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Introduction 

This publication contains up-to-date descriptive material and dimen

sional sketches of the ORNL Graphite Reactor and its experiment facilities. 

Information of this type should be useful to experimenters in selecting 

appropriate facilities in designing equipment and in understanding the 

relationship of their experiments to others in the reactor and to the 

parts of the reactor itselfo 
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Table 1. Research Openings into Graphite Reactor 

Kind of 
Facility 

Number of 
Facilities 

4-in.-sq 
horizontal 

4-in.-sq 
vertical 

4-in.-dia. 

1. 38-in.
diameter 
horizontal 

42 

3 

1 

4 

2 3/4 in. x 1 
3/8-in. foil slot 

Unused fuel 5 
channels in 
core region 

Unused fuel 
channels in 
reflector region 

l4-in.-sq 
biological tunnel 
lead-lined 

l4-in.-sq 
biological 
tunnel, bare 

7-in. x 3-in. 
x 3-in. inclined 
biological tunnel 

5-ft-sq 
vertical 
thermal column 

2 l/2-ft-sq 
horizontal 
thermal column 

Unused 9-in.-sq 
ionization 
chamber holes 

418 

1 

1 

1 

1 

1 

2 

Maximum 
Thermal 

Neutron Flux 

3.6 x 1011 to 
1 x 1012 

8 x lOll 

1.1 x 1012 

11 
5.5 x 10 12 
to 1 x 10 

10 
10 t!fl 
3 x 10 

9 1.3 x 10 

7 1.5 x 10 

In-Cd 
Ratio. 

20 

20 

20 

20 

20 

",70 
Cd Ratio 

(Mn) 

73 
Cd Ratio 

(Mn) 

105 

130 

",70 
Cd Ratio 

(Mn) 

Gamma 
(R/hr) 

3 x 10; to 
8 x 10 

6.7 x 105 

5 
4.5 x 10 5 
to 9 x 10 

104 to 
5 

3 x 10 

200 

3 3.4 x 10 

360 

135 at top 
of column 

4 1.2 x 10 

3 ",5 x 10 

Approximate 
Temperature 

35°C to 
160°C 

135°C to 
140°C 

50°C 

35°C 

Room 
Temperature 

Room 
Temperature 

Room 
Temperature 

.. 
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1. The Graphite Matrix 

The graphite is built up as a 24-ft-square section 24-ft - 4-in. 

high, Figure 1.1. There are 73 courses of 4-in.-square graphite blocks 

of dimensions from 8-in. to 50-in" Figure 1.2. A one-inch space was 

left on the north and south sides, between the graphite and concrete, and 

was packed with asbestos rope for thermal insulation. 
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2. Charging Holes 

The metal channels through the blocks, Figures 1.1 and 2.1, are 

arranged on 8-inch centers at the face of the reactor in 36 horizontal 

rows of 35 holes each, Figure 2.2. The openings are 1 3/4-in. square in 

cross section set on edge and are made by two 45° cuts in the sides of 

two adjacent blocks. The ends of the cuts are chamfered l/8-in. x 3/8-in. 

to a 30° angle so as to prevent any shoulder that might cause blocking of 

the metal as it is pushed through the channels in case the graphite should 

shift slightly during operation of the reactor. The charging tubes, 

Figure 2.3, extend two inches into the channels at the front face. The 

stepped plugs for the charging tubes are shown in Figure 2.4. At the 

back ends of the channels, the graphite is cut back in a rectangular 

opening 2 l/2-in. x 3 l/2-in. long to prevent any possible hanging up of 

metal slugs at the top of the channel when they are discharged. 

• 
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3. Core Holes 

Holes through the shield are located on both the front and rear 

faces, Figures 2.1 and 3.1. Charging tubes through the front face plug, 

with the exception of the one for the foil slot, are the same as those 

for the rest of the reactor. The charging hole for the foil slot is 

rectangular in cross section and is closed by a four-step solid steel 

plug. 

