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ABSTRACT:' 

This report pmasrrta the results of the power t e s t i n g  of the -1 insert 

cartridge in t h e  H3!RE=2 reactor.  The t e s t  ka9 implemented t o  evaluate the high 

temperature char a c t e r i s t i  cs of coated ( A1203) fueled ceramic (BeO) tubes. 

The operations were s t a r t e d  i n  November 10, 1959, when the  d e s i m  temperature 

of 2500- was achieved at a t o t a l  reactor power of 10.5 megawatts. 

successive power operations 105.99 hours uere accumulated a t  t h i s  tenrperature. 

W i n g  t h i s  time there  w a s  essentially no change i n  t e s t  conditions f m m  bitid. 

In 

value 8 . 
Thmugfiout the t e s t  t h e  release o f  f h s i o n  product8 from the  insert was 

monitored. Data irdicated that t h e  f r ac t iona l  re lease  of I 131 ani 1135 did not 

vary signuUcant ly  from L2A-1 values, indicat ing the  ineffectiveness of t h e  

m a t i n g  i n  reducing t h e  r e l ease  of iodinea. 

s h o d  a r e k c t i o n  of bstween a i a d o r  of 3 and 4 from L2A-1 (same geometry 

However the gross re lease  a c t i v i t y  

with no coating) da t a  suggeatlng t h a t  t h e  A1203 coating i s  e f f ec t ive  in reducing 

or  delaying the  evolution of some f i s s i o n  products. 

The pos t  o p r a t i m a l  examination of the LzE-1 f'ueled tubes showed very s m a l l  

amaUnts of crystal deposi ts  o r  growths compared-to the L a - 1  and a c c m r h g  2: 

random loca t iom i n  the hot regions of t h e  in se r t .  These data suggest t h a t  t h e  

A1203 coating is ef fec t ive ,  for t h e  tines and tanperatures involved, 
u: .-- 

reducing to a minimam the Be0 hydr'olysb. 
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Hl3.E-2 INSERT L2G1 CARTRIDGE OPERGTIONS BEPOBT 

UNCLASSIFfED 
1.0 INI?RODUCTION 

The L 2 G l ' i n s e r t  car t r idge w a s  emplemented t o  fur ther  evaluate i n  a nuclear 

reactor  t h e  k&gh temperature o p e r a t i m s  of fueled ceramic tubes. 

operation was conducted i n  l i g h t  of i n s e r t  2B and inse r t  L2A-1 car t r idge 

operations wherein modifications t o  the  t u e l  tubes (including an I D  coating 

of alumina) were included t o  reduce or eliminate Be0 hydrolysis and crys ta l  

The power 

growths (redeposition) as w e l l  as fission product releases. 

The i n s e r t  car t r idge w a s  designed to operate a t  a maximum f ie1  tube indicated 

t e n p e r a t w e  of 25159 a t  a t o t a l  reac tor  power 12 megawatts. The design tem- 

perature  was achieved for t h e  first t i m e  on lJovember 10, 1959, at a t o t a l  reactor  

power of 10.5 megawatts. 

e s sen t i a l ly  as expected. 

power t e s t s  t o  accMlulate 105.99 hours a t  the design maximum temperature. 

During this time there  w a s  essen t i a l ly  no change in t e s t  conditions from 

i n i t i a l  values. 

Tanperatme d i s t r i b u t i o m  in t he  car t r idge were 

The operaticn was conducted in several  successive 

Thmughout the endurance t e s t i n g  t h e  re lease  of f i s s ion  Toduc t s  was  monitored. 

Data indicated that  the  fractional. re leases  of iodine 131 and 135 did not varjr 

s ign i f i can t ly  f r o m  initial on t e s t  values and in comparison t o  i n i t i a l  L2A-1 

data  was  s l i gh t ly  lower. 

Samples of gross stack a c t i v i t y  showed a reduction of between a f ac to r  of 3 axd 

4 from the  L2A-1 operation ind ica t ing  t h a t  t h e  A1203 coating i s  apparently 

e f f ec t ive  in reducing or delaying t h e  evolution of some f i s s ion  products. 

' - .E 
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A t  the conclusion o f  t he  endurance t e s t i n g  t h e  HT-2 was returned t o  t h e  Hot 

Shop where the  insert car t r idge was renaved and examined. .A general Visual  

aramination of  t h e  fueled s tages  showed no c rys t a l  growth o r  whitening of t h e  

tubes however an examination of some of  t h e  tube ID's using high magnification 

showed t h e  presence of hair- l ike c r y s t a l  formations, of a globular deposit  

having t h e  appearance of grains  of sand, and of a c l inker  l i k e  growth. 

magnitude of these deposits would be when compared t o  the  L2A-3. very s m a l l  

The 

having a more o r  l e s s  random distribuLion. 

I n  general  it muld  appear from t h e  results of the  post operat ional  examinations 

performed t o  da te  and from tes t  da t a  t h a t  t h e  I D  coating o f  U 2 O 3  as far as 

performance i s  concerned, is e f f e c t i v e  in preventing fud, tube cornsion and Be0  

deposit formatian. 

t h a t  ( a t  l e a s t  f o r  these p a r t i c u l a r  t ubes )  continued opera t im,  over several 

The fac t  t h a t  some deposi t  was observed, however, suggests 

hundred huurs,  may produce depos i t s  of an wctent suf f ic ien t  t o  e f f e c t  

perf o r w c e .  

G E W  D E S C R I P T I O N  OF -1 AND OPERATING SPECIFICATIONS 

The L2E-1 insert car t r idge was made up of bundle of round fueled and unfueled 

Be0 (ceramic) tubas arranged i n  a hexagonal pattern.  The tabes are stscked one on 

. t op  of t h e  a the r  t o  fonn t h e  complete fuel ca&ridge which is composed of  a 

f r o n t  r e f l ec to r  of W e l e d  Be0 tubes  12.305 inches long, a fueled region 29.743 

inches long, and a r e a r  r e f l e c t o r  of unfueled BeO tubes 4.435 inches long. 

t ubes  i n  the fueled r e g i a  are staggered such t h a t  no two  tube j o i n t s  l i n e  up. 

