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ABSTRACT 

This report presents the results of the instrumentation development tests conducted 
to determine the techniques, instrumentation, and physical layout needed for performing a 
full-scale destruct test of a mockup ROVER/NERVA space propulsion engine. 
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SUMMARY 

In partial fulfillment of its responsibility to the AEC for the safety analyses of nuclear power supplies 

to be used in space,  Sandia Corporation performed a series of development tests in preparation for a full- 

scale destruet test of the ROVER/NERVA space propulsion engine,    The data from the full-scale test are 

necessary before the safety analysis of the nuclear space engine can be completed. 

The development tests furnished the following information: 

1. The debris pattern from a four-explosive charge,  scale model is a four-jet pattern with 

the jets originating at 45 degrees between the explosive charges. 

2. The debris size and distribution is repeatable and the size ranges from 0. 5 micron to 

4760 microns. 

3. The velocity of the  debris   particles was from about 350 to 450 feet per second. 

4. Scale models simulating the real item must be used to be assured of proper debris 

distribution pattern. 

5. Rotating polystyrene foam particle catchers and velocity measuring devices are satis- 

factory and will produce the desired data. 

6. Air sampling is necessary to obtain information on the particle sizes below 20 microns. 

7. The 2-pound per cubic foot foam was superior for particle collection. 

8. The pressure to be expected is about 50 percent of that pressure created by an uncased 

charge of the same weight. 

The development tests were very successful in providing the techniques,   instrumentation,  and physical 

layout information needed for performing a full-scale destruet test on a mockup ROVER/NERVA space pro- 

pulsion engine. 
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ROVER POSTOPERATIONAL DESTRUCT INSTRUMENTATION DEVELOPMENT 

Introduction 

Sandia Corporation is responsible to the AEC for the safety analyses of nuclear power supplies used 

and being proposed for use in space and has the authority to perform any tests needed to substantiate the 

analyses or to provide data to be used in the safety assessment. 

At the request of the joint AEC/NASA Space Nuclear Propulsion Office, Sandia Corporation is assisting 

Aberdeen Proving Grounds to obtain source data for computer analyses of radioactive material fallout result- 

ing from the chemical explosive destruction in space of a ROVER/NERVA nuclear propulsion engine.    The 

analysis of the data obtained from these tests will provide the information needed for the design of the instru- 

mentation for a full-scale destruct test of a mockup ROVER/NERVA space propulsion engine.    The source 

data required for the analyses includes the debris space distribution,   debris size and mass,   and debris 

velocity as a function of size. 

A total of 24 tests were conducted to obtain these source data which were used for computer analyses 

and for the development of instrumentation for collecting the data.    These tests were divided into groups, 

each group having a specific purpose. 

Group 1.    Tests 1 through 6. 

Evaluation of polystyrene foam as a particle collector. 

Group 2.    Tests 7 through 12.    Sled Tests 1 through 6. 

Evaluation of velocity measuring techniques. 

Group 3.    Tests 13 through 23. 

Evaluation of mass balance techniques and instrumentation layout to be used on 

the full-scale destruct test. 

This report describes the tests conducted to obtain samples of the nuclear materials and presents the 

results obtained from an analysis  of the data. 

Objectives 

The primary objective of the development model tests was to establish an adequate method for collect- 

ing debris. Secondary objectives were to determine the debris spatial distribution and to measure the debris 

velocity as a function of particle size and mass. 



I 
Description of Tests 

The primary objective was approached by developing an adequate collection media --Group 1 tests. 

Group 2 tests were conducted to evaluate velocity measurement techniques,   and Group 3 tests were conducted 

to evaluate the instrumentation and techniques to be used in a full-scale test.    These last tests were per- 

formed to establish a high confidence factor for satisfactory completion of a full-scale test. 

Group 1 Tests 

In these tests,   a solid graphite test device (Figure 1) was employed to acquire information about the 

debris distribution pattern and to evaluate the polystyrene foam plastic (various densities) as a particle 

collection medium.    Reactor grade graphite 3-3/4-inch square was used to fabricate the 4-inch diameter 

by 7-inch long test device.    The centrally located hole was loaded with Comp C4 explosive.    The test was 

also to provide an estimate of velocity as established by particle penetration into the foam plastic. 

Minimum instrumentation was used in these tests to promote better photographic coverage. 

■4" dia. - 

Mat'l - graphite 
Tol. ± 1/32" 

Figure 1.    PODS Test Device 



9 Tests 1 and 2 -- These two tests were performed to establish an approximate overpressure level, an 

indication of particle penetration,  and to photograph the debris cloud. 

The physical layout of these tests is shown in Figure 2. 

7" 
4" dia 

d hole 

m 
12" Xl2" X3" 

4 lb/ft3 

polystyrene foam 

Graphite test 
device with high 
explosive 

12" X12"X3" 

4 lb/ft3 

polystyrene foam 

Ground level 

16" X16" x8" 

2 lb/ft3 

polystyrene foam 

Figure 2.    Physical Layout for PODSIT Tests 1 and 2 

The results from the pressure transducers and the effectiveness of thVfoam plastic particle collector 

are tabulated in Appendix A. 

Polystyrene foam was effective in collecting graphite particles (Figure 3).    Pressure of 2. 6 psi at 

3 feet was satisfactorily measured.    The velocity indication was unsatisfactory because no definite depth 

versus particle size was evident.    This part of the test did indicate that penetration tests under controlled 

conditions, i. e., known velocity and known particle size, would be necessary before any useful velocity 

versus penetration depth data could be acquired. 

Figure 3.    Polystyrene Foam Plastic After Impact of Graphite Particles 



Tests 3 and 4  -- The overpressure measured during the previous tests indicated that greater distance 

was needed to reduce damage to the foam plastic support structures.    This was also indicated by the foam 

plastic being torn from their mounts.    Because insufficient distribution information was acquired in Tests 1 

and 2,  the physical layout for Tests 3 and 4 (Figure 4) was devised. 

This physical layout was intended to establish particle distribution around a horizontally suspended test 

device and to provide some average velocity data on the graphite particles. 

To reduce the overpressure and to improve particle collection,  three changes were made: 

1. The weight of explosive was reduced by placing the explosive in an aluminum thimble. 

Figure 5 shows the configuration of the aluminum thimble. This action also tended to 

give a more even debris cloud. 

2. The foam plastic particle collectors were installed at 4 feet instead of 3 feet. 

3. The test device was ringed with foam plastic particle collectors.    Seven collectors 

were used instead of three. 

The velocity data acquisition was attempted with a Time-of-Arrival (TOA) gage.    The gage incorporated 

two principles: 

1. Particles which had passed through a l/2-inch wide by 1-inch long slot in a rotating aluminum 

plate were collected infixed polystyrene foam.    This concept was intended to sample along 

the depth of the particle cloud by excluding those particles which did not align with the slot. 

2. An accelerometer was used to sense the impact of the particles. 

Figure 6 is a photograph of the Time-of-Arrival gage. 

One final addition to the physical layout was an 8 x 8-foot backboard painted white with 12 x 12-inch 

black cross hatching.    This backboard provided a better background for photographing the black graphite 

particles and a measuring reference for velocity determination. 

The data from these tests are tabulated in Appendix A. 

The overpressure was reduced to 1. 1 psi at 3. 5 feet.    The foam plastic particle collectors indicated 

that the debris pattern was not spherical,  because the foam collectors at 45 degrees to the longitudinal axis 

of the test device received a greatly reduced number of graphite particles.    The table in Appendix A illus- 

trates this phenomena.    Further,  Tests 1 and 2 were recalculated to determine whether better agreement 

would be shown in a model other than spherical. 

The literature explains that,   when firing a cylindrical charge,  the debris pattern is cylindrical.    This 

debris pattern is defined by establishing a plane at 10 degrees from the plane of the end surface of the cyl- 

inder being destroyed.    Figure 7 is a representation of the debris cloud expected from a cylindrical explosive 

charge in a cylindrical object to be destroyed. 

