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PREFACE

This description of the Oak Ridge Research Reactor (ORR) is intended to serve the
twofold purpose of presenting a reasonably comprehensive picture of the system as a basis
for other more specialized studies and of providing the necessary background material for
the ‘‘Safety Analysis.’”’ The description presented here reflects the design as it was in
January 1967.

This report is basically descriptive in nature and is for the purpose of acquainting the
reader with just what the ORR is and how it operates. Except where necessary for clarity,
design calculations are not included. The interested reader will find in Appendix E a
bibliography of ORR reports that go into more detail on the many aspects of design and
operation.

The information contained herein has been compiled from reports of studies performed
by the various members of the ORR Project during the days of construction and by Opera-
tions Division personne! during the nine years of operation since March 1958. All the
persons who contributed are tooc numerous to list, but special mention is made of F. T.
Binford, C. D. Cagle, S. S. Hurt III, and W. H. Tabor for their guidance in the preparation

of this report.

T. P. Hamrick
J. H. Swanks
Development Department

Operations Division
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THE OAK RIDGE RESEARCH REACTOR:
A FUNCTIONAL DESCRIPTION

T. P. Hamrick

1. INTRODUCTION

1.1 Historical Background and Motivation

The history of the Oak Ridge Research Reactor
(ORR) began in the eatly part of 1950, when it was
determined that a higher-flux reactor facility was
required at ORNL in order to successfully carry
out the various research programs then being under-
taken. The reactor originally selected was a sim-
plified version of the Materials Testing Reactor
(MTR) to operate at a power level of 5 Mw, which
would require a minimum of design and development.
During the initial phase, the proposed design
changed considerably as required by the shift in
emphasis on the experimental programs. With the
operating experience of the MTR and other re-
actors as a guide and the additional data available
in the field of reactor technology, a number of im-
provements were made in the basic design.

The need for improved facilities for experiments
requiring neutron beams, for expanded isotope pro-
duction, and for an irradiation facility to permit
engineering tests of the materials and components
of liquid fuel reactors became increasingly im-
portant. Construction and operation of the ORR
helped meet the requirements for neutron irradiation
space of both the basic and applied research pro-
grams of the Laboratory and met the expanding re-
quirements for radioisotope production at ORNL.

A preliminary proposal which outlined the basic
features of the desired reactor was submitted to
the AEC in March 1954. This proposal was
approved, and a directive was issued pemitting
the use of funds to retain an architect-engineer to
prepare a reactor design on the basis of 5-Mw

J. H. Swanks

operation. A contract, calling for the definitive
design of the building, reactor shielding structure,
and cooling systems, was executed in July 1954
with the McPherson Company of Greenville, South
Carolina. In August 1954, a modification of the
AEC directive was issued authorizing the design
and procurement of the reactor and controls by
ORNL.

In December 1954, a review was made of the
status of the ORR Project coupled with a review
of the requirements for irradiation space. One re-
sult of this review was the decision that sufficient
justification existed to warrant an increase from
the 5-Mw power level to 20 Mw. This increase in
power level was discussed with members of the
Advisory Committee on Reactor Safeguards; and
in March 1955, the following design modifications
were agreed to constitute adequate safeguard
measures considering the design of the reactor,
the location, and the proposed use:

1. Gas containment was provided to an extent that
an accident releasing the volatile fission prod-
uct gases from the reactor core would not con-
stitute a widespread hazard.

2. Available excess reactivity was to be minimized

insofar as was practical.

The effects of experiments installed in the

engineering test facilities would be limited so

that upon failure or malfunction of the installa-
tion, no more than 1.4% reactivity could be
added to the reactor.

w

A modification of the original directive was then
issued providing additional funds to allow design
and installation of equipment necessary for opera-
tion at 20 Mw. Construction of the building, re-
actor shielding structure, and cooling system was



performed by Blount Brothers Construction Company
of Montgomery, Alabama. This contractor was
selected on a competitive lump-sum-bid basis.

Construction was completed in the spring of
1958, and the reactor achieved criticality on
March 21, 1958. At the time the ORR was de-
signed, air-cooled heat exchangers were provided
to give 20 Mw of cooling capacity. Tests made
during the summer of 1958 indicated that the ca-
pacity of the coolers was approximately 25% below
their specified capacity. This meant that during
the summer months the reactor was operated at
15 Mw, with 20-Mw operation possible only during
the winter months. In many cases, experiments had
been designed for a steady 20-Mw power level and,
when power was reduced, could not be operated at
the desired temperatures or neutron fluxes.

To provide experiments with a higher neutron
flux and to realize more fully the potential ca-
pacity of the ORR as a research tool, it was pro-
posed in September 1959 to increase the power
level of the reactor by adding evaporative water
cooling to provide as much as 30 Mw of heat-
removal capacity.

The proposed power increase involved mainly
the evaluation and/or establishment of the follow-
ing: (1) increase in reactor primary coolant flow;
(2) operation of the fuel plates at higher tempera-
tures; (3) reduction of the uncertainties in the tem-
peratures of hot spots which limit the power;

(4) assurance that increased stress or heating
would not damage the reactor tank or other struc-
tures; and (5) provision for emergency pumping
capacity to cool the fuel in the event of an electri-
cal power failure.

Permission to raise the power to 30 Mw was ob-
tained from AEC, and modifications were completed
in the summer of 1960. Since August 5, 1960, the
ORR has been operated at a power level of 30 Mw.

1.2 Brief Description of the ORR

One of the unique features of the ORR is the
location of the reactor tank in a pool of water.
The water provides the necessary shielding for
working above the reactor core and also makes
access to the core as convenient as it is in low-
power pool-type reactors, The majority of experi-
menters desire to place their experiment rigs in
the very high-flux regions in the core and the re-
flector (Fig. 1.1); hence, an easy access to the

core was stressed during the design. The control-
rod drive mechanisms are located below the core,
and the upper grid plate which is usually present
in this type of reactor was replaced by two small,
independent grids (Fig. 1.2). This last feature
makes it possible to leave experiments in the core
region while the reactor is being refueled.

The reactor core is a heterogeneous type which
uses enriched uranium fuel in the form of aluminum-
clad aluminum-uranium alloy fuel plates. A fuel
element consists of an assembly of 19 fuel plates.
Demineralized water serves as the reactor coolant
and moderator. The reflector is composed of an
arrangement of beryllium elements which are
physically interchangeable with each other and
with the fuel elements. The thickness of the re-
flector therefore varies according to the particular
fuel and experiment arrangement in the core.
About 4 ft of ordinary water surrounds the reflector.
Figure 1.3 shows a cutaway view of the reactor
core.

A rectangular aluminum box surrounds the core
and beryllium reflector, and a grid plate is located
below it to provide for the spacing and support of
the fuel and beryllium elements. Fuel elements,
control rods, experiments, and reflector elements
are positioned in a 9 by 7 array by the grid plate
(Fig. 1.1).

The reactor is controlled by vertically position-
ing control rods which are located in the fuel and
reflector regions of the reactor core. Facilities
for up to 12 control rods are provided, but only
6 of these positions are used. The poison sec-
tions of the control rods are approximately as long
as the reactor core height and consist of an
aluminum-jacketed cadmium sheet formed into a
rectangular box. The lower half of the rod con-
sists of a fuel section of the same composition and
general type as the fuel elements, except that only
14 fuel plates are included in the assembly. The
control rods may be used as combination shim-
safety-regulating rods, and the follower sections
may be chosen according to the amount of fuel or
reflector material desired.

The heat-transfer calculations for the ORR were
originally performed considering initial operation
of the reactor at 20 Mw and possible future opera-
tion at the present power level of 30 Mw. Coolant
flow requirements were established as 12,000 gpm
for 20-Mw operation and 18,000 gpm for 30-Mw
operation. A conservative design criterion was
used which assumed the simultaneous occurrence
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of the worst possible mechanical, nuclear, hy-
draulic, and themal conditions in the same physi-
cal location. Data from operating experience of the
MTR were used as an aid in establishing criteria
and as a basis for comparison of calculations

with experimentally observed quantities. Hy-
draulic tests were performed on fuel elements,
control rods, and reflector elements as an integral
patt of the design effort.

The cooling requitements for power operation of
the ORR are provided by two separate cooling
systems. One of these, the reactor cooling system,
is designed to remove the ~30 Mw of energy pro-
duced in the core.

In this system demineralized water as the primary
coolant is pumped through the reactor tank at a
flow rate of about 18,000 gpm. It passes through

the shell side of four heat exchangers, where it
transfers its heat to the secondary coolant, which
is circulated through the tube side of the heat
exchangers. The secondary coolant, treated
process water, is circulated through a conventional
induced-draft cooling tower, which dissipates the
heat to the atmosphere.

Approximately 0.6 Mw of reactor heat is trans-
ferred to the reactor pool by conduction from
heated surfaces and by absorption of radiation.

To dispose of this and up to 0.1 Mw of heat re-
leased by used fuel elements stored in the pool,

a second cooling sy stem, the pool cooling system,
circulates 700 gpm of pool water through the tube
side of a heat exchanger. Here the secondary
coolant, treated process water, absorbs the heat
while circulating through the shell side of the heat
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exchanger. This secondary coolant is then citcu-
lated through a separate conventional induced-
draft cooling tower, which dissipates this heat to
the atmosphere.

Because of the heat generated by the fission
product inventory in the core, it is necessary to
cool the core for a short time following shutdown.
Under normal circumstances, this is done by the
normal cooling system, but in the event of a failure
of power to the main pump motors, adequate cool-
ant flow is maintained by battery-powered dc motors
attached to the shafts of the main coolant pumps.
Any one of these three small motors can provide a
coolant flow sufficient to prevent core damage due
to afterheat.

In a reactor cooling system, the radioactivity
level, corrosion rate, and deposit formation rate

must be closely controlled. At the ORR, these
objectives are met by demineralizing the cooling
water with multiple-bed ion exchange columns.
There are two reactor demineralizer systems, one
on stream and the other on standby, regenerated and
ready for service. Both can be used simultaneous-
ly if conditions warrant it, for example, after a

long shutdown, when the water may contain more
impurities than during normal operation.

It is essential that the primary water have as few
impurities as possible, since it passes through
the high-neutron-flux core region, where impurities
become highly activated, so some cooling water is
continually bypassed through the demineralizers
to remove trace impurities. Most of the components
in the reactor cooling loop are made of aluminum,
although some of the smaller items are stainless
steel. Corrosion products, dissolved gases, and
fission products which result from surface uranium
contamination on the fuel plates constitute most
of the impurities found in the primary cooling loop.

The radioactivity in the ORR pool water would
also build up to an appreciable level if a method
were not provided to remove radioactive ions.

The neutron flux in the pool just outside the re-
actor tank wall is on the order of 103 neutrons
—1 and produces radioactive 2%Na, 1°N,
and other unstable nuclides; therefore, a bypass
demineralizer is used to remove these nuclides
from the pool water.

An additional demineralizer unit, consisting of
separate anion and cation columns, is used in the
reactor primary water system on the effluent from
the degasifier. The primary function of this sys-
tem is to decontaminate any water that expands
from the reactor water system into the pool. An
additional advantage is extra demineralizer ca-
pacity for the reactor water system.

The ORR bypass degasifier is designed to re-
move entrapped or dissolved gases from the water

cm™ ? sec

in the reactor primary cooling system. The air
radioactivity in the reactor building was reduced
significantly when the degasifier was installed.

In addition to the degasifier the ORR gas-removal
system includes several ball-float traps, which
are located above, and connected to, parts of the
reactor water system where gases naturally collect.
These ball-float traps, nomally full of water,
contain valves which open when gas is collected,
thus allowing the gas to bleed into the inter-
connected off-gas system.
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Fig. 1.3. View of the ORR Core and Tank.

A continuous supply of demineralized water is The ORR safety and control systems have been
necessary to supply the shim-rod-drive seals and designed to provide for safe and orderly operation
the bottom-plug seal in the subpile room, to service  of the reactor from a central control room. Essen-
those reactor experiments for which an uninterrupted tially all routine operations, including startup and

supply of demineralized water is required, to shutdown, can be monitored and/or controlled from
supply the reactor pools when makeup is needed, this location.

and to replace water lost from the primary system The control system is designed to relieve the
through cooling and sealing of various bearings operator of routine manipulations by enabling the
and glands. Flow diagrams of the reactor and pool instruments which sense changes in the system

cooling systems are shown in Fig, 1.4 and 1.5. parameters also to initiate the required corrective
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action. This approach is consistent with the
philosophy of using the operator to supervise the
functions of the control system rather than to in-
clude him as an integral part of it. Nevertheless,
certain actions are required of the operator. In
particular, any increase in reactivity beyond that
allotted to the power regulation system will re-
quire concurrence of both the operator and the con-
trol system. The safety system is designed to
seize the initiative from both the operator and the
control system and to initiate immediate corrective
action should any of the significant operating
parameters indicate the onset of an unsafe condi-
tion. Because of certain features incorporated in
the control system, the safety system is very in-
frequently called upon; however, it is independent
of the control system and capable of very fast
response when needed.

The ORR control system and instrumentation
were designed and safety limits determined after
careful analysis of pertinent reactor parameters
such as fuel loadings, shim-rod worth and motion,
moderator, coolant, etc. This design resulted in
the use of instrumentation similar to that installed
in both the LITR and the MTR and, in addition,
contains a provision for an automatic start mode.

Process instrumentation monitors reactor coolant
flow, reactor coolant differential temperature, and
reactor coolant outlet temperature. Signals from
these monitoring instruments initiate a power re-
duction by setback, reverse, or slow scram as
dictated by the relative magnitude of the error
signals. Reactor coolant temperature control dur-
ing a reactor power increase is performed auto-
matically by step-function control of the reactor
cooling system (Fig. 1.6).

The experiments in the reactor are provided with
reactor power-reduction circuits, if required. These
circuits are capable of initiating a setback, re-
verse, or slow scram if a particular experiment
parameter should exceed preset control limits.

As previously pointed out, one of the main ob-
jectives of the ORR operation is to continuously
maintain the reactor at full power level as long as
this is consistent with safety requirements such as
the available coolant flow. To accomplish this,
heat power has been chosen as the basic control
parameter, although it is used indirectly. The
instruments which measure flow and temperature
difference are quite accurate but are characterized
by an inconveniently long response time — several

seconds. Even though an exceptionally fast re-
sponse time is not intrinsically required of the
control system, it is desirable that it be able to
initiate corrective action sufficiently rapidly so
that fast safety action will be only rarely neces-
sary. The required speed of response is obtained
by using the accurate, but delayed, heat-power
information to continually calibrate neutron-flux
measuring devices by adjusting them to agree with
the heat-power information. Block diagrams of
the ORR control system are shown in Fig. 1.7 and
1.8.

The shielding was designed to satisfy the per-
missible radiation dose limitations to individuals
established by the National Bureau of Standards
for a steady operating power of 30 Mw. In unlimited
access areas, the shield design is such as to limit
the maximum dose rate to 0.75 millirem/hr. This
intensity includes the combined effects of all
radiations, and, based upon a 40-hr week and a
50-week year, it represents 30% of the annual per-
missible dose of 5 rems recommended by the NBS
handbooks as an acceptable amount for workers
handling radioactive materials. In limited access
areas, sustained exposure is unlikely and can be
administratively controlled, so higher radiation
levels are permitted there. This fact makes possi-
ble some economy in shield design.

Adequate shielding is provided not only for the
reactor itself but for portions of the primary cool-
ant loop and for the primary and pool coolant
cleanup systems as well. Shielding is also pro-
vided where necessary for the various components
of the off-gas and ventilation systems. The
demineralizers, filters, degasifier, and other equip-
ment are also located in individually shielded cells
or cubicles. Shielding provided for the cells is
supplemented in some cases with direct lead
shielding on the equipment.

The ORR employs the concept of dynamic con-
tainment to prevent the escape of radioactive
gases to the atmosphere. The ORR building is
not sealed airtight to retain radioactive gases that
might be released. Instead, it is maintained as a
partially leak-tight structure. The cell ventilation
system maintains the containment by the con-
trolled exhaust of air from the building at a rate
sufficient to ensure that there is always an inflow
of air at leakage points. The cell ventilation sys-
tem is not a start-on-demand system, but rather it
operates continuously, so that the building is
always under a slight vacuum.
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The Oak Ridge Research Reactor is one of 17
facilities at Oak Ridge National Laboratory
equipped with networks of radiation and air moni-
toring instruments connected to the Laboratory
Emergency Control Center. The network in the
ORR building is also monitored from the ORR con-
trol room. Radiation and Contamination Detection
Systems are installed in the reactor building to
continuously and automatically determine the
radiation condition of the entire facility and to
relay this information to the central control panel-
board in the ORR control room. Should the radia-
tion level or the air activity in a large portion of
the building exceed preset values, an audible
alarm in the building is actuated, warning lights
outside the building flash, and an alam signal is
transmitted to the Laboratory Emergency Control
Center.

Complete descriptions of the individual com-
ponents of the system are found in appropriate
sections of this report.

2. REACTOR SITE

2.1 Location

The ORR and its ancillary facilities are located
in the Roane County portion of the AEC reservation
at Oak Ridge, Tennessee, and are shown on maps
of increasing scale in Figs. 2.1 to 2.6. The ORR
is located in the ORNL, X-10 site. It is 100 ft
directly east of Building 3001 (the ORNL Graphite
Reactor, now shut down), 50 ft directly south of
Building 3005 (the Low-Intensity Testing Reactor),
and 100 ft southwest of Building 3010 (the Bulk
Shielding Reactor).

The ORR is located within the well-established
ORNL controlled-access area. Adequate person-
nel- and visitor-control policies have been es-
tablished so that only necessary operating per-
sonnel and persons having legitimate business are
permitted within the immediate area around the

12

ORR. Approximately 70 people are present in the
reactor building during normal day-shift hours with
only 4 people normally required for off-shift opera-
tion.

2.2 Population Density

The total population of the four counties (Ander-
son, Knox, Loudon, and Roane) nearest the ORR
site is 370,145. Of this number, 177,255 are
located in cities with populations of more than
2500 persons. The rural population density in
these four counties is about 135 persons per
square mile. The average population density
within a radius of 27.5 miles of the ORR site,
as determined from the data in the 1960 census,
is 147 persons per square mile. Table 2.1 lists
the populations of the surrounding communities
which have a population of over 500, together
with their distance and direction from the ORR
site. The rural population density in the four
surrounding counties and in two other nearby
counties is given in Table 2.2. A number of
plants are located within the AEC-controlled area
and nearby; the approximate number of employees
located in each plant is given in Table 2.3. These
data indicate the total employment at each facility
and do not attempt to show the breakdown according
to shifts. However, practically all of these em-
ployees work the normal 40-hr week.

An estimate has been made of the distribution of
the resident population in each of the 16 adjacent
221/2-deg sectors of concentric circles originating
at the ORR. Eight different incremental distances
from the ORR site were considered: 0-0.5, 0.5-1,
1-2, 2-3, 3—4, 4--5, 5-10, and 10-20 miles radii.
The estimated resident population distribution is
given in Table 2.4. These data are representative
of the population in this area at all times. Very
little variation is experienced owing to either part-
time occupancy or seasonal variation. Population
density in the area has been reasonably stable for
a number of years and is expected to remain so.
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Fig. 2.3. Twenty-Mile Radius Circle of Site.
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Table 2.1. Population of the Surrounding Towns? Based on 1960 Census

Distance Percent of Time
City or Town from ORR Direction Population Downwind

(miles) Night Day
Oak Ridge 5-12 NNE 27,124 5.6 5.5
Lenoir City 9 SSE 4,979 4.3 6.0
Oliver Springs 9 N 1,163 2.3 2.7
Martel 9 SE 500% 1.4 2.8
Coalfield 9 NW 650° 0.5 1.1
Windrock 13 N by W 550% 2.3 2.7
Kingston 11 wsw 2,010 9.5 11.3
Harriman 13 w 5,931 2.2 3.7
South Harriman 13 w 2,884 2.2 3.7
Petros 14 NW by N 790° 1.4 2.8
Fork Mountain 16 NNW 700° 2.3 2.7
Emory Gap 15 w 500? 2,2 3.7
Friendsville 15 SE 606 1.4 . 2.8
Clinton 17 NE 4,943 1.6 9.0
South Clinton 17 NE 1,356 11.6 9.0
Powell 17 ENE 500% 8.3 6.8
Briceville 20 NNE 1,217 5.6 5.5
Wartburg 20 NW by W 800° 1.4 2.8
Alcoa 20 ESE 6,395 2.0 2.0
Maryville 21 ESE 10,348 2.0 2.0
Knoxville 18-25 E 111,827 1.5 2.7
Greenback 20 Sby E 960° 5.5 4,9
Rockwood 21 W by S 5,343 2.2 3.7
Rockford 22 SE 5,345 1.4 2.8
Fountain City ¢ 22 ENE 10,365 8.3 6.8
Lake City 23 NNE 1,914 5.6 5.5
Norris 23 NNE 1,389 5.6 5.5
Sweetwater 23 SSW 4,145 8.4 12.7
Neubert 27 ENE 600° 8.3 6.8
John Sevier 27 E 752b 1.5 2.7
Madisonville 27 S 1,812 5.5 11.9
Caryville 27 N by E 1,234° 9.5 6.1
Sunbright 30 NW 600° 0.5 1.1
Jacksboro 30 N by E 679 8.4 12.7

®S. E. Beall, R. B. Briggs, and J. H. Westsik, Addendum to ORNL CF-61-2-46, Molten-Salt Reactor
Experiment Preliminary Hazards Report, pp. 55-56 (Aug. 14, 1961).

b1950 census.

°Now part of Knoxville.
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Table 2.2. Rural Population in Surrounding Counties?

Estimated Population

Total Density (number
County Areab Rural of people per Within Within Within
(square miles) Population® square mile) 10-Mile 20-Mile 30-Mile
Radius Radius Radius
Anderson 338 26,600 79 395 14,200 22,800
Blount 584 38,325 66 0 6,720 23,200
Knox 517 138,700 238 13,100 46,400 96,000
Loudon 240 18,800 78 6,080 16,900 18,700
Morgan 539 13,500 25 225 3,625 8,630
Roane 379 12,500 33 3,070 9,170 11,110

43. E. Beall, R. B. Briggs, and J. H. Westsik, Addendum to ORNL CF-61-2-46, Molten-Salt Reactor
Experiment Preliminary Hazards Report, pp. 55—56 (Aug. 14, 1961).

bpoes not include area within Oak Ridge reservation.

