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I. INTRODUCTION

Roger H. Smith R. C. von Borstel

This quarterly report is concerned primarily with preparation for the flight of
Biosatellite II, the flight itself, and the immediate post-flight activities and results.
The July dosimetry test of the Habrobracon packages in the ground-based
control set-up is summarized. This test was designed to make possible preliminary
dose-action evaluation of the flight data even before the geometric parameters of the
spacecraft itself were studied dosimetrically.  The principal benefit from this test
was Dr. Hewitt's discovery of a major source of error, the drastic alteration of the
source-holder by the subcontractor. In finding this error, Dr. Hewitt performed a
great service, since this prevented a recurrence of the mistake during the pre-flight
operations necessary for a successful experiment.

A full report of the activities surrounding the flight of Biosatellite II is included.
The only post-flight data available for this quarter of 1967 are the survival of the
animals and the erratic mating behavior of the Habrobracon males after they were

recovered from the flight capsule.



II. DOSIMETRY TESTS WITH TOSHIBA GLASS RODS IN THE GROUND-BASED
CONTROL SET-UP

R. C. von Borstel Joan W. Reel Katherine T. Cain

Three dosimetry test of nearly equal duration were conducted at Cape Kennedy
on July 17-20, 1967. The source used was 85Sr, and the "optical bench" was the
ground-based control set-up for the Biosatellite.

This test was needed to provide a preliminary, experimentally determined
estimate of exposure to the chambers in which the Habrobracon are held. At present
the exposure can be obtained only from extrapolation of the measurements recorded
by Toshiba glass rods directly behind the chambers and from extrapolation from external
tubes containing LiF which are behind and in front of the chambers.

Until direct measurements of the Habrobracon chambers are carried out, only
qualitative comparisons can be made between the Biosatellite experiment and its

ground-based controls.

Methods and Materials

Toshiba glass rods and plastic inserts were placed in the holes in the modules that
were made for them (Fig. 1) and the LiF powder was placed in the external tubes es-
pecially designed for it. In addition, LiF powder was placed directly in the chamber
of each module where the Habrobracon are ordinarily contained (Fig. 2). Screens
are always placed on top of each chamber before the cap is screwed on. An LiF
radiation detector and a Cc:F2 radiation detector provided by E. G. & G. Company
were scotch-taped on top of each screen in these dosimetry tests (Fig. 2).

In addition, exposure recorders were placed in the biological dosimeter con-
tainers; these containers were placed in the hole in the bracket that was made for

them. Two containers, each having two compartments, were placed in each hole.






In Test 1, LiF powder and one Toshiba glass rod were placed in each compartment.
In Test 2 and Test 3, a glass rod was held snugly in a polyethylene insert which was
placed in the innermost compartment of each container. LiF and Cc:F2 radiation
detectors were wrapped tightly in cotton and placed in the remaining two compartments
in each bracket.
Each package was bolted in place on the backscatter shield, and the 853r
source was activated. The first test, beginning at 8:30 p.m. on July 17, lasted
12 hr; the second, beginning at 7:00 p.m. on July 18, lasted 12 hr 5 min; and the
third, beginning at 12:20 p.m. on July 19, lasted 12 hr 10 min. Five minutes were
added each day to compensate for the approximate 1% decay of the 855r per day.
The same packages and modules were used in Test 1 and Test 3; the packages
and modules used in Test 2 were from another series.

After each test, each glass rod was placed in a separate glassine envelope for

storage (Fig. 3). In this way they never were misplaced or mixed up.

Results

The glass-rod data for the modules containing the Habrobracon are listed in
Table 1. The packages are listed for their nominal exposure position. The modules
are listed by their position on the bracket as faced from the source (UL is upper left,
LR is lower right, etc.). Each reading is the average of three glass rods, each read
once, inverted, and read again, since both ends of a rod yield valid data. Fewer
than 5% of the rods were chipped or scratched during the manipulations of loading
and unloading, and even from these, one end could usually be read.

The data on exposures to the biological dosimeter location are shown in Table 2.
Different conditions were used in Test 1 from those in Test 2 and Test 3. These
conditions are listed in the table.

Thirty—three rods were given to Dr. John E. Hewitt to use in packages other
than the Habrobracon packages in the gound-based control set-up. The rod numbers

are listed (Table 3). Their positions were encoded and not known fo us.






Table 1. Dosimetry tests using 855r radiation ot Cape Kennedy, July 17-20, 1967*

Nominal Nominal
Exposure (R) 2Ft Average 2F Average 2F Average 2F Average Exposure (R) 2Ft Average 2F Average 2F Average 2F Average
Module Module Horizontal Vertical Package Module Module Horizontal Vertical Package
Position (upper - lower) (right = left) Position (upper - lower) (right - left)
Test 1 - 4000 4000
UL 627.4 630.0 602.6 UL 637.1 638.4 607.8
UR 632.7 604.3 UR 639.8 608.5
LR 575.9 575.2 LR 577.3 577.1
LL 574.5 600.9 LL 576.9 607.0
Test 2 - 4000
UL 650.5 648.2 613.4
UR 645.9 615.2
LR 584.5 578.6
LL 572.8 611.6
Test 3 ~ 4000
UL 633.3 637.0 607.2
UR 640.8 606. 1
LR 571.5 577.4
LL 583.3 608.3
Test 1 - 2000 2000
UL 321.0 324.6 309.7 UL 327.1 326.8 310.7
UR 328.1 311.7 UR 326.5 310.2
LR 295.3 294.8 LR 293.9 294.6
LL 294.3 307.7 LL 295.4 311.2
Test 2 - 2000
UL 334.3 331.8 314.1
UR 329.3 312.1
LR 295.5 296.4
LL 297.3 315.8
Test 3 - 2000
UL 326.0 324.0 308. 4
UR 322.0 306.5
LR 291.0 292.8
LL 294.5 310.3
Test 1 - 1000 1000
UL 195.0 194.0 187.6 UL 197.1 197.4 191.3
UR 193.1 187.3 UR 197.7 191.4
LR 181.4 181.2 LR 185.2 185.2
LL 180.9 187.9 LL 185.2 191.2
Test 2 = 1000
UL 199.6 200.3 193.9
UR 201.1 193.9
LR 186.6 187.4
LL 188.2 193.9
Test 3 - 1000
UL 196.8 197.8 192.4
UR 198.8 193.2
LR 187.5 187.0
LL 186.5 191.6
Test 1 - 500 500
uL 90.3 91.3 88.3 uL 9.7 92.1 88.7
UR 92.4 88.7 UR 92.6 88.9
LR 85.0 85.3 LR 85.2 85.3
LL 85.5 87.9 LL 85.4 88.5
Test 2 - 500
uL 92.3 93.1 89.8
UR 93.8 90.2
LR 86.6 86.5
LL 86.4 89.4
Test 3 - 500
UL 92.4 91.9 88.0
UR 91.5 87.7
LR 83.9 84.1
LL 84.2 88.3

*Test 1 = July 17, 12 hr; Test 2 = July 18, 12 hr 5 min; Test 3 - July 19, 12 hr 10 min.

1TF is the designation far the fluorescence measurement on the Toshiba reader; in this range af exposures F =R/2, where R is the expasure in roentgens.



Table 2. Dosimetry from biological dosimeter containers*

Elommal Test Container Position Condition 2FT Average Average Average
xposure Package per Test per Package
R®)
4000 1 Inner Glass rods 321.5 344.4 361.3
Middle-Inner . 354.5
Middle-Outer P n 361.0
Quter iIF powder 340.5
4000 2 Inner 369.3 368.6
Middie-Inner Centered LiF, CaF; rods
Middle-Quter 368.0
Outer LiF, CaFy rods
4000 3 Inner 362.5 371.0
Middle-Inner Centered LiF, CaFj rods
Middle-Outer 379.5
Quter LiF, CaF, rods
2000 1 Inner 196.8 207.5 216.6
Middle-lnner ~ C1ass Tods 216.8
Middie-Outer L 209.0
Ovuter h powder 207.5
2000 2 Inner 217.5 222.3
Middle-Inner Centered LiF, CaF, rods
Middle-Outer 227,
Quter LiF, CaFj rods
2000 3 Inner 218.5 219.9
Middle-Inner Centered LiF, CaF, rods
Middie-Outer 221.3
OQuter LiF, Cc\F2 rods
1000 1 Inner Glass rods 138.5 143.0 145.9
Middle-Inner . 138.5
Middle-Outer put in 149.0
Outer LiF powder 146.0
1000 2 Inner 145.5 149.8
Middle-Inner c d LiF, CaF, rods
Middle-Outer entere 154.0
Quter LiF, CaF, rods
1000 3 Inner 143.5 144.8
Middle-Inner Centered LiF, CaF, rods
Middle-Outer 146.0
Quter LiF, Cch rods
500 1 Inner 71.0 71.9 72.0
Middle-Inner Glos: EOds 72.5
Middle-Outer poln 73.0
Outer LiF powder 71.0
500 2 Inner 68.3 70.1
Middle-Inner Centered LiF, CaF., rods
Middle-Outer 72,
Outer LiF, CaFy rods
500 Inner Cotton around rod 73.5 74.0
Middle=Inner LiF, CaF, rods
Middie-Outer Centered 74,
OQuter LiF, CaFj rods

*Test | = July 17, 12 hr; Test 2 = July 18, 12 hr 5 min; Test 3 - July 19, 12 hr 10 min.

