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THE ORNIL GRAPHITE REACTOR
STORED ENERGY AND ANNEALING STATUS

StummEry

The ORNL Graphite Reactor moderator has undergbne approximately 16 years
of almost continuous irradiatiom. Throughout this time stored energy has
accumilated at a slow rate to the present maximum value of abmmt}BStcai/gm
releasable £o 250°C. A small portion of the moderator (approximately %)
contains stored energy which under adiasbatic conditions mey be released
spontaneously (at aPproximateLy'léspc) to produce & maximum temperaturel 3
of 270°C. Careful analysis has shown that the present condition is not
hazardous; however,rit appears wise at this time to initiate some corrective
action (thermal annealing) to prevent the continued buildup of stored energy .
to a dangerously high value.

Several methods of cbtaining effective annealing in the OGR were inves-
tigated. The proposed method was selected upon the basis of convenience,
over-all safety, effectiveness, and cost. The proposed method involves the
alteration of the present coolamt flow system to permit reversal ofJair flow
through the fuel channels. This will result in a reversed temperature dis-
tribution wherein the maximum graphite températur@ will occur in the mormally
cold, maximum-stored-energy region of the moderator. Such an arrangement
permits an annealing operation to be performed under conditions very similar
to those of the normal safe operation.

The proposed procedure requires a slow heatup of the moderator under
full reversed, air-flow conditions. ‘Phis can be accomplished by slowly .

raising the reactor nuclear power level until the desired graphite temperature

iv




is attained. During the initial stages of the operation, the stored energy
will be reduced to a sufficiently low value that spontaneous energy release -
is no longer possible. This can be accomplished at temperatures (less than
140°C) well below the minimum (165°C) required for sponteneous energy release.
Subsequent higher temperature may then be employed to further reduce the
stored energy. Recurrence of stored emergy which mey be releases spontane-~

ously tap be prevented by periodic annealing at rather infrequent intervals.






THE @RNLG PHITE EEACTOR

STORED ENERGY AND ANNEALING STATUS

'Inﬁroﬂﬁbtion

The accumulation of radiatiom effects in the OCR mioderator is a suffi-
ciently slow process that controlling measures, such as thermal annealing,
have not previously been necessary. The present stored energy and growth
condition is the result of 16 years of varied operating history, and even
now the total growth is small, the meximm vertical displacement being about
1/4 in. (Fig. 1; end of this sectiom). The stored emergy, however, is of
somewhat more concern, bub the copmditien is not a dangerous one.

A detailed investigation of the O8R stored energy condition has heen
made and the results are presented in Appendix I (“Evalua‘tibﬁ of the ORNL
Graphite Reactor Stored Energy,” M. C. Wittels). It was found that the
maximum quan%ity of stored energy releasable from OGR graphite by hesting
to 250°C is about 35 cal/gn. For heating rates in excéss of 2°G/min, a
plot of the stored energy release as a function of temperature for the most
damaged OGR graphite results in a corve which exceeds the specific héai:,
curve for virgin graphite in the temperature range frowm 165 to about 230°C.
The energy represented by the area between ﬁﬁéﬁ@ two curves will sometimes
be referred to as Ystored energy above the graphite specific heat curve.”

As this area is a function of the hesting rate for a given sample, the

maximum value is implied. Under adisbatic condifions, the sﬁor@d energy
release in this temperature range cam occur spontaneously and is sufficient
to produce a graphite temperature rise of approximately 100°%C in the worst
case (Figs. 4.17 and 4.18 of Appendix I). About 4% of the moderator volume

(about 26 tons of graphite contains some stored energy which cen be released




-2-

in this way. However, under nonideal conditions, such as those in the
reactor where there is heat transfer to the coolant stream and conduction
to surrounding graphite, temperature rises due to a spontaneous energy “- .-
release would be considerably less than the laboratory values cbtained
under adiabatic conditions.

Stored energy in excess of the graphite specific heat curve can be
removed from the reactor at present by employing relatively low temperatures;
subsequent higher temperature anmealing can then be carried out with no
possibility of a temperature excursiomr due to the spontaneous release of
such energy. In this way, the combtinwed buildup of stored energy to dan-
gerously high levels can be precluded; and the continued safe operating
condition of the reasctor can be assured. For these reasons. an annealing
operation is planned for the nesr fubure, and a heatup prdcedure using a
reversed air flow for obtaining the grephite annealing temperatures in the
desired places appears very suitable.

The quantity and distribution of stored emergy in graphite is a con-
sequence of the combined effects of the fast neutron and temperature history.
The OGR fuel loading pattern is that of a modified cube, as shown in Fig. 2,
end of this section, which gives rise to a radially and axially symmetrical
flux distribution. The coolant emters the reactor inlet-air manifold at the
lower north corner from a single duct (Fig. 3, end of this section). This
results in a slightly nonuniform distribution of coolent to the fuel channels
and, consequently, a nonsymmetricel temperature distribution. Figure 4.13
of Appendix I shows the resulting distribution of stored emergy below 250°¢, -
and Fig. 4.25 shows the approximate region containing stored energy in
excess of the graphite specific heat curve.

It became apparent during the early investigation of methods for anneal-




ing the reactor that effective anneallng temp@ratures might not be —Mé-iy
attained in this region by use of the reactor nuclear power and the present
coolant flow dir€éction. Subsequent engineering studies and experimentation
led to the selection of ‘a, ‘system'wheréby the reactor coolant flow, and thus
the axial temperature distribution, comld be reversed. A discussion of other

systems investigated is given in Appendix ITI.

Method of Annealing
The reversed air flow system to be used will be obtained by altering
the present reactor ebolant path to appear as shown in Fig. 3 ami 7, end of
this section. This will permit temporary operation of the reactor at near
full power, if desired, with coolamt £iow through the fuel channels from west
to east (normal flow is east to'west). The normsl temperature distribution
will also be reversed S‘; that the maximom graphite temperatures will occur
in the normally colci, or high-stored ehergy, region of the:moderator (Fig. k&,
end of this section). Some typical winter temperature plots are shown in |
Fig. 5, end of this section, which-indiate that the entire volume of graphite
containing stored energy that ékan be‘ r@leaséd spontaneously will be enclosed

120°¢ and that all points within this

by a temperature boundary of slboir
boundary will be at higher temperatﬁrgs; up to about 160°%C meximm, For
summer operation, the values cam be expected to increase from 40 to 60°C »
depending uwpon the inlet air te@era‘mwe and the particular location in the
reactor. In a recent lsboratory experiment it was found that the stored
energy in excess of the graphite specific heat c@e could be removed from
OGR graphite by amnealing at 138.5°C for 5 hr. The spectral distribution
of the remaining stored energy then appears somewbat as shown by Fig. 3,

Appendix IA. From this it appears that relatively low temperatures, which




are reaedily obtainable in the OGR with reversed air flow, would effectively

remove the stored energy in excess of the graphite specific heat curve.,

Future Annéaling

The effects of low~temperature amealing of the OGR graphite is dis-
cussed in Appendix IA (supplememt j;o Appendix I, by M. C. Wittels). Here
it is pointed out &hat low-temperature annealing is effective in removing
the spontaneously releassble stored emergy from OGR graphite in its present
condition. However, the spectral distribution of stered energy accumilated
in the future will be such that anmealing at somewhat higher temperatures
will be necessary to prevent a recurrence. Therefore, it appears that periodic
annealing (perhaps annually) should be planned to prevent the accumulation
of stored energy which would reguire excessively high graphite temperatures

for effective anneali’n“gy.

Description of the Reactor and Coolant System

The reactor is described im detail in Appendix II (selections from
Geneva Conference Paper 486, “"Research Program and Operating Experience on
ORNL Reactors > by M. E. Ramsey and C. D. Cagle); however, some description
is needed here for clarity.

The reactor moderator is & 2L-ft cube made up of 4 x 4 x 50 in. graphite
blocks stacked with their longitudinel-axes parallel. This stack is trav-
~ ersed by 1248 passages having @ square cross section (1 3/k-in. sides) into
which fuel is charged and through which cooling air flows. Only about 830
of these channels are loaded with fuel, and the remainder are partially
plugged to reduce air flow losses. The graphite stack rests on a concrete
slab whose foundation is bed rock and is housed on the remaining five sides .

by a T-ft-thick biological shield consisting of an inner and ouwter l-ft-thick
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layer of ordinary concrete and® an intermediate 5-ft-thick layer of barytes-

Haydité concrete. Inlet- and exit-air menifolds were formed by spacing the
east and west shields 3 ft and % £t from the graphite surfaces, respectively.
Hollow steel tubes penetrate the ea,s{;* shield to provide access to the fuel
channels. The inlet-air manifold is spanﬁed by permanently installed exten-

annels from 2 to 4 in. The

sions to these tubes which extend imbo the fuel ch
wall of each of these tubes comtains & 1/2- x b-in. ‘slot mear the fuel channel

opening to reduce the flow resistance to air entering the channels. During

operation of the reactor, each -of the Puel-chanrel access tubes through the ¢
biological shield is closed with a paraffin-end-lead-shobt-filled plug.

With the exception of the fam discharge, the entire coolant system
operates below atmospheric pressure. Atmospheric air enters the system through
rough Fiberglas dust filters ap@ flows through a concrete duct to the inlet-
air manifold. Here the air flow divides, flows through the fuel chammls s
over the fuel element surfaces ,k and discharges into .the exit-air manifold.

From here, the air follows a comcrete duct to a filter house where it passes

through two sets of filters, thence through a duct to the intake of two

parallel centrifugal fans which discharge through a 200-ft<high stack to the -~
atmosphere, The system is shown schematically in Fig. 3, end of this section.
Typical flow rates, system pressures, and temperatures are indicated at var-

ious points in the system.

Brief History of the Oek Ridgée Graphite Reactor
The ORNL graphite-moderated, air-cooled, natwral-uranium reactor was
built in 1943 as the first continuously operating repctor and produced small
quantities of plutonium for the chemical pilot plant for the Hanford reactors

aé well as serving as & tool for early neutron tests. Although the original
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design was for a l-Mw reactor, the reactor core size and shield were suffi-
ciently overdesigned so that a power level of approximately 4 Mw was attained
by installing larger fans to increase: capacity of the air cooling system.,}
Following completion of the Hanford design, the reactor became a research
and radioisotope producing facility. Tt has 45 available 4-in.-square
openings into the core; two li-in,-squere low-flux tunnels, originally for
 biological specimens; a vertical and a horizontal thermal column; and h;B
unused fuel channels as facilif;ies for research and radioisotope producﬁiem
The present power level is 3.5 Mw, and the maximum thermal neutron flux
is 1.1 x 10°° neutrons-cm 2osec™ . During its enmtire lifetime the reactor
has operated almost comtinuously on a rgu,ad-thewclock schedule with no -
troubles other than failure of externsl components and rupturing of fuel
elemen'i:sa A brief history of Significant additions and chanées is as follows:
l9l+1+ - Stoppag@ of most of sir flow between top of moderator and top
shield by use of amr Hubea;m' inserted through two facing ioniza-
tion chember holes. Installation of two 990 hp fans in cooling
system. Plugging of unused fuel channels. Elevation of power
level to 3.5 to 4k Mw. Better-welded unbonded fuel elements
charged.
1948 - Filter house built into exit-air system because ruptured slugs

caugsed radicactive fallout from the exhéust stack.

1950 ~~
1951 - New concrete floors and experiment balconies built on south side

of reactor. Instrument wiring revised and put into permanent
conduit. Metal relmsy racks installed. Control room enclosed
and air conditioning supplied to experiment balconies and

centrol room. Building painted and rercofed. Fan building
rebuilt.




1952 - Four 1 1/2-in.-diz. borom=steel vertical safety rods replaced
by three 3 1/2-in.-square rods containing cadmium sheet in
order to release a vertical hole for experiment usage. Reactor
charged with bonded, matural wuranium slugs.

]_95&‘,..
1955 - Autcomatic control installed.

1956~ -
1957 - Rewiring of eircuits. Installation of Log N, period, and

fission chamber startup instrumentation.

Changes in the Reactor Coolant Systenm

Revision of the present resctor coolant system to permit reversal of
the air flow through the fuel channels requires the permanent installation
of an interconnecting duct between ‘Ehe exigti?g inlet-and exit-air ducts
and a new duct or pipe to bring atmospheric air to & new entrance opening
into the present exit duct. Combtrol vElves or dampers will be installed
for selecting the desired flow direction and for comtrol of the flow rate.
A variable orifice plate will be installed for use in determining the flow
rate and for limiting it to a preset maximum value. The apﬁi%ximate loca~-
tions for the cross duct and the new imlet-air duct are shown by the arrows
in Fig. 3. Figures 6 and T, end of this section, are plan views of the
present and the revised systems including (schen;é.tically) the valve and
orifice locations and 1ndica,ting the normal and reversed flow paths. Duct
sizes and general component specificatfons are such as to permit reversed
flow rates up to near normal-full-power values il desirable. This provision
will permit operation of the reactor for periods of several days under

reversed flow conditions if such a procedure becomes desirable.




Special Instruments

Temperature Measurements
Under normal operating conditions, the graphite tempefature is moni-
tored by three thermeocouples installed in two of the L-in. experiment holes.
One of these is about 1 £t from the cemter of the reactor and _:&ead‘st:aswwmge
value of sbout 135°C. Another is mear the boundary of the maximm stored
energy region and is continuously monitored by a recording instrument. The
third is read hourly wi‘bh a scanning recorder.
For the annealing over 50 additiomal thermocouples will be used for

..moni’c_mring *Ehe graphite temperatures. Most of these will be located in
uncharged fuel channels which will be plugged to prevent coolant flow, thus
permitting more accurate bulk graphite temperature measurements. Each
thermocouple bead will be inbedded in & 1 % x 1 %% x 10 in. graphite block,
with the point of measurement being just under the surface of the midpoint
of one of the 1 %‘-- X 10-in. surfaces. The block will be installed so that
this surface of the block contacts one of the fuel channel surfaces, thus
placing the thermocouple bead im close proximity to the reactor graphite.
Air flow through the %—Eﬁin., gap between two surfaces of the block and fuel
channel»is limited by an.oversized square of asbestos blanket, which is
attached to one end of each block. The asbestos is held in place by an
aluminum plate, as shown in Fig. 8, end of this section. Several of these
blocks in a single channel effects almost complete closure of the air flow
area. The planned radial and axial distribution of these thermocouples is
shown in Figs. 9 and 11, end of this section.

Fuel Element Temperature Monitors

Approximately 40 fuel-element-cladding temperatures are normally moni-

tored, either continuously or by taking hourly readings. These thermocouples
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are distributed in a manner which provides a radial temperature profile.
They are positioned about 2 £t ‘v&ownsﬂtream from the center of the fuel rows,
since experience has shown this to be the location of the maximum fvel tem-
perature.

Approximately 40 new fuel-element thermocouples will be installed for
the annealing operating, since the meximum fuel elgment temperatures will
be east of the center fuel slugs with the reversed air flow. Furthermore,
it is desirable to monitor the temperatures of several of the elements located
in the maximum-stored-energy region so that the effect of the energy release
on the fuel temperature can be imediately detected. The fuel element
thermocouple locations will be approximately as shown in Figs. 10 and 12,
end of this section. ‘

Thermocouples for Concrete Temperstures

The céolan't air will exit from the kfuel channels into the present inlet
manifold, thus exposing the unprotected front-face shield to higher-than-
normal temperatures. Although the average rise in air temperature in passing
through the reactor is only about 6@00, the air discharges from some of the
central channels at temperatures near 22500. This air might impinge directly
upon the front-face shield wall and possibly cause spalling of the concrete
unless precautionary measures are takem. These are discussed in the section
entitled "Concrete Shielding Protectiom.” Several thermocouples will be
installed et appropriate locations so that the temperature conditions of the
shield will be known. Figure 13; end of this section, illustrates the type
of installation planned for this.

Alir Flow Instruments

The limiting orifice plate to be incorporated in the cross-duct instal-

lation can be calibrated to provide a means for determining the exit coolant
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flow rate. In addition, pitot tube and hot wire anemometers will be located
in the air ducts so that measurement of the air flow will be possible at all
flow rates during the annealing.

The differential pressure across the reactor is a direct indication of
flow rate and is monitored by a recording instrument which is equipped to
scram the reactor if the flow diminishes by approximately 60%. This instru-
ment will be operative during annealing but with the scram setting adjusted
ag required.

Reactor Power Instruments

Measurements of the reactor power level are obtained by several inde-
pendent methods. Calibration of these instruments is based upon heat-power
rates determined from the measured gir flow rates and air temperature rise.

Three gamms-compensated, boron-coated ionization chanbers are now in
use. One is monitored by use of a galvanometer and is used for reactor
startup and during manual operation. A second one is used for automatic
power level control, and the third one for vernier adjustments during manual
operation or as a spare.

Threé non-gamme~compensated, boron-coated ionization chambers are used.
for safety instruments to scram the reactor electronically if the power
level exceeds 4.2 Mw. Camma compensation is not necessary in these chambers,
since they are only effective at relatively high neutron levels where the
gemma contribution is negligible and need mot be precise to satisfactorily
serve their purpose.

In addition to the ionization chambers, a system of boron-coated thermo-
piles, whose composite signal is proportiomal to the power level, is monitored
by a recording instrument containing provision for scramming the reactor at a

power level of 4.2 Mw.
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The approximete locations in the reactor of the above sensing devices
are indicated by arrows in Fig. 15, end of this section. The distribution
of these sensing elements is such that no Iarge ‘portion of the reactor is .
isolated from nuclear instrumentation, therefore precluding the possibility
of an unrecognized power excﬁrsion., For “fchis rea;son, no additional power
monitoring equipment is deemed necessary; however, the scram setbings will
be ad,justéd as required.

Radiation Detection Equipment

The present means of detecting radiozetivity in the exit coeling air
consists of two ionization chambers and a prdbe for collecting particulate
activity on oil-soaked fabric.

