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I. PROJECT ENGINEER'S SUMMARY 

A. REACTOR TRANSIENT AND EXCURSION TESTS 

During this quar te r , the design of the SNAPTRAN 2 / lOA- l and -2 machines 

was essent ia l ly completed, although cer ta in of the assembly drawings requi red 

further work. Fabr ica t ion of the major components was well underway, p r ima r i l y 

at outside vendors ' faci l i t ies . Fabr ica t ion of many of the minor i tems is being 

done at AI. 

The scheduled shipping date of April 1, 1963, for the f i rs t machine leaves 

l i t t le contingency for extension of the vendors ' p romised completion da tes . AI 

expeditors a r e , therefore , maintaining close contact (daily in the case of c r i t i ca l 

par ts ) with these vendors in an effort to resolve problems as quickly as they a r i s e . 

In order to help define the operating l imi ts for the nondestruct ive exper iments , 

five fuel rods were heated to the point of cladding fai lure. Four of the rods devel­

oped inelast ic yielding of the cladding in the t empe ra tu r e range of 1375 to 1400°F, 

followed by failure of the cladding integri ty in the range of 1400 to 1425°F. The 

fifth rod demonst ra ted anomolous behavior (failure of the cladding integri ty at 

1485''F), but this can be cor re la ted with the observed high leak ra t e of this p a r t i c ­

ular element , since this higher ra te resu l t s in a lower internal hydrogen p r e s s u r e . 

In these fuel rod exper iments , var ious s t ra in gages were tes ted in an attempt 

to find one suitable for SNAPTRAN instrumentat ion. A f l ame-sp ray bonded gage 

appears to give sat isfactory data up to at leas t 1425°F. Fur the r testing is planned 

to es tabl ish the rel iabi l i ty and accuracy of this s t ra in gage. 

Fuel t empe ra tu r e information is to be provided by the specially designed 

thermocouple fuel rods . A pilot ins t rumented rod was fabricated. It was found 

to be within acceptable l imi ts when it was tes ted for hydrogen leak ra te (at high 

t empera tu r e ) . 

Fabr ica t ion of the f i rs t SNAPTRAN fuel loading (37 rods) was completed. 

This fuel is being s tored, for the p resen t , at AI. 

P r o c e d u r e s for the SNAPTRAN low^ power t e s t s have been specified. Only 

those t e s t s which provide n e c e s s a r y p re l iminary information for the t rans ien t 

t e s t s have been indicated. 
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At the request of Phil l ips Pe t ro l eum Company, AI has provided further infor­

mation for the Safeguards Analysis Report . The presen t ly indicated completion 

date of Feb rua ry 1, 1963, for the repor t may not be consistent with the April 1 

shipping date for the machine unless AEC approval of the repor t can be expedited. 

It is expected that the p re l imina ry d iscuss ions that have been held with AEC p e r ­

sonnel will a s s i s t in obtaining the n e c e s s a r y approval in a t imely fashion. 

B. FISSION PRODUCT RELEASE STUDIES 

The fission product r e l ea se t e s t s at the NRTS were completed during this 

qua r t e r . The radiochemical analyses of the res idues a r e in p r o g r e s s and p r e ­

l iminary resu l t s should be available before the end of the next report ing per iod. 

C. END-OF-LIFE SHUTDOWN DEVICES 

In the development of a sat isfactory end-of-life shutdown device, some 

p r o g r e s s was made in the design of the explosive shutdown projec t i le . Also, 

further chenaical reac t ions were investigated as shutdown devices . The exper i ­

menta l work has been t empora r i l y halted, however, and a thorough reexamina­

tion of c r i t e r i a and methods has been initiated. A redi rec t ion of effort might 

possibly be indicated before exper imental work on this project is continued. 

D. CRITICAL CONFIGURATION STUDIES 

The c r i t i ca l configuration t e s t s have demonst ra ted that a shipping sleeve of 

p rac t ica l design will maintain the SNAP 2/lOA assembly in a subcr i t ica l condition, 

even if the assembly is i m m e r s e d in and flooded with water . This was shown in 

the case of the reac tor without the bery l l ium ref lector . This cor responds to the 

condition of the reac tor during the t ime of shipment from Santa Susana to Vanden-

burg AFB. Another nuclear protect ive device (void filler blocks) has been shown 

to be effective in preventing cr i t ica l i ty from human body reflection. In this case , 

the beryl l ium reflector was in place and the druins were in the -withdrawn pos i ­

tion. This test ing p r o g r a m is being continued into the next per iod. 

E. MECHANICAL AND THERMOCHEMICAL EFFECTS 

The Phase I Ground Test Ser ies at Holloman Air Fo rce Base was completed 

during this per iod. These t e s t s demonst ra ted that the r eac to r maintains a 
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configuration which w^ould allow cr i t ica l i ty if the reac tor were i m m e r s e d in 

water after being subjected to the foUow^ing conditions: 

1) A LOX deluge 

2) A LOX-NaK interact ion 

3) An explosion 

4) A NaK/w^ater in teract ion 

5) A fire 

6) Various impacts (excluding concrete at t e rmina l velocity). 

Impact on concre te at 560 f t / sec does resu l t in complete d isassembly and 

d i spersa l of the r eac to r . 

Phase II testing to date has developed information which supports the con­

clusions dra-wn from the Phase I tes t r e s u l t s . Fu r the r Phase II t es t s will be 

conducted during the next report ing per iod. 

F . REACTOR SEPARATION AND FUEL ELEMENT EJECTION 

Comparison t es t s utilizing the computer code, RESTORE, have shown that 

the code is excellent for the calculation of reen t ry t r a j ec to r i e s . Angles of 

at tack other than zero remain to be considered as a pa r t of the analytical w^ork 

on the predic t ions of reac to r burnup. Thermal analyses to date have indicated 

the significance of the coolant remaining in the vesse l and pipes upon reen t ry . 

Fu r the r investigation is requi red in this a r ea . 

The extensive effort expended in the production of the flight tes t a r t i c l e s 

resul ted in shipments (to Sandia) of th ree of the four a r t i c l es this qua r t e r . 

The remaining a r t i c l e will be completed and shipped ear ly next quar te r . 

G. REENTRY BURNUP OF FUEL ELEMENTS 

The calculation of fuel rod heating and ablation, utilizing the l a tes t vers ion 

of the Digital Thermal Analyzer P r o g r a m , has resul ted in an improved and 

m o r e elaborate analytical model . Efforts have been continued in this direction 

w îth the meaningful objective of improving the thermal model , p r imar i l y by 

including such considerat ions as the heats of chenaical reac t ions . 
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The analysis of the a r c - j e t t e s t s made by Sandia has verified that ma the ­

mat ica l models for ablation of fuel m a t e r i a l s must be quite complex if re l iable 

predic t ions of ablation a r e to be made. Resul ts of Sandia a r c - j e t t e s t s per formed 

at the NAA-LA Division facility were factored into the RFD-1 Flight Test P r o g r a m 

and the fuel element f lare exper iments were accepted for the fl ights. It is p r o b ­

able that additional a r c - j e t t e s t s w^ill be made before the end of this f iscal year 

to obtain additional data. 
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II. REACTOR TRANSIENT AND EXCURSION TESTS 

A. FUEL ELEMENT TESTING 

The p re l imina ry t e s t s on a s ta in less steel control sample were unsuccessful . 

The s t ra in gages failed at a t empe ra tu r e between 1100 and 1200°F. The fa i lures 

occur red at the bond between the gage and the s teel . There was a possibi l i ty that 

bonding to the Hastel loy-N of the actual fuel rod would be more successful . One 

fuel element w^as tes ted w^ith the same attachment techniques. However, the bond 

failed at a t empe ra tu r e below 1200°F. Due to the low t empera tu re at fa i lure , the 

element was not damaged. 

Since the ceramic-bonded s t ra in gages did not prove successful for m e a s u r e ­

ments at t e m p e r a t u r e s above 1100°F, a different testing approach was planned. 

Two of the four e lements were tes ted by heating them in 25°F increments from 

1250°F to fa i lure . The t e m p e r a t u r e was stabil ized at each level and hydrogen 

permeat ion m e a s u r e m e n t s were made. Following th is , the element was cooled, 

and a dimensional check was made . 