The plug in the back face contains a 2-S aluminum tank which can be 

filled with water to act as a radiation shutter. A concrete-shielded 

water tank just outside the hole normally acts as the biological shield 

when the shutter tank is empty. Shielding configurations are built up 

in the outer tank and checked for attenuation efficiency. 
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4. Experiment Holes 

4.1. Four-Inch-Square Holes 

Most experiments are placed in the four-inch-square holes in the 

north and south faces of the reactor, Figures 4.1 - 4.3. The hole openings 

are closed with 4-in. by 4-in. by 6-ft long graphite stringers with holes 

drilled in them to accommodate experiments, instruments, etc., as needed. 

The outer one-ft section is plugged with a 4 5/8-in. by 4 5/8-in. by l-ft 

laminated steel and masonite shield. If an experiment is such that this 

internal shielding cannot be used, additional outside protection is 

necessary. 

4.2. "Stringer" Hole 

Hole 14 is used specifically for the irradiation of either experiment 

or radioisotope targets. It is opened for inspection or removal of 

specimens only during the weekly reactor shutdowns. 

4.3. Pneumatic Tubes 

Hole 22 contains both a large and a small pneumatic-tube facility. 

The large tube will accommodate "rabbits" (special capsules in which 

specimens are placed) 1.280-in. in diameter and 3.5l6-in. long; the small 

tube accommodates "rabbits" 0.75-in. in diameter and 2.5-in. long. The 

large tube will transport specimens weighing up to 59 grams net. 

These tubes make. it possible to irradiate both experiment and radio

isotope specimens for short periods without requiring a reactor shutdown 

for insertion and removal. 

4.4. Hole 71 

Hole 71, Figure 4.13 is a 4-in.-diameter vertical hole that has been 

fitted with a 3-in. liner so that it may be cooled by air circulation. 

Specimens are placed in an aluminum container and are lowered to the 

desired level; or, in special cases, they are suspended at the desired 

level with waxed linen string. Entrance to the hole is through a six

place rotating shielded magazineo Irradiated samples may be stored in 

the magazine until they decay enough to be handled safely, The facility 
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allows short-term irradiations at near room temperature at a maximum 

neutron flux density of 8.9 x lOll n/cm2/~e~o 

4.5. Biological Tunnels 

Two biological tunnels are located in t~e top shielding on the south 

side of the reactor, Figure 4.4. Figure 4.5 shows the irradiation 

chamber of the tunnel to the east and the third of three gates through 

which the specimen container must pass in order to reach the chamber. 

The west tunnel is identical in size but is lined with 4-in. of lead as 

shown in Figure 4.6. 

The gates operate vertically i:t channels open to the top of the 

reactor shield. Shiel~ing of the gate. channels is accl"'mplished by the 

use of stepped concrete plugs with srr~ll holes to accommodate the lifting 

cables, 

4.6. Thermal COIUOOl and Inclined Biological Tunnel 

The thermal column, Figure 4.7, is a stack of graphite blocks in a 

5-ft square hole through the roof of the reactor shield and centered over 

the reactor core. The top is shielded by a 5-ft square aluminum tank of 

water with lead and cadmium shielding around the sides. Materials to be 

irradiated or radiation shield configurations to be tested are lowered 

through the water to the bottom of the tank. 

The inclined biological tunnel, Figure 4.8, is built into the thermal 

column. The irradiation chamber is encased in a 4-iuo thick layer of 

bismuth metal and is covered with a 4-in. bismuth plug backed by a 4-ft 

graphite plug in the insertion hole. Specimens, maximum size 7-in. x 

3-in. x 3-in" are placed in a graphite box affixed to the lower end of 

the bismuth plug and are lowered into the irradiation chamber by means 

of a motor-driven hoist. 

4.7. Periscope or Utility Holes 

Holes 40 - 45, Figures 4.9, 4.10, and 4.11~ are 6-in. holes that were 

designed for either general utility or to accommodate periscopes for 

observation of the discharge face of the reactor matrix. When not in use, 

the holes are closed with stepped shield plugs, Figure 4.12. At present, 

Hole 40 contains an ionization chamber used in reactor control. 