The 

The unfueled tubes i n  t h e  f ront  and rgar r e f l e c t o r s  have nomind lengths Of .3.435 

and 4.435 inches, and fueled tubes have a nomi.mil length Of 4.249 inches except 
- _  

.. . .  .. . .. 
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- -  f o r  tubes required t o  adjust for tube staggering which have lengths of 1.417 

inches and 2.832 inches. See f igu re  1.1-1 f o r  car t r idge assembly. 

The fueled tubes o f  t h e  L2E-1 have a nominal OD of 0.368 incheu and a nominal 

ID of  0.2'77 inches. 

t h e  fueled tubes. 

tube made up of layers  (inside ou t )  of Hastelloy X, t h e m f l e x  and 304 Sta in less  

Steel .  

a d m u m  t enpera twe of 20009, t h e  thennoflex i s  0.250 inches th ick  and t h e  

The I D  includes a 0.0015 inch th ick  coating of A1203 on 

The tube bundle is contained i n  an insu la t ion  l i n e r  support 

The HasteUoy m e r  is O.oO5 inches t h i c k  and i s  designed t o  operate at 

stainless s t e e l  Uner-support tube  is 0.012 inches thick.  

two halves which are pinned toge ther  making poss ib le  easy assembly and disassembly. 

The tube  bundle and U n e r  are supported at  t h e  bottom through a 0.750 inch t h i c k  

Hastelloy X grid p l a t e  and a 3.667 inch long Hastelloy X support tube which r e s t s  

on r e t r ac t ab le  la tches  i i x e d  t o  the  L2 i n s e r t  "'can". 

connect is f i t t e d  t o  t h e  front end of t h e  car t r idge  and is capable of h a d l i n g  24 

thermocouples. 

connect f o r  t h e  purpose of measuring and metering air flaw. 

The liner is made i n t o  

An instrumentAion a s -  

An a b  or i f i c ing  p l a t e  is also designed i n t o  t h e  car t r idge  dis- 

The f'uel loading of t h e  -1 tubes was varied per a nuclear aralysis fo r  t h e  

purpose of f l a t t en ing  the radial power generation. 

fue l  concent ra t im by w e i g h t  for t h e  various tube rows. 

12'7 tubes  in cross sect ion 56 of which are fueled, and 5 of which are instrumenta- 

t i o n  tubes,  see f igu re  1.1-2. Figure 1.1-2 a l s o  shows the  thermocouple locat ions.  

Table 1.1-1 presents  t h e  

The tube bundle contains 

Table 1.1-2 presents the volume f r ac t ions  of t h e  various mterials in t h e  insert 

cartridge.  Figure 1.1-3 .shows a pho togrqh  of 'the ~f~ 'assembled t ube  

bundle . 
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Tube Row 

T m  1.1-1 

RADIAL FLEL VA€UA!f'ION 

Represbntative 
Number of Tubes 

Per stage Weight % of U02 

l a n d 2  

3 

4 

5 

7 

12 

18 

24 

7 e 3 1  

6.89 

6.33 

6 -00 

TABLE 1.1-2 _. 

L2G1 MATERIALS C O N l ' m  
Specific 

Volume *action, % Weiht, lbs. Gravlts 

2.88 

Material . 

BeO 4.99 16.88 

uo2 

y203 
304 Stainless Steel  

Thermoflex Insulation 

. 5930 10.9 ,0463 

-1565 

.l85 

.w 4.84 

1.72 7.94 

.944 0.224 3 059 

0.3268 3.159 8.23 

13.5 
.0398 3.5 00097 

Volume fractions based on a 3252 in3 HTB35-2 test hole voltlPI*. 

. ,-. - 
, '  1 

J 
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The 

1. 

2. 

3. 

4. 

5. 

6 .  

7.  

8. 

9. 

following i s  a l i s t  of the  predicted parameters f o r  the L2G1 o$ration: 

Maxim t o t a l  reac tor  power 
(dependant on ambient cordit ions) 

Design reactor power 

I f a d n u n  insert cartridge power 

WDIU i e r t  t anpe ra twe  ( i n i t i a l )  
s i n g l e  r e l i a b l e  t hennocouple 

25159 

I n s e r t  average e A t  air temperature 

Parent core fuel cartridge temperature 

Parent  core rw&num f e l  element temperature 

Parent core fue l  car t r idge  d t  air temperature 1000~ t o  UOO?? 

Compressor discharge air weight flow at  7500 RPM 59.9 lb/sec 

16 509 

130e t o  15009 

1750oP 

10. Reactor inlet  pressure 
ll. Reactor i s l e t  temperature 3wC°F 

12. Reactor pressure drop 

54.2 psia 

8.0 p s i  

13. Pressure drop acmss  tube bundle 4 p s i  

4 psi 14. Pressure drop across o r i f i c e  p l a t e  

15. Insert t o t a l  weight flow (including 10% leakage) 0.75 lbs/sec 

1.2 L2E-1 OPEBATIONS DBTA 

A. Initial Increase t o  Fu1 Power 

The t e s t  program for t h e  L2E-1 insert car t r idge was conducted in t h r e e  

phases . 
1. Initial checkout of instrumentation, engines and reactor.  

2. Increase t o  full power. 

3 .  &durance a t  fill power, and p r e c i p i t a t o r  evaluation. 

The increasing power phase of t h e  t e s t  program was devis-& tG gradually b&g 

d 
I 1 8 1 1 0 0  , I . .  .. - _  
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t h e  reactor to full power, in a sequence of power-temperature steps so that  

the behavior of the  sgfstem could be observed before design conditions were 

- reached. For t h e  L2E-1 operation twelve power and temperature steps were 

specif ied 1 KW, 10 KW, 100 KW, and 1 MJ and 1000?, UOO?, 1700OF, 2OOOdF, 

220OOF', 23509, 25009, and 26009. 

extend a curve of f i s s im  product r e l e a s e  versus temperature.) 

conl i t ion w a s  establ ished at  2 9 5 9  ma- indicated f u e l  tanperatwe.  (2515OF 

being a themoccuple reading incorporating an added 1PF t o  account f o r  a 

calculated rise through the  fue l  tube  wal l ) .  