The two fuel e lements without s t ra in gages were examined after they had 

been cyclical ly heated to 1375°F. No dele ter ious effects were observed. During 

the cooling p r o c e s s , the hydrogen leak ra te was measu red when the e lements 

were at 1200°F. The leak ra t e had increased approximately 20%. A negligible 

amount of physical dis tor t ion was observed on one of the e lements . The t he rma l 

cycling was then continued until the two elements failed at t e m p e r a t u r e s in excess 

of 1400°F. At the t ime of fa i lure , both e lements showed la rge s t ra ins which 

would resu l t in ser ious in te r fe rences in a core ves se l . 

The tw^o remaining e lements were ins t rumented with s t ra in gages attached 

by a metal l ic flame spray bond. This at tachment technique had been successfully 

employed by the General E lec t r ic Company. Also, the control coupons were in­

s t rumented in a s imi la r fashion. The two elements were then heated to fai lure 

in the hydrogen permeat ion testing furnaces . Each element was heated in 25°F 

inc remen t s , with leak r a t e s and s t ra in m e a s u r e m e n t s being allowed to stabil ize 

at each t e m p e r a t u r e . 

One of the two elements failed at a t e m p e r a t u r e above 1400°F. Like the 

previous tw^o e lements , it showed la rge s t ra ins which would resul t in in te r fe r ­

ences within the core ves se l . The fourth element was sti l l undergoing t e s t s at 

the end of this report ing per iod. 
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P r i o r to test ing the e lements , Hastel loy-N coupons were ins t rumented to act 

as control samples . This was done so that quantitative data could be obtained 

from the s t ra in gage measu remen t . 

When the l a t t e r two fuel e lements were heated to 1000°F, it was found that 

the ins t rumentat ion lead res i s t ance to ground was too low. The original ce ramic 

insulation was bonded to the wire but it tended to c rack as the wire w^as flexed. 

It was n e c e s s a r y to use ce ramic insulation to avoid outgassing since the fuel e l e ­

ments were heated in a vacuum furnace during the t e s t s . The problem was solved 

by using a ce ramic sleeve that fitted over the wire ajid could be flexed without 

damage. 

The s t ra in data accumulated to date a r e being analyzed. Additional r e su l t s 

will be available next quar te r after this analysis has been completed. 

B. SNAPTRAN 

Two views of the SNAPTRAN model a r e shown in F igures 1 and 2. The inter 

ference problenas which became apparent through assembly of the model were 

reviewed with Phi l l ips personnel at the NRTS. All the in te r fe rences noted were 

co r rec t ed by design changes. 
2 

The 2700-ft shop a r ea that will be used for SNAPTRAN assembly and testing 

was c leared , and the n e c e s s a r y work benches were instal led. 

One complete fuel loading was fabricated. It is being s tored at AI and will 

be shipped to the NRTS during the next qua r t e r . 

The p i lo t - run ins t rumented fuel e lements were fabricated utilizing the new 

ins t rumented fuel element design. The f i rs t fuel element had a poor weld, as 

indicated by the hel ium leak ra te check; hydrogen permeat ion test ing was t h e r e ­

fore not per formed. The second element successfully passed the permeat ion 

tes t . This indicated that the new design is acceptable with respec t to hydrogen 

leak r a t e s . 

Two t e s t s with the Blue-M radiant heater were conducted. The heater was 

tes ted f i rs t in a horizontal posit ion. Although the backing, which is used for 

support, appeared sound after the tes t , a second tes t was planned with the hea te r 

mounted ver t ica l ly . This t es t was also sat isfactory. 

The Phil l ips console a r r ived and was located in the shop a rea . Phil l ips p e r ­

sonnel uncrated and inspected the console during the week of October 29. 
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Motion p ic tu res were taken of the Phil l ips console in the AI shop. Phil l ips 

completed the motion p ic ture sequence requested by AI which shows the model 

being assembled piece by piece . A copy of this film will be used by AI to further 

document and improve our film reco rd of SNAPTRAN. Also, some motion p ic ­

t u r e s have been taken of pa r t s of the SNAPTRAN 2/ lOA- l machine. Coverage 

will be continued when assembly is s tar ted . 

Test p rocedures for exper iments at the NRTS were reviewed and revised . 

These p rocedures were genera l to the degree that no discussion was included as 

to how any par t i cu la r tes t , such as step t e s t s or i so thermal t empe ra tu r e defect 

m e a s u r e m e n t s , would be conducted. P repa ra t ion of the detailed p rocedures to 

be followed for each different t e s t was in p r o g r e s s at the end of this repor t period. 

The Safeguards Analysis Report was reviewed at the NRTS in December . As 

a resu l t of the review, AI is prepar ing an inser t to the repor t describing the r e ­

sults of our calculation of r eac to r d i sassembly . In addition, the calculated i m ­

pulse d rum inser t ion t ime , as a function of init ial p r e s s u r e , will be provided. 

Also, a rough draft of the SNAPTRAN Reactor Manual of Checkout, Operation, 

and Maintenance P rocedu re s was completed and is being reviewed, as a r e the 

operating tes t p rocedures for the low power t e s t s . The low power tes t p rocedures 

will be provided to Phil l ips Pe t ro l eum as the AI recommendat ions for the t e s t s to 

be conducted. 

The design of the SNAPTRAN 2/ lOA- l machine was completed and the a s s e m ­

bly of the machine was s tar ted during this period. Approximately 50% of the pa r t s 

have been received and an additional 40% are being fabricated. Several potential 

p roblem a r e a s developed, since cer ta in major pa r t s were behind schedule. These 

delays hampered subassembly work. The rotating cube s t ruc ture , which was 

originally scheduled to be del ivered December 22, was rescheduled for del ivery 

on January 10. This delay resul ted from the many manufacturing e r r o r s made 

by the subcontractor . Likewise, fabrication e r r o r s delayed the cha in -c ross plate , 

which was originally scheduled for del ivery November 30. It was rescheduled for 

del ivery on Jamuary 10. It was apparent at the end of this period that potential 

delays could also occur in the fabrication of the impulse dr ive cylinder. In the 

ca ses of the c r i t i ca l components, an average of four ful l- t ime AI expediters have 

been assigned to the fabr ica tors to prevent further delays in the del ivery of the 

machine p a r t s . 
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III. FISSION PRODUCT RELEASE STUDIES 

A. ANALYSIS 

The f i r s t t h ree t e s t s in this s e r i e s were per formed in the previous qua r t e r . 

Test No. 4 was per formed on October 9. An unclad sample was maintained at 

2800°F for 3-1/2 hr in an attempt to repeat Tes t No. 1 (see F igure 3). 

An un i r rad ia ted sample (ZrH - na tura l u ran ium with s tandard cladding and 

bonding) was heated and visually monitored to de te rmine i ts behavior . It was 

found that , at approximately 2800°F, the bottom section of the cladding had 

mel ted and allowed the upper half to slide upw^ard, p resumably driven by hydro­

gen evolution. A further t e m p e r a t u r e inc rease would have caused this slipped 

cladding (which also had fuel adhering to it) to mel t and be deposited around the 

top of the crucible and the graphi te susceptor . 

Inspection following the aforementioned tes t indicated that the fuel had also 

melted at about 2800°F. The melting point of unclad fuel has been found to be 

3450°F. The probable reason that the clad sample mel t s at a lower t e m p e r a t u r e 

is because the nickel and chromium in the Hastelloy cladding alloy with z i rconium 

at 2000 to 2300°F. 

A second un i r rad ia ted clad sample was then heated and visually monitored. 

It was maintained at 2300°F for 10 min without melting the cladding. The t e m ­

pe ra tu r e was then ra i sed to 2500°F. After about 1.5 min, the cladding was 

observed to slide upward. It was r e s t r a ined at the top of the crucible by steel 

w i r e s instal led for that purpose . After the sample was cooled and inspected, it 

was brought from 2300°F to a maximum t e m p e r a t u r e of approximately 3200°F 

in steps of 200°F. The end cap and upper section of the cladding did not mel t , 

however, since they were in a region of the crucible that was decoupled from 

the induction coils of the furnace. The crucible was observed to be sinking in 

the graphi te susceptor , indicating melting near the bottom. The tes t was t e r ­

minated at this point. In the subsequent t e s t s with active clad samples , steel 

w i r e s were projected into the crucible f rom the top to hold down the fuel sample 

in the hot par t of the c ruc ib le . This was done so that the cladding would melt 

without spewing over or lodging in the upper pa r t of the c ruc ib le . 
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Some modifications to the fission product gas collection sys tem were made 

to reduce the blockage w^hich was previously observed. This ^vas bel ieved to 

a r i s e from emiss ion of oil vapor from the o i l - impregnated graphite susceptors 

upon heating in the furnace. To c o r r e c t the situation, the susceptors were p r e ­

heated to dr ive off the vapor p r io r to the actual runs . 

