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INTERIM REPORT ON ETLTR MOCKUP 
RUN NUMBER 2 

INTRODUCTION 

Herein a r e  presented r e s u l t s  from Run Number 2 of t h e  l a rge  mockup designed 

and b u i l t  by Equipment Development f o r  research and development i n  support of 

t he  High Temperature La t t i c e  Test  Reactor. Results  from Run Number 1 have been 

presented i n  BNCC -87. 

Based on high water concentrations and extensf ie ,  graphite corrosion observed 

i n  Run Number 1, it was decided t he  primary object ives  of Run Number 2 would be 

to ,  (1)  invest igate  t he  e f fec t  of cleanup towers i n  t he  rec i rcu la t tng  gas system 

on gas compositions within t he  system; (2) determine t he  extent  of graphi te  damage 

a t  a reduced core temperature of TOOOC, which is ,  s l i g h t l y  below'' t he  threshold of 

t he  water-graphite react ion;  and (3) check operab i l i ty  of t h e  con t ro l  rod and 

sa fe ty  blade under heated conditions. 

Additional items included f o r  study were (1) comparison'of contaminant gas 

fernoval during t h e  i n i t i a l  evacuation--nitrogen f i l l  cycles w'i9hZR+ Number 1; 

(2) ' perrormance of t he  . graphi te  heating element components ; '-and '(3) in tegrf  t y  of 

Inc~neil~fsheathed ohromel-alumel thermooouples. . 

SUMMARY AND CONCLUSIONS 
' 

A kraphite core temperature of approximately 7 0 0 ~ ~  was maintained f o r  a period 

of 115 d o u s  a t  which time t h e  mockup was cooled f o r  inspection of ' . the con t ro l  

rod, s a f e ty  blade, and heater  elements. Visual examination'of the' above-mentioned 

items revealed l i t t l e  o r  no graphi te  corrosion as can be seen-.'in'Figures l j  2, 3, 

Gad 4. These conclusions wer; substantiated by ie ighing small samples 

which remained i n  t he  mockup during the  e n t i r e  operating period. The i n t e r i o r  of 

t he  mockvp i s  shown i n  Figure 17. 



Maximum gas contaminant concentrations observed a t  the  blower discharge 

during t h e r u n  were 3200 vol. ppm H20, 250 vol .  ppm @02, and 100 vol .  ppm C O O  

These concentrations dec~eased  t o  1200 vo l .  ppm H20, 220 vol.  ppm C02, and 60 

voL. ppm CO by the  end of t he  run. Approximately 800 m l .  of w a t C r  were 901- 

lec ted @t the  vacuum pump discharge during f i v e  system evacuations a s  compared 
*: G.. : 

t o  5200 ml, collected a f t e r  ' the  f i r s t  'f i ve  evacuations of R u n  Number 1. During 

fourteen days of operation the  molecular-sieve cleanup towers, designed and 

i n s t a l l ed  p r io r  t o  t h i s  run, removed a t o t a l  of 2 .8  gallons of water from t h e  

moekup gas system. 

Control rod and s a f e ty  blade scrams t o t a l l ed  39 and 33, ~ e s P e c t i v e l y .  Of 
.- 

these , i2  control  rod and 13 sa fe ty  blade scrams were performed ab6ve 500'~ 

ipcluding f i v e  eac.h 'at  7 0 0 ~ ~ .  One of t h e  sa fe ty  blade scrams was'~successfulby 
! 

performed a t  room tempera tu~e  and a mockup pressure of 40 tory.' '"" 
I .  

Some d i f f i c u l t y  was experienced a f t e r  33 scrams when the'magnetic c lutch,  

which withdraws the  sa fe ty  blade, s t a r t ed  s l ipping thereby preventing removal 

of the  blade.  It appears t h a t  t he  sl ippage may have been d u e ' t o  an o i l  f i l m '  

on t he  c lutch facings, based on v i sua l  examination. 

