - L s L. k] 2.4 a7 ES L 3 - L] L

RELATIVE LOG EXPOSURE

.
-
-
-
-

=
s
s
s

FILM TYPE S0-356 BLUE
ROLL 46 EXPERIMENT 5190A

DENSITY

=y

RELATIVE LOG EXPOSURE

FIGURE D-88, FILM TYPE S0-356. ROLL 46 (cont)

D-9

(5]

] L 24 ar




FILNTYPE S0-336 WL ¢ __3a EWERINNT siso

ENVIRONMENTAL TIMELINE
_J RaDIATION DOSE PER DAY

51/ passadold
J L w/el/T susg 3804
u F w/s/T WO o3 e
il | ) 4 g
£ \ #
V 7 EL/81/TT  3TneA 03 KD
H.l gL/stm
€L/6z/01 083 ©3 J8r
I~ cL/oc/e W

ysuag aag m

sL2

b

] RELATIVE HUMIDITY

.3 3.3 2:3-3:3

FILM TYPE 50-356 VISUAL

ROLL 58 EXPERIMENT 5190A

I

$ 8 2% 83 T RS 40

il

E R EEE T E

Al

a 22
SN30

o e s s = s

RELATIVE LOG EXPOSURE

FIGURE D-89, FILM TYPE S0-356, ROLL 58




-

STEP NUMBER
L n 3 w " n 1 3 r
e - p pape
= = N —
FILM TYPE $0-356 RED =
ROLL 58 EXPERIMENT S190A =
= =
a3
a0

—+ ROLL 58 EXPERIMENT S190A

= FILM TYPE 50-356 GREEN

@ s 8 a1 24 ar 38 ® a3 I s 13

RELATIVE LOG EXPOSURE RELATIVE
1L] ” "w 2

FILM TYPE 50-356 BLUE :

- ROLL 58 EXPERIMENT S190A ||

s e ER] 2.4 ar e

L] e ] - £l L 1.8 “ ER 1.4 ar a0

RELATIVE LOG EXPOSURE

FIGURE D-89, FILM TYPE 50-356, ROLL 58 (cont)

D-101



ENVIRONMENTAL TIMELINE FILM TYPE _80-356 _ ROLL ¢ _ 34 EXPERIMENT 51004

RADIAT PER DAY ropressats
..." . o acartettoction daye| L2585 WIS i
;.“-
e
_} reweratone
100
&+ 80— ’_JN—-"""-.._/\-—L.
&0 =
| reLavive woorTy
L] :" g P o
30 —
i | I "
,,._I £ E 8¢ 2
. 2 g 32 S
s f 33 aEs
- 5 '
£ ; A :
£ % 38 i
bul sz sL3 sLe

FILM TYPE $0-356 VISUAL
ROLL B4 EXPERIMENT S190A

DENSITY

feg ettty El

FIGURE D-90, FILM TYPE S0-356, ROLL B4




P s gt

-
-

= 5 &L 5 & &2 B

L3

+ FILM TYPE S0-356 RED

~ ROLL B4 - EXPERIMENT S190A

FILM TYPE S0-356 GREEN
ROLL B4 EXPERIMENT S190A

RS

A ‘
-

R

-
-

L 3 - Bl 2 Ly L n 2.4

RELATIVE LOG EXPOSURE

RELATIVE LOG EXPOSURE
” w

FILM TYPC $0-356 BLUE

ROLL B4 EXPERIMENT S190A
4 - [V

R ER L e
% - -

122

LE )

12

RELATIVE LOG

EXPOSURE

FIGURE D-90, FILM TYPE S0-356, ROLL B4 (cont}

D-103

° 3 - - LI s “ L) 3a ar e



EVENT

ENVIRONMENTAL TIMELINE FILM TYPE _80-J68 ROLL # _ Cxol EXPERIMENT Operational

] RADIATION DOSE PER DAY |Spike represents dose
on data-collection days

| RELATIVE LUMIDITY

5/3173
5/5/73

Pre Semsi
JSC to KSC

2 FILM TYPE 50-368 VISUAL —
: ROLL CXO1 OPERATIONAL  ©

S 4

e R R

DENSITY
u...l;:::::::!:tz

FIGURE D-91, FILM TYPE S0-368, ROLL CXOI

D-104




Al
i =
: " = FILM TYPE S0-368 GREEN | |°*
" - FILWTYPE s0-368 Reo | F w
‘ ROLL CXO1 OPERATIONAL b
3 ROLL CXO1 QPERATIONAL = = =
a4 = s . F—{8e
a1l saf R a2
] = 11 ~+ % s 1)
L= 5% L] = ; 24
- = = e 1 : ;" 2 E 7
24 - 24 - 1
= FLIGHT POST B B 2 '
2.4 14 14
E B 1 4 -4 -4 =
a1 gy 3 3 : |
z =1 - '
g Qe 20
5 B 2 X% B =
& . & . - i
N b 1 el | + E PN
& FLIGHT PRE —f- i . PLIGHT PRE 7| 7
- . — 4 3 FLIGHT POST 14
CONTROL +— E -
. — A8 ] [E ]
= E == =
= Lo - [
= i ] e EESE E 8 8 2 22 o
E] . =l E ] .
= ) 2 .
= £l -
=E=-F-F =] = 2§ = 3
al- - 2 ]
L] & E L3 L8 e E2 1.4 ar a0 L] E] - Ll (5 ] L& ] e E 2] r a0

RELATIVE LOG EXPOSURE

EE L ¢

FILM TYPE 50-368 BLUE -
ROLL CXO1 OPERATIONAL [

‘ -3 : - . u‘ I‘ “ Ee] 24 ar e
RELATIVE LOG EXPOSURE

FIGURE D-91, FILM TYPE 50-368, ROLL CXOI (cont)



ENVIRONMENTAL TIMELINE  FILM Typg _SO-368  moLL # cx0y EXPERIMENT _Operstiocnsl

RADIATION DOSE PER DAY |pike represents dose
on data-collection days I WADS AIR

RELATIVE HUMIDITY

EVENT

se [SE SRS e
$2 |5F SRS
L a2l
]
L
s |8 Fi
2 |2 !.lﬂ
SL? SL3 SLe
STEP NUMBER
1) 3 s r L " L " "”w "w n
" = o o E = e
b s
. = FILM TYPE 50-368 VISUAL _- .
o 5 ROLL CXO3 OQPERATIQNAL =

b

i

DENSITY
ciee st e e Ees £ LEL LS

FIGURE D-92, FILM TYPE S0-368, ROLL CX03

D-106




STEP NUMBER STEP NUMBER
[ ] 3 [] 1] v " L] " "w " . " " "
e 5 FILM TYPE 50-368 RED e 7 “E T fuwovver so-des ceew | *
. - ROLL CI03 OPERATIONAL o il - el =2 o
= = F B
. 5 3 - e j 23 | oemiow. [
=: - -+ -4 4 = = o 44 -4 -4
a3 - an g a
- GBS $o% B s BE Marr g i) -
e am = i &

.- = : L ALIGHT posT .
= 20— I
: i 5 GE T N ]
24 24 - 24
- " = . . 4
22 28 s & 3

EE i i i £ : : .
e L) = - 18
gk - g} e
" = “
. = e 2 - i
.. e FLIGHT PRE - . 4 18
14 - ek = ~ e
: : A s b - CONTROL
12 = 12 g [E ]
af 1o - } : [
= # S == e B B G R =re S e S B S T3
af + * - *
- e - - =
Ll = o G £l - »
444+ 5 1
A wors punzs - e 3 - -
a4 B = = Ak z 2
= = PSS S% SNt ETEX SRS 2 = - -3 EERE = “
e i, TR 1 AT B e e st
L] E o » LI s . an 1.4 ar kY ) L] -3 R L) LI 18] L8 F 1) 1.4 ar e
RELAT" . LOG EXPOSURE RELATIVE LOG EXPOSURE
STEP NUMBER
i ] r L " 3 " w "w n
FEET TP T P T
35 55 B8 A = —2a
.S FILM TYPE 50-368 BLLE »
b ROLL CX03 QPERATIONAL
- b £ 1]
e . - -FTYJI 4- 21
1491 :
= —-, = ;m 1. = e a0
A E 2 3R
- CONTROL ] e
- N
14 a4
22 : L a2
z - 5
! 420
R :
8., FLIGHT POST "
e e
. A F: a g ot =g i b r
(s ‘e
L3 L% ]
g 4 £ i
& ; - FLIGHT PRE ”
y ki 9 0
. E »
af -
- 5 e 7 S -
o] & i i
- 2
+- -4 4
bbb b b
8 . i 5] 4 7 e

RELATIVE LOG EXPOSURE

FIGURE D-92, FILM TYPE S0-368, ROLL CX03 (cont)