One of the iomization chambers is loceted im one of the exit filter
cells and reads the direct radiation from radicactive material collected
by the filters. The second chamber monitors a continuoﬁs stream of air

which is drawn from the system at a point downstrEam from the filters. The

normal reading from this chember is due primerily to argon activity (~500
curies/day) produced by activation of atmospheric argon during transit
through the reactor and to small amounts of fission gases resulting from
fission of uranium deposited in some fuel chammels which have contained
damaged fuel elements. Both ionization chanbers are monitored by recording
instruments located in the control room.

The probe is a device for lowering oil-scaked cloths into the exit air
duct at a point near the reactor. The cloths are removed from the duct
periodically, and the redicactivity of the vollected pe.rticleé is determined
with an electroscope. This method is insenéitive to small changes in radio-

activity level but is useful in detecting the latter stages of fuel rupture.
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a. Filter Tape Monitors

This instrument is of a type normally used for the determination of
atmospheric air contamination. One such device will be employed near the
exit-air menifold at the reactor and possibly one at the base of the stack.
In operation, air is drawn from the exit duct through a moving filter tape,
which is subsequently counted by a G-M courter or other radiation detecting
instrument. The collected sample is primarily particulate but includes some

trapped gases such as argon=4l.

b. Charcoal Trap Monitor

This instrument draws an air sample through & particulate filter and then
through a charcoal trap for e‘ollecting fission gases which may be contalned
in the exit-air gstream. The activity collected by the charcoal trap will be
continuously monitored by a G-M counter.

The contgﬁts of the charcoal trap may be amalyzed radiochemically in the
event that quantitative analysis of released activity becomes desirable.

A sudden increase in the reading obtéined Trom any of these instruments

may be indicative of fuel element failure.

¢. Health Physics Monitors

The normal complemént of health physics instruments will also be in
operation. Several instruments are located in the building for constant
monitoring of both direct radiation and air comtamination. These are equipped

with alarms which sound before tolerance levels are exceeded.

- Matters Requiring Special Attention
eriments

The experiments are designed to function properly under the maximum
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temperature conditions normally expected im the reactor at the experimenﬁ
location. They’will be swrveyed to be sure that tHey are capable of with-
standing the conditions expected during the ammealing eperation.‘ Any whiéh
may be demaged or become hazardous will be sltered or removed from the
reactor before beginning the annealing operation.

Reactor Cments

All reactor components, such as ionization chambers, safety rods
(cadmium lined) and the bismuth gamme-shield under the thermal colwm, are
being reviewed with respect to possible thermal effects under the expected
annealing temperature conditions. Any of these deemed subject to damage
will be revised or provided with additionsl cooling and adequate temperature
monitors.

Emergency Instrument Power

The reactor instruments and the control-roum lightipsg will be assured
of él@ct,rica.l supply during a failure of normal electrical power by an auto-
matic transfer comnection to & 350-kw, diesel-driven, emergency genershor
in the Osk Ridge Reactor (ORR) building. A resctor scram would be aubomat-

" ically actunted and is gigrantesd by the three vertical and two horizental

rods which depemd only upon gravity for insertioms

Reactivity Adjustment

During the final preannealing preparations, the excess reactivity will
be reduced to thé miniwum valuwe that will allow -eperatioh at the desired
temperatures (approximstely 0.7%). Boron-steel cylinders, or other material
having a comparable melting point, will be imserted into empty fuel channels
and experiment holes to obtain the required reduction.

By coperating with a minimm of excess reactivity, any temperature excur-

sion would be limited to a few degrees above the desired temperatures due to
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the negative temperature coefficient (Table 4, Appendix II). The possible
effects of such an excursion are discussed under hazards.
In addition to the safety benefit, the reactivity adjustment will also

permit almost complete withdrawal of the horizombal rods, resulbting in higher

“fluxes and, consequently, higher possible temperatures in those regions of

the reactor core containing the highest amounts of stored emergy.

Shutdown for Reduction of Fission Product Radicactivity

The reactor will be shut down fér a minumum of 48 hri prior to the annealing
operation for the removal of experiments, final installation of special equip-
ment, and a general checkout of instruments. This -time will also allow partial
decay of the fission products in the reactor Puel, thus reducing the radio-
activity release in the event of fuel element rupture.

Annealing Date

The operation will be performed during a holiday weekend or similar
occasion when a minimum number of perscnnel will be in the Iaboratory area.
If the necessary approvals can be cbtained in time, it is believed that the
date could be in the early summer.

Concrete Shielding Protection

As mentioned previously, the front-face shielding wall contains no
built-in thermal protection, as does the rear wall. To preclude the possi-
bility of thermal damsge to the front shield, additional cooling will be
provided by continuously injecting water through some of the fuel-channel
access tubes in the top horizomtal and south vertical zones (see Fig. 14,
end of this section). The water will be sprayed upon the inner surface of
the shield and allowed to flow down and across the surface. Excess water '
(that not evaporated) will flow into a drain in the floor of the present

inlet duct and thence to the retention ponds. If additional’ doOling is




néedea., as indicated by temperature measurements at the time, several of the
front-face shielding plugs can be loosened to allow cool air from the building
to flow in through the fuel-channel access 'tmb@s, thus diluting the high-
temperature air as it discharges fmm»tha fuel chegmels. This will further
reduce the possibility of overheating t}:;,@ froot-face concrete.

In addition to the thermal consideratioms already disucssed, the front-
face shield wall must be protected from excessive pressure differentials
which could lead to fracture of the wall. The normal differential pressure
across this wall is ebout 13 in. Ha@. Tn order to obtain mear-full-flow
conditions in the reversed direction, this must beincreased to nearly 29
in. HyO. A value somewhat less than this will be set as the maximum per-
missible value and will be enforced by a preSsure Wwoniter equipped to shut
off the fans and scram the reactor.

Fan Standby

Tn the event of an electrical power failure, approximately 5000 scfm
of cooling air will be immediately availsble by using the emergency steam
fan, which will be kept operating in standby at all times during the anneal-
ing. This, in addition to the normel stack draft which is effective for
several minutes after reactor shutdown, will provide more than adequate
cooling capacity to remove the reactor shutdown heat. The pressure-operated
safety trips have been proved on many previous occasions when both electrical
fans were shut down unexpectedly by power outages. Fuel element temperature.
records cbtained during these fan failures show less then a 10°%¢ transient
increase in fuel element temperatures in such cases, even when the emergency
steam fan is inoperative. Such loss of coolant would cause immediate shubt-
down of the reactor.

The fan damper system is under study to ascertain if any changes will
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be necessary to ensure optimm cooclant flow @uring any possible failure
conditions.

Personnel Requirements

Operation of the reactor will be done by the regular shift operating
crew as in normal procedures. However, additiomal opexjatcrs will be scheduled
to work during the annealing operation., One of these will be stationed at the
fan house so that necessary changes in the cooling flow can be accomplished
rapidly. Another will make routine checks amd be generally available as
needed.

A supervisor will be present in the combrol room at all times to direct
the operation. At least two experienced people will process all temperature
data 80 that the over-all condition of the reactor will be known at all times.

‘Additional Persomnel

Health Physics -~ for routine periodic surveys and special monitoring;
Instrument mechanic =- for routine checks and -maintenance;

Electrician -- for routine checks and maintenance.

Limitations

Fuel Element Temperature Limit

During 1952, the reactor fuel was chenged to a bonded type using an
aluminum-silicon eutectic as an interface material between the uranium
metal and the aluminum cladding. The purpose of this change was to provide
good heat transfer from the uranium to the cladding and to 'separate the two
materials, thus reduci;ag the possibility of wranium-alvminum reactions in the
200 to 30000 range. It was hoped that the new fuel would permit surface
temperatures in excess of 3000(3 and, therefore, operation of the reactor at

higher power levels. This did not prove to be the case, however, since the




fuel element rupture rate proved to be excessive when the clad surface tem-
peratures were mainteained at 30006“ Por extended periods, even though all of
the elements in use were pretested in an ovem at koo%¢ for one week. Sub-
sequently, an upper limit of 285% was placed on the fuel-clad surface tem-
perature, thereby effecting an apprecieble rupture rate reduction. This

restriction upon fuel element temperatures automstically limits the reactor

power to about 3.5 Mw in hot weather.

In view of dependence of fuel element rupture rate upon fuel surface
temperature, it appears wise to msintain the 285% wpper limit during the
annealing. To enforce this limit, the temperature of the hottest slug
equipped with a thermocouple is mitored by -a ‘recording instrument which
will seram the reactor if the fuel temperature exceeds 285°C.

Graphite Temperature Limit

The temperature range at which thermal damsge to graphite becomes appres

cisble (700 to %’, Appendix V) is far in excess of the permissible fuel-
element temperature. As pointed out previously, graphite temperatures in
failure and loss of

this range cmﬂ;d only be the result. of fuel element
coolant. During the normal process of heat tramsfer in the reaéi:or s the
graphite temperature always lies between that of the fuel and the cooling-
air temperaturés. There are two special cases when this may not be true.

After a réactor shutdown, cooling air comtimues to flow; since the

| graphite loses heat slowly, the fuel-element temperature is soon reduced to

8 véiue below that of the graphite. This always occurs at temperatures much
lo;rer than the maximum sa.fe limit apfl, therefore, presents no hazard.

The second case, which is of primery concern here, would result from
the sudden release of a large quentity of stored energy. Under such condi-

tions, the maximm safe fuel-element temperature could be approached quite
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rapidly due to this additional heat. Protection of the fuel elements from
overheating would still be the controlling factor. As pointed out previously,
an adiabatic release of stored energy in QOGR graphite can produce a tempera-
ture rise of only 10006; since the release point is approximately 165°C, the
maximum resulting graphite temperature would be 265°C¢ It, therefore, appears
adequate and desirable to place the same upper temperature 1imit of 285°%

on the graphite as was established for the fuel elements.

Concrete Temperature Limit

As previously mentioned, the front-face shielding wall bas no built-in
protection from thermal damage since it was imtended to remain at essentially
room temperature. However, under the conditioms of reversed flow, the shield
will be exposed to a heat source and therefore must be guarded against over-
heating.

An uvpper limit of 100°¢ has been placed on the concrete temperature
because of the uncertainty involved in analysis of possible damage at higher
temperatures.

Air Radioactivity Limit

Experienced reactor operations personnel have become gquite expert at
interpreting the indications of various radiation momitors, as well as changes
of fuel element temperature in terms of fuel element failure. When suffi-
cient evidence of the exisﬁenee of a fuel element rupture has been noted, the
reactor is shut down and the fuel is inspected by visually scanning all loaded
channels. When the damaged element is located, it is discharged from the
reactor; new fuel is added, and cperation is resumed.

The exit-air radicactivity is never allowed tO'become~exeeSsiVewbefare:
the reactor is shut down. Radiation readings of 200 mr/hr, as obtained by

the probe, are quite common upon fuel element failure. Such levels have
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been sustained for many hours and apparently constitute no hazard either
from direct radiation. or atmospheric cortamination. Tolerance levels for
air activity have not been exceeded due to fuel element failure since the
installation of the exit-air filters im 1948,

It appears reasonsble that the limits placed upon the meximum permis-
gsible exit-air radioactivity be consistent with the known safe levels. If
these limits are exceeded, the reactor will be shut down and suitable action
taken. Under such conditions, unsafee radigtion levels must result from
causes other than nuclear power generation.-

Period Limits

The rate at which the reactor power may be increased during startup and
at full power is limited by the action of a period monitor. This instrument
prohibits rod withdrawal if the reactor is on a positive period of less than
2k sec. A rod reverse is requested by periods less than 10 sec and a scram
by periods of 5 sec or less. The latter value was chosen in order to limit
+the increase in reactor power to 25%7 “ébc;ve irtha.t. at the time the scram is

reguested.

Hazards Evaluation
@General
All the hazards which may be associated with the planned OGR annealing
exist during normel operation and are amplified but slightly because of the
stored energy. The possibility of a uramium and graphite fire and the sub~
sequent release of large quantities of radiocactive fission products to the
surrounding area has been of primary concern since the Windscale incident

in October, 1957. The British official report:l indicated that the most

i

lAccident at Windscale No. 1 Pile on 10 October 1957, presented to
Parliament by the Prime Minister, Noveumber, 1957.
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probeble cause of the fire was some uranium fuel cartridges which ruptured
during the second nuclear heating. The resulting oxidation of uranium
subsequently heated the graphite to burning temperatures.

The normal distribution of tenmefature monitors and neutron sensing
Instruments, plus the exit-air radiocsctivity detecting equipment in the OGR,
preclude the possibility of an appreciable unrecognized power or temperature
excursion in this reactor. Also, special equipment and procedures have
been designed for the annealing to further enhance the existing proven safety
features.

Graphite and Uranium Fire

In considering the hazards which may arise during the annealing procedure,
most concern is expresséd over the possibility of & fire occurring in the
reactor,.’ It is supposed that the likelihood ef suweh a fire is significantly
increased by reason of the stored energy in the graplrite.

Analysis of the conditions required to cause a fire 1eé.ds to the con-
clusion that to sm at all the fire must originate in the fuel and not in
the graphite. For the case where there is no blockage of individual fuel
channels, this conclusion is obvious from a considerstion of the nuclear
characteristics of the OGR. Under normal summer operating conditions, the
maximum graphite temperature is about 230003 the graphite temperature coeffi-

b

cient is (-2.08 x 1.0“5A k/k) /Oco Thus, operating Wi‘bh"keff = 1,007, as is
anticipated, the reactor will become subcritical when the maximum graphite
and metal temperature reaches 23600‘, Adding to this the 100°C maximm
possible adiabatic temperature rise from the release of stored energy, the
maximum graphite temperature which can possibly be achieved with initially
équal graphite and metal temperatures is 33600 s which is 584°C below the

combustion temperature of graphite (920°C).
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The situation is not so clear-cut in the case where one or a few channels
are partially blocked; however, the conclusion still follows: under this con-
dition, heat removal from both graphite and fwel will be restricted so that
the local temperature can increase. Now, the hest generated in the fuel is
transmitted to the graphite; and the heat capacity of the graphite associated
with a given slug is about 200 times that of the slug. Thus, When‘the tem-
perature of the fuel is raised, the bulk temperature of the graphite will

ves, 1f the number of

lag behind that of the fuel. Under hese circumste
overheated channels 1s insufficient to aflect ‘the total reactivity and if
the condition is allowed to persist unchecked, it is-possible that the slug
temperature may exceed the combustion temperéﬁm'e of graphite and thus start
a fire in that portion of the graphite.

Tt is not known with certainty at exactly what slug temperature com-
bustion of the graphite would commence; ﬁwmr, it is clear that it must
be at least 820°C. Allowance has been made here for an additional increase
of 1009C in the graphite as a result of stored emergy release.

Recent work by Creek, Martin, and Parker indicates that uranium-metal
slugs heated to 1150°C in air oxidize quite rapidly but cool down quickly
as soon as the heat source is removed; so, the combustion is not self-
sustaining. Thus, even though the metal were heabed %o 820% 5 ﬁo fire would
result unless the graphite were ignited.

One can consider two ways in which the metal temperature could be made
to exceed the coi:ﬂoustion tempemture of the graphite. The first of these is
the introduction of a power tramsient having o sufficiently short period so
that the combustion température is reached in the slugs well in advance of
the establishment of te@erawre‘ equilibriuwm; [that is, an essentially adia-

batic rise of the slug temperature to 820°¢ could conceivably cause a fire.
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In the first place, the likelibood of such a transient is, if anything,
smller during the annealing process than during normsl operation because

of the additional attention being given the neutron control during this
process. In the second place, the metal temperature could rise to a maximum
of 863ob before the metal temperature ecoefficient independently would reduce
the excess reactivity to zero. Since it is not possible to heat the metal
without some heating of graphite, the maximum fuel temperature would be far
less than 86306 due‘to the negative temperature coefficient of the graphite.
I this connection, an increase in the graphite temperature due to the
release of stored energy would have the beneficial effect of still further
guenching the transient.

The occurrence of such a itransient is considered virtwally impossible
and, in any case, does not appear to be related to the annealing process.
Supporting this contention is a history of 16 years' operation of the OGR
in which no transients of anywhere near the order of magnitude described
above have been observed.

The second and apparently only eredible chain of events which could cause
& Tire involves the blecking of one or perhsps several of the fuel channels.
With the heat removal thus restricted, the fuel temperature would increase
and possibly result in damage, rupture, or melting of some or all of the
slugs in the channel. This damage, in turm, could further block the channel,
thus completely shubting off the flow of air and causing dangeréus tempera-~
tures.

On several occasions in the past, fuel channels have been completely
blocked by ruptured slugs. Two of these channels were operated for between
7 and 1 days from the time the first symptoms were noticed until the block-

age was so bad that it was necessary to use a drill to clear the channel of
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oxidized fuel. In neither of these cases was there any evidence that the
aluninum jackets (mp, 660°C) had melted. While these channels (No. 2079
and 1069) are not located at the point of maximum £lux, they are in a region
of higher than average flux; and during the period of blockage, the regactor
had been operated continuously at 3800 kw. These facts seem to indicate
that the increase in slug temperature in an isolated, blocked channel is
less than 400°C. A comparison of the heat generatiom rate in channel 1069
and that in the channels in which maximum heat-gemeration occurs leads to
the conclusion that the meximum heat generatiom exceéds that in channel 1069
by a factor of 1.3. The normal temperature of the hottest slug in channel
1069 was thus 200°C , and the normal temperature of the hottest slug in the
reactor is 25000. Since the observed increase in temperature in channel

1069 was less than 4609 (660° - 200°), one would expes

>t that the increase
in temperature in the hottest channel under comiitioms of flow loss would be
less than 600°C (460° x 1.3). Thus, the maximim temperature rise from nuclear
heating would not exceed 850°% (600° + 250°). If postulates that the
temperature of this slug is further increased by 100°% because of the release
of stored energy, the maximum temperature could never -exceed the combustion
temperature of the graphite (920°C) by more them 309%C:

In assessing these figures, it must be rezlized that each nnmﬁniﬁr used
is an ﬁpper bound and cbviously not the least upper bound. Further, it can
be pointed out first that it is virtuvally impossible for an energy release

in the reactor:bo be adiabatic and, second, that loss of oxygen duwe to channel

blockage will have the effect of inhibiting combusti
There i1s, of course, no intention of operating the reactor during the
anneal if one of the channels should become blocked. The only difficulty

is in establishing that a blockage has occurred. Since the only obvious
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cause for a channel blockage is the oxldation of & rupbured slug, the con-
dition would be detected as radiocactivity in the coolant air stream by the
‘radiation monitors located in the exit-air duct. The possibility does exist
that no radioactivity would reach these monitors if a complete stoppage of
air from ﬁhe cha.imel occurred. i This is considered extremely unlikely because
sb;ﬁe deterioration of the ruptured eieméﬁt is pecessery to block the channel.
Even in the case of the completely blocked chamnels mentioned sbove, close
examination of data showed an initial increase in the “radicactivity of the;:
exit air which 1é,ter dropped to near normal. |

Approximately 80 of the fuel slugs {vill be eguipped with thermccoup‘les s
and any unusual rise in temperature would suggest the possibility of a
blocked chanﬁela The nunber of channelé equipped with temperature meas"\‘ir‘ing
devices will be increased for the annéaling so that the prdbability of detect-
ing a blocked channel by this method 1s somewhat better during the annealing
than it is during normal operation. It should be poimted out further that
these thermocouples are located in those positions where the amount of stored
energy is greatest.