EAST 

CHARGING END 

r"'- - ----- -- ------ ----------- - ------ ., , 

:- -- - - - _~A_C_~J~,=-_G-'!~~tll! ~.::IJ. -- -- ------- i 
I' \ .. " ~ [--------------R--------Fl+------fi-

9x9 CHAMBERS ___________ ( ------- -----lJ-------l.:J ------ -
(UPPER a LOWER)- m ________ .:. ANIMAL -'~~~~~:-:-.--- - --- ------t":::-::-:.: __ : 
HOLES - 50. 53,56- ~-::.-:. ___ -==;~~ L __ - - n-----8- ------a_::-_::-Il_ 

HOLES- 17,22 ----------/ :F:---:.:.:---::J 
,: @]ID @]-..I " 

A-53785 

9"x 9" CHAMBERS 
tUPPER a LOWER) 

HOLES-50.59.5S 
HOLES-17,22 

HOLES-IS,21 __ - ____ I, ______ ___ II 
_-_-_-..,-..,-.:_='''' 'r------.,' -- -------- HOLES-IS 21 

HOLES-3.S .......... ----- ---I' :, ('") ,: • - HOLES-3'S 
I I' :I:f1l II I. 1 

HOLES-5I,I,15,54 __ -=:::-::::" -rMl" OZ :: [2]= '--- - HOLES-5I,I,15.S0 
20 2.57 " Nt£..: ~;;l " • 20,2,57 

HOLES-4.5_-- -- ____ .l' :. :::0:: • ----- -- -HOLES- 4 5 
HOLES-14 19 -;: :'--------" --: =,,---::;.- HOLES 14' 19 1 If ---------..1 ~--- -- --- ....... -

9"x 9' CHAMBERS JI I()l- 1()l(J) • ...' (UPPER a LOWER) :.=_- =_.:=:._, t:::J0 t:::J - --- -- - --9x9 CHAMBER (UPPER) 
HOLES-13,18 -:. -=--:::..:. _=_':.., -= HOLES-13.18 

HOLES-52.55.58~ :' I - ..... HOLES-52.SI.58 , ~ 
~ -:.._ _- 9"x 9" CHAMBER (LOWER) 

" 

'.?:: i 
/"IIL I ,--' ~ " 

1

::::$.-' '''fiji n 

WEST 

I, 
I I 

I I 

({ 
I 

FIG.4.4 PLAN VIEW OF REACTOR 

• II 

~ 

I 
--' 

CD 
I 



/,;11 
\ ~ . 

If> 

,/ , (7 

s?, 
C:>p 

J. 
'" o 

A f> 

v 

() 

&:> ,,; 

6:> 

'II' 

(} 

'p 
6 

() 

• 

<> 'p, .. 
.' .6 

"""" ...-cI~ " ...... 

t? ,t> "" 

-eo 

If 

P OF CONCRETE 

'" 

, 
.... II'" 0, ... :"" .. : "'["" "",' ., ~ '. " . " 

• .t' ... II ...... ;. ."," a 

.6'" • 6 410 ~ .. 

• _" p c. '..;. II" • CI" 

"0. ..." 
d 

') o 

, "'" a: I . b I' (I) d· P . 
6 • .,;. 0 " . .6 : •. I'" . r (J • ,', ; , 

. 1-." ~" . . - '. 
,'ii' oi' .,. 0 ,.·'···0 I .'~: ;,. 

<:> 0 <t".; . ,.. " <> 
. ~ 

() " , 
\ I.IJ~' 0 I> , .. IJ· t J; . 'iI.' ~ 

6 .. "" a: ... () :, F' -
.,. 