1F is the designation for the fluorescence measurement on the Toshiba reader; in this range of exposures F = R/2, where R is
the exposure in roentgens.



Table 3. Dosimetry of Toshiba glass rods placed in positions
other than the Habrobracon packages*

Test Rod Number Average

] H- 1 235.0
H- 2 226.5
H- 3 213.5
H- 4 Rod lost
H- 5 313.5
H- 6 273.5
H- 7 228.5
H- 8 226.0
H- 9 210.0
H-10 232.0
H-11 202.0

2 H-12 258.0
H-13 253.0
H-14 227.5
H-15 209.5
H-16 493.0
H-17 417.0
H-18 388.8
H-19 405.3
H-20 262.0
H-21 251.5
H-22 223.0

3 H-23 245.0
H-24 240.5
H-25 207.5
H-26 382.3
H-27 342.5
H-28 363.5
H-29 327.5
H=-30 229.0
H-31 23%9.0
H-32 207.0
H-33 207.5

*Test 1 = July 17, 12 hr; Test 2 = July 18, 12 hr 5 min;
Test 3 = July 19, 12 hr 10 min.



Discussion
o aava sV VoV W

Three tests were carried out under supposedly identical conditions in the
ground-based control set-up for the Biosatellite. It is clear that the exposures
received differ over a range of 7%. Since all rods varied in the same direction from
test to test, we believe that the measurements are real and not attributable to intrinsic
variation among rods. There are two possible explanations for this test-to-test
variability: either (1) there is a drift in the Toshiba reader, or (2) the tests were not
identical. The Toshiba glass rods were read in a constant order, with all of the rods
from Test 1 being read, then the rods from Test 2. These were read on July 24. On
July 25 the rods from Test 3 were read.

The rods from the 4000 R nominal exposure were read again on July 28, with
all of the rods from each module position in all three tests being read one after
another, instead of in order of the tests. The test-to-test variability remained as
it was, indicating there is no appreciable drift in the Toshiba reader. Under this
circumstance we can only attribute the test-to-test variability to slight changes in
the experimental set-up.

It seems unlikely that there are differences in the two sets of packages that can
account for the shift, because all four packages received a larger exposure in the
second test, and package-to-package variability under this circumstance should be
random. It seems unlikely that side-to-side or backward-forward placement of
packages accounts for the difference, because the 500 R nominal exposure package
also shows the variability and, of all the Habrobracon packages, it is in the most
rigidly aligned position (von Borstel, Daniele, and Park, 1967). Nevertheless, a
difference in module placement in the packages is not exciuded, because Tests 1 and
3 were more alike and here the same packages were used. Different packages were
used in Test 2.

The Habrobracon packages surround the source, and all four exhibited a shift
in the same direction from test to test. A better guess for the reason for the difference

in the tests can be made after all data from the dosimetry tests are compared.
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One puzzling feature in the data was the consistent 10% variation between
the upper and lower modules for every package bolted to the backscatter shield.
This has been evident in all previous experiments (von Borstel et al., 1967), particu-
larly at the 500 R nominal exposure position, but it has never before been as marked
a discrepancy.

The reason for this discrepancy was found after the dosimetry tests by Dr. John
E. Hewitt to be that the source geometry was changed drastically by an unspecified
alteration of the source holder. This was done without asking permission to do so
by the subcontractor in order to bring the source strength up to specifications. Since
this negligence alters the enfire geometry from that expected in the flight and its
ground-based control, then all of these tests must be repeated before actual exposures
to the Habrobracon can be estimated with assurance. This discovery casts suspicion
on all previous radiation tests in the ground-based control set-up until more dosimetric

analyses are made with a proper source holder.

Summarx

The data from the Toshiba glass-rod dosimetry provided evidence that exposures
in successive fests in the same set-up varied up to a maximum of 7%. This variation
is not attributable to the Toshiba glass rods nor to the Toshiba reader.

The data also confirmed that the source holder had been altered in its geometry
from previous tests to these tests. Consequently, further dosimetry experiments are

mandatory.
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von Borstel, R. C., J. E. Hewitt, Katherine T. Cain, Nanci L. Badger, and
Diana B. Smith, 1967, Radiation conditions for the Habrobracon packages
in the ground-based controls of the first Biosatellite flight, ORNL-TM-1958,
Quarterly Progress Report fo NASA covering the period January 1 -March 31,
1967, pp. 10-18.



von Borstel, R. C., M. A. Daniele, and E. R. Park, 1967, Measurement of the
positions of the Habrobracon nominal 500-R package in the Biosatellite and
in the ground-based control prior to launch, ORNL-TM-1957, Quarterly
Progress Report to NASA covering the period October 1 ~December 31, 1966,
pp. 14-15.



12

III. THE 201 WALK-THROUGH AND THE 301 GANTRY TESTS

Roger H. Smith

The walk-through and gantry tests were a necessary rehearsal of all events that
would transpire during the actual flight.

The 201 walk-through test was begun on August 3, 1967. The 301 gantry test
is presented in detail. There was no deviation from the Standing Instructions and

Flight=Time Instructions (ORNL-TM-1957).

The 301 Gcn’rrx Test

The flight and ground=control packages were received at 0900, August 27, 1967.
FTI 2.7.0 was followed for the preparation and assembly of the Habrobracon packages.
Glass-rod and biological dosimeters were loaded in the allotted time with no difficulty.
Pre-flight preparation of Habrobracon followed FT1 2.6.0. The insertion of Habro-
bracon into the modules followed FTI 2.7.5 Appendix A.

These operations were completed at T =573 (573 min before launch, 0447,
August 27, 1967). We were supposed to have our operations completed by T =610
(0410); therefore, we were 37 min late. Most of this time was expended in trying
to correct a mistake in the coding of the flight packages. The G4 package was
labeled with the G3 code (A822), and the G3 package with a G4 code (A810). It
was necessary to call this to the attention of the inspector (Mr. N. Beeson) and to
contact Mr. H. Asch to correct the error. The numbers were checked with the
positions occupied by these packages within the vehicle. When it was determined
that the packages had been coded incorrectly by personnel of the General Electric
Corporation, the labels were placed on the correct packages (A810 on G4 and A822

on G3). This interruption accounted for approximately 25 of the 37 min. The
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other 12-min delay was due to difficulties encountered by new personnel in adjusting
to the loading procedures. Therefore, with this rehearsal, we believed that we
would be able to complete assembly of the packages in the allotted time for the actual
flight of Biosatellite B.

The packages were turned over to Mr. H. Asch to be installed into the vehicle.

After completion of the assembly of packages, at least one person from the
Habrobracon experiment was present at Hangar S until simulated splashdown. During
this time, necessary laboratory work was performed, such as the washing of Stender
dishes, stacking of trays of clean dishes, and the collecting of virgin female Habro-

bracon (as per FTI) for the flight of Biosatellite B.

Pockoge Disossemblx

The flight packages were returned on the afternoon of August 28. They were
disassembled according to FT1 4.1.0. The Habrobracon and glass-rod dosimeters
were discarded. The module components were thoroughly cleaned according to FTI
1.4.4.0, except that 15 gallons of distilled water were used instead of 5 gallons.
This was an added assurance that the modules would be clean for the actual launch.

The ground-control packages were returned to the experimenters on the after-
noon of August 31. They were disassembled according to the FTI 4.1.0. The
Habrobracon were discarded. The glass-rod dosimeters were placed in labeled
glassine envelopes. These dosimeters are used to check the radiation doses received
by each module in the ground-based control set-up, which can be compared to the
dose levels received during the actual ground-control experiment. The same washing
procedures were followed for cleansing these module components as for the flight.