The fifth r e l ea se was per formed on October 24. A clad sample was heated 

to 3500°F, allowed to cool to 2000°F, and then maintained at that t empe ra tu r e 

for 15 min to s imulate an excursion foUow^ed by a rocket fuel f i re . The tes t was 

successful . The wi res that were instal led to prevent the fuel cladding from 

sliding up and spew^ing out of the crucible were effective. There was lit t le 

res idue around the top of the crucible following the run. 

Test No. 6, a clad sample maintained at 2400°F for 1 h r , was per formed 

on November 9. Tes t No. 7, an unclad sample maintained at 2000' 'F for 8 - l / 2 h r , 

was per formed on November 13. Very l i t t le activity was r e l eased during Test 

No. 7, as evidenced by a radiat ion level of about 20 m r / h r near the f i ss ionproduct 

gas col lector . Test No. 8, an unclad sample at 3200°F, was run on November 15. 

However, since the furnace coil leaked, the tes t was repeated . 

Tes t No. 9, a clad sample heated to 2800°F, was run on November 19. Un­

fortunately, a water leak developed in the furnace coil after about 1 h r . This 

made it nece s sa ry to t e rmina te the tes t , and much of the data obtained were 

u s e l e s s . This was the th i rd tes t that had been unsuccessful due to leaky furnace 

coi l s . Whenever a leak occur red , the s team reac ted with the fuel sample under 

tes t (z i rconium-water reaction) and also c a r r i e d iodine out of the iodine t r a p . 

The mois tu re soon clogged the fission product gas t r ap ; there fore , after a leak 

is detected, a tes t must be te rmina ted . 

On November 21, an unclad sample was maintained at 3200°F for 7 h r , 

sat isfactor i ly completing Tes t No. 10. On November 23, a clad sample was held 

at 2000°F for 7 h r . Test No. 12, an unclad sample maintained at 2500°F for 6 hr , 

was performed on November 27. These t h r ee t e s t s ran smoothly, and a re ex­

pected to yield valuable data. They were the las t t e s t s in the s e r i e s . 
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B. POSTTEST ACTIVITIES 

After the t e s t s were coinpleted, AI retained possess ion of the 12 total effluent 

collector bodies and s tored them at the NRTS. They can be reused in future 

r e l ea se p r o g r a m s after they have been refitted with new filter e lements . The 

General Dynamics personnel dismant led the i r equipment and shipped it to Fo r t 

Worth p r io r to thei r leaving the NRTS. 

A movie scr ipt is being p repa red for the motion pic ture coverage of the 

tes t p r o g r a m . The motion p ic ture coverage w^as completed at the same t ime as 

Test No. 12, the las t tes t in the s e r i e s . 

The initial analysis of the t e s t s is being per formed at the Phil l ips Chemical 

P rocess ing Plant . Dissolution of res idue was t empora r i ly suspended while the 

quartz apparatus was replaced with special l inear polyethylene conta iners . The 

quartz was being dissolved by the heated ni t r ic acid-hydrofluoric acid solution 

used on the fuel res idue . The l inear polyethylene conta iners were tes ted and 

found to be much more suitable. 

The radiochemical r esu l t s for the f i rs t two t e s t s were received from 

Phil l ips Chenaical P rocess ing Plant . The fission product inventory fuel monitor 

samples for these two t e s t s w^ere also analyzed. Reduction of the data at AI is 

now in p r o g r e s s and will continue into the next qua r t e r . 
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IV. END-OF-LIFE SHUTDOWN DEVICES 

An in te r im repor t summariz ing the p r o g r e s s to date was in prepara t ion at 

the end of this report ing per iod. After this i n t e r im repor t is completed, the 

project will be evaluated and may be reor iented before the exper imental work 

is r e sumed . 

A. CHEMICAL REACTION SHUTDOWN 

During this per iod, react ions were conducted using AI, Be, Ca, and Zr as 

reducing agents and Sr (NO„)_ as an oxidizing agent with SiO- as the cata lys t . 

These react ions were successful , but a t he rma l stability t es t of AI and Sr(NO_)_ 

with SiO_ proved unsuccessful . 

A react ion of Zr + Sr(NO_)_ with SiO_ as the cata lys t was successful at 

400°C. Other successful react ions occur red with Ca and SrCO_, Ca with a fused 

mixture of SrCO_ and Na~CO-, and SiC and Ba(NO-)p. These gave good t e m p e r a ­

tu r e and p r e s s u r e y ie lds . The next s e r i e s of successful react ions were conducted 

with AI and PbO and C at 1100°F, but stability t e s t s at this t e m p e r a t u r e indicated 

that a slow react ion takes p lace , thus reducing the output of the final react ion. 

SiC and Ba(NO_)_, with smal l additions of SiO~, gave a good p r e s s u r e inc rease . 

Reactions of AI and Sr(NO_)^, with A1_0_ as a catalyst , a lso showed a good 

p r e s s u r e i nc rea se , even after short t he rma l stability t e s t s . 

Unsuccessful reac t ions were made with Ca and CaSO ., SrSO. , and BaSO. . 
4' 4 ' 4 

The reac t ions with Zr + MnO_ + C, AI + Ph^O^ + C, Be + Z n _ P - 0 _ + C, and 

FeS + CuO were unsuccessful . A combination of Ca + CaCO_ was t r i ed with 

var ied success . Reactions of Ca + SrCO_ were not successful , while A1.C_ + 

SnO- gave fair p r e s s u r e and t empera tu re i n c r e a s e s . Reactions of Be and Na^CO_, 

Be and SnO^, Ca and K2CO„, Ca and PbO, Ca and SnO + C, Zr and PbO + C were 

not considered successful . 

B. EXPLOSIVE SHUTDOWN PROJECTILE 

The rev ised assembly drawing of the command box was reviewed. A few 

changes were made and the detailed design of the assembly was changed 

accordingly. 
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V. CRITICAL CONFIGURATION STUDIES 

A. ANALYSIS 

A haza rds analysis of the SNAP 8 core w a t e r - i m m e r s i o n t e s t s with r amp 

inser t ions of react ivi ty f rom $0.01 to $ 1.50/sec was made with the aid of the 

BOOMER computer code. The analysis showed no significant i nc rease over 

SNAP 2/lOA core haza rds . The maximum integrated energy r e l ea se of the 

SNAP 8 core was calculated as 46 Mw-sec with maximum fuel t e m p e r a t u r e s of 

approximately 2400°F. Core rupture from internal p r e s s u r e s ar is ing from 

hydrogen evolution would t e rmina te the excurs ion. This analysis was t r a n s ­

mit ted to the AEC as additional information p r io r to thei r final approval of the 

SNAP 8 water immers ion t e s t s . 

B. FABRICATION 

The design and fabrication of the var ious SNAP 2/lOA and SNAP 8 water 

immers ion ha rdware was completed during this report ing per iod. Because of 

the difficulties in est imating the react ivi ty effects of the flight reac to r ha rdware , 

especial ly in the wate r - re f lec ted sys tem, mockups were used in the final evalua­

tion of the f i l ler block concept. This concept is designed to prevent cr i t ica l i ty 

of the beryl l ium-ref lected assembly upon water inamersion. Mockups were fab­

r ica ted for the plenum c h a m b e r s , NaK piping, d rum position indica tors , d rum 

locks and s tops, and the neutron shield. 

The hard-ware for the be ry l l ium-wate r ref lector exper iments was instal led. 

Although all of these exper iments were conducted with a dry co re , a pumping 

sys tem was neces sa ry to provide a continuous removal capability in the event 

that any water lealced into the co re . The designed water sys tem proved to be 

inadequate; there fore , a separa te water sys tem was instal led to remove this water . 

