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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.
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IX.

ZNIRODUCTIOR

The purpose of environmental testing is to establish the rnliahilitr,
of fuel elements by subjeoting them to vidbration and shock inputs
and runr heating rates in excess of those required for qualifi-
oation.* These inpute simulate launch eonditions and reastor

start-up, The pre~launsh check out and reactor life conditions
are also simulated by subjeoting the elements to thermal oycling
snd thermal endurance. The effects of these inputs are evalnated
by measuring the hydrogen permeation befere and after each of the
sbove inputs, and by chemioel and metallographic analysis after |
endurance testing. The sequence of testing and equipment capabiltty o
are shown in FPigure 1, *

1. Permeation Testing: SNAP 10A fuel elements are teasted in
" an eight furnaee permeation system capable of testing foux
elements per day. _The elements are tested at 1200°F as
per speeification.? An additicnal test at 1100°F is also
made to allow correlation of environmental and qualifi.
eation test results. The system is adeguate to handle
the permeation test needs of the envirommental test program,

2, Thermal Cyoling:s A three furnaoe system capable of
simultaneously testing twenty-four elements is used for
thermal cycling. Four daye are required for thermal
oyoling the fuel elements in the environmental test program.

3. Vibration and Shoek: The elements are loaded five at a
time in & simulated core tank., The tank is filled with .
vater and pressurigsed to 25 4+ 2 psig after loading. The
elements are arranged in the cors tank in the oenfiguration
shown in Figure 2. Iaputs are made using 2 Ling 7500
ghaker-slip table systenm.

4. Ramp Heating: Two induction heating systems are available

for remp heating. Eeoh systenm ean accommodate approximately ,f ‘
two elements every three days. The systems require periedie| -

edjustment to insure acceptable tsmperature profiles and
temperature peaks, These two characteristics may oauss
aalayn in the program from time t0 time,

1!10422-006. "SNAP 10A Puel Elsment Qunltticatiun Test Sycnifioatina.
T. G, Parker, Jr., Rev. 5/7/6 3. ,

Zlmzlz-oov. *Isothernmal nyarogon
Puel Rlenenta,' . a. Sp:nnl, aw. ,2/1

Pazunutéen !cating of ?rednotien 8!1?

. 719-P
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Pigure 1

Permeation Test - 4 elements pof day

. -

Thermal Cysling - 24 elements per 4 days

7
Pormeation Test - 4 eléementa per day

W,

Vibration and 8hook ~ 5 elements per 2 wveeks

Permeation Test ~ 4 elements per day

l

Ramp Heating - l+ alements per day

N 4
Permeation Test - & elements per day

N
- Thermal Endurance ——> 72 elements per year

USSR
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5. fThermal Baduraaocu The new system will be able to
acconnodste up to seventy-btwo elements. The tenperatures
of the furnaces are presently being profiled for oporutiaa
of this eyatem.

Yhe test uquipmont desoribed above is used for qualificetion,
snvironmental, and developmental testing of all SNAP 10A uad
SNAY 2 fuel elements.

II1. EROGRAM STATUS
Piftesn fuel elementis hove been received during August, bringing
the total number of environmental test slements to twenty-seven.
Thess fifteen elements had undergone vibration and shock in the
10F81 oore tank before receipt for environmental testing. The
present status of these 27 elements is shown in Figure 3. The -
results of the tests and inputs to date may be seen in Tablen I =
IXVIL. In theee tables, § is the measured hydrogen permeation rate
reported in units of oo{37P) /hr.

IV. DISCUSSION
A. Izputs

Eaoh element resceives three thermal oyeles from 4LOO'F to 1200°F
with & heating rate of 300°P/hour and a oooling rate of less. '
than 50°F/hr, The element remains at 1200°P for ten hours per |

eyole. :

Elenents H-88, FN~97, N-10l, N~10k, and N-105 have undergone
vibration and shock inputs of 200 peraeent of the normal
qualification input lovel. Blements N-137, N-1h6, N-155, N=-159,
and N-165 have had inputs of 250 percent of the qnalification
level., Elements N-140, R~142, N-143, N-152, H-154, 1
N-156, H-158, H«162, R-1T1, and ¥~172 will receive qualifioatian o
level vibration and shook inputs prior to high level ramp R O
heating rutes. Blements X-88, ¥-97, X-101, N-10k snd N-105
have undergone ramp heating at 150°F/minute to 1250°F, This is
tgn ni:iann Yamp hcating rate for an environmental test

slement,

3.

