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,withnEl. ,oNst

PROD_CTION _.T.EST_IO 5-5_ E.
C PILE GRAPHITE BURNOUT _PEa.IMENT

OBJECT

The object of the production test is to obtain .full pile b].gh _emperatur_ graphite burn.-
out data° In addition 9 the test will supply valuable data on the postulated _Ifluence

of neutron temperature on plutonium puritFo

The maximum temperature at which piles may be run continuously without suffering excessive

rates of graphite burnout is as yet not knowao In order to achieve the power levels

e,_tablished as goals of the 100 Areas technical program(1)_ :Lh_ill be necessary to

operate the pi%es at or near 600 C9 even with a high concen tratlon of helium in the gas

atmosphere o(_) The following table summarizes production losses aud result]ng costs
for several cases in which graphite temperature idmits '_.pL... power levels after com-

pletion of Projec_ CG-_o These estimates are based on modifications of predictions
published by Fletcher okg;

Graphite Temperature, oc 600 _50 550 550 550 5_0 500

Helium, Per cent 90 60 90 80 70 60 60

Tube Power_ KW 1200 1200 llOO 1050 lO10 980 850

Plle Power loss, MW Goal Power IA5 218 275 320 510

(1ASO effective tubes) after CG-558

Production loss MWD/mo .... 3620 5&%O 6880 8000 12_750
(25 operating days/mo

•. ,, . ,, ," : . , • ,.., . ., - . .
. ,. . . .. • , "_ • . . . ., , . . • ., . ,, ,, .

.-.. . ._.,. _:.' ..,_ -_,:_, -,.._/_. :-_.:.-:_ .,: _ "..,... _ ,
_, .:..: _/,:.:_u_ ._..,_._, _ _,_ _._._L_._ _,_ _ _ _._._._ _ ......... '..... ' - _ ........... '_: ..... ",_,:',-,'-'-":x/___ .,__ i/' '_.,_a.._-_- _:."'_-__.. ,. "- _ ,._.... "....... ]J

Prior to completion of this project, H Pile will be limLte4 by graphite temperature
for as much as ten months per year, at an average loss of] ..... per month°

In order to avoid, suc_,mroductien losses after completion of Project CG-558, it must

be shown in advance how-:_full p_!_' can be operated at higher grap.hit_,temperatureso
• . " .. I . ,,,.., _.. _ _, ,. . _ . ._ *

[1)- Re.__uker,Po He and:Bupp, Lo-Po_" "I00 AreaProcess Improvement Program for the Period
November 195A.throu_ April 19_5_ " HW-338A2_II-19-5& ".

(2) Fox, Jo Co, "Graphite Experimental Program for Water Plant Expansion Project#"
HW-3292.5, 9-i-5&

(3) Fletcher, Jo Fo, "Graphite Temperature Predict.lense" HW-.31125, 3-12-5&o

DECLASSIFIED,.    ,



WITHDELETIONS-3-
Prel/mi_.ar_.expenLm.e_ts wkich have been r3n both in the .labo_a'_or#(._5) and .in the

piles (6,7,8_9_10_i1) indicate that a full pile t_est a_ 600 C g:r'apkitetemperature in

now feasible and would not result _n excessive graphite bu:rnou_.o At the present
t:Ima_ it is oossible to do the test only ag C Pile for reasons @[scussed ]_ detail
elsewhere° (l_)

Operation of C Pile at a sigmificanLly kigher temper'aL_'e pr.'esenhsthe first oppo_-
tuni5y to verify the existence and extent of She pos5ulated ef'fec_ of thermal

neutron temperatur on plutonium puri,yo , Prlor emplri..al evidence of this

phenomenon is not. co_zlusiv-.o S:[nce it will be nece.ssa<y to rKise graphite

temperatures in the future, it.-is _.so necessary to debe_ne the ma_nlt_.de of
the neutron temperature effect 9 and how it will affe¢.._the low concentration

producSion program° Future low concentration metal c_ then be scbed'_l.edat the

pile(s) which can produce it most economically ab opL.:imU_Le:Kposur_..s_5emperatures,
and power levels_ with minimum adverse effect on the grapbl.L'.eshr_lcL,_reo Theor_hlcal

calculations predict a I00 C increase in maximum graphibe t.emperaL._remight
rech]ire as much as a 8 per cent reduction in expos'_Areo A5 the prgsenh productio_

r_'Se,t.his would represent a monthly cost of approximaSel_ The tempera-
t_.]reeffect ca_ be investigated Donc_rrently with the graphite b'uz.._outtesL, a_ less

expense by taking advantage of the margin of conser'v'at:ismin present goal expos_reSo