Using this cylindrical debris cloud concept instead of the spherical model used in Tests 1 and 2 gives 

superior agreement between the theoretical quantity of material to be collected in the polystyrene foam and 

the actual amount collected.    The table in Appendix A shows the comparison between the spherical model and 

the cylindrical model.    From this point forward only the cylindrical model was used. 

10 



TOA-1 

Notes: 
All catchers numbered -2 are 16" x 16" x 8", those numbered -4 are 12" x 12" x 3". 

All catchers, except #0-2, are to be mounted perpendicular with the centerline of 
the catcher 3 feet above ground surface and the face of the catcher 3 feet from the 
test device. 

Catcher #0-2 mounted at ground plane with horizontal centerline of test item 3 feet 
above face of catcher. 

TOA-1 is to be a box 8" x 8" x 8" mounted with its centerline 3 feet above ground 
surface, open face toward test specimen,  3 feet away. 

Grid board 8' x 8' central to test specimen 4 feet distance, white background, 
2-inch black gridlines on 12-inch centers. 

Figure 4.    Physical Layout PODSIT - Tests 3 and 4 

<  7"  » 

t 
7" 

t 
3" 
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Figure 5.   Aluminum Thimble 
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Polystyrene 
Foam 

Figure 6.    Time-of-Arrival (TOA) Gage 

Cylindrical 
'object 

Cylindrical 
debris 
cloud 

Cylindrical 
explosive 

Figure 7.    Debris Cloud Shape from a Cylindrical Test Device 
and Explosive Charge 
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The TOA ga.ee did not function as intended, and therefore no velocity data were acquired. Either the 

overpressure or the impact of particles damaged the TOA and caused the rotating disc to stop. The accel- 

erometer was damaged by impact. 

Test 5 -- The previous tests indicated that velocity might very well be calculated from the passage of 

the debris cloud across the grid on the backboard.    The location of other instrumentation devices interfered 

with a clear view of the debris cloud; therefore,  the physical layout was modified for this test.    Figure 8 

shows the physical layout for Test 5. 

,Backboard 8' x 8' 
12" X 12" grid 

■3'- 

rr 

TOA 
LK 

Graphite- 
test device 

Figure 8.    Physical Layout for Test 5 

This test was performed strictly for the purpose of determining the velocity of the leading edge of the 

particle cloud.    The TOA gage malfunctioned and did not provide any data, but the photographic film was read 

and velocity data were obtained.    These data indicate an average velocity of about 900 feet per second.    A 

tabulated list of velocities appears in Appendix A. 

Test 6 -- The previous tests indicated that the backboard was effective and that the collection devices 

were effective only when positioned within the cylindrical area encompassed by the debris cloud. 

Analyzing the information from all previous tests provided data which were used to design the next 

test. 

The test was designed to determine the most effective distance for particle collection and whether a 

reduced density foam at greater distance was as effective as the heavier material close to ground zero. 

No new concepts or instrumentation were placed in this test.    Figure 9 illustrates the physical layout 

used to acquire more particle collection data and to acquire more velocity data. 

Data from this test are tabulated in Appendix A. 

This test served to illustrate that all particle foam plastic collection surfaces must be perpendicular to 

a line from the geometric center of the test device and the geometric center of the collection surface.    The 

"look" angle is important to the efficient collection of graphite particles. 

The TOA gage again did not provide any velocity information. 

The use of a lower density foam plastic (2 lbs/ft3) is more effective for collecting the graphite particles 

but must be installed at a greater distance from ground zero to prevent excessive particle damage. 

13 



,Backboard 8' X 8' 
12' x 12" grid cross hatch 

VJ 

Time of 
arrival gage 

(TOA) 
3' ■4'- 

-2'- 

16" X16" x8" 

2 lbs/ft3 

polystyrene foam 

12" X 12" X3" 

4 lbs/ft3 

polystyrene foam 

Ground 
level 

12" xl2" X3" 

4 lbs/ft3 

polystyrene foam 

Figure 9.    Physical Layout for Test 6 

This test was the conclusion of the Group 1 tests used to evaluate the polystyrene foam plastic as a 

particle collection material. 

General Discussion -- The Group 1 tests served to establish the following general information: 

1. The debris pattern is symmetricl and radial when observed along the longitudinal axis 

of the test device (see Figure 10). 

2. The use of polystyrene foam for particle collection is satisfactory. 

3. The use of 2 lb/ft3 polystyrene foam is superior to 4 lb/ft   foam when the distance is 

adjusted so that excessive damage to the foam is prevented. 

The Group 1 tests also served to point up the following areas where further investigation would be nec- 

essary and where new techniques were needed to procure the needed data: 

1. Photographic coverage indicated that the debris pattern perpendicular to the longitudinal 

axis was other than circular. 

2. The determination of velocity as a function of penetration depth into the polystyrene foam 

would require additional testing under more controlled conditions. 

Considering all information acquired and all information known to be lacking,  the Group 2 tests,   in- 

cluding the sled tests,  were outlined as shown in Appendix B (Test Plan for ROVER Postoperational Destruct 

Systems Instrumentation Tests). 
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Vee in debris cloud is caused 
by the support structure 

Figure 10.    Debris Pattern for Group 1 Tests 

Group 2 Tests 

This group of tests (Tests 7 through 12 and the sled tests) was designed from the data and information 

acquired during the Group 1 test series.    There was one major difference in the Group 2 tests.    These tests 

were to be completed in 1 month (six tests) and multiple instrumentation was to be evaluated.    The time 

limitation was imposed for the purpose of deciding whether a full-scale dcstruct test could be instrumented 

and conducted in approximately 3 months.    Further,  there must be a high level of confidence that data could 

be obtained or the full-scale test would not be instrumented. 

To give the best possible instrumentation system available in the limited time,  each test was designed 

to provide a maximum amount of data.    All suggested concepts and techniques which appeared feasible were 

tested.    Only those techniques which produced data or appeared to have promise of producing data were 

carried from one test to the next test. 

The TOA,  the fixed foam particle collector,  and the pressure transducers used in the Group 1 tests 

were also used in this test series. 

The following new items were evaluated in these tests: 

1.    Crystal Shock Wave Gages -- These gages operate on the piezoelectric 

principal; when the thin wafer is flexed or broken by the shock wave, 

a small current is generated.    Figure 11 shows the gages mounted for 

test.    Recording of the current generated will allow the calculation of 

shock wave velocity. 

15 



Fixed foam 
narlicle eeUcctio 

Sticky surface 
(Texaco great; I 

Figure 11.    Gages Mounted for Group 1 Tests 

2. Rotating Foam Disc Particle Collector and Velocity Device -- This device 

is an adaptation of the fixed foam particle collector with the added feature 

of attempting to separate the particles making up the debris cloud. 

Further,  by measuring the rotational velocity of the device prior to 

test,  the difference in velocity from leading particles to trailing particles 

could be determined.    Another feature was the marking of the foam sur- 

face at zero time in order to calculate average velocity from firing to 

impact. 

3. Rotating Foamjprurr^Particle Collector and Vel_ocj.tyJDevice -- The 

principle for the rotating drum is the same as for the rotating disc. 

The one large advantage of the drum over the disc is the possible varia- 

tion in rotational speed due to belt and pulley drive and also the size of 

the drum collection area is larger.    Figure 12 shows the front view of 

the rotating disc particle collector.    Figure 13 shows the foam after 

test with particles embedded in both the disc and the drum. 

4. Wire Mesh Velocity Gage -- The wire mesh velocity gage, a frame 

covered with a very fine wire, was used to obtain particle velocity. 

Figure 14 shows the wire mesh velocity gage. 

16 



Figure 12.    Physical Layout for a Development Test 

Embedded 
particles 

Embedded 
particles 

Figure 13.    Rotating Foam Velocity Devices with Embedded 
Graphite Particles 
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Figure 14.    Wire Mesh Velocity Gage 

5. Sticky Face Foam Collector -- The loss of the very small or slow 

speed particles caused the use of a sticky face on the fixed foam 

particle collector.    The material was a Texaco grease which could 

be dissolved in trichloroethylene solvent (see Figure 11). 