All hardware was turned over to Mr. H. Asch for bonded storage.
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IV. PRE-FLIGHT, FLIGHT, AND POST-FLIGHT ACTIVITIES AT HICKAM FIELD

AND THE UNIVERSITY OF HAWAII

R. C. von Borstel Joan W. Reel

R. C. von Borstel was in Hawaii from August 17 to 27; Joan W. Reel arrived
on August 27 and stayed through the experiment, departing on September 12 after all
post=flight operations had been performed.

Contacts were made on August 17, 1967, with Major L. Drum at Hickam Field
and with Dr. Mahesh Upadhya in the Department of Horticulture at the University of
Hawaii. Major Drum made available the key to the Biosatellite trailers, and Dr.
Upadhya helped obtain short-term laboratory space for us at the Department of Horti-
culture, since a room with an adequately controlled temperature was not available
at Hickam Field. Availability of space at the Department of Horticulture had been
offered 2 years previously by Professor James Brewbaker when he learned of our
experiment.

The next 10 days were occupied with the organization of laboratories at Hickam
Field and the University of Hawaii. The thermoregulator and relays were adjusted by
Mr. B. Bartko, Instrument Lab, 1118 Auahi Street, Honolulu.

The Standing Instructions and Flight=-Time Instructions were followed throughout.
There were but three deviations (from FT1 2.1.3.0, Equipment for Hickam Field): (1)
removers for biological dosimeters were brought from Cape Kennedy; (2) Ephestia were
not reared at Hickam Field, so corn meal was not taken there; and (3) an insulated
bottle was brought from Oak Ridge to carry yeast.

The constant-temperature room at the University of Hawaii was put into continual
operation on August 28. The temperature and humidity record during the pre-flight
adjustment period are shown in Fig. 4. Internal organization of each laboratory was

accomplished during the pra-flight and flight periods.



TEMPERATURE (°C)

16

ORNL-BIO-19853

o /°\ -45
TEMPERATURE e-¢ 7\ I\
HUMIDITY o--o F / A\
/
\ / \\ 44
\ /
\ / \
\\ / \\
/
231 4 N 7 \ 43
AN / \
\\ | \
\ / \
20 . - ® . 7 . . ® ® -42 :
\\ | 5
\ / s
\ / L 41 2
29 \ /
\ /
\ /
28+ \ / L 40
\ /
Voo
Voo
\ / ‘39
\
\
N T T I T T \‘.’l T T T T 38
8/28 8/29 8/30 8/31 9/1 9/2 9/4 9/5 %6 9/7
am g8/30
pm
DATE

Fig. 4, Temeero’rure and Humidity Record of Constant Temperature Room at the
Universi'rx of Hawaii.

The spacecraft was recovered on September 9.

The diary of Joan Reel is recorded

here in full from September 8 through the post-flight period.
September 8, 1967 — Everything was in order at Hickam Field and the University

of Hawaii.

and other necessary equipment.

Mary Lou and Judy arrived with caterpillars, females to sting caterpillars

September 9, 1967 — The rest of the equipmeni was brought to the University of

tank was set up.

Hawaii, and the C02

Approximately 2000 caterpillars were picked.

Females were set to sting caterpillars, and these caterpillars were cleaned as they

were stung.

2000 R and 4000 R and the other half with controls

Female virgins with many sisters were separated to mate half with the

Approximately 2:20 p.m.






September 10, 1967 — The fourth transfer was made at 1:15 a.m. and the fifth at

3:15 a.m. Matings and egg counts were discontinued at 4:00 a.m. Matings and egg
counts began again at 12:00 noon. The sixth transfer was at 3:15 p.m.  Eight trays

were set with caterpillars. The other six trays were transferred to vials. Larry, Mary
Lou, and Martha discontinued the matings at this time. The egg counts continued

until 6:15 p.m. and began again at 9:30 p.m. The eight trays of transfer six were
transferred to vials at 11:15 p.m. Mary Lou and Martha left for Oak Ridge at 11:59 p.m.,
taking with them the flight males and the females to which they had been mated.

September 11, 1967 — Egg counts were discontinued at 3:00 a.m. and began

again at 7:30 a.m. Hatchability was begun and transfer one, two, three, and four
were completed at 4:00 p.m. Dr. Grosch arrived on the 11th and began his work.
Larry left for Oak Ridge at 11:59 p.m. that evening after packing everything from the
trailer.

September 12, 1967 — Hatchability was begun on transfer five at 7:45 a.m.,

and transfer six was finished at 10:30 a.m. The microscopes were packed and the

laboratory was picked up. Judy and Joan left at 11:59 p.m. that evening.
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V. THE FLIGHT OF BIOSATELLITE II

Roger H. Smith T. J. Mizianty Joan W. Reel

R. C. von Borstel L. R. Valcovic Martha S. Jones
D. S. Grosch M. B. Baird Margaret J. Lane
Anna R. Whiting Mary Lou Pardue Judy A. Winchester
R. L. Amy Katherine T. Cain Ruth Ann Carpenter
A. M. Clark A. C. Hoffman

Biosatellite B was scheduled for launch at 1500 and was launched at 1804 EDT
on September 7, 1967. The spacecraft was successfully recovered by an "air-catch"
at approximately 1508 EDT on September 9 after 30 orbits instead of after 46 orbits as
originally planned. All phases of the Habrobracon experiment proceeded smoothly
and followed precisely the schedule as documented in the Flight Time Instructions

(ORNL-TM-1957).

The Loading of the Modules

Essentially the same schedule was followed for this launch as was followed in
the launch of Biosatellite A (von Borstel et al., 1967). Habrobracon males (le)
eclosed within 24 hr of the time of loading. Approximately 1200 females had eclosed
within 3 to 5 days prior to launch and their pedigrees were established. These
females were mated to the le males from flight and ground controls.  The only major
change was the use of females heterozygous for three linked loci [ lemon (le) and
honey (ho) body color, and cantaloupe (c) eye color] in the flight vehicle and
ground-based controls. The progeny of these females were analyzed for spaceflight
effects on recombination frequencies. The Habrobracon to be given an acute
exposure before being placed in the packages were handed over to Dr. J. E. Hewitt
at 0220 EDT, September 7. These were irradiated with an exposure of 2000 R
(120.4 R/min for 16.6 min). The source was a portable Norelco operated at 180 kvp
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and 4.8 mA. Aluminum filtration (92/1000 inch) was used. The numbers of Habro-
bracon males and females loaded into the modules are shown in Table 4. The flight
spares were used as additional controls in Control III when they were no longer needed
as back-up packages.

The time for each event of the loading procedures can be seen in the checklists

(Appendix A). The loading events are shown in Figs. 6-10.

Table 4. Numbers of Habrobracon males and females loaded in flight and
ground-based control packages for Biosatellite B

Control Area Radiation Area Subtotals

d ? d ? J g
Flight 120 120 158 160 278 280
Flight spares 121 120 80 80 201 200
Control 1 120 120 159 159 279 279
Control 11 119 120 119 120
Control III 118 119 118 119
Totals 995 998

Temeerafure Data

The orbital thermistor readings in the forward section of the flight vehicle compare
closely to the readings in the forward section of the ground-based control set-up
(Table 5). There is a 3°C difference between the aft sections of the flight vehicle
and the ground-based control set-up. This same trend had been observed for the