While a t  700°C, t he  control  rod dr ive  mechanism met with indreased 

f r i c t i o n a l  res i s tance  durf ng t he  last 0 .1  of an inch of rod- t r a v e l ,  When the  

rod was dismantled f o r  inspection, small chips from t h e  uraniuiit'oxide bearing, 

graphi te  outer  cylinders were observed. These chips, could haGe"2aused the  

inereas8d resfs,Laaae by lodging a t  t h e  inter fa.^^? nP the  innet arid'outer 

eybfnders, 

Inconel sheathed, chromel-alumel thermocouples were used to 'monitor a l l  

g r aph i t6  core and heating elemeht temperatures during Run Number 2. Performance 

of the thermocouples appeared sa t i s fac tory ;  however, anometlous'b~Iza.vior of two 

of t he  beating element thermocouples was observed when gas was c i rcu la ted  

through the  moekup. The reason f o r  t he  gas flow af fec t ing  only two of t he  four  



. . . . . .  ..  . . . . .  . . .  - .  

heating element thermocouples remains unexplained a t  present .  

Gas System 

The run was i n i t i a t e d  by a l t e r n a t e l y  evacuating t he  system and then 

f i l l i n g  with f r e sh  nitrogen f i v e  times. Evacuation periods ranged from 

2 hours t o  16 hours and pressures of 19 t o r r  t o  42 t o r r  were a t t a ined .  

Pressure da t a  obtained during the  f i r s t  evacuation a r e  presented i n  

Ffgure 5. A t o t a l  of 810 ml. of water were condensed and col lec ted i n  t h e  

vacuum pump discharge l i n e  during the  evacuations. Two of the  evacuations 

were performed a t  t he  graphi te  core temperatures of 200°@, and 230'~ with 

500 m l .  of water being col lec ted duping the f i rs t  (2%'~) evacuation. 

Results  of an  inleakage check performed a t  t he  conclusion of t he  t h i r d  

evacuation a r e  presented i n  Table I. 

TABLE I 

Pressure,  Barometric Absolute 
Time a f t e r  i n .  H20 Pressure,  Pressure,  
s t a r t ,  min. gage i n .  H 0 in .  H 0 

2- 2- 

For t he  period of time examined; 'the inleakage r a t e  was calculated t o  be 

Figure 6 dep ic t s  the  gas cleanup system flowsheet. The system is  com- 

pr ised of two pa i r s  of p a r a l l e l ,  s t e e l  towers with each tower containing 

100 pounds of 1/8" Linde type 5A molecular s i eve  p e l l e t s .  I n  add i t ion  t o  

t he  towers, two e l e c t r i c a l  hea te r s  a r e  included i n  t h e  system t o  hea t  t h e  . . 

cleanup tower regenerating gas. The p a r a l l e l  p a i r  of towers permits r e -  

generation of one s e t  o r  towers while t h e  other  s e t  remains i n  service .  



Periodic sampling and analysis  of t he  gas blower discharge stream 

( ~ o c k u p  i n l e t  gas) was performed throughout the  run. Concentrations of 

water, carbon monoxide and carbon dioxide obtained from these samples a r e  

p lo t ted  i n  Figures 7, 8, and 9. Also included on Figure 7 is  t h e  water 

concentration i n  the  molecular s ieve e x i t  gas stream. 

On the  22nd of March, 1,500 c fh  of 11,800 cfh leaving the  gas blower 

was di rected through t he  molecular sieve.cleanup columns. The e f f e c t  of 

these  flows on t h e  water concentration i n  t he  blower discharge gas can be 

seen In  Figure 7.  Water concentrations i n  t h e  blower discharge and clean- 

up system e x i t  gases f o r  a shor t  period of time a f t e r  d i rec t ing  t h e  r e -  

, c i rcu la t fng  as through the  cleanup columns a r e  shown i n  Table 2. 

TABLE 2 

Date - Time - H 0 Concentration, ppm vol.  
B l o w e ~ ~ ~ i s c h a r g e  Cleanup Ekft  

E l e c t r i c a l  System 

Two heating .elements of a revised "Gibson Gir l"  geometry, shown i n  

Figure 10, were ins ta l l ed  f o r  t e s t i n g  during t h i s  run. The design provides 

a higher moment of i n e r t i a  cross sect ion than t h a t  of the  remaining two 