D-107



ENVIRONMENTAL TIMELINE  FILM TYPE S0-268  mouL 4 CX04 EXPERIMENT Operationst

FIGURE D-92, FILM TYPE S0-364, ROLL CX04

R S T R T

.
a =
L FILM TYPE 50-368 V1 3UAL
- —4  ROLL CXO4 OPERATIONAL
5 Sl ki g
i 30 €
a0
as
= o
wbE
=
g“ = 5
" =
" N
“ -- A
uf .
. PELENCH
== x 2 ek
bl - e 3 0 i o
5 s B B
- g R 4
‘ — Sy - T ] L‘ -
“
RELATIVE LOG EXPOSURE

i' A ~mw-h‘-unnnl-‘.-ﬁu S WADS IR
ldﬂ-
<00 %
= TEMPERATURE
& 0 1 =
pd
~f RELATIVE WUMIDITY
w50 =
20
: 32 [
gE §§ 20 pAYS
331515
-
g it :
]
EE .18 SL L4




DENSITY

_.:A:‘:__;_:::‘:KBL’:::l:t

°

STEP NUMBER STEP NUMBER
' W oW W W om ' 3 ’ 7 "W W W W m
wfF : e
— s
FILM TYPE S0-368 RED - - AN TYOY S35 e -
2 " GREEN
ROLL CX04 OPERATIONAL | ME " -
= ROLL CXNO4 OPERAT IONAL ==
,.“.1 S W ar 2 . ARk 2o _‘ i
: 2 s | a2
el o
: | e
= =
24l = '™
uf = [
E = 2 B :
§u = & =] i 2a
" - \ - B "
—4 = = = ==
4 .. 4 e “
_— = -4 =
14 Le
E FLIGHT POST - S =2 4 =
[y ':.._.' : - w
- 4 8
& = -
- ] ]
a o = m - 1
L] E] -» L] L5 ] »s LY ] £ 8 1.4 ar a
RELATIVE LOG EXPOSURE
STEP NUMB'R
3 L] 7 L " n

DENSITY

FILM TYPE S0-368 BLUE
ROLL CXO4 OPERATIONAL

A 4 & u B B B e
RELATIVE LOG EXPOSURE

FIGURE D-93, FILM TYPE S0-368, ROLL CX04 {cont)

D-109




EIPERIMENT _gperationsl

ENVIROMMENTAL TIMELINE  FILM TYPE 80368 ROLL # Cx0

s e A e e

SL

L

£L/5T/9 passadoig
— tL/ot/e W °3 e

-~
2
CL/LT/S _ 3ImeA 03 WD

40 =
L] 50

FILM TYPE 50-368 VISUAL
ROLL CXOS OPERATIONAL

RELATIVE LOG EXPOSURE

FIGURE D-94, FILM TYPE 50-368, ROLL CX05

D-110




23 3333333323333 32339
il 8 ¢ I 00 D AR TTTH

. RLIGH POST |

"w
FILM TYPE 50-368 GREEN
ROLL CXO5 OPERATIONAL

STEP NUMBZR

]
RELATIVE LOG EXPOSURE

uu 22 5 2 2 3 3 3 323238 a9 .
" i T ] NN ﬁ
_ :
- . w g w .
- mm_ 4 i
i - wmq :
. &€ 8 7
s S A
-

D-111

STEP l:mu

RELATIVE LOG EXPOSURE

FIGURE D-94, FILM TYPE SO-368, ROLL CX05 (cont)

mﬁﬁﬂﬂgaﬁﬂaﬂ
I

L agggmw aagla_

n" HAY
: ) g
. 5
2 . .
24 2 - i
gl g AU
m t_uzgl
s
g

aunuu.uuuuu....;




FILMTYPE go-ags  ROLL ¢ _cxos EXPERIMENT Qoorarions!

ENVIRONMENTAL TIMELINE

Vo f

“ TIFIU EL/LT/S 1w 03 D
: i -
- ¢
. —
: : s=r M
o s

"$38s §8ss ss%

Wiy Sowe do uva AN3AZ

¥
1§
£ g
g8

il

T332 53313 T RN
ALISN3Q

RELATIVE LOG EXPOSURE

FIGURE D-95, FILM TYPE 50-368, ROLL CX06

D-112




DENSITY

» » » 8 L5 s e b EEEEEEEEE S

STEP NUMBER STEP NUMBER
y . " " " " w n ' 3 s r v " " w "w "
= wf = — . % = a0
== 3 = == FILM TYPE 50-368 GREEN "_" s
| THATEE We WA = = 44— ROLL CXO6 OPERATIONAL e
ROLL CXO6 OQPERATIONAL ] - - —
= L = = - o e L
am———— g ; i_._
= . £ —t 32
. - L covTROL | -
. 44~ 4
LR1S i 1 e £ ]
28 _-l'\ - 2
; FLIGHT POST | |
1= . : ; 23
: W .
49 s g V)
3 : =1
1. e
{rys i o 14
B : FLIGHT PRE = — -
(5] - s
E L=k i 3 =f. 4
10 0
- o = |-+ =
: » : .
» _\-—l .
.l: i £l
ak- ] 4 Ll - 4 2
» 1w 8 2 24 17 e ° 3 » » [x] 15 8 2 24 2y e
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE
STEP NUMBER
1 3 s 7 * " L] " w " n
ap - e mu
= a8
FILM TYPE 50368 - BLUE
a4 — 38
ROLL Cx06 OPERATIONAL E
a4 __—'ll
22 a2
20 = a0
- 18
28| 24
24 14
212 22
=
e —{ 20
g, I
..
4 ‘d Le
\ 1
1o "
~ - ‘
=)
-
~+ =N
° 3 . ) Y T Y v R S ST

RELATIVE LOG EXPOSURE

FIGURE D-95, FILM TYPE S0-368, ROLL CX06 (cont)

D-113



AL DOSE

1,431 RADS AIR

M 7
m
-
m L/et/e poesadony
m MM = - cL/ce/e L o .“..-Su
i 3
3 N
; m.m ! €LA0E/L  3T%WA 03 WD
| 217
m r.l_ — r tintit 264 03 28l
= £L/6)L Tsueg 9ag
£
|3 #
)8 £ 3
=
2|8 . g
m 3 ¥ —
ImEiEe iEng
5 i L g
L L) L ¥ 1173 1 ] ¥
R 3889 238
oy SO de 2 e AW

STEP NUMBER

) u.u‘u u 9 3.3 3 %592 83 % 3 3% % %9

A0V o

RELATIVE LOG EXPOSURE

FIGURE D-96, FILM TYPE S0-368, ROLL CX07

D-114




[} 3 ) ’ " w n '
a0 p “‘.‘ §
“E Bt “ FILM TYPE S0-368 GREEN | |
i FILM TYPE 50-368 RED ____ o 3 § &=
= = ROLL CXO7 QPERATIONAL = = ROLL CXO7 OPERATIONAL =
a4 . — e o5 ok - 4 a.e
I P s o ke s = -§- : : v s R N
31 aape - g = +- - 7 33
30 = 20— 1 7 = e LU
= 2. 5 24
26 24
4= P - =
aaf—p FPLIGHT POST TR L vouston pre a2
Q20— i HOUSTON POST 20
g a8 i == B S
: s FLIGHT PRE % =TT
" e
T 1= 3 : 5= 8 i e 55 PN
1 a { 1
—F 1 ; 5 ¥h s = = .WITI'I. -
i M . i = .
i = ®
= K I =
k] E = } : a
g rnets sakrerss 199 | IPRT (VAR A4AL G FALL 1 U182 AT LA 4 ot e s
° a . 0 12 15 e 21 24 27 30 ° a N » [ 15 e 2 24 17 e
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE

\L] "” " n

FILM TYPE 50-368 BLUE = fad
ROLL Cr"7 OPERATIONAL ==t

{34

T ooan _:mL.; T ey 10uts urve eves v
L] -3 - L] " L3 s E 2} 1.4 ar ae

RELATIVE LOG EXPOSURE

FIGURE D-96, FILM TYPE $0-368, ROLL CX07 (cont)
D-115



ENVIRONMENTAL TIMELINE [LM TYPE _50-368 _ ROLL # _CXO9

EXPERIMENT Gerational

Spike represents dose
on data-collection days

1,431 RADS AIR

01 Il
] TEMPERATURE
& 0=
r
o -y
0
4 RELATIVE WUMIDITY
w 50 i
40
30
i 20 Iﬂ-] ﬂE E E o) Eg
g2 5|8 alsd
~ o~ SN
= |
£ 38 |3
g2 §: 3% ’ it
] g ‘i i
bul s2 £3 218 s s|e& sLe
STEP NUMBER
' 3 3 y + ®m W W W W N
- S e OF s B i S A 5 ;“
as — —4 20
-+ FILM TYPE S0-368 VISUAL =
- 2
ROLL CX09 OPERATIONAL -
b = e e = L]
L e —{3a
20 - P
2. = -~ - =i
24 = = = %
CONTROL = = a2
2.4 — — = L]
E" === = L
gu FLIGHT POST 0
i = . = &
e o o == 1P
" RLIG PRE "
i = = - :.. ¥
w0 = 4o
- - .
- |4 4 &
a = ; = - .
a - 2 a
© a . # W8 W W s M A W

