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i n  t h i s  way, 

reactor where there is heat %mnsfer to the coolant stream and conduction 

t o  surrounding graphite, tempemtme rises due to a spontaneous energy 

release would be considerabLy les8 tazllln the Laboratory values obtained 

under adiabatic conditions 

Emmer, under nankdeal conditions, such as those i n  the 

w 

Stored energy i n  excess oF the  gn%phite specific heat @ w e  can be 

removed from the reactor at present by employing r@batively Low temperatures; 

subsequent higher temperature amealfmg can then be carried out with no 

possibi l i ty  of a temperatme excursiondue t o  the spontaneous release of 

such energy. 

gerously high levels can be preclutted; and the continued safe operating 

condition of the reactor can be assured, 

operation is planned f o r  the near future, and a heatup procedure using a 

reversed air flow for obtaining tke -phi 

desired places appears very sui3,abl.e. 

In t h i s  way, the s&i& buildup of stored energy t o  &an- 

For these reasons an annealing 

V 

amealiag tempera%ures i n  the ' 

The quantity and distribuwan of stored energy i n  graphite is  a con- 

sequence of t he  combined effsc- of the fast n@utson and temperature history, 

The OGR fue l  Loading pattern is that of et modified cube, as shown i n  Fig. 2, 

end of t h i s  section, which gives rise t o  a radiaJ.ly and axially symetrica1 

f lux  distribution, The coolant e& 

lower north corner from a single dmzt (Fig. 3, end of t h i s  section), 

resul ts  in a s l igh t ly  nonunifom d-iatribution of COOU& to'%he fuel @hamils 

and, consequently, a nonsymetrical t;emperature distribution.. Figure 4 .I3 

of Appendix 1 shows the resulting bistzibution of stored energy belaw 25O%, 

and Fig. 4*25 shows the approximm;rt;a region containing stored energy i n  

excess OF the graphite specific hea% curve., 

the reactor in le t -a i r  manifold at the  

This 

e 

* 

It became apparent during the early investigation of methods fok anneal- 
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a re  rea&ily obtainable i n  the WR with reversed air flow, would effectively 

rernwe the stored energy in  excess of the graphite spc;cific heat curve. 

=e effects of Xow-tempeWms annealing of the QGR graphite is ais- 
Here cussed i n  Appendix XA (slxpp to Appendix I, by Me C e W%ttels) , 

it is pointed ozrt that low-tempemt- annealing is  effective i n  reming 

the spontaneously releasable stored energy from graphite in its present 

condition. However, the spctsoal dis$;ribution of stmad energy aceumula;t;ed 

i n  the future w i l l  be such that ameal3ng at somewhat higher tempepettures 

will be gecessary t o  prevent a r e c m e e .  Thereforep it appears that periodic 

Ld be pXmed t o  prevent the a c c m l a t i o n  

of stored energy which would require excessively high gmphits temperat 

for effective a.unealimg;. 

Description of the Reactex akdd Coolant System 

The reactor is described irr d e a f 1  in Appendix I1 @eXections from 

Geneva Conference %per 486 , "Resear& Progrm and 0pC;raLing Experience on 

QRWL Reactors," by M. E, Bmsey an& C. 13, Caglg); hmver, sme description 

is  needed here f o r  clarity, 

The reactor mcd.erator is LZ, 24-f-b cube W e  up of 4 x 4 x 50 ine graphite 

blocks stacked with t he i r  longi paml le l .  This stack is trav- 

ersed by 1.248 passages having a sq9lars; cross SGX%%Q~ (1 3/k-1.ne sides) in to  

which fuel is charged and tkLt.ou@ whi& cooling air flows, On* about 830 

of these channels are loaded wi%h Pael, and the reminder are par t ia l ly  

plugged t o  reduce ais flaw losses, T b  graphite stack rests QZI a concrete 

slab whose foundation is bed rock and is housed on the remaining five aides , 

by a 7-ft-thidF biological shield consisting of an inner and, outer 1- 
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design was for a 1-Mw reactor, the rmctor core size and shield were suffi- 
i 

ciently overdesigned so that a power Level of  approximxtely 4 Mw was attained 

by install-  &%rg@r fans t~ Increase capacity of the air c 

Hanf"md design, $he reactor became a research 

I 

caused rad%ozLc$ive fabl&%rm %&e exhaust s%ack. 

conduit, Metal ram mcks ltwstalled. Control room enclosed 

and a9r condftiosafng suppl$ed t o  ~ ~ ~ r ~ a ~ %  balconies and 

control rosa, Bvfldbiaag painted, a d .  rerwfed, Fan building 

rebuilt , 
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fission ehaniber startzzp instrumentation. 
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Spec fa1 b s t m n t s  

Temperature Measurements 

Under normal operatbg conditions, the graphite temperature is  moni- 

tored by three thermocouples; installed i n  two of the b i n .  experiment holes. 