(The 2600°F s tep  b e h g  spec i f ied  t o  

The on t e s t  

Figure 1.2-1 shows a p lo t  of temperatwe data from the  ho t t e s t  insert and 

parent core thermocouples f o r  t h e  increasink power steps. 

is p lo t t ed  t h e  p r e a c t e d  curve. A comparison of these da ta  with t h e  predict ion 

as t h e  power is increased, gives a means of forecast ing success or f a i l u r e  of 

reaching design performance object ives .  

t o t a l  power as a function of t h e  h o t t e s t  parent core fuel p l a t e  temperatures. 

Figure 1.2-3 presents various parent core temperature data  versus t h e  cal- 

culated core discharge a i r  temperature (T3.60 - see f igu re  1.2-4 and 1.2-5 

f o r  loca t ions  of s t a t i o m ) .  

On t h e  same graph 
b 

Figure 1.2-2 shows a p lo t  of  the  reactor  

These data  in general  were as expected. 

Figure 1.2-6 presents  pressure drops between various system loca t ions  as a 

function of T3.60. Due t o  the  f a c t  t ha t  X 39-5 engines were used f o r  t h i s  

operation systen pressure drops a r e  s l i g h t l y  higher than those measured for 

t h e  X 39-4 engines tned i n  all previous H"R3-2 testing. Engine performance 

da ta  are presented in Apendix I. 
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Fig. 1.1-3 - Partially assembled L2E-1 Cartridge (C-15377) 
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During the in i t ia l  increase to  fill power and in subsequent increases t o  

ful l  power ( a t  50 hours ard 100 hours) data were obtained f r o m  various 

s tack f i s s ion  product monitoring s ta t ions .  These data were col lected to 

de temine  t h e  e f fac t  of temperature on t h e  r a t e  of f i s s i o n  pmduct re lease.  

Figures 1.2-7 and 1.2-8 show.fract--fand re lease data f o r  Iodine 131 and 135 

as a f u n c t i m  of temperature. These data  Kill receive fur ther  discussion 

h section 1.5. Figure 1.2-9 shows a p lo t  of t h e  gross f i s s ion  product activity 

measured at t h e  80 ft. stack sampling locat ion (see f igu re  1.2-5 f o r  sampling 

locat ions)  as a function of t o t a l  reactor power. 

parison purposes data  fran the  L2A-1 and L2C-1 ope ra t ims  are presented. 

(The L2C-1 da t a  m u s e d  as a background f o r  f i s s ions  of  residual Uranium led- 

On t h e  same graph for cam- 

, 

ged i n  the lower cocoon andam subtracted fmn L2A-1 or  L2E-1 values t o  ob- 

tain t h e  ne t  releeae). It is seen that the  ---net re lease from t h e  L2E-1 

operation is a p p m b a t e l y  a fac tor  of 3 below that of t h e  L2A-1 operation. 

This suggests t h a t  t h e  (.0015 nominal) A1203 ID coating is t o  same extent 

e f f ec t ive  in delaying t h e  release of c e r t a i n  f i s s ion  products. 

I n  general  the r e s u l t s  of t h e  increasing power steps were in agreanent with 

predictions.  

reached at 10.5 MW instead of the  predictbd 12  MW. 

discussed in sec t ion  1.5. 

The one exception being t h e  f a c t  thd design temperatures were 

T h i s  subject  W i l l  be 

1.3 ENDURANCETESTIK 

After t h e  performance cha rac t e r i s t i c s  of t h e  in se r t  had been established t h e  

operatian pmceeded to accumuLate time on t h e  reac tor  a t  t h e  d e d g n  maximum indlc- 

a ted (themocoup]ie) temperature of 2959. 

i t u d i n a l  tanperatum dis t r ibu t ion ,  and the radial ikel  and a i r  temperature 

Figures 1.3-1, 2, 3 presehlt the  long- 
't 

1 1 8 ' 1 1  I 1  .. . .  .. . 
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FIGURE 1.2-9 
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dis t r ibu t ion(0n  the k@Amdinal temperature graph i s  a l s o  p lo t t ed  t h e  predicted 

d is t r ibu t ion)  ' These distributims w i l l  receive fu r the r  discussion in sec t ion  1.5. 

The endurance t e s t i n g  proceeded without unusual incidents.  

present t h e  operating h i s t o w  and a cor re la t ion  of run numbers with dates .  

Tables 1.3-1 d 2 

Figures 1.3-4 shows a composit of total reec tor  power, i n s e r t  maximum f u e l  tube 

temperatures, i n s e r t  

temperature) f o r  the 106 hours of t e s t i n g .  

engine weight f l o w  and i n s e r t  wei&t flow. 

a i r  temperature and T3.65 ( r eac to r  discharge air 

Figure 1.3-5 shows a canposit o f  t o t a l  

Figure 1.3-6 presents  pl&s  of per- 

formance 

at which 

da ta )  as 

re corded 

check point parameters (points occuring throughout t he  endurance t e s t i n g  

conditions were t h e  same as o r  very near  t o  those of t h e  f i r s t  on t e s t  

a fvmction time. 

parameters were varying as t h e  t e s t  progessed. 

These d a t a  were recorded t o  determine i f  in i t ia l ly  

1: Apendix If presents a complete thermocouple temperature his tory.  