The foregoing information, together with the fact that the stored energy
in excess of the graphite specific heat curve will be released during the

initial stages of the annealing at & temperature below which a spontaneous

stored-energy release can occur, leads to the comclusion that the probability
of a fire during the annealing is no greater than thet associated with the
routine operation of the reactor. The procedures which are available to
combat such a situation, should it occur, are described in a later section.
Experiments

During normel operation, the inventory of target materials and experi-

mental apparatus in the reactor is very large. Some of these may possess
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certain properties or design features which, umier the expected annealing
conditions, constitubte a potential hazard. Materials capable of ignition,
- such as organic liquids, gaskets, and electrical insulation, are cbvicus

sources of fire. Light metals, such’'as lithium or m

-t:« though ignibting
at high temperatures are even more dangerous due to the large heat-release
rate and the difficult extinguishing methods required. Other sources of
danger may be experiments containing electrical heaters capable of appreciable
heat production rates or possible electrical sparks dwe to component failure.
Equipment or materials having any of these or similerly dangerous f@a‘tur@sk
will be removekd from the resctor prior to the ammeslimg opératiom.

Fission Product Relsase

In considering the release of fiséidn products to the :a‘bmosph@re ; the

maximum credible accident will be assumed. Such an aceldent is postulated
to consist of the development of a fuel element rupture im a fuel chanpel
of maximum power production, with subsegquent complete oxidation of all fuel.
in the channel aﬁd the release of-saturation guantities of all volatile
ﬁissivon products, . Essentially all the p@rticula‘tes are assumed to be removed
" from the exit air by the filters which ‘szz,ve an efficiency of greater then
99% down to particle sizes of 0.2 n in dia.met@r. Conwersely, it is asswnéd
that all volaﬁivé fission products are released to the atmosphere. The
assumption of complete removal of partilgz;jzlates from the exit air by the filters
has consid.erable Justification, a.ccor&iﬁé to previous experiences. On; ééveral
- occasions, oxidation following the fa.iim‘@ of a fuel-<slug cladding has |

resulted in the total loss of fuel {2.5 1b of uramium) from that &lement .
During one very severe case after the exit filters were installed, about
20 1b of uranium was lost to the coolant stream from a single channel. Area

air monitors and health physics surveys have shown no perceptible increases
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in air activity, either particulate or otherwise, during these times. It
therefore appears that the stipulated credible accident could not produce
concentrations of air-borne particulates in excess of permissible levels.

Experience has further shown that the complete loss of fuel from a
ruptured fuel slement occurs over s minimum of seversl hours; more generally,
several days are required. It may therefore be comservatively assumed that
the activity is relessed at a constant rate over a period of 1 hr.

During the initial stages of the amnealing, the coolant flow will bhe
maintained between the one-half and full-flow values. Subsequently, the
reactor will contain little or no stored energy in excess of the graphite
specific heat curve, and therefore the remainder of the operation will present\
no hazard which does not exist during normal operation. Acgordingly, one-
half of full-flow (60,000 scfm) will be assumed as the minimum flow at the
time an accident could occur.

The nuclides considered are listed in Table 1. The initial quantities
of radicactivity, except for Kr85 » are saturatien valwes contained by the
maximum power producing fuel channel in the OGR, assuming continuous previous
operation at full reactor power (3500 kw). The guantity of Kr85 was cal-
culated upon the basis of seven years of continuous operation since the
initial loading with the present type of fuel. The steck discharge rates
are based upon a continuous constant release rate sufficient to release all
products in one hour.

Purdy and I\afyers2 ha{re caleculated that the maximwm ground concentration

resulting from an emission rate of one curie per second from the OGR stack

ED, R. Purdy and R. F. Myers, Calculations for Unit Emission or Airborne
Contaminants, U. 8. Weather Bureau, Oak Ridge, Tennessee, July 1, 1954.




TABLE 1. VOLATILE AND GASEOUS FISSION PRODUCTS OF IMPORTANCE
IN THE EVENT OF A RADIOACTIVITY RELEASE DUE TO FUEL ELEMENT RUPTURES

Vaximum Resulting

*These values are based on initial activities, comsidering no decay

filters.

#*¥Total gamms, energy plus 1/3 of the maximum beta energy.

Initial Stack Atmospheric
Radicactivity Discharge Rate Concentration¥® Effective
Nuclide Half Life (curies) {(curies/sec) (microcuries/cm Energy##*
- ke85 k.5h TL.T 1.99 x 167 4.78 x 107" 1.2
Koo 10.27 y 5.2 .1kk x 1072 0.336 x 1077 1.2
grOT 78 m 148 1507 x 1072 9.76 x 1077 1.9
K58 2.8 1 215 5.98 x 1072 14,36 x 1077 4.8
ke 3.2 m 263 7.3 x 107 17.52 x 1077 1.33
3t 8.1a 160 .45 x 1072 10.70 x 10" 0.60
t32 2.4 h 206 5.72 x 1072 13.74 x 1077 1.4
1133 22 h 258 718 x 1072 17.24 x 1077 1.0
135 6.7 h 338 ik x 1072 22.6 x 1077 1.7
xel33® 4 xel33 5.3 d 258 7.18 x 1072 17.24 x 1077 0.22
Xe3%0 15 m 33.8 .9 x 1072 2.26 x 1077 0.05
xe™ 32 9.2 h 338 9. x 1072 22,6 x 1077 0.5
TOTAL 220k, 7 63.7 x 1072 15.3 x 1070

or loss towéﬁe exit ducts and

- La‘.
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occurs at a wind velocity of 2 mph and is 1.2 x ZLO'5 curies/cm3 of air when
the stack discharge rate 1s 120,000 scfm of air. The values listed in Teble 1
for the resulting maximum concentration of the various fission products con-
sidered were calculated on this basis, being approximately doubled for a flow
rate of 60,000 scfm.

The internal dose hazaprd is considered to be due almost entirely to the
iqdines, since the maximnm possible concentrations of other fission products
is well below the meximum permissible concentrations for 50 years of continu-
ous exposure.3 From Table 1, the sum of the maximum conecentrations pf the
iodines is 6.4 x 10'6 microcuries/cm3 of a&ir, which is considerably higher than
the maximum permissible concentration for continuous exposure. However, this
concentration could bnly exist for 1 hr if the wind velocity remained eonstant
at 2 mph and not more than 2 to 3 hr under any realistic conditions for this
area.

In the case of a 3-hr exposure, the maximum‘quantity of iodine retained
by the average man can be found as follows:3
| g=fAVt

= (0.75) (6.4 x 10'6) x 1.25 x 106 X 3
= 18 microcuries
where

f = the per cent of the inhaled quantity of iodine which is retained

by the body,

A = concentration of iodine in the air in microcuries/cmS,

average breathing rate of a working man = 1.25 x 10° ce/hr,

o <
" i

the exposure time in hours,

3Rgport of Committee on Permissible Does for Internal Radiatioh, 1958
Revision (Unpublished).
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This quantity of iodine is considered acceptable, since the usual de
- administered for diagnostic purposes iz 25 microcuries of I‘l3l. This is a
very conservative estimate of the maximum exposwre, since several factors
which would reduce the atmospheric concentratiom hewe been neglected. In
the first place, it is highly iwmprobable that such a large rate of fiﬁaien
product release would be experienced for reasons stated previoualy. Further-
more, under any conditions of :E;issi,an 1produet :;elea;se s the iodine content

of the air would be reduced considerably due to adsorpbion upon the duct
walls, filters, and stack walls. In addition, mo decay of the radicactive
suclides was considered so that even if the concenbration considered did
obtain intially, the 3-hr dose would be apprecisbly less than the 18 micro-

113,1

curies value which was calculated. Furthermore; represents less than

20% of the total initial iodine concermtration, or a dese of 3.6 microcuries
31

of Il , maximm, from a 3-hr exposure. Finally, the area would be evacuated
in a short time after such a condition developed so thet the total exposure
time of personnel uo‘iaﬂ.d be much less than 3 hr. -

The external dose rate from a-cloud coptaining all of the puclides
:}iated in Table 1 may be estimated from the following eq_uatiomh

I =103 B

where I is the radiation intensity in r@p/hr » G is the concentration in
nicrocuries /cm3 , and E is the effective energy. Ueing the nunbers from
Teble 1, the maximm intensity is found to be 16.5 mrep/hr. For a 3-hr

exposuyfie; 'ibhiéwamomts td less than 50 mrep, or less than the normal per-

missible one day exposure.

B H. J. Burnett, Saupling Methods snd Reguirements for Estimating Alrborme
Radioparticulate Hazards, ORNL CF-52-11-1 (November, 1952).
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Procedures

Annealing Procedures

A. Prior to startup, the following check list will be reviewed for
completion:
1. Experiments removed orv’utherwise prepared.

2.

13.
1k,
15.
16.

Reactor components revised or conditiomed.

a. Control rods. |

b. Ion chambers.

c. Ilead or bismuth removed or provided with coolant and monitored.
Reactivity a;d.justments made.,
Air flow system complete and set for reversed flow.
All shielding plugs in place.

Water injection system functioning properly.

Standby compressors in operation.

Standby steam fan_ruvnning.

Exit air filters inspected and in good eomiition.
Health Physics personnel available for area checks.
All necéssary personnel on hand and previously oriented.
Fire fighting equipment in readiness.

Overhead crane in proper working order.

Front face elevator functioning properly.

lLadders available for emergency use.

All instruments previously checked, alarm and scram points adjusted

and functioning properly, new charts on all recording instruments, pens all

inked, -

17.

Air flow measuring instruments functioning properly.

18, Heat power calibration performed.




19.
20.
21.
22,
23.
2k,
25.
26.
27.
28,
29.
30.
31.
32.
33.
34,
35
36.
37.
38.

B.

AP ipnstrument reversed.
Accumulators checked.
All comntrol rod drives and release wechanisms checked.

All radietion instruments checked with source.

Power plant alerted.

Steam plant alerted.

Emergency electrical supply tied in and working properly.
All thermocouples indiceting properly.

Emergency supplies replenished.

Building @va@uatim system checked.

Remote scram switches checked.

Building louwd speaker system functioning properly.

Phone system to fan house working.

Building air conditioning and fans in order.

Water supply checked--emergency supply available.
Inert bottled gas supply checked.

Commmication system in order.

Building cleared of unsuthorized personmel.
Transportation available.
Fire Department alerted.

Establish the full air flow permissible in the reversed direction

and check all flow and pressure monitors, fan motors, dampers and controls.

Ce

Bring the reactor to criticality as in mormal startup procedures.

Check all nuclear and relsted insbrumentation.

D.

Increase the reactor power gradually so that the maximum rate of

rise of any fuel or graphite temperature does not exceed lOOC/lm. Continue

this rate until the maximum graphite temperature is 140°C. During this
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time the stored-energy release rate will not exceed 28 kw.

E. Maintain the 140°C maximum graphite temperature for 5 hr.

If no unusual conditions developed during step E, proceed to step F.

F. Increase the reactor power slowly so that the maximum fate of rise
of any fuel or graphite temperature does not exceed 5Q6/hro Continue this
rate until the maximum graphite temperature is approximately 160°¢ . or the
maximm fuel element temperature is 250°C. During this time (4 hr) the
stored-energy release rate will not exceed 208 kw.

G. Maintain the maximum temperature attained in step F for 5 hr.

H. Reduce the reactor power level to spproximately one-half the normal
operating power.

I. Reduce the coolant flow rate slowly to re-establish the maximum
fuel element temperature of 250°%. This should tend o broaden the tempera-
ture distribution and thus extend the region wherein ammealing is being
effected. During this operation the rate of rise of any fuel or graphite
temperature should not exceed lbab/hr at temperatures above those attained
in step F. The maximum rate of stored energy release will then be 208 kw.
Meintain the maximum fuel element temperature of 250°C for 5 hr.

J. Subsequent additional reductions may be made in the same mannef as
for steps Hand I if it is deemed @esir&bl@u Following the final "cooking"
period, the reactor will be shut down and the flow adjusted to near the
normal full flow rate and the structure allowed to cool.

K. After the cooling period, preparation of the reactor for normal
operation will begin. Core samples must be removed from the moderator for
stored-energy evaluation bubt not necessarily prior to operation of the
reactor. In fact, several hours of operation under normal conditioms would

. reduce any contamination which may have been deposited in the bridge tubes
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by the reversed flow and would make the coring operation a cleaner one.

Graphite-Fire Extinguishing Procedure

The fact that the OGR moderator is a combustible mmberial which is in
contact with an oxygen-containing cooling medium zmd is, therefore, capable

of ignition under the additional influence of sufficient heat supply bas

been realized for many years. For this reason, some fire extinguishing equip-

ment has always been a part of reactor emergency equipmemt. As apn added

measure for the annealing, additional equipmént will be on hand, including
8 supply of bottled inert gas.

A uyranium-graphite fire would be indicated by the exit-air activity
monitors during the earliest stages of ignition‘due to the release of vol-
atile fission products and radicactive oxide pa.rt.icle&». If at any time the
exit-air activity exceeds the pr@sé&: limits (given under "Limitations™),
fuel element failure may be indicated; and the rezctor will immediately be
shut down for inspection. The existence of & fire in the reactor would be
readily detected siﬁce the inspection for ruptures requires i;he visual
scanning of each loaded fﬁel channel . _

| If a fire were discovered; the coolant flow would be reduced %o the
minimm value permitted by the surrounding graphite temperatures. A special
high velocity nozzle would be inserted into the fuel chammel -opeming and
large volumes of wateér applied directly to the burning region until the fire
subsided. In the event the fuel channel should become blocked; thus pre-
venting water flow to the west end of the chamnel, a special nozzle arrange-
ment can be used to ixi,ject water into the west end of the fuel channels by
way of scamner holes (Fig. 1, Appendix II) which penetrate the top shield
into the west air manifold.

Some objection ‘to the use of water for exftinguishing metal fires is
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sometimes raised on the supposition that the hydrogen evolved during the
decomposition of water to form the metal oxide may present an explosion
hazard. Sucﬁ & possibility is not believed to exiet here for the following
reasons. First, if the fuel channel is not completely blocked, coolant flow
would continue and the hydrogen would be removed from the channel (greatly
diluted) as it formed. Second, the high heat-removal capacity of water would
'ver& quickly reduce the temperature below that required for the burning of
metal or graphite and extinguish the fire. Furthermore, a high-volume-flow
rate of water would remove évolved hydrogen even if the rchannel were blocked

so that no air flow existed.




RELATIVE DISPLACEMENT OF GRAPHITE IN VERTICAL DIRECTION (in.)
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AFPPENDIX I

EVALUATION OF THE ORNL GRAPHTTE REACTOR
STORED ENERGY

Me Co Wittelsl

Graphite measurements on the ORNL Qré;ﬁhite Rgaetor have been conducted
by the Solid State and Operations Divisions of ORNL, National Bureau of
Standards, and Brookhaven National Leboratory. At éach of these labora-
tories different methods of measurement were employed so-that independent
analyses would be availsble. The samples were cored from the most severely
damaged region of the ‘graphite stack for the purpose of determining the most
serious situation that exists. In addition, the measurements were designed
to determine the validity of ¢, spacing correlations in stored energy

estimates which have been employed in evaluating the state of the reactor.

Measuremsnks at ORNL

Radiation Calorimetry

The stored enérgy to 21800 was measured in core samples from fuel
channel 1766, 6 £t 8 in. from the east face of the graphite stack. The
measurements gave 26 cal/g with an estiﬁi&e& accuracy of 0% in two
separate runs. A radiation calorimeter was employed inm these experiments,
‘and a brief deseription of the apparatus and method frs as follows.

The graphite specimen, of known mass and surface area, is suspended
in an evacuated copper can by means of & thermocouple lead that is screwed
jnto the center of the graphite sample. The copper calorimeter is placed

in an oil bath at constant temperature (199°C), and the temperature-time

lSclid State Division, ORNL
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relationship of the graphite is recorded as the stored energy is ‘released.
When the sample temperature comes to equilibrium with the oil bath tempers-
ture, the calorimeter is removed and cooled, and the same process is repeated
a second time on the same sample. The stored energy, Q, is calculated by

numerical integration of the expression

be

4
Q = Ago” (Tll’ - Ty ) at,

ty

where

A = surface area of sample in cm? s

)
L1}

sample emissivity,

9
"

Stefan-Boltgmann constant,

t1 = initial time,

tp = final time,

Ty - absolute temperature for energy release rum,

T, = absolute temperature for second run.