Biosatellite A experiment.
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Table 5. Biosatellite B orbital temperatures for the Habrobracon experiment
Flight Temperature Control 1 Temperature Control 111
Date Time Orbit ” P Control 11
(EDT) 0 500 1000 2000 4000 0 500 1000 2000 4000 S™PEFMUTC At Eorward
9/7/67 0600 Pre-launch 70 72 72 72 72 72 71 71 72 71 70 70 70
0700 Pre-launch 72 71 71 71 71 70 70 68
0800 Pre=launch 67 70 71 71 71 71 71 71 71 71 70 70. 68
0900 Pre-launch 71 71 71 71 71 69 68 68
1000 72 71 71 72 71 70 70 73
1100 72 71 71 71 71 70 69 74
1200 71 71 71 71 71 69 69 72
1300 71 71 71 71 71 69 69 72
1400 71 74 74 74 73 69 69 71
1500 71 75 75 75 75 69 69 72
1600 71 73 73 73 73 69 69 72
1700 70 71 71 71 71 69 68 72
1804 Launch 70 70 70 70 70 69 67 70
1944 1 70 69 70 71 70 70 69 69 69 69 69 68 68
2110 2 69 67 69 70 69 69 68 68 69 68 69 68 68
2259 3 68 68 69 69 68 69 68 68 68 68 70 68 69
9/8/67 0039 4 68 66 69 69 68 69 67 67 67 67 69 67 67
0213 5 68 66 68 69 68 69 68 67 68 67 70 67 67
0349 6 67 66 68 68 68 70 68 68 69 68 70 69 67
0526 7 67 66 68 68 68 70 69 68 69 69 70 67 67
0706 8 67 66 68 68 68 70 69 69 69 69 70 67 67
0839 9 67 66 68 69 68 70 69 69 69 69 70 67 67
10 67 66 68 69 68 70 66 67
1015 11 67 66 69 68 68 70 69 69 69 69 70 66 67
1153 12 67 67 68 69 68 70 69 69 69 69 69 66 67
1229 13 67 67 69 69 68 70 69 69 69 69 71 66 67
1506 14 67 66 69 69 68 70 69 69 69 69 69 65 67
1640 15 67 67 68 69 68 70 69 69 69 69 69 69 67
1816 16 67 67 68 69 68 70 69 69 69 69 69 69 67
1957 17 67 67 68 69 68 70 69 69 69 69 69 67 67
2130 18 67 67 69 69 68 70 69 69 69 69 70 67 69
2315 19 67 67 69 69 68 70 69 69 69 69 70 67 66
9/9/67 0052 20 67 67 69 69 69 71 69 69 69 69 70 67 68
0229 2] 67 67 69 69 69 70 69 69 69 69 70 67 67
0400 22 68 67 69 69 69 70 69 69 69 69 70 68 67
0536 23 - - - - - 70 69 69 69 69 70 68 67
0713 24 67 67 69 69 69 70 69 69 69 69 70 68 67
0850 25 67 67 69 69 69 70 69 69 69 69 70 69 68
0946 26 67 67 69 70 69
1027 27 67 67 69 70 69 69 69 69 69 69 70 68 69
1203 28 69 69 69 69 69 69 68 68
1346 29 71 69 69 69 69 69 68 69
1440 Retrofire 70 69 69 69 69 69 68 69
1513 71 69 69 69 69 70 70 73
1540 70 69 69 69 69 70 64 64
1640 70 69 69 69 69 69 64 64
1740 70 69 69 69 69 70 64 66
1840 70 69 69 69 69 69 65 67
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In-FIigh'r Activities with the Habrobracon and EEhesfia

Paralyzed Ephestia larvae were collected during all of the shifts except the
0400-0800 EDT shift. These were collected as directed in the Flight-Time Instructions
so that they would be ready for immediate use during the period of post-flight activities.

Hatchabilities were taken and times of death of embryos were scored on one group
of females which had been X-irradiated prior to flight. This irradiation was done at
the same time that the males and females were irradiated before they were loaded into

the control packages.

Re-entrz of Biosateliite II

The flight vehicle was called down on the 30th orbit instead of the 46th because
of the prediction of bad weather in the area for programmed recovery. The radiation
sources were closed in the spacecraft at 1257 EDT and in the Control 1 at 1258 EDT.
The recovery operations took place as planned; the flight capsule was taken to
Hickam Field, Hawaii, for disassembiy. The Habrobracon packages from the flight
vehicle were turned over to the investigators at Hickam Field at the same time that
the ground-control packages were turned over at Cape Kennedy. The post-flight
operations were initiated at this time (0820 EDT, September 9, 1967) by both groups.

Flight-time instructions were followed by the groups at Cape Kennedy and
Hickam Field. No unexpected events arose during the post-flight operations at
Cape Kennedy. Considerable difficulty with male mating behavior was experienced
at Hickam Field. The post-flight events are recorded in full for Hickam Field
activities (von Borstel and Reel, 1968), and the comparison of males is given in

another report (Valcovic et al., 1968).
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APPENDIX TO SECTION V

Checklists for Loading Procedures Followed in Preparation
for the Launch of Biosatellite B



CHECKLIST:

28

qe —

Biosatellite Flight B

Loading Habrobracon into Modules

D7,
Torque : 24 + 2% in. lbs,

Date: 7 L .} { 7

i

Programmed time: Start T = 700 Actual Time: Start 03/7
Finish T = 640 Finish 0349
Modules : UR, LL Time Initials
- :
1 wR 03 2 ! {
L L ’
2 (LR 7.3
LL |
i ; 3
3w C32% ;
LR N3y
L1
C R fr3¢
Lo L
1
. U !
spl LA ¢z
L é
i
sp2 (LR c33% .?
A
SpC (LR 6344 Qi !
. %

Persov LoADI# & & M »‘\&\7;?\&%?@

ML r widiee
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Biosatellite Flight B

CHECKLIST: FLIGHT C?

Loading Habrobracon into Modules

D2

§

Torque : 2L + 2% in, 3bs,

Dates 7 5.0

Programmed time: Start T - 700 Actual time : Start C3(7
Finish T - 6LO Finish 134y
_____Modules: UL, IR - ~ Time Initials
1 kL SEPY
LK
2 JEIN ' 0324
LR
3wk C326
LR
L wLi 032G
LR
C «rL C337
LR
LK
Sp2 WL L 0239
LK
SpC L 034Y¥ 5
B N2
LK

Prisow Joapive = ﬁ\ﬁ\%nWN

LA CC&Y)”C/\A‘;“LV-
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Biosatellite Flight B
CHECKLIST: FLIGHT
Placing Modules into Brackets

Torqus : 32 *+ 2§ in. lbs.

Dates 7/ . T Gy 0o 2
Programmed time: Start T - 6LO Actual time : Start
Finish T = 625 Finish
Package Time Initials
. 0402 |
1 . _ :
O405 f
|
2 : oY FolS] :
.
3 %o %
|
b L cuo
c - O%ry
o
Spl P 0417
O 20
Sp2 ' O :
|
0422 S
SpC IR
i
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CHECKLISTs FLIGHT

Attachment of Radiation Shields
Torque : 2L *+ 2% in, 1bs,

Biosatellite Flight B

Date:
Programmed time: Start T = 625 Actual time: Start ~'{
Finish T - 610 Finish <, ™
Package Time Initials
1 SR
2
3
L
c AEHHEHE 3HEHPEHE
Spl
Sp2 P
-~ 7 1/ e ‘:\ﬁ -
N R LREEN
SpC HEHHHE IHHHHEE
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CHECKLIST: CONTROL III

o’

Inading Habrobracon into Modules

O
Torque: 24 + 2 in. -iks.

Biosatellite Flight B

Date: = .., o ;
Programmed time: Start T - 700 Actual time: Start O |
Finish T - 640 Finish
Modules: UL, LR Time Initials
-
|
}
|
1 :
!
|
2
. [ )
' ;
3 0357 RS
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Biosatellite Flight B

CHECKLIST: CONTROL ITT
Loading Habrobracon into Modules
o5
Torque 3 24 * 2% in. Iss.

Dates 7 ;vrI (,/

Programmed time: Start T - 700 Aotual time: Start < @)
Finish T - 6L0 Finish 0757
Modulest UR, LL Time Initials
1l
2
3 >
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Biosatellite Flight B
CHECKLIST: CONTROL ITI
Placing Modules into Brackets
Torque ¢ 32 + 2% in. ibs.

Datet , .. /.

Programmed time: Start T = 6LO Actual time: Start .
Finish T - 625 Finish . = -

Package Time Initials

1

2

3 :\ w . ¢ 5
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Biosatellite Flight B

CHECKLIST: CONTROL I~ Q
Loading Habrobracon into lModules

Torque t 2L + 2% in. Tes,

Dates /-
Programmed time: Start T - 700 Actual time : Start 0229
FinishcT = 640 Finish <232 7
Modules: UR, LL Time Initials
— — _
yrc
o o 2 L\/
1 Lk >
LL
0o R ~2 ¥ ICT &
Lol
| -
3 R L 0232y KT
Iy x
Lo c226 KT
LL
¢ (LK © 237 N g
A
§.
E
!
E
E I

M-E« Eﬂlr’(f(

Prrsow hoapiwct /
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Biosatellite Flight B

CHECKLIST: CONTROL I 6
Loading Habrobracon into Modules

Torque : 2L + 2% in. J%s.

