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At the time that the Atomic Energy Comission authorised the construction of 
the I piles, about 1200 tons of graphite were availadle for moderator use in 
the Hanford inventory- Cen treeis were 1zmediately let with the National Carbon 
Compgny for procuremont of additional moderator material. At the suggestion of 
the Atomic Energy Commission, an exmmination was node of graphite of appropriate 
di send on for K pile use that was stored at Oak Ridge. Becmuse this graphite 
could be made avallable before the material from National Carbon, it appeared 
that its use would permit completion of machnng and pile lay up at an earlier 
date. 

________
About 200 tone of AGMT" and about 200 tone of grepiite 185- were
available. Samples of these materials were cent to Hanford for pile modorator 
and pile material evalnation. Apparent density and nuclear purity were tested 
for pile moderator evaluation. It was necessary to tout taermal conduo- 
tivity in this regard becmuse W temperature affecto pile reactivity mnd 
grephite temperature is pertally determined by grephite thermal conductivity. 
Radiation {nduced dinensional nstallit, thermnl expension, and machinability 
were tested for pile material evalustion. Becanse only about five montha were 

s

avaflable for testing betveen the tm that ■—pin of these mnterials were 
prqcured and the time that machining would begin for the K pilos, these mater- 
tala could be evalunted only for pile postions in uhich large radiatian damnge 
induod phynica} property changea were either not expected or could not impair 
pile operation (1)- AGHT graphite was actually util land M PQr.tral filler 
material in KM pile. ,c, —c ,48 OC1-

---------------------- ....
♦ After purification AGHT graphite vos ronmned
•e-s Ea --
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AGHT graphite vas purified in the National Carbon Ccmpany’s Glarksburg furnaces 
and af1U and la tho EM pile. The 185- grade grephite wns not umed but might be 
at 111 and in other renctors.

This report descrbes the evaluntion of phsicnl properties of tan and 185- 
graphites that are important to pile construction and operation.

Ch the basis of these data, purified ad graphite was allocated to either filler 
won poeione in we eentre- 1’0(1 Mia o* toe a puM or to wo upper or lower 
reflectors. This decision vas based on the sinilarltloo of physical properties 
between AGAT graphite and the other nodorator componenta. A similnr allocation 
could be made for 185- graphite for cane future pile if it can bo suocesafully 
purified or if purificmton is not required.

6*F5*(•0

in order to evalunte AGaT and 185- gruphites for use in the K piles, measured 
physicnl properties were directly Ms^srod to physical properties of other 
graphite wap on on to of the pile moderator. The results of this study Indicsted 
that neither of these grephites were significantly different in phgsical proper- 
ties from graphites to vhich they were being napperod. However, the exposure 
periods in Benford piles for the detomlnatlca of rediation induced phyaicel 
property changes were abort with respeat to exposure periods for the evaluation 2 
of other Eraphites to be used as portions of the K pile stacking-j

-

cussecimdetafl belou.

x.
As indicnted by the Introdueton, an evaluation of a graphite as a pile moderator 
must Include information conocring apperent density, nuclear purit, the real 
conductvity, and irradiation induced changes in thermal conductivity.

The nuclear purity ns —eured 
end the average density of AGE

the 305 test pile or purified AGMT graphite
and 185-

duction grade TS-GaF graphite in Table X. The 
moderator properties should be noted.

hhites are e 
milarity in

1 vith pro- 
pile
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Avitz Prior toIzzndiation.
The thermal conductivity at pile start op is of 1 sport sm no la the deter- 
mination of graphite f paper of urea which in turn have a signfiomnt effect 
on pile reactivity. Values of theme 1 conductivity before irradiation for 
AGHT and 185-M graphites and other graphites utilised la the X pllee are 
presented in Table U. Becmuse initial the rod conductivity depends upon 
graphitzntion f sap ir store, the comparison is aade between graphites that 
have been mubjected to the sane usjdw— graph ti zation t caps re tore. AU 
grephitee la Table II were graph! tl and at 2800 C. It will be acted from
T III, that AGT graphito appaT* to have higher themnl conductivity
then the other materials. Compuutations curried out by the Boot Transfer 
Sub-Unit of Pile Technology indicnted that the differe 
to onuse mny appreciable effects during operation (3.

was not sufficlent
Therefore AGHT

graphite nay be considered comperable to CSF in this respect.

RodiationInducodTezmalCondustivityCapzen.
Changos in theral conductivity oeueed by low fugs rutaro irradiation is 
a water cooled tost facility of tan and 185- graphites are compared to 
mimilar changes of other I pile graphites in Table XX . It will be noted 
from the table that very little difference exists between the graphites 
after an irradiation period of 445 N/CT is a odd test bole. It should be 
reweahored that the changes in a odd tent bale indicate the worst possible 
t nog Tatara condition for radiation dmmage to vhhich a graphite could be sub- 
jected in the K pilos.