The temperature-time curves for one of these experiments are shown in
Fig. 4.9. It is noted that enmergy is released at a@s low as 120°C and that
at approximately 165°C the slopes of the two curves begin to sharply d.iffer.A
Tt should be noted that at temperatures near or above 120°%C, stored energy
is released under time periods as short as minutes. Tt is therefore reason-
able to assume that substantial annealing would take place at these low
temperatures for more extended but still reasonsble times of, say, one day.
Evidently, 165°C is the approximate temperature wherein the specific heat of
the damaged graphite’ becomes "negative" and a spontaneous energy release is

propagated. The temperature rise from 16500 to 218°C was completed in less F‘
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then 3 min, and more than 95% of the entire stored emergy release was com-
pleted in approximetely 10 min. These cbservatioms are interesting in
considering the effects of spontaneous releases udder actual reactor condi-
tions where heat transfer by conduction and COIIV@C‘SSiD‘;IWWUuld contribute to
even Turther restrict temperature excursions. A graphicdl plot of the
numerical integration is shown in Fig. 4.10.

X-Ray lattice Parameter Measurements

Temperature traverses (see later) of the graphite stack by the Oper-
ations Division have revealed the north half of the reactor to be operated
at the lowest temperatﬁresa For this resson, fuel chamel scrapings have
been taken from channels 3268 and 3368 as well as from 2¥68 and 2768, con-
tained in the middle horizontal plane of the stack, so tkat a series of Co -
spacings could be measured in the cool, high flux portioms of the reactor.
These scrapings were taken from the upper portion ef the fuel channel, above
the fuel elements (Fig. 4.11). Shown in Fig. b.12 is the east loading face
with numbered channels. Channels are located by combimimg numbers, first
horizontally and then vertically, to give a four-digit designation. Thus,
No. 1868 is the center channel of the reactpor. The X-ray measuremen’cg _have
been completed, and estimatges of the stored energy contemt to 25@06 a:;:;e
shown in Fig. 4.13. It is noted that the ¢, spacimgs show the largest expan-
sion (and therefore the most damage) at 6 to T £t from the cold east face
of the graphite stack. The somewhat broadened curve for fuel channel 2768
is in large part due to a more extensive fuel loading‘ in that channel, while
the peculiar configuration for fuel channel 3268 in the 16-ft area is due to
a control rod position. Fuel channel 3268 lies in the extreme northern row
of channels; therefore it is apparent that the peak position for damage in

this chamnel follows the flux distribution. According to the X-ray estimates,
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however, there is no stored energy at this extremity of the reactor which
could be released spontaneously. Scrapings from chanmel 3368, 8 in. into
the reflector region of the stack, showed no signifiea;rr&; damage within the
limits of detectiom.

The region of the reactor containing the highest damage was therefore
established by X-ray measurements, and so6lid cores were obtained from this
area by the Operations Division through the msg of a remote coring device
which could cut upward into the fuel channel (Fig: 4.11). One such coring
(fuel channel 1766, 6 £t 8 in. from the east face of the graphite stack)
was examined for variations in damage as a functiemr of distance from the
fuel channel surface. Powder specimens for e, spaving meesurements were
obtained by means of Jeweler saw cubtbings from spaced imbervals along the
core (Fig. 4.11). It is inberesting to note that the demmge near the fuel

channel surface is considerably higher than the bulk damsge through the core

(Fig. 4.14). Wwnile it is apparent that the temperwture on the surface is

lower as a result of the air stream contact, the tempersture ‘gradient into

the graphite is not known anda direct relation between the damsge and tem-
perature is not quantitatively established. For this reasen a precise con-
veréien of ¢, spacings to stored energy is not feasible, as was the case for
‘the scraping, where a more uniform temperature comditiomexists. In addition’ .
to this probable temperature dependence, there exists the likelihood of an

enhanced near-surface damag

e due to the higher concemtration of displacements
resulting from grazing angle dollisions and the neutron mean free path con-
sideration near the core surface. BSamples later sent to the Netional Bureau
of Standards were sectioned in an attempt to take these variations into closer

account .
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Graphite Reactor Temperatures

Since the growth of stored energy inm irradiated graphite is so strongly
dependent on temperature, a knowledme of the reactor graphite temperature is
vital to a proper assessment of the state of the reactor. Temperature measure-
ments are being compiled from all paris mf!thé ORNL: Graphite Reactor so that
a complete temperature distribution will bﬁ dbtainéd; to date some important
data are available.

For orientation purposes, it should be recalled that the reactor cooling
direction is east to west parallel to the slug rows. Traverses were made
transverse to this direction (N-S) at the center of the reactor, 6 ft east
end west of the center, and all three traverses were within 1 £t of a hbri—
zontal center plane (Fig. 4.15).

?pe measurements were made during Jamuary and February 1958, when the
inletfair temperatures varied between ~7° and +8°. All thé ﬁemperatures
were normalized with respeect to an 85°% value from the continuously moni-
tored position in the center traverse. The inlet air temperature is recorded
at +8°% when the continuously monitored position is at 85°C. Higher tem-
peratures in the south half of the reactor are due mainly to the location of
the air inlet at the lower right cormer bf‘the east face and, secondly, to
a complex flow pattern in the south:half of the reactor. |

It should be emphasized that the temperatures shown in Fig. 4.15 depict
the coldest operating conditions in the reactor and that during the summer
months these values are as much as 50°C higher for several positions. Tem-
perature records reveal that on hot summer days with inlet air at 320C the
temperature in the continuously mmnitmfeﬁ center pesition reaches.as high as
138%; 53% higher than that shown for & February recording in Fig. 4.15.

This rise, which is considerably larger than the meximum seasonal variation
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of inlet air temperature, is due to the reactor power being maintained con-
stant year round (3.4 Mw), and this level is based ow the maximum allowable

fuel element temperatures during the hottest summer deys. The deviation of

these temperatures from normal seasonal variationsﬁ is due to the change in
density of air with seasopal tempersture v@hamg@s {as well as specific heat).
Also, the volume and flow pattern of coolant air is altered because of the
characteristic operatiomgl limits of the fans. For several weeks during

the summer months, then, a considerable portion of the -west half of the graphite

069, end the growth of

lattice is operated at temperaturas in ‘excess of M
stored energy in that regiom is largely diminishe®. It Is observed that the
very lowest temperatures are recorded on the north and south edges of the
graphite stack; but th,is effect is compensated, inmsofar as stored energy is
concerned, by the diminished flux (cosine) distribution on the edges of the
stack.
National Bureau of Standards--
Heat of Cowbustion Measurements
Total heats of combustion were measursd by the thermochemical section
of the National Bureau of Standards. These heats include the normel heat
of unirrediatéd graphite plus any increase in imternal energy induced by
irradiation. For purposes of establishing a standard heat of combustion
for the ORNL Graphite Reactor graphite, corings from the edge of the stringer
removed in 1953 were given to the Bureau. The heat of combustion of this
graphite was found to be within the limits of errbr of th:a det@rminations
for c't;hei' standardi graphites from Hanford and Brookhaver.
As mentioned previously, cores were sectioned to separate the more
highly damagedl surfaces from bulk of ‘the specimens for statistical @stixﬁé.tes.

Since the Bureau requested samples with masses of 4 to 5 g (although each
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determination consumes only 1 g), it was impossible to secure a large enough
sample from each core that contained only highly demaged surface material.

The "bottom portions" (farthest portion of core from fuel element, Fig. 4.11)
were more clearly representative of the average conditiom of fuel channel
gré.phite in the most heavily damaged region of the reacgtor; however, it should
not be overlooked that the "top portions" (nearest to fuel element, Fig. 4.11)
of the cores contained only a small percentage (less tham 20%) of highly
damaged surface graphite.

Three kinds of specimens were submitted to the National Bureau of Stand-
ards: unannealed, annealed to 25&00 , and annealed to 4009C. Although the
annealing schedule is not directly related to a hypothetical reactor amnealing
schedule, it furnishes some useful information an& will ®e described briefly.

1. Sec’cidned samples were drilled and tapped to accommodate a thermo-
couple in a snug it at the approximatg geometric center of the sample.

2. The samples were contained in stoppered tubes imr air and were placed
in an oil bath at constant temperature (150°C) for 16 hr.

3. The sample temperatures were monitored and did mot exéeed this tem-
perature during this interval.

4, TIn successive stages, the oil bath temperature was increased 10°C 3
at a rate of Q.SOC/min, and maintained at these levels for a periocd of 20
min before proceeding. These steps included stops at 160, 170, 180, and
190%.

5. The sample temperatures were continuously monitored, and at no time
did they exceed the bath temperatures.

6. When the sample temperatures reached 200°C 3 ’ché tubes were removed
from the oil bath and placed in a salt bath at constant temperature (25&90) .

The rise in sample temperatures was monitored and the samples were removed
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when they reached 25&09 s in aspproximately 3 min.

7. Those samples annealed to 400°C were taken from the 254°C beth and
inserted in a second salt bath at 400%C and were similarly removed.

8. At no time during these annealing runs were any temperature excur-
sions cbserved.

The results of the National Bureau of Standards measurements are shm
in Table 4.2. Included in the tabulation are the results from fuel channel
1666 which were obtained earlier. Onmly a few cbservatioms concerning these
data are necessary at this point since the resulls are essentially self-
explanstory. Only in the sections from fuel channel 1368 were wide varia-
tions found over the length of the core which would comfirm the previously
d@seribed} X-ray cbservations. It was probably fortuitous that 1368-2 was
sampled by the National Bureau of Standards in a meuner wﬁieh resulted in
a higher proportion of highly damaéed. surface waberial than the other samples.
It is also of interest to note that the stored energy above 400%% did not
vary by more than 2 ea:L/ g in three measurements and thet approximately
100 cal/g remained above 400°%.

Powder samples for c, spacing measurements were armealed in the same
maunner as the cores sent to Netiomal Bureaun of Stamdards, and the results
are shown in Fig. 4.16. Tt is seen that annealing to 254°C reduces cg by
only 0.02 K, just 10% of the preannealed expansion. Witk an actual reactor
anneé,ling it would be unfeasible to determine exactly what tenmperatures bad
been reached for known times in all parts of the reactor, apd therefore
co-stored energy correlations following such a reactor amneal would have
no meaning. Further, no data are available on the behavior of ¢, under
irradiation following such é, partial annealing. Goﬁsequ@ntly; it is c¢lear

that X-ray measurements could not be confidently used to predict stored




TABLE 4.2. NATIONAL BUREAU OF STANDARDS--HEAT OF COMBUSTION MEASUREMENTS

Standard: Unannealed,; unirradiated ORNL graphite
Heat of Combustion: 7839 cal/g

_ Heat of
NBS Fuel Sample Annealing Conbustion Stored Energy (cal/g)
Sample No. Channel Portion (°c) (cal/g) Above Anneal Below Anneal.

At 6 £t 2 in. from East Face of Graphite Stack

1 1368 Bottom a5k 7957 118% -
2 1368 Top 251 7977 138 Av = 26
10 1368 Top and bottom Unannealed 7993 154
At 6 £t 8 in. from East Face of Graphite Stack
3 1466 Top and bobtom 254 7970 131% -
8 1466 Top and bottom 25k 7962 123 Av = 31
Iy 1466 Top Unannesled 7997 - 158
7 1566 Bottom Loo 7938 99% -
9 1566 Bottom 400 7940 101 Av = 59
5 1566 Top Unannezled 7998 159
6 1566 Top and bottom Unannealed 7998 159
G2 1666 Top and bottom 401 7950 101 68

c 1666 Top and bottom Unannesled 8008 169

Average* stored energy of five unannealed samples = 160 cal/g

Average® stored energy to Egh% of four samples = 32 cal/g

Average¥* stored energy to of three samples = 60 cal/ g

*These averages were obtained by taking the combined averages of the residual stored energies for
specimens annealed at designated temperatures, and subtracting from the combined average for all
the unannealed specimens.

™ 1-{9—
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energy contents in an annealed reactor, and it is perhsps for this reason
that the British were so skeptical of the ORNL date, since the ¥U. K. reactors
had already been annealed.

Brookhaven Netional Laboratory--Stored Energy
and Adisbatic Rise Measurements

Measurements at Brookhaven National laboratory were conducted in a
dovble-vacuum c:alorim@tér in which the heating conditions are predetermined.
A constant heat imput is supplied to the system, which has negligible heat
losses, so that the furnace t@xﬁperature rigses at the slow rate of 2°C/min,
and near-adiabatic conditions are achieved. The storeéd emergy and adiasbatic
rise were measured in a T.5-g core removed from fuel chepmel 1468, 6 £t 2 in.
from the east face of the graphite stack. The stored energy to 2700(1 was
found to be 33 cal/g and the adiabatic rise (l@ﬁ\%) oceurred over the tem-
perature span 165 to 2709 (Fig. 4.17). It was also estimated that the

stored energy between 400 and 800°C was about LO cal/g.

Discussion

From these data it is evident that the ORNL Graphite Reactor is reason-
ably safe with respect to stored emergy content. The favorable agreement of
the various kinds of measurements indicates that the recent stored energy
estimates from X-ray date are substantially correct and thet the growth of
stored energy since 1953 is reasomable. Sinece this growth of the iow tem~
perature peak is only gbout 2 cal gml yeargl at the present time, no feeling
of emergency should exist; and it is suggested that this margin of safety
be consid.efed in any decision to anneal the reactor. The proposed new fuel
loading of the reactor is of yrimary‘ significance in any consideration for
annealing the reactor and should therefore considerably influence any

decision as to whether, when, and how the reactor should be annealed.
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Of somewhat more academic interest is the "reconstructed” release
spectrum which is fitted from all of the experimental date (Fig. 4.18).
First, it éhould be noted that the amount of energy above the specific heat
curve is small (ebout 3 ca/g). In addition, the stored emergy between 250
and 400° is considersbly higher than thst usuvally exhibited in spectra of
graphite irradiated at 30°C. In fact, this “r@c@nsm@“t@&“ spectrum has
a shape that is similar to that for graphites from rea-ctcré' that have been
amnealed to 250 or 30000’, leaving the higher tempersture emergy to gréw
£ti11 further. This i mot to imply that the ORNL Graphite Reactor has been
amnealed in the past but simply to indieat@ that this reactor has been favored
by higher tempersture coperation, especially during the summer months. We
could not help but conclude that even at temperatures as low as 30 to 6090
the growth of stored energy is retarded by only small increases in temperature.
Examination of extensive Hanford data in this temperature range reveals that
the total stored energy is reduced by about 1% for each 1% rise in tempera-

ture for irradiations similar to that in the ORNL Grephibte Reactor.

This analysis can further be seén by comparing the ORNL data with data

2 Harwell,B and Wind.scal@l}, Figure 4.19 shows a comparison of

from Henford,
ORNL data with Hanford data (11B) for a 30°C irradiation. The significant
part .of this comparison is the smell amount of energy above the specific

heat curve and the grester amount of stored energy above 350°C in the ORNL

sample. This can also be seen in Fig. 4.20, which shows the stored energy

%4, K. Woods, L. P. Bupp, and J. F, Fletcher, Proc. Internl. Conf. Peaceful
Uses Atomic Energy, Genmeva, 1955 T, 455 (1956).

3G. H. Kinchin, Proc. Internl. Coﬁf, Peace;ful Uses Atomic Energy, Geneva,
1955 T, W72 (1956). |

L}Rc. W. Attree, R. L. Cushing, and J. Pieroni, CRC-T06 (May 1957).
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retained after various anneals for a E{é,nfor@, sample (closed circle) irradiated
at 3000 and the ORNL sample (open circle); as can be seenm, there was a greater
amount of energy retained above 500%’ in the ORNL semple even though the

Hanford sample, before annealing, had shout 50 cal/g more total stored energy.

Similar results are even more strongly exhibitéd by comparing Harwell and

Windscale data {curve B in Fig. k.21, the closed-triangle curve in Fig. L4.22,
and curve B in Fig. 4.23). It is therefore clear thmt temperatures, even in
the low range of 30 to 100°C, strongly affect the low temperature (200%
peak) étored, energy in irradiated graphite.

Questions often arise conc@rnimg high-temperature stored energy, released
at temperatures sbove 400°C and wp to 1800°%C. Frequently, the high values
assoclated with these stored emergies are misleading, and they are meaningful
only when they are referred to rel@és«a spectra for koown heating rates and
the specific heat curve for unirradiated graphite. Fortumstely, between
and 1000°C the energy release spectra is a rather smooth, shallow function
that falls further away from the specific heat curve of unirradiated graphite
with increasing temperature. This mesns that dangerous, spontaneous releases
at these high temperatures cannot oceur without violation of the second law
of thermodynamics. In considering reactor safety, then, the concern should
be with ﬁhe energy release spectra in the low temperature region (Oé)
where energy may be released adiabatically. The faet that Z@RNL graphite
contains 40 cal/g from 400 to 800°% and 60 cal/g from 800 to 1800°C is of
no consequence to the safety of the reactor, and measurements of total stored
energies should be considered in this light.

Finally, in order to determine the effect of a rather low temperature
anneal for potential reactor amnealing procedures, a sample was annealed at

165°%C for 18 hry, the temperature being monitored comtinuously, and the stored

¢/



0.7

O @) O
H 6) o

O
(&N

STORED ENERGY RELEASE (cal/g/°C)
O
N

o

_73_

UNCLASSIFIED
ORNL—LR—DWG 28957R

l | | |
A-ORNL-IRRADIATED AT ~~55°C
B-HARWELL -IRRADIATED AT (?) 50°C
| |
/r\ SPECIFIC HEAT OF
UNIRRADIATED GRAPHITE
\\
100 200 300 400

ANNEALING TEMPERATURE (°C)

Fig.4.21. Comparison of Stored Energy Release

Spectra in ORNL and Harwell Graphite.



STORED ENERGY (cal /g)

160

Mo
O

Q
O

D
@)

UNCLASSIFIED
ORNL—LR—DWG 28956R

N\ ® ORNL-IRRADIATED AT v 55°C
A HARWELL-IRRADIATED AT 30°C

oy
\~.~
—
-

—
~-__— ——

‘.
.§.
N.
y
-——

P man -~.‘

O 200 400 600 800 1000 1200
ANNEALING TEMPERATURE (°C)

1400

1600

1800

Fig.4.22. Comparison of Residual Stored Energy in ORNL

and Harwell Graphite.