1.4 PGST OPERATIONAL E X A M I W I O N  

A t  t h e  conclusion of 106 hours of endurance t e s t i n g  t h e  r eac to r  w a s  returned t o  

t h e  hot ahop where t h e  insert  was removed and examined. 

removal of t h i s  car t r idge  from t h e  L2 i n s e r t  llcan". 

r idge assembly immediately after removal. showed the  s t ruc ture  t o  be in excel lent  

condition, 

l i n e r  support tube  were clearly v i s i b l e  (color  changes will be discussed in sect ior  

1.5) , 

t h e  insu la t ion  l i n e r  was removed and t h e  f u e l  tubes examined, 

See figure 1.4-1 showing 

Visual examination of t h e  ca r t  

Therrnocolor pa in ts  a d  tapes  applied t o  the  outs ide of t h e  in su la t ion  

See figure 1.4-2. The ca r t r idge  was then removed t o  t h e  RML where half of 
- 

I 1 8 1 1  I S  
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LOG OF TIME ON TEST 

ACCUMULAm 
TIME ONTEST TlME ON TEST DATE - RUH # 

2.88 2.88 u-I2 1-18 

1-19 

1-20 

1-21 

1-22 

1-23 

1-24 

1-25 

1-26 

1-27 

1-28 

1- 29 

1-30 

1-31 

1-3 2 

1-33 

1-3 4 

1-3 5 

1-3 5 

1-3 6 

1-38 

. - -  

5.58 

16.35 

24. 53 

2.70 n-13 
10 077 n-16 
8-18 U-17 

25.88 

33 -08 

34-70 

35.82 

1.35 U-18 

7 0 2 0  

1.62 
U-19 

u-20 
1.12 u-23 

40 .e9 5.07 
50.06 9-17 U-25 
53 .a 
59 51 

66.29 

3.08 

4.37 

6.78 

11-30 

12-1 

12-2 

12-3 
.. 76.24 

80.61 
9.95 

1.37 12-4 
85.76 5.15 12-7 

3.65 12-8 
94.54 

102.94 
5-15 12-9 
8.40 22-10 

104 . 81 1.87 

' 1.18 

!E= 

12-ll  
105 -99 

12-12 

1 1 8 1 1 2 0  .. . .  ,- '. , 
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Fig. 1.4-1 - L2E-1 Insert Cartridge After Test (C-15540) 



. .  
34 

Ftg. 1.4-2 - L2E-1 Insulation Liner Support Tube After Test (C-15542) 

, .  .. . .. .. 
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A general visual  exanhation (through the RML periscope) of t h e  fueled tubes 

showed no c rys ta l  grcndhs o r  white powder (BeO) deposits. 

ends had a wh i t i sh  appearance but this was a t t r ibu ted  t o  t h e  extrusion process. 

Figures 1.4-3 and 1.4-4 show photographs of the  LZel stages along s ide  of which 

are placed photographs of the  L2A-1 tubes f o r  comparison. 

some o f  the tubes appeared t o  be mugher than others with var ia t ions  i n  the  degree 

of blackness a l s o  being noted. 

with a substance having a tan color. 

down t he  in t e r s t i ce s  and possibly acros3 t h e  edges. 

w i l l  be investigated in more de+,ail i n  p a r t i m l a r  a s  to  or ientat ion ard locat ion 

with respect t o  instrumentation, 

completed and the  tubes had been weighed. selecr,ed. fueled tubes were bisected and 

t h e  ins ide  surfaces observed under high magnification. 

t h ree  tgpes of deposit o r  i o m t i c n  on t h e  tube ID'S. 

Some of  the tube 

The ins ide  diameter o f  

The outs ide  surface of some of t h e  tubes was s t r e a k s  

The presence of these s t reaks suggests f l o w  

The occurance of t he  s t reaks 

After t h e  general v i sua l  e n a t i o n  had been 

T h i s  examination showed 

1. C r y s t a l  growths having a h a i r x k e  appearance r a n d n g  i n  he ight  from 0.5 n i b  

t o  2.5 mils 2nd occurring in a more o r  l e s s  r d o m  d i s t r ibu t ion  in t h e  tubes 

examined with no preference far hot region locat ion or f o r  tube ends. 

f igures  1.4-5 and 6. 

Figure 1.4-5 show3 t h e  r e l a t i v e  s i z e  of one of the c rys t a l s  (lower l e f t  

hand corner) t o  t h e  tube w a i l .  

on I D  of split tube. 

posi t ion 35 stage 5 w-hich had 

is appr0-tel.y 30 t o  1). 

See 

Figure 1,4-6 shows t y p i c d  h a i r l i k e  c rgs t a l s  

Figure l.4-7 shows surface photograph of a tube  in 

re la t ive17  rnariy c rys t a l  f ibers .  ( b g d f i c a t i o n  

1 1 8 1 1 2 b  
. .  . n  f 

J 2.2 
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Fig. 1.4-3 - L2A-1 and L2E-1 Tubes Downstream Face - Stage 8 
((2-15014 and C-15592) - ,, 

\ i  3 
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Fig. 1.4-4 - L2A-1 and L2E-1 Tubes Downstream Face - Stage 7 
(C-15010 and C-15593) 

1 1 8 1 1 2 8  .. 
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Fig. 1.4-5 - L D. Upstream End of Tube 6 - Stage 10 (lox) (C-15600) 

4 
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Flg. 1.4-6 - 

1 1 8 1 1 3 0  

Tube Position 58-Stage 4 Split Longitudinally Showing L I). 
Surface - Note Fine --Like Crystals (lox) (C-15729) 

.. 
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m- 1-4-7 - LD. Surface of Tube Position 35 - Stage 5 (30x) (C-15733) 
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on figure 1.5-1. 

are shown in figures 1.3-1 and 1.5-2. 

curve is displaced a f t  of t he  predicted curve. 