FIGURE D-97, FILM TYPE 50-368, ROLL CX09

D-116




" w "w n ] 3 [ » " w "w n
. an -~ SE sead - o a0
- as : a8
FILM TY - i 5
PE S0-368 RED {q " FILWTYPE S0-368 GEEN ]
=t -
ROLL CX09 OPERAT[ONAL E ROLL CAOD OPERATIONAL =
= 24 134
; =41 . : »
a0 a0
e {18
2 - - 18
5 = 5= RPN - EETE 24
r 23— g s "5t 23
THEVE FLIGHT PoST A~ | [ HOUSTON PRE 1
& af =" WOUSTON POST “
e e e == TRV} 4 7 e
MPEEEYTE e e O [ HOUSTON POST “E 1] E 8 e
L2 —4— Rk e i L2 12
0 | St =5 : e CONTROL e
R et el B -4 -4 —q - f— E o o e |-—4- = e e S S - —
K] -—— L] " )
o -1 a g » -~
8 g = £ 0 3 e 5 53
A - - 'l
e St R = E = e (B
af A+ f ]
- -} " = = .4ty fo-g L L B-_ == = - E - - S ol oo 2o = =
uad et L 1600 e s et s e s et sttt st vt hom o g
L] 3 £l L) L3 (] . n 1.4 ar a0 L] £l » L (8] s e (] 2.4 ar a0

RELATIVE LOG EXPOSURE

FILM TYPE 50368 - BLLE
ROLL CX09 OPERATIONAL

. HOUSTON POST

13

et
| HOUSTON PRE .

T Th: T o s e g e

30

.

LR

@1 POST <4 3

RELATIVE LOG EXPOSURE

FIGURE D-97, FILM TYPE S0-368, ROLL CX09 (cont)

D-117

L] E - » (2] e . L2 24 ar




ENVIRONMENTAL TIMELINE FILM TYPE S0-368 ROLL # CXl0 EXPERIMENT Operational

] raptaTION DOSE PER DAY Spikes represent dose o la
- s on data-collection days
=.I)-.
£
+01
| remperature
100
& 80 v
@ ___j'
ﬂ-l
] RELATIVE WuMIDITY
w 50
&40
-
E mm-] o B 2k 2
& A3 SES
~~ ~ - o
o B
E ? ] sl§¥
A [ |
w
bt s | 28 RN | 34 e
STEP NUMBER
3 L] L L " " Ll ”w w k1

FILM TYPE 50-368 VISUAL
ROLL CX10 OQPERAT IONAL

1
a0
a
i
o o g E=
2 +H+ e
10 20
28 e
24 24
g %
gre = o
X, - =
18 =N
4 1
12 1
i 4 0
. »
A -
- = b g -
= = a5 2 . &
= = = LE T T T eh = B - s
° R S M B B O m e W -

RELATIVE LOG EXPOSURE

FIGURE D-98, FILM TYPE S0-368, ROLL CXI0

D-118




" ” e n
s
s L] =
FILM TYPE S0-368 RED - = FILM TYPE 50-368 GREEN
I N = - = LT
== 5 ROLL CX10 OQPERATIOMAL i ROLL CX10 OPERATIOMAL =
-+ G 5 ~4 e e [ ]
: = = -+ e
- = E .
44— 8
- CONTROL ;
24 - E e
- " = +—
13— e ad
E 5= \Pot--—1- i N e L
Q301" FLIGHT PRE - Lod
a8 b £ = =
Le ' 1 2 ) "
" FLIGHT POST S S (N N O . 22
ek 5 2 3% 1 .‘ HOUSTON PRE +— --:- — re = = ‘ 4 -j 14
— . - § } —d— — .
L2 | -t - 1\
= £ S5 35 TN N I = ! i = e % x5 B S N
WE = B o B O -+ woustow post [ '° =3 - ] ;% i [
. SR R N
= = = = % 8 = = 5 25 g
s — { — » -+
af - = a a
k] : = i B b : a ?
= o O B % = e e g == T E =5 i T e
° R S S T T R e aa ar e o a2 s » [ O B T IR TREE a0
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE
STEP NUMBER
' 3 . v . " " " 1” L n
a0
b
T o =1 FILM TYPE S50-368 BLUE
e ~{ae
ROLL CX!10 QPERATIONAL
a4 F - o L L
S = N i o == e = E Ty LT
‘.f:; = . = = = i -3 ,7, et
10 ,L cohoL —H4— 4 e IT)
4E Are posT N g s
28 k)
= 2 14
22 - 21
E E . ok
Qe - 20
8 e et = : m»
14 = == = e atwas eons s B Y
EE FLIGHT PRE 4 L @
14 +—1 14
12 "—' + "
Lo ; H: i R WIS S N
. e *
E t e - —45 HOUSTON POST
F ] L
Py i 3 B = D .
o FrE m\;'rou rr ot S e "
L] : E G E e Ll z LE ] o s I-Il o ll.| ' 1.4 . I=' —:l

RELATIVE LOG EXPOSURE

FIGURE D-98, FILM TYPE 50-368, ROLL CXI0 (cont)

D-119



ENVIROWMENTAL TIMELINE  FILM TYPE __ 50-368  ROLL # _ CXI7 EAPERIMENT Operationsl
TOTAL DOSE
.10 _] raoiATION DoSE PR DAY .
08 - +—t T - .
- Spikes represent dose
!“ on deta-collection days
L
02 =
[
= TEMPERATURE
100
r: - j_/vﬁ-.__/\......‘b
SRR i ¢
&0 =
— RELATIVE HUMIDITY
-: e "y ...»""""
30 -
, T m 'L}
3 BE g
ki 23 £lé2
as = alaa
: ; i
£ H : s
i 4 : 1}
-
Bl sz s i¥ a s : i
STEP NUMBER
L] 3 L] 2 L " ] " " n
b +- g et
. opedeape g =0
= FILM TYPE 50-368 VISUAL |
= - o ROLL CNI7 OPERATIONAL [
a4 . 3 = 2
. ==
10 30
. i
24 LT
14 e
t“ 4212
Su 20
" "
e =t ]
La i e
[t ,' it
w w0
N - »
af= o +4 »
a - - — = et 4
a2 ~ a2
® ) . S W M W o m M W

FIGURE D-99, FILM TYPE S0-368, ROLL CXI7
D-120



i
E
]

DENSITY

STEP NUMBER STEP NUMBER
] 3 » r L] "w w "w "w " "n
w“ N e .
L 5w
2 4
FILM TYPE 50-368 RED g B FILM TYPE $0-368 GREEN
~4 e as
= ROLL CX17 QPEOATIOQNAL s - - ROLL CX17 OQPERATIONAL
= 4~ -} a4
: == --ﬂ*ﬂ}' + o 4133
3 == = s TS
: , D) 5 o . o T o s e
- . 4+ e I T)
-+ woustow pre | 1 444
o b ae El e T T L LR
f > CONTROL L] 4 Ii{ S e e et S V)
g ] ¥ : : i 2
H =], 0 -~ l | S o 8 fdas
! 2w SF o 9 & L o f- E s
h & wousTon posT [T R & 5 e - o 0 o7 e . e e
e B 4~_13..'__1_ HOUSTON POST .| i S 58 0N 5
S o E k| ZE e g = i
- EerreeE EEERER
“ L. " + ref—d j4 HOUSTON PRE [ g Eu
1% ] Al ,] . = 2 i e SRR R ‘ (3]
e o o R o =} : HEE L y |
- i btk tadat & w57 200 I ) S I T
. ! - " . 1 ]
. . 4 s = .
Al g . - a i D i e 31 &
2 - 2 e ’ : ;S S 20 5 N B B )
L] 3 L] L5 ] {5 ] “w n 1.4 r » L] 3 - 4 L2 s “w n 14 ar 30
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE
STEP NUMBER
' 2 s y s mow v oW om
“ lan
= ‘I'
” - ~—as
= = FILM TYPE 50-368 BLUE
I : - = L
i, 2% ROLL CXI7 OPERATIONAL
3.4 P e —3134
wEEC 3 o o e
wh 2
e T - - - - E
8 .. 2 ":-. - "
24 FLIGHT PRE & B i 18
R N ] A
] o G e 2 N— S ;2 24
sabd mrampost NN G ¢ -
g e i e
gaek - +4- 10
8 .. .
" : o B 18
. ¥ 5 5 ] : B o e
s b i e 1IN st rre b
e : S e DS = g i
wh woustow posT | | |,
af i - .
= 34— - -
N .
al +1 > e
B 2 = 5 0 EE A8 4 B b A S AR ) { 2 R
i s vy v R R v R TR VY

RELATIVE LOG EXPOSURE

FIGURE D-99, FILM TYPE SO-368, ROLL CXIT (cont)

D-121



IVE HUMIDITY

w 50

ﬁ

30 ™

DENSITY

u...:;.:::::tttzzt:

5/24/73

p_w
M to

Return to CH  6/20/7)
6/25/73
r
L

FILM TYPE 50-338 VISUAL
ROLL CX23 QPERATIONAL

RELATIVE LOG EXPOSURE

FIGURE D-100, FILM TYPE S0-368, ROLL CX23

D122

SLe




"w w " "
- a0
{28
FILM TYPE S0-368 RED FILM TYPE 50-368 GREEN = ”
ML CIZ) OPEMTIONAL ROLL CK2) OPERATIONAL |
Felaa
S uE e — = .'__l . 3
A 2
4o
a l‘iu -
: < “A2a
* 5= 2 ;
——++1-1 4 1o
saf—g . FLIGHT POST ’ - - ==
o T e ek . i il
]

E 1G4T POST = = :

!u o .