6. Photoelectric Cell Velocity Device -- This device operated on the 

principle that the graphite particles would block the light source 

from the collector and give an indication of time as the successive 

photocell light sources are blocked. 

Test 7 -- The test device (described for the Group I tests) was fired with the longitudinal axis horizon- 

tal; however,  many new instrumentation concepts were tested. 

Figure 15 shows the physical layout used for Tests 7 and 8. 

Although the crystal shock wave gages functioned satisfactorily in other tests,  they did not function in 

this test.    The shock wave was so weak that little or no flexing was produced and therefore no signal was 

obtained. 

The rotating foam disc and foam drum devices were found to be functional and,   with refinements,  were 

used throughout the entire test program. 



Backboard 
4' x8' with 
1' x 1' cross 
hatch 
marking 

.Backboard 8' x 12' with 
1' X 1' cross hatch marking 

Wire mesh gages 
(!) each) 

TOA 

Rotating 
disc 

Rotating 

13'3" ^/r- 
"Test device        14'3"       >>\ 

Plan View 

Crystal 
/shock 
velocity 
gages 

12' 

Photoelectric cell 
velocity device 
(Test 8 only) 

T 
Test 

device 

3'6" to first 
photoelectric cell 

Fixed foam 

Front View 

Figure 15.    Physical Layout for Tests 7 and 8 
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The wire mesh velocity gage was satisfactory, but the particle that breaks the circuit is not collected, 

and,  therefore the particle size cannot be determined.    Further,  it is not known whether the particle which 

broke the wire mesh came from the leading or trailing portion of the particle cloud. 

These gages did produce data and appear to have potential with further development. 

The sticky face foam collector functioned well except that it tended to dry out when put on too early 

and collected extraneous material before and after the test; this resulted in cleaning problems.    Figure 16 

compares the sticky face versus nonsticky face particle collection. 

The test results are tabulated in Appendix A. 

Sticky 
side 

Figure 16.    Comparison of Sticky Face versus Nonsticky Face Particle Collection 

In general, the results were encouraging; both rotating foam velocity devices functioned, but velocity 

could be determined only from the rotating disc.    The wire mesh velocity gage gave limited data but indi- 

cated that more data could be obtained by better placement of the gages.    The fixed foam plastic particle 

collector functioned satisfactorily, and the grease appeared to collect the small particles and the slow moving 

particles.    The pressure transducer functioned,  giving a pressure of 0. 9 psi at 4 feet. 

Other items which were tested but failed to produce results are the crystal shock wave gages and the 

TOA gage. 

Test 8 -- This test was performed with the same physical layout used in Test 7 except for the addition 

of a photoelectric cell velocity device.    Figure 15 presents the physical layout for this test and shows the 

photoelectric device.    Even though some of the devices failed on the previous test, they were used in this 

test to minimize the setup time. 

The rotating foam plastic particle collectors functioned but the zero time was not present and velocity 

determination was impossible.    The fixed foam particle collector functioned with a collection efficiency of 

about 82 percent.    More data than previously obtained were recorded by the wire mesh gages which indicated 

an average velocity of 1065 fps at 3 feet tapering to 710 fps at 5. 75 feet. 

20 



The photoelectric cell velocity device did not function because the flash bulbs used to illuminate the 

area for camera coverage completely saturated the collector cells prior to actual particle arrival.    The TOA 

and the crystal shock wave gages did not function. 

All data from this test are tabulated in Appendix A. 

Test 9 -- The devices dropped from further use were the crystal shock wave gages and the photoelectric 

cell velocity device. 

The one major change was the rotation of the graphite test device,  so that the longitudinal axis was 

/Vertical. 

The physical layout for this test is shown in Figure 17. 

65°    521°      40° 

52 

Fixed 
foam 

■5' 

2    3 \ Wire 4'    /V 
2  \     \ mes!l v 

„n° 3'   \V gag055 4? 
\J2 1-6 l 

4' 5' 

C7,A 
'>!" 

23° , Rotating 
disc 

Graphite test device 
axis vertical 

6'- 
A Rotating 

j  drum 

Axis 
vertical 

Figure 17.    Physical Layout for Test 9 

Figure 18 shows the graphite test device hanging vertically and the wire mesh gages around the test 

device. 

Wire Mesh 
Velocity Device 
(six each) 

Graphite Test Device 

Rotating Foam 
Disc. Velocity 
Device 

Figure 18.    Test Setup with Graphite Test Device Axis Vertical 
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This test served to verify the shape of the debris cloud as described in Figure 7.    Figure 19 shows 

the imprint of the graphite impact on the backboard.    Calculating the spread indicates that the debris is 

well within the 10 degrees specified.    Figure 20 verifies the donut shape of the debris cloud. 

Particle 
debris 

Explosion 
center 

Figure 19.    Debris Pattern on Backboard 
Test 9 

Figure 20.    Shape of Debris Cloud 

Data were obtained from the wire mesh velocity gages, the rotating foam disc velocity gage,  and the 

photographic film coverage.    The rotating foam drum velocity gage functioned, but no zero time was dis- 

tinguishable and the data were useless. 

The data, tabulated in Appendix A, are compared to that of the other tests. 

Test 10 -- This test setup was similar to Test 9 except for the addition of two new concepts. A micro- 

phone and a strain gage sensor for velocity measurement or time of arrival were used. The physical layout 

is shown in Figure 21. 

The microphone failed to give any data but the strain gage sensor recorded an average velocity of 

882 fps at 66 inches. 

The other devices used were pressure gages, time of arrival gage,  rotating foam disc, rotating foam 

drum,  wire mesh velocity gages, and cameras.    All devices and cameras functioned, but the data were lost 

on the rotating foam drum because no zero time was recorded; the photographic coverage was lost because 

the flash bulbs triggered early.    The other devices produced data which are shown in detail in Appendix A. 

The pressure was 0. 7 psi at 2 feet, and average velocities ranged between 684 and 966 fps (depending 

on the distance from ground zero). 

Tests 11 and 12 -- The same physical layout was employed for Tests 11 and 12.    Figure 22 shows the 

the location of instrumentation for these two tests. 

The pressure apparently increased slightly,  1. 3 psi at 4, 0 feet and 1. 0 psi at 46 inches, because of 

the addition of a 0. 032-inch aluminum sleeve over the graphite cylinder. 

The velocities observed were 608 to 1150 fps at 5 feet from ground zero.    The vibration sensor and the 

microphone velocity devices gave limited information, but these velocities were so high that some phenomena 

other than particle impact must have caused the output.    No further development is planned for these devices. 
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Figure 22.    Physical Layout for Tests 11 and 12 
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Sled Tests -- These tests were designed to provide data, under controlled conditions, about the re- 

lationship of particle size and velocity as a function of penetration depth. 

Graphite bars were crushed and the size graded through standard Tyler screens.    Three sizes were 

selected for testing; 13. 5 mm (0. 530 inch); 4. 76 mm (0. 185 inch); and 2. 38 mm (0. 093 inch).   Actually, 

the particles used were those particles which passed through the next larger screen and did not pass through 

the designated screen. 

Two of the above graphite particle sizes were dropped from an overhead hopper which straddled the 

sled track and were collected in polystyrene foam carried on the front of the rocket powered sled.    The 

polystyrene foam was analyzed for particle penetration and then dissolved to recover the impacted graphite 

particles.    These recovered particles were resized through standard screens to determine if secondary 

breakup were caused by impact. 

Figure 23 shows the hopper which was designed for the exit of single particles in a two-dimensional 

particle stream.    Two sizes of particles were dropped simultaneously. 

Remotely actuated 
-dump bottom 

Graphite 
particle 
hopper 

Figure 23.    View of Graphite Particle Hopper Used in Sled Tests of Fixed 
Foam Particle Collectors 

Figure 24 presents a side view of the rocket sled which carries the polystyrene foam at high velocity 

through the stream of graphite particles.    Figure 25 is a photograph of the polystyrene foam after being 

impacted by the graphite particles. 