The measured axxi predicted lon@tudinal temperature d is t r ibu t ions  

It is seen from this pro f i l e  t h a t  the measured 

It w i l l .  be diff icul t  t o  establish t he  exact reason f o r  the  failure t o  obtain 

the  design conditions a t  t h e  predicted power however several  f ac to r s  may have con- 

t r ibu ted .  These are: 

1, From t a b l e  1.5-1 it I s  seen t h a t  though these exist differences between 

measured and predicted b3.49 ( reac tor  i n l e t  t o t a l  pressure) and RPM values, 

t h e  t o t a l  flow and core inlet temperature a re  essent ia l ly  the same. 

a heat balance standpoint o w  two f ac to r s  could have caused tie lower on 

t e s t  t o t a l  core parer  these being p e r  ... generation in t h e  inser t  and i n se r t  flow 

(Assuming t h e  orifice p l a t e  is accurately measuring the  flow and 

Therefore, 

_ _  leakage, 

assuming tha t  t h e  heat t r a n s f e r  charac te r i s t ics  a re  as calculated).  

TABLE 1.5-1 

Nominal Values Measured Values assumed in thermo analysis  

Correct Eng. Speed 7375 6836 

Corrected CDF 59.9 Ibs/sec 59 036s 

54.2 48. so7 pr3.49 
344OF 3u9 T3.49 

Table 1.5-2 lists the power generations derived from c r i t i c a l  experiments and those 

derived ard used in the thermodynamic analysis. 

1 1 8 1 1 4 0  
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TOTAL CORE POWER 

at 10 Mw 

at 12  MW 

at 10.75 MW 

CE PWEZi (INSEEIT) THEBMO POWER ( U s e d  in analysis . , 
of i n s e r t )  - 

233 Kw a6 Kw 

This t a b l e  shows an 8% difference between CE data  and values used in t h e  thermo 

analysis. 

i s  possible  t o  compute power generations i n  t h e  i n s e r t  a t  10.75 MW which range 

from 215 KW (assuming 10 percent leakage and a minimum temperature r ise  across 

t h e  insert - 1265OF) t o  250 KW (assuming no leakage and a m a x i m u m  temperature 

r ise  across t h e  insert - 1300OF). 
use data  i n  t h e  heat balance analysis h i c h  represents a maxiwrm e r ro r  of  approAma- 

Based on t h e  flow and temperature values observed during t h e  t e s t  it 

It is therefore  seen t h a t  it i s  possible to 

t e ly  15  percmt .  

generation values used i n  t h e  analysis gives some indica t ion  as t o  w w  an ll per- 

This mupled with a possible  8 percent difference i n  power 

cent e r ro r  i n  predict ing t h e  on t e s t  power l e v e l  could efist .  

From t h e  longi tudinal  cumes predicted and measured (figure 1.3-1) it is seen that 

longi tudinal  loca t ion  of t h e  peak temperatures d i f f e r .  

the actual power profile of t h e  HTRE #2 i s  peaked a U t t l e  aft of t h e  assumed 

p r o f i l e  (a conclusion which seems t o  b e  supported by recent CE data) .  A d i s -  

crepancy i n  parer  p ro f i l e  could also account for t h e  lower ( than  predicted) d t  

air temperature (16009 avg. instead of 1650(?!'). 

This would indicate that 

Effluent Activi ty  

During t h e  -1 operation sanples of t h e  effluent were taken from several  

loca t ions  along t h e  duct and s tack  system, see figure 1.2-5. The most consistant 
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and 

t h e  

consequently probably t h e  most accurate  complete s e t  of data were obtained from 

s a m w  probe lvcated dat the  80 it. l e v e l  of  the stack. This sampling =ne 

t e m a t e s  in a shielded vaul t  a t  t h e  base of the  stack &ich is habitable during 

power operations maklng possible monitoring of the equipment and t h e  taking of 

several samples a t  various tfines. 

The results of t he  e f f luent  sampling are presented fn figures 1.2-9, 1.5-3*, 4 and 

5 and shows t he  gross r e l ease  as meamred 

release of Iul, Iu5, Ba 340 and Sr91 as  measured by carbon f i l t e r s .  On figures 

1.5-3 and 4 are also presented fo_r_coqarison data  f r o m  t he  L2A-1 operation. (The 

re lease f r a c t i o n  o f  a pa r t i cu la r  isotope is detemdned by ra t io ing  t h e  amount of 

isotope measured i n  t h e  effluent to  t h e  amount produced in the  insert  car t r idge  during 

t h e  s a m p f i g  time.) 

f la t  release rate when a l l  the points  a m  averaged. 

shows an increasing t rend  touaxds t h e  end of t h e  operation. 

L2A-1 Operations Report (XDC 59- lobl )  t h a t  t h i s  increase migM be due t o  corrosion 

of t h e  Be0 fuel tube surface, as a result of hydrolysis, which caused la rger  and 

l a r g e r  amounts of the r e l a t i v e l y  longer helf Uved I13I t o  be c d e d  away by t h e  

air stream a s  t h e  operation p m p e s s e d .  

L2.E-1 ope ra t im  and t h a t  r e l a t i v e l y  U t t l e  Be re lease occurred seem t o  ind ica t e  

tha t  t h e  coating was e f fec t ive  in holding constant t h e  f r ac t iona l  r e l ease  of 

IU1 uith t i m e ,  thereby tending t o  subs tan t ia te  t h e  theory on cornmion. 

paper f i l t e r  samples and t h e  f r ac t iona l  

I n  general the carbon t r a p  I o d b e  131 data indica te  a r e a s o n a m  

By compaFison t h e  L2A-1  data  

It was theorized i n  the  

The f a c t s  t h a t  t h e  re lease  was f la t  for t h e  

Though t h e  A12% coating apparently was effect ive in reducing or eliminating 

hydrolysis it w a s  appaI.errtly i ne f f ec t ive  in reducing the re lease of t h e  iodines. 

* A l l  carbon t r a p  release d a t a  obtained from t h e  stack vault are mult ipl ied by a 
f ac to r  of 1.56 t o  account for sampling Une  plate-out. 
f ac to r  is now being investigated.  