Blement N«169 exceeded the spseified failurs leak rate of
3.0 ee(92P)/hr. at 1200°F in its pre thermal cycle permeation

test, Roviev of the acoepiance teat data showed that the leak
rate of the element inereased from 0.23 0o(82F)/hr. %o

o.so u(m) . at 1200°F because of lov level ac«pta.nu

e }71‘9;55 i
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.riguro 3

Undergoing
Thermal Cyeling
H-163
R-164
N-166
N-167
¥-168
N-170

Vaiting
Vibration and Shock

H-156
¥-158
N-162
§-171
N-172

Undergoing
Vibration and Shoek

N=-240
N-142
N-143
R-152
§-154

L

Waiting
Ramp Heating

N-137
R-146
N-155
N-159
N-165

L

Vaiting
Thermal Endurance

H-88
§-97
N-101
¥-104
¥=-105

.UNCLASSIFIED' :

Element N-169 was rejeoted (of. Seotion !T“))
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vibration. Review of the test data for seventy-two other
elements (both normal and enriched uranium) which received

- #imilar tests showed that only one other element, N-158,

had a larger inerease 0f permeation. The seventy-two elements
have a mean incresse of 0.0l co(S?TP)/hr. due to the low
level acoeptance vibration. The ohange in the leak rate of
element N-169 is approximetely equal to three times the
standard deviation of the seventy~two elements. The change
in permeation of element N-158 is well above this three-sigma
band, but the permeation rate of N-158 4id not eontinue teo
increase (ef. Table XV). Both these elements were vibrated
end shocked in the 10¥81 core tank after the acceptance tesis,
It is recommended that any element which shows an inerease in
permeation greater than 0,25 ee(srr)/hr. due to low level ,
acoeptance vibration be rejected, This is expected to cause
no more than 5 elements per 1000 to be rejescted.

V. CONCLUSIONS

SHAP 10A fuel slements are undamaged by 250% of the vibration
and shoek required for qualifioation.

Fusl elements which show an inorease of more than 0.25
oc(STP)/hr. at 1200°F due to low level acceptance vibrationm
should be rejeoted.

UNCLASSFED
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| N-88

ENDURANCE TEST DATA

0.20

DATE STARTED

6.53

PRETEST TOTAL ¢ =

1100

HOURS || ¢ HOURS

0,06

1200
0,29

0.05

0.05

0.23

0.05

0.29

0.05

0.25

ENDURANCE TEST DATA

_SYSTEM

FURNACE

RETORT

NQTES

INPUTS: 200% of design vibration

& shock
t Design ramp heat

DATE FINISHED
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FUEL ELEMENT NUMBER %e97 ( ENDURANCE TEST DATA.
- % _CARBON 0.2k |l DATE STARTED
¥y = INITIAL ' [ PRETEST TOTAL ¢ =
# TEST TEMPERATURE 1100 || 1200 HouRS || ¢ |Hours || ¢
£ _ACCEPTANCE TEST 0.0 || 0,21 '
CYCL, 0.05 |l 0,23