Becsuse tan and 185- graphites were being evaluated for filler block 
positions, irradiation was carried out in a test facility such that the 
saple temperature was equivalent to ambient pile t coyer a turn. Table III 
indicates thermel conductivity changes induced by irradiation at such a 
twig ire tore. It is expected that K pile temperatures will be comparable to 
torero tore a used in this experiment. Again the smilarity between the 
results for various materimls should be noted.

II - JE£'^!Ana? or mot jm w-i
In order to evaluate • te as a pile material, it is nocessery to tost the
thermal epension machinabilit» and ttluanal final stability seder irradiation. 

_ ■ 
TszalRapsnalona
The theme J expansion coefficient of AGHT and 185-M graphites have been 
monsured usins a dial gauge di let naw ter. The resuta over a temperature 
range of 30 C to 300 C are prcsented dong with similar measurementa on 
CSF graphite is Table XV. It is apparent that AGHT and 185 graphites 
show a greater thermal expansion la the directior parallel to the axle of 
extrunion then dees CSF grephite. A similar sayurl on oa TSGaF graphite 
is the direction parallel to the axis of extrusion has been noted.

mume

- ’ -■

I 
_______________
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The mmchnability of AGMT and 135- graphs tee have been compered to TS-GF and 
OCT grapbite la Table V. Determinations were curried out by measuring the depth 

• into the graphte sample that occurs la flew meconds 
From the table it la observed that AGHT aad 185-

of penetrstom of s,dr1 
under a given load (4).
graphites are at lenst as machinable as other grephites for the K piles.
D 4 gtiMytr VadezIzrndiationa
la order to obtain an evnlumtion of the radiation stablity of AGHT and 185-
graphites in a minima amount or ti— irrndintton was carried out in Hanford 
piles and also at the MTR. The Sanford rradiations were enrried out in both 
water cooled test facilities in order to determne dimensionel changea —ed 
by irradiation at the worst possible pile f —pa ra taro conditions and at ambient
pile tempersture la order to determine the insta 
iith filler blocks in the K piles.

that might be associated

Irzndintionin Hanfor: cold Tant Hol. Seoulto of the irradiations emrrled 
out in wUt seeled teat holeo are pew see ted in Table TL. These data in- 
dicnte that the expension of transverse semples of AGHT graphite la sinlar 
to that of CSF graphite. The 185-4f materimi appears to have less ezpansion 
than CSF graphite. An expension in thr direction parallel to the axis of 
extrusion was noted in both AGHT end 185-M graphites. Thin expansion is of 
the same order of nagpltndo as tbs parallel expension associated with TS-GBF 
graphite. X pile design is —oh that such expenson is the parallel dir­
ection will not cause operating difficulties.

irradiation of
The data obtained from bat teat

Cl. andtcnted mhar So“apptecinnzosasmonaxonnsinstePi1t 1
could be asnociated with the— graph 1 toe at low exposures.

IhmrwffrM in ths ITS Bessune of the Had ted time available for eval— tion,

and

it was considered adv—tepee— to utlize the rapid exposure that could be 
attained la the MIR. It should be noted, however, that no direct correln- 
tion is available between MTR expocure and Henford exposure. Sot only does 
a difference ezist in the neutron flux energy spectrum, but a dirryrence 
in f aa^iar atare of irradiation of water cooled samples a^o" exista (5). 
Therefore, ench graphite being evaluated was compared directly to aamples 
of car and TS-GaF graphites. Semples of the "urknov" ite were oa­

ts are pre-posed along aldo semples of the "stendard" graphites.
seated in Tables VIII through XX. An equfvalent Sanford exposures la 
Hated. la order to determne this e^pc—r>, the percent distortion of QBF 
samples from the MTR were assigned
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graphite la more stable then CSF graphite.

osure associated with that percent expanson in 
t will be noted from the tables that 185-

then either CSF or TS-GaF in the transverse drection.

the I piles

AGMT graphite appears less stabl*
Hovever, the differ-

up* of thia satorial in

Despite the Halted time available for evaluntion, thee* data Indios tod that 
the use of AGHT graphite as filler block material in the central sones of 
the K pi lea would not lead to operational difficulties. Had additional 
time been available for evaluation, it is quite possible that an unlimited 
use of AGMT graphite sight have been authorized.