The accuracy of t h i s  

1 1 8 1 1 4 4  
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On t h e  other  hand t h e  gross f i s s i o n  product release,  compared t o  L2A-1 data was 

down by a f a d o r  o f  between 3 and 4. 

probable that t h e  m a t i n g  i s  e f fec t ive  i n  delaying the  release of cer ta in  of %he 

Refer t o  f igure l,2-5. It is therefore  

f'is s ion products e 

Data from an analysis of t he  carbon r_r I P S  f o r  b e r y l l i m  indicated an average 

release of 8.5 micrograms per  second. 

micrograms per second measured during t h e  La-: operasion and represents a reduction 

by a factor of  approAmately 3 .  

coating . 

This  ccmpares t o  an average rklease of 28 

This  c z .  p~ct:i-.l:: be attr13-:+ed 5: 'h? ID 

A t  t h r e e  times during t h e  t e s t  cycle increasing tmpera ture  - power t e s t s  were 

performed similar t o  the  or ig i -ml  sequenze t.0 cbtaiz the  on t e s t  conditions. 

t h e  various temperature leve ls  re iease  diita here obtained in an effort, t o  

evaluate re lease as a f u n c t i m  of tmpera ture .  

of  these data f o r  1131 and I 135 taken a t  0 h o u s  and a t  50 and 100 hours  of' 

operation. 

r a t e  increases  by a f 'zctor of between 3 and 6, 

considered as inconclusive due t o  the limit 

presen:. l i e s  with*, 2 fx:cr of 10. 

Figure 1.5-6 shows a p lo t  cf the water ccnterit of +,he a h =  a t  t h e  Idaho Test 

Stat ion as a function of t he  t i m e  on t e s t ,  On %he same page t h e  f r ac t iona l  

re lease  of 1 131 and 1 135 i s  repeated. Tre5-s 22'2 &-e p : s e 3 e d  fC shO:\l t h a t  

no general correlation between air moisture conten', a d  re lease f rac t icns  

€ d s t  . 

A t  

F i g z e s  1.2-7 and 8 show t h e  r e s d s s  

These d&a tend t o  ind ica te  t h a t  between 2 3 0 m  arid 2600oF the  re leas5 

Hchwer these  data must be 

on azcurasy of sampling whizh a t  - 

I l 8 l l 4 8  - ,. 
, . .  . .  



. .  . .  - . - 

0 10 20 100 

.. .. 



-59- 

Controls and Instrumentation 

Invest igat ion of themocouple f a i l u r e s  i n  t h e  U A - 1  and L2C-1 insert car t r idge  

operations l e d  t o  the following design changes f o r  the L a 1  cartridge: 

1. 

2. 

3.  

4- 

5. 

6. 

Addition of pos i t ive  mechanical s tops  to car t r idge  connector t o  prevent 

ceramic insulator damage due to excessive mating forces. 

Increase in length  of s t roke  of upper support assanbly t o  allow f o r  uncertain- 

ties i n  upper plenums shrinkage when i n s e r t  core seats i n  parent reac tor  core, 

Redesign o f  connector sockets t o  insure sd f -a l igwen t  with mating pins  during 

mating procedures. 

Provision of p ro tec t ive  sleeves to a l l o w  fastening of thermocouple wire t o  

upper @d p l a t e  without causing damage t o  w i r e  during welding of f a s t ene r  

s t raps .  

Pmvls ion  of adequate support for thermocouples measuring a i r  t a p e r a t u r e .  

General improvement of qua l i t y  cont ro l  b r i n g  fabricat ion.  

This a t t en t ion  to d e t a i l  and quality cont ro l  in t h e  manufacture of t h e  thermocouples 

resu l ted  i n  no failures during the L2E-1 operation i n  comparison t o  11 f a i l u r e s  

(46% of t o t a l )  f o r  the L2A-1 operaticn. 

During the operation one thermocouple cont inual ly  read 3 0 W  t o  400% lower than 

thermocouples at t h e  same loca t ion  i n  other  sect ions of  t h e  i n s e r t .  

couple number 2 9 - 2 4 .  

a typical reading of t h i s  ccuple i n  r e l a t i a n  to o the r  readings. k s s e n g  t h e  

couple i s  good (wbich seems to be a reasonable a s s q t i o n  based on res i s tance  

measurements), da ta  poin ts  t o  the fact  tha t  t h e  couple m a y  have be= influenced 

by some cooling phenomina. 

T h i s  was 

Figure 1.M ( t h e  longi tudinal  t enperature p r o f i l e )  shows 

The fact t h a t  two thermocouples in similar environmetlts 

1 1 8 1 1 5 0  .. , .  .. .. - _  
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on the  same tube (see figure 1.1-2 for thermocouple l q o u t )  a t  longftudfnally 

cooler points  recorded h i @ e r  temperatures supports this conclusion. 

shows a plot  of 

The t h e m m U p l e  in question is located a t  approximately a t  a 1-1/2 inch rsdius 

and a t  a PgO angle. 

su l t  of loca t ing  t h e  thermocouple t o o  near a tube junction. 

If cross flow at the tube junction d s t e d  it is probable t h a t  the  junction would 

be cooler. 

Figure 1.5-7 

isotherms for the  i n s e r t  cross section at the 30 inch depth,' 

One p s i b l e  cause of thermcoup2e cooling could be t h e  re- 

See figure 1.58. 

An examination of t h e  rad ia l  air and fuel tube temperature p ro f i l e s  (see figures 

1.3-2 and 3)  shows a normal lOOOF gradient across 4 inner rows of fuel  tubes. 

Air temperature fmm tube 50 (outer  mst row of tubes - 5 row) gives indication 

t h a t  t h e  outer  row noma1 fuel temperature was between 2200- and 2300- representing 

a maximmrrm temperature gradient a c m s s  the  tube bundle of 300%. 

temperature gradient was also apprcaimately 3009 however acmus t h e  h e r  4 rows 

the  gradient was M&er than t h e  LZ%l b d n g  approximately 200V. 

t h a t  a higher percentage of t he  L2E-1 fue l  tubes were at or near design t apeFa tWe8  

The L2A-1 

These da ta  i n d i c a t e  

- 
Throu&out t h e  t e s t  cycle the  temperatures of the various thermocouples were 

compared Kith previously recorded data  t o  detennine if any changes were taking 

place i n  the d i s t r l b u t i m s .  

d i s t r i b u t i o w  recorded a t  the  start of the t e s t  cycle and after 45.5 and 103.5 how8 

Figure 1.5-9 shows p l o t s  of longi tudinal  temperature 

of power operation. 