£ AFPTER THERMAL CYCLING 0,05 || 0,27
£ AFTER VIBRATION & SHOCK | 0,04 || 0,16
¢ AFTER RAMP HEATING 0,03 || 0.1%

ENDURANCE TEST DATA

SYSTEM -
FURNACE
RETORT

NOTES

| | INPUTB: 200% of design vibratiocn
& shogk

t Design ramp heat

DATE FINISHED

INUSSFED



FUEL ELEMENT NUMBER

INISSFED

ENDURANCE TEST DATA

' M 0,24 DATE STARTED
Mg =~ INITIAL 6.56 PRETEST TOTAL ¢ =
. # TEST TEMPERATURE 1100 || 1200 HOURS || @ || HOURS

" § ACCEPTANCE TEST TEMP. | 0,11 || 0,54 |

§ BEFORE THERMAL GYCLING | 0,06 || 0.40

~ f AFTER THERMAL CYCGLING | 0.05 || 0.42

~ §_AFTER VIBRATION & SHOCK | 0,04 || 0,30 '
§ AYTER RAYP HEATING 0,03 || 0.23

ENDURANCE TEST DATA

SYSTEM

FURNACE_

RE TORT

NOTES

INPUTS: 200% of desiga vibration

& shook

i Design ramp heat

DATE FINISHED




ENDURANCE TEST DATA

DATE STARTED

0,21
6450 PRETEST TOTAL ¢ =
00 || 1200 HOURS ¢ HOURS

# AFTER TEERMAL GYCLING

0.05 0.32
" § AFTER VIBRATION & SHOGK | 0e1l || 0,37
YER BAMP HEBATPING 0.08 || 0.33

_ENDURANCE TEST DATA

SYSTEM

FURNACE _

RETORT

NOTES

INPUTS:
& shock
$ Design reamp heat

200% of design vibration

USSP

DATE FINISHED




INCIASSEED

- 'FUEL ELEMENT NUMBER ' ' ENDURANCE TEST DATA

% CARBON 0.21 DATE STARTED

By - INITIAL 6.64 |l PRETEST TOTAL ¢ =

£ TEST TEMPERATURE 1100 || 1200 || mours | ¢ [[woums || ¢
£ AGCCEPTANGE TEST | 0.06 || 0.28

' BEFORE THERMAL CYCLING | 0.0k || 0.27
f AFTER THERMAL CYCLING _ | 0.0% || 0,23
# APTER VIBRATION & SHOCK | 0,08 || 0.24
§ APTER RAMP HEATING 0.06 || 0.18

ENDURANCE TEST DATA

SYSTEM
FURNACE
RETORT

NOTES

INPUTS: 200% of design‘vibration
: & shock

t Design ramp heat

DATE FINISHED

| UNCLASSIFIED N




ENOURANCE TEST DATA

 FUEL ELEMENT NUMBER | 137
% CARBOK ‘ 0.21 DATE STARTED
e - INTTIAL 6.52 ' PRETEST TOTAL ¢ =
£ TEST TEMPERATURE 1100 || 3200 wours || ¢ || Hours
# ACCEPTANCE TEST - 0,17

£ BEFORE THERMAL GYCLING | 0,02 || 0,10
# AFTER THERMAL CYCLING | 0,02 | 0,09
# AFYTER VIBRATION & SHOCK 6,02 |l 0.1}

__ENDURANCE TEST DATA
- ___SYSTEM
o FURNACE
RETORT

NOTES

INPUTS: 250% of design vibration
& shock

“ DATE FINISHED .

S
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NCUSSFED

FUEL ELEMENT NUMBER 140 ENDURANCE TEST DATA
‘% GARBON 0.18 DATE STARTED
!l « TWITIAL 6.21 PRETEST TOTAL ¢ :
THEY TEMPERAYURE °F 1100 || 1200 HOURS || & ||'HOURS
. f§_ADCEPTANCE TRST 0.20
#§ BEPORR THERMAL CYOLING | 0,05 || 0.19
# APYER THERMAL CYOLING | 0.05 || 0.21

ENDURANCE TEST DATA

SYSTEM

FURNACE

RETORT

NOTES

10981 Cere Element

INPUTS: 100% of design vibratien

& shosk

DATE FINISHED

INCLASSED




UNCLASSIFIED

FUEL ELEMENT NUMBER N-142 ENDURANCE TEST DATA
<% chsox 0.1k DATE STARTED
Wyt - INITIAL 6.52 PRETEST TOTAL ¢ =
PEST TEMPERATURE °F 1100 ||1200 HOURS || ¢ || HOURS || ¢
§ ACCEPTANCE TEST 0.2k

[ BEFORE THERMAL CYCLING | 0.08 ||0.30
# AFTER THERMAL CYCLING | 0.05 [|0.23

ENDURANCE TEST DATA
SYSTEM

FURNACE

RETORT

NOTES

10781 Core Element
INPUTS: 100X of design vidration

& shosk '