Ten SNAP 2/lOA type fuel rods of low hydrogen concentrat ion (6.0 compared 
22 3 

to 6.0 X 10 a t o m / c m ) were fabricated and del ivered to the tes t cel l . These 

e lements were placed in the core one at a t ime in o rder to de termine their effect 

on react ivi ty in a water sys tem. 

The SNAP 8 ha rdware was assembled and no in ter ference p rob lems were 

encountered. The ha rdware w^as instal led and checked out on the c r i t i ca l machine 

in prepara t ion for SNAP 8 water immers ion exper iments . The SNAP 2/lOA ha rd ­

ware was d i sassembled and the fuel was t r a n s f e r r e d to the SNAP lOA dry c r i t i ca l 

exper iments (SCA-4C). 
NAA-SR-8097 
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C. EXPERIMENTS 

The Phase III exper iments were not init iated during the previous quar te r due 

to a delay in the approval of the Building 012 Faci l i ty Safeguards Report . However 

the water immers ion c r i t i ca l machine (Figure 4) was assembled; a descr ipt ion is 

as follows. 

In the c r i t i ca l machine assembly , the top water ref lector , which contains the 

core vesse l , and the fission chambers remain s tat ionary. The top ref lector p r o ­

vides 6 in. of the top cixial water plus 4 in. (the upper third) of the radial water 

reflection. The remaining 8 in. (the lower two-thirds) of the core extends below 

the top ref lector , as shown in Figure 4. The bottom radial ref lector provides 

two- th i rds of the radial water reflection plus the bottom axial reflection. In 

sleeve exper iments , the bottoin of the core vesse l is opened so that water from 

the bottom radia l ref lector flows into the co re . 

To init iate an experiment , the active movable f rame is r a i sed by a chain 

dr ive . Motion is t r ansmi t t ed to the pass ive frame through an e lectromagnet ic 

coupling. The bottom radia l ref lector , which is supported on the pass ive mov­

able f rame, is thus r a i sed to surround the core ves se l . For s c r a m s , the e l ec ­

t romagnet is deenergized, re leas ing the bottom radia l ref lector and removing 

two- th i rds of the radia l reflection, the axial reflection f rom one end, and the 

in ternal core water . 

After the bottom ref lector is ra i sed , water is added at a slow, safe r a t e . 

To ensure adequate shutdown safety, no configuration will be tes ted that is 

c r i t i ca l on only reflection from the bottom radia l ref lector . After the bottom 

reflector is filled, water may then be added to the top ref lector in o rder to 

obtain cr i t ica l i ty . 

The poison s leeves a r e shown surrounding the co re . The configuration of 

the most effective sleeve that was tes ted is shown in F igure 5. The 3-in. void 

which surrounds the core contains a number of smal l compar tmen t s . On a flight 

ha rdware design, each compar tment would be water - t ight to prevent complete 

flooding of the void upon possible f rac ture of the s leeve. Natural boron powder 

is used as the surrounding nuclear poison. The steel pro tec tor will be used in 

the actual design to prevent damage to the sleeve if an accident occurs during 

shipping. 
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1-21-63 7611-1827A 

Figure 4. Water Immers ion Cri t ica l Machine 
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Figure 5. Shipping Sleeve Configuration 
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AEC approval of the Building 012 Faci l i ty Saieguards Report was received 

October 15. Loading of the b a r e , wa te r - re f lec ted and flooded SNAP lOA core 

was initiated the following morning. Some delay was encountered because the 

fuel e lements were slightly contaminated with alpha radiat ion. The source of 

contamination was t r aced to the shipping "bird cages ; " all contamination was 

removed. The initial loading of 20 fuel rods and 17 Incite rods with full water 

reflection and flooding was subcr i t ica l , but noise in severa l of the counting cham­

b e r s caused sporadic s c r a m s . This problem was co r rec t ed and cr i t ica l i ty was 

obtained October 18, with slightly l e s s than 25 fuel rods . The c r i t i ca l loading 

agreed closely with that obtained during the Phase I and H exper iments that were 

conducted in FY 1962. 

The next t e s t s evaluated the 3-in. void plus 1-in. boron poison shipping 

sleeve. The -water-reflected and flooded core with this sleeve was c r i t i ca l w îth 

36 rods . Next, cadmium sheets w^ere placed over the ends of the void port ions 

of the sleeve. This poison shielded the reac tor from those neutrons sca t te red 

from the axial water through the void and thus to the co re . Cri t ical i ty was 

achieved with 37 rods and 1.5 in. of axial water reflection on one end (w^ater 

everywhere e lse) . A simulated sleeve protect ion s t ruc ture of 1/4-in. steel 

surrounding the sleeve inc reased the react ivi ty by approximately 15^. 

Cri t ical i ty was then achieved with the 3-in. void plus 1-in. poison plus 1/4-in. 

steel sleeve (no cadmium ends) with a 1-in. a^ial reflection on one end (water 

everyw^here e lse) . Four rods of low hydrogen content were then substituted to 

obtain a c r i t ica l 37-rod loading with water both within and without the core . The 

flight system react ivi ty will be at l eas t $1.00 l e s s than the react ivi ty achieved in 

the aforementioned modified loading. 

The impor tant conclusion drawn from these initial exper iments was that the 

"void-poison-protec tor" sleeve design will be adequate to prevent cr i t ica l i ty of 

the flight reac to r during w^ater immers ion . Based on these exper iments , a sleeve 

will be designed for the flight reac to r and it will be tes ted on a r eac to r of flight 

system react ivi ty . 

The tes t apparatus was then modified pr ior to conducting the water exper i ­

ments with the bery l l ium-ref lec ted co re . These exper iments will be uti l ized to 

de te rmine the effects of water on the sys tem and to evaluate the fi l ler block con­

cept of reducing react ivi ty and preventing cr i t ica l i ty upon water immers ion . 

The bery l l ium-wate r ref lector t e s t s were planned to de te rmine the effects of 

water immers ion only (with no water flooding). In these t e s t s , the c r i t i ca l fuel 
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loadings were obtained with near ly full or full water reflection. For safety pu r ­

poses , styrofoam in se r t s were placed in the rod in te r s t i ces to reduce the poten­

tial water volume in the core , in the event of a possible core rup ture . Lucite 

rods were located in all the vacant fuel rod posi t ions. Internal bery l l ium re f lec ­

to r s were instal led. 

The bery l l ium-wate r ref lector t e s t s were designed to provide an experimental 

evaluation, ra ther than provide compar isons for analytical s tudies . The fil ler 

block design prevents inser t ion of the bery l l ium control d r u m s . The filler blocks 

were constructed of 0.4- in.- thick na tura l boron powder in a s ta inless steel con­

ta iner . They extend into the d rum voids and par t ia l ly cover two of the four r e ­

maining ref lector faces . The surface a r e a covered w^as l imited by the location 

of the var ious flight ha rdware . 

In all the exper iments , the control d rums were rigidly supported in the "out" 

position. Although this configuration makes analytical studies more difficult, it 

was chosen to r ep re sen t the actual environment for the f i l ler block exper iments . 

The f i rs t t es t was conducted without the poison fil ler b locks . Cri t ical i ty was 

achieved with 26 fuel rods , 1-in. axial water ref lector on one end, and full w^ater 

reflector e l sewhere . 