One of these is about 1 f t  from t he  e a t e r  of t he  reactor and 

value of about 135%. 

an. w a g e  

Another %s near the boundary of the maximum stored 

third is read hourly with a seaming mcordw, 

For the annealing wer 50 s d & l t i C n r a l  themocouples w i l l  be used f o r  

8s. Most of these will be located in 

uncharged fuel channels which ~311 be plugged to p,swen% coolant flow, thus 

permitting more accurate bulk g.mphi%e temperatwe ~ ~ s ~ e ~ ~ t s  

themocoup2.e bead, w i l l  be edhd in tz 1 x 1 x 10 in, graphite block, 

w i t h  the point; of ~ ~ ~ ~ ~ ~ n t  being ggst mdem the smface of the mLdpoint 

of one of the 3. 3.- x lO-fn, surTaaeso The block w i l l  be h e t a l l e d  so th& 

t h i s  supface of the block mntaetB me of the fue l  elmme1 rsurfaess, thus 

Each 

E 

placing the thermocouple bead in  clme? proxjtmity t o  the reactor graphite, 

A i r  flow through the =+no gap b & m a  two surf"a@es of the bloek and fwL 

channel is l i m i t &  by am.ovesrsized sqawe of asbestos blanket, which is 

attached t o  one end of each bloek. %%e asbestos is he&d %n place by an 

a1tmim.m plate, as s h m  i n  Fig, 43, 

H 

0% t h i s  section. Smreral of these 

blocks in a single chamel effecbs abwt  complete tzlosure of the a& f l o w  

area, The planned radial arad asrfal distribution of these thermocouples is 

S h m  i n  Figs* 9 Wd 11, end of t M S  SECtfQXIe 
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are distributed i n  a =mer which provides a radial t 

They are positioned about 2 f t  &m;FJtmam from the center of the fue l  rows, 

since experience 'ksas s h m  t h i s  t o  be %he location of the max fuel tern- 

peratme ., 

rature profile. 
I 

I 

Approximately 4.0 Mew f u e l - ~ l e a m t  thmmcotrples w i l l  be instaUed f o r  

the annealing operating, since the rmxhmm fue l  elemnt t q e r a t m s  w i l l  

be east of the center fue l  slugs with %he mversed air flou. Furthermore, 

it is desirable t o  monitor the txmpera~es of several of the  elemnts located 

i n  the rruurimum-stored-energy region so that  the effect  of the energy release 

on the fue l  Oetnrperature can bbj immediately detected. 

thermocouple locations w i l l  be app 

The fue l  e lemnt  

e2.y as s h m  i n  Figs, 10 and E, 

end of t h i s  section, 

?Phermocozlples for  Concrete Tmpera-kus 

air w i l l  ex i t  fiomthe fue l  chaanels into the present i n l e t  

manifold, thus exposing the xmpmtecte6 front-face shield t o  higher-than- 

normal tfumperatures, 

through the reactor is only about &"C, the air discharges from some of the 

central  channels at temperatures near 2 ~ 5 ~ ~ .  TIIL~ air impinge directly 

upon %he front-face shield wall and. possibly cause spalling of %he concrete 

udless pmtcau%ioaary measures an? t&@rr, 

en t i t l ed  "Concrete Shielding Protection-. 

Although the average rise i n  air temperaf;ure kn passing 

These me discussed f n t h e  section 

Several thermocouples w i l l  be 

instal led at approprgate loca t iws  so t5mt the LempemtuPe conditions of the 
i 

shield w i l l .  be known. FQwe l3> end af th$a seetion$ il.lwtrat;tss the type 

* of instal la t ion planned fo r  this  , 

A i r  Flow JCns tmnts  

%e l b i t i n l y  or i f ice  plate t o  be incorporated i n  the cross-duct instal- 

l a t ion  can be calibrated t o  provide a m~bns f o r  determining the exit coohat  
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flow rate. In  addition, p i to t  tube and. hat wire anemometers w i l l  be located 

kzr the air  ducts so tkt measurement; of the air flaw w i l l  be possible at a l l  

flow rates during the amealbng, 

The di f fe ren t ia l  pressure across the reactor is a direct  indication of 

flow rate and is  monitored by a recwdirfg i n s t m e n t  which is equipped t o  

scram the reactor i f  the flow dininislies by approximately a$. This instm- 

Jloient will be operative during annealing bu% w i t h  the scram se t t ing  adjusted 

as required, 

Reactor Power Instruments 

Measurements of the reactor pawer lwel are obtained by several inde- 

pendent methods. Calibration of these instruments is based upon heat-pmer 

rates detemnined from the measured air fEm rates and air t@zqpemture rise. 