©1960 census — does not include communities with a population of 500 or more.

Table 2.3. Number of Employees in Specific Oak Ridge Areas

Estimated August 1966

Distance Number
Plant or Area from ORR Direction of Employees
(miles) Group Total

ORNL

X-10 area personnel 0~0.50 3400

Construction personnel 0-1.25 200

7000 area personnel 1.0 E 300

Melton Valley personnel 0.75-2.50 SE 110

Total 4010
ORGDP

ORGDP area personnel 5.0 w 2500

Construction personnel 5.0 w 70

Total 2570
Y-12

Y-12 area personnel 5.0 NE 5500

ORNL personnel 5.0 NE 1000

Construction personnel 5.0 NE 300

Total 6800
University of Tennessee 5.0 NE 160

Agricultural Research Laboratory
Bull Run Steam Plant

Normal operating personnel 11.5 NE 180

(one unit)
Construction personnel 11.5 NE 620
Total 800




Table 2.4. Estimated Population Distribution
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Radius Sector

(Miles) N NNE NE ENE E ESE SE SSE
0-0.5 0 0 0 [¢] 0 0 0 0
0.5—-1 0 0 0 0 0 0 0 0
1-2 0 0 0 0 0 0 0 0
2-3 0 0 0 0 0 41 20 0
3-4 0 0 0 0 0 87 40 20
45 0 0 0 87 87 90 60 40
5—10 7944 20,428 460 7,706 7,706 7,706 783 6546
10--20 5320 13,318 6650 56,414 55,914 23,131 6388 5660
Radius Sector

(Miles) s SSW SwW WSW W WNW NW NNW
0-0.5 0 0 0 0 0 0 0 0]
0.5—~1 0 0 0 0 0 0 0 0
1-2 0 0 0 0 0 0 0 0
2--3 90 90 90 45 0 0 0 0
3-4 135 135 135 45 0 0 0 0
45 180 180 180 45 2,751 0 0 200
5-10 1567 1564 781 781 781 781 781 781
10-20 4700 4700 1563 3573 16,741 2542 1500 4190

2.3 Geophysical Features

2.3.1 Meteorology

Oak Ridge is located in a broad valley between
the Cumberland Mountains, which lie to the north-
west of the area, and the Great Smoky Mountains,
which lie to the southeast. These mountain ranges
are oriented northeast to southwest. The valley
between them is corrugated by broken ridges 300
to 500 ft high oriented parallel to the main valley.
The local climate is noticeably influenced by
topography.

Temperature. ! — The coldest month is normally
January, but differences between the mean temper-
atures of the three winter months of December,
January, and February are comparatively small.
July is usually the hottest month, but differences

1U.S. Department of Commerce, Weather Bureau,
Local Climatological Data with Comparative Data
1962, Oak Ridge, Tennessee, Area Station (X-10).

between the mean temperatures of the summer
months of June, July, and August are also com-
paratively small. Mean temperatures of the

spring and fall months progress in orderly fashion
from cooler to warmer and warmer to cooler,
respectively, without a secondary maximum or
minimum. Temperatures of 100°F or higher are
unusual, having occurred during less than one-half
of the years of the period on record, and tempera-
tures of zero and below are rare.

The annual mean maximum and minimum temper-
atures are 69.4 and 47.6°F, respectively, with an
annual mean temperature of 58.5°F. The extreme
low and high temperatures are — 10°F and +103°F,
recorded in January 1966 and September 1954
respectively. Table 2.5 lists the average monthly
temperature range based on the period 1931 to
1960, adjusted to represent observations taken at
the present standard location of the weather station.

Vertical Temperature Gradient. — Information on
the temperature gradient and mean wind speed for
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Precipitation. 3 — Precipitation in the ORNL
area is normally well distributed throughout the 0
year, with the drier part of the year occurring in

Table 2.5. ORNL Climatological Standard ORNL-DWG 63-2543
Normal Temperatures (1931-1960) [] oar NIGHT
20
Temperature (°F)
Month
Maximum Minimum Average 15 WINTER
January 48.9 31.2 40.1 10
February 51.6 31.8 41.7
March 58.9 37.0 48.0 5
April 70.0 46.3 58.2
May 79.0 54.8 66.9 Y
June 86.1 63.3 74.7 20
July 88.0 66.7 77.4
August 87.4 65.6 76.5
September 83.0 59.2 71.1
October 72.2 47.7 60.0
November 58.6 36.5 47.6
December 49.4 31.3 40.4
Annual 69.4 47.6 58.5
: [ LT
each month is found in a recent report on meteorol- : 15 1T SUMMER
ogy of the Oak Ridge area.? The seasonal and Q o n
annual averages as derived from this information 4
are presented in Fig. 2.7. S 5 ' |
o
w

the early fall. Winter and early spring are the 20
seasons of heaviest precipitation, with the monthly 5
maximum normally occurring from January to March.
A secondary maximum, due to afternoon and evening 10
thundershowers, occurs in the month of July.
September and October are usually the driest 5
months.
The average and maximum annual precipitations 0
are 51.52 and 66.2 in. respectively. The maximum 20
rainfall in the area in a 24-hr period was 7.75 in.,
recorded in September 1944. The recurrence 15 ANNUAL
interval of this amount of precipitation in a 24-hr A—I
period has been estimated to be about 70 years. 10
The greatest average monthly precipitation normally
occurs in March and has a value of 5.44 in. 5
The average monthly precipitation is given in
Table 2.6. 0

-24 1.7 —-4.0 -0.3+0.4 +14 +1.8 +2.5
TEMPERATURE GRADIENT PER 100 ft {°F)

2W. F. Hilsmeier, Supplementary Meteorological
Data for Oak Ridge, OR0Q-199 (Mar. 15, 1963).

3yu.s. Department of Commerce, Weather Bureau,
Local Climatological Data with Comparative Data
1962, Oak Ridge, Tennessee, Area Station (X-10).

Fig. 2.7. Vertical Temperature Gradient.



Table 2.6. ORNL Average
Monthly Precipitation Data

Month Precipitation
(in.)

January 5.24
February 5.39
March 5.44
April 4.14
May 3.48
June 3.38
July 5.31
August 4,02
September 3.59
October 2.82
November 3.49
December 5.22

Total 51.52

Light snow usually occurs in all the months from
November to March, but the total monthly snowfall
is often only a trace. The total snowfall for some
winters is less than 1 in. The average annual
snowfall for the period from 1948 to 1961 was 6.9
in. The maximum snowfall in a 24-hr period was
12.0 in., which occurred in March 1960. The largest
monthly snowfall (21.0 in.) also occurred in March
1960.

The heavy fogs that occasionally occur are almost
always in the early morning and are of relatively
short duration.

Wind. 4 — The valleys in the vicinity of the ORNL
site are oriented northeast to southwest, and con-
siderable channeling of the winds in the valley
occurs. This is evident in Fig, 2.8, which shows
the annual frequency distribution of winds in the
vicinity of ORNL. The flags on these wind-rose
diagrams point in the direction from which the
wind comes. The prevailing wind directions are
up-valley from southwest and west-southwest
approximately 40% of the time, with a secondary
maximum of down-valley winds from northeast and
east-northeast 30% of the time. The prevailing
wind regimes reflect the orientation of the broad
valley between the Cumberland Plateau and the
Smoky Mountains, as well as the orientation of

*Aircraft Reactor Experiment Hazards Summary
Report, ORNL-1407 (Nov. 24, 1952).
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the local ridges and valleys. The gradient wind
in this latitude is usually southwest or westerly,
so the daytime winds tend to reflect a mixing of
the gradient winds. The night winds are the
results of drainage of cold air down the local
slopes and the broader Tennessee Valley. The
combination of these two effects, as well as the
daily changes in the pressure patterns over this
area, gives the elongated shape to the typical
wind roses.

During inversions, the northeast and east-
northeast winds occur most frequently, usually
at the expense of the southwest and west-southwest
winds. The predominance of light northeast and
east-northeast winds under stable conditions is
particularly noticeable in the summer and fall,
when the lower wind speeds aloft and the smaller
amount of cloudiness allow the nocturnal drainage
patterns to develop.

Wind roses prepared from five years (1956 to
1960) of data? are shown in Figs. 2.9 and 2.10.
These represent the wind direction, its frequency,
and the percent calm under inversion and lapse
conditions in the ORNL area.

Considerable variation is observed in both wind
speed and direction within small areas in Bethel
Valley. In general, at night or under stable condi-
tions, the winds tend to be from the northeast or
east-northeast and rather light in the valleys,
regardless of the gradient wind. However, strong
winds aloft will control the velocities and direc-
tions of the valley winds, reversing them or
producing calms when opposing the local drainage.
During the day, the surface winds tend to be in the
same direction as winds aloft, with increasing
conformity as the upper wind speed increases.
Only with strong winds aloft or winds parallel
to the valleys would it be of value to attempt to
extrapolate air movements for any number of miles
by using valley winds. In a well-developed stable
situation, however, a very light air movement will
follow a valley as far as the valley retains its
structure, even though the prevailing winds a few
hundred feet above the ground are in an entirely
different direction. In any particular valley loca-
tion, the wind direction will be governed by the
local valley wind regime and the degree of coupling
with the upper winds. *

A comparison of pilot balloon observations made
throughout 1949 and 1950 at Knoxville and Oak
Ridge shows that above about 2000 ft the wind
roses at these two stations are almost identical.
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Fig. 2.8. Annual Frequency Distribution of Winds in the Vicinity of ORNL.



This similarity of data makes possible the use
of the longer period of record (1927 to 1950) for
Knoxville and tends to minimize the importance
of abnormalities introduced by the use of the
short record at Oak Ridge.

WINTER

(4515 obs)

SUMMER

(4434 obs)

25

Annual wind roses are shown for Knoxville
(1927 to 1950) in Fig. 2.11. Since pilot balloon
observations are made only when low clouds,
dense fog, and precipitation are absent, they are
not representative of the upper wind at all times.

ORNL—DWG 63—2944R
SPRING

( 3959 obs)

FALL

( 4792 obs)

Wind speed, mph

% Calm

1-4 5-9 10-14 15419 2 20

% Frequency

5

15 20

"""

[

1]

1956 -1960 Data

Fig. 2.9. ORNL Area Seasonal Wind Roses, Inversion Conditions.
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Three years of radio wind-balloon data for Nash- indicates that the modes for winds above 3000 m
ville (1947 to 1950) are available. These are above mean sea level should be shifted to west
observations taken without regard to the current instead of west-northwest when observations with
weather at the time of observation. Comparison of rain are included in the set.

these wind roses for Knoxville and Nashville

ORNL-DWG 63-2943R
WINTER SPRING

SUMMER

( 6011 obs)
Wind speed, mph
% Calm
.4 5-9 10-14 1519 > 20
% Frequency
0 5 10 15 20

"a" «" I

1956 -1960 Data

Fig. 2.10. ORNL Area Seasonal Wind Roses, Lapse Conditions.
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DWG. 16972
KNOXVILLE PIBAL NASHVILLE PIBAL NASHVILLE RAWIN NASHVILLE RAWIN
ALL OBS. PRECIPITATION
500m
B0
7/|\~
25659 Obs. 20321 Obs. 3341 Obs. 239 Obs
1500m
23449 Obs. 17940 Obs. 3269 Obs. 227 Obs.
3000m
14710 Obs. 12276 Obs. 3193 Obs. 217 Obs.
6000m
3692 Obs. 2964 Obs. 2684 Obs. 170 Obs.
10000m

536 Obs. 717 Obs.
% Calm Wwind Speed M. P H. % Frequency
(1o 11-33 34-56 57-85 86-114 15+ 10 0 10 20 30

"o
PIBAL —PILOT BALLOON VISUAL OBSERVATIONS
RAWIN—RADIO WIND BALLOON OBSERVATIONS

Fig. 2.11. Wind Roses at Knoxville and Nashville for Various Altitudes.
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Table 2.7. Atmospheric Stability
Constants at Oak Ridge®

Table 2.8. Summary of Seasonal Frequency

of Inversions

Condition Occurrence (%) Season Frequency of Inversion (%)
A Never Winter 31.8
B 8 Spring 35.1
C 40 Summer 35.1
D 20 Fall 42.5
E 22 Annual 35.9
F 10

4. F. Hilsmeier, AEC-ORO, to T. H. Row, ORNL,
private communication, June 27, 1963.

The northeast to southwest orientation of the
valley between the Cumberland Plateau and the
Smoky Mountains influences the wind distribution
over the Tennessee Valley up to an altitude of
about 5000 ft, although the variations in the
Valley do not extend above about 2000 ft. Above
about 5000 ft, the southwesterly mode is dominated
by the prevailing westerlies usually observed at
these latitudes.

Previous investigation of the relation of wind
direction to precipitation indicated that the
distribution in wind directions is little different
from that of wind observations made without
precipitation.* This is consistent with the
experiences of forecasters to the extent that there
is little correlation between surface wind direc-
tion and rain, particularly in rugged terrain.
Figure 2.11 shows the upper winds measured at
Nashville during the period 1948 to 1950 when
precipitation was occurring at observation time.
In general, the prevailing wind at a given level
is shifted to the southwest from west and to the
south-southwest from the southwest, with the
shift being most marked in the winter. Wind
velocities are somewhat higher during the
occurrence of precipitation.

Tornadoes rarely occur in the valley between
the Cumberlands and the Great Smokies, and it
is highly improbable that winds stronger than
100 mph would ever occur at the ORNL site.

Atmospheric Diffusion Characteristics. — The
method proposed by Pasquill® is widely used to

Sp. Pasquill, ‘“The Estimation of the Dispersion of
Windborne Material,” Meteorol. Mag. 90(1063), 33
(1961).

calculate the dispersion of airborne materials in
the lower atmosphere. This method requires a
knowledge of two parameters known as the hori-
zontal and vertical dispersion coefficients. These
coefficients have been tabulated according to the
stability of the lower atmosphere for six different
conditions, identified as A to F, Condition A
represents extreme instability, and condition F
represents extremely stable conditions. Table
2.7 gives the frequency of these various condi-
tions at the ORNL site.

A study® of the average duration of inversions
in the Oak Ridge area indicates that they have a
length of 8 hr during winter, 9 hr during spring, 9
hr during summer, and 10 hr during fall.

The percentage of time during which inversion
conditions exist is given for the four seasons in
Table 2.8.

Atmospheric contamination by long-lived fission
products and fallout occurring in the general en-
vironment of the Oak Ridge area is monitored by a
number of stations surrounding the area.” This
system provides data to aid in evaluating local
conditions and to assist in determining the spread
or dispersal of contamination should a major
incident occur.

Environmental Radicactivity. — Data on the
environmental levels of radioactivity in the Oak
Ridge area’ are given in Tables 2.9 through
2.12,

®W. M. Culkowski, AEC-ORO, to T. H. Row, ORNL,
private communication, July 8, 1963,

7Applied Health Physics Annual Report for 1962,
ORNIL.-3490 (Sept. 25, 1963).
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Table 2.9. Concentration of Radioactive Materials in Air = 1962

Averaged weekly from filter-paper data

Number of Particles by Activity Rangesa

Station Long-Lived p p s o - 7 Particles
No Location Activity <10 10°-10 10°-10 >10 per

(uc/cm®)  dis/24 hr dis/24 hr dis/24 hr dis/2a he 1021 1000 3

Laboratory Area
x 10713
HP-1 S 3587 38 128 1.6 0.00 0.00 129 3.1
HP-2 NE 3025 43 122 1.9 0.04 0.00 124 3.5
HP-3 SW 1000 37 129 2.1 0.10 0.02 131 2.1
HP-4 W Settling Basin 21 91 1.2 0.04 0.00 93 1.6
HP-5 E 2506 51 115 1.2 0.04 0.04 117 3.9
HP-6 SW 3027 33 136 1.5 0.02 0.02 137 2.4
HP-7 W 7001 40 115 1.8 0.00 0.00 117 2.3
HP-8 Rock Quarry 39 132 1.5 0.00 0.02 133 2.5
HP-9 N Bethel Valley Rd. 31 145 1.6 0.00 0.00 146 2.3
HP-10 W 2075 38 126 1.3 0.00 0.00 128 3.1
Average 37 124 1.6 0.02 0.01 125 2.7
Perimeter Area
HP-31 Kerr Hollow Gate 34 135 1.6 0.04 0.04 137 2.7
HP-32 Midway Gate 37 132 2.1 0.02 0,00 134 2.6
HP-33 Gallaher Gate 32 113 1.4 0,00 0.02 114 2,2
HP-34 White Wing Gate 34 153 1.5 0.00 0.00 155 3.0
HP-35 Blair Gate 39 168 1.6 0,00 0.02 169 3.3
HP-36 Tumpike Gate 39 158 2,2 0.02 0.04 161 3.2
HP-37 Hickory Creek Bend 34 114 1.6 0.02 0.00 115 2.3
Average 36 139 1.7 0.01 0.02 141 2.8
Remote Area

HP-51 Norris Dam 43 139 2.3 0.04 0.00 141 2.6
HP-52 Loudon Dam 42 130 2.8 0.10 0,00 133 2.4
HP-53 Douglas Dam 44 150 2.6 0.02 0.00 153 2.8
HP-54 Cherokee Dam 40 164 2.4 0,04 0.02 167 3.0
HP-55 Watts Bar Dam 45 157 2.0 0.04 0.00 159 2,9
HP-56 Great Falls Dam 46 166 2.3 0.00 0,00 168 3.1
HP-57 Dale Hollow Dam 38 171 1.6 0.00 0.04 172 2.9
Average 43 154 2.3 0.03 0.01 157 2,8

?Determined by filtration techniques.
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Table 2.10. Radioparticulate Fallout — 1962

Averaged weekly from gummed paper data

Number of Particles by Activity Ranges

) Long-Lived Total

Station Location Activity <10°  10°-10° 105-107  >107 Tota] Particles
No. (uc/ce)  dis/24 hr dis/24 hr dis/24 hr dis/24 hr per ft2
L.aboratory Area
x 10713

HP-1 S 3587 15 79 2.1 0.12 0.06 81 42
HP-2 NE 3025 17 88 2.3 0.04 0.06 91 49
HP-3 SW 1000 15 83 2,0 0.15 0.06 86 42
HP-4 W Settling Basin 14 73 2.3 0.08 0.04 75 48
HP-5 E 2506 14 86 2,0 0,08 0.04 91 50
HP-6 SW 3027 16 101 2.9 0.02 0,02 104 61
HP-7 W 7001 15 89 2.4 0,02 0.06 92 49
HP-8 Rock Quarry 17 89 2,6 0.00 0.08 91 46
HP-9 N Bethel Valley Rd. 16 88 2,9 0.06 0,12 91 41
HP-10 W 2075 15 100 2.3 0.04 0.00 103 55

Average 15 88 2.4 0,06 0.05 91 48

Perimeter Area

HP-31 Kerr Hollow Gate 17 103 2.13 0.13 0.10 105 47
HP-32 Midway Gate i6 99 2.6 0.10 0.06 102 46
HP-33 Gallaher Gate 14 82 2.4 0.10 0.00 85 42
HP-34 White Wing Gate 18 104 2,2 0.19 0.08 106 47
HP-35 Blair Gate 15 124 2,0 0.06 0.04 126 50
HP«36 Turmpike Gate 16 109 3.5 0,08 0,02 112 57
HP-37 Hickory Creek Bend 16 85 2.3 0.04 0.08 87 a7

Average 16 101 2.5 0,10 0.05 103 48

Remote Area

HP-51 Norris Dam 14 86 2,2 0,12 0.04 89 36
HP-52 Loudon Dam 13 70 2,7 0.06 0.06 73 29
HP-53 Douglas Dam 13 77 2,7 0.06 0,08 80 35
HP-54 Cherokee Dam 14 81 2,9 0.13 0.06 84 35
HP-55 Watts Bar Dam 16 81 2.2 0.14 0,08 83 37
HP-56 Great Falls Dam 14 98 2.2 0.06 0.02 100 39
HP-57 Dale Hollow Dam 14 96 2,0 0.08 0,06 98 33

Average 14 84 2.4 0,09 0.06 87 35
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Table 2.11. Concentration of Radioactive Materials in Rainwater — 1962

Averaged weekly by stations

Station Activity in Coliccted Rainwater

No. Location

(e/cm™)

Laboratory Area

x 10~7
HP-7 W 7001 10.3
Perimeter Arec

HP-31 Kerr Hollow Gate 11
HP-32 Midway Gate 12
HP-33 Gallaher Gate 10
HP-34 White Wing Gate 11
HP-35 Blair Gate 11
HP-36 Turnpike Gate 10
HP-37 Hickory Creek Bend 11

Average 11

Remote Area

HP-51 Norris Dam 14
HP-52 Loudon Dam 11
HP«53 Douglas Dam 13
HP-54 Cherokee Dam 11
HP-55 Watts Bar Dam 14
HP-56 Great Falls Dam 16
HP-57 Dale Hollow Dam 11

Average 13

Table 2.12. Radioactive Content of Clinch River — 1962

Concentration of Nuclides of Primary Concern in

Average Concentration of a
. Units of 10~8 ;L(:/cm3 . . (MPC)W Percent of
Location Total Radioactivity 10-9 [tc/cma (MPC)
Sr90 Cel44 Csl37 Ru103—106 C060 ngS—Nbgs l0—8 [Lc/cm3 w
Mile 41.5 0.16 0.14 0.02 0.78 b 0.42 1.5 0.90 1,7
Mile 20.8° 0.15 0.02 0.09 21 0,18 0.09 34 4.6 7.4
Mile 4, Sd 0.34 0.20 0,07 16 0.32 0.54 17 3.5 4.9

aWeighted average calculated for the mixture, using (MPC)w values for specific radionuclides recommended in NBS Handbook 69,

bNone detected.

“Values given for this location are calculated values based on the levels of waste relgased and the dilution afforded by the river.

dCemer’s Ferry (near Kingston, Tenn., just above entry of the Emory River).
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2.3.2 Regional Topography and Geology

The area under consideration is within the Oak
Ridge Reservation in Roane and Anderson Counties,
Tennessee. White Oak Creek is a tributary of the
Clinch River, entering that river from the north
bank just above Jones Island at about mile 20.8
of the Clinch. The watershed of the creek, which
extends in a generally northeast direction from its
mouth, has an area of 6 sq miles and is roughly
diamond shaped. It lies primarily in Roane County,
with a very small portion of the upper watershed
in Anderson County.

