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PRODUCTION TEST 10D5-5L8-E
C PILE GRAPHITE BURNOUT EXPERIMENT

OBJECT

The object of the production test is to obktain full pile bhigh temperature graphite burn-
out data, In addition, the test will supply valuable data on the postulated influence
of neutron temperature on plutonium purity,

This test was outlined in the_ 100 Areas technical program agreed upon by the Engineering
and Manufacturing Departments but was not authorized therety,

BASIS

The maximum temperature at which piles may be run continuously without suffering excessive
rates of graphite burnout is as yet not known. In order %o achieve the power levels
established as goals of the 100 Areas technical program(l p 1k will be necessary to
operate the giles at or near 600 C, even with a high concentration of helium in the gas
atmosphere. The following table summarizes production losses and resulting costs

for several cases in which graphite temperature limits pile powasr levels after com-

pletion of Project CG_?§?° These estimates are based on modifications of predictions
published by Fletchero

Graphite Temperature, oC 600 6450 550 550 550 550 500
Helium, Per cent 90 60 90 80 70 60 60
Tube Power, KW 1200 1200 1100 1050 1010 980 850
Pile Power loss, MW Goal Power 5 218 275 320 510
(1450 effective tubes) after CG-558 : .
Production loss MWD/mo —— — 3620 54,50 6880 8000 12,750

(25 operating days/mo

{ e N R e N T A T L T T e e Sy S g ey

BRI : eali o Tienless o A A e A e i it Y

Prior to completion of this project, H Pile will be limited by graphite temperature
for as much as, ten months per year, at an average loss of| per month,
In order to av01d such production losses after completion of Project CG-558, it must
be shown in advance how-a full pllF can be operated at higher graphitq temperatureso

(1) Rz{nker, Po H, and Bupp, Lo Po, "100 Area Process Improvement Program for the Period
Novemher 1954 - through April 1955, © HWL338h49 11-19-54

(2) Fox, Jo Co, "Graphite Experimental Program for Water Plant Expansion Project "
HW..32925, 9-1-54

(3) Fletcher, Jo Fo, "Graphite Temperature Predickions," HW-31125, 3-12-5L,

— DECLASSIFED .
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Prelim;nary experume ts which have been run both in the labornbory(h»5) and in the
plles (6,7,8,9,10 ? indicate that a full pile test at 600 C graphite temperature is
now feasible and wnuld not result in excessive graphite burmout. At the present
timey, it is possible to do the test omly at C Pile for reascns discussed in detail
elsewhegeu(l< :

Operation of C Pile at a significantly higher temperabure presents the first oppor-
tunity to verify the existence and extent of the postulated effect of thermal

neutron temperature on plutonium purity. (13)  Prior empirical evidence of this
phenowsnon is not comelusive, Since it will be necessary to raise graphite
temperatures in the future, it-is also necessary to determine the magnitude of

the neutron temperature effect, and how it will affect the low concentration
production program. Future low concentration metal can then be schaduled at the
pile(s) which can produce it most economically at optimum exposures, temperatures,

and power levels, with minimum adverse effect on the graphite structure, Theoretical
calculations predict a 100 C increase in maximum graphite temperature might

require as much as a 8 per cent reduction in exposure, At the present production
rate, this would represent a monthly cost of approximakely: The tempera-
ture effect can be investigated concurrently with the graphite burmout test at less
expense by taking advantage of the margin of conservatism in present goal exposures,
The Pile Physics Unit recommends that goal exposure during the test period be

reduced from 210 MWD/T to 200 MWD/F.(15) If plutonium purity specifications are changed from
20 n/gs to 25 n/gs, recommended goal exposure will be 250 MWD/T during the test,

This conservative approach would require appromm.a.telyj’?oq additional toms of uranium
during the five month test period; at a total cost of ° Additional pile reactivity
contributed by the higher graphite temperatures would reduce the need for: enriched
metal, at a savings of approximately $100,000, Net cost, of a five-month test is about
$260, OOO which is not excessive when rcompared to the potential savings to be realized
snould the test produce favorable results,