"'" 'I 
....6U- '., ".f·',b',.,', 

.l.. , ",:, 0 fl'~ ~ " if A •• , ~," . , .• 

1/ I .. I.IJ ' I" Y , P.. If> '" ., D'-

() /) ~ ~. II • 1, 12, EXTRA STRONG PI 
, . , I ~.' ...I .1, I 6',,: "'" ", .. ~ 

b (>,. a:' C Q t7. ' Po . .:> V'. r:' 0 '", . 
I.IJ .' ' , 6 

I I 'J' ., I- 0'" () j' '. : 1>' ,.tf ",' :; 
, 0,. ~ . V ' " O· . -." ',;I. J .,. 

t>, V (? P " ,'''' 0 ~,11 2 PRESTWOOD. ",:""4" ",: 
... ..? <til ... ', 11). ~ '. b, "'. iI',' () '. • . 

(! -" .. '" " ',' I)'" £.."" .... .? To "."". " 
'""" D •• :t' .... .:1' ... .: :. G .,...... O·;J.· '. #,..~ •• 

. ""t:;-. 4>' •• ~/ • <' I ., " j .. '. c' ',.,. cb d', .J> .. , ~ ',8 .~·","'O· t:l .... ,;. ,II :,,,,:<1' , 
""'~~~~~~'Z.ZZ:~~~~~~~~ ';W 

EXPOSURE CHAMBER 

'-' -- ·1" 4'-0'::..' -----

2" X 2"x~"ANGLE I"MASONITE 

I" CELLAMITE 

//~.'// 

FIG.4.5 EXPOSURE CHAMBER OF EAST BIOLOGICAL TUNNEL 

A-53786 

RAPHITE 

-0 
I 



'" g: 
(V) 
It) 
I 

<{ 

UJ 
I
UJ a:: 
o 
z 
8 
u. 
o 
Q. 

o 
I-

, . 
, ~!" ..,.. ,'" 
..... .... ~. ~ 

"<:I ~ .~ .. .." 

..,.-

"" .. 
-", 

-20-

ILl 
t: 
:I: 
Q. 

<I: 
a:: 
C!) 

ILl 
t: 
~ 
<I: ...J 
oJ 
oJ 
ILl 

W 
Z 

0 Z 
:::> 
..... 
...J « 
(.) 

(!) 

0 
...J 
0 
III 

..... 
(/) 
w :r; 
IJ.... 
0 
a:: 
w 
III 
~ 
« 
:::r: 
(.) 

w 
a:: 
:::> 
(/) 

0 .. 
a.. 
x 
w 
<D 
c;t 

0 
IJ.... 

(, 

... 



• 

TOP OF 
CONCRETE SHIE 

:: 
o 
-I 
I'-

22 GA. SHEET IRON 
BETWEEN BISMUTH 
AND LEAD 

LOADED FUEL CHANNELS 

-21-

A-53788 

t-ot------- 6'-9~" SQ.-----.JIooI 
4 

y..".------- 6'-7i" SQ.-----.JIooIJ.i. 

1/"<-------6'- 6" SQ.-------II 2" CHANNELS 

n-------- 6'- 4~" SQ.------i'··11 

11_------6'-3" SQ.--···----.JIooIl' 

t!-o<---···----6'- 11" SQ:-------.tl"=-' 
2. 

[J-or-····-----6'- 0" SQ.------.tl 

·;-11-":;;:-----5'- 0" SQ:-----If! 
ELS 

LAYER 

FIG. 4.7 THERMAL COLUMN HOLE 



ALUMINUM 
TANK 60f X 60fx 6' DEEP 

NS 
EW 

OF PILE 
(2 AXIS) 
LOOKING 
AT "E" FACE 

-22-

ALUMINUM---

UNCLASSI FI ED 
ORNL·LR.DWG. 6421 

• 

• 



• 

I 
I 

: AI R OUTLET OUCT 
I 

-23-

A-53789 

J? ---

FIG.4.9 ELEVATION OF DISCHARGE END WALL 



-24-

A-53790 

let. GRAPHITE 

~==========-====~ 
I I 
I I I @I 

I @ -~l I 
I --8----~ ~ I 
I tp I 
I ®! + @I -1 Irt OF CORE - -'-1 - - --m -+-- GJ --S.-_ --i----:\L- - =! 