s r ~  are now i n  

use. One is monitored by use sf a galvanometer and is used f o r  reactor 

startup and during manual op@ration. A second one is  used, for automatic 

power lweX c o n t g l ,  and the th i rd  

operation or as a spwe, 

~ Q T  vernier ~ a ~ ~ s t ~ ~ t ~  during mnual 

Three non-gam-coapensat,ed, boron-coated ionization chambers are used 

far safety instruments t o  s e m  the reaetos electronicably if the power 

level exceeds 4.2 &kc 

sfncs they are only effective at rehtive2.y high neutron levels where the 

g m m  contribution is negligible ana need not be precise t o  sat isfactor i ly  

seme the i r  purpose 

coapensatbm is not necessary i n  these c 

b 

In addition t o  the ionization cWbem> a system of boson-coated t h e m -  * 

piles,  whose comgosite signal is  p ~ p ~ t i ~ ~ ~ i l ,  t o  the power Level, is monitored 

by a recording i m t r m n t  containing provision f o r  seraming the  reactor at  a 

power level  of 4,2 
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The approxisate locations i n  the raa@&Op of %he above sensiag devices 

d 

b 

be adjusted as required, 

Radiation Detection Equipment 

psri&ies12yB and the  rtadioactivfty of the v&k&ed prt i c l@s  is d&ermi.ned 

with an electroscope. %%is hod. ia illas@nsw..ve t o  small e b q e s  i n  radio- 

act ivi ty  lwel but is useful i n  d&ecti* the latter stag;ljs of fwJ. rqpture. 
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event that gw%ita%ive am1ys;is of releas& activ-ity becomes desimble a 

A sudden increase in the re&ing obtained k-ann any of %hese instmmorEsnts 

m y  be indicative of fue l  eleraen% faiLme, 

c, IPc3rilth Fbys%@s Monitors 

The normal comple 02 health physics i n s t m n t s  will a lso  be i n  

operation, Sewem1 i ~ ~ ~ ~ ~ t ~  are located in  the building fo r  c 

monitoring of both direct  radiation. and air  c - e m t i o n ,  These w s  equipped 

with aJ.arm which souad before tolerance levels &re exceeded, 

I-&tters Requiring Specfal At;t;snJ;ion 

Experbents 

The experimmts are  designed t o  function proper2.y r the rinaxbmm 



t 

Emergency Enstmmen-t Power 

The rewtor ins%rum?nts and the eont~Bl-r9win- lighting will be assured 
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Concrete Shielding Protection 
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rapidly due t o  t h i s  additional heate 

werheating would s t i l l  be the controlling factor, 

Protect-Pon a€@ the fue l  elements from 

As pointed out previously, 

an adiabatic release of stomd energy len WR graphite can produce a tempera- 

ture  rise of onZy loQ*C; sines the release paint fa approx%m$eXy 165Oc, the 

maxbm resukting graphite t ~ ~ e r ~ t ~ e  woad be 2@"@ 1% thereforeB agpears 

adequate and desirable t o  place the same upper t;enrpmatupe X & i t  of 285% 

on the graphite as was estabbished f o r  the fml elementss, 

As prt3viously mentioned, the fron-t;-face shiezXd2ng waU ha$ no built- in 

roon temperature. However, wader the conditions d reversed flow, shleeld 

w i l l  be exposed t o  a beat sowce and therefore m t  be guarded against over== 

heating I) 

~n upper l i m i t  of ;~OOOC kae~s been pbcea. on concrete tepperatwe 

x 

V 

" 

because of the uncertain%y involved in amalysfs af possible damge at higher 

Experienced reactor operatima personne;l bve become quite expert at 

interpreting the indications of vapious radialzi i%om, as welb as elhanges 

of fuel  element t e ~ ~ ~ ~ ~ e  dn terms of fuel, a% failwe. When swffi- 

cient evidence of' the exfs~snee of a funs1 e% 

reactor is shut d m  and the fuel % ~ i  ~ s p e ; c t e ~ ~ ~ ~ ~ ~ ~  scannfng all  loaded 

chann@l~, When the damged eabemnt is  locatettB it is discharged frornthe 

w e  has been Mated, the 



been sustained for  amy hours and apent2.y constitute no hazard e i ther  

from direct radiation or at  pherie contanination. Tolerance kevels for  

aPr ac t iv i ty  h v e  not been fsxceeded d m  to iueP element iai[lwe since the 

of the exit-air  filters i n  lPk8. 

3% appears rea 

erkble exit-air mdioactivi%y be eonsistekb with the known safe &evels. X f  

Chwe LzrrtfLs are exceeded, the reaceor w31I be shut d m  and suitable action 

ta3ren. er such conditions, unsaf% radi@t levels must result from 

Period Ishits 

!!%e rate at  which the reaotor puwfsr m y  Be increased daring startup and 

a% f u l l  power is  limited by the ac t  

prohibits sod w i t l x h w a 9 ,  if %he rea&asp 

at' a period monitor. This instrumnt 

on a pos%l;yive p e r i d  of less than 
b 

2k see., A rod reverse is  xeques%ed by per 

%q periods of 5 8ec or less. 