1" x 1/2" rectangular elements used i n  t h e  run. Consequently, t he  new rode 

a r e  stronger i n  bending and column loading; To insure  compatabilfty with 

the  HTLTR e l e c t r i c a l  supply, t he  res i s tance  of the  new design was matched 



with t h a t  of the  rectangular  shape by making t he  cross  s ec t i ona l  areas  

equivalent .  Resistance of each of t he  four  heating elements was measured 
- 

usfng a Wheatstone bridge before they were i n s t a l l e d  i n  the  mockup with 

t he  r e s u l t s  shown as follows: 

TABLE 3 

Geometry Res,is tance , Ohms 

Rectangular 
Rectangular 
Gibson G i r l  
Gibson G i r l  

Af ter  i n s t a l l a t i o n ,  the  heating c i r c u i t  was energized f o r  a shor t  

period t o  measure current  passing through t he  individual ,  p a r a l l e l  heating 

elements. Voltage drop values between t he  bus bars  were obtained con- 

cur ren t ly  with t he  current  measurements . These values. permitted calcula-  

t i o n  of i n s t a l l ed  res i s t ances  reported i n  Table 4. 

TABLE 4 

Location. Current, amps Volts  Resistance, ohms 

The above values a r e  not t r u e  heating element res i s t ances  due t o  t he  

f a c t  t he  voltage drop was measured across  t he  bus bars  r a t h e r  than t he  

elements themselves, They do, however, given an ind ica t ion  as t o  how . 

c lose ly  t h e  i n s t a l l e d  res i s t ances ,  including contact  r es i s t ances ,  compare, 

A change i n  t he  r e tu rn  bus c i r c u i t r y  resu l t ed  i n  induction heating 

of certain por t ions  of $he $%eel shell .  This required i n s t a l l a t i o n  of 

cooling c o i l s  adjacent  t o  t h e  r e tu rn  bus s h e l l  penetrat ion.  Originally,  



t he  re tu rn  bus was attached t o  t he  s t e e l  mockup s h e l l  which functioned 

a s  p a r t  of t h e  re tu rn  bus as did a port ion of t he  graphi te  core. It 

was decided during Run Number 1 t h a t  grounding t h e  re tu rn  power bus t o  

t he  mockup s h e l l  was not advisable.  Otherwise, it would be necessary 

t o  i n su l a t e  those components (e.g.,  control  rods, s a f e ty  blades,  thermo- 

couples) which extended i n t o  t he  core from the  s h e l l  t o  prevent extraneous 

ground c i r c u i t s .  A simpler sdlut ion was t o  i s o l a t e  t he  re tu rn  bus from 

the  s h e l l  such t h a t  t he  s h e l l  would no longer be i n  t he  re tu rn  bus c i r c u i t ,  

The a.c. conducting "re turn bus" was insulated from the  s t e e l  she l l ;  but ,  

by necessi ty,  passed near t he  s h e l l  thereby providing magnetic coupling 

which resul ted i n  inductive losses .  These losses  were ant ic ipated but  

t he  niagnitude was not predic table  due t o  t h e  geometric complexity of t h e  

2 
i r i s t a l l a t ion .  Power, I R,  generated a t  7 0 0 ~ ~  by the  four ,  p a r a l l e l  

heating elements, was estimated t o  be 23.6 Kw, This est imate was 

calculated by using a value f o ~  the  current  obtained during operation 

and applying a temperature correct ion f ac to r  t o  t h e  measured res i s tances  

l i s t e d  fn  Table 3.  A t  t h i s  same time, t h e  t o t a l  power consumption, E I ,  

was calculated t o  be 23.0 Kw based on the  operating current  and voltage. 

~ h e s e '  two values agree within 3% which would ind ica te  t h a t  induction 

bosses were small i n  comparfson with t he  t o t a l  power consumption. , 

Figure 11 shows the  t o t a l  heater  c i r c u i t  r es i s tance  and t o t a l  c i r e u i t  

current  throughout the  run,  

Temperature Measurement 

Figures 12, 13, 14, and 15  dep ic t  the  temperature h i s to ry  during t h e  

run a t  various locat ions  within t h e  graphite core and thermal fnsulatfon.  

The graphi te  core temperatures plot ted were obtained using 1/8" OD Inconel- 

sheathed, chromel-alumel thermocouples with grounded junctions. Wire 



diameter was 0.020 of an inch and was insulated from t h e  sheath by 

crushed MgO beads. Thermal insula t ion temperatures were obtained from 

the  same thermocouples used during Run Number 1. 