The topography is typical of the Valley and
Ridge area, characterized by ridges and valleys
running northeast to southwest, which are a result
of the geological structure and stratigraphy. The
rocks in the area dip 20 to 30° in approximately a
southeasterly direction. The more resistant rocks
support the ridges, and the less resistant ones
have been eroded to form the valleys. The same
formations are repeated by the intervention of a
major thrust fault. Elevations in the area range
from about 750 ft where White Oak Creek enters
the Clinch River to 1356 ft at Melton Hill, giving
a maximum relief of about 600 ft. The ground
elevation at the ORR is about 820 ft.

Four principal rock formations are present in the
area: the Rome sandstone, of Cambrian age; the
Conasauga shale, also of Cambrian age; the
Chicamauga limestone, of Ordovician age; and
the Knox dolomite, of Cambro-Ordovician age.

The Rome formation, which forms Haw Ridge,
consists of evenly bedded, fine-grained sandstone
and shale of red, green, and other colors. In the
Oak Ridge area the Rome formation is more than
1000 ft thick.

Layers of the Rome formation dip beneath the
Conasauga shale, which underlies all of Melton
Valley. Although the residual material that covers
the Conasauga is quite uniform in appearance, the
formation may be subdivided into four distinct
types of rocks on the basis of core drilling. At
its base is a zone of dark-red silty shale about
300 ft thick with numerous thin beds of light-green
sandstone, Overlying this layer is about 450 ft
of dark-gray calcareous shale with numerous thin
beds of light-gray crystalline limestone. Above
this is a transitional zone of interbedded shale
and limestone. The top zone of the Conasauga,
which forms the northwest slope of Copper Ridge,
is predominantly limestone. In Bear Creek Valley
this zone is about 300 ft thick.

In Bethel Valley, the Knox group of formations,
about 2600 ft thick, lies above the Conasauga. It
consists largely of light- to dark-gray cherty
dolomitic limestone. It is a ridge former and
underlies Haw Ridge, immediately southeast of
Bethel Valley, and Chestnut Ridge, immediately
northwest of Bethel Valley. The Knox is nearly
everywhere covered by a cherty residual white
to red clay soil that ranges from 30 to more than
100 £t in thickness.

The Chicamauga limestone, which stratigraph-
ically overlies the Knox, underlies Bethel Valley,
in which the X-10 plant is located. This unit,
which is about 1000 ft thick in the area, consists
of thinly bedded limestone and shale. Bedrock is
overlain by a thin blanket of residual clay soil
rarely more than 10 ft thick.

2.3.3 Regional Hydrology

Groundwater. — Information on the occurrence of
groundwater in the sandstone and shale of the
Rome formation is sparse, since few wells have
been drilled in the formation. However, the Rome
is well expressed in many road cuts through the
water gaps in Haw Ridge; observations of its
physical properties indicate that the formation is
probably quite impermeable and that the rate of
groundwater movement through it is relatively
low.

The Chicamauga limestone formations in Bethel
Valley are almost devoid of permeability below a
depth of about 100 ft. Exploratory drilling in Bear
Creek Valley, which is underlain by the Conasauga
group, indicated that limestones in the upper part
of the Conasauga contain cavities several feet
wide and extending at least 100 ft below the
surface.

In general, the ability of the Conasauga to
transmit water or other fluids increases with
increasing lime content. Hence the lower two
members, which underlie the northwest side of
Bethel Valley, transmit water less readily than the
more limy upper members, which underlie the valley
to the southeast. Observations of water levels in
wells in Bethel Valley indicate that the water table
may be as much as 60 ft below the land surface on
upland areas, but at points of lower elevation
along White Oak Creek it is at or just beneath the
ground surface.

Groundwater in the Knox formation occurs in, and
moves through, solution cavities, some of which
are cavernous. There are many sinkholes in the

Y
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Table 2.13. Stream Flow at Various Stations on White Oak Creek and Melton Branch

Drainage Records Number Average Maximum Minimum Daily Discharge
Area Available of Discharge Discharge py .
(sq miles) Years (cfs) Cfs Date
White Oak Creek at White Ook Lake Dam
6.0 7/1953--9/1955 2 11.2 669 12/29/54 No flow July 17-20, 1953;
Dec. 1, May 18109, 1954;
Sept. 3—6, 1955
White Oak Creek Below ORNL?
3.6 6/1950~7 /1953, 6 9.37 642 8/30/50 1.9 Oct. 2, 1950
7/1955 to date
Melton Branch, Upstream from White Oak Lake?
1.5 8/1955 to date 4 2,228 121 1/21/59 No flow Many days during August
through November 1955
White Oak Creek at ORNLC
2.1 6/1950~7 /1955 616 8/2/50 0.7 Nov. 2, 1950;

Aug. 2, 8, 12, 13, 21, 26, 28,
30, and 31, 1951;

Sept. 8 and 9, 1951;

Oct. 14, 1951;

July 25 and 26, 1953

90.1 mile upstream from mouth of Melton Branch.
0.1 mile upstream from White Oak Creek.

€1.2 miles upstream from Melton Branch, 1000 ft above effluent from settling basins.

areas of outcrop, and sizable springs issue from
the bases of the ridges. Because of the high
permeability of the cavernous bedrock, which
permits free and rapid movement of groundwater,
the depth of water may exceed 100 ft along ridge
tops. Frequently the position of the water table
coincides approximately with the interface between
rock and residual clay overburden.

Stream Flow. — The U.S. Geological Survey has
operated gaging stations to obtain continuous
records of stream flow at sections on White Oak
Creek and Melton Branch. The information from
four stations is summarized in Table 2.13; the
natural flow at all four is affected by operations
at ORNL.

2.3.4 ORR Site Topography, Geology, and
Hydrology

In 1948—49 an investigation was made of the
geology and hydrology of the X-10 area. The
following description is based principally on
information in the report® of this investigation.

Topography and Geology. — Oak Ridge National
Laboratory is located in Bethel Valley and covers
an area about 7 mile long and 1/2 mile wide which

2
comprises about 160 acres. Elevations in the

8P. B. Stockdale, Geologic Conditions at the Oak
Ridge National Laboratory X-10 Area Relevant to the
Disposal of Radioactive Waste, OR0O-58 (Aug. 1,
1951).
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plant area range from 780 to 900 ft above mean
sea level. The Laboratory is bounded on the
northwest by Chestnut Ridge, with elevations up
to 1200 ft, and on the southeast by Haw Ridge,
with elevations up to 1000 ft.

The entire plant area is underlain by rocks of the
Chicamauga group, of Ordovician age. In this
area the thickness of the group is 1735 ft. The
rocks are mainly limestone; however, variations
in the types of rocks permit their separation into
eight distinguishable and mappable subdivisions
(Fig. 2.12).

The composite section of the Chicamauga group,
in descending order of units, is summarized in
Table 2.14.

The direction of dip of all the rocks in the X-10
area is toward the southeast, and the angle of dip
is between 30 and 40°. The average direction of
their strike is north 58° east.

The Chicamauga group is covered by a mantle
of clayey soil derived from the decomposition of
the underlying consolidated bedrock. The un-
consolidated, weathered material ranges in thick-
ness from about 1 to 25 ft, averaging perhaps
10 ft.

Hydrology. — The area around the ORR is
drained by White Oak Creek and its tributaries.
Just south of the Laboratory, White Oak Creek
flows out of Bethel Valley through a gap in Haw
Ridge. Information on the discharge of White Oak
Creek is given in Sect. 2.3.3.

Groundwater in the rock beneath the ORR is
derived from precipitation that falls on the area
and its immediate surroundings, and it is con-
stantly moving from points of recharge to points
of discharge at lower elevations. Thus ground-
water discharge contributes to the base flow of
the surface streams in the area and ultimately
augments the flow of the Clinch River. Flow
rates of the rivers fed by or affected by this flow
are indicated in Table 2.15.

The limestones and shales of the Chicamauga
group are quite impermeable and are incapable of
rapidly transmitting large amounts of water. The
openings in the rocks are confined to narrow seams
developed along bedding planes or joints, which
decrease in size with depth. Below about 100 ft
the rock is generally devoid of openings, so it is
probable that most of the groundwater in the area
moves through the unconsolidated soils near the
surface rather than the rock.

The depth to water in the ORR area ranges
from 25 to 30 ft below land surface at points of
high elevations to land surface or to near land
surface along the surface streams. Figure 2.12
shows the configuration of the water table on
June 20, 1950.

Table 2.16 lists the community water systems
in Tennessee downstream from ORNL which are
supplied by intakes on the Clinch or Tennessee
Rivers or their tributaries.

Table 2,14, Composition of Chicamauga Formation at the ORR Site

Unit Description of Rock

Thickness (ft)

H Siltstone, calcareous, gray, olive maroon; 85

with shaly partings and thin limestone lenses

Limestone of varied types; gray, olive-gray buff, drab; 180
mostly thin-bedded; with argillaceous partings; weathers

to shaly appearance; with fossiliferous zones

Limestone, argillaceous (calcareous siltstone), gray, 35

olive gray, pinkish maroon; even-bedded; with shale

partings

G Limestone of various types, dark gray to brownish gray;

300
300

mostly nodular with abundant black irregular clay partings;
dense to medium grained; mostly thin-bedded, partly

massive; with shale partings; weathers to a lightere

colored shaly or nodular appearance; with some fossiliferous

horizons; mostly covered in lowlands
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Table 2.14 (continued)

Unit

Description of Rock

Thickness (ft)

Siltstone, calcareous, alternating with shale; olive gray

to maroon; even-bedded; laminated; weathers to a red shaly

appearance; produces a slight rise in topography; a very

distinctive unit

Limestone, mostly gray to drab, partly pinkish maroon,
mottled; brittle, thin-bedded to massive; with shaly

partings

Limestone, similar to unit G, mostly covered in

lowlands

Calcareous shale and argillaceous limestone, gray to
buff; in altemating thin even beds; yielding small

roundish slabs upon weathering, with yellow-buff color

Limestone of various types, gray; most argillaceous
and nodular; in thin irregular beds with shale partings;

abundant fossils

Limestone and chert; limestone is gray to olive gray,

in part nodular, shaly, and thin-bedded, in part massive;
with abundant chert in thin, even bands, breaking into
angular fragments upon weathering; produces a chain of
low hills

Shale, calcareous, olive gray to light maroon; fossiliferous;

evenly laminated

Limestone of various types, gray; fine- to coarse-grained,
partly crystalline, partly nodular; mostly massive; with
occasional patches of chert; partly fossiliferous;

““quarry beds®’

Siltstone, in even beds up to 2 ft thick, laminated,
altemating with calcareous shale; olive gray, buff,
maroon; some limestone, nonresistant; more shale at

base

Limestone of various types, dark gray to buff; with shale

partings; with gray to black chert in nodules and lenses
Chert, thin-bedded, with shaly partings

Siltstone, calcareous, olive gray to maroon; weathers

to shaly appearance

Siltstone and chert, in alternating beds; siltstone

is calcareous, gray, olive, maroon; weathers to shaly
appearance; with abundant granular chert in even beds
up to 6 in. thick, breaking into angular blocks upon

weathering

Limestone; mostly covered

Total thickness

60

220

45

55

10

105

80

15
30

90

25

380
160

115

215

240
1735

at
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Table 2.15. Flows in Clinch, Emory, and Tennessee Rivers, 194519517

Measured in cubic feet per second

Clinch River

Emory River

Tennessee River

Miles 20.8 & 13,2 Mile 4.4b Mile 12.8 Mile 529.9 Mile 465.3

Max., Mean Min. Max. Mean Min. Max. Mean Min. Max. Mean Min, Max. Mean Min.
January 22,900 8,960 1620 70,700 14,400 2120 50,000 4450 178 181,000 47,700 15,800 218,000 63,900 23,200
February 27,700 10,100 1230 88,800 15,800 2250 69,000 4550 468 204,000 50,800 17,900 195,000 67,900 19,700
March 12,700 5,850 690 26,700 9,450 1830 15,400 2910 507 100,000 32,400 13,300 148,000 44,200 19,500
April 8,540 3,400 306 13,300 5,620 752 6,600 1800 249 43,700 23,800 5,200 82,000 27,700 13,200
May 8,080 2,750 298 19,700 4,700 520 13,100 1610 58 38,300 20,000 3,000 95,900 28,800 17,900
June 7,420 2,820 224 9,280 3,320 262 5,300 396 14 32,100 18,900 8,200 32,800 25,500 18,900
July 7,630 2,930 259 12,800 3,400 281 9,230 360 21 87,500 19,600 6,500 106,000 26,400 15,400
August 8,390 4,520 374 8,760 4,800 378 3,060 177 4 37,600 21,400 9,900 43,300 28,100 17,800
September 8,450 4,620 341 13,000 4,940 462 5,500 224 2 39,900 22,200 6,900 54,400 30,100 17,100
October 9,200 5,130 150° 14,200 5,300 150b 5,040 93 1 67,100 23,500 9,800 72,800 29,700 16,300
November 12,700 4,430 453 40,500 5,830 556 27,800 1100 2 128,000 25,400 10,300 167,000 34,000 13,600
December 27,000 8,360 569 60,300 11,700 593 33,300 2720 24 112,000 41,000 11,800 139,000 53,600 21,100
October
Aprild 6,600 9,730 2520 34,900 45,900
May
September® 3,530 4,230 553 20,400 27,800

2EGCR Hazards Summary Report, OR0-586 (Oct. 10, 1962),

bF‘lows shown for Clinch River mile 4,4 include Emory River flows,

CBy agreement with TVA, a flow of not less than 150 cfs has been maintained in the Clinch River at Oak Ridge since Aug. 28, 1943.

dNonstratiﬁed flow period.

€Stratified flow period,.

2.3.5 Seismology

Information on the frequency and severity of
earthquakes in the East Tennessee area is
reported in the Aircraft Reactor Test Hazards
Summary Report.® Earthquake forces generally
have not been considered important enough to be
considered in the design of facilities either at
ORNL or by the Tennessee Valley Authority
(TVA) in this region. The Oak Ridge area is
currently classified by the U.S. Coast and
Geodetic Survey as subject to earthquakes of
intensity 6, measured on the Modified Mercalli
Intensity Scale.

Both Lynch!? of the Fordham University Physics
Department and Moneymaker** of TVA indicate
that such earthquakes as occasionally occur in the
East Tennessee area are quite common to the rest
of the world and are not indicative of undue seismic
activity.

An average of one or two earthquakes a year
occurs in the Appalachian Valley from Chattanooga,
Tennessee, to Virginia according to TVA records.

The maximum intensity of any shock recorded is 6
on the Woods-Neumann Scale. A quake of this
magnitude was experienced in the Oak Ridge area
on September 7, 1956, and was barely noticeable
by either ambulatory or stationary individuals.
Structures were completely unaffected. Distur-
bances of this type are to be expected only once
every few years in the Oak Ridge area.

The Fordham University records indicate a quake
frequency below that of TVA. However, the
magnitude of the observed quakes is approximately
the same. Lynch indicates that ‘it is highly
improbable that a major shock will be felt in the
area (Tennessee) for several thousand years to
come.”’

%W. B. Cottrell et al., Aircraft Reactor Test Hazards
Summary Report, ORNL-1835, pp. 78—79 (January 1955).

0L etter from J. Lynch to M. Mann, Nov. 3, 1948,
quoted in a report on the Safety Aspects of the Homo-
geneous Reactor Experiment, ORNL-731 (Aug. 29,
1950).

1
t B. C. Moneymaker to W. B. Cottrell, private
communication (Oct. 27, 1952).
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Table 2.16. Community Water Systems in Tennessee Downstream

from ORNL, Supplied by Intakes on the Clinch and Tennessee Rivers or Tributaries?

Intake Source

Approximate

Community Population Stream Location Remarks

ORGDP (K-25 area) 2,678b Clinch River CR mile 14 Industrial plant water system
Harriman 5,931C Emory River ER mile 12 Mouth of Emory River is at CR mile 4,4
Kingston Steam Plant s009 Clinch River CR mile 4.4

(TVA)
Kingston 2,000d Tennessee River TR mile 570 River used for supplementary supply
Watts Bar Dam 1,000d Tennessee River TR mile 530

(Resort village and TVA steam plant)
Dayton 3,500C Richland Creek RC mile 3 Opposite TR mile 505
Cleveland 16,196° Hiwassee River HR mile 15 Mouth of Hiwassee River is at TR mile 500
Soddy 2,000d Tennessee River TR mile 488
Chattanooga 13(),00'9C Tennessee River TR mile 465 Metropolitan area served by City Water Company
South Pittsburg 4,130° Tennessee River TR mile 435

Total 168,061

4EGCR Hazards Summary Report, OR0-586, Oct. 10, 1962,
bBased on May 1963 data.
€1960 Report of U. S. Bureau of the Census.

dBased on published 1957 estimates.

3. BUILDINGS
3.1 Introduction

The ORR facility is composed primarily of three
buildings: the reactor building, the reactor pri-
mary-water pumphouse, and the reactor secondary-
water pumphouse and cooling tower. In addition to
these, several small structures housing ancillary
components are located throughout the area. They
consist of structures such as the pool secondary
pumphouse and cooling tower, the pressurizable
off-gas (POQG) filter pit, the cell-ventilation filter
pit, the heat-exchanger pit, and the primary-
coolant bypass-valve pit.

3.2 Reactor Building

The reactor building is a mill-type semiairtight
steel-framed structure covered with insulated

metal panels. The building covers an area 111 ft
8 in. long by 102 ft 10 in. wide. The floor level
of the full basement is 20 ft below the first-floor
level. The height of the 60-ft-wide center high-
bay area is 64 ft 2 in. from the first-floor level to
the bottom of the roof trusses. The second floor
is actually at street level on the west end of the
building and extends the full width and length
of the first floor. It is 12 ft 6 in. above the first
floor. The third floor is the top level in the low-
bay areas, extending the full length of the build-
ing, 25 ft 6 in. above the first floor. It is not a
solid construction covering the entire area of the
building, but rather it is similar to a balcony run-
ning along the north and south sides and the west
end of the reactor building. The building is win-
dowless to eliminate glare on the pool surface and
to aid in making the building more airtight under
emergency conditions, Figure 3.1 shows a partial
cutaway perspective view of the structure.

The interior finish of the building is similar to
that used in light manufacturing construction.

‘s
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Perspective and Cutaway View of ORR Building.

Fig. 3.1.
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Roof beams and steel framing are exposed but
painted. Utility conduit and pipe runs are ex-
posed. Basement walls are painted only around
the reactor substructure, and there only for better
light reflection characteristics. Floor finishes are
hardened concrete, integrally color coded for safe
floor loading identification. The third-floor office
and control-room wing has a refined construction
finish only to the extent that the floors have as-
phalt tile. Air conditioning in this area ensures
proper operation of the reactor control equipment.
Toilet areas have quarry tile floors and painted
masonry walls.

3.2.1 Basement

The basement floor space includes facilities for
pool cooling, experiment cooling, and miscellaneous
pumping operations, pool- and reactor-water demin-
eralizer units, pool fill and drain pumps, electric-
power distribution center, auxiliary ventilating
fans and air filter banks, subpile room, plug stor-
age facility, and experimental work and storage
areas (see Fig. 3.2).

The water-system components are located un-
derneath the storage pools to take advantage of
the overhead shielding provided by the pool water.
Shielding walls around the ‘“hot’’ pumping equip-
ment are of stacked barytes block with labyrinth
doors where flexibility is necessary for removing
or repairing pumps and of poured reinforced con-
crete where permanent walls are required. The
basement sump (which is provided with a collec-
tion tank and a sump pump) is located in the
water-system area. All basement drain lines lead
into the sump collection tank. Since gravity drain
from the basement to the plant process system is
impractical, the sump pump discharge is directed
into the first-floor drainage system.

The subpile room and adjacent pipe chase were
designed on the basis of structural characteristics,
which were required to support the reactor struc-
ture, and the wall thickness required to provide
sufficient biological shielding. Due to the latter
requirement, barytes concrete walls were used
for the pipe chase to provide shielding from the
radiation from the reactor exit cooling-water line.
Since about 6 ft of barytes aggregate covering was
required where the 24-in. cooling-water lines
passed under the basement floor out from under
the pools, the bottom of the pipe chase was lo-

cated at an elevation 8 ft 6 in. below the base-
ment floor. The subpile room footings could have
been stepped up above the pipe chase footings to
prevent excavating some rock; but, due to the
sloping shelf rock formation prevailing in the
area, this was deemed inadvisable. The 13 ft

6 in. by 10 ft subpile room has an 8 ft 6 in. base-
ment which is necessary to allow removal of the
control-rod drives from the reactor.

The subpile room houses the mounting plate for
all the reactor control mechanisms. Certain util-
ities provided for use in experiments are described
elsewhere. The pipe chase contains most of the
cooling-system line interconnections and serves
as a convenient location for cooling-system in-
strumentation. The lowest points of all cooling-
system lines are in the pipe chase, and draining
of all the lines for maintenance is performed at
this point. The north wall of the pipe chase,
through which the cooling-water lines pass, is
constructed of stacked barytes concrete block
above the first-floor level. A 4-ft-square manhole
filled with stacked barytes concrete block is pro-
vided in the solid wall on the opposite side for
pipe chase access. A removable instrumentation
plug is located near the manhole.

Cylindrical cavities are provided in the base-
ment wall for storing 32 plugs used in the reactor
beam holes and for 6 somewhat larger plugs used
in the large-facility beam holes during some stages
of reactor and experiment operation. Each plug
storage cavity has a connection to the normal off-
gas suction line.

A water-collection tank is located in a pit at the
west wall at the low point of the off-gas system.
Condensate in the off-gas system drains into the
tank and is discharged into the intermediate-level
waste (ILW) line underneath the basement floor.
The tank must be drained periodically by closing
the valve in the line to the off-gas header, open-
ing the line to the ILW system, and introducing
compressed air reduced to 5 psig. A valve in the
line from the off-gas header to the plug storage
spaces is also located in this drain pit.

All basement construction is reinforced con-
crete except for the 12-in. concrete-block walls
around the building-ventilation fan room and
stairwells and the stacked-block concrete shield-
ing walls around reactor components and experi-
mental apparatus. The floor is designed for a
live load of 1000 psf. Special service installa-
tions include a safety shower and two utility
sinks.
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3.2.2 First Floor

The entire floor area is free for research work
except for the space occupied by the reactor struc-
ture, instrument shop, stairwells, elevator, and
floor hatch for access to the basement. See Fig.
3.3 for a plan view of the first-floor area. The
floor is of ordinary reinforced concrete construc-
‘ion and has a flat slab design except for framed
openings. The slab thicknesses, live design
load, and color codes are described in Table 3.1.