DATE FINISHED

UNCLASSIFED




UNCLASSFED

«; H~14% ENDURANCE TEST DATA
‘ o 0,24 DATE STARTED
Wy ~ INITIAL 6.28 PRETEST TOTAL ¢ -
TEST TRIPERATORE 7 1200 ¢
mewm RSP 1200 |
# BEPORE THERMAL CYCLING "
# APTER THERMAL CYCLING o

: __ENDURANCE TEST DATA

SYSTEM -

FURNACE

o o

NOTES

- 1081 Core Element

& shoek

INPUTS: 100X of design vidratiem

DATE. F'N‘SHED




~ FUEL ELEMENT NUMBER || #2146

 UNCUSSFED

ENDURANCE TEST DATA
% CARBON : 0.21 DATE STARTED
By ~ INITIAL 6.52 PRETEST TOTAL ¢ =
# TEST TEMPERATURE 1100 || 1200 MOURS || ¢ | Hours || ¢
# ACCEPTANCE TEST - 0.10

# BEYORE THERMAL CYCLING | 0.01 || 0,08

§ AFTER THORMAL CYCLING | 0.02 | 0,06

# APTER VIBRATION & SHOCK | 0.02 | 0.08

_ENDURANCE TEST DATA
SYSTEM

FURNACE

RETORT

NOTES

INPUTS: 250% of design vibration
‘ and shoek

UNCASSFED

OATE FINISHED



L FUEL Et,eiaenr NUMBER - N«152

ENDURANCE TEST DATA

% CARBON 0.16 DATE STARTED
Ny ~ INITIAL §.4) PRETEST TOTAL ¢ =
TES? TEMPERATURE °*P 1100 || 1200 HOURS -3 HOURS
£ ACCEPTANCE TES? 0.14
¢ BEFORE THERMAL CYCLING | 0.03 || 0.13
# APTER THERMAL CYCLING 0.02 || 0,13

ENODURANCE TEST DATA

SYSTEM
FURNACE
RETORT

NOTES

10¥81 Cere Element

INPUES: 1004 of design vibration
& shook

DATE FINISHED

WiKSED
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e OASHFED

‘ FUEL ELEMENT NUMBER xﬂ” ENDURANCE TEST DATA
’ CARBON 0.14 DATE STARTED _
By - INIPIAL 6.h6 PRETEST TOTAL ¢ =
TEST TEMPERATURE °*F 1100 || 1200 MOURS || ¢ |l HOURs || ¢
- f ACOERPTANCE TEST 0.27
' § BEVORE THERMAL OYOLING | 0.07 || 0.25

ENDURANCE TEST DATA

- SYSTEM

FURNACE
- RETORT
NOTES

14¥S81 Core Element

:m}ma 100% of design vibration

& shoek

INCUSSFED

DATE FINISHED




UNCLASSED

B FUEL ‘_ELEMENT NUMBER w ~ ENDURANCE TEST DATA
.. % CARBON : 0.15 DATE STARTED
B - INITIAL 6.52 PRETEST TOTAL ¢ = o
‘# TEST TEMPERATURE 1100 || 1200 Hours || ¢ |lwours| ¢
t«" > # AGCEPTANCE TEST e 110,20 | :
{7 BEFORE THERMAL CYCLING | 0,02 || 0,15

£ AYTER THERMAL CYCLING | 0,03 || 0,13
# AYTER VIBRATION & SHOCK | 0,02 | 0.1}

_ENDURANCE TEST DATA

- SYSTEM
FURNACE
" RETORT

NOTES

INPUTS: 250% of design vibration
& shock

DATE FINISHED

NS




© FUEL ELEMENT NUMBER

. m ENDURANCE TEST DATA
% CARBON 0.14 DATE STARTED
& » IRITIAL 6.46 PRETEST TOTAL ¢ =
. ¥R8T TEMPERATURE °¥ 1100 || 1200 HOURS ¢ || HoURs
- ACCEPTANCE TEST 0.40
§ BEPORE THERMAL CYCLING | 0.07 || 0.29
$ APTER THRRMAL CYCLING | 0.08 || 0.26