Although six sled tests were originally scheduled, only the following four test runs were completed: 

Sled 1 - 750 fps, 0. 185 and 0. 530-inch particles 

Sled 2 - 750 fps, 0. 093 and 0. 185-inch particles 

Sled 3-1125 fps, 0. 093 and 0. 185-inch particles 

Sled 4-1125 fps, 0. 093 and 0. 185-inch particles 
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Fixed foam 
^particle collectors! 

Figure 24.    Rocket Sled Used in Graphite Particle Fragmentation Test 

Figure 25.    Fixed Foam Particle Collectors After Sled Test 
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Figures 26 and 27 are prints of an X-ray film showing the polystyrene foam used on Sled 4.    The X-rays 

were to establish a finite or average penetration depth for the specific size particle at a specific velocity. 

Although the tests served to illuminate the problem areas,  no distinct penetration depth was established. 

This technique has marginal value because during an actual explosive destruct test, the particle veloc- 

ities are variable, the particle sizes are variable,  and the debris cloud is three dimensional.    The ideal 

condition of one velocity, one particle size, and one particle thick cloud cannot be realized.    The develop- 

ment of this technique will require a large number of tests to establish any statistically reliable velocity, 

size,  penetration data. 

Also,  superimposed impacts tend to skew any data that might be obtained from a single impact.    The 

graphite particles, which were collected from the polystyrene foam and rescreened, show a very small 

percentage of fracture.    The tabulated results are found in Appendix B. 

General Discussion of Group 2 Tests -- This group of tests was performed to provide data which would 

indicate whether a full-scale test could be instrumented with a high level of confidence.    This objective was 

accomplished and the data revealed that instrumentation of a full-scale test was feasible.    The use of pres- 

sure transducers,  rotating foam velocity devices,  fixed foam particle collectors and cameras would assure 

the collection of the required debris distribution,  size,   and velocity data from the destruct test of a full-scale 

ROVER /NERVA engine mockup. 

Evaluation of all previous tests indicated the following: 

1. A one-sixth scale model device duplicating the propulsion engine as closely as possible 

should be employed in the Group 3 tests. 

2. The scale model device should be fired with the longitudinal axis vertical to take advantage 

of the 360-degree debris pattern and the donut shape. 

3. Cameras should be located at about the same level as the device and perpendicular to 

the device axis. 

4. All particle collection and velocity devices must be at the same height as the test device, 

and the collection face must be perpendicular to the test device longitudinal axis. 

5. Rotating foam plastic particle collectors and velocity devices should be used in the 

Group 3 tests. 

6. Pressure transducers should be used in the Group 3 tests. 

7. Fixed foam plastic particle collectors should be used in the Group 3 tests. 

8. Air sampling of the airborne cloud should be attempted. 

Group 3 Tests 

This indicates only 11 tests, but jetting caused by the four explosive charges produced a different debris 

pattern than experienced on previous tests. A repeat test (Test 13A) was performed with the longitudinal axis 

horizontal to observe the new debris cloud pattern. 
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Figure 26.    X-Ray Film Print of Polystyrene 
Foam Used on Sled 4 

Figure 27.    X-Ray Film Print of Polystyrene 
Foam Used on Sled 4 
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This group of tests was subdivided into three categories: 

1. One test (13) was performed to establish the debris pattern and to verify the information on 

debris distribution observed in the previous test series.    However, the appearance of two 

distinct holes in the backboard (see Figure 28) showed the need for another test,   13A,  in 

this category. 

2. Five tests (14,   15,   18,   19,   and 21) were scheduled to establish the debris pattern and 

particle size distribution resulting from a totally contained test firing. 

These tests being totally contained were also expected to give a mass balance 

evaluation versus the particle size distribution. 

The short time period prior to the preparation for the full-scale test reduced the 

number of tests actually performed to four.    Test 21 was not conducted. 

3. Five tests (16,   17,   20,  22,  and 23) were performed for the evaluation of instrumentation 

techniques and repeatability of collected data prior to preparing for the full-scale test. 

Figure 28.    Debris Pattern 

A scale model ROVER/NERVA propulsion engine was employed in the performance of these Group 3 

tests.    The scale model is defined on Sandia Drawing, N95405.    Those components and features which were 

considered important to the overall explosive reaction were duplicated in the scale model.    Figures 29,  30, 

31,  and 32 show the components and subassemblies of the 1/6 scale model ROVER /NERVA space propulsion 

engine.    Figure 33 shows the assembled scale model. 

At the initiation of the Group 3 tests, the full-scale test instrumentation was selected; the tests served 

to proof test the instrumentation principle and to provide a high level of confidence that the data required 

would be collected during the full-scale destruct test. 
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Figure 29.    Steel Cylinders for Packaging the 
High Explosive 

Figure 30.    Simulated Reflector Segments and 
Control Drums 

W'm9'+   " «\' 

gBSP'                           '"■ 

ISp , ?"3s8s 

■■■#.■ r 

Figure 31.    Assembled Scale Model Space Engine 
with Top Removed 

Figure 32.    Simulated Core Removed from 
Pressure Vessel 

Figure 33.    Assembled ROVER/NERVA Propulsion Engine,  Scaled Model 
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Tests 13 and 13A (Debris Pattern Class A Tests) -- The debris pattern observed in the previous tests 

indicated that firing the device with its longitudinal axis vertical provided the best cloud shape for particle 

collection; therefore, in the first test of this series, the device was oriented in this way.   However, the 

debris pattern (Figure 28) indicated that the 1/6 scale model was not reacting or disassembling in the same 

debris pattern observed during the previous explosive destruct tests (see Figure 19). 

Figure 34 shows the physical layout used for Test 13.    The expected debris pattern was a uniform 

debris impact across the backboard.    Figure 35 presents photographs of the backboard before and after the 

destruct test.    This odd debris pattern led to the physical layout used in Test 13A.    Figure 36 shows the 

physical layout used in Test 13A. 

Explosive 
charges 

Test device 

A?  x 
-7'6"    . 

Distances 
typical 4 
places 

Backboard 12' high 

• Pressure transducer 
locations (11 places) 

Test device 8' above ground 

Figure 34.    Physical Layout for Test 13 

Before Test After Test 

Figure 35.    Test 13 Physical Layout Before and After Test 
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Figure 36.    Physical Layout for Test 13A 
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The foam plastic particle catchers were used in Test 13A in an attempt to determine how much material 

was contained in the concentration observed in Figure 28.    Figure 37 shows photographs of the backboard be- 

fore and after Test 13A.    This indicated that no debris,   except for the simulated nozzle,  traveled in a direc- 

tion parallel to the longitudinal axis of the test device.    Figure 38,   which shows the foam plastic particle 

catchers after the destruct test,  indicates a further change in the debris pattern.    The centerline of the test 

device was aligned with the geometric center of the foam plastic particle collector.    Figure 38 also shows 

that the expanded wire mesh was not effective for stopping the metal pieces and also that the debris did not 

follow a radial line but came out at a slight angle. 

Figure 39 illustrates the debris pattern resulting from Test 13A when four explosive charges were used 

for the destruct system. 

These two tests served to establish the need for a new approach to the instrumentation philosophy to be 

used in the full-scale destruct test. 

Pressure from these tests ranged from 7 psi at 64 inches to 2. 5 psi at 120 inches.    The velocity of the 

jets,  obtained from the photographic film,   was about 380 feet per second. 

Tests 14,  15,   18,   19, and 21 (Totally Contained,  Class B Test) -- These tests were performed in a 

totally enclosed facility.    Tests 14,   15,  and 18 were performed in a 10-foot diameter steel pipe whose ends 

were covered with plywood.    Figure 40 is a photograph of the steel pipe,  showing the plywood end covering. 

Test 19 was performed in a 30-foot diameter steel pipe and Test 21 was not fired. 