(4) Woodley, Ro Eo, "Promotion of Chemical Reaction in Gas-Graphite Systems by
Gapma Radlation," HW-31939, 5-24-54

(5) Spalaris, Co No, "The Role of Surface Area in the Kinetlics of Oxidation of
Graphite,'" HW-31928, 5-24+54

(6) Lovett, Do Bo, "High Temperature Graphite Burmout Experiment, PT 105-514~E,"
HW=-26187, 1-15-53

(7) Woodley, Ro Eo, "Final Report on PT 105-391-P, 105-435-P, and 105~514~E,
Supplement A," HW-26320, 7-1-52

(8) Whatley, A, T, and Lovett, D, B,, "PT 105-530~E, Full Pile Burnout Experiment,"
HW-29201, 9-1-53. ’

(9) Lovett, Do Bo, "PT 105-536-E, High Temperature Graphite Burmout," HW-30615, 1-22-5i,

(10) Woodley, Ro Eo, "PT 105-532-E, Graphite Monitoring Pregram," HW-29739, 10-23-53

(11) Wocdley, Ro Eo, "PT 105-532-E, Supplement A, Graphite Monitoring Program," HW-30571,
L-l~5h

(12) Curtiss, Do Ho, "Review of Feasibility of Full Pile High Temperature Graphite
Burnout Test," HW-34325, 1-5-55

(13) Heineman, R. E.; "The Dependence of Pu-240 Content of Pile Produced Plutonium

~ on Neutron Temperature,” HW-32933, 9-2-54

T I L von o S ,
uranium represents the net cost to Hanford (Rew material cost plus canning less
. allowance for material recovered from UO3 Plant). . .
(15) Fullmer, G, C. to Curtiss, D, H,, "Recommended Low G/T Goal During High-Tempera~

ture Graphite Test," HW-3L4266, l-4-54
wmmm  DECLASSIFIED 2.
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PROCEDURE

The helium comcentration of the pile atmosphere at C will be reduced and graphite
temperatur=s increased until the maximum graphite temperature is €00 C, (exnept as
noted later) The concentration of the belium will be adjusted to maintain the
maximum graphite temperature at thls value during operation. Duration of the test
will be five months.

The pile shall be operated so as to bring the graphite temperature to 600 C as

soon after startup as is practical from a control standpoint, and maintain it there

during equilibrium operation. Temperature distribation shall be as uniform throughout

the stack as possible, similar to the map shown in Figure 1. For the purpose of

this test, it is imperative that heat cycles be avoided during "equilibrium"

operation. Although the increased graphite tewperatures will provide additional

reactivity during the test, it will be necessary to hold sufficient reactivity in

the control rods to assure that heat cycles do not oceur, or can be satlsfactorily

controlled, To estimate the magnitude of the reactivity during equilibrium operation

prior to the starting date of the test, helium concentraticn way be varied +20% Sor a two day
ariod,

%? the 600 C temperature cannoh be altained by removal of all the helium from the

pile, powsr levels may be increased hy allowing the outlet water temperature to

increase to 105 C, as anthorized by Process Specifications on tube corrosion and

"trip before instability'".(17)

Monitoring of graphite burnout will be accomplished in three phases as follows:

l, Full Sized Bars

Prior to the initiation of this increased tewperature test, eight. graphite
bars 4" x 4" x 12" will be installed in the D test hole, These bars will
be cut from known material, tested and weighed prier to charging. At

the completion of this test, these bars will be removed by the established
procedure and again tested and weighed. From these data, information
concerning the oxidation rate under actual high temperature pile operating
conditions can be determined,

2, Process Channel Samples

Graphite samples (1,125 inches in diameter and 4 inchms long) will be
installéd in two empty process channels to provide prowpt checks upon the
rate of oxidation, These samples will be discharge$l periodically to insure
that excessive rates of oxidation are not being encountered. The charge and