Date: 7 l/,./‘;/.-‘ o T

Programmed time: Start T - 700 Actual time: Start ©3T7 0320
Finish T = 6L0 Finish o0z 2 ¢/
Modules: UL, LR . Time Initials
o 3 il
1 UL oz 24 K Tc
A i
2 Lk 0329 . KTc

LR } |

3 L

LR

W L . \CTC

c Lo L ‘
0322 6 (T C

LR

Prpsov Loapimas J A 7170« chicr Fepr
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Biosatellite Flight B

CHECKLIST: CONTROL I
Placing liodules into Brackets

Torque : 32 + 2§ in., 3ba.

Date: 7 .8 7

Programmed time: Start T = 640 Actual time : Start ¢3¥ 5O
Finisl. T = 625 Finish o ¢ ¢ &
Package Time Initials
, | — 1
C 2 C ‘ VO
1 O _ < ;
;‘ |
; |
I §
' i
i
2 02 & 2 KT f
3 04O <7 C
L o4dcd ICTC g
i
|
c 6 4ot )T
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Biosatellite Flight B

CHECKLIST: CONTROL I

Attachment of Radiation Shields
o,
Torque : 2L + 2% in. 3bv.

Date: . _ .7 .-

/

Programmed time: Start T = 625 Actual time: Start 23 & 2
Finish T = 610 Finish o ¢ &

Package Tine Initials
! T T t
LT <
1 R k
1
;

R A S A

:
E i
3 ;O Y4 9073 Ll <
? i
[
: i 5
| :
| : oy :
L oYt AANS i
. : :
f |
] i ]
| b j
! ; .
3 3
| |
c f e ; HaaEat !
| é
; i
!
! .
i ‘
i i
¥
é
! «
,; :
!
‘L
| i
+ }
— i {
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Biosatellite Flight B
CHECKLIST: CONTROL IT <
Loading Habrobracon into Modules
Torque : 2L * 2% in. iﬂlia.

Date: ...+ : ,
Programmed time: Start T = 700 Actual time: Start < 2¢O
Finish T = 6L Finish _ 2 ¢ 7
Modules: UR, LL Time Initials
l
|
|
5 | frt—
'; G W N—
1 LR | :
L L | !
'i
|
2 WK ; ;
[ L
|
N
Lol :
|

pE;?Scu) ZOADMIQE M @, @f’u ,(



40
Biosatellite Flight B

CHECKLIST: CONTROL II Oﬂ

Loading Habrobracon into Modules
gl

Torque : 24 + 2% in, Ybs

Date: ..
Programmed time: Start T = 700 Actual time: Start ¢ © ¢
Finish T - 6L0 Finish 2 = . /
Modules: UL, IR Time Initials
_ — |
z o
| - —
1wk | ;
| :
! ;
LR
% :
'}
2 (€ L |
LK
!
!
3 (AL [ i
A

pEﬂSC/U ZO/%OIA/G:Z ] ,‘/‘ l(), ur/a' TR -
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Biosatellite Flight B

CHECKLIST: CONTROL II
Placing Modules into Brackets
Dl

Torque : 32 + 2% in. 3ks.

Date: -/ ... 7.

: (/ 5
Programmed time: Start T - 6LO Actual time: Start © 7 7 7
Finish T = 625 Finish O 4/ 2
Package Time Initials
:T | ¥
| *
| | 1
| -
1 2 & ! c o JCT <
~‘ |
; : :
H { ;
2 o 0 AL ‘ -
A LT a
|
ff :
3 S 13 LT
| ;
i
' |
; ;
‘
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VI. GODDARD SPACE FLIGHT CENTER OPERATIONS FOR BIOSATELLITE 11

Robert L. Amy

On 6 September, approximately 24 hr before the scheduled launch of Biosatellite
B, direct-line telephone communications were established between POCC (Project
Operations Control Center) at GSFC, the laboratory control center at Cape Kennedy,
and the recovery laboratory at Hickam Field. These links were exercised on a
regular basis throughout the remainder of the mission. From 0815 hr on 7 September
(launch occurred at 1804 EDT) until the termination of the operation on 9 September,
at least two of the three biologists involved (R. Hoffman, E. Keller, and myself) were
on duty manning the assigned control center consoles.

Our main duties involved the acquisition, evaluation, and reporting of orbital
telemetry data from the spacecraft. Data on each orbit were received by one of the
STADAN stations, then relayed to the POCC and made available to us as computer
print-outs (see Figs. 11 and 12, copies of actual print-outs for orbit 13). We recorded
immediatelyon the Check List ("Value" column, Fig. 13) certain data from the print-
out (Fig. 11, A1-A115) adjudged most relevant to the biological aspects of the flight;
thermister temperature readings (Fig. 12) were recorded on the Orbital Temperature
form in the "Flight" column of Fig. 14 and individual plots were made for each
thermister. (Fig. 15 is an example of such a plot.) Flight-capsule average temper-
atures (lower left hand corner of Fig. 14) were obtained by averaging selected thermister
readings from the forward (FWD) and aft recovery-capsulie sections. If any of the
parameters fell outside the specified ranges, their interpretation was discussed with
appropriate sub-system specialists or control room personnel. The data were trans-
mitted then by voice to laboratory control at Cape Kennedy and to the Hickam Field
laboratory. At the same time, temperatures for all control groups being maintained

at Cape Kennedy were received and recorded in the proper columns on the Orbital



Temperature form (Fig. 14). Relative humidity values for controls 1 and 2 were
received and recorded under the proper columns at this time also (see Fig. 14).

We were concerned also with checking the telemetry data to ascertain whether
or not certain commands, of special significance to the biological experiments, had
been received and executed by the spacecraft control systems (Fig. 12, right-hand
column). According to information received at POCC, the radiation source appar-
ently opened on schedule (T +59 min) during the first orbit and closed at 1257 EDT
on 9 September (Fig. 12, A150 is the print-out position at which such information was
listed), the tape recorder (A148) and camera (A155) functioned satisfactorily, and
all fixing and feeding operations (A200-A213) occurred according to plan.

Recovery operations were monitored from re-entry vehicle-adapter separation
at 1440 EDT until the last of the quick-look reports from the experimenters had been

received from Hickam recovery laboratory, at approximately 2100 EDT.
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Spacecraft telemetry date print-out. (Biosstellite B, o

BIFSATELLITE 3 REAL TIME  VERICE 3014 SYS 670301
FRAME. 098 GMT' 251 17 29 OR3IT N3¢ 13F! STATION FTs MYERS
ATTITUDS: CONTRIL' SUBSYSTEM LIFE SUPPORT SU3SYSTEM ELECTRICAL PSWER SUBSYSTZM
A1 R RATE PRIMARY 34 =107 DES A50 REC CAP TZnP 26 &4.5 DEF.E +28 VOC REG AD. 35 2798 VDC
a2 P RATE  PRIMARY 33 129 Des AS51 RECTCAF RELCIHUM 7387 '8347 PCTTT =257YDCREG ADI 39 =28.0 VOC
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' A3 REC CAPTPART 02719 1hés MIA =107VOCTREGTAD T 24 =5498 VOC
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C PITCH IR SENS 37 <h,21 D& B6TVACTREGTADT T 4§97 24,0 VAC
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T i ) i NR TANK TEMP — 28  S4ek DEF T
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YA% SIG SWITCH™ '~ 0 A115 +5 VDG REG CAP. 59 4,88 vdC:®
E\vxa Ne CONTREL SU3SYSTEY {15 VAT REG CAP™ 337 11De VACTLE
TEMP' R IR SENS 28 5647 DEF 4425VDC. REG CAP 34 4,21 voC
TEME, P IR SENS 25 48 ¢3 DEF B8R 3ATT TEMPT — 337 82,3 DEF w243VDC REG CAF 3% =2,88 VDG
S o T e me B8R, HEAT TEMP 1 25 44.0 DEF CrtTo o TmoTt o m e Ty
PRI=SEC GYRY 30 P R HEAT TEMP 27 22“‘—9. “DEF
JET €BN Pwr'eNy T 1 83 HEAT TEMP 8 27  4be2 DEF DEBRBIT SUBSYSTEM
T MAGNET 3899 oK T 83 4¢KT TEAPTET 257 ehe7 DEF
o ) o 8 W S P MINITAR +00Q0000 SEC
P8S. R, SS8LNBID 0 ADAPTER TEMP 1. 32 6945 DEF T 00000000000000060
NEG R S8LNBID 0 ADAPTER TEZAP 2 23 45,3 DEF. MAGNET PREGRAM $0000000
P38 P S8LNIID ) ADABYERTTERPTIT 257 5249 DEF
NEG P SBARNSID o ADAPTER TEMP. 4 43 98,3 DEF SEPARATE. SENSBR 47 1
P98 ¥ SBLNETD Q ACC=REJ COM¥MAND 01 O
NEG YT SACLNBID 0 280 CAP 21 TEMP. 29 4743 DE § W S'P ERRGR™” 2
A90 CAR Z27 TERP 3T 79,0 DE F VERTARM CIMMAND o]
N2 REG PRESS: 35 38,2 P33 AFT T8V TEMP RV 31 60+3 DEF ) oo
T PROGRAM TIMER 19 25
COARSE MAG. A 00 =400+ MLG S TIMER CH™1 27
CHARSE: WAG B OU =800y ALE RECGVERY SUBSYSTEM TIPERTCH 2 43
e T o T o T mr e TIMER CH 3 32
BAR9SA  MINITHR™ 38 1§ TIRER CH ¥ 18
RECEVER BATTI 00 4000 y0C Tt o
RECIVERTHATT2 00~ 0007 vAC
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Spacecraft Telemetr

Data Print-out (Biosatellite B, orbit 13




Fipure 2. Spacecraft telemetry data print-out.(Biosatellite B, orbit&})

| VEMICLE: 304

— STATION FTs MYERS.