Testing of the filler block concept on the SNAP lOA reac tor was completed 

upon achieving a subcr i t ica l full loading of the bery l l ium-ref lec ted , w a t e r -

i m m e r s e d r eac to r . However, the bas ic poison fil ler block design and basic 

SCA-4B experiment and reac to r loading was c r i t i ca l with 33 fuel rods and 4 

lucite rods . Successive modifications were made in the experiment to be t ter 

r ep resen t the SNAP lOA flight sys tem reac tor and to improve the fil ler block 

design. Initially, the r eac to r plenum chambers were instal led which increased 

the c r i t i ca l loading by approximately 0.5 fuel rods . The 10 rods of lower hydro­

gen concentration were substituted in the cent ra l core region to reduce the core 

react ivi ty to a value n e a r e r that of the flight reac to r design. This resul ted in a 

c r i t i ca l loading of 36 fuel rods and one lucite rod. The fil ler block design was 

then modified by adding styrofoam behind the fil ler blocks to move water away 

from the core . This resul ted in an inc rease in c r i t i ca l loading to approximately 

36.5 fuel rods . A styrofoam mockup of the neutron shield volume was then in­

stalled to el iminate water from that volume. This resul ted in a subcr i t ical , full 

37-rod loading with water ref lector . 
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D. EVALUATION OF EXPERIMENTS 

Calculations using exper imental data indicated that the react ivi ty of the 

tes ted SCA-4B sys tem with the 10 special fuel rods is comparable to SNAP lOA 

flight react ivi ty . If this is verified (in la ter SCA-4C exper iments) , it will have 

been demonst ra ted that a fil ler block design will afford protect ion against water 

immers ion . The sequence of exper iments indicated a r e a s where possible design 

changes a r e n e c e s s a r y for subcri t ical i ty . Additional modifications, such as 

(1) placing the void between the core and the poison, (2) increas ing the a r ea of 

ref lector covered by the filler blocks, and (3) extending the filler blocks over 

the axial regions of the reac tor a r e being incorporated into the fil ler block 

design. The adequacy of this design will be demonst ra ted on a r eac to r of flight 

system react ivi ty . Additional dry cr i t ica l exper iments w îll be conducted to 

verify that the SCA-4B core loading contains enough react ivi ty to mee t flight 

design r equ i r emen t s . 

Two important safeguards p rob lems were evaluated in these exper iments . 

Without any filler block modification, the p resen t filler blocks will provide p r o ­

tection against human body reflection. Depending upon the r e su l t s of the dry 

c r i t i ca l exper iments , the flight sys tem SNAP lOA reac to r , with redesigned filler 

block, is believed to be subcr i t ical when i m m e r s e d in water . However, the eval ­

uation of the filler block design cannot be completed until the SCA-4B core r e a c ­

tivity has been compared to the SNAP lOA flight sys tem react ivi ty . The fuel has 

been t r a n s f e r r e d to Building 373 so that dry c r i t i ca l exper iments can be p e r ­

formed to provide the needed data. 

The evaluation of the fil ler block concept will pe rmi t the s tar t of the genera l 

Phase III t e s t s on SNAP 2/lOA or the SNAP 8 water immers ion t e s t s . The 

SNAP 2/lOA te s t s will provide c r i t e r i a for an evaluation of genera l sleeve de ­

signs. The effect of different th icknesses of voids and different nuclear poison 

and void-poison sleeve combinations will be determined. The SNAP 8 water 

immers ion p r o g r a m will be an initial study of the react ivi ty effects of water on 

the SNAP 8 sys tem. This p r o g r a m will (1) de te rmine the react ivi ty effects of 

water on the S8ER core design and (2) evaluate the SNAP lOA-type shipping 

sleeve with r ega rd to preventing cr i t ica l i ty upon water flooding and immers ion 

Poison rods (Sm_0, ) will be loaded, if nece s sa ry , to achieve subcri t ical i ty in 

this water configuration. The SNAP 8 p r o g r a m is outlined in Table I. 
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TABLE I 

SNAP 8 WATER IMMERSION EXPERIMENTS 

Exper iment 

1 

2 

3 

4 

5 

Core Region 

Water 

Water 

Water-poison 

A i r 

Water 

1st 

Water 

3-in. void 

3-in. void 

Water 

Air 

2nd 

-

1-in. boron 

1-in. boron 

-

-

3 rd 

-

Water 

Water 

-

-

Measurement ' ' 

a & b 

a & b 

c 

a & b 

a & b 

*a. Cr i t ica l loading 
b . Excess react ivi ty fully loaded 
c. Poison rods for cr i t ica l i ty fully loaded 

A full loading of lucite rods was instal led in the SNAP 8 water immers ion 

core in p repara t ion for the exper iments . The fuel loading was s tar ted immedi ­

ately after receipt of AEC approval which was received at the very end of this 

qua r t e r . 

This exper imental work on the SNAP 2/lOA and SNAP 8 core sys tems is 

scheduled to be completed by April 1. 
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VI. MECHANICAL AND THERMOCHEMICAL EFFECTS 

A. PHASE I TESTS 

Twelve Phase I t e s t s were run at Holloman Air F o r c e Base during the p r e ­

vious quar te r and one t e s t was cancelled. (Refer to July-September Quar ter ly 

P r o g r e s s Report , NAA-SR-7797.) The las t of the se r i e s (Test No. 14) was p e r ­

formed during this quar te r on October 10. 

Test No. 14 w^as to consis t of a r eac to r - re f l ec to r - sh ie ld -modi f i ed conver ter 

assembly impacting in a tank of water in a nose - f i r s t attitude at 750 f t / s ec . The 

rocket sled did not function proper ly during the t e s t . There were 12 rockets on 

the sled which were p rog rammed in th ree s tages of 2, 4, and 6 rockets each. 

The f i rs t and th i rd s tages functioned proper ly , but the second stage did not f i re . 

This resul ted in an impact velocity of only 428 f t / s ec . 

The sled stopping device operated proper ly . The tes t a r t ic le passed through 

the tank and impacted on the hill of ear th beyond the tank. The tes t a r t ic le yawed 

slightly in the tank, giving it a l a t e ra l velocity. At the point of impact on the hill , 

the r eac to r vesse l came to r e s t , while the shield and modified conver ter s t r u c ­

tu re continued thei r flight. The shield and conver te r s t ruc ture finally came to 

r e s t along the side of the hi l l . The upper and lo-wer heads were to rn from the 

vesse l , and the upper gr id plate was separated, but the fuel rod a r r a y was intact 

within the vesse l w^all. 

This completed the Phase I Mechanical and Thermochemica l Test P r o g r a m . 

The p r o g r a m was compr ised of 13 t e s t s in which mockup SNAP lOA reac tor 

a s sembl ie s (in some c a s e s , including the shield and conver ter s t ruc ture) were 

subjected to abort environments of thernaal shock, chemical interact ion, ex­

plosion, and impact . The tes t data a re p resen t ly being analyzed. 

It w^as noted that t he rma l shock due to a LOX deluge had no appreciable 

effect on the reac tor assembly . Chemical in terac t ions , although violent in the 

case of the NaK-water react ion, did not damage the core ve s se l . F i r e , explo­

sion, 80- f t / sec impacts on concre te , or upwards of 550-f t /sec ( terminal velocity) 

impacts on water resul ted in reflector ejection vî ith l i t t le or no damage to the 

core ves se l . Impact on concre te at 560 f t / sec did, however, produce complete 

d i sassembly of the reac tor (see F igure 6). 
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7611-5011 
Figure 6. Tes t Art ic le After Concrete Impact 

A point of considerable importance is that in every tes t , with the exception 

of the 560-f t /sec concrete impact , the fuel element a r r a y did not d i sassemble 

as much as would be requi red to prevent cr i t ica l i ty when i m m e r s e d in water . 

This was t rue in all t h ree of the low-velocity concrete impact t e s t s and all four 

of the high-velocity water impact t e s t s . 

B. PHASE II TESTS 

On October 20, a NaK-water interact ion tes t was conducted by Sandia as 

par t of the Phase II p rog ram. The tes t a r t ic le was suspended in a 12-ft-diamete 

water filled, s teel tank 3 ft below the water surface. The inlet and outlet l ines 

of the core vesse l opened cleanly upon activation of the squibs in the l ines . The 

initial react ion was an explosion, accompanied by a sheet of flame r is ing about 

6 ft above the surface of the water . This was followed by a per iod (about 1 min) 

of intense turbulence in the water . There was no significant damage to the core 

vesse l as a resu l t of this tes t . 

The next tes t conducted by Sandia was performed to evaluate the possibi l i ty 

of a miss i le -abor t f ire causing ignition of the SNAP lOA drum lockout pin puller 

squibs. 
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The tes t conditions specified an incident heat flux of g rea t e r than 360 Btu/ 
2 

sec-ft . This number was a r r ived at by making the conservat ive assumptions 

of (1) 5000°F flame t e m p e r a t u r e , (2) infinite f lame, and (3) flame emissivi ty = 

1.0. The tes t duration was specified as 3.0 sec , which is somewhat longer than 

the f ree-fa l l drop t ime of the reac tor assembly from i ts position in the nose of 

the mi s s i l e to the launch pad. 

Two McCormick M-130 squibs were mounted in a t i tanium actuator assembly . 