_75..

UNCLASSIFIED
ORNL—LR—DWG 28797 R
0.7

0.6

o
o

™
/

SPECIFIC HEAT OF
UNIRRADIATED GRAPHITE

—
/‘\ ——
) -
-
-
-
-
-
-
-
-

-— -
—_—__——
-

o
v

STORED ENERGY RELEASE (cal /g /°C)

Q\‘ A

oA /l B

A-ORNL -IRRADIATED AT v~ 55°C
B-WINDSCALE~-IRRADIATED AT« 30°C

o
N
\

- 100 200 300 400
ANNEALING TEMPERATURE (°C)

Fig.4.23. Comparison of Stored Energy Release Spectra in ORNL and Windscale Graphite.



-T6=

energy to 220°% was remeasured. It should be noted that during the 18-hr
anneal no*mm@ure excursions were observed. The resulbant spectra are
shown in Fig. 4.24 and indicate that higher temperature anmesls, say in the
vieinity of ~22500 s would be necessary to reduce the hump that approaehés
the specific heat curve.

The results of this investigation clearly show that the stored energy
content of the ORNL Graphite Reactor presents no hazard and that a safe
condition exists. It is also clear that differences in stored energy con-
ditions between ORNL and BEPD {British Experimental Pile Operation) are
primarily due to the differences in operating temperstures. Estimated
regions of the graphite stack that contain negative specific heat are shown
in Fig. 4.25. The boundary conditions used in this estimste are: (1) inte-
grated neutron flux greater than 2 x 1020 nvt, and (2) maximm graphite
temperatures of 590(3, From this approximation it appears that only about
5% of the entire stéck is damaged to the extent that a spomtaneous energy

release could be propagated.
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APPENDIX IA

ACCUMULATION AND CONTROL OF GRAPHITE STORED ENERGY

IN THE OAK RIDGE GRAPHITE REACTOR

Introduetion

Tha accumlation and spectral distribution of stored emergy in graphit@l
is strongly dependent upon both neutron flux and irradistion temperature.
Graphite-moderated reactors which contain unidirectiemal flew patterns,
therefore, exhibit a concentration of damage in the cool, high-flux portions
of the reactor (see Appendix I). Moreover, where this cooling direction has
been fixed (as in some British reactors) and fission heat was employed in
the annealing operation, it was often felt desirable to allow a considerably
guantity of low-temperature stored energy to grow so that a controlled energy

release could be "triggered” in the mormally cool portiows of the reactor

and thus avoid overheating fuel elements in the normally hot, v
region of the reactor. The dangers inherent in these procedures are com-
pounded by the fact that repeatéd annesling operations mltimately broaden
the spectral distribution of stored emergy in the "200°¢ peak" so that

. triggering becomes exceedingly diffieult, if not impossible, under oper-

ating reactor conditiens. If the coolant flow direction ‘iis; reversed for

amealing purposes 92 these technical difficultiés and hazards are easily

overcome because fission heat 1s distribubted in a mammer which minimizes

fuel element dangers and eliminates the nead for a triggered release of

lJ . MST Baxiid.éon, Stored Energy in Irradisted Graphite, HW-55736 (April 15,
2R. W. Powell, R. A. Meyer, and R. G. Bourdesu, “Control of Radiation Effects

in a Graphite Reactor Structure,” Pasper 462, Second United Nations Inter-
national Conference on the Peaceful Uses of Atomic Energy, Jume 1958.
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stored energy as a source of hest.

In view of these fécts, it is advisable to re-examine the stored energy
release spectra in graphite from the most heavily damaged portion of the ORNL
Graphite Reactor {OGR) with special reference to low~température annealing

effects and estimates of lohg»t@rm graphite stored energy problems.

Effects of Low Temperature Annealing

For reascns already expressed in“Appendix I, we shall concern ocurselves
only with graphite stored energy‘ﬁhat iskrel@asable at temperatures up to
400°C. Cored specimens from the most heavily damaged porﬁion of the reactor
were employed in these experiments so that the most serious aspects could be
analyzed. A typical release spectrum of an unannealed sample is shown in
Fig. 1. A portion of this sample was annealed at lSQOC for 5 br in air,
and no temperature excursions were cobserved. Following this anneal, the
stored energy was remeasured and is showm in comparison with the uwnannealed
spectrum in Fig. 2. It is apparent that this low-temperature anneal suc- .
éessfully removes the stored energy sbove the graphite specific heat curve.
A-second unannealed portion was similarly annealed for 5 hr with no tempara—
ture excursions at 138.500 and the stored energy again‘msasﬁredo The
comparable release spectra are shown in Fig. 3. The significance of these
results is that relatively low anmnealing temperatures:gan be employed in
removing stored energy in excess of the graphite specific heat curve. In
these cases the released energy was merely transferred to atmospheric air.
Althqugh these are laboratory tests, it is;en@ouraging to note that tempera-
tare excursions were also notably absent in the many reactor anneals at
Brookhaven2 where the rate of fission heat remmyal is high, even at low

pover levels, compared with the slow propagation of stored energy release in
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this eritical temperature range. In effect, under reactor conditions the
removal of fission heat completely mesks the removal of stored energy, not
only because it is comparably small‘bu’!; also because an efficient heat leak .

is operative.

Short-Term Annealing Status

With the condition of reversed zir flow in the Oak Ridge Graphite
Reactor, the minimum temperature of 138.5°%C can be attained in all parts
of the moderator that contain stored energy in excess of the specific heat
curve. Moreover, this can be accomplished with fuel element temperatures |
well below maximum tolerance. A low-temperature anneal would therefore
remove the dangerous component of the relemse spectrum and thus permit higher
annealing temperatures to be sought under  conditions such that spontaneous
temperature excursions would not be possible. The extent to which higher
annealing temperatures would be sought would be necessé;rily governed by the
maximam safe fuel element temperatures. If the maximum graphite temperature
in the damaged moderator region were ’2000(3, the stored energy release spectrum
following this anneal would approximate that shown in Fig. 14 One can see,
therefore, that annealing in the low temperature range 138.5 - 200°C (Figs.
2, 3, and L) results in the removal of stored energy that, prior to annealing,
exceeded the graphite specifie heat. Consequently, the short-term prospects
of such an annealing preocedure are excellent from the standpoint of hazardoué

stored energy.

Long~Term Annealing Status
It should be noted, however, that such a low-temperature anneal is not
a permanent solution for control of the stored energy accumulation. Even

after annealing at 200°C the stored energy release spectrum still shows a
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mump at 250°C that projects toward the specific heat curve. This hump is

of no concern in itself; but if coﬁtinued_ long-term reactor operation were
to follow the annealing operstion {several years) not only would the "200°¢
peak" reappear but it would broaden' to include stored energy in the 250°C
region, thus developing an unfavoreble comdition. From these considerations,
annealing at scheduled intervals, perhaps yearly, while the stored energy
accumulation is very small and easily combrolled; precludes the development
of a hazardous amount of stored energy accumulating over a hroader 'bempem-
tare range. Then the 25@0@2 hump (Fig. k) ‘could. be removed from the stored
energy rélease spectrum by annealing to 25@% s with no possibility of a

temperature excursion due to a stored energy release.

Discussion

The normal temperature characteristics of the OGR are such that stored
energy would continue to accumulat@-,l at g very slow rate, and ultimately
sbout 600 cal/gm would be contained in a smell portion of the east half of
the moderator structure. Although only a fraction of this energy?’ could be
released spontaneously, it is more desirable to control, if not entirely
eliminate, the growth of this damsge. The complete elimination of stored
energy accumlation would require operating temperatures which are excessively
high for the QGR. However, fregquent ammegling at lower temperatures would
accomplish the same result. BSince the ammealing can be accomplished by

esgentially normal operating procedures, this kind of control is even more

desirable.

3R, E. Nightingale, J. M. Davidson, and W. A. Snyder, "Damage Effects to
Graphite Irradiated wp to 1000°C," Paper 61k, Second United Netions
International Conference on the Peaceful Uses of Atomic Energy, June 1958.







APPENDIX II

RESEARCH PROGRAM AND OPERATING EXPERIENCE
ON ORNL REACTORS

By
M. E. Ramsey - Oak Ridge National Laboratory

C. D. Cagle - Oak Ridge Nationai Izboratory
Introduction 7

The research programs at the Osk Ridge National Laboratory w@ieh make
use of reactors or reactor products primarily use the two general-purpose
research reactors. These are the normal-iuranitm, graphite-moderatedsreactor
and the Low Intensity Testing R@&cﬁ@r. It is interesting that neither of
these were built expressly as long term reséarch reactors but‘have been
adapted to this usage. |

The research work involving usage of these reactors covers a wide range
of fields in both pure and applied research, including the following: basic
studies of neutron and radisation properties; solid state structure and phase
transitions by use of neutron spectroscopy; radiation damage of materials;
radiation effects in chemistry; radiocactivation amalyses of trace impurities;
biological effect5~of*radigtion; reactor development; and radiation moni-
toring development. h

Another important usage of these reactors is the preparation of ra&io-
isotopes for world-wide usage.

Training of personnel in reactor”technclogy“is another important phase
of the work. Two programs are devoted to this ﬁork. One is the 6ak B;dge

Institute of Nuclear Studies (ORINS) which concentrates on the uses of
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radioisotopes. The other is ’ahé Oak Ridge School of Reactor Technology
which teaches the principles of reactor theory, design, a,nd,‘ usage. In
addition to these formal progra.ms s> faculty members from universities all over
the United States do special research work &t the reactors especially
during the summer months.

This report describes these reactors and the research facilities avail-

able.

Graphite Reactor

The Qak Ridge National Laboratory'’s graphite-moderated; air-cooled,
normal-uranium reactor (Figs. 1 and 2) was built as the pilpt plant for
the plutonium-producing reactors which are at Henford, Washington. Con-; .
struction was started early »in 1943, and vritical loading was c-omple‘ted‘ on
November 4, 1943, This was the first reactor built that could be cooled
and thereby operated at a reasonably high pwen'r level for long periods of
time and was the second reactor built in this country. It was designed to
operate at one megawabtt power level; and its prime purposes were to furnish
operating experience, reactor characteristics, and to provide small quan-
tities of plutonium to aid in the development of chemical separation tech-
nigues to be used at Hanford. Since this is an &ir-cooled reactor, water-
cooled fuel tubes of the Hanford type were simulated in some of the b-in.-sq
test holes. o

The reactor core and reflector is a 2i<ft cube of graphite built up of
h-in.-sq By 50-in. long blocks and contains 1248 fuel channels that are
1 B/hwin. sq with the diagonals vertical ané. horizontal. . Also there are 22
horizontal iL-w-:!.n.,-»asxg_ holes that go all the way through, and six that go half

way through, the graphite perpendicular to and between the fuel channels.
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Fig. 2. Fuel-Charging Side of the Graphite Reactor.
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Six vertical b-in.-sq holes penetrate to a depth of 17 ft b in. into the
gfaphiteo Ten instrument openings penetrate the shield up to the graphite.
Pwo thermal column openings, two' ll-in.-sq biological specimen entrances,
four 1.68-in.-dia holes through the central core, and a foil slot through
the reactor center make up the remainder of the experiment facility openings
(Table I).

The reactor shield is a 7-ft thickness of concrete'that surrounds the
core with manifold spaces provided“fof‘the cooling air. Plugged sleeves
set into the @bﬁ@rete provide agééss‘tabthe holes through the graphite.x'iﬁé
innermogt and outermost 1-ft thicknesses of the shield are normal structural
concrete and aggregate and contains web-type steel reinforcing. The space
between is filled with a special concrete mixture containing Haydites, an
expanded clay, to retain about 10% of the make-up moisture és.neutron shielding
aﬁ& barytes aggregate to iﬁcrease its density. The shield was overdesigned
and is still more than adequate at the present higher power level. The
reactor does not have a thermal shield, but the concrete is inbsulated to some
degree from the graphite by layers of asbestos and:cellamite (Fig. 3)4 A
1®-inf~high air passage across the tcp'of the core between the graphite and
tbe concrete was designed into the reactor but was closed off shortly éfter
operation started to deflect more sir-through the fuel channels when it was
found to be unnecessary. :

The reactor coelant 1s étmospheriq air that makes one pass through ané
is discharged to the atmosphere through a 200-ft stack. In order to remove
the heat at the present 3.5 Mw operating level, 120,000 ft3/min of air is
drawn through by two 900-hp suctiom fans. Rough'Fiberglas fiiters remove
dust particles from the air at the inlet to the system and a combimatioﬁ

of fine Fiberglas and asbestos paper filters remove radioactive particles
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TABLE I RESEARCH OFENINGS INTO GRAPHITE REACTOR

holes

Kind of Number of Thermal In<Cd Ganma, Approximate

Facility Facilities  Neutron Flux Ratio (R/nr) Temperature
‘hein,-sq b2 3.6 x 10 to 20 3x109 to 359 to
norizontal openings 1 x 1012 8 x 107 160°¢
M-in.-sq 3 8 x 10t 20 6.7 x 10° 135°% to
vertical 1hoo¢
1.68-in.- 4 1 x 1012 20" 9 x 10° 35%
diameter -

herizontal

2 3/h in, x 1 1.1 x 10%° 20 9 x 107 160
3/8~in. foil ‘

slot

Unused fuel 5 5.5 x 1011 20 4.5 x 109 35%
channels in to 1 x 102 to 9 x 105

core region :

Unused fuel 118 1010 to. 10* to 30°% to
channels in 3 x 10 3 x 10° hoOg
reflector :

region

hein,-sq 1 1.3 x 107 =70 200 25% to
biological Mn-Cd 35%
tunnel ratio

lead-lined

] 8 3 o, .,

lh=in.-sq 1 5x 10 73 3.4 x 10 25 ¢ to
biological M-Cd 35%
tunnel; bare ratio

S5«ft-=8q 1 1.5 x ILO7 ~.106 135 at top 'Room
vertical of column temperature
thermal

column
2 1/2-fhwsq 1 5 x 107 130 1.2 x ml+ Room ,
horizontal ‘ temperature
thermal

column
Unused 9-in.- 2 107 to 107 ~710 -5 x 103 35%

8q ionization Mn~Cd,

chamber ratio
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picked up from the reactor before the air reaches the suction fans.

Five of the original eight shubdom‘rods are now in use (Teble II);
three were remcved‘k’so provide for exﬁeriments since they proved to bxeb
unnecessary. Three of the remaining rods entér vertical L4-in.=sq holes
from the top of the reactor. These rods are not of the original design.
They are 3 1/2-in.-sq hollow steel shells, 8-ft long, that contain a layer
of 1/16-in.~thick cadmium in the walls and a shield plug in the upper end.
They are attached to steel ca.bles' £hat can be wound ‘up on & ?Jindlass opers
ated by eleétrie motors through an electromagnetic clutch. The brake that
holds the rod up in .'t;he operating position is on the electric motor so that
if the power to the electromagnetic clubeh is lost; eiﬁher by electrical
power failure or by intentional interruption as for a normal shubdown, the
ﬁ?iﬁdl@.@@ is madéeé free to turn and allows the ra& to fall into the core by
its o wigﬁh‘i;; ’Full fall requires little more than one second.

The other two shutdown rods are 1 3/b-in.-sq steel rods 200 in. long
vhich contain 1.5% boron. They enter two of the horizontal %in,sq holes
which are sleeved down to 2-in. scj, with graphite. These two iyod-s are driven
by hydraulic motors for slow travel into or out of the reactor and can be
made to travel the full distance into the reactor by a high pressure oil |
system wikhin 4 séc. Eﬁhls high pressure, 900 lb/ in.2, is maintained by two
lerge weights pressing upon oils<filled cylinders and is kept from the drive
mechanisms by nermally open sblen@i& valves so that if the electrical power
fails or is interrupted by the shutdown switch the valves open and.allow
the 900 psi pressure to hit pistons which operate rack and pinion drives to
push the if‘ods into the reactor. | |

Two other rods, identical to the hydraulic rods, are used as regulating

rods when the reactor is being operated manually. They are driven by




TABLE II CHARACTERISTICS OF CONTROL AND SHUTDOWN RODS

- Control Rods

Horizontal Shutdown Rods

~Vertical Shutdown Rods

Hunber of each

Reactivity value

_ ¥Meterial

Size and Shape

Method of
operation

Pravel
{Distance into
reasctor)

2
- Ak
#1--0.57% 5~
#2--0.50% L&

1.5% boron steel

1.75=in.-sq bar 19 £t
long

Direct electric motor
driven

In: To within 5 £t of
opposite side of
graphite

Out: To 1 £t outside
graphite into conerete
shield

2

0.63% %5;

1.5% boron steel

l.75-in.=sq bar 19 £4
long

Hydravlic eylinder oper-
ates rack and pinion
drive. Normal operatien,
pump; emergency operas -
tion, accumlator

In: To within § £t of
opposite side of
graphite :
Out: To 1 £t outside
graphite into concrete
shield

3
0.50% %"5

Hoilaw gteel shell
containing layer of
cadmivm

3 1/2-in.-sq hollow steel
shell 8 £t long. Top end
containg lead and
mesonite shield and botitom
end has spring shock
absorber

Gravity when latelr
solenoid is de-energized.
Lifted out of reactor by

‘electric motor

In: 4 £t below amd & £t
above reactor cenber
Out: Just withdrawm from
graphite '



TABLE II (comtinued)

Control Rods Horizomtal Shutdown Rods Vertical Shutdown Rods
Speed of travel #lt Max. in 6.9 in./sec In: Normal--6 in./sec In: ~1 sec for full fall
Mex. out 6.9 in./sec Emergency--full Out: ~10 sec

#23 Max. in 4,76 in./sec travel in 4 sec
~ Mex. out 4.76 in./sec Out: 1 in./sec

Min. in 0.Okk in./sec

Min. out 0.0kk in./sec

Guide Tube | 2 1/b-% 2 1/4 in.-sq.slot 2 1/h x 2 1/} in.sq slot Full size L-in.-sq
milled into graphite milled into blocks in vertical hole
blocks in 4-in.-sq hole l~in.-gsq hole




=7 =

electric motors and are not part qf the shutdowrd system. Both rods have a
fast speed in and out and one has a slow speed Tor fine control.