The Pile Physics Unit recommends that goal exposure during the test period be

reduced from 210 MWD/T to 200 MWD/_o(15) If plu5onium ptuciL.Zspecifica_ions are changed from
20 n/gs to 25 n/gs, recommended goal exposure will be 250 MWD/T d_rdmg the testo

This conservative approach would require approxdmate.l.y3705 addi.L.:ionaltons of uranium

during the five _onth test period s at a total cost of .... Additional pile reactivity
contribated by the higher graphite temperat_re would reduce _he need forenriched

metal s at a savings of approxi_ahely $i00,000o Net cost of a flve-month test is about

$260,000_ wblch is not excessive when compared to the potent:ial savings to be realized

should the test produce favorable results°

(_) Woodley, Ro Eo, "Promotion of Chemical Reaction iu Gas._G:rapki5eSystems b_

Gamma Radlation_" HW-31939, 5-.2_-_i
o "The Role of Surface Area in the Kine'_ics of Oxidation ofs laris,c°N ,

Graphite," HW-31928_ 5-24_'.54.

(6) Lovett_ Do Bo_ "High Temperature Graphite Burnout Expe.rdm_n_ PT I0.5-51_-E,"
HW-26187, 1-15-_3

(7) Woodley, Ro Eo_ "Final Report on PT I05-391-P_ I05.-A35-P_ and 105-.51A-E,

Supplement A," HW-26320, 7-1-.52

(8) Whatley, Ao To and Love_t, Do Bo, "PT I05-530-E_ Full Pile Burnout EAperiment,"
HW-29201,' 9-1-53.

(9) Lovett, Do Be, "FT IO5-536-E_ High TemperaSure Grapklte Buruout," HW-30615, 1-22-5&o

o "PT 105-532-E, Graphite Monitoring Pregram_" HW-29739, 10-23-53(le) Wood/.ey, Ro E ,

(ll) Wocdley, Ro Eo, "FT 105-532-E, Supplement A_ Grapklte Monitoring Program," HW-30571,
1,-/+-524

(12) Curtiss, De He, "Review of Feasibility of Full Pile Kigh T.empe_ature Graphite
Burnout Test," HW-3&3259 1-5-55

(1.3) Heineman, Ro Eo_ "The Dependence of Pu-2&O Content of Pile Produced Plutor_ium

on Nea_ron Temperature," HW-32933, 9-2-5A

urand.um represents the net-cost to Hanford (Raw material cost plus canning less

allowance for material recovered from UO3 Plaut)o
(1.5) Fullmer, Ge Co to Curtiss_ Do Ho_' "Recommended Low G/T C_al Durdng High-Tempera-



WITHDELgiONS
PROCEDURE

The helium =omcentration of the pile m_mosphe:r-_at C will be redu¢'ed and graphite

temperatures increased until the m_._imum graphite _emper'ature is 600 Co (except as
no bed later) The concent.rs_ion of t,he heldum will be adjus_.ed to maintain the

ma_in_am graphite temperat;a.re at this value d_ring operation° Dural:ion of the test
will be five months°

The pile shall be operated so as to briug the graphite temp_r'a'_ure to 600 C as
soon after startup as is practical from a'=onbrol staudpo_nt_ ,_udmaintain it there

during equilibrium operahiono Temp_rat_ure &ist,ribi_d.on shall b._ as uniform throughout
the stack as possible, similar to the map shown _ Fig,_'e lo For the _irpose of

this test_ i_ is imperative tha_ hea5 cycles be avoided dur:ing "equilibrium"

operation° Air.hough the _ncreased graphite temperzt.ures will provide additional

reactivity during the test._ it _ill be necessary t.o hold s'_ff'icien_reactivity in
the control rods to assure tha_ bea_ cycles do not oc_ur_ or _an be satisfactorily

coutrolledo To estimate the magnitude of the reactivity during eq_tilibrium operaZion

pnior to the starting date of the test, helium con_,ent.<ra'hlonma_ be var._ed±20_ _or a two day

p_,v.|,odo
If the 600 C temperature can,n:o_ be a__ained by removal ._,fal.'1,the helium from the

pile_ power levels may be .increased by allow:ing 5he out,le_,wa_er temperature to
increase to 105 .C, as aubborized by Pz_cess Specificabions on tube corrosion and

"trip before instabiJlty"o(17)