(17) “Process Specific
9-30-54

ation ngdlg" and Pfoééséﬁépecificafion 11:00," ﬁw;é76329 Rev.

wmmw  DECLASSIFIED/S .0
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dizcharge of these samples and sarriers will follow the prossduyres outlined
in PT-105-532-E, PT-105.534~E, and PT-105-£36.E, Supplement A (9, 10, 11, 18)
One ahannel (1960-C) is presently used for this purposse,

3o Dlamond Cluster Around 2773-C, J-Q laadivg

Because of the tube block thermocourde arrangement paxuliar to 2773-C, a
diamend cluster of enriched columns will be establisbad adjscent to this channel
simllar to a previocus loading near 2725-C under PI-10%-536-E(19) (2785.C cannot
be used now since the adjacent tubes are o=cupied by PT-Ll05~578.A metal),
Eleven adjacent tubes will be losded with J-Q colums under PT-105-579-A (18);
tube numbers and charging ordar are given in Appendix B. Sines these must be
charged prior to initiaking this test, the discharge of metal presemtly in these
tubes at, less than goal exposure is bereby authorized, Goal exposura for the
J-Q colums will be eshablished by Preduction Seheduling, twk shall be a
minimm of 5 months (vnlezs a rupture oceurs) or a maximum of 200 MWD/ To

While these colums are in the pile, 2773-C will be a test ckannel for PT-105-536-E.
Parforated gun barrels will be installed in both fromt and rear of this channel

and gas flow measured, as was done in 2785-C for PT-105-536-B, Samples will

be charged into 2773C as specified in PT=105~536-E (9) and its Supplement A.(19)
Similar samples will bs placed in a "Follower Furpacs® onutslde the plle which

will maintain the out-pilz samples at the sample tewperature; gas composition,

and gas flow as the in-pile samples. A connection to the pile gas inlet and

outlet lines will be necessary to provide this atmosphere, TC-59-G-1 will bs
disconnected ,from the panel and its leads extsnded to the follewer furmace

to provide the control signal.

Lho Momitoring of CO Content of Pile Gas System

¢ Pile is already equipped with an elaborate gas aralysis system. This will
be supplemented with perdiodic mass spectrographic analysis of gas

samples withdrawn from the zystem. These analysis will be observed for
significant increases of CO concentration.

5, Vertical Height Traverses

Vertical height traverses cn tube 4674-C will be made at the initiation and
completion o. this test in addition to the three menth interral required
by Process Standards to ascertain if the rate of shrinkage of the central
regions is temperature dependent,

6, Graphite Temperature Data

Temperature of selected graphite thermocouples near the graphlite samples will
be recorded daily by Operations on a data sheet prowided by Technizal.

Carefnl control of the pile atmesphere pressure must be mainbtained to prevent, the
inadvertent pile inhalation of air, Graphite at these temperatures reacts rapidly

with the oxygen in air and the results of the experimenh would R P e m
alr leakage into the pile, Egm S E
8]

(18) Brugge, Ro Oo, "Production Test 105-.579-A, Revised, Qnartity Irradiation of J-Q
Colums", HW=33170, =285k ~

(19) Lovstt, Do Bo, "Higher Temperatuve Graphite Burmout, PT-105-536-E, Supplement
A" HW-32871, 9-29-5La

(20) Galligan, Wo Lo, "InkLerpretation of Graphite Temperatizre Limit Adjacent to Eanriched
Loadings', HW-33195, 9-29-54 ‘ :

(21) Bupp Lo Po, "Trip Reporh, AEC Technical Collwsmeesn Progrsm on Graphlite-Gas Reactions”
HW--32505, 7-21.-54
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STARTING DATE

This test shall be placed into effect in the first part of 1955, and will continue
foy five months, unless cancelled {see “Hazards"),

AREA

A —

C Pile has besn chosen for reasons presented elsewherao (12)