Within recent months an aubomatic combtrol system has been developed
which uses one of the hydrsulic rods in the nearly out position as its con-
trol rod. The electrically driven regulating rods are still used to posi-
tion the automatic control rod within its operating range. This arrangement
tends to minimize distortion of the neutron flux pattern within the reactor
core.

Up until recently a b@r@nnsh@t tube was kept for emergency or disé;ster
shutdown use. This consisted of a hopper of boron-sieel shot that could bee“
released into the reactor core region by pulling a cable in the control room
to release a plug in the bottom of the hopper. The hopper was within the
top shield of the reactor and could not be easily inspected. Also there
was no way to test the working of the apparatus on a routine basis. By
accident the pull cable was pulled recently and the shot did not fall into
the reactor. They were found to be rusted and stuck together. Because of
this, awuthorization has béen given to completely remove the equipment since
any safety equipment ﬁha‘c, cannot be periot}icallyﬁ checked cannot be trusted
to operate. All ‘ot.her safety features can be checked.

Wheh operation of t.he graphite reacbor was First started, very lowe
level neutron flux during startup was monitored with a counber and then by

a-compensated, boron-coated, ionization chamber as the power level

rose to the kilowatt level. The practice of using the neutron counter was
discontinued and only the ionization chamber retained. This is safe because
the fuel loading is kept such that the excess reactivity is below the delayed
neutron contribution and prompt critical is an impossibility. Three .af the

ganm«cbmpensated chanbers are now in use; one is read by a galvanometer and
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uged for startup and manuval operation, a second for the automatic control,
and the third for vernier control while in manual operation or as a spare.
These chambers are located in the shisld of the reactor where they “see" a
8

neutron flux of about 10 n/cmguseeb

Three other non-gamma-compénsated, Yoron-coated, ionization chambers
are used for the safety instrumentation te scram the f@actor by way of
electronic trips if the power level should be allowed to exceed 5,5 Mw. It
is not necessary that these chanﬂoers be gamms compensated because they are
important only at a neubtron level where the gemme contribubtion is negligible.,

A second safeguard against power excursions is a system of boron=coated
thermopiles whose composite signel which is proportional to the power level
is fed to an electronic strip recorder contaiming a high level trip to
initiate a scram at 6.0 Mw.

The temperature of the alwmizum jackets that enclose the uranium metal
in the reactor must also be limited. This is accomplished by including in
the loading fuel pieces having iron-constantin thermo@uples ‘attached to the
Jackets. Experience has shown that the hottest position in any fuel row is
two feet past the center of the row in the direction of the air flow. At
least forty such mmoémxples are kept in the reactor at all times a.-nd.’
positioned to give ‘a good représentation of the tempex?atw“e distribubion.
The thermocouple having the highest reading supplies a signal to a single-

point strip recorder containing a highelevel trip to scram the reactor if
the temperature exceeds 3250(3. Actually the operator does not allow the
temperature to exceed 280°G, It has been found that a standard power level
of 345 Mw can generally be maintained year aroumd without ‘exceedimg the safe
temperature level. |

The tempsraturd of the graphitie near {1 £t from) the center of the ‘
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reactor is recorded bubt does not actuate any scram or alarm. Ibs value
averages about 135°C.

Temperatures of the inlet- and exit-cooling air streams are measured
for the purpose of heat power calculatioms by thermohms located in the inlet-
and exit-air ducte. At one time the sigml from a thermohm in the exit-air
duct was fed to & strip recorder containing a high-level trip to cause a
scram. The scram feature has been removed as wmeceéssary since the lag in
this temperature is too long to be of value in the event of a power excur-
sion, and it served no other purpose.

A pitot tube in the inlet»air duct sends a signal to oil menometers at
the control desk and to a ring-balance, circular-chart recorder which scrams
the reactor if the air flow drops too low. Another ring-balance recorder
shows the pressure drcp across the reactor from pressure taps 1oeat@d in the
inlet duct and in the exhaust menifold. This recorder also scrams the
reactor if its reading falls too low.

The radiocactivity of the exhaust air from the reactor is measured by an
jonization chamber through which a contimuous sample of the air passes. The
signal from this ionization chamber is read on a strip recorder at the control
desk and until recently would actuste a scram if the normel radicactivity level
increased by a factor of ’t;hree. Experience has shown that the reactor itself
could not cause such a condition mnless it experienced a violent power excurs
sion or great loss of air flow; conditioms which, if they occurred, would
initiate & scram. Also the off<gas from experiments and equipment at the Low
Intensity Test Reactor have been ti@d into the graphite reactor exhaust, and
it would be pointless to shut down the graphite reactor because of radio-
activity from some other source. In the course of omne. gperating day, the

reactor generates a total of about 500 curies of radicargon (Ahl) from the
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0.9% argon present in the atmosphere. This is the major radiéa.etiv‘ity in
the exhaust air. There is a small amount of miiced fission product gases
being evolved f’rjom bsxrall quantitiesl of wranium oxide c'iust, from defective
fuel elements, caught in eracks between graphite blocks.

The concrete shield at the exhaust end of the fuel channels would be
damaged by the continual blast of hot air emerging from the channels if it
were not protected. A one-inch thick wall of cellamite is spaced four inches
from the inner face of the concrete to form a separate chamber which is
cooled by & separate air sbream. The pressure within this region as well as
the air flow to it are monitored. If the negative pressure within the region
becomes excessive, there is a possibility that the shield wall might collapse.
To guard against this event, a negative pressure greater than 34 in. of water
will cause the suction fans to be turned off. Loss of the fan suction shuts
the reactor doﬁn by the other means described.

The hydraulic pressure accumilators which drive the horizontal shutdoﬁn
rods into the reactor must be kept pumped up to contain a suf‘fiéient volume
of oil at all times that the reactor is in operation. If a leak in the
system should develop allowing the weights to fall to a minimum level; a
switch actuated by the weight scrams the reactor while there is still enough
oil left to accomplish the shutdown. |

Frequently experiments areé performed which can develop conditions which
can injure personnel, the reactor, or expensive equipment if the reactor is
not scrammed. Safeguard circuits from these experiments can bé tied into the
reactor scram circuits. T‘ypieal examples aret

1. ©One of the thermal column openings is shielded by a tank of water
which, if accid‘entally drained, would allow about a 2-ft-square beam of

radiation to emerge from the reactor into a heavily frequented personnel

)
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area. To prevent this, a radiation monitor at the location scrams the
reactor ‘a.nd sounds a siren.

2. A lb=in.-sq horizontal hole contains a water-cooled hollow cylinder
of enriched uranium-aluminum all | in which targets can b@ subjected to a
high,v fast neutron flux. If ‘t‘he water flow were to fail, the cylinder would
probebly melt and damege the reactor. The reactor is scrammed by a water
flow recorder if the flow is lost.

3. A vertical h-’-in.-sq hole is used to expose capsules containing test
fuels for homogenesous reactors to check both sorution stabllity a:ml gorrosion
of the capsule walls. If the pressure inm thé capsule b@@bm@s excespive due
to unexpected behavier, the caprsule may rupture ceusing contamination of |
equipment or even personnel with fission products. To prevent this, a
pressure m@ni’gor, on tﬁ@ capaule scrams the reactor to stop the pressure
buildup. ’\ |

Manual scram switches are located at the control desk, the exit‘ doors
of the building, and at the experiment 1&::9.1;1@&13.‘, The c@nﬁrqi console is
shown in Fige 4. | o

TABIE IIT AUTOMATIC REACTOR SCRAM SUMMARY

e i ine b . - : obcrs . st IV ik

Pover level greaber then 5.5 M¢ (ionization champers)

Power level greater than 6.0 Mw (boron-coated thermopiles)
Metal temperature greater tham 325°C

Air flow less than 40,000 cfm

Differential pressure across reactor less than 8 in. wg
Radistion &t horizontal thermal column greater than 50 mr/hr

Any experiment requiring that the reaector be shut down for safety reasons
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Fig. 4. Control Console of the Graphite Reactor Showing Operator Throwing "'Scram'*
Switch to Shut the Reactor Down,
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The reactor fuel is mormal-uranium metal in the form of l.l-in.-dia
by 4=in.=long slugs @ncased in a 35«@111 thick 2-8 aluminum Jacket. These
are charged into ﬁh@ fuel channels end to end to simlate long rod‘sv.‘ The
purpose of the segmenbtation is for esse in ha.ndiing. Each slug weighs abouf.
2 1/2 1b, |

 The fuel is inserted iante ithe fe’actor by\ hand and positioned with

measured rods while the reactor is shut down. Removal 1s accomplished by
pushing it on through 'the' graphite from which it falls tﬁrough the alire:
exhaust menifold to a chute which leads to a 20-ft-deep water pit outside
the reactor shield (Figs. 5 and 5a).
| All during the operation of the reactor;, an*é,nﬁoying nmunber of fuel
eliemént failures have occurred; and two full-scale attempts have been ma.de
to improve them. The first elemwents used were jackebted in 2-5 aluminum
cans having 20emil thick walls » and the caps were sealed on by resistance
welding. No bonding existed between the uraniuwm and the al’mimm. " This
type was used during 1943 and part of 194k, The next type had 35%11 thick
2=-5 aluminum walls with the caps arc~welded on in & helium atmosphere.
Again the uranium and the aluminum weére mot bonded but were die-pressed to
be in close contact. No failure of the first type of elemsnts occurred
but they were used only at low power and for only a short time. The second
type came into use when the power level was increased from 1 Mw to ﬁ3.6 Mw. v
The failure rate of these elements was approximabely one per month. Although
this rate was not excessive enough to cur’tajil operation, | it did require
constant vigilance to prevent damage to the reacj;bro The causes of failure
were probebly severzl, but the end result was always the same-~bursting of
the aluminum jackeb allowing the rapid formetion of wranium oxide which was

carried away to some degree by the sir.stresm causing contamination of the
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Fuel Elements from the Reactor Core,

Fig. 5. A Closeup View of the Fuel Charging Face Showing Operators Pushing
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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.
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air exhaust system with fission products. The more éerious result of failure
is the possible sealing off of the charmel by the swelling element Jjacket

as the oxide volume increases. When the air flow ceases; other elements in
tﬁe‘channel fail due to high temperature. This has occurred twice, once in
1947 and again in 1948. The first instance involved 13 elements and the
second 5 elements. In both instances the fuel channel was so scarred by the
discharging techniques that had to be used that they were not suiteble for
further use as fuel channels and were diverted to other usages. Since that
time, a weekly inspection of all fuel chamnels has prevented the recurrence
of such multiple failures.

During 1952 the fuel was changed to & bonded type. This bond is an
&1uminumfsilieon eutectic which fills the space between the aluminum Jacket
an& the uranium metal. Its purpose is to separate the wuranium from the
aluminum and still provide good heat transfer. It also tends to slow the
rate of a failure by minimizing the area of uranium that might be expoéed to
air if a tiny hole should develop in the &luminum Jacket. Since one of the
causes of failure in the unbonded elements was interaction between the uranium
-and the aluminum if the temperatureiwere in the 200° to 3000 range for long
periods, it was hoped that the bonded elements could be operated abcvefthfé
temperature allowing the power level to be increased. This, however, has not
proved to be true; the element Jackets are now operating at a higher tempera-
ture relative to power level than before due to the better heat transfer from
the uranium to the aluminum jacket through the bond under the thermocouple
bead and failures occur at an objectiomsble rate above 300°C indicating that
ﬁhere is still sufficient contact between the éluminum:and the urenium to
cause trouble. With the unbonded elements, the jaeket—tamperatur@ could be

operated conbinuously at'EhSOG without experiencing serious failure rates.
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The power level at this temperature avaragéd. 3.6 Mw with frequent operation
at 4.0 Mw. With the bonded elements, experience has shown that 285% as
shown by the thermocouple should not be exceéded for long periods. The
average power level now is 3.5 Mv to stay below this limit. The gain has
been only in the frequency of failure rate which is less than half that with
the uwnbonded elements. A temperature traverse along the 1ength of a fuel
channel is shown in Fig. 6.

The quantity of normal uranium required for critical loading was almost
exactly 30 tons. The present loading is 5k toms to provide sufficient

excess reactivity for the benefit of experime

nt and radioiscotope target
materials in the reactor as well as to provide for the poisoning effect of
the Al-Si bonding material in the present elements (Figs. 7 and 8).

The reactor is coperated on a round-the-clock basis with the only
routine shutdown being from 5:00 a.m. o about 3330 p.m. each Monday. The
continuous opérsbtion 1s necesssry for the varied experiments being conducted
as well as for a routine production of radicisobtopes. The percentage oper«
ating time since the reactor first attained critical loading is in excess
of 90%. During the routine shutdown, each fuel chammel is inspected for any
evidence of failure, changes in research equipmeﬁt made, radioisotope tar-
gets are removed and inserted, and required maintenance performed. Close
scheduling is required to accomplish this work in the allotted time and
planning always starts each Thursday for the following Monday.

Other shutdowns are scheduled as required for emergency maintenance, of
course, and shutdowns for specisl research or radloisctope production work
are sometimes arranged with the permission of other research persomnel
using the r@actbi:;

At the standard operating power level of 3.5 Mw the maximum thermal
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neutron flux is 1.1 x 101‘2 n/cmaﬂsec. Up until 1952 the power level was
generally kept as high as possible without exce‘@iding the temperature limita»
tion of the fuel jackets. This caused several different power levels to be

ng from 3.4 to 4.2 My and

existing even during the course of day rang
caused a lot of extra work for the research persomnnel in normalizing theilr
data. This was a case of doing something Just because it had always been
done and was a hangover from the old plutonium production days when it was
required to operate at the highest power level possible. The present bper-
ation at a standard power level has somewhat simplified the work'of the
research personnel but even now very précise work bas to be specially moni-
tored at the exact facility being used.

Due to the size of the reactor and the placement of the regulating rods,

slow fluctuations of greater than one pércent cam take place in one day in

any one location without any ghange in the over-all power output of the
reactor. As the temperature of the coolant (atmospheric air) increases from
shortly after daylight until about 2330 or 3:00 p.m. when the peak tempera-
tureé usually occurs, the regulating rods move outward to compensate for the
over-all temperature rise in the reactor. This causes the peak flux in the
reactor to move toward the center of the reactor in the directim the rods
are traveling. The opposite effect begins shortly thereafter until about
10:00 p.m. after which nearly a stationary flux pattern exists until day-
light. For this reason, research persomnel needing precise neutron flux
control prefer data taken at night unless they have automatic compensation
in their equipment, which many have at present.

Also, @ue to having two general purpose ‘pzxemné.tic exposure tubes and
a vertical hole through which relatively large samples (up to 18-in, long

by 2 1/2 in. in diameter) can be inserted and removed without shutting down,
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meny brief flux fluctustions occur all during the day as these facilities
are used. Annowncements, five minutes prior to such fluctuations, by way
of a public address system gives each research man time to prepare for them
or raise objections to their being done. Another such fluctuation occurs
#uring a major regulating rod ad,just;ment which must be made at any time the
two regulating rods become unbalanced as mmuch as 10 in. This occurs due to
having fine control movement .on only one rod. When this rod has béen moved
inward or outward 10 in. farther than the one-speed rod, they are rebalanced
by moving one in one direction and the other in the other direction simul-
taneously. At best, some fluctuation occurs and this s too, is announced
Five minubes ahead of time. The balancing preocedure minimizes distortion of
the flux pattern in the reactor. This technique need only be used during
manual operation. While the reactor is in sutomatic control, the rods can
be adjusted to be an even distance out at all times.

Since the total poisoning value of the five shutdown rods is only
2.7% .-%giy the loading is limited to half this velue for the cold reactor.

600 watts per cubic foot, the xenon-

Due to the low power density, roughly
135 poisoning is not severe only 0.2% .QE]E The combined temperature
cosfricients amount to 0.4% 4% , making a total of 0.6% 4K . An allowance
of about 0.3% -%2‘5: is cancelled by the regulating rods to provide flexi-
bility of comtrol and for experiments of a temﬁorary nature. Another

0.5% %]F.E is used by permanently installeﬁ»@r e@eﬁi@m facilities, giving a
total of approximately 1.h4% % ex.céss r@ac'biviﬁy for the clean cold
reactor. The only possibility of prbmp’c cﬁ;bieal oecurring is during
startup and this is pr@vented by a careful slow startup procédure which

requires fifteen minutes.
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TABLE IV SUMMARY OF GRAPHITE REACTOR INFORMATION

Size of graphite

Thickness of concrete shield
Nunber of fuel channels

Number of l.6-in.-diameter holes
through central part of core

Type of fuel

Dimension of aluminum-clad fuel element (slug)

Weight of uranium metal per slug
Thickness of aluminum cladding
Bonding material between Al and U

Number of fuel channeis containing fuel

2h-glug rows 10
h1-glug rows 51
45-g1lug rows 23
LT7-slug rows 115
5l-slug rows T9
S5h-glug rows 543

Nunmber of 4-in.-sq openings
Number of horizontal through holes (k-in. sq)
Fumber of horizontal half holes (4=in. sq)

Number or,vertiéél holes (U-in. sq)

Number of 4-in.-sq horizontal through holes used .

for control and shutdown rods

Number of 4-in.-sq horizontal openings for
experimental and target exposures

Number of 4-in.-sq vertical holes for shutdown rods

Nunber of 4-in.-sq vertical holes for
experiments and target exposures

Other experiment facilities

2k £t x 24 £t
x 2k £t b4 in. high

G 3
1248
b

Normal wranium

l.1 in, diameter by
L.l in. long

1170 gm

.035 in.