Monitoring of graphite b,x_no'a'_wi]i be accomplished in three phases as follows=

io Full Sized Bar's

Prior to the _nitiation of tkls iucr_ase_ t,emperature test_ eight graphite

bars A" x &" x 12" will be inst.alled :in the..D best hol-_o These bars will

be cut from known, mater._al_ tested and weighed prier to charging° Ab

the completion of this best_ these bars will be removed by the established

procedure and again tested and weighed° From these dat.a, _nformat:ion
concerning the oxidation rate under actual high tempera%'_r_ pile operating
conditions can be determinedo

2o Process Cha_nel Samples

Graphite samples (lo125 inches 'in diameter and A lnches long) will be
dnsta]l_d in two empty process channels to provide _rompt checks upon the

rate of oxidationo These samplms will be discharge_ periodically to insure
that excessive rates of oxidation are not beiug encountered° The charge and

I ....

(!7) "Process Specification 15_01_" and Process Spec:ificat,lon ll_O0," _-27632_Revo
9-30-5A

/cbi+.
DECLASStFIEO



discharge of these samples and cax:_lers_i.ll follow the procedures _at,lined
in PT,-.ios_532-E_PT,-,IO%._536_E_and PT-IOS-_c36_E9 Suppl_men5 A (90 i0_ iI._18)
One channel (1960-C) is presently used for this p_x'poseo

30 Diamond Clu_ter Around 2_,-.CA_J.-Q_Q_[__,._!_ E :

Because of the Bube block 'bhex..moc.o'o_O.e srrmugemenb p_.._,_._i_._.,.r.',to 2773_ a

diamond cluste_r of enrd.ched col.'_ins _i.ll be esl;abl:1.sb._d _d.JBc_.u_, to t',_.s chsn_.el
similar to a previous load:Ing near 2785-C "end.e:r PT_,].O::_--.:536-.E(19) (2785-.C cannot
be used now since the adjacent tubes are o_cupied by PT,_,lOS.-.,_78-AmetaL)o,
Eleven adjacent tubes will be lo,adedwith J_Q col_uus under PT_,IO_-,579_,A_].8);
t1_,benumbers and charg.lngorder are given iu Append.ixBo S'.Lucethese mu_i,be
charged prior to i_L[b:i.ab.ingSki.sbest',_the dl.sch._rgeof .me.._,alpresently _n these
tubes at less than goal e_:pos_xr'e'.l.shereby autbo:_L_ed.oC,._le.xposur_for the
J_Q columns will be e,_hab.l!she,d bF Prodncb!on S_ehed_xl:|:_.g_ __; shall, be a
m'L_tmum of 5 months (_less a r,,_pb_.r'e oc_.re) or a ._<_:i:_'m of 200 MWD/To

While these columu,__r_ in the ul.le_2773-C _lll be a 'testch,_anelfor PT-IOS-536-Eo
Perforated gun barrels will be :instaLledin both frn.n:_.,and rear of this _]annel
and gas flow measu_e,d_as was done '.in2785.-Cfor PT,-..].O_536-BoSamples will
be charged into 277-_Cas speci._.:i.edin PT-lOS-_36-E (9) and ibs Supplement Ao(19)
Similar samples will be placed,in a "FoLl,ow_r_b._.uace'_out_ide tb.epile which
will ._Bintalnthe out-pile _ampl.esat the sample t_w.l.pe..rat_re,gas composition_
and gas flow as the in:pile samples° A connech:l.onto the pile gas inlet and

,..phe...e TC,-_9,-G_Iwill bsoutlet lines will be necesss_7 ho provJ.de tb:Ls sf:imo_ _' o
disconnected [from the panel and ibs leads ex_,_ndedto the .follower._arnace
to provide the control signalo

ho M__l.t_ of CO Content of P_2,eGas S_

C Pile is already e_aipped _.i.bh au elaborate gas aual.y_i,_ _ystemo This will
be supplemented with periodic _uss spectrographic an:_.lysis of gas
samples withdrawn f,com t',:e sy_<Semo These aua3_v_.!s '_.L_L be observed for
significant increases of CO concentrabiono

50 Vertical Height Traverses

Vertical height traverses on 'b_beh67h-C _IZ1 be made a_ the _itia_ion and
completion of this test in ad@ihion to the three menl:h:Inf>e.r_alrequired
by Process Standards to ascertain if the rate of shrd_..kageof the central
regions is temperature dependenbo