%Se increase i n  reactor power t o  25$ akscare that at the time %h@ sesam is 

s less than l0 see end a scram 

The M t t e r  value was chosen i n  arder t o  1Wt 

L 

requested. 

Gernerrtl 

A l l  the hazards which may be associated w i t h  the planned QGR annealing 

exist during normal operation and am amplified but s l ight ly  because of the 

stored energy, The possibil i ty of a m?anj.vm an& graphite fire and the sub- 

sequent release of large quantities of m&%x%ctive f iss ion products t o  the 
F 

suprownding area has been of p r imry  concern since the W%ndseak@ incident 

i n  Qctober, 1957. The ESPitish of f ic ia l  rapor% indic tbt the mst 1 

'Accident a t  Windscale No. 1 Pi le  on 10 October 1957, presented t o  
Parliament by the Prim Winister, Nare&er, 1951. 
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preclude the p o s s i b i l , ~ ~ y  of an appreciable ~ ~ e ~ ~ ~ 5 e a  pw@r or %eraperatme 

excursion i n  this-reactor, Also, spacial equipr~rxt Elmd, procedures have 

Graphite ma Upaniwm Fire 

Xn considering %he hazards which m y  arfse during the axmealing procedure, 

increased by reason of the stored energy in the p p H t e o  
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Irr the first place, the likelihood af such a transient is, if  anything, 

ssnaller dur ingthe  mnealing process than during n o m 1  operation because 

de the additional attention being given %he neutron control during t h i s  

process, 

af 863'~ before the mtal te92pera;b;we cmf'f%cient i 

0l.me excess react ivi ty  t o  zeroa Since it is not poss2ble to heat the metal 

w%thout soxw heating of graphite, the maximum fue l  t erature would be far 

less than 863OC due t o  the negatgva temperature coefficient of the graphite. 

fn: t h i s  connection, an increase i n  the  p p h i t e  teqeratwe due t o  the 

release of stored energy would have the bemf ic i a l  effect  of s t i l l  furtper 

quenching the transient. 

In the? second place, the metal temperature could rim t o  a maximum 

endently would re 

The occurrence of such a trmsient is considered virtually impossible 

ad, i n  any casep does not ar t o  be related t o  the annealing process. 

orting t h i s  eontention is a history of 16 yewsp operation of the  

i n  which no transienlx of anywhere new the? order of aagzxitude described 

a-bave have been observed. 

The second and apparent3.y only eseaible chain of events which cowld cause 

a fire involves the blocking of one or perhaps several of" the f u e l  channels. 

With the heat removal thus restricted,  t b e  f u e l  temperatwe would increase 

and possibly resu l t  i n  iiantage, rupture, o r  melting ~f s m  or al3. af the  

slugs i n  the  cbnnel, 

thus eozorp1etel.y shutting off the  flaw of air and causing dangerous teqera- 

tures I) 

This damage, in turng could fur ther  block the  channel, 

On several occasions i n  the past, f w l  channels Wve been t: 

blocked by ruptured slugs. Tlwo of these 

7 an& 14 days froxu the t i m e  %he first synspt~ms were noticed u n t i l  %he block- 

els were operated for betmen 

age was so bad that it was necessary t o  use a d r i l l  t o  c lear  %he 1 of 



Y 

. 
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cause fo r  a channel blochge is the oxitlatioaz sf" a ea slug, the COW 

dition would be detected a@ ~ a ~ ~ ~ @ t i v i t y  i n  %ha c o i o h t  air stream by the 

radiatioa monitors located %n the exit-air duct. %%e possibi l i ty  does exis t  

than it is during normal operationo 1% should be polrrbed out further %hat 

these themoeouples are locatebad i n  thsaea posit 

energgy is greatest. 

where %he am of stored 

The foregoing irzf"om%ion, together w i t h  th saet that the stored energy 

i n  excess of the gmphi%@ specjlfic heat c w c  wll l  las released during the 

initial stages of the annealing a% d temperature belaw which a spontaneous 

stored-energ,y r@lease can occur., leads t o  the cmlssSon that the probability 

of a fin duping the a,au3Etalisy3 is  no graa%er th@a tW associated a t h  the 

routine operation of the reac%~r. The proeedurea wMch are available t o  

combat such a situation, should 2% occur, a m  &scrfkred im. a lattw section. 