Graphite core temperature data  shown i n  Figures 12, 13, and 14  a r e  

consis tent  except f o r  two heater  element temperatures (TC-11 and TC-15) 

which appear t o  be affected by rec i rcu la t ing  gas flow. This i s  evident 

i f  the  heater  element temperatures plot ted i n  Figure 12 a r e  examined f o r  

March 17. The gas blower was not operating a t  t h i s  time and it can be 

seen t ha t  the  temperature indicated by TC -15 7 TC -11 q) TC -7 > -3. 

This i s  expected due t o  t he  locat ion of t he  thermocouples a x i a l l y  along 

the  heater  element being monitored. I f  the  temperatures obtained on 

March 17 a r e  compared with those obtained e i t h e r  before or a f t e r  t h i s  

da te  while the  gas blower i s  operating, anamalous temperature recordings 

w i l l  be noted. The reason fo r  t h i s  behavior has not been de f in i t e ly  

established a s  ye t  but  w i l l  be investigated.  

Samples 

Small samples of graphi te  were placed within the  mockup and remained 

there  throughout t he  run t o  permit evaluation of t he  amount of corrosion 

occurring during t he  run. These samples were 1/2" x 1/2" x 3" and were 

s l o t t ed ,  forming f i n s  approximately 1/32" th ick,  t o  provide a l a rge ,  

reac t ive  surface area .  Weight changes associated with these  samples a r e  

reported i n  Table 4. 
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TABLE 4 

Sample ( l )  1 n i t i a l  F ina l  Weight Weight ~ o s s ( ~ )  
Number 8 -1 -2 weight, gns weight, gms Change,gm r a t e  x 10  , gm h r  cm 

(1) W r e f e r s  t o  west end of mockup 
E r e f e r s  t o  e a s t  end of mockup 

(2)  Based on 115 hours of exposure a t  700 C and 'an  exposed surface area  
of 189 em2. 

(3) These s,amples were placed on t he  access opening f l o o r  b r ick .  

A 2 1/2" x 1 1/16" x 3/8" B4C sample placed between two 2 1/2" x - 1  1/16" 

x 1/4" TD .n icke l  p la tes ,  which remained i n  t h e .  mockup f o r  the  duration of ,  t he  

run, exhibited a weight gain of 0.0881 gm. I n i t i a l  and f i n a l  weights of the  . .. . 

B4C sample were 28.2720 gm and 28.3601 gm, respectively. .  Based .'on 115 hours 

of operation and t he  exposed surface area ,  a weight gain r a t e  of 4..5 7  LO-^ 
gm-hr-1cm-2 was obtained. 

I n  addi t ion t o  t hose  samples which remained i n  t he  mockup throughout 

t h e  run,' the re  were samples which were per iod ica l ly  inser ted i n to  a n d .  . . 

removed from t h e  heated graphi te  core.. The da t a  obtained from these  

~amples  a r e  shown below: 
. \ 

. . 



Sample No-, 

Ewposure .ti me, hr 91.8 24.2 17.7 2.2 14.7 6 
Core TempAj OP ' 52b -1020 1020-1070 1260-1310 1310 ,1300 1300 
I n i t i a l  w t . ,  gm 12.1733 11.9005 11.9852 11.8986 11 8977 11.9006 
Final. w t . ,  gm 12.1687 11.8952 11.8986 11.8977 11.9006 11,9008 
Weight change, g m  -d.0046 -0.0053 f0.0034 -0.0009 .{0.0029: f0.0002 
Weight change rat&) -0 -265 -1.16 11.02 -2.16 /lo 04 /oil76 " 

x 106, gm-hr-lcm-2 

Graphite Samples 

Sample No? 14 

~ i ~ b s & e  b e ,  hr 
Core Temperature, OF 

111itiai w t . ,  gm 
Final  w t . ,  gm 
Wef ghL change,, gm 
~gk,gktj change rate(') 

x 1.0'; gm-hr-lcm-2 

(,a) Based on an exposed surface area of 189 cm' . 

(23 One f i n  broke off th is  sample during removal. The f i n  was retrieved and includes 
i n  thg  f i n a l  weight. 

One item noted i n  the above samples i s ,  that when a new sample was placed i n  %he 
t . 

moekup, an i n i t i a l  "burnoff" occurred i n  which a high weight l o s s  was experienced.. 