ENDURANCE TEST DATA

SYSTEM

FURNACE -

RETORT

NOTES

10rsl Core Element

INPUTS: 100% of design vibration

& shoeok

UNCLASSFED

DATE FINISHED




L UNClAssmFD

FUEL ELEMENT NUMBER

N-156  ENDURANCE TEST DATA
. S CARBOY 0,15 DATE STARTED
%1 By - INTRIAL 6.33 PRETEST TOTAL ¢ -
TEST TEMPERATURE °F 1100 || 1200 HOURS ¢ || Hours
="~ § ACCEPPANCE TEST 0.69
~ § BEFORE THERMAL CYCLING | 0.13 || 0.53
'§ APTER THERMAL CYCLING | 0.13 || 0,61

_ENDURANCE TEST DATA

SYSTEM
FURNACE
RETORT

" NOTES

10781 Core Element

L INPOTSt 1004 of design vibdration
' & shoek.

| DaTE FINISHED

NCLASSFED
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i UNCLASSIFIED

" FUEL ELEMENT NUMBER K15 ENDURANCE TEST DATA
s CARBON 0.21 DATE STARTEOD
Fg = INITIAL 647 PRETEST TOTAL ¢ =
# TEST TEMPERATURE 1100 || 1200 MOURS || ¢ |l HOURS [| ¢
£_ACCEPTANCT TEST - 0.19
£ _BEFORE THERMAL CYCLING | 0.03 || 0.19
#_AFTER THERMAL CYCLING | 0,03 || 0.12
£ APTER VIBRATION & SHOCK | 0.03 || 0.13
ENDURANCE TEST DATA
” SYSTEM
FURNACE
i RE TORT
NOTES o
INPUTS: 250% of design vibration 7
& shosk

DATE FINISHED

INCUSSFEN




f BEFORE THERMAL CYCLING | 0,03 || O.1%
# APTER THERMAL CYCLING | 0.02 || 0,09

e D
FUEL ELEMENT NUMBER Ne162  ENDURANCE TEST DATA
% CARBOY 0.17 DATE STARTED
Mg - INITIAL 6.26 PRETEST TOTAL ¢ =
' TEST TEMPERATURE °F 1100 || 1200 HOURS || ¢ | HOURS || @
= § ACCEPTANCE TEST ‘ 0.15

ENDURANCE TEST DATA

- SYSTEM
FURNACE
- RETORT
NOTES .

10P81 Core Element

INPUTS: 100% of design vibration
& shock

DATE FINISHED

UNCLASSIFED




L® XVII

- g 1L o
UNCLASSIFIED
FUEL ELEMENT NUMBER l';l‘} ENDURANCE TEST DATA

% CARBON 0,14 DATE STARTED

i- INTPIAL 6.43 || PRETEST TOTAL ¢ =

TEST TEMPERATURE °F 1100 || 1200 HOURS || ¢ [HOURS || ¢
" §§ ACCEPTANCE TEST 0,15 | =
- § BEPORE THERMAL CYCLING | 0.05 || 0425

ENDURANCE TEST DATA

SYSTEM

FURNACE

RETORT

NOTES

1arsl Core Element

INPUTS: 100% of design vibratiom

& sheek

|
/DATE FINISHED

INCLASSIED




INCIASSFED

‘. - FUEL ELEMENT NUMBER

ENDURANCE TEST DATA

DATE STARTED

PRETEST TOTAL ¢ :

2EST TEMPERATURE °F

1100

HOURS ¢ || Hours ¢

- # AQURPTANCE TEST

# BEPORE THERMAL CYOLING

0.0%

ENDURANCE TEST DATA

SYSTEM

FURNACE

RETORT

NOTES

10031 Core Element

" INPUTS s

}

& shosk

100% of design widration

ONUSSFD

DATE FINISHED




DATE STARTED
¥y - INITIAL 6.58 PRETEST TOTAL ¢ -
. B ¥EST TEMPERATURE 1100 || 1200 wours | ¢ [lwours [| ¢
* #§ AGCEPTANCE TEST - 0,27
 '# BEFORE THERMAL CYCLING | 0.0% || 0.25
 # AFTER THERMAL CYCLING | 0,06 || 0,25
$ AFTER VIBRATION & SHOCK | 0.06 || 0.2k

' FUEL ELEMENT NUMBER

“h( . .