The reactor structure covers an area 18 ft wide
by 55 ft long west of the reactor center line and
a semicircle about 32 ft in diameter to the east.
This structure is described elsewhere. Directly
in front of each of the two large-facility openings
in the reactor structure is an 8- by 10-ft hatch to
the basement in a depression in the floor slab 17
ft 2 in. long, 11 ft wide, and 2 ft deep. The pur-
pose of this design was to allow a cell of stacked-
block construction to be built around an experi-
mental rig at the large-facility location on the first
floor and to make it possible to lower this rig by
temote control into a second shielded cell in the
basement for dismantling or for storage during ra-
diation decay. Concrete plugs fitting flush with

the depressed slab sutface are provided for the
hatch openings.

Numerous sleeves are provided through the first
floor for connecting instrumentation, experimental
apparatus, and utilities connections with the base-
ment. Four-inch-diameter sleeves on about 9-ft
centers are located around all the walls. Six 12-
in. sleeves are located about 15 ft from the face
of the reactor structure, 2 ft off each beam-hole
center line. Four additional 12-in, sleeves are
located near column line 2 in the beam-hole ex-
perimental area for general purpose use. Four
6-in. sleeves are located in the depressed floor
slab at each large-facility installation and two
additional ones convenient to the area around the
floor depressions. Seven 6-in. sleeves and eight
12-in. sleeves are spaced at the base of the stor-
age pools.

The 4-in. sleeves along the walls around the
building project 3 in. above the floor level. All
other sleeves are fitted with sealed covers that
fit flush with the floor.

A 10 ft by 16 ft 6 in. hatch with a hinged steel
cover provides access to the basement with the
bridge crane. This hatch cover normally remains
closed for fire-retarding purposes. There is a

Table 3.1. Floor Loading Specifications — First Fioor

Area?® Thickness (in.)

Design Load Color Code

2 bays A-B x 1-3 7
%, bay A-B x 3-4 7
4 bays A-C X 4-6 7
2 bays B-D x 1-2 7
1 bay C-D X 5-6 7
3 bays B-E x 2-3 54
1 bay D-C x 1-2 i1
2 bays C-E X 4-5 54
1 bay D-E X 5-6 11
3 bays E-F x 2-5 11
5 bays F-G X 1-6 11
1 bay E-F X 1-2 11
1 bay E-F x 5-1 11

200 psf uniform or a 5-ton con-

20-ton® rolling load

Terra cotta
centrated load on 6 ft2 in any

bay

Brown

Floor designed for 3500 psf

uniform load; beams designed

for 1/3 this value

10-ton concentrated load on 10 Red

£t2 adjacent to beam holes

plus a 20-ton rolling load

Gray

fSee Fig. 3.3.

bhe 20-ton design rolling load is based on a 5-ft-long row of steel wheels carrying 16 tons and 4 tons

concentrated on one steel wheel 7 ft from the main axle.
hole-plug shield.

This is an approximate description of the beam-



truck door in the east wall, 10 ft wide by 16 ft
high, to allow entry of equipment that is to be
used in the beam-hole experimental area.

A 4-in. curb all around the first-floor area is
intended to prevent area contamination in case of
a leak in the reactor structure or a water release
from any other cause. There is a 4-in. ramp at
all first-floor doors. This curb will direct water
flow to the basement, except in the case of a
catastrophic pool leakage.

Personnel doors are located in each side of the
east wall of the building; the personnel doors that
are approximately in the middle of the north and
south walls are intended as emergency escapes
and are not used for normal pedestrian traffic.

Special service installations include two ser-
vice sinks with cold water only, two safety
showers, and a drinking fountain.

3.2.3 Second Floor

The second-floor level coincides with the ground
level on the west side of the building. The floor
space is occupied by offices, men’s and women’s
toilet facilities, a janitor’s closet, and a truck-
loading area to accommodate equipment to be
placed in the storage pools. See Fig. 3.4
for a floor plan. The floor is a reinforced or-
dinary concrete slab on steel framing with the
slab thicknesses, live design load, and color
coding shown in Table 3.2.

The janitor’s service closet contains a service
sink with hot and cold water, a hot water heater
for the toilets, and space for cleaning equipment,
floor polishers, etc.
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Four-inch sleeves through the floor for service
connections to the first floor have been provided
along the west wall, similar to those on the first
floor.

Walls around the toilet area are designed to be
permmanent and are of 8-in. concrete-block con-
struction. Walls around the second-floor offices
are of the removable metal partition type, as some
degree of flexibility of area enclosure is desirable
in this region.

Personnel entrance doors are provided in each
side of the west wall. Steps up to the balcony
walkway around the reactor structure are located
on each side of the pool. The only special ser-
vice installation on the second floor is one safety
shower.

3.2.4 Third Floor

On the third floor are the reactor control room
and four offices on one side of the high-bay area,
laboratory working space on the other side of the
high-bay area, a hot cell which is constructed at
the west end of the reactor structure, and a walk-
way all around the reactor structure (see Fig. 3.5).
A steel walkway extends from the control-room
wing of the third floor to the third-floor-level
walkway around the reactor structure. Adjacent
to this walkway are steel stairs down to the bal-
cony walkway around the reactor structure. Al-
though these walkways make for awkward maneu-
vering of the pendant-controlled crane, this
inconvenience is not serious and does not warrant

providing removable stair and walkway connections.

Table 3.2. Floor Loading Specifications — Second Floor

Area? Thickness (in.) Design Load Color Code

1 bay A-B x 1.2 4 75 psf Tan

2 bays A-B x 2-4 71/2 200 psf or a 5-ton concentrated Terra cotta
load on 6 ft?

2 bays A-C x 4-5 81/2 25-ton highway truck or a 10- Maroon
ton concentrated load on
10 ft?

2 bays A-C X 5-6 4l 75 psf Tan®

ASee Fig. 3.4.

brhe toilet areas have a quarry tile floor.
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Table 3.3. Floor Loading Specifications ~ Third Floor

Area® Thickness (in.) Design Load Color Code
6 bays A-G x 1-2 7 150 psf uniform load or a 3-ton Tile red
concentrated load on 6 ft2 in
any bay
3 bays A-D x 5-6 4 75 psf uniform load No color
code®
3 bays D-G X 5-6 4 150 psf uniform load No color
code®
1 bay A-B X 2-3 71/2 160-ton uniform load or S5-ton Terra cotta
concentrated toad on 10 ft?
in any bay
fSee Fig. 3.5.

bThese bays have an asphalt tile floor covering.

Furthermore, the location and size of the reactor
structure itself make special treatment of the
crane control pendant necessary.

All of the third floor is of reinforced ordinary
concrete construction on steel framing, with slab
thicknesses, live design load, and color coding as
shown in Table 3.3.

Since no concept of the specific nature of the
wotk to be done in the laboratories in the building
was available at the time of its design, no con-
ventional laboratory equipment or furniture was
initially installed. However, building utilities
headers are provided in the rooms and have tees
in the lines where connections may be made to
them.

The laboratory area is divided into individual
rooms by removable-type insulated metal parti-
tions, which can be rearranged to suit work-space
requirements, if necessary. This same type of
removable panel is used to partition the four
offices and the control room. Insulated panels
were chosen because the control room, the offices,
and the laboratories are air conditioned. The front
of the control room contains plate-glass sections
in the wall to enable the reactor operator to have
a full view of the reactor structure and to provide
a visitors’ observation area. The glass panels
have a 5° slope to eliminate glare from the build-
ing lights.

The area at the west end of the reactor struc-
ture, where the hot cell is located, is designed to
support 3-ft-thick barytes concrete shielding walls

around the cell. The inside dimensions of the
cells are 3 ft 6 in. wide by 7 ft long by 7 ft high.

Fout-inch pipe sleeves similar to those on the
first floor are located in the floor along the out-
side wall of the laboratory wing and the hot cell
area. Floor slots of varying widths with steel
cover plates are provided through the floor along
the back wall of the control room and next to the
adjacent offices. In addition to the conduit sleeves
in the control-room floor required for initial instal-
lations, additional sleeves have been provided
through the control-room floor where possible
future control expansion is envisioned. These
extra sleeves have plugs flush with the concrete
floor and are covered bv the asphalt tile.

Special service installations include an emer-
gency shower in the hot-cell area, two drinking
fountains, and a service sink. Outside stairs for
emergency exit are located at the east end of both
the laboratory and control-room wings. The crane
access ladder terminates on the third floor.

3.3 Auxiliary Buildings

3.3.1 Primary-Coolant Pumphouse

The primary-coolan. pumphouse is a concrete-
block structure iocated approximately 300 ft
northeast of the reactor building. The overall
size of the building is 68 ft by 42 ft. It is di-
vided into five pump cells and an electrical



Fig. 3.6. Schematic of Primary Pumphouse Floor Plan.

equipment room. The three main pump cells are
30 ft 8 in. by 14 ft 8 in. The shutdown pump cell
is 11 ft 8 in. by 22 ft 8 in., the cell for the emer-
gency gasoline-operated pump is 11 {t by 22 ft

8 in., and the electrical equipment room is 23 ft
8 in. by 19 ft 4 in. A floor plan of the building
is shown in Fig. 3.6.

3.3.2 Cooling Towers

Reactor Cooling Tower. — The reactor secondary
coolant is cooled by a Marley model No. 669-3-02
induced-draft single-flow cooling tower. Figure
3.7 shows an end view of the tower. Just adjacent
to the tower is the secondary-system pumphouse.
Figure 3.8 shows a plan view of the building.

Pool Cooling Tower. — The pool secondary
coolant is cooled by a United model No. 1818-
AM16-10-15 induced-draft double-flow cooling
tower. Adjacent to the tower is the secondary-
system pumphouse, which houses the electrical
switchgear and chemical treatment equipment.
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4, CONTAINMENT, VENTILATION, AND
AIR CONDITIONING

4.1 Introduction

The ORR containment, ventilation, and air-
conditioning systems have been designed to
minimize the dissemination of contamination and
radioactive gases into the area surrounding the
reactor building in the event of an accidental re-
lease of radioactive materials. There are three
separate systems which are used for the decon-
tamination and disposal of potentially radioactive
gases. The cell-ventilation system provides
dynamic containment for the building and provides
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a method for the decontamination and subsequent
controlled release of large quantities of potentially
radioactive gases. Two separate off-gas systems
are used to handle routine low-volume disposal of
gaseous wastes from experimental facilities and re-
actor system components. The two systems are the
pressurizable off-gas system (POG) and the normal
off-gas system (NOG). Although the off-gas systems
are not specifically a part of the building contain-
ment system, they are somewhat related and are
described in this section to aid in the overall
understanding of the air-handling systems. The
control room, certain offices, and other normally
clean areas are served by an air-conditioning
system which is separate from the building’s
ventilation system.

Additional ventilation of the reactor bay and
experimental areas is provided by two roof fans,
each of which exhausts building air at the rate of
7000 cfm. These automatically controlled fans
also aid in maintaining the negative pressure in
the building during normal conditions.

Ventilation of the basement area is provided by
a centrifugal blower, which exhausts basement air
through a louvered opening located in the north-
east corner of the basement.

The cell-ventilation system provides a flow of
air through areas of the main ORR building in
which potential sources of radioactive gases ex-
ist. These areas include the reactor-bay area,
the basement area, the Loop 2 decontamination
cell and equipment room, the pipe chase, the hot
cells over the reactor pool, the B-9 experiment
cubicle in the basement, and other areas. The
air from these areas is drawn through ducts into a
filtering system and discharged into the atmosphere
from the 250-ft-high 3039 stack.

The off-gas systems are designed to handle
routine high-concentration radioactive gaseous
releases and are connected directly to the com-
ponents which are capable of releasing these ef-
fluents. The pressurizable off-gas system is con-
nected to components which may become pressurized,
whereas the normal off-gas system collects gaseous
wastes only from components which are not sub-
ject to becoming pressurized.

4.2 Containment

The ORR employs the concept of dynamic con-
tainment to prevent the escape of radioactive

4



gases to the atmosphere.’ The ORR building is
not sealed airtight to retain radioactive gases
that might be released. Instead, it is maintained
as a partially leak-tight structure. The cell-
ventilation system maintains the containment by
the controlled exhaust of air from the building at
a rate sufficient to ensure that there is always
an inflow of air at leakage points. The cell-
ventilation system is not a start-on-demand system,
but rather it operates continuously, so that the
building is always under a slight vacuum.

When the building ventilation is placed in the
emergency containment mode, all air entering the
building enters by leakage paths. Heating and
ventilating units, exhaust fans, and air-cooling
equipment are shut down, and their related louvers
are automatically closed. At the same time, the
roof fans and the basement exhaust fans are shut
off, and their louvers are closed so that all air
leaves the building through the ducts of the cell-
ventilation system. The air exhausted from the
building is decontaminated by a filtration system
and discharged into the atmosphere at a height
sufficient to ensure atmospheric dispersion.

The building ventilation can be placed in the
containment mode either manually or automatically
through the use of three separate sets of controls.
Within the first set of controls, designated as
containment controls, manual actuation is initiated
by a push button located in the control room.
Automatic containment will occur when a high
radiation level exists either in the building or in
the cell-ventilation duct, as detected by the con-
tainment radiation monitors. A detector located
just outside of the control room initiates contain-
ment if a level of 75 mr/hr exists. A detector on
the cell-ventilation duct at the filter pit also
initiates containment if a level of 7.5 mr/hr is
detected. The two radiation detectors transmit
signals to two electrometers located in the con-
trol room, and containment is initiated when set
points on the electrometers are exceeded. The
ventilation duct electrometer is a fail-safe unit
in that containment is also initiated when the
instrument fails.

Building containment can also be effected by the
facility radiation and contamination alarm system
(Sect. 8.7). This system will automatically actuate

]F. T. Binford and T. H. J. Burnett, A Method for
the Disposal of Volatile Fission Products from an Ac-
cident in the ORR, ORNL-2086 (Aug. 2, 1956).
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the building evacuation system if two monitrons
or two continuous air monitors in the coincidence
circuit alarm simultaneously at the high-level trip
(23 mr/hr and 4000 counts/min respectively).
Also, containment can be actuated by any one of
three ‘“manual’ evacuation buttons (two in the
control room and one outside a west personnel
door).

The third method of automatically establishing
building containment is provided by the fire-alarm
system. If a fire alarm occurs in the building,
containment is initiated by a relay in the build-
ing’s master fire-alarm box.

In order to restore normal operating conditions,
all of the building heating and ventilating controls
must be manually reset. The truck doors can be
opened with the building under containment and
without the reset action; however, when this is
done, an operator stands by the doors to close
them if an emergency demands such action.

To assure that the personnel in the ORR con-
trol room and offices on the third level, north,
have an independent air supply when the building
is in containment, the air-conditioning unit serving
these rooms does not exchange air from the build-
ing high-bay area with the office and control-
room area. Instead, the unit exchanges air from
the outside. The rooms are maintained at a pres-
sure greater than that existing in the high-bay
area.

Pressure conditions within the building are
continuously indicated by four manometers located
in various parts of the building and by flow indi-
cators which monitor the exhaust flow in the cell-
ventilation duct. A reduction of the duct flow be-
low 2500 cfm results in a reactor power reduction
to 300 kw.

4.3 General Ventilation and
Air-Conditioning Systems

Ventilation and air conditioning of the ORR
building are accomplished with several package-
type air conditioners positioned in appropriate
locations in the building. Chilled water is supplied
to the various air-conditioning units by a single
large unit which has a capacity of 2.15 x 10°
Btu/hr (180 tons). Heat collected at the chiller
is dissipated by a small cooling tower, which is
used for that system only. Low-pressure steam
(25 psi) for the air-conditioning units is obtained



by a pressure reduction of the 125-psi plant steam
supply.

The basement is heated by a forced-draft unit
with steam-fed heating coils and a design specifi-
cation capacity of 12,000 cfm. This unit has
pneumatically operated inlet and exit dampers and
is located near the basement ceiling on the south
wall. Fresh air for the unit enters through a metal
stack located outside on the south side of the
building. Air from the basement is exhausted
through a vertical shaft located in the northeast
corner approximately 10 ft above the basement
floor.

The subpile room, located at the east end of the
basement under the reactor pool, is ventilated and
air conditioned by a window-type unit mounted
in the east wall of that room. Air from the sub-
pile room is exchanged with that from the base-
ment.

The heating and ventilation system of the lab-
oratory and the counting room located in the north-
west corner of the basement consists of air-
conditioning facilities in both rooms. The units
supplying these rooms can supply climatized air.
The unit servicing the counting room is backed
up by a booster fan, served by a duct from the
fresh-air intake to the No. 2 heating and ventila-
tion unit, to maintain this room at a positive pres-
sure with respect to the rest of the building.

The laboratory air is exhausted both by hood
fans, serving two laboratory hoods, via an exhaust
duct which passes directly through the building
roof to the atmosphere and by natural air movement
to the building basement through a hole in the
laboratory ceiling. The laboratory hood exhaust
fans, which are vented to the atmosphere, are
controlled by switches located on the lower sec-
tions of the hoods and must be reactivated after
a building ventilation shutdown.

The heating, cooling, and ventilation of the
rooms and open area of the first floor are ac-
complished by the Nos. 1 and 2 air-conditioning
and ventilating units located on this floor. Each
of these has a capacity of 15,600 c¢fm. The No. 1
unit is located near the south wall of the building,
and the No. 2 unit is located near the north wall
of the building. These units are supplied with
chilled water and steam to the cooling and heat-
ing coils respectively. They are thermostatically
controlled with automatically controlled inlet and
recirculation air dampers. Their fresh-air inlets
are located above and adjacent to the south and
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north personnel doors. Each unit has ducting,
equipped with diffusers, which runs east and west
from the unit on its respective side of the build-
ing. Each unit is equipped with filters for dust
removal.

The heating, cooling, and ventilation of the
second-floor open area and the open area of the
rest of the building not served by the first-floor
units are accomplished by air-conditioning and
ventilating unit No. 3. This usit has a design
specification capacity of 61,200 cfm. As with
units Nos. 1 and 2, chilled water and steam are
supplied to its coils. It has pneumatically
operated inlet dampers, and the fresh-air intake is
by way of three metal stacks located outside the
building at the southeast corner. The intake air
is filtered for dust removal.

The laboratories and offices of the second
level, north and south, contain individual heating
and cooling units equipped with coils supplied by
chilled water and steam. These units are thermo-
statically controlled and have dampers controlling
the amount of recirculated air from the room and
fresh makeup air from the open area of the build-
ing outside the room. An exception to this type
of cooling is Room 212, which is equipped only
with an exhaust fan, exhausting to the open area
of the second floor.

The second-floor change room is heated by a
forced-draft unit. This unit has thermostatically
controlled dampers. It uses either recirculated air
from the room or fresh air obtained from the out-
side through an intake on the west wall of the
building at the unit. Air is removed from the room
to the outside of the building by two thermo-
statically controlled exhaust fans in the east wall.

The second-floor rest rooms are vented through
a duct, with air-intake registers of 400 cfm each,
to an 800-cfm fan which exhausts through a self-
closing louvered opening in the east wall of the
change room.

The control room and offices of the north side
of the third level are heated, cooled, and ventilated
by an air-conditioning unit located in the north-
east corner of the third floor. This unit has a
design specification capacity of 4460 cfm, is
equipped with its own refrigeration system as well
as heating system, is thermostatically controlled,
and has pneumatically controlled automatic inlet
and return-air dampers. Its fresh-air intake is
located in the north wall of the building at the
unit.



The south section of the third floor consists of
laboratories and offices, which contain individual
heating and cooling units. Each unit, equipped
with coils supplied with chilled water and steam,
is thermostatically controlled and has automatically
operated dampers for either recirculation of room
air or makeup with fresh air from the open area
of the third level, similar to those on the second
level. Rooms 306 and 308 now have window-type
air conditioners exhausting to the open area of the
third floor. In addition, one of the previously
described units is located in the open area out-
side of Room 310 and is ducted with appropriate
diffusers to Room 310, which is now a single unit
with Rooms 306 and 308. The laboratories have
individual roof vents, the openings of which are
pneumatically operated and controlled.

The third-floor change room is heated and
ventilated by a thermostatically controlled system
which is similar to that of the second-floor change
room.

Air from the first, second, and third floors and
the open area, which extends to the building roof,
is exhausted by two of six roof exhaust fans in
addition to the building ventilation system pre-
viously described. Two of these fans, Nos. 1 and
6, have capacities of 7000 cfm each and can be
operated in an automatic mode. The remaining
four exhaust fans have capacities of 16,000 cfm
each and are manually operated. At present, only
exhaust fan No. 3 is occasionally called upon to
assist fans 1 and 6 to maintain the required build-
ing negative pressure while the normal building
air intakes are open. Fans 1 and 6 are currently
operated in the automatic mode in conjunction
with the building ventilation system. All of these
fans are equipped with pneumatically operated,
automatically controlled dampers.

4.4 Cell-Ventilation System

The cell-ventilation system is a maximum-
reliability system which provides for the removal,
decontamination, and disposal of possibly con-
taminated air from the reactor building (Fig. 4.1).
It consists of a network of five ducts located
throughout the building, a series of filters which
remove particles and radioiodine from the air,
blowers which provide the draft for the system,

and the 250-ft-high 3039 stack. This system re-
moves air from the building at a rate of 9000 cfm.

The five main ducts and the areas they service
are listed below.

1. The main building duct removes air from:
a) around the pool area between the second
and third floors,
b) the overhead reactor-bay area,
c) the basement area over the B-9 cubicle.
2. A basement cell duct removes air from the
Loop 2 decontamination cell and equipment
room, which is located on the first floor.
3. A basement cell duct removes air from:
a) the NOG seal tank in the subpile room,
b) the HB-5 vacuum pump,
c) the pressurized-water loop (PWL) battery
room,
d) the PWL valve box,
e) the PWL equipment room,
f) the pipe chase,
g) the pipe-tunnel sump and sampling stations.
4. The hot-cell duct removes air from the hot
cells over the reactor pool.
5. A duct in B-9 cubicle removes air from the B-9
cubicle in the basement.

Each duct has a manual damper, which is ad-
justed to provide suitable air flow and pressures
and is then locked at the required settings. All
five ducts join one 24-in. duct before entering the
filter pit. The filter pit (Fig. 4.2), located south
of the reactor building, is an underground water-
proofed concrete structure designed to withstand
pressures in the range ~57 in. H,O to +5 psig.
The top shield of the filter pit is 17, ft thick, and
removable concrete plugs allow access to the
filters.