This tends t o  ind ica te  t h a t  o r i g i n a l  cordit ions effect ing d is t r fbut fons  remained 

essentidly unchangsd thmugharrt the operatian e.g. tube roughning, C l y ~ t a l  grovth, 

It is Been t h a t  very little changb in dis t r ibu t ion  Occurred. 

1 1 8 1 1 5 1  . .  : \*: .. , '  .. 
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FIGURS 1.5-7 

10.6 Megawatts 
45.5 Hours on Test 

0 

Lo cat Ion &.VU 

V i e w  of Inser t  forward to aft. 
All temperatures In  OF. 
Depth = 30" fraa top of f ront  grid. 
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Fuel t o  Air AT 

Subsequent t o  the  insert 2 4  operations laboratory t e s t s  u-e .setup t o  evaluate 

t h e  e f f e d  on heat t r ans fe r  and flow cha rac t e r i s t i c s  for fueled c e r d c  tubes, a8 
4 

a result of crystal g h h s  end Be0 deposits. Table 1.5-3 preeents t h e  measured 

results of these tests for canparable t e s t  canditians. From t h e  t a b l e  it i s  seem 

thrrt the  measured AP increases ranged from 12 to 37 percent and i s  presumably 

due to increased resis tance t o  flar caused by t h e  deposit. 

t o  ceramic fuel car t r idge  operations i n  H-2 w u l d  result in  a f l o w  decrease and a 

tube t e m p r a t a r e  increase for a constant t o t a l  core power. 

Wanslat ing a d P  Increase 

The AP increase would 

therefore  be undesirable from an o v e r a l l  qystems performance standpoint for t h e  

f u e l  sca le  ceramic reactor cores. 

In  opposition t o  the  detranrental effects of increases pressure drop is t he  possibility 

of t he  e d s t a n c e  of hcreaaed heat transfer coeff ic ient  caused by roughing Qf t h e  

tube w a l l s  as a result of deposita. bcressed heat transfer coeff ic ient  would re- 

duce the h e 1  t o  air AT, 

Test r e s u l t s  from t h e  L2A-1 and UE-1 operations are inconclusive or are lacking, 

however it is possible t o  make some de$uctiom f r o m  t h e  d a t a  d c h  are available,  

Figure 1.5-10 shorn a p l o t  of fuel tube to eudt air DT as a function of time on 

t e s t .  

fn A T, over the  106 hours of t e s t lng  for approximately the  same flow condition8 

(see figure 1.3-4). 

' 

As fsr 8s the  L2E-1 operation uae concerned there was essea t i aUy  no change 

This euggests t h a t  no change i n  heat t r a n s f e r  coeff ic ient  

occwmd. The fact t h a t  flow conditions tended t o  remain constant suggests t h a t  

an increase i n  irrsert p r e s k r e  dmp did not occur. 

i s  dependant on i n s e r t  air leakage f rac t ion  k i c h  could increase for increased &el 

tube res i s tance  w i t h  the measured t o t a l  car t r idge  flow 

The cer ta in ty  of the deduction 

constant. 

.. ;::> 3 - 
. _ -  .. . -  1 1 8 1 1 5 4  . .  
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During the  L2A-1 operation the AT change w i t h  t i m e  remained e s sen t i a l ly  constant 

f o r  60 t o  70 hours a t  which t i n e  it gradually b e e n  to decrease. - 
~ , 9  F t  

assumed t h a t  an accurate in t e rp re t a t ion  of t h e  data  was made then it is possible 

t o  conclude t h a t  the c rys t a l  deposits and powder deposi+,s c a u e d  a change in heat 

t r a n s f e r  coeff ic ient  to an extend suff ic ient .  to a;rerd.de the probable f low resis tance 

e f f e d  (reduced weight now) to produce impmved performance. 

The net result of these  speculat ions i s  t h e  conclusion t h a t  up t o  a point (defined 

by temperature, t e s t  time &d mapi tude  of d q o s i t s )  the formation of deposits 

ir,  f z l e d  ceramic tubes may tend t o  improve the perfofmance of t h e  system of which 

t h e  ceramic &el tube material  is the power producing element. 

Water T e m r a t u r e  Rise -A t h e  L2 Van" 

The water t anpe ra twe  r i s e  across t h e  -1 inser-5 11can" was r e s r d e d  during t h e  

L2G1 operation t o  evaluate t h e  secondary (g-s a d  neutrons) heat  generation i n  

t h e  i n s e r t  "can1' materials.  

as a function of temperature r i se  across  tAe ~lcan". 

1.5-ll r e p r e s e s  a more prec ise  determination than data  reccrded during the  LPA-1 

operation. 

ing thermocouples fmm the  t o p  of t h e  h e r %  pl*.g t a  t he  i n 3 e r  itcanlt). 

s lope of t h e  l i n e a r  port ion of this  curve t h e  heat input t o  the  water I s  calculated 

t o  be 7.06 N/W. 

i n s e r t  at  cold flow conditions it  will be assumed tbt 345% of t h e  heat input w a s  due 

t o  heat t ransfer red  from engine a i r  (approamately t h e  same n s g d t u d e  03 heat transfer 

was measured during t h e  =A-1 operation).  

ray protons o r  neutrons, o r  t o  t r a n s f e r  from t h e  i n s e r t  car t r idge  ( c z l m l a t e d  

Figure 1.5-2 shows a p l o t  of t h e  t o t a l  reac tor  power 

The data  prasented in f igwe 

(This i s  due pr imari ly  t o  the  relocatIcn of t he  wste- temperstwe mea3x- 

From the 

Fmm t h e  f a c t  t h a t  a 14- temperature rise! exis ted  across t h e  

Therefore t h e  ner, hea5 dce e i t h e r  C,c gamma 

I 1 8 1 1 5 1  
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FIGURE 1.5-U 

L2E-1 CARTRTM3E 
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msximUm of 4 percene would be 4.66 KW/N representing a heeting r a t e  of (based on 

an insert materials content of U.43 x 104 gms) 0.041 W/gm.NW, 

due t o  transfer from i a s e r t  car t r idge  ( a t  full power) t he  heating r a t e  due t o  gvnmas 

and neutrons would be 0.039 W/gm Mw. Since t h e  pmdict ion was 0.045 W / p  MW an over 

estimate of approximately 12% is W c a t e d .  