ENDURANCE TEST DATA

P

ENDURANCE TEST DATA
SYSTEM

FURNACE

RETORT

NOTES

INPUTS: 250% of design vibration
& shock

- UNCLASSIFE

DATE FINISHED

D
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| : FUEL ELEMENT NUMBER [:156 ENDURANCE TEST DATA
| * CARBON 0.2"6 DATE STARTED
; Wy = INTTIAL 6,20 PRETEST TOTAL ¢ = ;
| TEST TEWPERATURE °F 1100 || 1200 HOURS || ¢ || HOuRS || ¢ k
§ ACCEPPANCE TEST 0.13 |
£ BEFORE THERMAL CYCLING | 0.03 || 0.25
_ENDURANCE TEST DATA 4
i SYSTEM
FURNACE
’ RETORT
NOTES | B
10751 Core Element -
INPUTS: 100% of design vibration
& shoek

DATE FINISHED

INCUSSFE




© FUEL ELEMENT NUMBER

PABLE XXIX
¥

NS

N167

ENDURANCE TEST DATA

% CARBON

C.13

DATE STARTED

By - INTRLAL

6.52

PRETEST TOTAL ¢ =

|  ®E8? TEMPERATURE *P

1200

HOURS || - @ | HOuRs || ¢

0.20

_§ AOCEPPANCE TEST
' BPEPORE THERMAL CYCLING

0.03

0.15

__ENDURANCE TEST DATA

_SYSTEM

FURNACE

RETORT

NOTES

10F81 Core lenf

INFUTSs 100% of design vidration

& shoeck

DATE FINISHED




UNCLASQIFIED

. FUEL ELEMENT NUMBER 168 ENDURANCE TEST DATA
‘ ‘ 0.16 DATE STARTED
6,37 PRETEST TOTAL ¢ =
0,18 '
0,04 || 0,33 i
, ENDURANCE TEST DATA
- SYSTEM
. FURNACE
) RETORT
NOTES
10rsl Coxe Elenent
INPUTE: 100% of design vibration
& shosk
DATE FINISHED -




FUEL ELEMENT NUMBER | -169 ENDURANCE TEST DATA

’ CARBON |l 0017 DATE STARTED

By < INITIAL 6.36 PRETEST TOTAL ¢ -

TEST TEMPERATURE °F 1100 || 1200 Hours || @ [wours || ¢
§ ACCEPTANCE TES?T 0450

ENDURANCE TEST DATA

. SYSTEM.
' FURNACE
N . RETORT
NOTES

DATE FINISHED

e UN}CLASS‘FE'» :




gt UNC[ASSIHED

. FUEL ELEMENT NUMBER

o H«170 ENDURANCE TEST DATA
"% CARBON ' 0,34 ; DATE STARTED
& ~ INITIAL 6.37 PRETEST TOTAL ¢ - |
.. ¥RS? TEMPERAYURE °F 1100 || 1200 T T & Troms | @
~ §§ AGGEPTANCE TEST 0422 I

"} monx THERMAL OYCLING | 0.0h4 || 0.09

ENOURANCE TEST DATA

- SYSTEM
i FURNACE
) RETORT
NOTES

10781 Core Element

INPUTSs 100X of design vibration
& shoek

DATE F INISHED

0




PIASSFED

FUEL ELEMENT NUMBER :

. "ENDURANCE TEST DATA

% CARBON

|l paTe sramTeD

Mg » INITIAL

PRETEST TOTAL ¢ :

. # 9BSY TEMPERATURE

1100

HOURS ¢ || HOURS b

0.0k

. § BEFORE THERMAL CYCLING
*# AVTER THEEMAL CYCLING

0,07

' # AYTER VIBRATION & SHOCK

ENDURANCE TEST DATA
SYSTEM -

FURNACE

e _ RETORT

NOTES

DATE FINISHED




ENDURANCE TEST DATA
'DATE STARTED
PRETEST TOTAL ¢ =
Houas ¢ || Hours

*Q BEFORE THERMAL CYCLING
@ A¥TER mmr, CYCLING
' PeAYTER VIBRATION & SHOCK

ENDURANCE TEST DATA
____RETORT