The filter pit contains five separate banks of
filters. They are, in order, a 3 x 3 array of 2-
ft-square Fiberglas prefilters, a 3 x 3 array of 2-
ft-square Fiberglas absolute filters, two 3 x 3
arrays of 2-ft-square 3/4-in.-thick activated charcoal
filters, and another 3 x 3 array of 2-ft-square ab-
solute filters. The filter frames are of corrosion-
protected carbon steel.

The filter pit is designed for a filter-removal
method in which the filters are withdrawn into
lead shielding casks. After removal of the con-
crete access plugs, the cask is placed over the
opening. Wedging devices which seal the filters
to the filter frames are removed remotely, and the
filters are removed into the casks.
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Fig. 4.1. Schematic Diagram of Cell-Ventilation System.
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Pressure differentials across each bank of
filters are indicated by gages located at the filter-
pit area. An additional gage, indicating the flow
rate through the filters, is also provided.

Since charcoal has a relatively low combustion
point and would be subject to heat should fission
products or other radioactive substances be de-
posited on it, the possibility of a fire in the chat-
coal filters exists. Accordingly, silver-covered
copper-mesh flame arresters were installed down-
stream of each bank of charcoal filters, and
thermocouples were installed to warn of increas-
ing temperatures (alarm at 38°C). These tempera-
tures are continuously recorded by multipoint re-
corders in the control room.

Each filter bank has an intermediate-level waste
drain line to prevent any accumulation of water.
These drain lines are connected to an underground

seal tank, and a water leg is maintained in this
tank to provide an airtight seal between the filter
system and the drain. The water also seals the
individual compartments from each other.

Manually operated butterfly-type shutoff valves
are located on the inlet and exit sides of the
filter pit. When neither of the cell-ventilation
blowets is in service, these two valves are the
only valves capable of absolutely preventing
backflow from the stack into the ORR building.

Downstream from the filter system are located
the two blowers (in parallel) which maintain the
building’s negative pressure at about —0.3 in. H,O
by removing air from the building at a rate of 9000
cfm. Normally, an electrically powered blower of
40,000 cfm capacity is connected in such a way
as to provide the 9000-cfm draft for the ORR build-
ing. The remaining capacity is used elsewhere



in the Laboratory. An emergency steam-driven
blower is maintained as an emergency standby

unit and provides the necessary draft for the
building in the event of a failure of the electrically
powered blower.

4.5 Off-Gas Systems
4.5.1 Normal Off-Gas System (NOG)

The NOG system (Fig. 4.3), with some modifi-
cations, has been in operation since the initial
operation of the reactor. It consists basically of
a piping system embedded in the concrete of the
pool wall and building floor with numerous access
ports, two water catch tanks to prevent accumulated
liquids from blocking the flow channels, and an
8-in.-diam stainless steel line from the ORR build-
ing to the 3039 stack area, where the gases pass
through a scrubber cleaning system before being
discharged through the stack. Only ORR com-
ponents that are incapable of pressurizing the
NOG system are connected to this piping system.

Under normal conditions, the NOG is kept at a
negative pressure of ~—40 in. H O by an electric-
motor-driven positive-displacement blower, In
the event of an electrical power failure, or if for
any other reason the pressure in the intake mani -
fold increases to —30 in. H O, an auxiliary steam-
turbine-powered blower will be energized auto-
matically to provide continuation of the off-gas
service.

The ‘‘cleanup system’’ for the NOG is a con-
tinuously operating recirculating scrubber using
1% NaOH and a filter bank consisting of a rough-
ing filter, an absolute filter, and a metallic filter.

The NOG system at the ORR serves a variety of
areas associated mainly with the reactor primary-
water system and various experimental facilities
(including air sweeps for valve boxes). Since the
system was designed to remove gases from en-
closures where high flow rates are not required,
it is characterized by a relatively low flow (500
cfm) and a high negative pressure (-40 in. H,0).

Since water is sometimes discharged into the
NOG system during normal operation, a 35-gal
catch tank and a water trap are provided at low
points in the system’s ducts to prevent accumu-
lated liquids from blocking gas flow.

Numerous branches of the NOG system are
located throughout the reactor building. The
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main duct for the NOG system in the ORR build-
ing is an 8-in. header extending from the third
level to the basement area. The header is em-
bedded in the southeast corner of the concrete
structure of the storage-pool walls, and the main
branches of the system are 4-in.-diam headers
which surround the storage pools at the third-
level elevation. Access ports are located in the
reactor pool, around the outside of the pool para-
pet, at the east end of the reactor pool, and
around the second-level balcony.

Connections to the NOG system are located in-
side the hot cells and vent small special en-
closures within the cells. Also, they provide
auxiliary ventilation capacity to ensure an
adequate vacuum in the hot cells. When the cell-
ventilation system cannot maintain an adequate
vacuum in the cells, an automatic valve in the
NOG line opens to maintain the correct vacuum.

Gases collected in the reactor tank are removed
by the NOG system through an arrangement of
liquid-gas separators and ball-float traps. In
addition, beam-hole and experimental facilities
are provided with NOG services. Numerous other
facilities are provided with NOG connections,
such as the degasifier, demineralizer columns,
basement experiments, plug-storage holes, '*N
decay tank, and intermediate-level waste storage
tank (WC-19).

4.5.2 Pressurizable Off-Gas (POG)

The NOG system was the only off-gas system
originally in service at the ORR. As needs
changed, long-term use of this system to satisfy
the requirements of those experiments requiring
off-gas service to operate auxiliary high-pressure
systems raised two major objections. They were
as follows: (1) Dependence was placed on
positive-displacement units to maintain the off-
gas capacity normally required (an electrical-
motor-driven blower and an auxiliary steam-
turbine-driven blower); and (2) some experiments
were capable of accidentally releasing sufficient
quantities of high-pressure gas to exceed the
capacity of the NOG system, thereby pressurizing
the entire NOG system, which serves other build-
ings in addition to the ORR complex. To alleviate
this situation, the pressurizable off-gas system
was designed and installed. The basic differences
between the two off-gas systems are that there is
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Fig. 4.4. Schematic Diagram of Pressurizable Off-Gas System.




a complete separation of air-sweep functions (as
for valve boxes) and of pressurized-gas-discharge
functions, and in the POG system a method is
available for contained dissipation of pressurized
gases in case of failure of any air-handling unit.

The pressurizable off-gas system was installed
for use with experiments which will operate at a
pressure greater than atmospheric and with a
large air supply; that is, the system will provide
a high-suction, low-flow exhaust of 500 scfm at
—40 in. H,O pressure. There is no concern if
the gases discharged from experimental apparatus
pressurize the off-gas system to as high as 100
psig if downstream stoppage occurs.

The system has several inlet points around the
reactor pool for experiment tie-in. The main ex-
haust line for these access points begins at ap-
proximately the midsection of the reactor pool on
the north side, continues eastward along the north
wall of the reactor pool, southward across the
east wall, westward along the south wall of the
three pools, and penetrates the west pool wall at
thimble T-23 on the second level. The line is
shielded by 4 in. of lead from where it turns down-
ward through the floor to the point where it
penetrates the ORR building wall on the first
level, east, approximately 5 ft underground. Just
outside the ORR building the main line is joined
by a 4-in. line, which provides service for the
LITR. The main line then continues (as depicted
in Fig. 4.4) toward the POG filter pit just east
of Building 3089.

Prior to reaching the filter pit, the main line is
joined by an 8-in. branch line at the south side of
the ORR building. This branch line penetrates
the south wall of the ORR building near the 24-in.
cell-ventilation duct, basement level, just above
the B-9 experiment cubicle. It then continues to
the GCR Loop 2 equipment cell in the basement,
through a charcoal trap and filter, and up and
into the GCR Loop 2 containment cell.

After passing through the filters, the off-gas
continues through a 10-in. overhead line to a
30-hp, 2000-cfm blower and is then discharged to
the 3039 stack.

There is an interconnecting line between this
system and the LITR cell-ventilation system to
supply a sufficient volume of air to prevent the
blower from overheating. A check valve and slide
valve are installed in the line. The check valve
prevents a reverse flow into the LITR cell-ventila-
tion system, and the slide valve regulates the
flow through the blower.
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The filter pit (Fig. 4.5) consists of two banks
of filtering systems (north and south). The filter
banks may be used individually, in series, or in
parallel, but normally either the north or the
south bank is used individually.

Each filter bank is composed of four compart-
ments. Within the first compartment, the inlet,
there is a pair of valves for interconnecting the
two banks and a roughing filter for removal of any
particulate matter. The second compartment con-
tains an activated-charcoal filter assembly for the
removal of gaseous fission products, primarily
iodine. The third compartment contains an ab-
solute filter, and the last compartment contains
the exit line and another pair of bank interconnec-
tion valves. The first, second, and fourth com-
partments have floor drains, with float traps,
which discharge the condensate or water col-
lected from the system to a hot drain line con-
nected to waste tank WC-19.

An auxiliary 2000-cfm electric- or steam-powered
blower has been connected to the POG system at
the suction side of the main ORR pressurizable
off-gas blower. Its purpose is to provide suf-
ficient off-gas suction in case the ORR blower
fails,

4.6 Exhaust Systems Instrumentation and Controls

The reliability of the exhaust systems is of ut-
most importance, even under abnormal conditions.
To help ensure this reliability, sufficient instru-
mentation and control mechanisms have been pro-
vided.

4.6.1 Cell-Ventilation Instrumentation and Controls

Filter-Pit Temperatures. — The locations of the
temperature sensing elements (thermocouples) in
the filter pit are indicated in Fig. 4.6. The tem-
peratures at these points are displayed on a multi-
point recorder located in the ORR control room.
An alarm at 38°C is effected through process an-
nunciator ‘‘filter-pit high temperature.”’

Steam-Fan Controls (Automatic Startup). — Since
operation cf the cell-ventilation system is a re-
quirement for ORR operation, the reactor power
will be reduced automatically to 300 kw if the
flow rate through the system should decrease to
2500 cfm. To ensure uninterrupted operation of
the reactor, the steam-driven blower is instrumented
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to start automatically upon the failure of the
electric blower.

Two virtually independent instrument channels
are provided to effect the startup of the steam-
driven blower upon an increase in the pressure in
the cell-ventilation duct (indicating a failure of
the electric blower or other trouble). One channel
uses pneumatic instrumentation, the other electric.
Both channels are designed to be ‘‘fail safe’’; that
is, loss of air pressure or electric power will re-
sult in a startup of the steam fan. This instru-
mentation is shown schematically in Fig. 4.7.
These channels will hereafter be referred to as
the pneumatic channel and the electric channel.

The pneumatic channel consists of a differential-
pressure transmitter located at the duct over the
B-9 cubicle, a pneumatic relay, and an air-operated
control valve in the steam inlet line at the turbine.

Under normal operating conditions, plant air
pressure (90 to 100 psig) is applied to the diaphragm
of the pneumatically operated steam valve and to
the air cylinder at the backdraft damper for the
steam blower. This air cylinder compresses the
assist-to-open spring, thus allowing the damper
to close freely.

When the duct pressure increases to —2 in. H,0,
the compressed assist-to-open spring is released;
consequently, the backdraft damper for the turbine
opens as soon as the turbine blower provides suf-
ficient suction.

The electrical channel consists of a differential-
pressure switch, which will be actuated when the
duct pressure increases to —2 in. H,0, and a
solenoid-operated block valve in the steam line.

Under normal operating conditions, the solenoid
valve remains energized and therefore closed.

Y
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When the duct pressure increases to — 2 in. H,O,
the differential-pressure switch is actuated and
causes the solenoid-operated valve to be de-
energized. This action, as well as a failure of
electrical power, allows the valve to open and
thereby supply steam to operate the turbine. As
with the pneumatic channel, the compressed
assist-to-open spring is released; consequently,
the backdraft damper opens.

Main-Duct Pressure-Regulating Damper Con-
trols. — The controls for the main-duct pressure-
regulating damper are located in the basement.
The differential-pressure transmitter, discussed
in the steam-control section, sends a signal to
the controller for the damper operator. This
operator is reverse acting, so that the damper is
wide open as the operator controller receives the
15-psig signal at low duct pressure and gradually
closes as the signal is reduced from 15 psig,
which corresponds to increasing duct pressure.

Level Controls for the Filter Drain and Seal
Tank. — In the event of a low water level in the
seal tank, float-type level switches, located in
the underground pit with the tank, cause level-
control valves to open. These valves are located
in the pit on the two process-water supply lines.
When they are open, water is added to the tank
until the normal operating level is obtained; at
that time the level switches initiate the closing
of the level-control valves. Should the water
level decrease further, a low-level alarm is
initiated. If a high-level condition exists, an
overflow line connected to the tank drains the
excess water to waste tank WC-19. Should the
water level rise above the overflow, the level
switches initiate a high-water-level alarm.

4.6.2 NOG Instrumentation and Control

Instrumentation for the NOG system consists of
pressure and radiation monitors. If an abnormal
condition results in a loss of vacuum, the pressure-
sensing instrumentation will initiate a reduction
in reactor power. This instrumentation is dual-
tracked, using two standard Foxboro dp cells as
the sensing elements; each element is attached
to the NOG system at a different location.

When the NOG pressure increases above — 25 in.
H, O, an annunciator indicating NOG high pres-
sure will alarm. If the NOG pressure increases
further to a value above — 20 in. HZO, a reactor
power reduction to 300 kw is effected through the
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reactor control system. If the NOG pressure in-
creases to above —19 in. H,O, an auxiliary re-
verse is initiated if within 5 sec the setback
signal has not placed the reactor on a 100-sec
negative period.

The instruments in the 3039 stack area, which
monitor the status of components and operating
conditions in that area, transmit their information
to the Building 3105 control room. The parameters
which are monitored include flow, pressure, and
status of blower units. A pressure switch located
in the inlet manifold of the blowers will activate
the emergency steam-turbine-driven blower if the
pressure increases to — 27 in. H, O. This switch
is also activated upon failure of electrical power
to the area.

The normal off-gas scrubber is equipped with
an emergency steam-turbine-driven pump, which
is activated upon the loss of pressure at the
pump discharge or upon the loss of electrical
power. Remote monitoring in Building 3105
indicates the status of the pumps, Ap across the
scrubber, and Ap across the filters with an alarm
to indicate high Ap.

The radiation level of the gaseous waste being
discharged to the atmosphere from the plant-wide
NOG system is monitored continuously. These
data are recorded in Building 3105, and an alarm
is initiated if the radiation level of the gases
exceeds a predetermined value (15,000 counts/
min). These local alarms are reported to the ORR
shift engineer by the Tank Farm personnel.

At the WC-19 storage tank, a gage indicates
the negative pressure maintained on WC-19 by the
NOG system.

4.6.3 POG Instrumentation and Control

A pressure transmitter located at the filter pit
is connected to the inlet line of the filter pit and
sends its signal to a pressure recorder, located on
a panel in the ORR control room. A pressure
transmitter (located on the north balcony of the
ORR) is connected to the 3/4-in. pressurizable
off-gas line located on the north side of the re-
actor pool and transmits its signal to a recorder,
also located on the same panel in the ORR con-
trol room.

The same reactor control instrumentation is
provided for the POG system as for the NOG,
that is, alarm at — 25 in. H,O, setback at —20
in. H O, and reverse at —19 in. H,0.



The differential-pressure instrumentation con-
sists of two pressure gages. Four copper tubes
are connected to each gage. The sampling points
for these tubes are in each of the four filter com-
partments. By proper valving at the pressure-gage
enclosure, located at the filter pit, the pressure
drop across the absolute filter, the charcoal filter,
or the roughing filter, or any combination of these,
can be obtained.

An ionization chamber, located on the exit line
from the filter pit, monitors the radioactivity level
of the POG. The signal is transmitted to the
pressurizable off-gas electrometer, located in the
ORR control room, and, subsequently, to the POG
radiation recorder, located on a panel also in the
ORR control room. A recorder switch and a radia-
tion alarm are actuated upon receiving a signal
indicating twice the normal radiation background.

A transmitter, an integral part of the POG radia-
tion recorder, relays the POG activity-level signal
to a remote indicator, located on a panel in
Building 3105; a recorder switch actuates a re-
mote annunciator, also located on a panel in
Building 3105. The purpose of these instruments
is to alert the Laboratory’s patrol chemical
operators of the source of the high-level radio-
activity which is being discharged into the 3039
stack, so that appropriate action can be taken.

5. REACTOR AND EXPERIMENTAL FACILITIES

5.1 Introduction

The ORR uses MTR-type enriched-uranium fuel
elements and beryllium reflector elements in a
seven- by nine-element rectangular lattice, with
neutron moderation and core cooling provided by
demineralized light water. The reactor vessel is
submerged in one end of a water-filled rectangular
pool. Control-rod drives are operated from below
the reactor, as shown in Fig. 1.3. The reactor is
housed in a four-storied building about 100 by
108 ft. A 6-ft-wide balcony extends around the out-
side of the pool structure at an elevation roughly
midway between the first- and second-floor eleva-
tions, as shown in Fig. 5.1.

The ORR characteristics of greatest importance
to experimenters are as follows:
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Operating power: 30 Mw

Thermal-neutron flux: 1.4 x 10'* neutrons cm™?2
sec” ! (average)
5 x 10'% neutrons ecm™ 2

sec™! (maximum)
Neutron-flux distribution: see ref. 1 and Sect. 7

Gamma heating: 3 to 10 w/g depending on ma-

terial and lattice position

Coolant temperature: reactor cooling-water inlet

temperature, 1 20°F

Coolant pressures: ™11 psig below core

36 psig above core (full flow)

Operating cycle: 8 weeks, comprising 7 weeks at
full power and one week of shutdown for mainte-

nance, experiment changes, and refueling

Refueling cycle: ™12 days; within each operating
cycle there are three short (“’1/2 day) shutdowns

for refueling
Operating time: ™~ 80%

Unscheduled shutdown frequency: average of about

one per month

Operating costs: $80,000 per month (includes labor,
overhead, materials, and fuel fabrication cost, but

no 235y cost, reprocessing cost, or depreciation)

5.2 Core and Reflector Components

The reactor core and reflector components, which
include the fuel elements, shim rods, beryllium
reflector pieces or elements, isotope production
facilities, and in-tank experimental facilities, are
all located in the support grid which supports the
core. The support grid and the core and beryllium
reflector components are located entirely within the
reactor vessel. No upper grid is used in the ORR;
instead, hold-down ‘¢
the same purpose as an upper grid. These hold-
down arms (Fig, 5.2) contain the upper guide bear-
ings for the shim rods and span columns 4 and 6
(Fig. 5.9) of the core support grid to align and
firmly secure the fuel elements around the shim
rods.

arms’’ are used, which serve

1C. D. Cagle and R. A. Costner, ]Jr., Initial Post-
Neutron Measurements in the ORR, ORNL-2559 (May 28,
1959).
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5.2.1 Fuel Elements

The fuel elements used in the ORR are of the
aluminum-clad-plate-type design (Figs. 5.3 and
5.4) and now contain a total of 240 g of 235U
when new. See Appendix B for complete fuel ele-
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ment specifications. Each fuel element is made of
19 composite plates containing the 235U fuel in
the form of an aluminum-clad uranium-aluminum
alloy. The fuel-element end boxes were designed
to minimize the pressure drop across the core and
are identical to permit the elements to be inverted
if desired.

OAK RIDGE, NATIONAL: LABORAT
& 3 £ 3 & © 7 § :

Fig. 5.3. Fuel Element.
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OAK RIDGE NATIONAL LABORATORY

Fig. 5.4. End View of Fue! Element.
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Table 5,1. Dimensions of ORR Fuel Elements
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Table 5.2. Weights of ORR Fuel Elements

Nominal
Unit Dimension?

Element assembly

Length 3s%,

Width (through the side plates) 2.996

Width (center line through out- 3.068

side fuel plates)

Plate spacing 0.104 (min)
Inside fuel plates

Thickness (overall) 0.050

Length (overall) 249,

Clad thickness 0.015

Core (alloy) thickness 0.020

Core (alloy) length 235/8

Core (alloy) width 2.5

Width (before bending) 2.8
Outside fuel plates

Thickness (overall) 0.065

Length (overall) 27 1/8

Clad thickness 0.0225

Core (alloy) thickness 0.020

Core (alloy) length 235/8

Core (alloy) width 2.5

Width (before bending) 2.8
End box locating pads

Distance (through flat sides) 3.032-3.034

Distance (concave to convex 3.186-3.188

side)

Miscellaneous

Effective fuel length 23.625

Effective volume 228.4 in.3

Metal volume 89,59 in. 3

HZO volume 138.8 in. >

Heat transfer area 16.58 £t2

ay_ . R N
In inches unless otherwise indicated.

The individual fuel plates are of a sandwich-type

construction and are composed of a fuel-containing
alloy completely clad with aluminum. The cladding
is metallurgically bonded to the fuel alloy. The
fuel-containing alloy is a mixture of uranium and
aluminum containing ~21.7 wt % uranium with the
remainder being aluminum.

Nominal
Description of Components Weight
(kg)
Nineteen fuel plates 3.30

Alloy cores (21.7 wt % U, balance Al) 1.19
Cladding (aluminum)
Thirty-four 0.015-in.-thick sections 1.77

Four 0.0225-in.-thick sections 0.34
3.30
Two side plates (aluminum) 1.15
Two combs (aluminum) 0.01

4.46

Uranium used in the alloy contains a minimum of
93 wt % 235U, and the aluminum is of a high purity
grade. Each of the 19 fuel plates contains 12.63 g+
4% of 235U, and each fuel element contains a total
of 240 g £ 2% of 235U, Cladding of thickness
0.015 in. and an alloy thickness of 0.020 in. make
up the total 0.050-in. thickness of the inner fuel
plates of an element. The alloy core has a width
of 2.5 in., thus providing 0.15 in. of aluminum on
each edge of the fuel plate, and the active length
of a fuel plate is 23 in. The two outside fuel
plates of an element are similar to the inner ones
except that the cladding thickness is 0,0225 in.,
giving a total plate thickness of 0.065 in. Before
assembling into elements, the 2.8-in.-wide plates
are curved on a 51/2-in. radius. Characteristics of
the fuel elements are given in Tables 5.1 through
5.3. The pertinent thermal characteristics of the
elements are given in Sect. 7.5.