Figure 41 is a photograph of the 30-foot diameter steel pipe facility.    Again,  the open end was closed 

with plywood providing a totally enclosed structure. 

These four tests very successfully established the debris pattern and also enabled recovery of a mass 

balance of 88 percent graphite.    This percentage is increased to about 90 when the data from air sampling are 

included. 

Pressures observed during these tests were about 62 psi at 2 feet,  25 psi at 4 feet,  and 8 psi at 6 feet. 

Figure 42 is a photograph of the inside surfaces of the 10-foot diameter pipe showing the instrumenta- 

tion used for air sampling and pressure. 

Figure 43 is a photograph of the vacuum pumps and associated equipment used for air sampling. 

Figure 44,  a photograph of the 10-foot pipe after Test 15,  shows the concentration of debris,  both with 

respect to longitudinal distribution and to radial distribution. 

Figure 45,  a photograph of the debris impact    resulting from the explosive destruct of a scale model 

device,  illustrates the deviation from radial distribution caused by explosive burning.    The black strip was 

aligned with the geometric centerline of the scale model device.    From this picture,  the angle can be calcu- 

lated; the impact is about 6 inches offset and the distance from ground zero was 46 inches. 

a =   arc tan XF 
= 7> 4 4b 

The above angle was used in the outside test setups and in preparation for the full-scale test. 
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Figure 37.    Test Backboard Before and After Test 13A 
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Figure 38.    Debris Impact in Foam Plastic 

Figure 39.    Debris Pattern Resulting from the 
Destruct of a Scale Model Device 

Figure 40.    Ten-Foot Diameter Steel 
Pipe with Plywood End Covering 

35 



Figure 41.    Thirty-Foot Diameter Steel Tank 
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Figure 43,   Air Sampling Pump Array Used With 
10-Foot Diameter Steel Pipe 
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Figure 44.    Debris Impact After Explosive Destruct of a Scale Model 

Figure 45.    Jet Impact Showing Deviation Due 
to Explosive Propagation 
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Figure 46 shows the same type of debris pattern shown in Figure 45,  but this test was performed in a 

30-foot diameter steel pipe.    Again the offset due to explosive propagation is shown,  and the relative lack of 

debris between the jets is demonstrated. 

Figure 46.    Debris Pattern After Explosive Destruct of a Scale Model in the 
30-Foot Diameter Steel Pipe 

Tests 16,   17,  20,  22,  and 23 (Outside or "Swimming Pool",  Class C Tests) -- These tests were fired 

in the outside facility referred to as the "swimming pool."    Figure 47 shows the physical layout for this group 

of tests. 

The primary purpose for these tests was the proof of principle for the coming full-scale destruct test. 

These tests also served to establish an optimum distance for rotating foam particle catchers and velocity 

devices.    Further,  it demonstrated that protection of the data collection devices was not feasible and that 

duplicate instrumentation should be used to assure the data collection. 

From the standpoint of mass balance, these tests were not as valuable as the totally contained tests but 

did serve to demonstrate that a small sample will give a representative description of the particle sizes to be 

expected.    The graphite collection techniques used were successful in obtaining debris samples which were 

32 to 54 percent of the total graphite in the simulated core. 

In addition to graphite particle collection using the fixed foam technique and the rotating foam velocity 

devices,  air sampling devices,  polyethylene sheet fallout particle collectors,  pressure transducers,  metal 

particle deflectors,  and photographic data collectors were evaluated during the Class C tests. 
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Figure 4 7.    Physical Layout for Group 3 Class C Tests 
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Figure 48 shows the physical layout for Test 16 and illustrates the use of deflector structures.    The 

use of a heavier expanded screen and the use of a 1 x 0. 125-inch steel strap mounted on edge are shown. 

Figures 49 and 50 show the damage incurred and that this type of deflector is ineffective. 

In Test 17, the physical layout used was the same as for Test 16, but, because one of the four explosive 

charges did not fire, the debris pattern was changed sufficiently to prevent any usable data collection.    This 

test did demonstrate that to be assured of efficient core destruction (reduced to small particles) the four 

charges must be fired with reasonable simultaneity. 

Figures 51 and 52 show the shifting of the debris pattern caused by the misfire. 

The shaped charge effect observed in this test caused ejection of the fuel elements (which were about 

2/3 of the full length used in the scale model). 

W^st foam particle catcher with steel strap deflector 

Test device 

South foam particle 
catcher 

North foam particle 
catcher with heavy 
expanded steel screen 
deflector. 

Figure 48.    Physical Layout for Test 16 

Foam particle catcher with damaged 
\ steel strap deflector 

North foam, particle collector with damaged 
expanded steel screen deflector 

Figure 49.    Damage to 1x0. 125-inch 
Steel Strap Deflector 

Figure 50.    Foam Particle Catcher with 
Damaged Expanded Screen Deflector 
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Figure 51.    Test 17 Deflection on North 
Foam Catcher 

Figure 52,    Test 17 Debris Missed 
South Catcher 

The final three tests were performed with a minimum of mishap and produced a high level of confidence 

in the data collection technique. 

Test 22, which was prematurely fired,   gave no camera coverage; however,   all other systems functioned 

properly.    Particle collection was good. 

GeneralJMscussion of[Group_3_Tests -- These tests served to define the full-scale physical layout, 

and they gave confidence in the instrumentation techniques to be used. 

The tests established the debris size,  shape,   and pattern to be expected during the full-scale destruct 

test and provided the information necessary to the proper placement of instruments for data collection. 

Finally,  these tests provided data concerning the way graphite fuel elements break up during explosive 

destruct. 

Test Results 

The test program was successful in establishing techniques for collecting the debris resulting from the 

explosive destruct of a scale model ROVER/NERVA reactor.    Furthermore,  techniques were devised for the 

determination of debris spatial distribution and for measuring debris velocity as a function of particle size 

and mass.    This information established the feasibility of conducting a full-scale explosive destruct test of a 

ROVER/NERVA space propulsion engine. 

The following instrumentation and techniques would be required for the successful completion of a full- 

scale test: 

1.    Two-pound per cubic foot polystyrene foam is required for graphite particle collection and 

subsequent particle sizing and size distribution. 
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2. Rotating polystyrene foam particle collectors and velocity devices would be required for 

establishing the velocity,  as a function of size, of graphite core material. 

3. Pressure transducers would be required for establishing the overpressure as a function 

of distance from ground zero. 

4. Air sampling would be required to establish the particle sizes which remain airborne 

and the quantity of material contained in the airborne cloud. 

5. Photographic coverage would be required to establish the debris cloud shape and to 

document the destruct test. 

These instrumentation devices and techniques for employment are verified by data contained in Appendixes 

C,   D,   and E. 

The curves in Appendix C are plots of the weight percent of the total collected material by specific size 

ranges.    Not all tests were fired for particle collection,  and some tests are not plotted.    The first curve 

shows the envelope which encompasses the extremes of the percentages and gives an idea of the spread among 

the tests. 

The curves in Appendix D are plots of the accumulative weight percent that is collected in each size 

range.    A curve is plotted for each test which was performed to collect graphite particles,  and the first 

curve is an envelope which encompasses all test data. 

The curves in Appendix E are plots of representative velocities of the graphite particles.    These 

velocities were obtained from the photographic film taken during the development destruct tests. 

Timing marks were not placed on some of the film, and therefore velocity data could not be deter- 

mined from those tests. 