DEVIATIONS FROM PROCESS SPECIFICATION

Process Specification 41,00, "Temperature of Graphile Mcderator"

The maximum graphite temperature will be incrsased from 500 C to 600 C during the
test except in the following locations:

ao. Within the diamond cluster of J-Q tubes surrounding channel 2773, maximum
permissible graphite temperature is 750 C, durlng the test pericd; 580 C
following the test wbile the J=Q columns arv still in the pile.

bo Within one:. lattice unit of a J=Q or J-N tube, maximum permissible graphite
temperature is 640 Co _The interpretation of this limit has previously been
clarified.(20) : )

This relaxation is also permitted for a two day period prior to the test for the
purpose of estimating reactiviky effects.

Process Specification 31,00, "Compositicon of the Reactor Gas"

The minimm helium concentration of O per cent at all temperatures below 600 C
is authorized, For a two day pericd prior to the test, helium concentration may
be varied £20% from that permitted by this specification for the purpose of
estimating reactivity effects,

The remainder of the specifications are unchanged.

ADHERENCES TO PROCESS SPECIFICATIONS

Of particular importance during the term of this test is adherence to the following
process specifications

Proczss Specification 32,00 "Pressure and Flow of Reacter Gas"

At no time during the operation cof the pile shall the pile gas system pressure
fall below that of the local atmosphere pressure immediately adjacent to the
gas 3ystem, Care must be exercised to insure that regions of local high gas
veloecity and consequently lowered pressure do not exist as such conditions
might aspirate air into the pile gas system.

" i o DECLASS
Reactivity - Reactivity gains dus to temperatures increase, EF IED

Shutdown Time - Tube removal and replacement - 1 channel x 6 hr/charmel = 6 hrs,
(one channel i3 already reserved for this purpose under PT-105-532-E)
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Gun barrel remowval and feplawement == 3 hrs, x 2 = 6 hrs.
Vertical height traverses —- 2 tubes x 1 hr/tube-= 2 hrs,
Sample removal and replacement -— 6 charges 'x 1 hr/charge = 6 hrs.
Cost Code - 5730-253,62 -
HAZARDS

Burnout of Pile Graphite

The results of PT 105-534-E(18)have shown that the oxidation rate is probably not
greater than three per cent per 1000 days at tewperatures between 550 and 620 C with
4O# 5 per cent helium in pile gas. Laboratory data obtained by the British show
thermal oxidation rates of 0,49%/1000 da}vs at 600 C and 21%/1000 days at 700 C
for virgin graphite and carbon dioxide,(@l) Laboratory data obtained at Hanford on
reaction rates of irradiated graphite with carbon dioxide show weight losses of
1,57%/1000 days at 600 C and 33%/1000 days at 700 Co On the basis of these data
it is not expected that five months of operation of C Pile at these temperatures
would produce a burnout to exceed 1/2 per cemt. If extreme oxidation rates are
noted in the process channel samples (2 above) after the first month, then the
test can be canmelled before severe harm is done to the pile. In view of the
importance of the-information potential from this experiment; it is felt thak the
risks are justified, '

Isotopic Plutonium Purity

The increased graphite tempsratiure may measurably inerease the Pa?40 concentration
in the Pu?39; however, as discussed under the Justification section above, the
total exposure will be reducad to counteract the maximum anticipated effect,

In the extremely unlikely event that the Pulk0 concentration is greater than limits,
this material may be alloyed with "below-limit'* material to produce an acceptable
product,.

RESPONSIBILITY

The Operations Sub-Section of Manufacturing Department will be responsible for the
operation safety and production continuity of the pile, They will also be res-
pensible for the scheduling of the shutdown work.

Pile Graphite Studies will be responsible for the charging and discharging of
samples, operation of the '"Follower Furnace', collect:ion and interpretation
of the data, and interpretation of provisions of this production test.