Experimnts 

T)uriw n0-l C@eX'a%bOR, the iW@%&QPy O f  IIBtSPhblS aad f3-el.i- 

mental appratws i n  the reactor is T-Q?%~ largea Some of these may possess 
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R. PLaPdy and Ro Fo @&ers, Calcul.a%foaas for Unit Emission or Airborne 
Contamimats, U, 8. Weather 
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occurs at a wind velocity of 2 mph and i s  f.2 x lom5 curies/cm 3 of air when 

t M  stack discharge rate is 3.20, 

for the resulting n ~ ~ i a g u n a  concentration of' the various f iss ion pr 

sofm d air. The values listed i n  Wble 1 

red were calculated on t h i s  bas oximately doubled for a flow 

rate of 60,000 scfm. 

The intsrnal  dose Mzyd is cansidersd t o  be due abos% ent i re ly  t o  %he 

iodines, since the glaximwm possible concentrations of other f i ss ion  products 

is well below the maximm permissible -eon@sn%rations for 50 years of" continu- 

ot19 e x p o s u ~ e . ~  From Table 1, the sum of the maximum concentrations of the 

icadines is  6,4 x microcuries/cm 3 of air, which is consfderabLy higher than 

the maximum pepmissible concentration far continuous exposum, 

concentration could only exist  for Z hr if the wind velocity remained eonstant 

at; 2 mph and. not mor@ than 2 to 3 hr mder any r ea l i s t i c  conditions f o r  t h i s  

Hwmer, t h i s  

area t 

In the case of' a 3-hr exporsure, the mxiat l rm qtxanti%y 0.4" iodine retained 

3 by the average man can be found a8 follows: 

q = f A V t  
6 = (0.75) (6.4 x x L25 x lQ x 3 

9 18 nicrocuries 

where 

f the per cent of the inhaled q w t i t y  of" i ine which is retained 

by the bodyo 

A f concentration of iodine i n  the air in  microcuries/cm 3 , 
v = averam breathing rate of a working m n  = 1.25 x 10 6 cc/hr, 

t = the exposure time i n  hours, 

1958 3 
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Annea1i;ng; Procedures 

A. 

c anplet ion : 

Prior t o  starbup, the following check l is t  wizlbe reviewed f o r  

1, 

28 

3.  

4. 

50 

6 ,  

7, 

8. 

9. 

LO. 

110 

l.2, 

13 

14 

15 * 

16 . 

Reactor components revised or  cQnditiOm&. 

a. Control rods, 

b. Ion ckmibers, 

c.  had or bismuth removed or provided dtkr C O S h w t  and mnitored. 

Reactivity adgtastments made , 

A i r  flow system complete and set f o r  reversed flow, 

A l l  shielding plugs i n  place, 

Water inQect%on sys%@m fhmetioning properly. 

Standby coqressors i n  operation, 

Staadby stem fm,rming. 

Exit air fi2ters inspected and in good ewnit%tiani. 

Healthh’Physics psrsomel ava ibb le  f o r  area ckecks, 

A l l  necessary personnel on haad Ewnd previously oriented, 

Fire  fighting equipnent i n  readiness. 

Overhead crane f n  proper wssking order, 

Front Pace elevator functioning properl$, 

bddf2P.S available for @lllW@;@ZXcy use8 

Allinstmz&na;nts previously checked, alam and scram points adjus2;sCr 

and functioning properly, new c’raarts on all recording i n s t r m m t s ,  pens all 

inked. 

17. A i r  f l o w  measwing instruments fwxtiaghg praperly. 

18, Heat power calibration performed. 

c 
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saanetims raised on the supposition that the hydmpn evolved during the 

decomposition of waker to form the mtsl acic3.e m y  present an explosion 

8 
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ZONE 
1 

2 
3 

NUMBER CHANNELS NUMBER SLUGS 
60 41 
26 45 
42 51 

38 
58 
54 

438 
114 

51 
54 
54 
54 
47 

Fig. 2. OGR Fuel Loading Pattern. 
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Fig. 4. Typical Axial Stored Energy and Temperature Distributions in O G R .  
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for Graphite Temperature Measurements . 
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Fig. 10. OGR Loading Face Showing the Radial Distribution of Thermocouples for Fuel 
Element Temperature Monitoring. 
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Fig. 14.  Typical Axial Thermocouple Distributions for Graphite Temperature Measurements in Fuel Channels. 

- 

Fig. 12 Typical Axial Thermocouple Distributions for Fuel Element Temperature Measurements. 
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Fig. 15. Locotion of Neutron Sensing Instruments in OGR. 





-49- 



relationship of the  graphi%e fs r@eord@d as the stored cmwgy is released. 

where 

2 A = surface area of sample in em 

ti = i n i t i a l  tim9 

tf =: f h a l  %fane, 



-51 - 

UNCLASSIFIED 
ORNL-LR-DWG 28458 

240 

200 

a 

160 

c 

0 
u 

W 
a: 
? 120 

5 

a 

a 
IL 
W 

+ 

80 

40 

0 

Tw = CALORIMETER WALL TEMPERATURE 

= ENERGY RELEASE TEMPERATURE 

T2 = RUN NO. 2 TEMPERATURE 

0 200 4 00 600 800 1000 1200 4400 1600 

TIME (sec)  

Fig. 4.9. Radiation Calorimetry Measurement of ORNL Reactor Graphite. 