Connectors were then attached to the squibs. All ha rdware met flight sys tem 

specifications. The tes t a r t i c l e was placed in the Sandia Radiant Heat Faci l i ty 

to achieve the tes t conditions. At the end of the 3-sec period, the t empe ra tu r e 

of the actuator assembly had r i s en to approximately 600°F. Of the total of six 

squibs tes ted, none ignited during this per iod. 

The duration of the heating w^as then extended to de termine the t ime requi red 

for ignition. This t ime was found to be 8.7 sec , at which t ime a portion of the 

t i tanium of the actuator assembly was molten. Thus the tes t r e su l t s indicated 

that the squibs would not ignite p r io r to the impact of the reac tor assembly on 

the launch pad, since the free-fal l t ime is much l e s s than that requi red for squib 

ignition due to heating. 

The significance of the tes t was that one of the two mechan i sms that could 

cause p r e m a t u r e squib ignition was demonst ra ted to be incredible . The second 

mechanism, a false signal to ignite, which in some manner bypasses the var ious 

in ter locks , has not yet been evaluated. If p r e m a t u r e ignition can be shown to be 

incredible or of an acceptably low probabil i ty, then the reac tor assembly , at the 

t ime of impact on the launch pad, will be in a configuration with all four control 

d rums locked out. The credibi l i ty of th ree of the d rums rotating in, p r io r to the 

demonst ra ted separat ion of the bery l l ium main blocks, will be evaluated as a 

par t of the Phase II Testing P r o g r a m . Only if t h ree of the d rums rota te fully in, 

can the assembly be superc r i t i ca l in the absence of water . 

The thi rd t e s t per formed by Sandia was to es tabl ish the condition of the 

SNAP lOA core vesse l and fuel element a r r a y after a 550-f t /sec ( terminal velocity) 

head-on impact on compacted soil. The core vesse l survived the impact with 

l i t t le damage. The fuel element a r r a y was not significantly affected. 
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The tes t a r t ic le included the core vesse l with dummy fuel rods , ref lector 

assembly , pump and fins, shield, and the top pa r t of the conver ter s t ruc tu re . 

The ta rge t consis ted of compacted soil that w^as in the form of a rec tangular 

paral le lepiped, 1 6 ft wide, 8 ft high, and 8 ft deep. The soil was tamped after 

each 3 in. of addition to the height in accordance with a frequently used "Sandia 

Standard Ear th" specification. Due to the low velocity of shock wave propagation 

in soil, the t a rge t r ep resen ted an infinite medium for the purposes of the tes t . 

The tes t a r t ic le was brought to a stop in the target ; the t a rge t itself was 

dest royed by the impact . As a resu l t of the impact , the ref lector d i sassembled 

from the core vesse l . Very l i t t le damage was incur red by the vesse l , the mos t 

notable being a 1-in. -long opening in the vicinity of the top head weld a r e a . The 

fuel element a r r a y was not significantly affected. The tes t indicated that the 

core vesse l can survive a t e rmina l velocity land impact , result ing from a launch 

abort . 

An analysis of the dynamic cha ra c t e r i s t i c s of the SNAP lOA flight sys t em 

control d rum dr ive assenn.bly has demonst ra ted that the moments of iner t ia and 

braking forces a r e such that, under conditions of impact , the d rum behaves as if 

it were un res t r a ined by the dr ive sys tem. Accordingly, the design of the four 

t es t a r t i c l e s for the drop t e s t s is proceeding on the bas i s of eliminating the dr ive 

sys tem. These a r t i c l e s will consist of a mockup r eac to r - r e f l ec to r assembly . 

Since the conver te r s t ruc ture and the shield will in no way contribute to the 

angular moments applied to the d r u m s , they will not be provided. 

The design specifications for the four t es t a r t i c l es have been determined. 

These a r t i c l e s will be used in the concre te impact t e s t s conducted by Sandia as 

a par t of the Phase II p r o g r a m . Several of the long lead t ime i tems involved 

have been o rdered to ensure completion of the a r t i c l e s by the scheduled April 1 

date . 
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VII. REACTOR SEPARATION AND FUEL ELEMENT EJECTION 

A. ANALYSIS 

The t ra jec tory code, RESTORE (Reentry of Satell i tes to an Oblate, Rotating 

Ear th) , was tes ted by compar ison of calculated t r a j ec to r i e s with those given by 

General Dynamics /As t ronaut ics in their Monthly P r o g r e s s Let ter on SNAP Re­

entry Studies, dated May 8, 1962. The re su l t s agreed within 0.1%. Other t r i a l 

runs made -with RESTORE have sho-wn excellent agreement -with the published 

t r a j ec to r i e s . 

The analytical work on the predict ions of r eac to r burnup was continued dur ­

ing this report ing per iod. Calculations were naade for severa l initial veloci t ies 

and path angles using 400,000 ft as the initial alti tude. Only the case of zero 

angle of attack has thus far been considered, but a concurrent study was made to 

de termine the oscil lat ion r a t e s and angles of attack, during reen t ry , of typical 

vehicles containing a SNAP lOA reac tor sys tem. The p re l iminary resu l t s of the 

analysis indicated that the aerodynamic t r i m angle for the SNAP lOA installed on 

an Agena-B will be about 18 to 20 degrees . Indications a r e that the vehicle will 

become near ly aligned with this angle during the orbital decay period p r io r to 

reaching its aerodynamic heating peaJt, although the osci l lat ions will pe r s i s t . 

The t he rma l analysis further indicated that the r eac to r will separa te from 

the shield and the APU at an altitude of about 250,000 ft. This is approximately 

the same altitude at which the NaK pipe is expected to fail. Subsequent fai lure 

of the vesse l may occur through melting of the wal ls , ra ther than of the l ip. 

A theore t ica l study of shock wave pa t te rns of the SNAP lOA pump and core 

vesse l lip was nnade. This study was di rec ted toward predict ion of aerodynamic 

heating intensi t ies in var ious regions . The work to date has been l imited to the 

case of zero angle of attack since other angles a r e expected to requ i re the use of 

exper imental methods, such as wind tunnel t e s t s . 

The effects of coolant (NaK) remaining in the vesse l and pipes upon reen t ry 

is also being considered. If the reac tor en te rs with i ts cooling sys tem intact, 

the heat requi red to melt the vesse l would be nnuch g rea t e r than if the coolant 

had previously leaked out. The thermodynamic aspects of the sudden re l ease of 

the heated liquid through the f i rs t hole melted in the sys tem a re being studied. 
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B . F L I G H T T E S T P R O G R A M 

The o v e r a l l a s s e m b l y d r a w i n g and the i n s t r u m e n t a t i o n i n s t a l l a t i o n d r a w i n g s 

for the r e e n t r y f l ight t e s t m o d e l w e r e c o m p l e t e d . A d r a w i n g of the modi f i ed c o r 

con ta in ing t h r e e fuel e l e m e n t s r i g i d l y he ld b e t w e e n the g r i d p l a t e s w a s p r e p a r e d 

and c h e c k e d . Dur ing the a s s e m b l y of the f i r s t r e a c t o r m o d e l , d r a w i n g c h a n g e s 

w e r e no ted and the d r a w i n g s w e r e upda t ed . 

The m a s s and m o m e n t - o f - i n e r t i a c a l c u l a t i o n s w e r e c o r r e c t e d for t h e r e ­

m o v a l of the d u m m y fuel r o d s and for a r e v i s i o n in the concep t of the NaK p ipe 

s e p a r a t i o n . The t h r e e c o n f i g u r a t i o n s c o n s i d e r e d a r e : 

1) The c o m p l e t e a s s e m b l y 

2) The a s s e m b l y af ter t he e j ec t ion of the band , r e f l e c t o r s , and s p r i n g s 

3) The a s s e m b l y af ter the l o s s of the p u m p , top h e a d , and NaK p i p e s 

down to the l e v e l of the top h e a d . 

The r e s u l t s of t h e c a l c u l a t i o n s a r e shown in T a b l e II . 