= e = il —

! e i 19
s : = — ""-‘ “
4 B 20 = s B e

3 FLIGHT PRE 4 H
. 3 9 I =y s B3 S et T : din g i
ol 1o w
ez G gen ol e s : 8 S
» K] .
4 = B —3 -4 -4 5 e ae
s + : ~ 5 B : s .k-,ﬁ i ; 5 .
Kl - e - p -
2 W - 2 i e -‘ﬁ«o
TR TIEE 52 =S 3 o T8 e BV N oo e Hen T = = = BT 08 2T o
o E £l 2 L8 i¥ ] n 24 r e L] E ] » - LI (&} “ n 4 LB e
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE
STEP NUMBER
1 £ ] $ 7 * " " " ” "w n
e a0
—138
FILM TYPE S0-368 BLUE ==
ROLL CX23 OPERATIONAL =~
134
z d E S ]
10
.
- -
. 14
& e b 5
E =
2 20
s "
el e
e
i 2
(8]
w
-
»
A oy —| -
- B 3 7w e e e el
3 = 2
L] ] - Ll L5 ] e e L2 14 r a0

RELATIVE LOG EXPOSURE

FIGURE D-100, FILM TYPE 50-368, ROLL CX23 (cont)

D-123



Laf23 RADS AIR

4

SL:

§0- 368 ROLL # cx27

feere
/e

ce/ee/e

cL/oe/L

FILN TYPE

e/t

CL/s/L
e

L

ENVIRONMENTAL TIMELINE
.10 RADIATION DOSE PER DAY

] RELATIVE HUMIDITY

«02=
&0 -
30—

- 50

IJ
H
2

S | M A R
$ 333233333323 33323°%
ALISN3O

FIGURE D-101, FILM TYPE 50-368, ROLL CX27
D-124




STEP DI.HIEI. STEP NUMBER

1 a [ ] r w " "w w L "n
“ = =
Lo - s
FILM TYPE 50-368 RED “FF tb b FILmTYPE S0-368 GREEN
e I o e e 2 " R L)
= ROLL CK27 OPERATIONAL =2 ROLL CX27 OPERATIONAL E:
Ld = = 1 —434
== =t = = A e o ma e o o
a8 e a3
= .
. = = LT
18 e
R B S 5 5 2
3.8 P 22
= = - coNTROL +
x g“z“ I e f [ 5 i b
"8 i B s N "
EnpEREans ] :
s bl = AL posT <} E 5 % &
- e -
L =& 5T 2
— .
- 1 4 s =
e . “w
R . + + -4+
E ] -
» -
P = 255 et . § 2 “
- = = A E=f- B N W e = &
: ] 2 ]
2 F oo = 2 = A T TR che R R oW i & B % A
r 11w veve e sonas ¢ m " mm
L] -3 - £l L s s ki) 1.4 r e L] E » £l L% ] LE ] . “ 4 ar a0
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE
STEP NUMBER
1 3 L] r n w " "w " n
4 - a0
= —as
FILM TYPE S0-368 BLUE oo
s =138
= ROLL CX27 OPLRATIONAL
s _ 7*“"‘ aa
a3 ~13a
a0 4 ; 20
. kF |
2.4 - 18
24k 24
21 L E ]
[ 3
9 10 = 110
8 e .
' S “
4 A T B
“ CONTROL “
12 'L . . 1
e ._f "
§ = i
4 s R
s “»
o + = — a
41 HOUSTON POST : = ]
Plg a3 Log )
L] 3 . . L= ] (R ] “ E i) 4 r a0

RELATIVE LOG EXPOSURE

FIGURE D-10I, Film TYPE 50-368, ROLL CX27 (cont)

D-125



FILATYPE __s0-368 ROLL # _cxa2 _  ENPERIMENT Querasiceal

ENVIRONMENTAL TIMELINE

|
nu

! m
h ! T v nw,
L} <1 :
._.m_ Hl_ _\ 5
# L] 1] bome =
i
3| 4
£ E ]
: : :
- 5 . 2
3 £ i -

8
1 T ] L] 1 Ll Ll

AR AP SRR e

STEP NUMBER

3 31 333122123¢*

N N R
ALISN3Q

RELATIVE LOG EXPOSURE

FIGURE D-102, FILM TYPE S0-368, ROLL

D-126




STEP NUMBER
v i "

!!!8!!;!8

-
-

DENSITY
= B

s

- 13 .. i »n 24 ar e

RELATIVE LOG EXPOSURE

FIGURE D-102, FILM TYPE SO 368, ROLL CX52 (cont)

D-127

”w w "w ‘:i L] L] L) r " w L "
= & - S 2 25 e == e e i Al
—4  aef —f
FILM TYPE $0-368 RED wEEET - FILM TYPE 50-368 GREEN ”
RDLL CXS2  OPERATIONAL : . E ROLL CX52 QPERATIONAL
1 s & 188
B 1 e
== sl . - = s
£= 55 - aef 0
—F g e g - 4 4 E
s = b = L2
41 —§ conteoL S 55 W ] HOUSTON POST __|| -
3 = = 5 = == 4 . R T g
e = i N b E !L‘tt 14
=~ : : = C" .| CONTROL Edas
: = == = ““% HOUSTON PRE | =
N gt
2 1k FLIGH PRE S i 8
= 'S : = v
= -. 4 — [ -+ n = -‘::] [
e = 1 “Eprr FLIGHT POST il
el - (%) (t]
e tof—t- 1o
E == 2 4 EEEES = A B
I = = 38y 2 = B . o e = »
HES S = s TS T E "' B R
= = ; == = 4 Kl ] = .
- : o= o = e e 2= 2 SR R %
e = 4 2
bbb e r e o v e e it e steith st e
- 12 1y L8 a .4 r a0 L] 3 » ) L5 ] " " E i) 1.4 ar o0
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE
STEP NUMBER
1 3 L] 7 v " w LL] ”w " n
wfF . .o
s : <das
FILM TYPE 50-368 BLLE =
s s £ ]
= ROLL CX52 QPERATIONAL E
fry = e L
F4+r4H4-1 4
a3 F 32
2.0 = ] 20
e e 28
28 6
1.4 14
ti.’ \ 3
2 e . - t 20
- CONTROL
& ¥ - ~pd 18
AT}
s S
HOUSTON PRE fad
o .
Pt o T NG
o T s Er [~ HWOUSTON POST w
: e $ .4 a8 X -
FLIGHT POST 2 5
= = »
Kl
4 E - -
= = ’ .



ENVIRONMENTAL TIMELINE

FILM TYPE __SOlof ROLL ¢ _cLOl

EXPERIMENT _$191

_I raDtaTION DOSE PER DAY Spikes represent dose ToTAL post
- ‘: ‘1'_ {||on data-coltection days| Laidd  RADS AIR
03
o
.01 l
120 -] TEWPERATURE
100
& 80— -
60
“‘I
| RELATIVE WuMIDITY
w50 =
40
30 =
T I m
5 20 s e HB E|E
-~ ~ R - ~
g2 N8 gls
~ i~ - LEE D
o &
g is E 2|3
- s i 2 ME
A H):
BLW sL2 SL3 SL4
STEP NUMBER
1] 3 L] 7 Ld " L] " i
. XEe== = = =
a = s 2
== FILM TY™: S0-168 VISUAL =
= e as
=F=4—F ROl CLOT OQPERATIONAL
s = 5 . P 34
22
a0
2
216
14
23
10

DENSITY
s

= 5 & & &

»

RN

FIGURE D-103, FILM TYPE 50-168, ROLL CLOI

=




FILM TYPE SO-168 RED = B e i ey
ROLL CLOT OPERATIONAL = ~ HOLL CLO) QPERATIORAL ="
Sl Sl 3.4

= ¥4 ¥+ 4++ - 5
: 32
= __' '_ a0
. ——i—{1a
e : > 24
P .‘ = - - — _'.':_- - u
t 23 '—,_ 23
B P - z 20

E § F—{— FLIGNT PRE F— ,
- == » "
53 S N - i N
- i 4 E *; = e
4 - — FLIGHT POST — 12
= o f= ==
2 N = .
= 78 <l £ £l = Kl
ﬁﬁnm..;.;.m:mn;,w Frovesan s v v et St e s ) BT
o 2 E ] Ll L2 15 s E3) 4 ar a0 (] a2 - El (5] Ls s 2] 24 ar e
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE
STEP NUMBER
1] 3 3 * " 13 13 7 g an

FILM TYPE S50-168 BLUE
ROLL CLO1 QPERATIONAL

L ] - L L= .. s L] 24 ar ae

RELATIVE LOG EXPOSURE

FIGURE D-103, FILM TYPE SO-168, ROLL CLOI (cont)

D-129



£+ VIRONMENTAL TIMELINE FILM TYPE _50-168 ROLL # _Cléé EXPERIMENT

RADIATION DOSE PER DAY Spikes represent dose

TOTAL DOSE
on data-collection days 3,179 RADS AIR

R

EVENT

T
22a8 E;IE l"
FERE 3|8
EEP S s1s2
B sl

i!a s i!