EXZERIMENT EVENTS

A200 P 1020 55

0 sW/cL

AB01. P 1035 34 142 SU/CL.

A2Qz2 7 103% 5%
A_203._P_I035_:>a
A2Ok P 1035 59
K203, P 1035 59
A206 P 1035 37
___ ABO7. P 1035 3%
T A208 P 1o3s 3

0 SwW/CcL:
g sa/sce
1: S‘td/CL'
1.84dz¢c0

1,2 SA/z00

I VY- SA/CL
192 sdzclr

K209 P 1038 38, 1,2 83700,

A210" P {0357 50

R SN/CL.I

A211 1035/47 55

Q: Sw/CLI

AZ127 P 1047 03 142,30 Su/CL:

A213 P 1047, 59

1 SAsCL

3TSSATELLITE 8_ REAL. TIME }
FRAME: 0393 GMT_ 251 17 23 5% OR3IT NBe 13F
EXPERIMENT TEVMRERATURES EXPERIMENT TEMPERATURES:
THA151 P 1017 31 6840 DEF THA171 P, 1047, 29 6641 DEF
THAL132 P I0i7 31 3840 0=F TSAL72T P ID477 297 88,41 DEF
THAISE3 P foi7 31 £A8.0 DEF THALI73 P 1047 29 56.1 DEF
THALSE P T0T7T 3T 3840 DEF THAL7G  PTL0477 29 " 66e1 DEF.
THALS5& P 1020, 20 670 DEF: THAL79 PU10797 30 671 DEF:
THAL57 P Ip2a0 21 5747 DEF: THATSED P 1079 32 &R49 DEF.
THA1538 = 020 207 8740 veR THALRL P 10797 317 4840 DEF
THALIS9. P. Ipo20 20 &7.0 DEF; THALTZE2 ® 1079 31 6340 DEF
' o THAL83 “?“1079 . 30 6741 DEF. T
THALSQ P 1033 30 671 DEF;
THATBT P 1035 30 8741 DEF THAL8Y P 11237 28 6542 DEF.
THAL62 P 1035: 30 6731 D=f THALBS # Ti23 31 ¢ 840 DEF
THAL83 B 10357 30 871 DEF T s ‘
THAL186. P 1135 28 6%42 DEF:
THAL1SH P 1037, 28 6242 DEF: THATETT P LI357 39 8741 DEF,
THAL55 P 1037 38 B7:1 DtF; THA1°’ P 1138 30 7.1 DEF
THALEE P 10377 30 6741 DeF. THA109 FT11357 30 57 1 pEF
THAL47 P 1037: 31 6§_Q_Q=F B oo -
THAL68 P 10377 31 8840 DEF: THALT90  P. 1159 28 654 DEF
) THALS1 P 1i59. 30 8741 DEF.
THAL69 P 1039 &7 Shed. DEF. =k e s PR
THAL70 P 1039 &7 34,2 DEF, THA192. P 1160 28 8344 DEF
‘ THALII3 P 11807 30 6741 DEF

Al4sg TAPE, OFFi

AL50 SBURCE™  BFEN
AISS  CAMERA,  CLsE

Fig. 12, SEacecraFt Telemetrx Data Print-out (Biosatellite B, orbit 13)
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CHECK LIST oRETT # /3
staTION /7. /7v£,08
oM 2s’/ /72 27 /9
BRE lol. Prob=
o ination 3~m Limlits Velue Status Comment
SR .20°%/sec - A3%
_; g .20%/5ec .0%3
| o ! .20°%/gec -, l00
, ; - 75%0 65°F L.y
! _’" e L0 o 7O RH SE.2
_ sl Prons }13:2 %o 16.2 14.<
) :: 1“3?9 to 169 mm YA
DR e A g o J1L
e B B 34 ¥l
; Foak P 2290
o epsule T (1) (75 to 659 F 493
e T (2) |75 to 650 F 79.0
Ry ett, Voltege 28 2¢6.4
S miy Batt, Amnerage .29
NI P 4,85
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NASA ~ AMES RESEARCH CENTER
BIOSATELLITE ORBITAL TEMPERATURES
oRRiTS __[3F FLIGHT + 4 HRS
TMERL! /1 25 /9 /9 27 TINE 2/ 29
NO. | CONTROL | N0.2 CONTROL NO.3 CONTROL | NO.3 CONTROL
CHPCRINENT  |DOSE ANO.|  FLIGHT FLIGHT CONSTANT VARUBLE | VARIABLE TEMP
SIMULATION | TENPERATURE TEMPERATURE | CLINOSTAT

NONE 151 VA% 72 - ¢1 &8
i P07 E 152 .y 7/ - Ve 4
I pEoRER AGE ¥ 71 £y
‘ i 1% A
i 47 70 7! L7 ¢
; P - 1020 Ktz 187 P 49
¢ WHEAT HOGE 198 L7 70
: NOLE 159 o7 20 v
i R A 70 0 {7
[ P-il35 F%E 1681 ] 47 20
¢ AkGESA  [NONE 1621 9 70
¢ WS 163 ] /o 70 4
RINE 164 o5 72 1 Lt
L a3t 500 1651 &7 ¢4 ) A
% azesonmA 2500 166 27 A7
S LI A 2
i 6500 168 ] LG 4
- iNE 85 06 <5
g ol g4 X¢ ‘ '
i N T L - 2 YAl
{24 [WE 2] 46 70 1
fomciee  [MNE IT3] c¢ 20 47
i WAE 114 ] /2 / 20
1 KNE 173 79 2> 721 {
i P-ir73 2000 180 z? ‘9 ¢1_
| iy L) 1811 49 4
g T ) 82] 4@ (9
L 500 2 7 49 v
: NOWE 1841 7 &~ 70 (s
' 330 1851 &5 ¢9
! HONE 1881 ¢4 — LS
i 560 1871 47 6
i 250 188 47 9
i 1600 1891 47 (9
; NOHE 1901 o7 70 11 A4
B TLAT2200 191 47 49 v
N ¥ IWNE 192) g8~ 70 71 Lé
LA B PRIAT00 193] £ ¢ b | ¢

en s e,
SLICHT CAPSULE AVERAGE TEMP.

§ Ful é g
aFT ¢7
1S
i

ARG 538 (REV JUN ET)

Previous editiens of this form are chesiete

Fig. 14
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BIOSATELLITE EXPERIMENT TEMPERATURES

FXPERIMENT /-/n dos2acos Q=180 EXPERIMENT NO. P- /0 79
Q0 pr T %0
8 ANEENANN NSRS REE 8
&0 80
75 115
P
= 10 A )
55 65
6 &0
55 55
50 ~ 15
24 - b o u % # 0 4 o«
, HOURSY
NEENEEE R B NENNEEN!
6 1215 18 224 030 36 40
LAUNCH ORBIT NUMBER REENTRY
(NOMINAL)
ARC 837 (NOV 88)
Fig. 15
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VI, SURVIVAL OF HABROBRACON MALES AND FEMALES IN THE
BIOSATELLITE II EXPERIMENT

Roger H. Smith M. B. Baird Martha S. Jones
A. M. Clark Mary Lou Pardue Judy A. Winchester
T. J. Mizianty Katherine T. Cain Ruth Ann Carpenter
L. R. Valcovic Joan W. Reel A. C. Hoffman

The data in this report comprise the number and survival frequency of the Habro-

bracon in every module in the spacecraft and the ground-based control set-ups.