Pile Physics Unit will be respensible for collection and interpretation of data
on plutonium purity as a function of exposure arnd "neutron temperature',

Technical representatives for this test will be Jo Co Fox and D. B. lovett.

Process Suyb-Section will be responsible for the collection and interpretation of
data on the graphite reactivity coefficient prior to stayting the tes .

/

— Head, Pile Graphite Studies

File Technolegy Secticn

DH Curtiss:msj S DE“WSSIFIE“



L HW-34324 -Del.
DECLASSIFIED ™
_APPENDIX A
TIME | ACTION
Pre test operation l, Change gas composition 20% ard estimate”reactivity effect

2. Analyze lLemperature distribution.

3. 3tudy gas composition.

Lo Patch up as many leaks as possible,

5, String 59-G-1 extension to follower furnace.

Pre test shutdown
o C l. Remove 1l process tuba and omn barrels
2, Install samples.
3o Charge J-Q into 2773 Diamond.
Lo Charge 2773 Samples,
50, Install follower furmace,
6, Install blocks in D test hole,

First operating period 1. Decrease helium to achieve 600 C maximum,
a, Collect gas composition data.
bo Collect temperature data,.

First Shutdown Discharge and recharge one set of samples from process
. channel.
" Subsequent Operating Periods 600 C Operaticn - collect temperature data.
Second Shutdown Depending on results on first samples perhaps

discharge and reacharge other chamnnel samples,

Last shutdown
(late June) 1, Discharge test hole blocks.
2. Discharge channel samples,
3o Retube process channels,
Lo Discharge 2773 samples and recharge PT 105-536-E,

Nmxt Operating Period Operate on Process Specifications.

DEGLASSIFIED



| GEEE HW-3432l; - Del.
DECLASSIFIED e

APPENDIX B

Present J-Q
Tibe Neo Contents Charging Patlern
25730 HM A
2672-C JQ A
2673-C HM B
2674=C JQ A
2771-C HM A
_772-C HM B
2773~0 HM Empty Channel
277h=C HM B
2775-C HM A
2873=C PT~-539-E B
2874-C JQ A
2973-C HM A
Charging Pattern for J-Q Tubess

Rear | Front,
A, 15 = 8" Perfs Q-J=Q~J=Q J=Q

Total 19 Q, 18 J
Tubes — 2573, 2672, 267L, 2771, 2715, 287k, 2973

Rear Front
Bo 14 - 8" Perfs U-J—Q=J-Q J=-Q

Total 11U, 18 Q, 18 J
Tubes - 2673, 2772, 277k, 2873

DECLASSIFIED
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L. Po Bupp

O s o

Manager, Pile Materials Sub-Section
ENGINEERING DEPARTMENT

Po Ho Reinker

Q2 A dwa o

Manager, Pile Engineering Sub-Section
ENGINEERING DEPARTMENT

0. Co Schroeder

Lo Melonor—

Process Superintendent
REACTOR SECTION

Ro Oo Mehann

Production Superintendent - Operations
REACTOR SECTION

Jo Ho Warren

Manager -~ Raastor Section
MANUFACTURING DEPARTMENT

O, Ho Greager

0 J,
0

Manager, Pile Technology
ENGINEERING DEPARTMENT

Jo Eo Maider

el adle,

Date of Issue

DH Curtiss:ms]

Manager - MANUFACTURING DEPARTMENT

..Zjéua,&

D. G, S*u.rﬁu“q, Chief
Overat.ions Division
Hanford Operations Office, USAEC
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Gas Composition:

jgvel: 1355 _

hite Temperature Distribution During

Hi~3432) - Del,

st Eguilibrium Grap!

Aﬁggzgjznts Atout The Be

», Exceph For The Following 15! Couples Which Are Above Graphite Temperature

Liriisr 1007, 1567, 1582, 1591, 2202

Figure I ..
Bgoilibrivm Graphite Temperoiure lap 105--C September 22, 1950,

(i rmecouples 15 130 Trom Mront.Closest To Center Line)
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