X-my Lattice Farmeter Measurements 

Temperature traverses (see Later) of the gmphitx! stack by the Qper- 

been completed, and e s t h % e s  of the stored @n@rgy c m W  t o  25Q°C are 

c 
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Fig. 4.10. Stored Energy Release of ORNL Reactor Graphite a s  a Function of T i m e ,  
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(Fig, 4.14). ~lhfle it is apparent; tihat the t q p e  on the surface is 
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Since the growth of" stored energy i n  irradiated graphite is  $Q s t~hangly  

of tbe resator graphite temperature is dtependent on tenperatwe, a kncrwle 

a 

&ta are available. 

For orientation purpoies, it should be recalled that the  reactor cooling 

direction is asst to west pamlbS %a the shag rawsa ~~v~~~~~ were mads 

trmsverse t o  t h i s  dimetion (HT-8) at the  center ~f the reactor; 6 ft; east 

west of the center, and a11 three trnvemiws were within 1 f t  of a hori- 

were nommlized with respect t o  an 85% value from tk continuoperly moni- 

tored posi'bion In  the aenter tmverse. 

at +S*C when the eontinuous&y monitored position is at 85%* 

pratures i n  the south half of the reacrtmase due mafnly t o  the location of 

fn le t  air  teqpera%auPe is recorded 

Higher tern- 

the air in l e t  at  the lmer right eomer ~ r "  the  east face andJ secondly, t o  

f'lw pattern i n  the sou%h+lml.f w f  the reactor. 

mnths these? values are as much as 5U°C higher f ~ r  s m e m X  positions. Tern- 

ds reveal that; Qn hot r days with in le t  air at 32% th@ 

teqeratwca i n  the eontinuowby monitomd center p@sit%on reaches a$ high as 

138%; 53% higher than that shown f o r  a February recording 3.n Fig, 4.159 
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determination conswt~hes only 1 

sample from each core tha t  contained only highly 

The % o t t m  p ~ r t ; i ~ n ~ "  (farthest  portion of core fm fue l  element, Fig, 4,lL) 

were more clearly representative of the average cmditiors of fue l  charnab 

graphite i n  the most heavi9y damged region ~f %ha ma&err; bmver ,  it should. 

not be overlooked that the '%top portions" (nearesa; Lo farel e nt, Fig;. 4.11) 

it was impossible t o  secure a large enough 

surface material. 

of the  cores contained only a small percentage (less thm 20$) of highly 

w e d  surface graphite, 

Three kinds of s p e c h a s  were submitted t o  thre3 Matlonab Bureau of" Stand- 

ards: tznannealed, annealed t o  25k°C, and annealed Lo kOO%. 

annealing schedule is  not direct ly  related t o  a kqypothetkal reactor amealing 

schedule, it furnishes some useful informtion and w i l l  be describedbsiefly. 

Although the 

1. Sectioned samples were drilled and tapped t o  accumobte a thermo- 

couple i n  a snug fit at the approxjlmaea geometric center of the sample. 

2, The samples were contained i n  stoppered tubes i n r  a i r  and were placed 

i n  an o i l  bath at  constant temperaturs (lSO°Cr> f o r  16 b a  

3. The sample temperatures were monitored and dld mt exceed th i s  t e m -  

perature during t h i s  intervalo 

4. In successive stages, the o i l  ba%h tempem- was increased lQ0C, 

at  a rate of 0.5°C/loain, and maintained at these lm1s far a period of 20 

nzin before proceeding. 16hese steps included stops at 170, 180, and 

1W0C 

5. The sample teqeratures were continuously nmitmed, and at no tine 

did they exceed the bath tapera tures .  

6* When the sample temperatares reached %, tke tubes were reanoved 

from the of1 bath and placed i n  a salt bath at constant teqeratupe (2S4°@>. 

c 

The rise i n  sample temperatures waa manitored and the samp3.e~ were re3llloved 

~~ 
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9666 which were obtained earlier. @Ly a few olasemtiQ8a; concern%- these 



co 
\D

 

I 

c 



-6
5

- 

u
)
 

co ?
 

a, 

u
)
 

o? z d
 

0
 

u
)
 

u
)
 

o? 
c9 

0
 

0
 

s! 0
 

0
 

(r, 

0
 

0
 

a, 

0
 

0
 

b
 

0
 

0
 

C
D
-
 0
 
e
 

W
 

LT 
0

2
 

o
l-

 

W
 

Q
 
I
 

W
 

o
l-

 
0
 

d
 

m
a

 

0
 

0
 

17) 

0
 

0
 

(
\I 

0
 

52 0
 



-66- 

. 