5.2.2 Shim Rods

Two types of shim rods are used at the ORR. One
type has a cadmium poison section with a fuel fol-
lower. The other type has the same kind of poison
section, but the follower is made of aluminum. The
first type is normmally used in the fuel region of the
core and the latter in the reflector region. Spent
shim rods of the first type may be used to replace
the aluminum-follower rods, however, since the
remaining fuel content is small (see Sect. 7.3.6).
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Table 5.3. Composition of ORR Fuel Elements?

Volume Volume Weightb Apparent Density Atomic or Molecular Density
Material (cm3) Fraction (g) (g/cm3) (atoms or molecules/cms)
Uranium 13.67 0.003652 257 0.06866 1.759 x 10%°
235y 12.77 0.003412 240 0.06412 1.6434 x 1020
238y 0.90 0.000240 17 0.004542 1.1494 x 10*°
Aluminum 1454 0.3885 3926 1.0516 2.3476 X 1022
H20 2275 0.6078 2271 0.6067 2.0301 x 1022

T, P. Hamrick, ORR Fuel Units — Material Composition, Cross Sections, and Calculation of ko, ORNL-CF-64-~

10-19 (Oct. 1, 1964).
bWeight of effective length only.

Each shim rod consists of three main sections: the
upper or cadmium poison section, the middle or
follower section, and the lower or piston section.

The cadmium and piston sections of each of the
two types of shim rods are identical; the only dif-
ferences are in the followers.

Poison Section. — The cadmium section consists
of a 0.040-in.-thick sheet of cadmium which is clad
on both sides with 0.020 in. of aluminum. This
composite sheet is formed into a hollow square box-
like structure 2.345 in. square by ~307% in. long.
This cadmium-box insert is contained in an alumi-
num shell whose outer dimensions are identical to
those of the follower section and whose nominal
wall thickness is 0.234 in. There is no size
transition between the follower section and the
poison section; instead, the outer parts of the
sections form one continuous profile (see Figs. 5.5
and 5.6).

The general characteristics of the shim rods are
given in Table 5.4.

Follower Sections. — The shim-rod follower that
contains fuel is very similar in construction to the
ORR fuel elements. They are of the aluminum-
clad-plate-type design and contain a total of 154 g
of 235U, Appendix B gives complete specifications
for the fuel followers. A summary of the specifica-
tions is given in Tables 5.5, 5.6, and 5.7. Each
follower contains 14 fuel-bearing plates besides
the two outer curved solid aluminum plates that
form part of the outer housing.

The fuel plates are of the sandwich-type con-
struction and are somewhat thicker than the fuel
plates used in the fuel elements. The uranium-
aluminum alloy fuel core (19.5 wt % uranium) is

Table 5.4. Characteristics of ORR Shim Rods

Nominal
Unit Dimension
(in.)
Shim rod assembly
Total length (poison, follower, 117 1 l/1 6
and piston)
Width (through flat sides) 2.838
Width (center line through curved sides) 3.029
Center line cadmium to center line '\’291/4
follower
Bottom of cadmium to top of fuel in ~2
follower
Upper poison section, jacketed cadmium
insert
Length (overall) 3»03/4
Length (cadmium) 307,
Outside dimensions (width) 2.345
Insert thickness 0.080
Cadmium thickness 0.040
Jacket thickness 0.020

0.020 in. thick and is clad with a 0.020-in.-thick
layer of aluminum to form a 0.060-in.-thick plate.
Each plate contains 11.0 g 4% of ?35U. Fuel
plates are formed with a 51/2-in. radius before they
are assembled into the follower section.

The aluminum shim-rod follower is a block of
aluminum whose outer dimensions are the same as
those of a fuel follower. A 1/2-111. hole drilled

L

(% )



Fig. 5.5. Shim Red.
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Table 5.5. Characteristics of ORR Shim-Rod
Fuel Followers

154 g, 14 plates Table 5.6. Weights of ORR Shim-Rod Fuel Section

Nominal .
Unit a Nominal
Dimension Component Weight
Fourteen-plate fuel follower (kg)
section
Plate spacing 0.117 (typical) Fourteen fuel plates 2.63
Plate thickness (overall) 0.060 )
Plate length (overall) 245/8 Alloy cores (19.5 wt % uranium, 0.85
1 .
Clad thickness 0.020 ba ance alum1.num)
Core (alloy) thickness 0.020 Cladding (aluminum) 1.78
Core (alloy) length 237, 2.63
Core (alloy) width 2.5 .
Plate width (before bending) 2.8 Heel and toe plates (curved sides) 1.50
(aluminum)
Miscellaneous
Effective fuel length 23.625 Two side plates (aluminum) 1.14
Effective volume 228.4 in.>
Metal volume 122.6 in.3 Two combs (aluminum) 0.01
H20 volume 105.8 in. 3 5.28
Heat transfer area 12.22 ft2
®In inches unless otherwise indicated.
Table 5.7. Composition of ORR Shim-Rod Fuel Followers
Volume Volume Weighta Apparent Density Atomic or Molecular Density
Material (cms) Fraction (&) (g/cma) (atoms or molecules/cm?’)
Uranium 8.8 0.002351 166 0.04435 1.1367 x 1020
235y 8.2 0.002190 154 0.04114 1.0544 x 1020
238y 0.6 0.000160 12 0.003205 8.1119 x 10" 2
Aluminum 2000 0.5343 5400 1.4427 3.2201 x 10%2
H,0 1734 0.4633 1731 0.4625 1.5476 x 10%?
“Weight of effective length only.
longitudinally along the center line of the follower a reactor scram, the piston sections drop into
allows a flow of coolant water through the alumi- shock-absorber cylinders to cushion the impact of
num, and the longitudinal dimensions are such that the fall. The shock-absorber cylinders are anchored
the overall length of the shim rod with an aluminum to the bottom head of the reactor tank. The lower
follower is the same as that of one with a fuel cylindrical sections of the shim rods are provided
follower. with inside circumferential grooves which are en-
Piston Section. — The stainless steel shock- gaged by the latching mechanisms of the rod drives.

absorber piston section of a shim rod is simply a
transition region that changes from the overall outer
dimensions of the follower section to a cylindrical
section with a 2.437-in. outer diameter and a 21/4- The beryllium reflector elements are designed
in. inner diameter. When the shim rods fall due to so that they will fit into all core grid positions

5.2.3 Beryllium Reflector Elements



and may be interchanged with fuel elements and
experimental facilities. The outside appearance
of a reflector element is very similar to that of a
fuel element. Aluminum end boxes similar to those
used on fuel elements are fastened onto both ends
of the beryllium portion and allow the element to
be inverted if desired. The beryllium block has
the same overall dimensions as a fuel element
(Fig. 5.4). Overall dimensions are 3.010 in. from
flat side to flat side and 3.320 in. from the most
extreme point on the convex side to the ‘“flats’’ on
the concave side. The overall length is the same
as the length of a fuel element.

Two types of beryllium elements are in use.

Both have the same outer dimensions and end box
arrangements, but they differ regarding the internal
construction of the beryllium portion. One type is
a block of beryllium with a % -in. coolant hole
drilled longitudinally through the center of the
block. This type is used only as a reflector com-
ponent.

The other type is designed to be used either as
a reflector element or as an experimental facility.
It consists of a beryllium block with a 2-in.-diam
hole drilled through its center and a 17/8-ir1.—diam
solid beryllium insert or plug that may be inserted
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into the hole. Without the insert in place, the
element may conveniently be used as an experi-
mental facility which provides a predominantly
thermal neutron flux; with the beryllium insert in
place, it may be used as a normal reflector element.

5.2.4 Isotope Production Facilities

Isotope production facilities, sometimes called
isotope stringers, are used to contain samples of
materials being irradiated in the high neutron flux
in the reflector region for the production of radio-
active isotopes. These stringets are placed in the
hollow beryllium pieces for irradiation and are
sized to fit inside the hole and still provide a
coolant gap around its outside. One of these
isotope stringers is shown in the foreground of
Fig. 5.7. The isotope stringers consist of ten
small cylindrical sections called trays stacked
end to end to form a long cylindrical section.

The trays are 27 in. long by 17, in. in outside
diameter and are assembled on 3 l/16-ir1. spaces
along the piece to give a total length of ~33 in.,
including the end sections. The aluminum trays

3

are assembled on a /B—in.—diam stainless steel rod,

PHOTO 4174)

Fig. 5.7. Isotope Production Facility.
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which spaces the trays longitudinally and also
serves as a pivot whereby each tray may be ro-
tated outward for loading or repositioning the
samples. The rod fits through one of the circum-
ferential holes in each tray.

There are two types of trays; one type accommo-
dates six 7-in.-OD capsules, and the other accom-
modates eight 3/8-in.-OD capsules. The trays may
be intermixed in a stringer, or they may be all of
one size. In both types of trays the positions of
all but one of the capsules are located in a circle
near the outside of the tray, and the other is
located in the center.

In addition to the holes where the capsules fit,
there are eight 3/1 g-in.~diam holes drilled on a
circle between the central position and the circum-
ferential positions. The holes allow coolant to
flow downward around the capsules and outward to
the coolant gap around the outside of the stringer
through sixteen 7/1 6—in.—diam holes drilled into the
cylindrical surface of each tray. The holes also
decrease the metal-to-water ratio in the assembly.

Samples to be irradiated in the stringers are
sealed in aluminum capsules 21/2 in. long and
either 1/2 or 3/8 in. in outside diameter. The cap-
sules containing materials to be irradiated are
welded closed and leak tested prior to installation
in a sample tray.

5.2.5 In-Reactor Experimental Facilities

The In-Reactor Experimental Facilities provide
the highest neutron fluxes (up to 5 x 10'* neutrons
cm™ 2 sec™!) available in the reactor. Access is
through flanges in the reactor tank top, but the
reactor can be refueled without disturbing experi-
ments (Fig. 5.8). A typical, but not current, allo-

cation of in-reactor irradiation positions and

access flanges to experiments is shown in Fig. 5.9.

In-reactor grid positions are identified by a combi-
nation of a letter (4 through G) and a numeral (1
through 9).

5.2.6 Hydraulic Tube Systems

System No. 1. — The No. 1 hydraulic tube sys-
tem, Fig. 5.10, provides a relatively simple means
for inserting and removing capsules (targets for
radioisotope production) while the reactor is oper-
ating. It will accommodate a total of 12 individual
target capsules, each of which might contain
several isotopes. Capsules are scheduled for
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irradiation by research, Isotopes, and Operations
personnel, depending upon circumstances which
vary from day to day. All capsules, however,
must meet size and weight specifications, must
be propetly packaged, and must be approved by
the Operations Division Technical Assistance
Department.

The system is designed to use water to push
capsules into and out of the reactor core position
F-8. Water from the pool coolant pump or from the
reactor cooling system, as required, supplies the
necessary flow and pressure for inserting, remov-
ing, and cooling the capsules. Valves at the
loading stations allow the water flow to be directed
toward the reactor, carrying the capsule into the
core. The water is then discharged through a
connecting tube to the decay tank and sent back
into either the pool system or the reactor water
system. For removing the capsule, part or all of
the water flow through the other hydraulic tubes is
directed back up the hydraulic tube from which
the capsule is to be removed, cartying the capsule
back to the loading station.

Normally, water is supplied from the pool coolant
pump and discharged to the reactor pool. Five
other supply-discharge valving arrangements are
possible; however, three of these are undesirable
because of the interchange of water between the
reactor and pool systems. The six possible valving
arrangements are listed below as normal, special,
and undesirable. Special valving arrangements
are to be made only upon receipt of written in-
structions from the reactor supervisor. Undesirable
valving arrangements are strictly avoided.

1. Normal — water is supplied from the pool cool-
ant pump and discharged to the reactor pool.

2. Special — water is supplied from the pool cool-
ant pump and is discharged to the pool cooling
system through the degasifier.

3. Special — water is supplied from the reactor
cooling system and is discharged into the
reactor cooling system through the degasifier.

4. Undesirable — water is supplied from the pool
coolant pump and discharged irto the reactor
system through the degasifier. Note: This
arrangement would result in a flow from the
reactor tank to the pool through the equalizer
leg.

5. Undesirable — water is supplied from the re-
actor cooling system and is discharged to the
reactor 'pool.
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Fig. 5.8. In-Reactor Experimental Facilities.

6. Undesirable — water is supplied from the re- 22, 23, and 24 accommodate five 1/2-in.—OD cap-
actor cooling system and is discharged into the sules each, and tube 25 accommodates five 5/8-in,_
pool cooling system through the degasifier. OD capsules.

System No. 2. — The No. 2 hydraulic tube system The loading station, located on the north wall of
for the ORR, Fig. 5.11, is a facility designed to the center pool, consists of five loading chambers,
allow irradiation of as many as 25 capsules simul- each of which is provided with a hinged top and
taneously: 20 capsules l/2 in. OD by 21/2 in. long lockdown mechanism to facilitate insertion and
and 5 capsules 5/8 in. OD by 21/2 in. long. The removal of capsules. Each loading chamber is
facility consists of five separate tubes that are designed with a water control valve built as an

essentially independent of each other. Tubes 21, integral part of the loading chamber. This valve
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directs the water flow that moves the capsules to
or from the reactor. The water control valve is a
specially designed duplex valve with one control
stem. There are three operating positions for each
valve, as described below. The water control
valve determines three system conditions.

The system is designed to use water to push
capsules into and out of the reactor grid position
D-8. Water from the pool coolant pump or from the
reactor cooling system, as tequired, supplies the
necessaty flow and pressure for inserting, remov-
ing, and cooling the capsules. Valves at the
loading stations allow the water flow to be directed
toward the reactor, carrying the samples into the
reactor. The water is then discharged from the
reactor through a separate line back through the
four-way valve, where it forms a common return
with the other four tubes. It is then sent through
the decay tank and back into either the pool water
system or the reactor water system. For removing
the capsule, the supply water is directed toward
the reactor through the retum line. This forces
the capsule out of the reactor and back into the
loading chamber. Nommally, water is supplied from
the pool coolant pump and discharged to the reac-
tor pool. Five other supply-discharge valving
arrangements are listed below as normal, special,
and undesirable. Special valving arrangements are
to be made only upon receipt of written instructions
from the reactor supervisor. Undesitable valving
arrangements are strictly avoided.

1. Normal — water is supplied from the pool cool-
ant pump and discharged to the reactor pool.

2. Special — water is supplied from the pool cool-
ant pump and discharged to the pool cooling
system through the degasifier.

3. Special — water is supplied from the reactor
cooling system and is discharged into the re-
actor cooling system through the degasifier.

4. Undesirable — water is supplied from the pool
coolant pump and discharged into the reactor
system through the degasifier. Note: This
arrangement would result in a flow from the re-
actor tank to the pool through the equalizer leg.

S. Undesirable — water is supplied from the re-
actor cooling system and is discharged to the
reactor pool.

6. Undesirable — water is supplied from the re-
actor cooling system and discharged into the
pool cooling system through the degasifier.

5.3 Reactor Vessel

The reactor vessel serves as the containment
system for the reactor core and for the primary
coolant system while it passes through the core
region, The vessel is irregular in cross-sectional
shape, but in general it somewhat resembles a
right circular cylinder that is partially flattened on
one side (Fig. 1.3). The tank is ~18 ft tall and is
made of aluminum, which varies in thickness accord-
ing to the strength requirements of that particular
portion of the tank. An extension on the lower end
of the tank permits rod-drive access to the core
through the 7.5-ft-thick subpile room ceiling.

The top cover plate is made of aluminum and is
2 in. thick. It is held in place by forty-two 1-in.-
diam stainless steel bolts, which penetrate both
the top cover plate and the top flange. The access
cover plate, which closes the 24- by 29-in. access
hole in the top cover plate, is made of 2-in.-thick
304 stainless steel and is held in place by a
“‘submarine door’’ type clamp, which maintains a
seal against the top cover plate. Eleven experi-
ment access openings in the top cover plate allow
installation of experimental facilities with out-of-
vessel instrumentation and control. No experi-
mental installations penetrate the access cover
plate, so it retains its quick-opening, easy-access
features.

The upper tank section is uniform in cross sec-
tion from its upper part down to the top of the
active lattice. The east quadrant of the tank,
which consists of the region defined by 45° on
both sides of east, has a wall thickness of 7 in.,
and the rest of the tank has a wall thickness of
13/4 in. The thickness of the flattened side of the
tank was increased to provide for extra strength in
that section, because it is subjected to large
stresses. Horizontal ribs 17, in. thick by 47 in.
wide also add structural strength to the flattened
side of the vessel. Coolant enters the reactor in
this upper tank section by two diametrically op-
posed inlet water lines located near the top of the
vessel on its north and south sides.

The middle section of the tank, which encloses
the core region, is 7/8 in. thick on the east half of
the tank and 13/4 in. thick on the west or flattened
half. The thickness of parts of the north and
south walls of the tank is less in the region below
the coolant inlet lines, around which the extra
strength characteristics of the thicker walls were
desirable,



There are nine large penetrations of the reactor
vessel in the middle section. Six beam-hole
facilities (Sect. 5.3.3) penetrate the vessel on its
east face, and two large engineering facilities
(Sect. 5.3.2) penetrate each of the north and south
sides of the vessel. On the west side of the
vessel and next to the core there is a 27-in.-wide
by 30-in.-high by 53/8-ir1.-deep “‘window’’ that is
inset into the reactor vessel (Fig. 1.1) and is used
as an out-of-vessel high-flux experimental facility
(Sect. 5.3.1). The walls and the face of the inset
are 13/4—in.—thick aluminum.

The lower section of the tank is cylindrical, with
an inside diameter of ~64 in. and a wall thickness
of 3/4 in. There is one large penetration of the
tank in this lower section, and that is a 16-in.-ID
inspection port located on the east side of the
vessel. This port is closed with a blank flange,

Table 5.8. Reactor Vessel Penetrations

Size
Description Number (in.)

Top head 1 See Sect.

5.3
Top access cover? 1 24 x 29
Top experiment access? 4 8 ID
Top experiment access” 4 5 ID
Top experiment access® 1 4 1/2 ID
Top experiment access” 1 4 1D
Top experiment access (v-11)% 1 33/8 X 71/4
Slant access facilities 2 6 ID
Horizontal access holes 4 21/2 ID
Horizontal access hole 1 2 Ib
Horizontal access hole 2 11/2 ID
Cooling water inlets 2 18 OD
Reflector access pipes 4 l/2 D
Beam holes 6 6 ID
Engineering facilities 2 19 x 25
Poolside experimental facility 1 27 X 30
Inspection facility 1 16 ID
Poolside-~facility coolant 2 6 ID

pipe openings
Coolant exits 2 18 OD
Drive-rod penetrationsb 2 ID
48

Located in top head.
b1 ocated in bottom plug.
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but it may be opened to provide access to the re-
gion immediately below the reactor core.

The lowest part of the vessel is an ~60-in.-ID
aluminum cylinder, whose bottom forms the bottom
plug of the reactor. The two coolant exit lines
emerge from this section in diametrically opposite
directions (north, and south), and the control-rod
drives penetrate the lower plug.

All of the reactor vessel penetrations are listed
in Table 5.8.

5.3.1 Poolside Experimental Facility

In this, the most accessible facility in the re-
actor (Fig. 5.12), experiments may be placed on
the flat west side of the reactor tank close to the

lattice. The maximum thermal and fast (>0.4 Mev) -

neutron fluxes available at this facility are each

~4 x 10!3 neutrons cm—? sec— !,

5.3.2 Engineering Facilities

These two large facilities (Fig. 5.12), located

on the north and the south sides of the reactor, each

have 19- by 25-in. obround access holes to the side

of the lattice and are closed with 51/2-ft—diam shield-

ing plugs. These plugs may be penetrated with
several smaller holes for experiments that indi-
vidually do not require the use of the entire hole.
Such penetrations are designated HN-1, HN-2, etc.
(for the north facility). The maximum themal-
neutron flux in these facilities is about 7 x 103

neutrons cm~ % sec 1.

5.3.3 Horizontal Beam Holes

Six beam holes, each 6 in. in inside diameter,
are provided. The ORR beam holes are of circular
cross section, decreasing in outside diameter from
approximately 91/8 in. at the outer face of the con-
crete shield to approximately 63/4 in. at the reactor
core box. Each beam hole is equipped with a
collimator plug for operation as an experimental
facility and, in its absence, a dummy plug. The
plug seals the outer end of the beam hole and ex-
tends inward to within approximately 3 ft of the
reactor vessel. Service piping enters through the
plug.

During installation or operation of experiments
at the beam holes, it sometimes become s necessary
to fill the liner, the plug, or both with water to
provide biological shielding at the first level. The
beam can be shut off by flooding the 6.4-ft-long



at

RECORDING AND

‘/ CONTROL PANEL

/

by

NORTH ENGINEERING
TEST FACILITY PLUG

HN-3 HN-4

ORNL-LR-DWG 28398A

-- COOLING AND ELECTRIC LINES
TO EXPERIMENT

- ACCESS FLANGES FOR
VERTICAL EXPERIMENTS

SOUTH ENGINEERING
TEST FACILITY PLUG

~ EXPERIMENT MOUNTED IN
POOL NEXT TO FLAT SIDE
OF REACTOR TANK
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collimator section of the hole with water and lower-
ing a lead-filled shutter. Subsequently, the plug
and/or liner must be drained, dried, and possibly
placed under continuous air or helium purge, de-
pending on the desires of the experimenters.

Six service-piping headers are located in the
basement adjacent to the east end of the reactor
wall and directly under the beam holes. These
headers provide

1. water supply from the pool cooling system,
2. water return to the pool cooling system,

3. plant air reduced to 15 psi,

4. warm drain,

5. off-gas,

6.

helium supply from outside the building.

Lines from the above-listed headers lead to each
liner and plug in such a way that they can each,
separately, be

1. filled with water, air, or helium,
2. purged with air or helium (continuously),
3. filled with continuously recirculated water.

5.4 Pools

The reactor pools consist of a reinforced-con-
crete, aluminum-lined 10-ft wide tank, with a 39 ft
long by 26 ft 6 in. deep storage section and a 21 ft
10 in. long by 28 ft 8 in. deep reactor section. The
reactor section and storage section are separated
by a removable two-piece watertight gate, and the
storage section is divided into two equal-sized
pools by another identical gate.

The length of the reactor pool section is suffi-
cient for experiments to be conveniently inserted
and removed on the side of the reactor opposite the



beam-hole face. The storage pool length was de-
termined by the remaining distance to the west wall
of the building, allowance being made for a pass-
ageway around the end of the pool. The pool is
used to store fuel elements and all irradiated items
of equipment, and may serve as an experiment
area involving high-intensity sources. The separa-
tion of the storage area into two independent
sections permits emptying and cleaning of the
pools without removing all the pool contents to
another building for interim storage. The pool
gates are of aluminum and stainless steel con-
struction, are rubber-sealed, and are designed to
withstand hydrostatic pressures equivalent to
water up to the full height of the gate on either
side.