A complete tabulation of the data used to complete the curves in Appendices C and D are contained in 

»Development Report on the Rover Destruct Tests» (SC-DC-65-1758).    Also contained in this report are 

more refined data and linear plots of the data that appears on semi-log paper in this report. 
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Graphite 
«eight 

Exploaive 
weight Pressure 

(pel) 

2.6 • 3 ft 

Polystyrene 
foam area 

(in*) 

Percent of 
total material 
available 
collected 

Theoretical 
weight collected 

(«rams) Actual 
weight collec 

(arams) 
ted 

Percent efficiency 
of collection 

Cylindrical 
model 

Spherical 
model 

Spherical   Cylindrii 
model       model 

1 2258.79  , 
' Hung Horizontal 

102 - Comp C4 No recovery 

. 2 
South 3' 
North 3' 
Ground 3' 

2268.96 
Hung Horizontal 

102 - Comp C4 1.4 • 3 ft 
144 
144 
256 

72.2 
72.2 

128.3 

20.33 
20.33 
36.14 

49.9 
89.4 

245.8 
248.3 

70 
70 

.3 
0-2 Ground 
1-2 SW 
2-2 South 
3-2 SE 
1-4 NW 
2-4 North 
3-4 NE 

2250.18 

Hung Horizontal 

76.5 Comp C4 

al Sleeve 
49.2 grams 

No data 
256 
256 
256 
256 
144 
144 
144 

129.8 

129.8 

72.9 

106.33 
7.14 

109.54 
.70 

7.49 
49.65 

.78 

Cylindrical 
81.9 

84.4 

68.0 

Model 

4 

it1) 
0-2 Ground 
1-2 SW 
2-2.South 
3-2 SE 
1-4 MW 
2-4 North 
3-4 NE 

2240.31 
Hung Horizontal 

75.9 Comp C4 
al Sleeve 

48.8 grams 

1.1 • 3.5' 
256 
256 
256 
256 
144 
144 
144 

129.3 

129.3 

72.6 

102.8 
4.0 

105.5 
4.2 
3.4 

55.1 
6.0 

79.5 

81.6 

75.9 

5 2257.74 
Hung Horizontal 

69.22 Comp C4 0.9 • 3.5' No recovery 

6 
4*/ft? 4' 
4*/f« 8' 
2»7ft 10' 

2240.84 
Hung Horizontal 

75.9 Comp C4 0.8 • 3.9' 
144 
144 
256 

40.50 
13.05 
15.38 

16.92 
10.16 
12.89 

41.8 
77.8 
83.8 

7 2261.96 
.Hung Horizontal 

68.4 Comp C4 
al Sleeve 52.4 

0.9 « 4.0' 144 
144 greased 

face 

45.16 
45.16 

42.64 
38.17 

94.5 
84.6 

B 2260.2 67.84 Comp C4 
al Sleeve 52.16 

1.1 • 4.0' 268 90.26 74.14 82.2 

9 2268.0 67.9 Comp C4 
52.3 al Sleeve 

0.8 • 4.0' 432 92.35 87.89 95.2 

10 2247.2 70.25 Comp C4 
52.35 al Sleeve 

0.7 • 2.0' 1512* •1-59.3 
2-64.5 
3-67.6 
4-70.1 

5-71.0 
6-70.1 
7-67.6 
8-64.5 
9-59.3 

*l-42.7    5 
2-43.8    6 
3-41.9    7 
4-50.0    8 

9 

82.0 
46.1 
34.7 
36.0 
27.9 

»1-72 
2-68 
3-62 
4-71 

0 
0 
0 
3 

5-115 
6- 65 
7- 51 
8- 55 
9- 47 

11 2255.7 
External al 

Sleeve 

69.4 Comp C4 
52.5 al Sleeve 

1.3 a 4.0' 1512* »1-59.5 
2-64.7 
3-67.9 
4-70.4 

5-71.3 
6-70.4 
7-67.9 
8-64.7 
9-59.5 

»1-50.3    5 
2-43.1    6 
3-41.7    7 
4-39.5    8 

9 

64.3 
58.0 
39.2 
25.3 
24.6 

»1-84 
2-66 
3-61 
4-56 

5 
6 
3 
1 

5- 90 
6- 82 
7- 57 
8- 39 
9- 41 

•ß— 2253.2 
External al 

Blaave 

' 68.65 Comp C4 
52.35 al Sleeve 

2.0 • 22.0' 
1.0 • 46.0' 

Same as 236 -11 Collected material 
was not processed 

None 

13 Hot recorded INT 
230 grams 

15 • 4' 
7 • 5'4" 
3 • 7'6" 
2.5 • 10' 

None NA NA NA 

13A 6397.5 TNT 
230 grama 

17 • 4' 
6.5 • 6' 
4.0 • 8' 
3.0 • 10' 

3200 NA Debris missed 
collectors 
No data 

NA 

"14 
Pipe 10' 

6512 DATE 
220 grams 

12 > 4' Totally 
contained 

100. 6512 6537.57 NA 

15 
rip« 10' 

6602 DATB 
220 grams 

65 • 2' 
30 e 4' 
8 6 6' 

Totally 
contained 

100. 6602 6636.30 NA 

16 6751.5 DATB 
220 grams 

12 • 4' 
5*8' 
3 • 12' 

NA 53.9 NA 3641.6 NA 

17 6810 DATB 
220 grams 

No data NA NA No recovery NA 

16 
Pipe 10' 

6696.5 DATB 
220 grams 

60 a 2' 
22 e 4' 
7.5 • 6' 

Totally 
contained 

87.4 6696.5 5847 NA 

19 
Pipe 30' 

6537.6 DATB 
220 grams 

No data Totally 
contained 

88.1 6537.6 5757.4 

20 6810 DATB 
220 grams 

40 • 3' 
6*6' 
3.5 • 3.5' 

NA 42.5 NA NA 

22 6537.6 DATB 
220 grama 

No data NA 50.6 NA 3328.3 NA 

23 6673.8 DATB 
220 grams 

No data NA 31.7 NA 2113.2 NA 

HA - Hot Available 

*Thit test area la divided into equal parts for 
. particle evaluation. 



nposlte of Development Test Data 

_   Time of 
T   arrival 

Photographic 

Good no 
timing  

Rotating disc 
particle collector 

and 
velocity device 

fin/ms)  

Rotating drum 
particle collector 

and 
velocity device 

fin/ms)  

Wire 
velocity 
device 
(in/ms) 

sh 
Vibration 
sensor 
fin/ms) 

Number of 
particles 

Air Sampling 
Size and 
percentage 

Fallout 
particle 
collectors 

Good no 
timing 

Damaged Good no 
from timing 
impact 

Good no 
timing 

Ma 1tune- Very good 

Malfunc- 
tioned 

Too much 
light no 
coverage 

No data Good no 
timing 

15.7 
to a 4 ft 

No zero time 6.4 a 50 in. 
10.5 a 104 in. 

NA Good no No fl ducial mark No zero time 12 
11 

8 
? 
a 36 

42 
in 
In 

10 
8 

4 a 
5 t 

51 
69 

in. 
in. 

HA Very good 9.2—»11.9 
a 5 ft 

Ho zero time 14 
12 

1 • 
3 a 
7 • 

30 
36 
4? 

in 
in 
In 

11 
10 
11 

0 • 
9 o 
4 a 

48 
54 
60 

in. 
in. 
in. 

9.4 
J 

11 
ms 

6 in/ 
a 70" 

Flash bulbs 
early - no 
coverage 

8.2—>11.5 in/ms 
• 89 in. 

8.7—>10.9 in/ms 
• 84 in. 

12 
12 
11 
12 
11 
11 

3 « 
3 • 
9 • • 
5 © 
2 a 

30 
36 
48 
54 
60 
66 

in 
in 
in 
in 
in 
in 

NA Good 86—>13.8 in/ms 
• 60 in. 

No zero time Good 
no z 

respons 
sro time 

No data 

NA Good 7.3—>10.34 
• 60 in 

Ho zero time 16 
15 
15 

1 • 
7 a 
? ft 

32 in. 
41 in. 
1? in 

NA Very good None used None used No further 
use in test 

HA Very good 
no timing 

Hone used None used No data 

NA No coverage 10 foot 
diameter 

10 foot diameter 
pipe 

No data Poor data 

NA No coverage 10 foot 
diameter 
pipe 

10 foot diameter 
pipe 

7.09 x 10\\  to 
1.12 x 10iJ 3 

particles/ft 

.5—>3n 66.27. 
3—>l0n 307. 
10—>20n 3.77. 