- 67- 
UNCLASSIFIED 

ORNL-LR-DWG 28755 

270 

260 

250  

240 

2 3 0  

220 

210 

200 

190 

180 

170 

160 

150 

140 

130 

120 

I1 0 

100 
60 70 80 90 I 00 I10 120 

TIME (min) 

Fig. 4.17. Adiabatic Rise Measurement of O R N L  Reactor Graphite.  
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59 of the a t i r e  stack is r3amged t o  %he extent t h a t  a 

release c be prqagated, 
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stored energy as a source ~f heat. 

In view of‘ these factsB it is ~ ~ ~ i $ a ~ ~ ~  t o  ra-mmine the stored. energy 

release spectra i n  graphite frogla the most heavily 

Graphite Reactor f 

effects and est%anaz”ces of $cmg-%sm grapMte stored energy p~~bleapw, 

w%th special reference to ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ r e  annealing 

Effects of Low ~ e ~ e r a ~ ~ ~ ~  Jkmealing 

For reasons already eqressed in Appendix Is we shall eoneern ourselves 

removing stored energy in e x c e ~ s  of the graphite specific heat erne. ;En 

these aases the released energy was wrely t ransfer r@d t o  atmospheric airo 

Although these are labQrat0x-y tests, it is- enaomglng t o  nota %ha% tempera- 

Bare excursions were alm notably absent Lm the many re~ckor anneals at 

Brookhaven where the rats of fission heat reawal is hs%ghg wen at l w  

power levels, compare& w%%h the ~ ; h w  p r ~ p ~ ~ ~ t i o ~  of stoma anergy release in 

2 
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%his mitical  temperature range. 

removal of f iss ion 

Xn effect, under reactor conditions the 

1eteJ.y msks the  removal of stored energy, not 

only because it is compwably small bwb &.so because 8yl efficient he&% leak 

2s operat ive 

Short-Texgn AlxinmlI. Status 

With the condition of reversed air %Low i n  the oak Bidge Graphite 

Reactor, the minimum temperatwe of: 138.5’C can be attained i n  a l l  par ts  

of the moderator that contain stored energy In  exeess of the specific heat 

curve, Moreover, t h i s  can be s c c ~ l i s l z e d  with fue l  ~eLement temperatures 

mll below maximum toleranee, A lm-%empemtwe &meal would therefore 

remove the deingerous cmponent of the  release spectrum and thus permit higher 

annealing temperatures to be sowM under conditfcms such $bat spon%anww 

tmperature excursions would no% be pamxt8aXe extent t o  which higher 

annealixg tenrperatrares would be s wmld be necesaarfly governed by the 

mximwn safe fuel el-t temperatures. 

i n  the dmnagedimderattt;op retgjion were 

following th i s  anneal would appraxfna-be 

Xf the  maximulla graphite temperatwe 

%, the stored energy- release spectrum 

sham i n  Pig, 4- me can see, 

therefore, that annealing i n  the lm temperature range 138.5 - ZOO°C (Pigs, 

2, 3# and 4) results In the  remml  of stared energy khat, prjb~~p t o  amqaling, 

exceeded the graphite specific heae. 

of such an annealing procedure are exeelZent fron the standpoint of hazardous 

Consequently, the short-term prospects 

stored energy. 

* 

c 

It should be noted, howwerp that such a Xov-tmp@rature &mea% ia not 

a permanent solution fo r  control ~f the stored energy & ~ e ~ ~ t ~ o ~ .  &en 

after annealfng at OC the  stored anergy release apeotmm atill asih~~~a a 
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sf reactors or reactor p r ~ ~ c ~ ~  primrI1y U B ~  the two general-purpose 

h o t h e r  b p o f i m t  usage of tbeae rea&m is the preparation of radio- 



operate at one zllE;tgamtt pcrwtrs level; and %ts pr- purpssaa w e r e  t o  faapnislra 

operating experience, reactor chm.wterds;tStes, and t o  praride smaU qua;nb 

t i t ies  of plutonium to aid i n  the lolfcal separation tech- 

" 

way through, the graphite perpendicu3a.r t o  and between the iueab e 
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Fig, 2. Fuel-Charging Side of the Graphite Reactor, 