6° Gr___hlte Temperature Data

Temperattu_ of selected graphSbe thermocouples near the graph.ltesamples will
be recorded dail_ by Operations on a data sheet prov,Ld.edby Tec.h_Icalo

Care._!ulcontrol of the pile ahmo_phere pressure nm_t be m,_Lubainedto prevent the
inadvertent pile i.uhalationof _i.ro Graphite at these tempe.,raturesreacts rapidly

w!thalrlea_'.agetheoxygenintointhealrpileoand_he r.esttl.bsof the experlmenb wou_d _ECB_SI _ED

]_') B:_mgge_Ro Oo_ "Pro@action Test 105-379_A_ Revlsed_ @_ut,ib_ Irradiation of .J_Q
Col_amus"_HW-33170_ 9-28-5ho

(19) Lovefib_Do Bo_ "Higher Temperab'a_._Gral_ki't,eBu.rnou:b_PT_,.IO5,-53,$--E_Supplement
A_" HW_32871, 9-29-5Ao

(20) GaLll.g._._Wo Lo_ "InterpreIDaY,ion of Graphite Tempe:rat,_zc_.Llnd.tAdjacent to E_riched
Loadlugs"_ HW-33].95_9,o2%,5_

(21) Bupp Lo Po_ "Trip Reporb_ AEC Te_h_Lcal Program on G__'aphlte,-GasReactions"
HW_32505_ 7,-21,_5h
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STARTING DATE.

This test shall be placed _nt,oeffect .inthe first par'_of 1955_ aud wlll centlnue
fc.rfive mcr,th_D unless cancelled (see "Ha_ards")'o

AREA

C Pile has bees.c_osen for reasons .p:resentedel.se_hereo(12)

DEVIATIONS FROM PROCESS SPECIFICATION

Process Spe.cificatlon41o00._,"Temperature of Graph'SLeMod..:..'ator

The maximum graphite temperature _.l.llbe increased from 500 C to 600 C during the
test except in the following locations_

ao Within the diamond cluster of J-Q tubes surroun&ing channel 2773, maximum
permissible graphite temperature is 750 C_ d_r_._gthe best period._580 C
following the test while the J_Q column8 sr,"st'._ ._nthe pileo

bo Within one,l.atticeunit of a J_Q or J-N hube_ m_.._Imompermissible graphite
temperature is 6&O Co The interpretation of this limib has prevlously been
clarified o(20) ..

,.

This relaxation is also permitted for a two day period prior to the test for the
purpose _f estimating reactivi_y effectso

Process.SRec.ifica.tion31o00, ',Com_if_ion-of the .Reac.t.orGas"

The _Lui_rmmhelium concentrat:lonof 0 per cent at all temperat_res below 600 C
is aut.horizedo For a two day .periodprior to the test, helium concentration may
be varied+_20% from that permitted by this specification for the parpose of
estimating reactivity effectso

The remainder of the specifications are unchanged°
i

ADHERENCES TO PROCESS SPECIFICATIONS

Of particular _mportance during the term of this test is adherence to the following
process specification_

Procsss Specification 32o00 "Pressure and Flow of Reactor Gas"

At no time during the operation of the pile shall the pile.gas system pressure
fall below that of the local atmosphere pressure immediately adjacent to the
gas _ystemo Care must be exercised to insure that regLons of local high gas
_l_'city and consequently lowered pressure do not exist as such conditions
mi__ aspirate air into the p_.legas system°

DECLASSIFIEDReact:Lvity- Reactivity gadns due to temperature increase°

Shuhdown Time - Tube remov&l and replacemen:t....I cha_nn-.1x 6 hr/chaunel = 6 hrs o
(one chanuel is already reserved for fohi.spurpose under PT-IO5-532-E)
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Gun baATe,lremo_/aland _placem_nt .-_ 3 hrso _ 2 .-.6 hrso

Vertical height traverses -- 2 tubes x 1 br/tube _- 2 "hrso

Sample removal and replacement .--6 charges xl hr/charge = 6 hrso

Cost Code - 3730-253°62 _

HAZA2DS

Burnout of PAle GrapkLte

The results of Fr 105-536-,E(18)h_veshown that the o.zldationrate is probably act

greater than three per cent per 1000 days at tem.pe:_at'_re._be.tween550 and 620 C with
A0__ 5 per cent helium in pile gas° Laboratory data obtained by the British show

thermal ox_Ldationrates of 0o,69%(1000d_vs)a:t600 C and 21%/1000 days at 700 Cfor virgin graphite and carbon d._oxi.deo(21 Laboratory data ohi'aimedat Hanford on
reaction rates of irradiated graphite with carbon _Loxide show weight losses of
1o57%/1000 days at 600 C aud 33%/1000 days at 700 Co Oa the basis of these data
it is not expected thaf,five months of operation of C Pile at these temperatures
would produce a burnout to exceed 1,/2per cent° If ex_reme oxidation rates are
noted .in the process chagmel samples (2 above) after the first month, then the.
test can be canmelled before sea.ereharm is done to the pileo In view of the
importance of the-information potential from this exper',_menb_ it is felt that the
risks are Justif_edo