31! 4|33
£833 L HE:

W sL2 SL3 SL4

STEP NUMBER
1 3 3 7 ° " " "
“» = 2 4= = T = e c e e e
* 5 FILM TYPE S0-168 VISUAL
y = = ROLL C144 OPERATIONAL
a4
33
a0
8
bl -
a4
E”
gl-l
"
[
4
a5 S
" 3
.
-
A
a = e s
o a2 . s W 18 8 %A A7 W

ELATIVE LOG EXPOSURE

FIGURE D-104, FILM TYPE SO-i68, ROLL Cla4

D-130



DENSITY

STEP NUMBER STEP NUMBER
' 2 5 y ® " ] " [ " n ' 3 s ? . " » " w " n
. - ! “mmmmfnm -
s b — T : &3 13e
= FILM TYPE SO168 - RED Gom s e = B okt s FILM TYPE SO168 - GREEN
2 e =L
ROLL CI44 OPERATIONAL 4 ] ROLL CI44 OPERATIONAL L
e —1  saf e
22 s — S 23— p—4——1 ~{sa
a0 ] B de 0 __ NE = = . a0
EE = 8} \, -+ {28
28 24 i
= HOUSTON PRE ]
24 ON PRE S 24 r 4 s
- - —§ - - B N R N =
23 R . e 22 conThoL 1. O Bt e £ X ]
20 220 20
: it S e o 5 L L
e L 7 1 & .. = ~ g
N - . SRS 2,
i BRI L EE S, S +— 2. 3 2
2 FLIGHT PRE 2 B IS ER S
12 ] > = "
£ ,F\ i e
Lo S L e
: ; = =
. = % 5% =6 o 2 § i 4 s i 3 HOUSTON POST 5 S e 1 - .
- HOUSTON POST — et — . — .
: = . S
- -+ . b4 —t 4 . .
a2 : E .~ 1 4 . a
3 F S —— a
R 1L A1 1L 80 D 1 et . 2 e s L v 4 e b et oo
Ll E] » £l (X1 (X e 23 2.4 ar ae o ) ] L] L2 [X ] Le k2 1.4 ar e

RELATIVE LOG EXPOSURE

RELATIVE LOG EXPOSURE

i) ” " n
anfF a0
bl = — a0

E - FILM TYPE 50-168 BLUE
- —ae
e T ROLL C144  OPERATIONAL
24— “Ha
Y= ; | S S T
- . : o ~3—F
0} Th l 130
' N | wouston PR 4
= = T J {1
28 = ; { e % bt ;B0 1
24 ) - COoNTROL -+ 2a
L HOUSTON POST s -
aaf \ \ ef- + L
i = ‘f‘\j - ]
o=t - \ -1 g w}-ul 18
14 e 7= A\ 5 S 418
] Riem eRe PN AN !
14— o 555 = \ - 14
- P \ e .
12 ¥ \ S S s L]
= o 3
L —1 3 e e k7
. ; . \ k »
g i e whNEEE ek B
B - R = i
Pty G % 5 B o g =
. i e TN - »
EREENETRT ; '
2 r—b- - ?
resarmgrt s rewi s S P TV Ty PO b AT 3 P A
L] 3 - F [E] 18 e E L] 24 a7 a0

RELATIVE LOG EXPOSURE

FIGURE D-104, FILM TYPE SO-168, ROLL C144 (cont)

D-131

S e



ENVIRONMENTAL TIMELINE FILM TYPE S0O-168 ROLL # _cle8 EXPERIMENT

.10 ) RADIATION DOSE PER DAY Spike represents dose
= op 9% duta-inllerion dye
2 +06
:

02~

120-] TEWPERATURE n

—f RELATIVE WUMIDITY

-
w 50
2 o 2 r
30 \/
L N
I 33
22532 3| 82
aR3 s &l
g : 8 5
I s 2
.'!5 Ot
£823 b w sis &l &k s
STEP NUMBER
1 3 L] r Ll " L "w "w n
e - =3 = s = = i =
m s
= FILM TYPE 50-168 VISUAL
“EF ROLL CIG6 OPERATIONAL
u =T
2 :
a6 = u
e Has
== 2
2al o e
24 = 23
E i
gu 20
18— e
= =N
1 14
13 - Lt
1o F 410
A= .
2 s = =
= 5 o= = 3 = f__ — 4
_.; FEm =4 =

FIGURE D-105, FILM TYPE SO-168, ROLL CI68

D-132




STEP NUMBER
v " )

' » " ” w n
a0 i o f
s e .
E 1T | FILM TYPE 50-168 RED ) . = ¥  FILM TYPE S0-168 GREEN - i
20 i = = £ =
S ROLL CIGE OPERATIONAL t T oo - - ROLL CI68 OQPERATIONAL —
a4 . a4 * - E = e £ X ]
44— ~4r -y safE (Y]
- { i e = Seg T s " e 3 2
L HOUSTOM PRI | | = t ,’ ' i i "
T O $~ - "
& T . I HOUSTON PRE
Ty R 3 = = == = 5 M -
R i‘ aa
= pos —F ¢ = = :
23 = = LR ] - 23
£ aa e = ;
g“"’ 50 B 8 1“!§ ' 7 . HOUSTON POST s
e 5 4 o] T “w
+1= p HOUSTON POST { } = - = e R R
™ s e e T : & 34 10
. 3 = ! b FLIGHT POST 5 G B
e -+ 11T L] e
- - H i ] HE S8 8= A S -
[E] . e . | 12
= = S i ! i FHEs 5
e + FLIGHT POST + | e 0
= ] i L i &
. 4 1+ .
: FLIGHT pRE i - = o FLIGHT PRE = -
. ————«] + . -
= : B3 FF = 1
a 4~ Al 4
= = = } - o
a - e = 2 2
=1 1 } ' 2 = R H e ave s
T o o ot 5 o 00 o g it s i s oo o ottt e
° n » [X] [N [T 14 37 30 ° a N 0 [ L i n 4 27 e

RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE

: FILM TYPE 50-168 BLUE
=% =11 ROLL CI68 OPERATIONAL

woustow pRe 4§+ 44

(]

B = =

L] 2 » . L .. e n 14 a7 ae

RELATIVE LOG EXPOSURE
FIGURE D-105, FILM TYPE SO-168, ROLL C168 (cont)

D-133

E—

WRR——

T ——————— A



EVENT

ENVIRONMENTAL 1i% ihk  FILMTYPE _ 5o e8 ROLL # piga EXPERIMENT _ Toi0
L05—] RADIATION DOSE PER DAY

Spike represents dose
on dats-collection days 228 DS AR

g .o O T e S ik — 1
yel }
0l
15™ TEMPERAT URE )-‘
:" pe § ] NJ"F—— o ,__J'\...—db'-'-—__/\_dh
= i B;

| RELATIVE WuMIDITY

. X —— af
20 \
\l I(l
ap.R
s SE
Lol R J : :
4
- 8
8
!3!! % !
-
EB23 i
bl sz s \ s
STEP NUMBFR
] 3 [ ] 7 Ll n w " n
s P . . o had
e ~as
FILM TYPE SO-168 VISUAL =
= e
ROLL CI88 OPERATIONAL -
2 BTSSR |
23 S b
a0 1o
EE] = L
28 '_u
24 =
e KR
EF -
9“ 0
8 LB "
= =)
1.4 — 18
' = L
10 10
AR . .
af 5 4 . .
. ot sfpubodebidegee g 4
J 5 ] -; - - = ..

FIGURE D-106, FILM TYPE S0-I68, ROLL C188




DENSITY

STEP NUMBER
1 3 s r . " Ll " w " n
0 .
d 5 FILM TYPE S0-168 RED o FILM TYPE 50-168 GREEN
bl ROLL CI88 OPERATIONAL = =ats ROLL CI88 OPERATIONAL o b
e 1 - r—{ae
EE] 4 2
a0 g = a0
= o —F=f—% = AR
e i (Y]
e i ¥ CONTROL -~ § - §
e i
b4 = £ : =
i i L8 i &%
Bl S a - Fy i
21 23 ; -39
, 5% U ot 2 R 41 8 = =
" 20 " - 20
‘ L A CEEE=aL
= 18 # ]
- - - 1 4- +-4-1 +-4
Ary S o ] : '; . S P *;—w e
. 14 f _‘ .
= -t R -

[ +—+ -l-—| "2 u
= 2 L pe = = Se s
o d-d "
— L dote maon aae 3 e T ey eooa AEE T AR Wl ‘& o
= -+ . .