T A B L E II 

R E S U L T S O F MASS AND M O M E N T - O F - I N E R T I A C A L C U L A T I O N S 

Conf igu ra t ion 

M a s s (lb) 

C e n t e r of m a s s ( in . )* 

X ( ro l l ) 

y (pi tch) 

z (yaw) 

M o m e n t of i n e r t i a ( s lug- f t ) 

I^ ( ro l l ) 

I (pi tch) 

I (yaw) 
2j 

1 

77.80 

-10 .25 

- 0.06 

+ 0.01 

0.45 

1.27 

1.21 

2 

51.96 

-10 .64 

0 

0 

0.21 

1.05 

0.97 

3 

32.19 

-5 .36 

0 

-0 .01 

0.12 

0.31 

0.30 

*The s ign c o n v e c t i o n s u s e d a r e : 
Rol l a x i s , X, i s p o s i t i v e r e a r w a r d , m e a s u r e d f r o m the m a t i n g 

p l a n e ( S a n d i a ' s s t a t ion 13.812). 
P i t c h a x i s , y , i s p o s i t i v e to the r i g h t - h a n d s i d e , looking f o r w a r d . 
Yaw a x i s , z, i s p o s i t i v e u p w a r d . 
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In a l l , four r e a c t o r m o d e l s w e r e bu i l t to r e p r e s e n t t h e SNAP lOA r e a c t o r 

v e s s e l , p u m p , and r e f l e c t o r a s s e m b l y . D u m m y fuel r o d s w e r e not u s e d in the 

c o r e ; t hey w e r e o m i t t e d to s a v e weigh t . Sandia i s p lann ing to u s e e ight fuel r o d s 

m o u n t e d e x t e r n a l l y . T h e s e r o d s wi l l be r e l e a s e d at an a l t i t ude of 370,000 ft. 

The m o d e l s u t i l i z e 21 t h e r m o c o u p l e s to i n d i c a t e t h e r a t e s of hea t ing on the v a r i ­

ous c o m p o n e n t s of the r e a c t o r . A l s o , e ight s w i t c h e s w e r e i n c o r p o r a t e d ; t h e s e 

wi l l i n d i c a t e the r e l e a s e of the r e f l e c t o r s and f a i l u r e of the top h e a d a n d / o r s i d e s 

of t h e v e s s e l . 

T h e f i r s t a r t i c l e , wh ich wi l l be u s e d for the qua l i f i ca t ion t e s t s p r e p a r a t o r y 

to t h e r e e n t r y f l ight t e s t s , w a s c o m p l e t e d on N o v e m b e r 28 and d e l i v e r e d to Sandia 

t h a t s a m e day . The s e c o n d a r t i c l e w a s c o m p l e t e d D e c e m b e r 14, whi le t h e t h i r d 

t e s t a r t i c l e ( A l O F M - 4 ) , which wi l l be u s e d for the f i r s t f l ight t e s t in the r e e n t r y 

p r o g r a m , w a s c o m p l e t e d D e c e m b e r 28 . F i n a l a s s e m b l y of the fou r th a r t i c l e w a s 

t e m p o r a r i l y d e l a y e d pending r e c e i p t of the u p p e r g r i d p l a t e f r o m Sandia . It wi l l 

be conaple ted and sh ipped to Sandia wi th in the f i r s t two w e e k s of t h e next q u a r t e r , 

C. E X P E R I M E N T S 

On O c t o b e r 22, an A l - f a b r i c a t e d m o c k u p of a SNAP lOA c o r e c a n and top 

h e a d w a s t e s t e d by Sandia in t h e i r Rad ian t Hea t F a c i l i t y to e v a l u a t e the m o d e of 

top h e a d e j ec t ion . The r e s u l t s of t h i s t e s t i n d i c a t e d tha t t h e r e i s a d i s t i n c t p o s s i ­

b i l i t y t ha t t h e top h e a d would not e jec t a s e x p e c t e d . 

In the t e s t , t h e hea t i ng e l e m e n t s w e r e d i s t r i b u t e d to s i m u l a t e t h e a n a l y t i c a l l y 

e s t i m a t e d s p a t i a l d i s t r i b u t i o n of inc iden t h e a t f lux e x p e c t e d du r ing r e e n t r y . An 

e x p e r i m e n t a l v e r i f i c a t i o n of t h e h e a t f lux d i s t r i b u t i o n wi l l not be a v a i l a b l e un t i l 

the d a t a f r o m t h e "hot s h o t " t u n n e l t e s t s a r e a n a l y z e d . T h e s e t e s t s w e r e c o n ­

duc t ed in D e c e m b e r , 

The t h e r m o c o u p l e s in and ad jacen t to the l ip weld r e c o r d e d the t e m p e r a t u r e 

h i s t o r y du r ing the t e s t . As e x p e c t e d , t he h i g h e s t t e m p e r a t u r e s ( a p p r o x i m a t e l y 

2500°F) o c c u r r e d in the l ip we ld . A r e a s of t h e h e a d and c o r e can , i m m e d i a t e l y 

ad j acen t to the l ip we ld , r e a c h e d t e n a p e r a t u r e s of a p p r o x i m a t e l y 1600 and 8 0 0 ° F , 

r e s p e c t i v e l y . As a r e s u l t of t h i s h e a t i n g , t he top h e a d a n d / o r the c o r e c a n y i e lded 

the d i s t a n c e of the s p r i n g t r a v e l (0,12 in . ) , t h e r e b y r e d u c i n g the s p r i n g f o r c e to 

z e r o . The s p r i n g s , t h e r e f o r e , could not s e r v e t h e i r a n t i c i p a t e d p u r p o s e of 

e jec t ing the top h e a d . The l ip weld i t se l f a p p e a r e d to be unaf fec ted by the h e a t i n g . 
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A second tes t , s imi lar to the foregoing, was also conducted by Sandia during 

this qua r t e r . AI again supplied the tes t a r t i c l e . In the tes t , the top head melted 

through the cen t ra l region before the lip failed. Fu r the r detai ls were not avai l ­

able at the end of this report ing per iod. 
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VIII. REENTRY BURNUP OF FUEL ELEMENTS 

A. ANALYSIS 

A r e p o r t ( N A A - S R - T D R - 7 7 10) w a s i s s u e d to d e s c r i b e t h e l a t e s t v e r s i o n of 

t h e Dig i t a l T h e r m a l A n a l y z e r P r o g r a m ( T A P - 2 ) wh ich i s be ing u s e d for c a l c u l a ­

t ion of fuel r o d hea t ing and ab l a t i on , 

A s tudy ( N A A - S R - T D R - 7 8 6 8 ) d e s c r i b i n g the b e s t a v a i l a b l e m e t h o d s for p r e ­

d ic t ing ab l a t i on w a s c o m p l e t e d . The p r e l i m i n a r y r e s u l t s i n d i c a t e t ha t a r e l e a s e 

a l t i t ude of at l e a s t 250,000 ft w i l l be r e q u i r e d if c o m p l e t e b u r n u p of the SNAP 

2 / l O A fuel r o d s i s to b e o b t a i n e d . In t h e s tudy , t h e fuel rod ab l a t ion r a t e s w e r e 

c o m p a r e d by t h e u s e of two a n a l y t i c a l m o d e l s : 

1) The en tha lpy r e q u i r e d for h y d r o g e n d i s s o c i a t i o n (610 B t u / l b ) w a s 

added to the en tha lpy r e q u i r e d for m e l t i n g of t h e m e t a l (90 B t u / l b ) , 

and t h e t o t a l en tha lpy of p h a s e c h a n g e w a s a s s u m e d to be a b s o r b e d 

at t he m e l t i n g t e m p e r a t u r e ( 3 3 6 5 ° F ) , 

2) T h e en tha lpy r e q u i r e d for h y d r o g e n d i s s o c i a t i o n w a s a s s u m e d to be 

a b s o r b e d at a l o w e r t e m p e r a t u r e , such a s 2 0 0 0 ° F , 

The f i r s t m o d e l w a s u s e d in p r e v i o u s a n a l y s e s of a r c - j e t t e s t s , and w a s known 

to b e i n a d e q u a t e . The s e c o n d m o d e l i s c o n s i d e r e d to b e a f i r s t a p p r o a c h to a 

m o r e e l a b o r a t e a n a l y t i c a l m o d e l t ha t i n c l u d e s h y d r o g e n diffusion r a t e s . 

T h e c o m p a r a t i v e r u n s m a d e wi th t h e two m o d e l s show tha t t he s t a r t of a b l a ­

t ion i s d e l a y e d when the h y d r o g e n d i s s o c i a t e s at t he l o w e r t e m p e r a t u r e . H o w e v e r , 

once ab l a t i on b e g i n s , it p r o c e e d s e x t r e m e l y r a p i d l y and t h e o v e r a l l t i m e for c o m ­

p l e t e b u r n u p to o c c u r i s l e s s t h a n t h a t p r e d i c t e d by the f i r s t m o d e l . 