Ass-g 4% I s  

Fission Product Poison 'Histoxy 

The h i s to ry  of t h e  buildup and decay of f i s s i o n  products f o r  t h e  L2E-1 operation as 

a lfunction of t ime i s  presented i n  figures 1.5-12 through 1.5-16 t h e  first data  point 

of f igure 1.5-12 represents t h e  poisoning e f f ec t  of t h e  long l i v e d  f i s s i o n  products 

remaining from previous operations and i s  seen t o  be 1.1 percent. (Predicted value 

1.18 p e r c m t ) ,  (The Kex 

f o r  t h e  cold clean core a t  150°F would then be 2.40 percent). Data taken frcm an 

Il hour power run of U/16/59 a t  a total  reac tor  power of 10.7 MW was plo t ted  and 

extrapolated per  calculat ion t o  show t h e  extent  of f i s s i o n  product poisoning at 

equilib;.ium, see H g w e  1.5-17. 

essen t i a l ly  reached after 40 h&rs  a t  which time the  poisoning effect i s  1.9 percelrt. 

The Kex predicted and measured was 1.30 percent at 1509. 

It is seen f r m  t h e  curve t h a t  equilibrium i s  

Ele ct r o s t a t  i c P rec ip i t a to r  Results 

As a result of t h e  operation of t h e  UE-1 insert a su i tab le  source of f i s s ion  products 

in t h e  effloent 

p rec ip i t a to r  i n  removing "air contanination. 

stream became ava i lab le  for t he  svaluat ion of an e l e c t r o s t a t i c  

The effectiveness of t h e  p rec ip i t a to r  i n  

removing contamination is measured by r a t i o i n g  carban t r a p  and paper f i l t e r  samples 

taken at t h e  entrance a d  exit-of t h e  -prec ip i ta tor .  

Preliminary analysis of da ta  co l lec ted  ind ica ted  50 t o  60 percent effect iveness  

. .  .. .. . I. . 
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under normal operation conditions (no addi t ives  t o  a i r  stream). 

t o  90 percent have been measured with addi t ives  i n  t h e  e f f luent  stream. 

moat promising of t h e  additives seems to be carbon i n  t h e  form of fine powder. 

Other additives are under invest igat ion.  

i n j ec t ion  techniques should make possible  t h e  rea l iza t ion  of t h e  90 percent 

eff ic iencies .  

Eff ic iencies  up 

The 

Optimization of t h e  addi t ives  and t h e  

Kore information on the  operation o f  t h e  prec ip i ta tor  will become ava i lab le  with 

t h e  operation of the HTRE-2 L2E-3 i n s e r t  car t r idge  scheduled to begin in 

Febmary, 1960 

H-2 - A-4 CORB 

X t e r  t h e  HTRE2 core had been removed from t h e  CTF at t h e  ITS Hot Shop it waa 

discovered that one of t h e  6 water flow risers had mptured at a weld and was 

leaking water. 

formed using t h e  A-5 core which has  previously not been operated a t  power. 

will be made t o  repair the A-4 core. 

As a result of t h i s  damage future HTRE-2 operations w i l l  be per- 

A t t e m p t s  

THEIPlOCULOR PAINTS 

As y e t  t h e  canplete evaluation of changes in paint  color  has not been made. 

s t a t ed  t h a t  pa in t s  remained b o d e d  t o  the surfaces applled and sane changed color. 

The canplete results w i l l  be reported a t  a l a t e r  date. 

It can be 

FLUR GRID PLATE 

Figure 1.4-12 pic tures  t h e  rear gr id  p l a t e  of t h e  LZE-1 a f t e r  t e s t  and shows t h e  

symmetrical elongation of the p l a t e  holes. .This elongation is undoubtedly t h e  re- 

sult o f  a radial t a p e r a t u r e  gradient es tabl ished on the grid p l a t e  by cooling air 

1 1 8 1 1 b b  . .  .. 
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flowing down the outs ide  unfueled tubes of the insert. A stress  analysis is now 

being performed t o  d e t e e  temperatures and stresses required t o  produce 

a measured deformation. The results of this aralysis Hill be reported at a 

lata date, Figure 1.5-18 shows t h e  estimated radial grid temperature profile.  

1 1 8 1 1 b l  .. 
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APPENDIX I Data obtained f rm t h e  operation of the  X39-5 engines through the CTF 

systen are presented in f igu res  A 1-1 through A 1-7. 

two  engines on the CTF during the  L2E-1 operation (engine numbers 5017 

Data f ran  t h e  

and 5028) are Shawn. 

AFTENDIX I1 Figures A 11-1 through A 11-22 s..ow t h e  h is tory  of t he  i n s e r t  car t r idge 

thermocouples f o r  t h e  106 hours of endurance tes t ing .  

temperature of t h r e e  themocouples in figures A XI-3 and 4 a re  probably 

due t o  malfunction of t h e  recording equipment. 

readings on t w o  thermocouples which remain constant f o r  several  p o h t s  

a r e  also thought t o  be t he  result of recorder malfunction. 

f i gu res  A-11-21 a d  22 are t h e r e s u l t  of increasing temperature t e s t s  t o  

evaluate f i s s i o n  product re lease  a3 a function of temperature. 

Sudden drops i n  

I n  f igure A I I - U t h e  

Data shown-in- 

1 1 8 1 1 b 9  
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