: = = ¥

. - .
\‘*, o M3 Jmn me —4 —F Y b S +—

- - - A
EaRes X -

a - ] - ]

= o= . S m - :
° a - . 5] . [T T 4 a7 an ° a . » [ [ (O] 24 Ay 30
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE

FILM TYPE S0-168 BLUE i
ROLL CI88 QPERATIONAL =

L] E ] - - L . s L] e a7 an

RELATIVE LOG EXPOSURE

FIGURE D-106, FILM TYPE SO-168, ROLL C188 (cont)

D-135



ENVIRONMENTAL TIMELINE  FILWTYPE 50168  ROLL # _CL8S __  EXPERINENT i
_J RADIATION DOSE PER DAY Spike represents dose | . |

g o - 1 h ] o daca-coliection daye| 12T W8 ME
= r i !
e e e R R
40= !

5
5
=
i
2
2

!
T

c
L3
|
T

1 '
RRA B l—nm F {
i8x 3 s
IRT 3 ]

E i
z8s
i43 3 1 ose 53 e

STEP NUMBER \
3 ] r v " " " n .
i T " :
= FILM TYPE S0-168 VISUAL - ]
- ROLL C189 OPERATIOMAL -
aa

t LI EEREEEEL

DENSITY

P B 8 e T .

L e Ll a R ER R LD

FIGURE D-107, FILM TYPE SO-68, ROLL C189

D-136



DENSITY

s s f
s FILM TYPE 50-168 RED o =
” 1 WE - ' FILM TYPE 50-168 GREEN s S0
ROLL CI189 OPERATIONAL B : ML CI89 OPERAT =
aa 1 L) aa
a1 a3 - 2
£ & > g ¥ 5 v
ae b " e 30
. a8 g =
Erys 24 18
- — - b4 -
113 3 EE ]
2 (=R it 2R o B
a0} = CONTROL Qe e A e 20
e = LI i = id 19
*_ - &=
a 3 | i w "
- _\r : = = B R =4
4= [y / .
= t A\ FLIGHT PRE - 4
. 15 ] i
- = ) \ e 4+ \
o b FLIGHT PRE = - .
= W, ., “& * ¥ 2R A -
] E ] E
LY e = 3
» . s . - .
EEs h;;\ X oW B A i s E 5. e
2E § o) B S A - 4
- A S Ve F . . - =2 2 L 4]
B = - ap 2
B i : B T = e = 2l - L FTT 1B W WS iR RS RSN e o s ke b 18 .r.
L] E ] » (5 ] L Ls EE) 1.4 r a0 L a2 - » ¥ ] “e “ n 14 a e

RELATIVE LOG EXPOSURE

4+ 1 e so-i68 me
4+ 1 eow uE OPERATIONAL

L] 2 - El 12 ] L8 “ L2 14 ar

RELATIVE LOG EXPOSURE

FIGURE D-107, FILM TYPE SO-168, ROLL C189 (cont)

D-137

e

(k]

RELATIVE LOG EXPOSURE



ENVIRONMENTAL TIMELINE FILM TYPE __ 2443 ROLL ¢ 03 EXPERIMENT £190A

] nAD1ATION DOSE PER DAY l J_ ] TOTL s Atn
E - 4»-—%--4—-— —_ B -4+ e v
' ::' '.;'."".:‘.H.mm“"..,.
+01= -\ '
] rewenatune
100 -1
* s Hf\/"‘l_
40 ! | L
| reLaTive mssorTy 1
% -
w 50— —1(-""‘\-
- |
i
3 » ‘“J 3 h:
& §EE
g g:f ig
s i
L2 sL3 s
STEP NUMBER
L " 13

FILM TYPE 2443 - VISUAL
POLL 03 EXPERIMENT S190A

DENSITY

.ussszzznttzt:_!:::

T WO YRS A T S A

FIGURE D-108, FILM TYPE 2443, ROLL 03

D-138




DENSITY

1] L] r " w " "
a0 "
s A
. = FILM TYPE 2443 - RED &5 _ FILM TYPE 2443 - GREEN =
e M o
2 ROLL 03 EXPERIMENT $190A e _tjll 03 tnl;ur S190A _1H *e
B e e 1 B fron i e i =
a3 . .3 g 5 3 5 = - a3
e 4§ T SEs R s T A EE
“E . HOUSTON PRE H4 414 1 e
np . R "
14 k= -,,' 24 [Ty
5% S I B R By o SrETEEEn =2
24 GROUND CONTROL = FLIGHT POST =L 2
i & oo o e Sl K M 5 T
23 =4 i e s
- HOUSTON POST & :
20 +- §u 20
W el B T b = 3
. - TR »
HOUSTON PRE = : ) i 5
e - 44 e
- B Ea iy = A S
14 PRE + R e f e
= i GROUND CONTROL = i
3= —1+—+ [ r-~I s (1]
o b L B i Sats et S Y | i : 6 : L
: -4 1+ ‘ - - +-+ AN e e
*F 2 . ‘E Emes i E =
st + . HOUSTON POST oy %
S \,\ i . i FLIGHT POST |
Ll = - a
- E - -. b4~ - B
'E 1 A 5 5 B O O 1 s 1 .
- I i 4 T T ek M R4 S99 4005 OO e e -
L] £l £l L2 .. e E R 2.4 r a0 L] El - £l (& ] " LF ] 3 .4 r e
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE

FILM TYPE 2443 - BLUE
[ ROLL 03 EXPERIMENT S190A
=5 = Frd- b4 - oo S
FY)
—~ 20
o HOUSTON PRE 4t na
24
a4
e FLIGHT PRE ; 422
20
18
i B S
" — e
3 TR 2 =
= FLIGHT POST _ 1
wuk . === ETH
P ES A a ;

[Ty == o o 0
= - o 3 sl
. *
o= v .
& = N = L i e
A z 2 - -
af - e mo 5 ?

T Mm&mnmw i e e s s v
® 2 . » [ W e m 24 ar s

RELATIVE LOG EXPOSURE

FIGURE D-108, FILM TYPE 2443 ROLL 03 (cont)

0-139



z.”— on data-collection days
fn

W01 =

] TEMPERATURE

- 5 A
e "NNL% ¥
60 —4 -—f‘I il

40 ~ l

w 50 =

ENVIRONMENTAL TIMELINE FILM TYPE __ 2643 moLL ¢ _ 13 EXPERIMENT _S190A

)

30 =

L 3
i i
ﬂi'& !E
ﬁium’! SL3 sLd

DENSITY

1 3 : W " :
a0 % o 2
p = FILM TYPE 2843 - VISUAL
“EE ROLL 15 EXPERLMENT SI90A =
Y = = -
a1
a0
..
s
" m
=
"
" -
"
b
"
wb
i
»

-

FIGURE D-109, FILM TYPE 2443, ROLL 15




DENSITY

L] 7 " "w n
“ y
F— -
e FILM TYPE 2443 - RED L] rromree 243 - gEen £ iy
e ROLL 15 EXPERIMENT S190A [ g 5 - ROLL 15 EXPERIMENT S190A (1%
a4 - t i ’ =434
= E T
a2 a3
i = s S A o oa """I - S A
30 == HOUSTON POST . 0
R AR S .
™ 4 20f bad
EE L+ o s = i
=~ 444 wmfE - e
- = CEREma LA ousToN PRE |
24 = 14 e ar
22 f Y ' ¢ 11
. ‘ e - =3 o E - =g 8 =y i
20 gu e ; 2.0
: - e R . — e
e = Bu - g s A )
L A AieTeosT | | Ew= -
14 Tl ) .
1 i = =2 _
T= 3 ___],__L,ﬁr_ 1 '
= 5 o
IR 5 AouSTON POST | : w
ek 4 .
A B ] 0 a‘ E ]
= e = =k
= = ¥ F T
== = T o o o FLIGHT PRE == -
: - N
BT ol = + FLIGHT posT |1 i
= 2 .~ 2 444 - X
E = ok : E i = ”
L] E - Lk | 18 (¥ n 1.4 r a0 L] 3 - . L " m E L) 1.4 r aw

RELATIVE LOG EXPOSURE

RELATIVE LOG EXPOS/JRE

STEP NUMBER
. " "

" w "

FILM T/PE 2443 - BLUE

]
3 =4 ROLL 15 EXPERIMENT S190A

aa

A ]

bR
H

NOUSTON PRE 4+ an
==f=Ff F -
1 FLIGHT PRE

4
1

a - £l L2 8 “ L2 2.4 r 10

RELATIVE LOG EXPOSURE

FIGURE D-109, FILM TYPC 2443, ROLL 15 (cont)