A s imp l i f i ed exp lana t ion of t h e c a u s e of t h i s i s a s fo l lows: Mode l 1 i s ab la t ing 

whi le the h e a t of d i s s o c i a t i o n (610 B t u / l b ) and fus ion (90 B t u / l b ) a r e added , o r 

wh i l e a t o t a l of a p p r o x i m a t e l y 700 B t u / l b i s be ing a b s o r b e d . In Mode l 2, t h e h e a t 

for h y d r o g e n d i s s o c i a t i o n i s a b s o r b e d we l l b e l o w t h e m e l t i n g t e m p e r a t u r e ; t h u s 

ab l a t i on d o e s not beg in un t i l a l l t h e h y d r o g e n h a s b e e n d i s s o c i a t e d . Once ab l a t ion 

d o e s b e g i n , i t p r o c e e d s at a m u c h f a s t e r r a t e s i n c e t h e add i t ion of only a p p r o x i ­

m a t e l y 90 B t u / l b i s r e q u i r e d . T h e t o t a l t i m e r e q u i r e d for c o m p l e t e b u r n u p to 

o c c u r wi th a g iven hea t f lux i s l e s s for Mode l 2, due to t h e snmaller r a d i a t i o n 

l o s s e s wh ich o c c u r b e c a u s e t h e r o d i s at a l o w e r t e m p e r a t u r e wh i l e a b s o r b i n g 
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the hydrogen dissociat ion heat. The use of a constant t empera tu re for hydrogen 

dissociat ion was justified by the l a rge change in the diffusion coefficient between 

1800 and 2400°F. This is a na r row range in relat ion to the range of 0°F to the 

melting t e m p e r a t u r e s of 3365°F. 

As a further check on the foregoing, a study was undertaken to evaluate the 

effects of assuming that the hydrogen dissociat ion occur red at each of severa l 

given t e m p e r a t u r e s in the neighborhood of 2000°F. The resu l t s substantiated 

that the change in ablation behavior is not strongly dependent on assumed hydro­

gen dissociat ion t e m p e r a t u r e s within the range of approximately 1800 to 2400°F. 

A sample p rob lem on fuel rod ablation was obtained from Sandia and was 

solved by use of our digital code. The problem involved a fuel rod w^ith a 0.10-in. 

wall th ickness . It was filled with ba r ium as a f lare ma te r i a l and lead was added 

in the center to adjust the average density to that of the fuel ma te r i a l . The hea t ­

ing r a t e s and ma te r i a l p rope r t i e s were taken to be the same as those used by 

Sandia for the i r e lec t r ica l analog solution. The re su l t s agreed with Sandia 's up 

to t e m p e r a t u r e s about 100°F below^ the melting t empe ra tu r e of the fuel. At that 

level , the b a r i u m and lead vaporized; the heat absorbed during this p roces s sup­

p r e s s e d the ablation of the fuel. Since Sandia had developed thei r t he rma l model 

to check thei r analytical methods, they did not include the second phase changes 

for the ba r ium and the lead. Fo r this reason, the solutions differed at the higher 

t e m p e r a t u r e s just below the melting point of the fuel alloy. 

The ablation of a fuel rod having a 0.10-in. wall th ickness and filled with 

ba r ium f lare ma te r i a l was then recalcula ted with the assumption that the hydro­

gen d issoc ia tes when the t empera tu re r eaches 2000' 'F. It was found that some 

of the rod ma te r i a l ablated before the ba r ium vaporized, whereas the previous 

calculat ions, which were made with the ent i re enthalpy of phase t ransformat ion 

occurr ing at the melting t empe ra tu r e (3365°F), showed no ablation. 

Work along these l ines was continued into the next quar te r with the objectives 

of improving the t he rma l model and including the heats of chemical react ion, 

such as those due to oxidation. 

A set of calculat ions was made to analyze the r e su l t s of some a r c - j e t t e s t s 

made by Sandia in a ir and argon. The ablation ra te in a i r was about four t imes 

as fast. This could be explained if as l i t t le as 20% of the z i rconium oxidized on 

the ablating surface. 
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It appears f rom the foregoing analyses that simulation of r een t ry in an a r c -

jet r equ i res control of chemical fac tors , such as oxygen p r e s s u r e as well as 

control of heat r a t e s . It a lso is evident that the mathemat ica l models for abla­

tion of hydrided fuel ma te r i a l s must be quite complex if re l iable predict ions of 

ablation a r e to be made. 

B. ARC-JET TESTS 

Several t e s t s were run to develop a suitable model support . F igu res 7 and 8 

show two views of a z i rconium rod on a tungsten support rod after exposure to a 

stagnation line heat flux of 340 Btu/ft - sec (based on the original rod d iameter of 

1.25 in. and on cold-wall conditions). The running t ime was 90 sec . The support 

rod successfully survived the experiment , while approximately half of the z i r ­

conium was ablated. La te r , a more sophist icated model-suppor t device was con­

st ructed which makes it possible to rotate the cyl indrical samples while they a re 

in the a r c - j e t . This support was developed for the Sandia t e s t s which were run 

in December . 

Four fuel alloy specimens were tes ted in the a r c - j e t facility at NAA-Los 

Angeles Division ear ly in the qua r t e r . The f i rs t two specimens were of the un­

modified alloy; the las t two w^ere modified. All four specimens c racked in the 

vicinity of the tungsten support rod. The f i rs t t h ree fell out of the jet after being 

par t ia l ly ablated. There was substantial ablation of all t h ree spec imens . 

The fourth tes t was t e rmina ted before the specimen fell f rom the support 

rod so that the condition of the specimen could be studied. It, too, had cracked 

and was heavily oxidized on the forward side. Liquid metal had broken through 

the oxide layer in severa l p laces . 

La te r , AI tes ted additional 1.25-in,-diameter rod specimens in the a r c - j e t . 

These spec imens , some of which contained f lare m a t e r i a l s , were p r epa red by 

the Sandia Corporat ion from zi rconium-hydr ide and u ran ium-z i rcon ium-hydr ide 

supplied by AI. Each specimen was 2 in, long and had a nominal d iameter of 

1.25 in. Each was suspended and held s ta t ionary in the jet in a c r o s s - a x i a l pos i ­

tion. The t he rma l environment in the jet core was adjusted so that the s tagna-
2 

tion heat flux was nominally 250 Btu/ft - s e c . This value was calculated to be 

represen ta t ive for one point in the reen t ry t r a jec to ry . Three of the nine spec i ­

mens were fabricated of z i rconium-hydr ide , th ree of unmodified SNAP fuel, and 
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F igure 7. Arc - Je t Test Rod — Side View 
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Figure 8. Arc - Je t Test Rod — Zirconium End 



the remaining th ree of modified SNAP fuel. These t e s t s were run to check the 

information gained as a resul t of the October t e s t s . 

Twelve fuel alloy f lare specimens (Figure 9) were sent to Sandia on Novem­

ber 2. Eight of these were hollow with end caps . The end caps were plugs of 

the fuel alloy. Since it was found to be imprac t ica l to thread these plugs, they 

were held in place with c r o s s - p i n s . Two of the solid specimens were clad and 

fitted with end caps of the SNAPTRAN type, Sandia had planned to t es t these in 

their radiant heating facility, but they la te r decided to run the t e s t s at the NAA-

Los Angeles Division a r c - j e t facility, AI managed the t e s t s in the same manner 

as was done for thei r ea r l i e r t e s t s , supplying health physics and decontamination 

s e rv i ce s . The t e s t s were conducted in mid-December so that the r e su l t s would 

be factored into the RFD-1 flight tes t p r o g r a m . 

As a resu l t of these t e s t s , the fuel element f lare exper iments , utilizing clad 

fuel e lements , were accepted for the RFD flights. P lans were made to fabricate 

the ful l-s ize f lare e lements and fabrication will take place during the next quar te r 

In addition, fixed fuel rod samples (1.75 in, long) will be fabricated for ins ta l la ­

tion at the r eac to r base ring. There will be two of these samples for each flight. 
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