The pool width of 10 ft was more or less arbi-
trarily established on the basis of achieving an
optimum economic combination shield of water and
barytes concrete in the wall around the reactor
(see Sect. 9).

The three pool sections are lined on the sides
and bottom with l/4—ir1.-thi<:k aluminum plate. An
economic study was made of the relative costs of
an aluminum liner vs an Amercoat paint coating,
and the aluminum liner proved to be more economi-
cal with regard to long-term maintenance, in addi-
tion to separating the leakage problem from the
concrete structural shielding problem. The liner
on the pool sides is welded to aluminum structural
members embedded in the concrete on about 3 ft
6 in. centers. A 2- by 8-in. aluminum bar on each
side of the pool is welded to these structural
members at about the midpool depth. These sup-
port bars were installed at the time of initial con-
struction and were attached directly to the liner
structural members rather than the liner shell it-
self. The bars are designed to support a uniform
live load of 3 tons per foot of pool length. In the
reactor pool section two additional 2- by 8-in. bars
are provided at an elevation 4 ft 6 in. above the
reactor center line. These additional bars support
a catwalk made of aluminum grating at a convenient
height for working on the reactor tank and provide
convenient support for experiments placed around
the reactor.

On the north and south sides of the pools there
are scuppers which consist simply of gutters along
the sides of the pools whose tops are level with
the surface of the water. Water from the surface of
the pool flows into the scuppers with a skimming
action and is conveyed to the pool cleanup system
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and back to the pools. This action has the effect
of removing dust and floating particles and con-
taminants from the pools.

Details of the construction of the pool walls are
presented in Sect. 9.

5.4.1 Personnel Bridge

The personnel bridge is used to support person-
nel performing routine tasks which require that
they be positioned vertically over their work in the
pools and also to move items in the pools that
must remain underwater. It spans the pools from
north to south and is a 6-ft-wide, 14-ft-long plat-
form with a 40-in.-high personnel railing around all
sides. The floor is painted sheet steel and has
removable panels to provide access through the
floor to the region under the bridge.

The bridge is mounted on wheels and is driven
on a track in the east-west direction by a 2-hp
motor and its associated reduction gear train. The
bridge tracks run the entire length of the three
pools, so the bridge may be positioned over any
point in any of the three pools.

5.4.2 Storage Facilities

Storage racks, with 30 positions each, for irradi-
ated fuel elements are provided in the reactor pool
and the center pool, as shown in Fig. 5.13. A
storage rack with eight positions for irradiated
shim rods is provided in the center pool. Materials
stored in these facilities are normally in the fomm
of standard fuel units or shim rods; however,
fissionable materials or experiments belonging to
research groups may also be stored.

Fresh, unirradiated fuel is stored in the ORR
vault, located in the basement. This vault con-
tains an unshielded wooden rack and a 60-element
metal rack. The metal rack consists of two 30-
element sections. Storage of beryllium pieces,
heavy water, or ordinary water in this area is
strictly forbidden; approval must be obtained be-
fore other materials can be admitted.

The methods of handling fissionable materials
of the reactor core must be approved by the ORNL
Criticality Review Committee. The design of
fuel-unit storage racks and transfer casks must
be approved, in writing, by the chaiman of that
committee.

Storage of fissionable material belonging to re-
search groups is more flexible. Special problems
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associated with a particular experiment are brought 5.4.3 Hot-Cell Facility
to the attention of the ORR operating staff by the

Technical Assistance Department, Operations A hot cell, Fig. 5.14, is located above the west
Division. Special locations may be provided for end of the storage pool and is arranged so that
storage of experiments, or the experiments may be capsules or experimental rigs may be transferred
suspended in the pool. Care is taken not to sub- from the pool into the cell through doors in its
vert criticality safety by suspending experiments bottom. The cell is intended for use in disassem-
containing fissionable material near standard bly and preliminary inspection of experimental rigs

storage racks.

and capsules.
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Fig. 5.14.

The hot cell is divided into two sections, each
of which has walls of dense concrete 3.5 ft thick,
designed to shield 10° curies of 4°Co or the
equivalent with a radiation level outside the cell
of less than 5 mr/hr. The sections may be used
separately only, but no shielding is provided be-
tween the two sections. The sections are com-
pletely lined with stainless steel, and only this
stainless steel sheet separates the sections.

The cell is equipped with sprays for cleaning,
hot drains, and hot off-gas connections. For ex-
perimental work, a pneumatic hoist, manipulators,
and lead-glass windows are provided for the neces-
sary handling and observation of irradiated ma-
terials inside the cell.

PHOTO 48951

Hot Cell.

6. COOLING SYSTEM
6.1 Introduction

The cooling requirements for power operation of
the ORR are provided by two separate cooling sys-
tems. One of these, the reactor cooling system, is
designed to remove all of the approximately 30 Mw
of energy produced in the core. The other, the
pool cooling system, disposes of the small amount
of heat transferred from the reactor tank to the re-
actor pool and the heat evolved from materials
stored in the pools.

In the reactor cooling system, demineralized
water as the primary coolant is pumped through



the reactor tank at a flow rate of about 18,000
gpm. It passes through the shell side of four
primary heat exchangers; at this point it trans-
fers its heat to the secondary coolant, which is
circulated through the tube side of the heat ex-
changers. The secondary coolant, treated process
water, is then circulated through a conventional
induced-draft cooling tower, which dissipates the
heat to the atmosphere.

Approximately 0.6 Mw of reactor heat is trans-
ferred to the reactor pool by conduction from heated
surfaces and by absorption of radiation. To ac-
commodate this heat and up to 0.1 Mw of heat re-
leased by stored used fuel elements, a second
cooling system, the pool cooling system, permits
circulation of 700 gpm of pool water through the
tube side of the pool heat exchanger. Here the
secondary coolant, treated process water, absorbs
the heat while circulating through the shell side
of the heat exchanger. This secondary coolant is
then circulated through a separate conventional
induced-draft cooling tower and dissipates this
heat to the atmosphere.

Because of the heat generated by the fission
product inventory in the core, it is necessary to
provide cooling to the core for a short time fol-
lowing shutdown. Under normal circumstances,
this is handled by the primary circulation pumps.
In the event of a failure of power to the main pump
motors, adequate coolant flow is maintained by
battery-powered dc motors attached to the shafts
of the main coolant pumps. Any one of these
three motors can provide coolant flow sufficient
to prevent damage due to afterheat.

In association with each of the water systems
are various components for demineralizing, de-
gasifying, and flow measuring. Most of these
components are located in the west end of the
basement of the reactor building.

6.2 Reactor Cooling System

6.2.1 Primary System

As has been stated previously, the reactor pri-
mary cooling system has demineralized light water
as the coolant. As illustrated in Figs. 6.1-6.3,
the primary coolant enters the reactor vessel
through two 18-in. lines near the top. The water
flows down through the core, cooling it. This
downward motion of the water helps to seat the
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fuel elements and does not oppose the scramming
mechanism.

Water flows out of the bottom of the vessel
through two 18-in. lines. These run into the con-
crete shielding, turn west until they are beyond
the large experimental facility holes, and then
turn upward. They continue upward in the con-
crete shield until they are above the level of the
reactor core; then they make a 180° turn toward
the basement. A line leading to a ball-float trap
is tied into each of the 18-in. lines at the top of
the 180° bend to disrupt any siphoning action
when the water level in the tank drops to the level
of the bend. This level is above the reactor core;
consequently, the tank cannot be siphoned to a
level below the top of the core.

The two 18-in. exit lines continue to the pipe
chase in the basement, where they join into a
common 24-in. line. This line runs out of the
basement, increases to a 36-in. line, and ex-
tends in a northeasterly direction for about 200
ft. It changes size once more, back to a 24-in.
line, before entering a 10,000-gal decay tank.
The purpose of the tank, as well as the 36-in.
line, is to delay transport of the water to allow
any !®N that may be present to decay to a safe
radiation level.

After leaving the decay tank, the water proceeds
through a 24-in. line to the primary system pump
house. Beneath the pump house, the 24-in. line
becomes a manifold which feeds three 16-in.
lines and two 8-in. lines. Each of the 16-in.
lines leads to the inlet of a 6000-gpm pump.
These pumps provide the power to circulate the
cooling water through the system. Battery-operated
dc motors directly coupled to the 6000-gpm pumps
continue rotation of the pumps during a power
outage, so they provide afterheat cooling.

The two 8-in. lines leaving the manifold are for
emergency cooling. One of these goes to a 1000-
gpm electrically driven pump, which is used during
reactor shutdowns. The other 8-in. line goes to a
1000-gpm gasoline-motor-driven pump, which pro-
vides additional afterheat cooling in support of the
dc motors,

The discharge from the main pumps travels
through a 24-in. line under the north wall of the
pump house, where it branches into two lines,
One line continues north to the eight water-to-air
heat exchangers used for the former 20-Mw op-
eration. This portion of the system is now valved
off and is not in use.
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Fig. 6.3. Schematic Diagram of Reactor Primary and Secondary Cooling Systems, Continued.
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PHOTO 50321

Fig. 6.4. Reactor Heat Exchangers.

The other line extends northeast to the heat-ex-
changer pit (Fig, 6.4). Here the heat generated
in the core is transferred from the primary system
to the secondary system by means of four stain-
less steel shell-and-tube heat exchangers con-
nected in parallel. The reactor cooling water
passes from east to west through the shell side
of the exchangers.

A 24-in. wafer-type butterfly control valve with
an air-motot positioner is installed in parallel with
the four heat exchangers. This valve allows a
portion of the cooling water to bypass the heat ex-
changers, depending on the cooling demand.

After leaving the heat-exchanger—bypass-valve
arrangement, the water flows through a single 24-
in. line, which continues back toward the pump
house and converges with the discharge line from
the water-to-air heat exchangers, The line then

tums south under the porch of the pump house.

A venturi in this section allows the rate of coolant
flow to be monitored in the control room. The line
then proceeds southwest, through the strainer, and
back to the reactor building, where it enters the
pipe chase and branches into two 18-in. lines that
carry the cooling water through the concrete shield
and up to the reactor inlets.

It is desirable to pass a portion of the reactor
system water through a filter continually. Two
100-gpm filters, located north of the ORR pump
house, have been provided for this purpose. These
filters remove micron-sized particles.

6.2.2 Secondary System

The reactor secondary system uses process
water as the heat-transfer medium. The secondary



cooling water flows from the cooling tower basin,
which normally contains approximately 70,000 gal
of cool water, to the secondary system circulating
pumps. The discharge from the pumps runs to a
common 18-in. line in the secondary system pump
house and proceeds westward to the outside. From
this point, the line runs underground, southwest to
the heat-exchanger pit, rises out of the ground, and
enters the north top opening of the east end of the
four shell-and-tube heat exchangers. The water
makes two passes on the tube side and exits
through the south top opening of the east end of
the exchangers. The exit pipe parallels the inlet
line to the heat exchangers and proceeds toward
the secondary system pump house. Just outside
the pump house, the line turns north, parallel to
the cooling tower.

Part of the water can bypass the tower and
proceed to the pump suction, the amount de-
pending on the cooling demand; the remainder
flows through the two risers to the top of the
tower. As the hot water falls through the cool-
ing tower, the cooling-tower fans draw air past
it, evaporating some of the water and cooling the
remainder. The cool water is then retained in the
cooling-tower basin, which serves as a reservoir
for the system. The basin water level is kept
constant by a level-control valve, which adds
process water to make up evaporation and other
losses.

6.2.3 Cooling Control System

The objectives of the temperature-control system
are as follows:

1. To maintain steady-state control of the reactor
inlet temperature.

a) It is important to minimize the fatiguing of
the reactor structure which results from
stresses produced by temperature cycling.

b) The most accurate method of obtaining re-
actor power is to compute it from reactor
cooling water flow and the temperature rise
across the reactor. There is a transport de-
lay across the reactor; consequently, if the
inlet temperature is changing, the measure-
ment of the temperature differential, and
therefore the calculated power, is incorrect.
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The temperature differential is only 11 to
12°F at the 30-Mw power level; an error in
the differential temperature measurement of
0.5°F will result in a 4% error in calculated
power.

2. To provide a system of sufficiently fast re-
sponse so that the reactor operation will not be
inhibited by the temperature control system.

a) When the reactor is unexpectedly shut down
by abnormal conditions, xenon poisoning
makes it mandatory to return to power within
a short time or else suffer a delay for a
change of reactor fuel. The cooling system
must, therefore, be capable of control with
a reactor power cycle from the 30-Mw power
level to essentially zero power and, thence,
rapidly back to the 30-Mw power level.

b) Good transient response reduces the danger
of overheating the reactor fuel and reactor
structure on rapid power increases. The op-
erating conditions at 30 Mw are such that
very little temperature overshoot is permis-
sible.

c) A fast response system is required to pre-
vent recirculation of high-temperature slugs
of water around the primary cooling loop.
The long loop time and low natural damping
enhance the problem, as has been exhibited
in the past.

3. To provide a design such that the failure of
control valves within the water loops will not
result in an abrupt loss of cooling to the re-
actor. This dictates the use of ‘“fail-closed”’
bypass valves rather than a series of throttling
valves in the cooling loops. Thus, the most
probable valve failure will not stop cooling
water flow and will allow maximum cooling.

Three systems are used:

1. Tower control system — controlling the tem-
perature of the cooling-tower basin.

2. Secondary control system — controlling the
mean temperature of the secondary side of the
heat exchanger.

3. Primary control system — controlling the tem-
perature of the water returning to the reactor.

The ultimate objective is $0.25°F control of the
primary water passing through the reactor. The
three systems, in the order listed, lead progres-
sively toward this end; that is, control of the
tower-basin temperature allows the secondary
temperature to be regulated, and control of the

[3



secondary allows close control of the primary
temperature. In this way, fast response and a
fine degree of control are attained.

All three of these control systems are designed
around simple temperature control. The primary
control system has a fixed set point designed to
maintain a constant cooling water temperature de-
termined by the desired power level of the reactor.
The constant temperature is accomplished by ad-
justing, by means of a bypass valve, the amount
of cooling water flowing through the primary-to-
secondary heat exchanger. At the other end of the
cooling system, the tower basin is also designed
to operate at a constant temperature. The basin
may be regarded as an infinite heat sink from
which the primary system may draw varying
amounts of cooling capacity as the situation de-
mands. Its temperature is maintained slightly
below the level required for dissipation of full
reactor power, and thus cooling capacity is im-
mediately available. In between is the primary-
intermediate link. It provides for transference
of the cooling potential from the basin to the
primary loop. In effecting the transfer, the tem-
perature set point of the secondary is made to
vary in response to conditions from two sources:
(1) fluctuations in the reactor power level — pro-
viding more cooling water from the basin if the
power goes above the desired level and less if
it goes below, and (2) adjustments already made
in the primary system.

When a fluctuation occurs in the power level,
the primary control system responds immediately,
opening or closing the secondary bypass valve
to meet the new demand. The secondary control
system then continues to alter its set point by
changing fan speeds until no correction is neces-
sary by the primary control system. This allows
the secondary bypass valve to return to its equi-
librium position, again ready for optimum response
in either direction to sudden fluctuations in power
level.
ing the secondary control set point is made by a

Summation of the two conditions determin-

simple pneumatic analog computer. The computer
output is used to regulate the secondary bypass
valve.

Thus by the interconnection of three control
systems, the conditions for rapid and optimum
control response are provided in the primary con-
trol system. The system adapts the slow response
of the tower basin to the fast responses of the re-
actor and is able to quickly damp out transients.
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6.3 Pool Cooling System
6.3.1 Primary System

The heat that is transferred to the pool surround-
ing the reactor tank is approximately 0.7 Mw, as
discussed in Sect. 6.1. The purpose of the pool
primary system (Fig. 6.5) is to transfer this heat
by way of a shell-and-tube heat exchanger to a
secondary system, where the heat is dissipated
through an induced-draft cooling tower.

The water leaves the pool through a 6-in. line
and travels from the reactor pool to the pool-
coolant pump, located in the west end of the
basement (Fig. 6.6). The pump, a 900-gpm unit,
forces the water through a filter arrangement to
the tube side of the shell-and-tube heat exchanger,
located near the pump. The water then returns to
the reactor pool by three separate paths, as de-
scribed below.

During the design of the ORR, there was con-
siderable concern about the formatijon of the
radioisotope !N in the reactor pool adjacent to
the reactor. Radiation readings of ~20 r have
been obtained from !®N-bearing water in the exit
water line from the reactor core. Nitrogen-16 has -
a half-life of 7 sec, but it was feared that the
natural convection around the reactor would move
the hot gas to the pool surface before it could
decay sufficiently to be harmless. Sufficient
delay was accomplished by a system of jets
which directed approximately 140 gpm of pool
return cooling water downward along the outside
of the reactor tank wall, as shown in Fig. 6.7.

Another source of relatively high !°N activity
was at the reactor pool side. The delay here
was accomplished by installing a jet eductor,
Fig. 6.8, and using 140 gpm of the pool return
cooling water to provide a suction at the pool
side. The !®N-bearing water is pulled down by
the suction and dispersed into the reactor pool.
With both systems in operation, the radiation
level is only about 8 mr/hr at the pool surface.

Since the beam-hole liners are anchored both
at the reactor tank and at the concrete shield,
they must be water-cooled to prevent excessive
stresses from developing in the reactor vessel
due to temperature variations. Constant beam- -
hole liner temperatures are assured by spraying '
water from manifolds on the top and bottom of
each liner. Water for these sprays is furnished
by taking part of the water retuming from the pool
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Fig. 6.5. Reactor Pool Cooling System.
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Fig. 6.6. Pool Heat Exchanger and Pump.

cooling heat exchanger and directing it to the
spray manifolds, as shown in Fig. 6.9. About
two-thirds of the total pool cooling flow is
sprayed on the beam-hole liners. The tempera-
ture of this returning water is about 85°F.

The reactor cannot be operated at full power
unless the beam-hole liner spray cooling system
is in operation. A relay in the pool cooling water
flowmeter prevents raising the reactor above 1.8%
of full power without adequate cooling flow. Since
the beam-hole liner spray system is the only pool
cooling water retum line that contains no cutoff
valve, operation of the liner spray at any signifi-
cant reactor power is ensured.

6.3.2 Secondary System

The heat from the pool primary system is trans-
ferred to the treated process water in the pool

heat exchanger, as previously mentioned. The
process water from the heat exchanger flows
through a 6-in. line to a cooling tower located
west of the primary pump house. The water is
pumped out of the tower basin and back to the
shell side of the heat exchanger. The volume of
water in the piping of the loop is 2410 gal, with
the cooling-tower basin and sump bringing the
total capacity to 5270 gal.

6.3.3 Cooling Control System

The temperature of the demineralized water re-
turning to the reactor pool from the heat exchanger
is controlled by an automatic system located on
the panel adjacent to the heat exchanger in the
basement. This temperature is recorded at the
basement panel and indicated on a gage in the
control room. The normal control point is 88°F,
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with the pool high-temperature annunciator acti-
vated at 93°F.

The pneumatic throttling valve in the secondary
cooling loop may be positioned automatically or
manually. The mode of valve control is selected
by a transfer lever on the basement control panel.

In the automatic fan controller, cam switches
are operated by a motor, which is tumned on or off
by pressure switches connected to the same pneu-
matic line as the throttling valve. As the air pres-
sure to the temperature control valve is decreased
to 4 psi, the valve is allowing maximum cooling;
therefore, fan speed must be increased. A switch
closes at 4 psi to drive the cam-switch assembly
and thereby increase fan speed. The fan starts on
low at 60° rotation and s hifts to high at 120° rota-
tion. Motor-limit switches are located at 1 and
120°,

If the cooling is excessive, air pressure to the
temperature-control valve will increase and close

the valve. At 9 psi a switch will close to drive
the cam-switch assembly and reduce fan speed.
However, as long as the pneumatic pressure to
the temperature-control valve is between 4 and
9 psi, the fan speed will not be changed; the
valve will provide the necessary control.

6.4 Auxiliary Water Systems

6.4.1 Demineralizers

In reactor cooling systems, the radioactivity
level, the rate of corrosion, and the rate of de-
posit formation must be closely controlled. At
the ORR, these objectives are met by demineral-
izing the cooling water with multiple-bed ion
exchange resins. There are three such systems
in operation as follows.

Reactor Demineralizers. — There are two de-
mineralizer systems: one on stream and the other



kept on standby, regenerated and ready for ser-
vice. Both systems can be used simultaneously
if conditions warrant it, for example, after a long
shutdown when the water has been subjected to
more impurities than during normal operation.

Most of the components in the reactor cooling
loop are made of aluminum, although some of the
smaller items are stainless steel. The portion of
these materials which dissolves in the water, dis-
solved gases, and fission products which diffuse
from the fuel cladding constitute most of the im-
purities found in the primary loop. A slight
amount of demineralized water is added to the
system continuously during normal operation to
replace that lost through cooling and sealing
various bearings and glands. It is essential
that the primary water have as few impurities as
possible, since it passes through the high-neutron-
flux core region, where impurities become highly
activated; so some cooling water is continually
bypassed through the demineralizers to remove
trace impurities.

Three checks are available for judging the
purity of the water in the reactor system. The
first is the radiocactivity level measured in dis-
integrations per minute per milliliter. The second
is pH, a measure of the acidic or basic quality
of the water. The third is the electrical resis-
tance or resistivity of the water. Measures of pH
and resistance are made once each shift; water
activity is measured once each day. Resistivities
and activities are also recorded continuously in
the control room. In general practice, the water
resistivity and the water activity checks have
been the best guides to the effectiveness of a
demineralizer unit and the need for regeneration.

The reactor demineralizers are located in the
basement at the west end of the building. The
two systems are separated from each other and
enclosed behind 6-in. solid-concrete-block walls.
In addition to the concrete shielding, the cation
columns are shielded with approximately 4 in. of
lead. Extension handles on all valves extend
through the block walls, so that remote operation
is possible even though it is not nomally required
by the radiation level.

Each demineralizer system consists of two
resin columns: a cation column, 30 in. in diameter
with 72-in. straight sides, containing 10 {t3 of res-
in, and an anion column, 40 in. in diameter with
96-in. straight sides, containing 37 ft3 of resin.
All resins are standard commercial types, namely,
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Rohm and Haas Company Amberlite IR-120 cation
resin and Amberlite IRA-401 anion resin.