D-141



ROLL ¢ __21 EXPERIMENT _S190A

2443

FILM TYPE

ENVIRONMENTAL TIMELINE

-
=
2
5
=
-
-]
m g cL/9t/6 passadoad
- 5 - ELILTI6 jsusg 3804
m cL/ee/e ®O 03 IInwp
gd
i 3
35 )
#1 (L ey o2
| -
LI “Bemoag
= i 251 ©3 28f
[ csi Jeues a4
-~ o~
. u
- =
35 5 =
- S » 2
3 3 g 3
e ¥ 8
s | T i T T | .
1383 ;233 3R
WV SOvd 4o t uve Tk ]

STEP NUMBER

EXPERIMENT S190A

e 3333353332332

O I

ALISN3Q

4 2 4 v %

M

wh

RELATIVE LOG EXPOSURE

FIGURE D-110, FILM TYPE 2443, ROLL 2|

142



STEP NUMBER
L " L

ﬁ’!tt!:_l

] 3 s ¥ 13 " " n
z e o sum e &
-4 =
FILM TYPE 2443 - RED - FILM TYPE 2443 - GREEN —
3 - - —4 38
ROLL 21 EXPERIMENT S190A & ! - E = ROLL 21 EXPERIMENT S190A
— - “Haa
ey gl M|
a3
30
28
= 18
e
~423
0
5 ..
B
e
e
1.
2
= 8
.
&
S e
El
R = b 2 a
=foofo 12 b = - =
P 44D o 4 D41 AP A 4 AR OO TR AR A0 B e e 1S 1R S5 i i
L] 3 £l £ 15 AR ] .. an 2.4 ar a0 L] -3 - E (5] 18 . F R 24 L B 30

RELAIVE LOG EXPOSURE

RELATIVE LOG EXPOSURE

STEP NUMBER
D 1 1

\L) 7 " n
.0
=TT
=138
§ & FILM TYPE 2443 - BLLE =
1 ROLL 21 EXPERIMENT S190A >
b 34
33
B = = kol
= HOUSTON POST = =
% = 2.
18
2.4 = - = 7. 4
22 2
= s HOUSTON PRE :
2 0 10
RN S i — s
" L= GROUND CONTROL ==
iry= —] 14
g 5 =
L% ] e %]
e s L
.
y =5 : =
W
2 -' 3 x =
= S s e e
T iasus s rasnas s’ et v z I
L] 3 & - 12 s e

RELATIVE LOG EXPOSURE

FIGURE D-110, FILM TYPE 2443, ROLL 2! (cont)

D-143




ENVIRONMENTAL TIMELINE  FILM TYPE _ 2443  ROLL # __ 45 EXPERIMENT _5190A
I TOTAL DOSE
_| RADIATION DOSE PER DAY 1 l l - 2.
- P A G- PREIE: WIRSDLHER DReesir . 2
< +03 = Spike represents dose
! on data-collection days ol
02 |
01 {
| reweerarune
100
w 80 —
r ! . - . 05
* i
40 =
| revarive womorry
..... =
n 50 e
40
30 -
K |
E 20 mj
gl r g2 plee
3l 2 5[ 3158
- ~ = sl
B P 8| -
: il ¥ i
3 {ls s|53
sl siefl B8 2y s FlEk s
STEP NUMBER
1 a L] 7 v " " L] LL "w Fil
= o a0
138

FILM TYPE 2443 - VISUAL

' ROLL 45 EXPERIMENT S190A — |

3 - L L= ] s

“wooon 24 37

RELATIVE LOG EXPOSURE

FIGURE D-II1, FILm TYPE 2443, ROLL 45

D-144




STEP NUMBER
v " " 5w " n ' 3 s

“gw T &0 vor spam » e x o
= = =3 J 3
as - as o ]
£ FILM TYPE 2443 - GREEN .
a FILM TYPE 2443 - RED — sl Sl as
0 8 5 i £ g ) N P A 2 ALL 45 EXPERIMENT S190A
- ROLL 45 EXPERIMENT S190A [ 1 3 T S S e
- < = i . - Bl S TR S D ==
a3 = + - --I»— a3
a0f + i 10
28 & 2.
=5 ek 5 T HOUSTON PRE
18 g —+ $ = ae
2.4 8 1 f t t_ ; 4+ 3a 5 : ;»— b { ! ! l 8 24
GROUND CONTROL .- ST TR HousTON POST .
EVE EE SR L merer LTI BT L] il
Qe ‘1 HOUSTON PRE 8 * Qe = B i ; - = Lo
g £ AR oE T 2 s £ = B
g L .-l:_i 4 - l-_n S S S a (X S e o P— : "
e HOUSTON POST e +
e — - (VY e - 4 —+—s
Eae Kot 11 o A = o e E
2 o T r “H o o e s o e "
2 = ;s P 2 : . . 2
\ > { : i SO e
1ol -1+ 3 o Sl t - w
2 = - - JE 1] cROUND CONTROL ~ ""“' e~
“} ) O MR R 5. T 5N B OF BN B R T o FLIGHT POST _ |
R o i 2 =t - Tt T rET T v "PREET U TS
P ik it GG S T 4 P S T T B ek S \\\ " W & 4
3 = | 14+ : == 8
° 3 . s an o ) » » 18 8 a1 24 27 e
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE

STEP NUMBER
. " .

1 3 L] 7 " ” " n
P e T Tl .\ T T Wﬁ..&fﬁfﬂ?ﬂ?ﬂ?ﬁu
2 : s

5 5 K FILM TYPE 2443 - BLUE =3
NPT PR ROLL 45 EXPERIMENT S190A |
a4 4+ = P
. FLIGHT POST =} HOUSTON POS -
20 e f ={= e
E EEEEES # I e
aka 24
- GROUND CONTROL
" RRE] =
14 —t e o e 14
. j wousTon e | 1t
2 T
10—+ —+- 20
g o iy
i FLIGH PRE St 2 531 = g
(X} o A 3 " 418
ol T BB ”._1_._., -
WE— & La
(X (5]
P == S S5 o g 10
» E
. 4 .
A A
Y S T O A e i B S O B T 2
[ ] 3 . » 3 AR ) 1%} F A a4 ar £l

RELATIVE LOG EXPOSURE

FIGURE D-11l, FILM TYPE 2443, ROLL 45 (cont)

L-145



ENVIRONMFATAL TIMELINE FILM TYPE _ 2443 w3 EXPERIMENT _S190A

I rADIATION DOSE PER DAY Topthes reprossnt ¢ A
- -dnu-unnlln‘-:.-; .hm-'.‘“
H. 3 e ] e ]| ‘---fw— .
fo o
01 =
| rewerature
100 e
gt l'"’h""—"""‘-/\—ﬂ.
0 i} o
w0 -
1 RELATIVE HuMiOITY
w 30 N _F
40
30 <
|
E T
uln-] o £ B
= g 9
s 13
: i : it
L.I sL2 sL3 B g sLa

FILW TYPE 2043 - VISUL =
ROLL 57 EXPERLMENT S190A

sttt

t T ERERE.

DENSITY

h;bhii!‘ﬂ‘i’-

L] 2 . . u " ] u 24 ar a0
RELATIVE LOG EXPOSURE

FIGURE D12, FILM TYPE 2443, ROLL 57




FILM TYPE 2443 - RED =
ROLL 57 EXPERIMENT S190A

&

“ILM TYPE 2443 - GREEN
A0LL 57 EXPERIMENT S190A

&
R SRR e 5

56 0N T 0 e e IR SR

DENSITY

DENS!TY

=

igd

B

¢ s s S REREEEERES

5 & B &

-

> b @
->_'J

° A K . " .8 “w

£ 1] 14 ar e L] ]

RELATIVE LOG EXPOSURE

DENSITY

FILM TYPE 2443 - BLUE
ROLL 57 ENPERIMENT S190A

B o e

EEt Lt ETE R

| 4
-

e

R

5

-

O e e

-

ulS.ESS“‘

» &

3 . - i (2] “ u 14 ar a0

RELATIVE LOC EXPOSURE

FIGURE D-112, FILM TYPE 2443, ROLL 57 {cont)

D-147

s bS5 et T eI oY




ENVIRONMENTAL TIMELINE FILW TYPE _ 2643 ROLL ¢ B3 EXPERIMENT _S1904

RADIATION DOSE PER DAY Spike represents dose

5o on data-collsction daye| LadBi.
W06 =
o
TEMPERATURE
100
» 1
“-L
] RELATIVE WuUMIDITY
- :— . -
= |
§ : \
‘-J B riR a2
g 3 §
s| § 3E 83
2 -]
: 1|y o
NUMBER
P i S |
- £-X 25 T
ot < = FILN TYPE 2043 - VISUR. K
e = ROLL B3 EXPERIMENT S190A giad
3.4 = - Eo 24
2 +++++++ a3
EL] s - 30
a8 - iT
28 = 2 e
24 24
23 ) - i e o 11
S
gu HOUSTON POST 20
bl - 5 T s "
e " .. sest TP
P e
1 - D . L
el :, 1o
o - .
b = % =8 P -
FEEEEERE 1.
af= . o - . a