Iso_..o.p_icPl.uto_iumPurity

The increased graphite tempere.t"_remay measurably increase the Pa2&O concentration
_n the p_239_ however, as discussed under the Justification section above, the
total,exposure will be reduced to co,interactthe maximum au_icipated effect°
In hhe extremely unldkel,y'e.ventthat the Pu2&O concentration is greater than limits_
this material may be alloyed with "below-.llmi'M'material to produce an acceptable
produc'_o

RESPONSIBILITY

The Operations Sub-Section of Manufacturing Department will be responsible for the
operation safety and production continuity of the pileo They will also be res-
ponsible for the scheduling of the shutdowa work°

-- Pile Graphite Studies will be responsible for the charging and discharging of
samples, operation of the "Follower Furnace"_ col/.ectd,onand _nterpretation
of the data9 and interpretation of provisions of tkls production test°

Pile P_vsics Unit will be responsible for collection and ,inf,,erpretationof data
on plutonium p_rlty as a function of exposure and "neutron temperature"°

Tech_z[calrepresentatives for t,his test will be J o Co Fox and Dc Bo ig,vetto

- Proce._.-Sub_Section will be respon,siblefor the collect:Ionand interpretation of

data on.t_:e graphite reactivity coefficie_t prior _o s__g_ te_ .

He,ad_ Pile Graphite Studies
__le Tec_u_i.og7Section

DH C',artlss,msJ ENGINEF_ENG DEI__Tg....,..

ULGLI   I I[U
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APPE_DIK A

T.]ME ACTION

Pre test operation Io Change gas composition 20_ and estimate reactivity effect
2o Ana1_me tempera't,_.redlstri_Atioao
3o Study gas compositd.o_o
Ao Patch up as many leaks ._spossible°
.5o Sbrimg 59'-_-'1ex_ens:i.ont,ofollower fulls,ceo

Pre test shutdown
' " io Remove i process bube aud ._yabarz_.-

2° Imstall samples°
30 Charge J_Q inbo _"_"_._:_ Diamond°
Ao Charge 2773 Sampleso
5° I_.sta/lfollower f_arnaceo
60 Install blocks .h%D test holeo

First operating period io Decrease helium to ackleve 600 C maximum°
ao Collect gas composition data°
'bo Collect temperature data°

First Shutdown ' Discharge and :rechargeone set of samples from process
• channelo

Subsequent Operating Periods 600 C Operation - collect temperature data°

Second Shutdown Depending on results oa first samples perhaps
discharge and recharge other chaunel samples°

Last shutdown
(late June) lo Discharge test hole blocks°

20 Discharge channel samples°
3 o Retube process channelso
Ao Discharge 2773 samples and recharge PT IO_P536-Eo

Next Operating Period Operate on Process Specifications°

DECLASSIFIED
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APPENDI[ B

' Present J-Q
Contenbs Cb..,____i_n_F_Pat't_ern•_ No_

, _4.

25:_=0 H_ A

2672-0 jQ A
2673=.C HM B
267A-C jQ A

2771-0 HM A
2772-C HM B
277_C HM ]_pby Channel
277h=.C HM B
2775-C HM A

2873=C PT-539=E B
287h_ jQ A

2973-.0 HM A

t

Charging Pattern for J-Q Tubes_

Rear F_r_.t_z
Ao _- 8" Perfs Q-J-Q=J._:_ -_-_-- J_Q

Total 19 Q, 18 J

Tubes- 2573_ 2672, 267h_ 27TI, 2775_ 287h, 297.3

Rear Fro.nt
Bo _-- 8" Perfs U-J-Qf.J-Q ...... J-Q

Total 1 U, 18 Q, 18 J

Tubes - 2673, 2772_ 277h, 2873

m
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- Manager_ Pile Engineering Sub-Sectioa

_GINEERING DEPARTMENT

__ Oo Co Sckroeder
' 'Proce ss Superdntendent

• REACTOR SECTION
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