Q R ST-e-
Graphite a Materials Dovelopment 
Pile Materials Sub Section 
EGINEERING DEPARTT

Graphite A Materials 
Pile Materials Sub-Section
EG Xi DEPARTIGIT
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TYPE OF
GAAFHITE

AGHT

185-

TS-GBF

201144

NUMBER OF HEATS
TESTED Ig 3Q5 Hlr*

56

0

TABIEL
-pye OFGRAEITE EVALUATED

AVERAGE ram
______ dih_______

AVERAGE APPAREIIT 
DHISITYg/cc

0.93 1.67

899 0.98

1.64

1.65
-

* Material produced by Rational Carbon under the G-5 contract.
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RAMI* OF APPARENT,. 2
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1.62 - 1.69

1.60 - 1.66
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AGHT

185-

Transverse

Traqsverse

CSF

AGHT

185
CSF 
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AVERAGE THENAL CONDUCTIVITI 
0 MB/CT 212 282

0.33

© m
m

2

Transverse

Parallel
Pnrallel
Purallel

__

0.25

0.26

0.44

0.32

0.41

0.020

0.017

0.017

0.017

0.014
0.014

0.013

0.01

# 
m2 
= 62

0.023 0.021 0.017

0.021

0.022 0.020

0.015

0.015
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AGHT

car

AGHT

185
car

-
co
-

c
©oc

-

OHIETTATION TO
EXTRUSION AUS

AVERAGE T"EAL

QM/cT

CONDUCTIVITI
APTER

A30MD/CT
cal/cm/sec/oC

7421/07
Transverse 0.33 0.15 0.14

Tn 0.29 0.12

s 2 
m
m g
■ =

W em
Transverse

Purallel
Parallel
Paradle

-"0 ""

0.26

0.44

0.32

0.41

0.13

0.23
0.16

0.20

0.12

0.16
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TS-GaF

AGMT

185-
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TABIEVI E
© mm 
z 
m

t 
E

taacaar HISICAL
212MD/CT

EIPASION ATIER
287 MQ/CT 2*’* mm

Maa
185-u

0.12 0.18 0.27

2.

O
■

CSF

Maa
185-

CSY

Zransverse

Fazelel
Purmllel

Purallel

0.10

0.13

0.16 0.25

0.21 o.ab c

0.04

0.02

0.01

0.05 0.09

0.05 0.08

0.01 0.03
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185W

CSF

ORIEITATION TO

Transverse
___ _______ Trensverse

Trensverse

PERCEIT
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0.02

0.01
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AGMT

0.13

0.27

0.33

0.05

1.27

2.59
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ETSa,

0.13

0.28

0.36

0.65

1.00

1.21

2.07

i or AGMIT 
EITRUSIQ AT7NE

e

TRANSVERSE ORIETATION

EQUIVALET HANFORD MFOSURE

0.11

0.24

0.27

0.55

0.83

0.00

1.44

490

620

1065

1635

1705

2795
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Tiam ii
IRGRADIATIoN OF AGIrT GRAHITE WITH PARALLEL ORIEMTATION TO
axis or extras iq?; at nig MA AIETESTHiG REACTOR

0.03

-0.04

Ts-oer-=

0.13

0.06

I

r

0.17 0.23 0.08

-0.04 -0.45 -0.23

i

MB

mQUIVALEr HANFORD CTH 
EPOSURE-MD/CT

400

w
1140

1950

3810

-

I

I '

484 014

. . # — . A E



..

■
-

g-sa2, A-• 
*

/ GENERAL ELECTRIC
tomrWT

36672

*

(

-15-
EABLEI

185

0.07

0.13

0.17

0.29

0.35

0.71

0.79

0.81

0.76

1.49

1.25

2.36

)

IRRADIATIOu OF 185- GRAFHIITE WITH TRANSVERSE ORIETATION
♦Tin or nroimipii u thi materials ibtifq •10•

Mknmnrdheinmaunme

T=GE

—TO

EUIVALET HANIFORD CTH 
------- MD/CE------Mi* 1’1?

0.07

0.16

0.05

0.12

125

0.21

0.33

0.43

0.84

1.01

1.05

1.12

1.94

1.97

3.01

0.16

0.30

0.34

0.67

0.81

0.78

0.80

1.10

1.04

1.89

280

365
575

745

1320

1545

1600

1680

2645

2675

4005
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IRRADIATION OF 185- GRAFHITE WITH PARALLEL ORIETATIOD TO
AT TH£ HATERI A‘

imini Hagy rnimai
CSE

T

0.02

-0.10

-0.43

-0.49

«
TkSBL
0.10

0.14

-0.23

-0.32

EQUIVALEIT HANFORD CTH
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