FIGURE D-I13, FILM TYPE 2643, ROLL 83
0148




R

DENSITY

ibbb“““tgggggzt

b & FILMTYPE 2643 - GREEN
P mu e pmeRenT sise

FILN TYPE 2443 - RED

L] a . . u " . L2 14 ar as

RELATIVE LOG EXPOSURE

FIGURE D-113, FILM TYPE 2443, ROLL B3 (cont)

D-149

bbbb“““““‘::“‘

; ROLL IJ EXPERIMENT S190A : s
20
ae
<E
= - X
: E“ =
10}
1L
w =
l
' '...
e
-
ap
af
k]
Ll w2 Lt} s O.I 14 ar 10 L] E ] - -l L s w a 14 ar ae
RELATIVE LOG EXPOSURE RELATIVE LOG EXPOSURE
1 3 Ll L .sm %”‘l‘ " n
bt S = e o e s o> o
= FILM TYPE 2442 - BLIE . ”
" ROLL B3 EXPERIMENT S190A -
- “aa
EE = 33
20 ae
g i1
240 e
24 = a4
E"” s
20 ~ e
El.. ] At
el “
. : e
“ At ]
" e
g AIGT P Ai@T PosT 3
. “
i HOUSTON PRE %
a a



ENVIROWMENTAL TIMELINE  FILMTYPE 3643  ROLL o _ 87 [EXPERINENT Sisos

 rorarion oose px omr

Ol =

*
.
b " ¥
2
ciot/t N 03 WD
_ = sLITVL 25W o3 280
= SLISIL Teneg oy
a
m =
e _Il-m .
F -
2 ] L) 1
e b &
% uva w3

FIGURE D-114, FILM TYPE 3443, ROLL 87




DENSITY

-._..-:Az_:s‘:t!::ttt:

STEP NUMBER
' 3 s PR g T ool YRR s R R s * :
=, = 2 “ 24 %
= = 1 = SN =
5 = SUTRLETRE 2 R = =
ROLL 87 EXPERIMENT Si =
u K —

<4 fole =

i bl kb B EES EER

FILM TYPE 3443 - BLUE
ROLL 87 EXPERIMENT 51908

£ 2Lk

VESRE
-2 8 & &

va ks s e PR EER

F o Sy e REE SR R BREC SR
RELATIVE LOG EXPOSURE .

FIGURE D14, FILM TYPE 343, ROLL 87 icont)

D-151

g S I S

FILM TYPE 3443 - GREEN e
£ ou e orgaee Stew
R— _4

e

“Trsct




ROLL ¢ __ 93 ENPERINENT _sison

FILN TYPE _80-131

ENVIRONMENTAL TIMELINE

mue povsadnid
2 b\ﬁi\ﬂ eusg 3804
u M w/SIT WD °a ATeEA
u w 3 unuuuuuuuuuunuuu.....a,._
v 7 e 1ees 03 N m
1_% Hl /st Senois -
™ cerezion 281 03 280 m
3
2
—  cuisie young 03g
3
- “ ,“ EHwk W 11t R/ e
g i | e on B M W TR B R ML E MR B R B B ES Tl
- ALISN3O
: -
1-41.--«
8333 S 88 g 32
PR -~ z 210 e

RELATIVE LOG EXPOSURE

FIGURE D115, FILM TYPE SO-13I, ROLL 93

R - A LR SR T T

D-152




DENSITY

v e s EEEEREEL TR ERTEL,

,,,,, == M - = i
= N -
FILW TYPE S0-131 D PTG Wosl. S
ROLL 93 EXPERIMENT $1908 : had ROLL 93 EXPERIMENT 51908
L4
= 4 P - as
E ” .‘
- a8
20 b 2o
Ldd  aaf = bl
; 2 Jas
—~E :
- "
‘ s e B
E .
5 527
“

s

DENSITY

ar an ° a - . L s “ L] a4 ar ae

-
-
-
-

—4a8
FILM TYPE S0-'31 BLLE ==
ROLL 93 [EXPERIMENT 51908 |

s s el

e

» » m B & &

-

L] 3 . - L2 s e n 14 24 a0
RELATIVE LOG EXPOSURE

FIGURE D115, FILM TYPE S0-131, ROLL 93 (cont)
D-153

A US. GOVERNMENT PRINTING OFFICE 1975-641-2565/26 REGION NO. 4



	0043A01
	0043A02
	0043A03
	0043A04
	0043A05
	0043A06
	0043A07
	0043A08
	0043A09
	0043A10
	0043A11
	0043A12
	0043A13
	0043B01
	0043B02
	0043B03
	0043B04
	0043B05
	0043B06
	0043B07
	0043B08
	0043B09
	0043B10
	0043B11
	0043B12
	0043B13
	0043B14
	0043C01
	0043C02
	0043C03
	0043C04
	0043C05
	0043C06
	0043C07
	0043C08
	0043C09
	0043C10
	0043C11
	0043C12
	0043C13
	0043C14
	0043D01
	0043D02
	0043D03
	0043D04
	0043D05
	0043D06
	0043D07
	0043D08
	0043D09
	0043D10
	0043D11
	0043D12
	0043D13
	0043D14
	0043E01
	0043E02
	0043E03
	0043E04
	0043E05
	0043E06
	0043E07
	0043E08
	0043E09
	0043E10
	0043E11
	0043E12
	0043E13
	0043E14
	0043F01
	0043F02
	0043F03
	0043F04
	0043F05
	0043F06
	0043F07
	0043F08
	0043F09
	0043F10
	0043F11
	0043F12
	0043F13
	0043F14
	0043G01
	0043G02
	0043G03
	0043G04
	0043G05
	0043G06
	0043G07
	0043G08
	0043G09
	0043G10
	0043G11
	0043G12
	0043G13
	0043G14
	0044A01
	0044A02
	0044A03
	0044A04
	0044A05
	0044A06
	0044A07
	0044A08
	0044A09
	0044A10
	0044A11
	0044A12
	0044A13
	0044B01
	0044B02
	0044B03
	0044B04
	0044B05
	0044B06
	0044B07
	0044B08
	0044B09
	0044B10
	0044B11
	0044B12
	0044B13
	0044B14
	0044C01
	0044C02
	0044C03
	0044C04
	0044C05
	0044C06
	0044C07
	0044C08
	0044C09
	0044C10
	0044C11
	0044C12
	0044C13
	0044C14
	0044D01
	0044D01
	0044D02
	0044D03
	0044D04
	0044D05
	0044D06
	0044D07
	0044D08
	0044D09
	0044D10
	0044D11
	0044D12
	0044D13
	0044D14
	0044E01
	0044E02
	0044E03
	0044E04
	0044E05
	0044E06
	0044E07
	0044E08
	0044E09
	0044E10
	0044E11
	0044E12
	0044E13
	0044E14
	0044F01
	0044F02
	0044F03
	0044F04
	0044F05
	0044F06
	0044F07
	0044F08
	0044F09
	0044F10
	0044F11
	0044F12
	0044F13
	0044F14
	0044G01
	0044G02
	0044G03
	0044G04
	0044G05
	0044G06
	0044G07
	0044G08
	0044G09
	0044G10
	0044G11
	0044G12
	0044G13
	0044G14
	0045A01
	0045A02
	0045A03
	0045A04
	0045A05
	0045A06
	0045A07
	0045A08
	0045A09
	0045A10
	0045A11
	0045A12
	0045A13
	0045B01
	0045B02
	0045B03
	0045B04
	0045B05
	0045B06
	0045B07
	0045B08
	0045B09
	0045B10
	0045B11
	0045B12
	0045B13
	0045B14
	0045C01
	0045C02
	0045C03
	0045C04
	0045C05
	0045C06
	0045C07
	0045C08
	0045C09
	0045C10
	0045C11
	0045C12
	0045C13
	0045C14
	0045D01
	0045D02
	0045D03
	0045D04
	0045D05
	0045D06
	0045D07
	0045D08
	0045D09
	0045D10
	0045D11
	0045D12
	0045D13
	0045D14
	0045E01
	0045E02
	0045E03
	0045E04
	0045E05
	0045E06
	0045E07
	0045E08
	0045E09
	0045E10
	0045E11
	0045E12
	0045E13
	0045E14
	0045F01
	0045F02
	0045F03
	0045F04
	0045F05
	0045F06
	0045F07
	0045F08
	0045F09
	0045F10
	0045F11
	0045F12
	0045F13
	0045F14
	0045G01
	0045G02
	0045G03
	0045G04
	0045G05
	0045G06
	0045G07
	0045G08
	0045G09
	0045G10
	0045G11
	0045G12