<  20u .267= 

.5—>3 57.5% 
3—>10 33% 
10—>20 8.57. 

< 20 1.07. 

No data Good no 
timing 

Timing paper 
lost on one disc 

No data 7.54 x 10q to 
1.19 x 10  3 
particles/ft 

.5—>3 677. 
3—>10 29.27. 
10—>20 3.87. 

Windshift 
No data 

NA Helicopter 
coverage 
good 

No data No data No data 40' x 100' 
plastic along 
west jet - No 
data 

Only 3 charges fired. Foam 
plastic particle collectors 
were not evaluated - No parti- 
cle data from this test. 

NA No coverage 10 foot 
diameter 
pipe 

10 foot diameter 
pipe 

9.67 x 10* to 
21.8 x 10* 3 

particles/ft 

.5—>3 79.27. 
3^10 20.7% 
10-^-20 2.3% 

< 20 

Not analyzed 

NA Too much 
light washed 

30 foot 
diameter 

30 foot diameter 
pipe 

2.527. < 20u 
1.887. < 20u 

Sample collec- 
ted in 5 min. 
after firing 

None used 

No data Good No data No data No data 40' x 100' 
plastic along 
west Jet 

No data 4 seconds 
premature 

Ho zero time No zero time No data None used Firing occurred 4 seconds 
early 

No data Very good Ho zero time No zero time No data 40* x 100' 
plastic 
under west 

jet 
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TEST PLAN FOR ROVER POSTOPERATIONAL DESTRUCT 
SYSTEM INSTRUMENTATION TESTS 

Introduction 

The design agency for the ROVER propulsion reactor has developed a destruct system which utilizes four 
explosiv Tmlsiles iniected into each quadrant of the reactor after mission completion.    Th1S system has 
been proved to effectively destroy the reactor but the size,  distribution and velocity of the resulting particles 
are unknown.    Further,  Westinghouse Astronuclear Laboratory has developed a computer code called    Foot- 
print wMch will give the distribution of particles on the earth's surface providing the size,  distribution,  and 
velocity are known at the time of beginning re-entry into the atmosphere. 

The fact becomes readily apparent that in order to assess the safety of using the ROVER reactor in space 
o^ie must be able to have quantitative data concerning the size,  distribution,  and velocity of particles result- 
ing from a destroyed ROVER reactor. 

Sandia Corporation has been requested to instrument all or part of a full-scale ROVER reactor test scheduled 
for the first week in May 1965.    High quality data must be obtained from this test to support a request for 
reinstating the Reactor In Flight Test program (RIFT). 

Data Requirements 

The data requirements for the reactor destruct program are rather extensive and must be collected under 
adverse test conditions. The requirements as listed by the Space Nuclear Propulsion Office (SNPO) of the 
AEC are as follows: 

1. Dynamics of the Destruct Event 

a. Velocity of fragments of core,  reflector, and pressure vessel as functions of 
fragment size and time. 

b. Angular distribution of fragments of core,  reflector, and pressure vessel 
as functions of fragment size and time. 

c. Reconstruction of geometry of debris pattern of test as a function of time on 
a triaxial coordinate system. 

d. Extrapolation of geometry of c above to vacuum destruct condition on triaxial 
coordinate system. 

2. Particle Size Distribution 

a      Quantitative determination of particle size distribution of fuel fragments in 
sufficient detail to construct distribution curve with good level of confidence. 

b. Sampling fuel in metric system at points 30,  20,  10,  5,   1 mm and at  750, 
500,   250,   100,   50, 1|J.. 

c. Classifying fuel as to angularity,  sphericity,  l/d,  surface area,  and density. 
(Fragment characterization). 

d. Qualitative determination of fragment size distribution of other engine components. 

Starting at the end and progressing upward, the data required in item No.  2 is after-the-fact analysis of the 
particles collected during the destruct test. 
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Item Id is a mathematical analysis of the data obtained in lc. 

Items la,   lb,  and lc are the areas where experimental data must be collected and that data reduced to produce 
usable criteria which can be inserted into the "Footprint" computer program. 

Again starting at the end, the data required in item lc probably can be obtained with a combination of high 
speed photography and data obtained from foam collectors (rotating and fixed foam collectors).    Judicious 
placement of cameras and collectors and using at least 100 percent duplication will produce data from which 
the debris pattern can be reconstructed. 

Item la and item lb will be discussed together as the needed data and techniques being evaluated are inter- 
related.    The particle size, velocity,  and distribution will be obtained with the use of catcher devices covered 
with polystyrene foam and with electronic measuring equipment. 

The techniques outlined above will theoretically produce data but these techniques must be tested and proved 
to be functional under the adverse conditions of an explosion environment. 

Proof Tests 

There are three series of tests 

1. Instrumentation Evaluation Tests 

2. Mass Balance Evaluation Tests 

3. Proof of Principle Tests 

which are expected to produce results that will be used in the design and location of instrumentation for the 
full scale destruct test. 

1.     Instrumentation Evaluation Tests -- These tests are numbered  7 through  12 and 
SledT"through 6.    Each"test is expected to yield data that will allow a better collection 
of data in the next test. 

Test 7 

Configuration - 4" diameter by 7" graphite cylinder suspended horizontally, 
all instrumentation at 4-foot radius, collection device faces normal to a 
line from ground zero to geometric center of device,  rotating cylinder de- 
vice axis parallel to graphite axis. 

Purpose - Evaluation of collection devices, velocity devices,  and debris cloud 
shape    and lighting for photography. 

Test 8 

Repeat 7 except graphite cylinder will be suspended vertically, the rotating 
cylinder axis will remain horizontal. 

Purpose - Same as 7 but with the addition of evaluation for repeatibility 
of the instrumentation to procure data. 

Test 9 

Repeat 8 except the rotating cylinder axis will be rotated to become parallel 
with the graphite axis. 

Purpose - Same as 8. 
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Test 10 

Repeat the test above which appeared to give the most usable data,  using refined 
techniques of particle collection,  velocity measurement,  and particle distribution. 

Test 11 and Test 12 

These two tests are the last of this series and are intended to give proof of 
principle before beginning the implementation of full-scale test hardware. 

Sled 1 and Sled 2 

Configuration - The foam will be attached to the leading surface of the sled; 
gr^pTdte"particles will be dropped in front of the sled which is moving at 750 
feet per second.    These individual hoppers containing 0. 093-inch diameter, 
0. 185-inch diameter, and 1/2-inch diameter graphite particles, respectively, 
will be used. 

Purpose - To determine the depth of penetration as a function of particle size 
and velocity.    Also, the foam will be analyzed to determine the percentage of 
secondary fracture of the graphite particles.    Two sleds are being run to assure 
reproducible results. 

Sled 3 and_Sled 4_ 

Configuration - Same as Sled 1 and Sled 2 except sled velocity will be 1125 feet 
per second. 

Purpose - Same as Sled 1 and Sled 2. 

Sled 5 and Sled__6 

Configuration - Same as previous tests except sled velocity will be 1500 feet 
per second. 

Purpose - Same as for previous tests. 

At the conclusion of this series of evaluation tests,  the results will be analyzed in detail, and 
design,  fabrication,  and test configuration will be selected for the full-scale test instrumentation. 

2.      Mass Balance jgvaluation Tests 

This series of tests is numbered 13 through 15 and is expected to establish the expected 
debris pattern and what percentage of complete containment of particles is necessary to 
give reliable data acquisition. 

Test 13 

Configuration - The ROVER reactor will be simulated with a l/6 linear scaled model 
co"ns"StTnToTa solid graphite core, solid bar reflectors, a simulated pressure vessel 
and using four volume scaled explosive charges (properly located).    It will be suspended 
either horizontally or vertically as established by previous tests.    Particle collectors, 
velocity measuring devices,  and cameras will be placed at the appropriate distances to 
simulate full-scale test conditions. 

Purpose - To observe debris cloud and to further evaluate instrumentation. 