Al-81i eutectic
821

1k
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TABLE IV (contirued)

Total reactivity value of shubtdewn rods
Total reactivity value of control rods

Approximate amount of reactivity absorbed by
experiments and radioisobope samples

Welght of wranium in reactor

Maximum thermal neutron flux at 3.5 Mw
Cadmium ratio |
A&erage gamma photon energy

2

Maximum FIATR IS
of 0.9 mev)

 photon flux (&t average energy

Maximum gamma, dose rate

Ratio of gamma flux to thermal neutr@n f}ux
Standard reactor power level

A&erage graphite temperature at center of reactor
Average metal temperature ai hottest region

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

Ratio of maximum thermal neutron flux to- average
thermal neutron flux .

VolumeJof activélpcrtion of reéétbf

Power density inside active porﬁicn i
Volume of coolant air

Negative pressure inside reactor
Operating metal temperature coefficient
Operating graphite temperature coefficient

Barometric pressure coefficient

1.1% 4k
% k
0.5% g

54.11 tons
1.1 x 10%°
20

0.9 mev

1L
5.13 x 10 z/em?-sec

942 x 10° R/hr
0.50

3.5 M .

~135%

- ~270%

5.0 X 10t n/cmg’sec
2.2k

55933.k éﬁyft

587.5 watts/:f£3
120,000 efm

~29 in. wg

~.29 inhour/°C
~.77 inhour/%:
-.38 inhour/mm Hg
—25 inhours/1000 kw

Xenon poisoning coefficient
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APPENDIX III

“INVESTIGATION OF METHODS
OF OBTAINING GRAPHITE ANNFALING TEMPERATURES IN THE OGR

Injection of High-Temperature Air Thpwugh the Fuel-Charging Tubes

In this method, the annealing would bé performed with the reactor shut
down and both main cooling air fans off. High-temperature (near 400°%C) air
would be injected into 100 fuel charmels at a time by way of the fuel channel
access tubes. The air would be supplied by a blower or compressor and heated
by a gas or an electric furnace to fhe desired temperature. Insulated pipes
would convey the air to the manifold for distribution to vacuum-jacketed probes
which penetrated the fuel-charging tvbe openings and discharged into the fuel
ciﬁannels, Vacuum jackets on the pﬁ@bes were necessary, as determined experi~ -
mentally, to prevent overheating of the concrete shield wall. This system |
p@ssesée’é”‘the following undesirable features: |

-l. Each 100<channel annealing operation would reguire & long shutdown.

2. The complete annealing operation would be extended over & peried of
several months because several duplicate 100-channel operations would be
necessary to effect the desired anmealing in ali of the region containing
stored energy in excess of the graphite sp‘eéific heat curve.

3. A complex manifold system would be required for the iracuum-jacketed
tubes, and the development of a leak in the system might result in Bover«
heating of the concrete shield.

k., The complete system would be very large and expensive.

Single-Pass System Utilizing Gas or Electric Heaters
in the Inlet Air Duct

In this method, a small per cent of air would flow in the normal manner.
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Electrical or gas-firéd heaters located in the inlet-air duct would preheat
the air sufficiently to obtain the required graphite annealing temperatures
with the reactor shut down. The primary objection to this system is that the

resulting front-face shield temperature would be excessive.

Recirculating System Utilizing External
Electrical or Gas-Fired Heaters

This system would involve the installation of an interconnecting duct
between the present inlet and exit ducts which would incorporate a blower for
recirculating the air and a heater unit for producing the desired air tem-
perature. In this way, a very flat temperature distribution could be obtained
in the graphite staék. However, early iuvestigation showed that the resulting
concrete shield temperatures would be prohibitive; therefore, this system was
dismissed. lLater, engineering studies of this system were again wade upon the
basis of later stored energy data showigg that effective annealing could be

accomplished at moderately low temperatures.

Reversed Air-Flow System Wilizing Nuclear Heat

This system is described under the anneéaling method in the mgin report.
It was selected from the systems studied on the bagis of the following advan-
tages:

1. The cost of this system is con#id;erably less than for any of the
other systems studied.

2., The system is compatible w;ith'the present system: that is, once
ingtalled, reversed or normal flow conditions can be established arbitrarily
with relative ease.

3. The protection of the conerete shielding from thermal damage presents
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a lesa difficu%t problem.

L., Shutdovn time required for installation and for performing the
annealing operation will be appreciably shorter.

5. Debtection of possible slug ruptures will be easier because of the
fresh fission product generation, since the reactor will be operating at an

appreéiable power level during the annealing.
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APPENDIX IV

CONTROL AND SAFETY MECHANISM

General
All seven of the control rods used in the Oak Ridge Graphite Reachbor

are of the ebsorber type. Three of these are of identical d@sigﬁ, wbilize

cadmivm as the abserber material, and move vertically in and out of the top
of the reactor, while the others are ;Eour identical boron-steel rods which
move in & horizontal direction. The vertical rods are designed as safetly
rodes and are not combrol rods in the usual sense since they van be stopped
in only two positions, fully inserted or fully withdrawn. TFhe actual control
is provided by the horizontal rods, two of these being designed as shim and

two as regulating rods.

rational Procedure
Following the establisk]ed starbtup procedure, the operator withdraws

rods sequentially: first the safety, second the shim, and finally the reg-

ulating rods. Taken in steps, the operator cocks (withdraws) two safely

rods, moé. 8 and 9, first. At the complebion of this step, a permissive is
established automatically within the control system, snd the operator can

cock the third sa,fe'&:,y rod, No. 7. Having withdrawn the No. 7 safety rod
the next step is to select one or the other of the shim rods and withiraw

it. Note that only one shim rod at a time may be selected, not both. The

established procedure calls for the No. 6 shim to be fwlly withdrawn, and
then the No. 5 is withdrawn, This last rod is not, however, withdrawn all

+the way because it will be used later, when the reactor reaches its scheduled

power level, as part of the serve level control system and will, of course,
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need to be capable of adding at least some reactivity to compensate for
temperature effects, etc. At this point the reactor is not yet critieal,
and the regulating rods are still fully inserted. The final step th@,fn is
to Wi“{:.hdfaw these two, usually by Jjogging theia. alternately, while watching
the neutrom level and period indicating recorders mounted above the rod-
control switches. The rods are withdrawn in equal imcrements to secure the
most uniform possible flux distribution in the reactor core. After the
reactor has heen eased up the required power level by withdrawing the
regulating rods in short steps, the control will be switched over to the
servo system to hold that level. As conditions change within the reactor,
the servo usually works the No. 5 shim rod out to nesr its fully withdrawn
position. When this position is reached, the resctor operator will jog the
regulating rods out slowly and the serve will react by inserting ‘ the No. 5
shim rod to com z;sa.ﬂh.wé5 thus restoring the original range of control assigned
to it.

Safety Rods

Each of these has individual driving mes

ng consisting of a permanently
atbached steel supporting cable fastened at the upper end to a winding drum
which, in turn, is coupled through a magnetic clutch to a drive motor
spring-set brake, To withdraw a safety rod, power is applied to the clutch
to engage it, to the motor brake to release it, and %o the motor which turns
the winding drum. Upon reaching the cocked position, motor and bra.ke pover
are cut off automatically and the brake sets, thereby locking the drive and
the rod in position. To insert the rod, either for a routine or a scram
shutdown, the clixseh power is Inberrupted, the clutch rélm'seé s and the rod
falls, under the influemce of grawviby. Just before the rod reaches its fully
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inserted position, the winding drum comtacts a braking disk which dissipates
the kinetic energy in the system, bring the rod to a qhick, smooth stop.

The safety rods are square in cross section, 3 1/2 in. on & sidé and
9 £t long. They are hollow steel ghells, completely lined with 1/16-in.-
thick cadmiwm sheet except for the last 6 in. at the ends; both ends are
closed. The tops are attached to 1ifting cables; and the bottoms are fitted
with coil springs and plunger-type shock absorbers, wirich affords some
~mechanical protection to the rods and seats if the 1ii‘ting cables should
fail. When fully inserted, the axial center of the rods are in a horizontal
plane through the center of the reactor core. |

Each safety rod is worth approximately 185 inhours and its withdrawal
time is 10 sec. Imsertion time is very much shorter, simce the response
0 & scram condition is more importamnt. A safety rod falls to the fully

inserted position within approximately 1 sec after the clutch is de-energized.

Shim Reds

The four horizontal rods are constructéd of boron st@él {1 L/2% boron).
They have square cross sections 1 3/4 in. on a side and are 200 in. long.
They are driven by means of racks pinions and travel spproximately 19 It
between the fully inserted and withdrawn positions., The two rods designated
as shim rods are located in higher neutron flux regions and are the most
effective rods in the reactor, being worth approximately 235 inhours each.

The shim rods are operated through step-up gearing to another rack-and-
pinion drive which is operated by an oil cylinder and piston having a 6-ft
stroke. An electrically driven, constant speed, varisble-output hydraulie
punmp supplies the pr@ssmrizea oil for rod positioning ﬂurmg operation. For

scramming an auxiliary accumilator system is used as the preasurized-oll
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source. This auwxiliary system inciudes two independent accumulators and oil
pumps. The control of the system is arranged to maintain; at all times during
reactor operation, sufficient quantities of oil at adequate pressures to fully
insert both shim rods in case of a scram, regardless of the initial position
of the rods. Transfer from the “operate™ to ﬁhe "scram” comdition is effected
by a solenoid-held, spring-actuated, oil valve which removes the operating

oll pressure from both sides of the shim rod pistons and immediately supplies
sccumlator oil pressure to the insert side of the cylinder. Flow rates are

such that full insertion of the shim rods takes approxime

mly four seconds
maximum.

The No. 6 shim rod, which is usually fully withdrawn during startup and
remains so during operation, has its drive adjusted to withdraw at approxi-
matbely 5.7 in. /sec and to insert at approximately 1l.4 in. /%sm. In selecting
& withdrawal speed, the worth of the rod and other factors must be considered.
A compromise is reached which will allow a reasonably short startup time and
8 reasonably safe rate of increasing the reactivity in the core. For inser-
tion, however, the situation is different. The operation must insure safety;
and it may be desirable to insert absorber very rapidly, to limit an excursion,
for example. Thus, a higher speed is selected.

‘ The No. 5 shim rod, on the other hand, is adjusted to withdraw and insert
at relatively low speeds, since it is controlled by the rather slow acting servo
system. Actual measurement shows 1.42 in./sec for withdrawal and 1.3 in./sec

for insertion to be speeds which work well with the servo.

Regulating Rods
These are nunbéred 1 and 2 and both are motor driven through suitable

step-dm gearing., The drives are provided with spring-set, magnetically
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fel;eased brakes to prevent overtravel. The rods are uéed tc} bring the reactor
wp to eriticality and power; as was noted above, and for comtrol during menuval
operation. The No. 1 rod travels 6.9 in./sec in each direction and provides
relatively close control. The No. 2 rod has two motors, ome of which drives
the rod 4,76 in/sec for closer control. The other mobor provides O.hi&;"in, /sec
travel speeds in either direction and permits very smooth manual control of the
reactar. In addition, rod No. 1 is slightly more éf‘fective *!;.hén No. 2, being
worth 200 inhours compared to 180 inhours. Established procedure requires the
gperator to fully imsert both rods immediately Tollowing every shubtdown in

order to be ready for the next startup.

Bafety Systenm

All troubles developing in the reactor, its auxiliaries, or experimental
installations at the various facilities make their presence known in one or
more of three ways, depending upon their seriousness. Minor ones gound local
alarms only. More serious ones trip appropriste annunciators in the control
room and, in som@ cases, at the trouble site also, while the serious, or
potentially serious, ones scram the reactor immedistely and automstically
upon occurrence. In a few cases, the operator is warmed when potentially
serious conditions obbtain; if no corrective action is taken prompitly, a scram
ensues.

No provision is made for autamabic sebbacks or period scrams. Xenon,
for example;, is no problem so there i1s no minimm time interval in which the
reactor must be restarted following a shutdown to clear anmy trouble. As was
pointed out in the startup procedure sbove, the reactor becomes critical
only after the safety and shim rods have been withdrawm. No true periods

occur during startup except as & result of regulating rod withdrawal.



«126-

Permissives in the control circuits of these rods stop further withdrawal for
periods shorter than approximately 24 sec. When in aubometic operation, the
servo system could conceivably fail in such a way as to add reactivity at
a slow rate for about 60 sec and, therdby, produce a fairly short positive
period. If the operator did not cbserve the period or power level indications
provided on the conbtrol panel, or took no suitable corrective action, the
reactor would be scremmed by one of the safety instruments which limit the
reactor power level.,

~Local alarms for experimenters have po direct bearing on reactor operas
tion and will not be considered here. Two typical alamm-before-scram varisbles
are graphite temperature and accumulator oil level. In both cases, the
situation becomes sericus only if the graphite temperature continues to rise
or if the accumilator oil level continves to fall. In almost all situstions,
it is possiblé to correct the difficulby before the scram condition cbtains
and thus avert a reactor shubtdown. Warning«béfore-scramming signals may
also come from experiments, and since these changé from time to time they
will not be listed here.

The reactor may also be‘ scrammed maxnually from a x_mmber of locatbions.
Two scram switches are located on the control panel, others at building exits,
and the rempinder near various experimﬁtal installations for use in the
event of emergencies. | | |

At the time the conbrol was designed; it was considered necessary to
provide ﬁhe reactor with & number éf safety rods which would be held cocked
ready for immediste insertion at any btime even if the reactor was "down."
The shim rods were designed to be completely effective for all possible
shutdown a.n.d control conditions and were to be depended upon for routine use.

This gave rise to the two msnual screm controls nobed above as being on the



~127-

control panel. One‘ of these, designatbed N@. 1 scram switch, caused all
safety and all shim rods to insert, while the No. 2 scram switch scrammed
only the shim reds. In distribubting the automatic scrams, some were placed
in each scram circuit, the decision presumably being based on the probé,bla‘*
seriousness of the indicated situation or the length of the d@wntim esti-
mated to be needed to effect corrections. Origimally it was expected that
the safety rods would be withdrawn to "i;heii“ eocked position without much
éeldy~ following an all-rod scram. With time, it became apparent that the
rods were capable of conbrolling fuel loedings much larger than any in use
or contémplatad, On this basis, three rods were takem out of service, No. 10
safety and Nos. 3 aﬁd 4 shimg., It | is of interest to note thet the vacant
holes were converted imbo three very valusble experimental facilities. When
the three rods were removed, the comtrol system wa.s revised to operate in the
manner described above; and the No. T safeby was r@émﬂew‘@éﬁ to serve as a
shim rod and is nov considered as guch. Although the syﬁtejmﬁ of two kinds
af scrams is still in use, the practice of maintaining the two r@m.iniﬁg
safety rods in cocked positions during shutdown has been diseontinu@d;.' At
preéem the all-rod scram will be initiasted under any of the following con-
ditionst _ | |

1. If any of the three safety neutron level momitors indicate a power
level greater than 4200 kw.

. 2. If the themnoiaile monitor indicates a power level greater than i;zoo .

3. If the graphite temperabture in the peripheral regions of the
moderator exceeds 50°C. |

Lk, Tf the differential pressure é.c:mss the reactor {proportionate
to the coolant-flow rate) drops below 8 in. H,0, or approximately 50% of

the normal fullepower value.
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5. The deveélopment of sny of several undesirable or wmsafe cgnﬁ.itiens
| in the experiment apparatus at hole 10 or hole 12,

6. If the nuclear radiation intensity at the core exceeds a preset,
below tolerance value.

7. If any manual scram switchés are actuated.

8. If the No. 1 scram switch on the control desk is actuated.

9. If the purchased e‘le‘ctrieai power supply is interrupted. |

The shim-rod type of scram is initiated under anmy of the following
conditions: | -

1. If the inlet coolant flow drops below 2000 Ib/min,

2. If any fuel element cladding temperature exceeds 18500.

3. TUpon the development of any of seveifal undesirable or msa.fe condi-
tioms in the experiment equipment at hole 11 or hele 5l.

L, If the oil level in the accumulators decreases to a value considered
as the minimm quantity which can be safely depended upon to fully insert the
shim rods. ‘

5. If the electrical pmm' supply to the shim rod ”ﬂus“‘ is interrupted.

6. If the No. 2 scram switch on the control pamel is asctuated.

Scram demands always overfttd‘e any other conbrol action requested.

Nucl@ar Instruméntation

Seven chambers. and 8ix boron thermopiles are used for monitoring the

flux level in the resctor. Three uncompensated ion chambers and the thermo-
piles, all effective only in the power range of opersition, are used as part
of the level safety systems to prevemt overpower operation of the reactor.
The six thermopiles are commected in series, and their output is fed to a

single~point strip-chard recorvder calibrated to resd power in kw. Conbacts
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actuated by the recorder scram the reactor if the iﬁdicated power is excessive
(>4200 kw). This conStitu‘ées one safety channel. The three uncompensated
chambers‘ with their associated amplifiers constitubte three additional indepen-
dent safety channels, each set to scram tlie reactor when the 4200 kw power
level is exceeded. Indication only is provided.

Three of the remaining chambers are of the compensated type with their
output displayed on the control panel and mey be considered as part of the
control system. One of the -chanbers feeds a galvanometer which, by means
of multiple shunts, is used to indicate newtron flux level over a range from
near startup values up to and including the power range. This channel was
used exclusively by the operator for determining the reactor flux during
startup and full power operation for many years.

The second compensated chamber is used with a recording microammeter
to indicate flux level, and both are part of the servo system installed iﬁ
1954 to automatically control the .feactor when &t power. The recorder is
mounted in the control panel but is useful for reference only in the power
range. |

The third compensated chamber feeds a Log N and Period channel and pro-
vides flux level and period informetion over a six-decade range from full
power downward. Both types of information are recorded, and the period\
channel is one of two used to inhibit regulating rod withdrawal, as noted
earlier.

The seventh chamber is a uranium fission type which feeds a counting
channel with period auxiliary functions. The chanber is provided with a
positioning mechanism so that it is capable of furnishing flux data from
the power range down into the startup range. Two recorders are provided,

one showing the leg of “the count rate and the other the reactor period.
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This period recorder is the other of two which inhibit regulating rod with-
drawal while short periods exist in the reactor. The count-rate channel

ometer channgl and is

operates at even lower flux levels than does the galvan

useful during startups.