Results and Discussion
PN NSNS NN NSNS NSNS NN NN

All of the Habrobracon males and females survived, whether they had been in
the spacecraft or were from the series of ground-based controls. The complete data
are listed in Tables 6-9. The flight-spare packages were kept as extra packages in
the control 1II series after the launch.

This is the first experiment in which 100% survival frequency has been obtained
where the Habrobracon were held in the modules for a prolonged period of time.
Survival was high for three reasons: (1) the experiment was two~thirds as long as
previous tests; (2) the males and females had only recently emerged before the
launch; and (3) the Habrobracon had been vigorously selected to obtain the largest

possible Habrobracon specimens for the experiment.
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Table 6. Survival of males in the flight packages
Pack Package Package Nominai Module No. of No. of Survival
ackages Position  Number Dose Position Wasps Survivors vrviva
R®)
Flight A822 (G3-5) 4000 UR 20 20 1.00
LL 20 20 1.00
A820 (G1-1) 2000 UR 20 20 1.00
LL 20 20 1.00
A82] (G1-3) 1000 UR 20 20 1.00
LL 20 20 1.00
A823 (G1-2) 500 UR 20 20 1.00
LL 20 20 1.00
A810 (G4-17) 0 UR Inner 20 20 1.00
0 Middle 20 20 1.00
0 Outer 20 20 1.00
pre~2000  LL Inner 20 20 1.00
0 Middle 20 20 1,00
0 Outer 20 20 1.00
Flight spare (G3-12) 0 UR 20 20 1.00
0 LL 20 20 1.00
(G1-8) 0 UR 20 20 1.00
0 LL 19 19 1.00
(G4-19) 0 UR Inner 20 20 1.00
0 Middle 19 19 1.00
0 Outer 20 20 1.00
pre=2000  LL Inner 2] 21 1.00
0 Middle 20 20 1.00
0 Quter 20 20 1.00
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Table 7. Survival of males in the control packages

Package Nominal Module No. of No. of

Packages Number Exposure Position Wasps Survivors Survival
R®)
Control 1 1 4000 UL 20 20 1.00
LR 20 20 1.00
2 2000 UL 20 20 1.00
LR 20 20 1.00
3 1000 UL 20 20 1.00
LR 20 20 1.00
4 500 UL 20 20 1.00
LR 19 19 1.00
5 pre-2000 UL Inner 20 20 1.00
0 Middle 20 20 1.00
0 Outer 20 20 1.00
0 LR Inner 20 20 1.00
0 Middle 20 20 1.00
0 Outer 20 20 1.00
Control 11 35 pre-2000 UL 20 20 1.00
0 LR 19 19 1.00
40 0 UL 20 20 1.00
0 LR 20 20 1.00
43 0 UL 20 20 1.00
0 LR 20 20 1.00
Control 111 42 pre-2000 UL 19 19 1.00
0 LR 20 20 1.00
41 0 UL 19 19 1.00
0 LR 20 20 1.00
36 0 UL 20 20 1.00
0 LR 20 20 1.00
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Table 8. Survival of females in the flight packages
Pack Package Package Nominal Module No. of No. of Survival
ackages Position  Number Dose Position Wasps Survivors vrvive
®)
Flight AB22 (G3-5) 4000 UL 19 19 1.00
LR 20 20 1.00
AB20 (G1-1) 2000 UL 20 20 1.00
LR 20 20 1.00
AB21 (G1-3) 1000 UL 20 20 1.00
LR 20 20 1.00
A823 (G1-2) 500 UL 20 20 1.00
LR 19 19 1.00
A810 (G4-17)  pre=2000 UL Inner 20 20 1.00
0 Middle 20 20 1.00
0 Quter 20 20 1.00
0 LR Inner 20 20 1.00
0 Middle 20 20 1.00
0 Outer 20 20 1.00
Flight spare (G3-12) 0 UL 20 20 1.00
0 LR 19 19 1.00
(G1-8) 0 UL 20 20 1.00
0 LR 20 20 1.00
(G4-19)  pre-2000 UL Inner 20 20 1.00
0 Middle 20 20 1.00
0 Outer 20 20 1.00
0 LR Inner 20 20 1.00
0 Middle 2] 21 1.00
0 Outer 20 20 1.00
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Table 9. Survival of females in the control packages

Package Nominal Module No. of No. of

Packages Number Exposure Position Wasps Survivors Survival
R)
Conftrol 1 1 4000 UR 20 20 1.00
LL 20 20 1.00
2 2000 UR 20 20 1.00
LL 20 20 1.00
3 1000 UR 20 20 1.00
LL 19 19 1.00
4 500 UR 20 20 1.00
LL 20 20 1.00
5 0 UR Inner 20 20 1.00
0 Middle 20 20 1.00
0 Outer 20 20 1.00
pre~-2000 LL Inner 20 20 1.00
0 Middle 20 20 1.00
0 OQuter 20 20 1.00
Control 11 35 0 UR 20 20 1.00
pre-2000 LL 20 20 1.00
40 0 UR 20 20 1.00
0 LL 20 20 1.00
43 0 UR 20 20 1.00
0 LL 20 20 1.00
Control 111 42 0 UR 19 19 1.00
pre-2000 LL 20 20 1.00
41 0 UR 20 20 1.00
0 LL 20 20 1.00
36 0 UR 20 20 1.00
0 LL 20 20 1.00
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VIII. POST-FLIGHT MATING BEHAVIOR OF MALES IN THE
BIOSATELLITE II EXPERIMENT

L. R. Valcovic A. M. Clark

Mary Lou Pardue M. B. Baird
Martha S. Jones Ruth Ann Carpenter
R. C. von Borstel Roger H. Smith

A major time-consuming activity associated with any mutation-induction
experiment on Habrobracon sperm is the observed individual matings of the treated
Habrobracon males. This is essential because the females (who do not need to mate
in order to produce viable haploid offspring) are occasionally unwilling to mate.

In order to assess the damage to sperm, mating, with the subsequent production of

fertilized eggs, is mandatory.

Results

A marked difference was observed in the mating behavior of males that had
been in the spacecraft and the mating behavior of males that had been in the ground-
based control set-up and the control incubators. In both cases the females were
willing to mate. The observed matings of males from the ground-based control set-up
and the control incubators were rapidly achieved in about 3 hr by three investigators.
This constituted 243 observed individual matings, that is, one observed mating for
every male,

On the other hand, with the 254 spacecraft males that needed mating, the
process took over 13 hr with certainty established for fewer than one-third of the
matings. Again observations on the individual matings were carried out by three
investigators.

The males that had been on the spacecraft tried to mate, but they seemed dis-
oriented and unable to find or make contact with the females. The females at no
time were reluctant, although females often become reluctant after prolonged mating

attempts by males.
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This disorientation persisted during the entire time that the observed matings were
being made prior to transporting the mating pairs to Oak Ridge for the genetic studies.
During the transportation, which took place between 0500 and 1800 EDT, September
11, the males must have recovered, because the genetic studies demonstrated that
80. 3% matings took place with the males that were in the spacecraft (Table 10).  This
compared favorably to 93.0% matings that took place with the males that were in the

ground-based control set-up and control incubators.

Discussion
e a e avaa e Ve o g

A disorientation of normal males which interferes with normal mating behavior has
never before been observed.  Mutants have been found, however, that are "lethal"
because the males are disoriented during mating.

It is tempting to associate the disorientation of the males with spaceflight factors,
but no ground-based control experiment was carried out at the laboratory at Hickam
Field to verify this. The reason that experiments on mating behavior were not con-
ducted is that the result was entirely unexpected, thus no normal males were available
at the Hickam Field Laboratory. Only virgin females had been brought from Cape

Kennedy.

Summorx

There is reason to believe that a spaceflight factor is associated with disorientation

of mating behavior of Habrobracon males.



Table 10. Frequencies of matings accomplished by males carried on the Biosatellite Il spacecraft

and by those remaining in the ground-based control set-up

Nominal Exposures

(R)

Layers of Control Modules

(no exposure)

Position
4000 2000 1000 500 Inner Middle Outer
Spacecraft UL 12/18" 15/17 16/18 16/18 15/18 16/18 11/19
(pre=2000)
Spacecraft LR 13/18 17/19 17/18 16/18 14/19 17/19 917
Totals: 25/36 32/38 33/36 32/36
Grand Total: 204/254 — 80.31%
Ground Control T UL 18/20 14/20 17/18 18/20 16/17 —_— 14/15
Ground Control I LR 16/16 16/18 19/20 18/18 —_— — 17/17
Totals: 34/36 30/38 36/38 36/38
Grand Total: 226/243 — 93.00%
Ground Control IIT UL 18/19 16/16
(pre=-2000)

Ground Control III LR

Pretest (9/9)

*All fractions designate mated females/total females.