In subseqient runs, samples which have not been used previously w i l l  be placed i n  the 

msekup f o r  a short  period of t ime'pr ior  t o  the f i rs t  weighing. 
.. . , 

I 



Safety  Blade 

The sa fe ty  blade was successfully scrammed a t o t a l  of 33 times. Five  

scrams were performed a t  700°c, e igh t  from 500'~ t o  7 0 0 ~ ~  and t he  remainder 

below 5 0 0 ~ ~ .  

After  33 scrams, t he  magnetic c lutch which withdraws t h e  s a f e ty  blade 

s t a r t ed  s l ipping and the  blade could not be removed from the  mockup core.  

Mamination of t h e  sa fe ty  blade dr ive  mechanism a t  the  end of the  run 

revealed s i gn i f i c an t  amounts of o i l  around t h e  motor, transmission and 

bottom of the  upper housing.  he o i l  apparently leaked from t h e  t rans -  

mission case bu t  leak t e s t s  f a i l ed  t o  reveal  t he  point  of or igin .  Some 

o i l i ne s s  could be f e l t  on the  outside of the  c lu tch  housing although very 

l i t t l e  was detected on t he  c lutch faces .  New clutch facings were ordered 

f o r  i n s t a l l a t i o n  p r io r  t o  the  next run. 

The p o s s i b i l i t y  of small leaks being present and/or developing i n  t h e  

s a f e ty  blade housing exis ted.  Leaks would draw hot gases, which could 

damage housing gaskets, e t c . ,  from the  moekup core i n t o  t he  s a f e ty  blade 

housing. To circumvent t h i s  problem, a low flow (600 cfh)  of cooled r e -  

c i rcu la t ing  gas was directed i n t o  t he  safe ty  blade upper housing. This . 

s%$ea& provided a source of cool gas f o r  any outleakage and prevented hot  

core gas from escaping through t he  sa fe ty  blade housing. 

Figure 2 shows . the  . sa f e ty  blade a f t e r  removal from t h e  mockup a t  t he  

end of t h e  run. 

Control Rod 

The control  rod was scrammed a t o t a l  of 39 times. Five scrams were 

pekformed ,at 700°~ ,  seven from 500'~ t o  700°C, and t he  remainder a t  l e s s  

During operation a t  700°C, t he  d r ive  mechanism operated under much 

higher load during t he  l a s t  0.10"' of rod t r a v e l ,  When under t h i s  high 

load,  t he  scram l a t c h  would not re lease .  However, backing t h e  rod out 



approximately O.Olq '  permitted t he  scram l a t c h  t o  re lease .  Small chips 

from the  uranium oxide bearing graphite cyl inders  were noted when t he  

rod was dismantled f o r  inspection.  These chfps could have lodged a t  

the  in te r face  of the  inner  and outer cyl inders  causing t he  increased 

load noted. One of t h e  chipped cylinders 5s shown i n  Figure 16. 

Operating History 

To permit comparisons between ce r t a in  of t he  data ,  t he  following 

operating highl ights  a r e  presented: 

Date - Comment 

3/12/65 Power t o  heating elements turned. on, 

3 117 S ta r ted  evacuation #4. 

Completed evacuations #5 and #6 ,  
Heater power on. 

3 /a1 Gas blower t r ipped out.  

Gas blower turned on. Cleanup system 
valved i n .  

3/23 - 3/25 Increasing core temperature. 

Fusg f a i l e d  i n  440 v. supply. Replaced ' 
fuse  and s t a r t ed  increasing core tempera- 
tu re .  

3/28 - 3/31 Increasing core temperatwe, 

411 Leveling' out  core temperature. 

Control panel power tr ipped out.  Power 
off  f o r  approximately 45 minutes . 

4/3 - 4/4 Maintaining operating temperature. 

4/5 S t a r t  of cooldown 



FIGURE 1 

Control Rod Elements 





FIGURE 2 

Safety Blade 





FIGURE 3 

Graphite Heating Element 





FIGURE 4 

Healing Element Grounding Wedges and Sliding Collet 
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FIGURE 1 6  

Chipped Control Rod Element 





FIGURE 17  

Mockup Interior After Run Number 2 