Process .Instmmmat ion

Only those instruments capable of scramming the reactor are of interest

here. These includet
1. A eircularechart récorder for the cooling-air AP across the reactor.
This instrument continuously compares the pressure at the imlet and exit of
the reactor core ag an indicatian of proper flow. Low 2P z’ésults in a séramo
2. A circularschart récorder for monitoring the imlet air flow rate.
Poo low a rate scrams the reactor.
3« A strip-chart recorder mmtorimg one slug in the highatemperature

rature will screm the reactor.

zone of the core. An excessively high slug
Any one of a large mumber of slugs mey be selected for wonitoring by this

recorder, the remminder being checked regularly by other means for comparison.

Block«0ut Panel
It is safe, practical, and highly desirable to be able to start and run

the reactor with cerjain of the sutomabic scram charm@ls rémdered inoperatbive.

For exsmple, an experiment installation which scrammed the reactor because

of some difficulty might readily be chenged from sn operatienal hazard and yet
might require days or weeks of repair work to put i% back .in service. Under
sﬁe’h circmﬂstane«as'& it should be possible torm%art the x-eaa'wr with only a.
minimm of delay. The Block-oub Pangl contains a group of menually opersted
switches which permit the blocking of sslected individual scram contacts to

handle such situations. Werning lights are incorporated in this panél so that
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any responsible person can check the situation at a glance. For the most
éritical scram channeles, the switching is arranged to limit the number of
blocked circuits. |
The following scrams may be blocked at any time:
1. core hole mémitron,
2. most experimental installations considered permanent.
The following scrams cannot all be blocked at any one time but may be
blocked individually by sebtting selector switches.
Switch A
1. cooling air flow or
2, AP across reactor or
3. slug temperature.
Switch B:
1. safety level Hole 33 or
2. safety level Hole 32.
Switch C:
1. thermopile channel or

2. safety level Hole 36.
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APPENDIX V
GRAPHITE OXIDATION DATA

To determine the possible effects of the reactor eﬁvimnment upon com-
bustibility of grapmte s oxidation rates were determined by using samples of
graphite which were mined from several regions of the reactor moderator,
including the high-stored-energy portion. The results of some of these mea.ém'e«
ments are presented in TPable 1. Apparently, exposure to atmospheric air pro-
duces some increase in the oxidation rate of the surface layers of graphite,
being more profound at the higher bemperatures. However, the resulting rates
are very little different from those of virgin graphite and, therefore, are

considered inconseguential.

TABLE 1. EFFECT OF CONTAMINATION ON GXIDA
OF OGR GRAPHITE AT VARIOUS TEMPERATURES

Channel Sample Oxidation Rate (Q% of carbon per gram of sample pex; min)
No. . No.* A%t 300°C At HOOC_ At 500 At 600°C___ At 700°C
1166 A 0.001728  0.005184 0.05184 0.5789 5,510
B 0.003188  ©.007971 0.04384 0.5939 5.118
¢ 0.01753 0.008767 0.05076 0.341k 3.138
1266 A 0.003259  0.006519  0.03911  0.7252 8,022
B 0.02287 0.01191 0.08718 1.072 8.833
¢ 0.01253 0.008716 0.054h7 079k 5,218
1366 A 0.007987  0.04171 0.2396 2.0855 8.6527
B 0.017148  0.05716 0.07275 1.3926 7.6387
o 0,017898  0.01193 0.06231 0.7956 72920

*Sample A contains a surface from a fuel channel
_..Bample B contains a surface from hole 17.

‘Bample C is from the mid-region.







" APPENDIX VI

SUMMARY OF OGR INSTRUMENTS

Present Instrument Complement of the OGR

o No. of
_Designation Chapnels _ Sensing Element Purpose_ Type of Monitor _Action
Safety channels 3 Uncompensated, Linit power level Brown Instrument €os, Scram at
boron=coated, and indicate strip chart, multipoint L4200 kw
ionization chanber opower level recorder. Records all
three channels
Log N chamber 1 Compensated Indicate neutron Ieeds & Northrup Co.; None
boron=coated, level from 107° x strip chart, pen. -
ionization chamber full power to “type; indicating
1 x full power recorder, logarithmic
seale
Log N period Same chanber as Indicate and limit Leeds & Northrup Co.; Prohibits rod
Log N the rate of strip chart; pen withdrawal
increase of power type, indicating . if the period
level recorder, logarithmic is less than
scale 22 sec
Servo chamber 1 Compensated, Provides avtomatic Leeds & Northrup Ce., Maintains
boron-coated, evontroller with strip chart, pen neutron level
ionization signal proportion- type, indicating at demand
chanmber al to the neutron recorder walue
level leeds & Northrup Ce., ’
servo controller
Galvanometer 1 Compensated, Used as a check Ieeds & Northrup Co., None
chanmber boron-coated, instrument both reflecting, current
- ionization in labter start-

chanber, nitrogen
flow required

up range and at

power

type galvanometer

-GET~



Present Instrument Complément of the OGR {continued)

located

No. of ' -
_Channels  Sensing Element Purpose . Type of Monitor . Action
1 Fission chanmber " Indicates neutron Ieeds & Northrup Cos Hone
level over all strip chart, pen
ranges type; indicating
recorder
Count-rate 1 Same chanber as To indicate the Ileeds & Northrup, Co., Prohibits rod
period count-rate meter rate of increase strip chart, pen - withdrawal if
of newbron level type, indicating the period is
in all ranges recorder less than 22
sec
Thermopiles 6 Boron thermopiles, To cbtain a compos=- Brown Instrument Co., Scram at
all 6 seriese ite signal propore strip chart, pen - h200 kw
connected tional to the recorder ‘
thermal neutron flux
cver 2 large portion
of the reactor
Regulating rod 2 Linear-wound To provide a record Ieeds & Northrup Co., None
position indi- potentiometer, and indication of strip chart, pen
¢ator recorder geared to rege the regulating rod recorder, prints beoth:
' . ulating rod positions rod positions
drives
Regulating rod 2 - Belsyn brans- Po indicate the - Selsyn receiver drives KNone
position mitter geared to positions of No. 1 needle on eircular
indicators - regulating rod and No. 2 regula=.  dial indiecator .
drives ting rods
No. 5 shim rod 1 Selsyn transe To indicate the . Selsyn receiver drives None .
position nitter geared to position of No. 5 "needle on circular
' rod drives shim rod dial indicator
L Microswitches, Indicates interval Panel lights operated None
cam operated by of rod travel in by micorswitches
rod drive which rod is o

mgg'i:-
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present Instrument Complement of the OGR _(@oxrtinued)

Designation

No. 6 shim rod
position

Safety rod
positicm

Inleb-air
temperature

Inleteair
temperature

Exit-air
tgmpe;ratum

_Purpcee.

_Type of ‘Monitor

_Action

oo of
_Channels _Sensing Element
8 Mieroswitches, cam
operated by rod
drive
3 gach Microswitches,
per rod operated by rod
withdrawal
mechanism
2 Nickel thermohmss
1 inside building
1 in inlet-air
duct
2 Nickel thermohus
located in inlet-
air duet
1l Nickel thermohm

located in the
gxit-air duct

To indicate the
jnterval of rod
fravel in which
the rod is lo=
cated; also, upper
and lower limits

o indicate the

upper and lower
1imits and center
of travel position
Qf No. 75 NO¢ 83
and No. 9 rods

@y indicate the
temperature of air
leaking into the
reactor; also
normal inlet-alr
in degrees
Fahrenhelt

Po indicate the
inlet-gir dry-bulb;
and web-bulb tem=
peratures ia .
degrees centigraae

To indicate the
exit-air tempera-
ture

Panel lights sctusted

by microswitches

Panel- lights actuated

by microswitches

Teeds & Northrup Co.,
nieromex, strip chart;
pen type, indicating

leeds & Northrup Co.,
micromax, strip chm,

pen type;s indicating

recorder

leeds & Northrup Co.,
wicromex, strip chart,

pen Lypes indicating
recorder

Hone

Hone

None

None

None

-1€T-



Present Instrument Complement of the OGR (Continued)

No. of :
_Designation Chanpels  Sensing Element . __ Purpose Type of Monitor Action
Fuel cladding 1 Thermocouples To indicate and Brown Instrument Co., Beram at 285°C
température atbached to fusl limit fuel element strip chart, pen type,
cladding (type temperatures indicating recorder
I. C. couples) : .
~ho Thermocouples To indicate and Brown Instrument Co.,  None
attached to fuel limit fuel element strip chart, multi-
- eladding (type temperatbures point, indicating
I. C. couples) recorder
Graphite 3 Thermocouples To indicate and Brown Instrument Co., Beram atb 5000
temperatures enbedded in limit the graphite strip chart, multi- in peripheral
graphite blocks temperature point, indicating - region of
located in an recorder moderator
experiment hole ~
Pan and fane 8 Thermocouples Po indicate and Brown Instrument Co., Alarm at
motor bearing (type I. Co) record the cooling- strip chart, multi- 180°F
temperatures , © air fan and fan- point, indicating
motor bearing recorder
+‘emperatures
VWest air mani- 1 Pressure tap .| To indicste, record, Ring Balance Instrument Scram at
fold pressure ' into exiteair and limit the (o., eireular chart, 34 in Héo
manifold negative pressure indiceting recorder bPelow atmos~
: in the exit-air pheric
manifold pressure
Pifferential 1 Pregsure taps - Po indicate and " Ring Balance Instrument Secram if the
alr pressure into the inlet- record the differ- Co., circular chart; AP drops below
‘ and exit-air ential pressure indieating recorder 8 in. HQO

manifolds.

across the reactor,
also limit the
minimom

“QST"



Present Instrument Complement of the OGR {continued)

by the exit-air

filters

week

No. of
Designation  Chapnels  Sensing Element Purpose Type of Monitor Action
Inlet-gixr flow - 1 Pitot-static tube To indicate, record;, Ring Balance Instrument Scram if the
in inlet-air duet and limit the Co.; circular chart, gir flow
- minimum value of the indicating recorder drops below
inlet cooling-air 2000 1b/min
flow
Pitot static Same as for inlet- Indicate the static Meriam Co., menometer, Hone
pressure air flow pressure in the uses oll spg 2.95
inlet-air manifold
Rear-wall Orifice in resr- To indicate the Meriam Co., manometer None
orifice wall coolint differential
differential inlet line pressure across the
pressure rear wall orifice;
permits calculation
of flow rate
Effluent Jonization To indicate and Brown Instrument Co., Alarm at
cooling=air chamber at record the radio- strip chart, pen 2 x the
radicactivity stack bhase activity of the type, indicating normal
stack effluent recorder : reading or
' 1000 curies/2k
hr
Prdbe Oil-soasked cloth To indicate the Lauritzen electroscope; None
probes used guentity of radio- manuval readings taken
-alternately activity particles onee every two hr'
contained in the
exit cooling air
Exit filter Ionization To indicate the Electronic type Alarm at an
radioactivity chamber, air radiocactivity electrometer, manual arbitrary
filled burden contained readings once per value

-6£1~



OGR Instruments Located at the Fan House

No. of
Designation Channels _Sensing Element __-Purpose __Type of Monitor Action
AP mcross exit 8 Pressure taps Fo indicate the Filters No. 1 None, may
filters into the exit- ' pressure differ- Meriam Instrument Co. indicate the
Cell No. Filter No. filter cells ential across menometers (oil,spg need for
1 1, 2 individual filter 0.827) filter
2 1, 2 cells in the exit- Filters No. 2 replacement
3 1, 2 filter house Hays pointer gage
L 1, 2
Static pressure 1 Pressure tap To indicate the Meriam Instrument Co.- Hone
(£ilter house into the filter filter louse exit- manometer
exit: duct) house exit-air air pressure
duct -
g
Differential 1 Pressure taps Po indicate the Meriam Instrument Co. Wone g
pressure across into filter total pressure drop manometer ;
filter house house inlet-~ and across the filter
exit-air ducts house
Weter level {exit 1 Pressure equal-~ To indicate the Mariam Instrument Co. Alarms at low
filber -bouse izing line to water level in the mencometer, bubble~type: water level
canal) tap in canal exit=filter-house pressure equalizer
: canal
Stack effluent 1 Ionization To indicate the Detectolab . rrio e Alarme &t high
radiosctivity chanber in radicactivity of electrometer; Model level
effluent-air the stack effluent DAG
bypass alr and transmit a

signal to the
control-room
recorder



OGR Instruments Located at the Fan House (continued)

on No. 1 and
Ho. 2 fans

load

No. of '

Designation _  Channels Sensing Element Purpose . Type of Monitor __Action
Filter-house 1 Ionization chamber To indicate the ORN1 Model C, a-c Alarms at
radiocactivity ' located in one of radicactivity electrometer, kigh level

filter cells ‘burden contained by sensitivity =z 0.3v,
the exit filters e = 10! through
10 arbitrary wnits
Temperabures Thermocouples To indicate, Leeds & Northrup Co., Alarms and
Mobor bearings 4 (type I. C.) record, and limit . 8trip chart, multi- shuts fans
Fan bearings L the fan and fan- point, indicating down at
Motor oil sumps 2 motor bearing and - recorder ¥igh tem-
Fan oil sumps 2 0il temperstures peratures;
aglarms at
8%
Temperatures: Thermocouples To indicate the Sim-Ply-Trol None
‘Fan suegbion air 1 (type I. C.) fan inlet-air and indicator
Fan discharge air 1 exit-air tempera-
tures
Fanss Pressure taps To indicate the Meriam Company, None
Suction seal depth 2 into: Suction inlet-and exit-seal - dercury-filled
Discharge seal depth 2 seal pits; dis- pit water levels, manometers
Suction pressure 2 charge seal pits, -and the fan inlet-
Discharge pressure 2 fan inlet duct, and exit-air .
fan discharge duct pressures

Fan damper 2 Air-operated To adjust the fan Hagan Company Maintains the
controls pistons connected damper openings indicators and air- proper fan

' to fan dampers for proper fan pressure regulators load

~THT~



0GR Instruments Located at the Fen House (continued)

_Designation 0

0il pressure fans
and: mobors

Fan power maters

.. Fan electrical
supply; voltagé,
current.

Steam fan:

Seal pit depths
Suction pressure
Discharge pressureé

Stesm Fan

(0 ~ 30) palg
A {0« 3 ﬁﬁiﬁ

Oom ai
steam ﬁo - gé o

-

)pmg

= O

ot S o

_Sensing Element

Parpose

Type of Monitor

Action

Pressure taps
into fan- and
motor«bearing oil
gystems

Voltage and
current coils
connected to the
- fan motor elec~
trical supply

Voltage and
current coils
eon Ve (
fan motor elec~
trical supply

Pressure faps |
into Suction and
Discharge seal
pits and the fan
inlet-and exite
air ducts

Pmssure taps
into the aire

and steam-supply

lines

vbad o the |

To indicate the
pressure of the oil
supply to the fan-

and fam-motor

bearings

Po indicate and
record the fan
load

To indicate the
supply voltage and
load current to the
fen mobors

To indicate the
inlet and exit seal
pit water levels
and the fan inlet-
and exit-air
pressures

To indicate the
gteam=fan alr and

steam supply
pressures

Bronze Tube

Duraguages, dial-type

indicators

Esterline Angus, |

strip chart, pen type,

indicateor recorder )

G. B., dial type,
voltage and current
indicators

Meriam Instrument Co.,

mercary filled
manometers

Brounze Tube

Duraguages, dial-type

indicators

Alarm at low

pressure

None -

None

None

Hone

~ZHT-
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Supplementary Instruments for use During Annealing of the OGR
v e o
Designation . Channels _ Sensing Flemenmt Purpose Iype of Monitor Aection
Fuel cladding ~ ho Thermocouples To indicate and Brown Instrument Co., Alarm at
temperatures attached to fuel limit fuel element strip chart;, 16 point, 275°C; scram
eladding (type temperatures multipoint, indicating at 285%
I. Cs) recorder (three each)
and circular disl
indicators
Graphite ~ 160 ‘Thermocouples ‘To indicate and Brown Instrument Co.,  Alarm at
temperatures erbedded in limit graphite strip chart, multi- 2500“; scram
graphite placed ‘temperatures - point, indicating re- at 2859
in fuel channels corder and circular
(type I. C.) dial indicators
Concrete: ~ 15 Thermocouples To indicate and .. . Brown Inéirument €o., Alarm at 90°C;
temperatures enbedded in east Llimit concrete strip chart, multi- scram at
shield (type shield temperatures point indicating 100°¢
I. Co) , recorder
East-air L Pressure ﬁép into To indicate and Circular“chart, Scram at
menifold vacuum east manifold limit the east- indicating recorder « 30 in. H,0
‘manifold vacuum B and shut fans
: down
Inlet-air flow 1 Pitot-static tube To indicate;.record, Girculaé éhart w Scram at
{reversed) in new cross duct and limit the indicating recorder variable
minimum value of value
“the inlet-cooling
air flow
Exitéair flow 1 Pitot-static tube To indicate and Circular chart None

(reversed)

in present exit
duct

record the exit-
coolant flow rate

indicating recorder

~EqTe



Supplementary Instruments for use puring Annealing of the OGR (continueﬂv)*.

No. of

_Designation  Channels Sensing Flement Purpose Type of Monitor Action
Inlet-air flow, 1 Hot-wire . To indicate the Tndiecating, bridge-type None
low renge Anemometer coolant flow rate dial gage

in the lower flow

range ‘
Filter tape 1 G~M tube or To indicate and Brown Instrument Coe, Alarm at
radleaptivity seintdllation record the particu- strip chart, pen type, arbitrary
monitors crystal late radicactivity indicating recorders level

in the exit-air

duct and the stack

effluent
Charceal~trap 1 Ionization To indicate and Brown Instrument Co., Alarm at an
monitor ’ chamber or @=M record the gquantity strip chart, pen type, arbitrary
' tube of gaseous radio- value

activity contained
in the exit-air
gtream

indicating recorder

~#t-
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