96
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Dominant lethal analysis of Habrobracon irradiated prior to

package assembly

Scope: This instruction covers a pre-flight control for the
Biosatellite experiment. In this test, Habrobracon females and
males which are irradiated at the same time as the pre-irradiated

group are analyzed immediately

Instruction 4.2. is followed in its essentials except that 24 males

and 24 females are analyzed instead of 960 of each
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Deployment of personnel

Scope: This instruction describes the most economical and efficient
placement of the Habrobracon investigators in their working capacities
at Cape Kennedy, Goddard Space Flight Center, Hickam Field,
Raleigh, and Oak Ridge. The assignments of specific individuals

are listed in instruction 5.1.6. (Appendix)
Cape Kennedy

The work at Cape Kennedy prior to flight requires the efforts of five
investigators to properly prepare the Habrobracon which are to be used

in the ground-based controls and the flight

As the flight approaches, more individuals are required for the pre-

flight operations

On T-3, four more individuals are brought to Cape Kennedy for the

final pre-flight operations and the assembly

On T+l days, two of the individuals at Cape Kennedy go to Hickam

Field to participate in the post=flight operations there
The seven people left at Cape Kennedy share the in-flight duties

The post-flight operations at Cape Kennedy occupy the seven people
for varying lengths of time, until the experiment is moved to Raleigh

and to Oak Ridge

Two persons must necessarily go to Cape Kennedy on T+15 to T+20
to make final adult survival analyses on the portion of the experiment

left there
Hickam Field

Two individuals go to Hickam Field at T=12 and T-10 to carry out

pre-flight operations and prepare the laboratory
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One person goes from Raleigh to Hickam Field on T+] and another goes

from Oak Ridge on T+l

One half of the experiment remains at Hickam Field for 5 days with
three individuals in attendance, and the other half of the experiment

is returned to Oak Ridge
Goddard Space Flight Center

One investigator from the Habrobracon group carries out the operations
at Goddard Space Flight Center and is on instant call for decisions

regarding the disposition of the Biosatellite should an emergency arise

This person arrives at Goddard Space Flight Center on T-2, carries

out in-flight operations, and departs on T+6
Oak Ridge

One person remains at Oak Ridge and carries out the necessary

operations for post-flight activities

It is important that this person be thoroughly versed in all operations
involving Habrobracon and that a state of complete readiness be

achieved for glassware, laboratory apparatus, and host Ephestia larvae









Habrobracon P~1079

Location of personnel for pre-flight, in-flight, and post-flight operations

O — Oak Ridge
R — Raleigh
C — Cape Kennedy
H — Hickam Field
G — Goddard
August September t 4
S S M T w T F S S M T w T F S S M T w T F S S M T w
26 27 28 29 30 3 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
T- Launch T+ Recovery
12 11 10 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 10 1 12 13
Amy, R. L. G G G G G G G Home
Baird, M. B. C C C C C C C C C C C C C C @] O O O O Home
Carpenter, R. A. C C C C C C C C C C C C C C C C R R R R R R R R
Clark, A. M. C C C C C C C Home
Cain, K. T. C C C C C C C C C O O O O O O o O
Grosch, D. S. H H H H R R R R R R R R
Hoffman, A. C. C C C C C C C C C C C C C C C C C R R R R R R R R R
Jones, M. S. o O O O o O O O O O @] H H H H o} O O o O O O O O O
Lane, M. J. O o O O O O O O O O o O O O O O O O O O O O O o O O
Mizianty, T. J. C C C C C C C O O O O O  Home
Pardue, M. L. C C C C H H H (o] (o] O (o] O Home
Reel, J. W. O H H H H H H H H H H H H H H H H H O O O O O O O O
Smith, R. H. C C C  Genetics Soc. Meeting O C C C C C C C C O O O O O O O o O O
Valcovic, L. R. R R R R R R R R R R H H H H H H H O O O O O R R R R
von Borstel, R. C. H H O (0] O (0] (e} O O Chromosome Conference
Winchester, J. A. C C C C C C C C C C C C C H H H H H O O O O O O O O

€L
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Assembly teams

Scope: This instruction lists the assignments and names of the investi-
gators during the loading and assembly of the Habrobracon packages

for the Biosatellite experiment and its ground-based controls
Phase I — Loading of Habrobracon
Team A: Ground Controls I and II
K. T. Cain (check)
T. J. Mizianty (torque caps)
J. A. Winchester (load d &)
M. B. Baird (load ¢ ¢)
Team B: Flight and Ground Control 111
R. H. Smith (check)
A. M. Clark (torque caps)
R. A. Carpenter (load d o)
M. L. Pardue (load ¢ )
Phase II — Assembly of Package
Team A: Ground Controls I and II
K. T. Cain (check and make dosimetry map)
T. J. Mizianty (attach radiation shields)
J. A. Winchester (torque modules into brackets)

M. B. Baird (put modules into brackets)



5.2.3.2.0

5.2.3.2.1

5.2.3.2.2

5.2.3.2.3

5.2.3.2. 4

5.2.4.0
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Team B: Flight and Ground Control 111

Recorder:

R. H. Smith (check and make dosimetry map)
A. M. Clark (attach radiation shields)

R. A. Carpenter (torque modules into brackets)
M. L. Pardue (put modules into brackets)

A. C. Hoffman
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Deployment for shift duties during the flight

Scope: This instruction lists the names of personnel who will be

on shift duty at Cape Kennedy during in-flight operations
0800-1615

A. M. Clark

K. T. Cain

R. A. Carpenter
1600-0015

R. H. Smith

M. B. Baird
0000-0415

A. C. Hoffman
0400-0815

T. J. Mizianty












.4.3.1.

.4.3.1.
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Disassembly teams

Scope: This instruction lists the names of personnel involved in

disassembly operations and gives their assigned duties
Hickam Field
Disassembly of Habrobracon packages
J. W. Reel
M. L. Pardue
Setting Habrobracon females from flight
J. A. Winchester

J. W. Reel (as soon as she has completed disassembly

operations)

Mating of males from flight with virgin females
L. R. Valcovic
M. S. Jones

M. L. Pardue (as soon as she has completed disassembly

operations)
Unloading of radiation exposure detectors
M. L. Pardue
J. W. Reel
Cape Kennedy
Disassembly of Habrobracon packages
R. H. Smith

K. T. Cain
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Setting Habrobracon females from the ground=-based control

set-up
M. B. Baird

R. H. Smith (as soon as he has completed disassembly

operations)

Mating of males from the ground-based control set-up with

virgin females
A. M. Clark
R. A. Carpenter
T. J. Mizianty
A. C. Hoffman

K. T. Cain (as soon as she has completed disassembly

operations)

M. B. Baird (as soon as he has completed the setting

of Habrobracon females)

R. H. Smith (as soon as he has completed the setting

of Habrobracon females)
Unloading of radiation exposure detectors
K. T. Cain

M. B. Baird



Habrobracon P-1079

Schedule at Cape Kennedy from T-23 hr to the time of recovery

Date September 6 l September 7 I September 8 September 9 ’ September 10
>z > >
,-J§ —_c g <§
839 " 3
3 3
83 % 5 3.1 3.1 A g
26232633 2744274148533 3.2 3.2 2 41 &4
. _ 0.2, — 2,09, JA4442./.4, o . 4 4. wn 4.
Operations = FTI 2.7.1.0 ~2.7.43 200 2827 3.3 3 g 42 T42
= . w
(;— 3;4 3-5 S E
g
| | ’
4
Time | 8 12 16 20 0 4 8 12 16 20 ? 4 8 12 16 20 (|) 4 8 12 16 20 (l) 4 8 12 16 20
]
Personnel:
Smith, R. H. - _— —_ _ —_— —_
Baird, M. B. —_— — _— —_— . _—> oo
~N
Carpenter, R. A, -_— I - - -
Clark, A. M. —_— —_— e —— AR >
Cain, K. T. _— — —_— — e —
Hoffman, A. C. —_ I Mateieiteteteieteteteiin il _—
Mizianty, T. J. _— —_— >
Pardue, M. L. —_— —_— — to Hickam Field
Winchester, J. A. —_— —_— —_— to Hickam Field

Programmed schedule

~~~r~~m~v Schedule followed becouse of the early call-down of Biosatellite 11
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