-9%- 

The reactor shield is a 7-ft -thickn@ss of" eoncrete that surrounds the 

o r t k  cooling air. Plugged slmv 

t into the %o tbe holes though  the graphfte- 

i ~ e ~ o s ~  and, o u ~ ~ ~ ~ ~ ~  1-ft $ ~ ~ ~ ~ ~ s s ~ ~  of the shield axe n o m l  @ t m c t w a l  

concrete and regate and contains web-me steel reinforcing. The space 

between i p d  f i l l e d  with a speeia% 6 te mixture containing I@ydites, an  

t w e  et5 neutron shiexdlng 

IO-in,-high a . i ~  passage aer %he top of the core between the graphite and 

dust ppjx%%e%les from the air at the in l e t  t o  the system and a conibimtion 

of" f ine  Fiberghs and asbes;%o5 papa's filters r~mme radioactive particles 
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Fig. 5 .  A Closeup V iew of the Fuel Charging Face Showing Operators Pushing 
Fuel Elements from the Reactor Core, 
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Fig. 5a. Operator Inserting Fuel Elements into a Fuel Channel. After being Inserted by Hand, 
They Are Centered in the Core by Pushing Them into Place with Measured Steel Rods. 



air exhaust system witka f iss ion pr 

is the possible sealfng O f f  of the 

as the oxide volume increases, 

me nore serf rpssuxt of" %a%Xure 

1 by the swellin@; element jacket 

When the ~ i r  f P w  ceasesg o%her el 

further use as fue l  channel&; and were diverted t o  other usages. Since that 

ing 1952 the fue1 was e d t o  a bonded type. This bond f~ an 

~ ~ ~ i ~ ~ - ~ i l i ~ ~ n  eutectic which fills %he space between the altar& 
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TABItlE 1N SUMEJIAR'P QF CrTzApWsTE lTEfGTOR INFORM4TZON 

Size of graphite 24 f t  x 24 f t  
x 24 f t  4 ino high 

Thickness of" concrete shield 7 3 3  

IMxmiber of fueL charnels 1248 

er of le6-in.-dimeter holes 
%%wou& central  part of core 

aype of fue l  

Dimension of aluminUrn-cXad fue l  element (slug) 

Weight of m n i m  metal per slug 

Thickness of alminuan cladding 

Bonding material between A l a d  U 

Ember of 

Muniber of 

ftfutriber of 

Mnutlber of 

Number OS 

&-in. -sq openings 

horizontal through holes ( b i n ,  sq) 

horizontal half holes (&-in* sq) 

vertical holes (&-in, sa) 

Rmiber of &-ln*-sq horizontal through hales used 
f o r  control an& s h u t d m  rods 

Number of k-in,-sq horizontal openings for 
experimental and target exposures 

Mmer of 44n.-sq ver t ica l  hobs f o r  shutdown rods 

1.1 in. di-ter by 
4*1 in, long 

'035 in,  

56 
22 

6 

6 

4 

3 

3 

Other experiment facilities 14 



TABLE IIJ (continued) 

Total reactivity va1ue of s h u t d m  rds 

Total reactivi%y value of control rods 

Average neutron flux (based upon power level. and 
mount of fuel) 

Operating graphite temperature coefficient 

aBetlPomtric pressme emfficient  

Xenon poisoning coefficient 

Ab: 207% 

Ak 
B 

1.1% - 

2.24 

59933.4 CM ft  

587.5 watts/;et3 





Y 

several months becawe several duplicate -ehnnel operations 

%des,  and the developmen% of a leak in CW sy&en .might resuat in mer- 

Wating of the concrete shield, 

4, The complete system would be very Urge etnh expmiive. 



Electrical  or gas-r"St 

the a d r  s ~ f i c b e n ~ ~  to obtain 

heaters Xseateb: i n  the inlet -a i r  due% would preheat 

required graphite annealing temperatures 

objarst;ion t o  t h i s  systr~m is $hat the 

rasuledng front-faea shield t l d  be excssssiv~. 

This sys%em involve t;fie installation of m interconnecting due$ 

betman the pr@sent i n l e t  and mi% ducts which w bneopgorate a blower fo r  

Thfs system is described m&er the annwli- method In %he mfn re!port;. 

It was selected from the systans s.tudb& OM the? basis of the foU.c;rwing &van- 

tages ; 

3. The cost of" t h i s  system is c %.Cerabl.y less than for any of' the 

other system studied.. 

2, The system is  cwpatible tai-krh-k;b prEtmnt system; that is, 

Insta?Lled, reversed or  normal FLow ccm&%t%ons can be established arbitwil.y 

with relative ease. 

3. m protection O f  t b  c ~ ~ ~ r n t . ~  SEriexaiW  OBI 

Y 
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wtmted by the recorder s c f m t h @  r@e;tc%~r if" the indicated power io excessive 

kw). %is constitutes one safeby *meX. B e  t h e e  wcoqensated 

l.954 to autom%ically control the reactor wkben at pawer. The recorder is 

mounted i n  the control panel but is useful f o r  referenee only i n  the power 

reange 0 

power downward. 310th types of i n f o m i o n  w e  the 

fng rod witrnaml, nnel, is one of two usad t o  inhibfe re  

earbier- 

The seventh chaibsr is a uranium fiss5on type which feeds a 

pe;r%Od 

as noted 

comtiryg 
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