Test 14 and Test 15 

Configuration - A 10-foot diameter by 15-foot long steel pipe will be completely lined 
wrtrp^tyTene foam,  including the ends.    A 1/6 scale model ROVER reactor will be 
suspended horizontally in the geometric center.    Air outlets will be left at the top on 
both ends and over these outlets will be positioned air filters and air samplers. 
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Purpose - To obtain the particulate impact pattern in foam,  to obtain sizes of particles 
whicTTare airborne,  and to allow a complete mass balance analysis.    Further,  to 
establish what percentage of collection area less than complete containment will be 
acceptable for full-scale testing. 

Proof of Principle Tests 

This series of tests numbered 16 through 20 are the final evaluation of the instrumentation, 
the instrumentation layout,  and any special techniques established by previous tests.    The 
full-scale test will be duplicated as nearly as possible using the l/6 scale model ROVER 
reactor configuration. 

Purpose - To establish that the instrumentation and location of instrumentation 
selected for the full-scale test will in fact produce the data required by the 
Space Nuclear Propulsion Office of the AEC.    Five tests are being performed 
to give a reasonable confidence in success of data gathering. 

Data Reduction 

The data produced in this test series will come in the usual forms of magnetic tape and photographic film, but 
also will be collected by penetration into low density foam plastic.    Each collecting media will be treated 
separately to produce the maximum quantity of useful information. 

1. Fixed Foam Particle Collectors 

The sequence of data reduction will be as follows: 

a. X-ray the blocks perpendicular to the path of particle entry to get the 
average penetration depth of particles and size if possible. 

b. Dissolve the blocks in trichloroethylene and recover all graphite particles. 
Centrifuge,  evaporate, or filter the solution to assure collection of the 
extremely small particles. 

c. Weigh the total graphite collected. 

d. Separate the particles by screening into at least 10 sizes and no more than 
20 sizes.    Weigh each size category. 

e. Classify each size category as to angularity,  sphericity,  l/d, surface area, 
and density. 

2. Rotating Foam Particle Collectors 

The sequence of data reduction will be as follows: 

a. Measure the arc distance from the fiducial mark to the first particles and to 
the last particles. 

b. Using a random sampling technique,  measure the angle of entry into the foam 
with respect to a radial line. 

c. At the same time b above is performed, measure the depth of penetration 
of the particle. 

d. Dissolve that portion of the cylinder plus sufficient excess at the trailing 
end to account for angle of entry of particles and recover all graphite particles. 
Centrifuge,  evaporate, or filter the solution to assure collection of the extremely 
small particles. 

e. Weigh the particles. 
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f. Separate the particles by screening into at least 10 sizes and no more than 20 
sizes.    Weigh each size category. 

g. Classify each size category as to angularity,  sphericity,   l/d, surface area, 
and density. 

3. Sled Test Foam Particle_ Collectors 

a. X-ray each block perpendicular to the path of particle entry to get the average 
depth of penetration of particles. 

b. Slice each block in half from top to bottom as established by the position on the 
sled.    Each block will be marked "top." 

c. Dissolve one-half of each block and recover all graphite particles. 

d. Weigh the total graphite collected. 

e    Separate the particles by screening into five categories when starting with No.   8 
particles,  six categories when starting with No.  4 particles,  and eight categories 
when starting with 1 /2-inch particles.    In all three cases use the same sizes for 
the smaller sizes. 

f„   Weigh each size category. 

g.   Using the other one-half block and starting from the rear surface,  slice the block 
into 1/4-inch slices. 

h.   Examine each slice for penetration of particles and record the size and number 
until single particles are not distinguishable. 

4. Magnetic_Tape 

Start all reduction from the time of the fiducial pulse. 

a. Determine the  rpm  of rotating foam particle collectors. 

b. Determine shock wave velocity. 

c. Determine debris cloud velocity from the wire mesh gages. 

d. Determine the debris cloud velocity from the photoelectric gages. 

e. Determine the debris cloud time of arrival from the strain gage. 

f. Determine time of arrival and overpressure associated with the shock wave 
and the debris cloud. 

5.      Phoj^jjijDMcJFilm 

Determine the velocity of the leading edge of the debris cloud and also the trailing edge 
if the trailing edge is distinguishable. 

The urgency of this program and the need for immediate evaluation of data makes it necessary to request 
that maggnetyic tape and photographic film data reduction be completed 2 days after the test date. 
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APPENDIX C 

ROVER/NERVA DEVELOPMENT DESTRUCT 
(Particle Size versus Weight Percent) 

The curves in this appendix show the percentage-by-weight of the total weight of material collected 

plotted against screen sizes.    Also shown is the composite (maximum-minimum) curve for groups of tests 

which were performed on the same test configuration.    These data are again plotted as weight percent 

against the screen size. 

A solid graphite cylinder 4 inches in diameter by 7 inches in length was used for Tests 3 through 11. 

The 1/6 scale model test vessel was used for the remaining tests. 
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APPENDIX D 

ROVER/NERVA DEVELOPMENT DESTRUCT 
(Particle Size versus Accumulated Weight Percent) 

The curves in this appendix show the accumulated weight percent plotted against the screen size. 

These data are presented on semilog paper and then on log-probability paper. The data show the per- 

centage of particles less than a specific size or the sizes of particles less than a specific percentage. 

Also shown is the composite (maximum-minimum) curve for the groups of tests performed with 

the same test configuration.    These data show the reproducibility of results from these tests. 
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APPENDIX E 

VELOCITY DATA 
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VELOCITY DATA 

Velocity data from photographic film were determined from selected development tests.    The lead times 

required for analyzing the photographic film did not allow the data from all tests to be recorded.    The data 

that were tabulated for several tests are representative of the velocities experienced during the solid graphite 

block tests (Groups 1 and 2) and the scale model tests (Group 3). 

The increased containment and the formation of jets in scale model tests reduced the velocity substan- 

tially. 

Group 1 and 2 test velocities 

Test 5 Test 9 Test 11 

Displacement from 
Ground Zero 

(ft) 

Average 
Velocity 

(fps) 

882 

Displacement from 
Ground Zero 

(ft) 

Average 
Velocity 

(fps) 

1229 

Displacement from            Average 
Ground Zero                   Velocity 

(ft)                                (fps) 

1.27 1.85 1.17                                 1421 

1.62 938 2.68 1186 2.2                                   1335 

1.92 882 3.54 1176 2.9                                   1185 

2.22 882 4.31 1146 Average     1314 

2. 52 938 Average ;     1184 

2.84 941 

3. 11 882 

3.45 1000 

3.75 941 

4. 05 882 

4.35 1000 

4. 64 882 

4.95 

Aver; 

941 

age        922 
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Group 3 test velocities 

Test 20 
Horizontal 

Displacement from 
Ground Zero 

(ft) 

Average 
Velocity 

(fps) 

493 

Vertical 
Displacement from 

Ground Zero 
(ft) 

Average 
Velocity 

(fps) 
Angle 

(degrees) 

3.4 

4.5 551 

5.3 551 

6.0 544 

6.8 551 

7.5 544 

8.0 522 

8.1 489 

9.3 451 0.82 39.0 5.0 

10.5 476 0.89 40.4 4.9 

11.0 468 0.92 40.0 4.8 

12.0 483 1.17 47. 1 5.9 

13.4 462 

Test 

1.4 

23 

48.0 6.0 

3.5 362 

6.8 352 0.81 41.9 6.8 

11.0 379 1.45 50.0 7.5 

14.7 381 2.04 52.8 7.9 

19.0 394 2.60 53.8 7.8 

These velocity data plotted indicate the reduced velocity caused by containment and jet formation. 
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APPENDIX F 

ROVER/NERVA DEVELOPMENT DESTRUCT 
(Photographs of representative particles from each screen size) 

The photographs in this appendix show representative particles from each screen size used to grade 

the particles collected in the polystyrene foam during explosive destruct.    Each photo shows the particle 

size represented and the magnification used to give a good picture of the shape of the particles in that screen 

size. 

I 
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