WEST SECON,D ....... I L4'-6" 4'-6"~ I-~ 
FLOOR LEVEL ~ 

c=============~========~==?,--r I I =J I 

: e_
4 

L8'-o.J-8'-O"~~: .~-~ 
I I I :' 
I \ 

I J 

FIG.4.10 WEST FACE OF REACTOR 

.. 



• 

I" x 14" FLANGE 

I"x 8 7/8" FLANGE 

A-53791 

14" SQ. FLANGES 
CELLAMITE 

2'-4" 2'-4" 

2'-8" 3'-2" .,. ".,. ·j""""~2" 

7" STD. STEEL PIPE, SCH. 40 

7" STEEL TUBING, 1/4" WALL 

FIG. 4.1 1 HOLES 40* 41, 42,43,44, AND 45 

* HOLE 40 DOES NOT CONTAIN AN INNER SLEEVE SO IT HAS 
THE DIMENSIONS OF THE SQUARE OUTER SLEEVE. 
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Holes 46 and 47 through the top shield, Figures 4.13 and 4.14, are 

similar in construction to Holes 40 - 45 and were designed to allow 

periscopic observation of the exit-air manifold from the reactor top. 

4.8. Nine-Inch Holes 

Holes 30 - 37, Figures 4.1, 4.2, and 4.15, are 9-in. square holes 

designed for either ionization chambers or for large experiments. At 

present, Holes 32, 33, and 36 contain uncompensated ionization chambers 

which initiate signals for three independent safety channels. Compen

sated ionization chambers in Holes 34 and 37 initiate signals that are 

used for a micro micrQ ammeter and a power-level recorder, respectively. 

Holes 31 and 35 have been permanently closed. A steel IIH" beam extends 

from Hole 31 to Hole 35 across the top of the graphite. 
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TOP VIEW- HOLES 30*AND 34 

SIDE VIEW- HOLES 30*AND 34 

FIG. 4.15 SIDE VIEW- HOLES 32,33,36 AND 37 
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5" Control and Maintenance 

The following holes were not designed as experimental facilities. 

However, modifications of the safety and control systems have released 

some of them to be converted to experiment facilities. 

5.1. Safety Rods 

Holes 7, 8, 9, and 10, Figures 4.13, 5.1, and 5.2, were designed to 

let safety rods No. 7, 8~ 9: and 10 drop into the reactor through the top 

shielding. Holes 7, 8, and 9 were modified to accommodate new safety 

rods, 3 l/2-in. square by 9-ft long, co~taining 1/l6-in. tl::.ick cadmium 

sheet in their walls. The increased reactivity worth of these rods made 

it possible to remove No. 10 from the reactor and Hole 10 was converted 

to an experiment facility. 

Holes 11 and 12, Figure 5.3. were also changed from safety holes to 

experiment facilities when it was found that they were not needed for their 

original purpose, boron-steel shot tubes. 

5.2. Shim Rods and Regulating Rods 

Both shim rods and regulating rods enter the reactor from the north 

side. Shim rods No.3, 4, 5, and 6 operated in Holes 3, 4, 5, and 6, 

Figure 5.4. Rods No.3 and 4 were found to be unnecessary for reactor 

control, so they were re.moved and the corresponding holes were converted 

to experiment facilities. 

Rods No.1 and 2, tbe regulating rods, are used for operating the 

reactor while in the "manualn mode because their drives are designed to 

insert or withdraw small increments of reactivity for smooth control in 

this mode. 

In the "automatic" mode, shim rod No.6 is fully withdrawn and is 

used as a safety rod. No.5 shim rod is operated by the servo-control 

system and becomes the regulating rod. Reguiating rods 1. and 2 become 

shim rods and are inserted or withdrawn only to keep the No.5 rod opera

ting in a limited reactivity range . 
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FIG.5.1 HOLES 7,8,9, AND 10 
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5.3. Scanner Holes 

These thirty-five 4-in. diameter holes extend through the top shield 

above the exit-air maniford. They are located on 8-in. centers above 

the fuel channels and are used as observation and maintenance ports. 

When the reactor is operating, the scanner holes are closed with the 

stepped shield plugs shown in Figure 5.50 
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