The driving force causing the water to pass
through the demineralizers comes from the facility
coolant pumps. The system is so piped that either
pump, north or south, can be used to feed either
demineralizer by use of the special crossover
valve. However, it is preferred that this valve
remain closed and the flow be directed from the
north pump to the north demineralizer or the south
pump to the south demineralizer.

Pool Demineralizer. — The radioactivity in the
ORR pool water would build up to an appreciable
level if a method were not provided to remove the
radioactive ions. The neutron flux in the pool just
outside the reactor tank wall is of the order of
1013 neutrons cm~2 sec™! and produces %*Na,
16N, and other radioactive nuclides; so a pool by-
pass demineralizer is used to remove a portion
of these nuclides.

In the present operation of the demineralizer,
water overflow from the pool is collected in a
400-gal overflow reservoir, which serves as the
supply for the pump in the demineralizer system.
The pump passes the water through both a cation
resin bed and an anion resin bed, then retumns it
to the pool. The cation unit, 48 in. in diameter
and 72 in. high, contains 40 ft3 of IR-120 cation
resin. The anion unit, also 48 in. in diameter
and 72 in. high, contains 35 ft% of IRA-401 anion
resin. The system, using both the cation and
anion columns at all times, has a flow rate of
100 gpm, with the discharge of the system re-
entering the pool through the fill lines.

Degasifier Demineralizer. — A third demineral-
izer unit for the reactor primary water system,
consisting of an anion and a cation column, is
used to purify the effluent from the degasifier
(see Sect. 6.4.2). The old north mixed-bed de-
mineralizer (originally in series with the reactor’s
north demineralizer units) is now the cation column
for the new demineralizer; the south mixed-bed
demineralizer (originally in series with the re-
actor’s south demineralizer units) is now the
anion column for the degasifier demineralizer.

The water supply for the new demineralizer is
taken from the water discharge line of the de-
gasifier unit serving the reactor primary water
system. The water demineralized by the new
unit is routed to the pressure-equalizer line of
the reactor tank. The primary function of this



system is to decontaminate any water that ex-
pands from the reactor water system into the

pool. An additional advantage is extra deminer-
alizer capacity for the reactor water system.

Prior to the installation of the new deminer-

alizer, the expanding water was discharged di-
rectly into the pool. It should be noted that the
degasifier demineralizer cannot be placed in ser-
vice unless the degasifier is in service. When the
demineralizer is removed from service to regenerate
the resin columns, the degasifier effluent is routed
directly to the reactor cooling system, thereby per-
mitting a continuation of the degassing of the re-
actor water.

6.4.2 Degasifier

The ORR bypass degasifier is a unit designed
to remove entrapped gases from the water used in
the reactor and pool primary cooling systems.

The use of this unit aids in reducing the air ra-
dioactivity in the reactor building. The degasifier
unit is located in the basement, east of the north
reactor anion column enclosute, and is housed in
a cubicle with 8 in. of solid-concrete-block shield-
ing.

A stream of water is bled from either the reactor
system, the pool system, or the hydraulic-tube
system into the degasifier system through an
automatic control valve. The stream is sprayed
into the top of the degasifier tank and collects as
a condensate at the bottom, where it enters a cen-
trifugal pump which returns the water to the re-
actor system through the exit line from the reactor
demineralizers, to the reactor system via the line
to the equalizer leg, to the pool cooling system
via the suction of the pool cooling pumps, or to
the demineralizers via the inlet line to the de-
mineralizers (see Fig. 6.10). The function of
the automatic control valve mentioned above is
to maintain the water in the tank at a level which
will prevent cavitation of the degasifier pump.

To remove any liberated gases, the degasifier
tank is evacuated continuously by a steam jet,
which produces a negative pressure of 26 in. Hg.
Located between the jet and the degasifier tank
is a condenser, which removes water vapor from
the evolved gases. This condensed vapor is re-
turned to the degasifier tank via the same line
supplying vapor to the condenser, since the pipe-
line is large enough in diameter to allow simul-
taneous flow in both directions.

The exhaust from the steam-jet vacuum pump,
which now contains the gases removed from the
water, is fed through another condenser to con-
dense the steam. The condensate and the free
gases enter a fluid-gas separator via separate
lines. The final separation of liquid and gas is
made here, with the gas being removed by a line
connected to the building off-gas system. The
fluid, since it might contain traces of radio-
activity, is piped to the “hot’’ drain in the pipe
chase. The condensers are cooled by plant
process water.

6.4.3 Facility Cooling System

Reactor-system cooling water, supplied via the
facility cooling pumps, is used to cool the north
and south experimental facilities. The pebble
bed of the large plug, the annulus of the plug,
and the dished head and oval facility in the re-
actor vessel are normally filled with this water,
which circulates through the components and re-
moves heat.

In view of the fact that there are similar units
on opposite sides of the reactor vessel, the vessel
can be subjected to unequal hydraulic pressures
on the two sides to cause an undesirable net
force in one direction; therefore, extreme caution
must be exercised when changing the water flows
to these facilities. Design engineers have placed
a maximum differential pressure on the facilities
of 15 psi, and this value should never be ex-
ceeded. The piping to the facilities has been
arranged to simplify draining and to minimize the
chance of error.

It is recognized that serious radiation incidents
can occur as a result of errors during draining,
since the reactor pool water is usually at grating
or tank-top level when the facilities are drained.
It is possible to lower the water level in the re-
actor tank during an erroneous draining procedure,
resulting in an extremely high background in the
reactor pool. In order to prevent misoperation of
the facility cooling system, administrative re-
quirements and procedures have been established
for filling and draining the experimental facilities.

6.4.4 Gas Removal System

The ORR gas removal system consists of sev-
eral ball-float traps which are located above, and
connected to, parts of the reactor water system
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where gases would naturally collect. These ball-
float traps, nomally full of water, contain valves
which open when gas is collected. The exit lines
are connected to the building off-gas system.

Figure 6.1, the gas removal system of the ORR,
shows the ball-float trap and associated piping
for gas removal from the reactor tank and the
north exit water line. A similar installation
exists for the south exit line.

The ball-float trap is located in a recess in the
pool parapet. The gas removal tank is located in
the reactor pool below the grating level and near
the north wall of the pool. Any entrapped gases
would move, as shown by the arrows, from the re-
actor tank or the exit line to the gas removal tank,
up to the ball-float trap, and from there to the off-
gas system.

The reactor pool equalizer leg, also shown in
Fig. 6.1, is not directly related to gas removal
but rather allows for expansion or contraction of

Additional ball-float trap installations through-
out the reactor water system are:

1. Above the bellows-type expansion joint in line
101, reactor water exit. This unit is located
in the expansion pit (sump No. 5) near the
bottom of the steps to the pump house area.

2. Above the 10,000-gal decay tank located south
of the pump house.

3. One above each section of the reactor deminer-
alizers (total of 6) and one above each section
of the pool demineralizers (total of 2).

6.4.5 Demineralized Water Makeup

A continuous supply of fresh demineralized water
is necessary to supply the shim-rod-drive seals and
the bottom-plug seal in the subpile toom, service
those reactor experiments for which an uninterrupted

water in the otherwise totally enclosed reactor
cooling loop. The equalizer leg can also be used
to provide emergency cooling flow.

supply of demineralized water is required, and
supply the reactor pools when makeup water is
needed.
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Pool Makeup. — When water is lost from the pool
system, the overflow to the side gutters, which
feeds the reservoir tank, is reduced. Since the
pool demineralizer pump takes its suction from
this tank, the level in the tank will fall, Makeup
is then supplied by a level-control valve, which
supplies demineralized water directly from Build-
ing 3004. Without this makeup supply, sufficient
water loss from the pool system through evapora-
tion or other reasons could cause the demineralizer
pump to lose suction, and the pump could be dam-
aged.

Bottom-Plug Seals. — Valves and piping located
in the subpile room route demineralized water from
Building 3004 to a system of seals which prevent
the radioactive water of the reactor cooling system
from leaking past the bottom plug and shim-rod
drives into the subpile room.

6.4.6 Precautions Against Freezing

The freezing of water in unsheltered portions of
the ORR water system could lead to reactor shut-
down, extensive damage to equipment, and costly
maintenance. The prevention of freezing, there-
fore, is considered an essential part of operation.

Precautions against freezing in these areas in-
clude steam and electric heating and steam trac-
ing. A flow diagram of the steam-trace system is
shown in Fig. 6.11.

7. CORE PHYSICS, NUCLEAR DESIGN, AND
HEAT TRANSFER

7.1 Introduction

The main purpose of the design of the ORR is to
improve upon other reactor designs by providing
increased accessibility to the core lattice. Many
important features of other research reactors are
also included in the design, but a number of im-
portant concepts in the arrangement of the reactor
and its experimental facilities make the ORR an
important and invaluable research and testing
facility.

One of the vnique features of the ORR is the
location of the reactor tank in a pool of water. The
water provides the necessary shielding for working
above the reactor core and also makes access to
the reactor core as convenient as it is in low-
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power pool-type reactors. The majority of experi-
menters desire to place their experimental rigs in
the very-high-flux regions in the core and the re-
flector. Hence, easy access to the core was
stressed during the design. To increase access to
the core, the control-rod drive mechanisms are
located below the core, and the upper grid plate
which is usually present in this type of reactor
has been eliminated. This last feature makes it
possible to leave experiments in the core region
while the reactor is being refueled.

Another factor which influenced the design of
the ORR was the fact that there are other research
reactors at ORNL which provide experimental
facilities where low neutron fluxes are available.
Thus, no special provisions were made to include
experimental facilities wherein the fluxes were
significantly below 10'3 neutrons cm 2 sec ™!,

The reactor core is a heterogeneous type which
uses enriched uranium fuel in the form of aluminum-
clad aluminum-uranium alloy fuel plates. A fuel
element consists of an assembly of 19 of the fuel
plates. Demineralized light water serves as the
reactor coolant and also the moderator. The re-
flector is composed of an arrangement of bery1llium
pieces which are physically interchangeable with
each other and with the fuel elements. The thick-
ness of the reflector therefore varies according to
the particular fuel and experiment arrangement in
the core. About 4 ft of water surrounds the re-
flector pieces. Figure 1.3 shows a cutaway view
of the reactor core.

A rectangular aluminum box surrounds the core,
and a grid plate is located below it to provide for
the spacing and support of the fuel elements. Fuel
elements, control rods, experimental rigs, and re-
flector elements are positioned within a 9 by 7
array in the grid plate.

The reactor is controlled by vertically position-
ing the control rods, which are located in the fuel
and reflector regions of the reactor. Positions for
up to 12 control rods are provided, but only six of
these positions are used. The poison sections of
the control rods are approximately as long as the
height of the reactor core and consist of an alumi-
num-jacketed cadmium sheet formed into a rectangu-
lar box. The lower half of the rod consists of fuel
of the same composition and general type as the
tegular fuel elements, except that only 14 fuel
plates are included in the assembly. The control
rods may be used as combination shim-safety-
regulating rods, and the follower sections may be
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chosen according to the amount of fuel, poison,
or reflector material desired, so that a specifically
desired flux distribution may be achieved.

The heat transfer calculations for the ORR were
originally performed considering initial operation of
the reactor at 20 Mw and possible future operation
at the present power level of 30 Mw. Coolant flow
requirements were established as 12,000 gpm for
20-Mw operation and 18,000 gpm for 30-Mw opeta-
tion. A conservative design criterion was used
which assumed the simultaneous occurrence of the
worst possible mechanical, nuclear, hydraulic, and
thermal conditions in the same physical location.
Data from operating experience of the Materials
Testing Reactor (MTR) were used as an aid in
establishing criteria and as a basis for comparison
of calculations with experimentally observed
quantities. Hydraulic tests were performed on fuel
elements, control rods, and reflector elements as
an integral part of the design effort.

The following sections describe the nuclear and
heat transfer characteristics of the core and its
various constituents.

7.2 Selection of Reactor Type and Materials

Consideration of the research facilities available
at the Laboratory before the construction of the
ORR indicated that several types of basic research
facilities were urgently needed. Some of the most
important needs were facilities that provided in-
tense neutron beams, permitted tests of liquid-
fueled reactor components, increased the Labora-
tory’s radioisotope production capabilities, and
provided additional convenient in-core irradiation
sites. As an aid toward meeting these needs, the
design and construction of the ORR was begun.

Investigations of various research reactor types,
while bearing in mind the research facility needs,
led to the choice of a reactor which was a modi-
fied version of the MTR. It was felt that a reactor
of this type could be constructed to provide fast
and thermal neutron fluxes in excess of 104
neutrons cm~ 2 sec~! while operating at power
levels up to 30 Mw.

A lattice-type core fueled with plate-type ele-
ments was selected. A schematic diagram of the
lattice arrangement of the core is shown in Fig.
7.1; Figs. 5.3 and 5.4 show the basic design of
the fuel elements.

To keep research and development costs at a
minimum, designs of fuel elements, beryllium re-
flector elements, and control rods similar to those
used in the MTR were selected for use in the ORR.
Aluminum-clad uranium-aluminum alloy fuel plates,
light-water coolant and moderator, and beryllium
reflector elements were chosen on the basis of the
existence of considerable knowledge and experience
in their fabrication and use. With regard to nuclear,
heat transfer, economic, and practical considera-
tions, the materials for these components were
satisfactory and in some cases superior to other
materials considered.

7.3 Nuclear Design

7.3.1 General Characteristics

The overall nuclear design of the reactor cote
and the ancillary experimental facilities was based
mostly on the desire to achieve a high neutron flux
while maintaining a high degree of accessibility
and flexibility in the experimental facilities. Some
of the typical characteristics of the ORR core have
been discussed in Sect. 5.1. It should be empha-
sized that quantities such as fuel loading and re-
flector thickness may change from cycle to cycle,
so the nuclear characteristics may vary accordingly.

The selection of the optimum core arrangement
for each fuel cycle is made partly on the basis of
the neutron-flux magnitudes and spectra desired in
the various experimental facilities. By specifical-
ly arranging the fuel elements and/or reflector
elements, numerous variations of the flux can be
achieved. Neutron leakage from the fuel region
through the reflector region supplies the neutron
current desired for the experimental facilities such
as beam holes and engineering facilities which are
extemal to the core. The leakage from the core to
those facilities depends on the core geometry and
size, its metal-to-water ratio, the power distribu-
tion, and the parasitic absorption.

The core volume was determined by heat transfer
requirements. Variations in the positions of fuel
elements, reflector elements, fuel and fission
product concentration in the fuel elements, and
mechanical assembly characteristics naturally
cause significant variations and uncertainties in
the power distribution. Thus, considerable con-
servatism was employed in the design of the fuel
elements and in establishing the core volume.
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7.3.2 Fuel Loadings and Neutron Flux Distribu-

tions

The fuel loading pattern of the ORR is very
flexible and within certain practical limits may be
varied considerably. The relatively large fuel and
reflector grid provides space for numerous in-
reactor experiments while still maintaining a large
fuel region. Varous fuel loadings have been used
successfully, their configurations varying from a
simple 3 by 3 square array to a more complex one
like that shown in Fig. 7.1. Two main criteria are
employed in selecting the fuel loadings. First,
the amount of fuel added at each refueling is
limited to a value such that the reactor will not
become critical until the shim rods have been
withdrawn approximately halfway. This seemingly
arbitrary criterion is a compromise between an
effort to achieve as long an operating cycle as
possible and a desire to limit the excess reac-
tivity to a value which would allow adequate con-

Lattice Arrangement of the ORR Core.

trol should some system malfunction occur. Sec-
ond, the lighter partially burmed elements are
placed near the center of the core, and the heavier
newer elements are positioned around the periphery
of the fuel region. This latter criterion has a two-
fold purpose. Placing the partially burned ele-
ments toward the center of the core in a region of
high flux increases the fraction of burnup in those
elements. In addition, placing the elements con-
taining more fuel in the outer positions, where the
flux is somewhat lower, decreases the possibility
of high power density and, consequently, of hot
spots occurring in those elements.

Criticality calculations were performed!® for
several core configurations and for various fuel
concentrations. The calculated critical mass for
a 3 by 3 core was 1150 g, and the experimentally

g, T. Binford, Two Group Calculations for the Flux
Distribution and Critical Mass in Clean Cold ORR Cores,
ORNL-CF-57-5-31 (Jan. 5, 1959).
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determined value? was approximately 1280 g.
Figure 7.2 is a diagram of the first critical core.
Results of the criticality calculations are indi-
cated in Table 7.1 and are plotted graphically in
Figs. 7.3 and 7.4.

Fout of the core configurations used in the
initial nuclear tests, along with some of the perti-
nent nuclear data, are shown in Figs. 7.5 through

2c. D. Cagle and R. A. Costner, Jr., Initial Posts
Neutron Measurements in the ORR, ORNL-2559 (May 28,
1959).

7.8. These configurations may be compared with
one more recently used that is shown in Fig. 7.1.
There is no characteristic detailed neutron flux
distribution for the ORR core, since the fuel and/or
reflector loading and configuration may change from
cycle to cycle. It therefore is meaningful to pre-
sent a flux pattern in a certain position in the core
or reflector only if the complete core description
is also given. However, in certain cases it may
be informative to describe some of the flux distri-
butions, because from these distributions some
very general observations can be made about the
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Table 7.1. Values Obtained for K,

Fuel Loading

Fuel Concentration

a

Core Type (kg) (g/element) Keff Ky L
4x7 2.30 82.1 0.9988 1.3536 5.4968
3.00 107.1 1.1043 1.4781 4.6015
3.50 125.0 1.1621 1.5447 4.1220
4.00 142.8 1.2006 1.5988 3.7329
4%x6 2.00 83.3 0.9932 1.3620 5.4517
2.50 104.2 1.0819 1.4670 4.6975
4x5 1.60 80.0 0.9565 1.3407 5.5900
2.50 125.0 1.1284 1.5447 4.1220
3.00 150.0 1.1929 1.6177 3.5971
3.50 175.0 1.2441 1.6741 3.1909
4x3 1.20 100.0 0.9646 1.4469 4.8261
1.50 125.0 1.0482 1.5447 4.1220
2.00 166.7 1.1480 1.6568 3.3157
2.50 208.3 1.2185 1.7321 2.7732
3x7 1.50 71.4 0.8999 1.2842 5.9969
2.00 95.2 1.0156 1.4243 4.9884
2.50 119.0 1.1007 1.5241 4.2703
3x 5 1.00 66.7 0.8358 1.2491 6.2497
1.50 100.0 0.9974 1.4469 4.8263
2.00 133.0 1.1070 1.5714 3.9310
3x3 1.00 111.0 0.9524 1.4943 4.4857
1.50 166.7 1.0061 1.6568 3.3158
4%6 2.5 104.2 0.9423 1.4670 4.6975
b 125.0 1.0004 1.5464 4.1266
141.7 1.0381 1.5973 3.7609

“The first number indicates the dimension in the west-east direction; the second number indicates the dimension
in the south-north direction. All cores are beryllium reflected except where otherwise noted.

bWater reflected.

fluxes in other core configurations. Furthermore,
in some of the core positions no gross change in

the flux distribution will occur, but the magnitude
and/or the spectra will vary slightly.

For 30-Mw operations, the average® thermal
neutron flux in the ORR core is 1.40 x 10!* neu-
trons cm~? sec ™!, the average epithermal flux is
3.5 x 10'? neutrons cm~ 2% sec— !, and the maximum
thermal neutron flux is 5 x 10! neutrons cm ~

2
sec~!. These values, of course, vary according to

3This average is computed as a mean value over the
volume of the core and over the duration of the fuel
cycle.

the fuel loading; this variation is illustrated in
Fig. 7.9.

Numerous flux distribution measurements have
been made in the ORR, but usually they were per-
formed under special circumstances to determine
effects of various components on that distribution
ot to obtain information about a new component.
However, some measurements were general and
are of sufficient interest to warrant their presenta-
tion here. A few measurements are presented to
indicate the variations which may occur when some
fuel and/or reflector changes are made. Figures
7.10 through 7.12 show the longitudinal thermal
flux distributions for some of the positions in row

e
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G for the core shown in Fig. 7.8. Other similar
measurements for the same core are presented in
ref. 2. The ratio ®/® as used here is the ratio of
the thermal flux at that point to the average thermal
flux in the core, and the curves labeled with and
without experiments are self-explanatory. Flux
distributions for the core loading given in Fig. 7.13
are shown in Figs. 7.14 through 7.16. Other longi-
tudinal flux distributions are available?* for

these and other core loadings, but these particular
measurements lend understanding to the general

4J. A. Cox, ORR Operations for Period April 1959 to

April 1960, ORNL-CF-60-9-2, pp. 22—36 (Sept. 30, 1960).

patterns and characteristics of those distributions.
One noteworthy point is that in all cases the flux
distributions peak slightly below the center of the
core, resulting in a skewed effect. This effect
may be attributed to the positions of the control
tods, since their poison sections are usually lo-
cated in the upper half of the core. The skewed
appearance tends to decrease during the fuel cycle
as burnup continues and, consequently, as the
rods are further withdrawn. However, this distor-
tion will not completely disappear or reverse itself
toward the upper end, because the fuel distribution
will have become distorted, thereby leaving a
higher fuel concentration toward the tops of the
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Fig. 7.5. ORR Core Configuration.

fuel elements. The fuel elements for the ORR are
built specifically so that they may be installed
with either end up. Ideally, therefore, the fuel
elements could be reversed periodically, so that
the distortion in the fuel burnup could be reduced
somewhat. Figure 7.17 shows the flux distribution
along three coolant channels of a shim-rod follower
with a 131-g 235U fuel loading. Relative flux
here indicates normalization to the maximum meas-
ured flux. Figures 7.18 and 7.19 show a nomalized
empirically determined flux distribution in fuel ele-
ments and the followers of fuel shim rods.
Horizontal flux distributions are affected more
by fuel loadings than longitudinal or vertical ones.
A flux traverse along the center plane of the fourth

column of the core of Fig. 7.20 is shown in Fig.
7.21. These measurements were taken at a position
16 in. below the top of the fuel plates at the ap-
proximate location of the maximum flux. A set of
measurements made on the core of Fig. 7.8 along
row E is shown in Fig. 7.22. More detailed meas-
urements of the distributions across individual
fuel elements have been performed.®

A general view of the flux pattemns in the core of
Fig. 7.13 is shown in Fig. 7.23, where the average
element flux is compared with the average core
flux.

SJ. A. Cox, ORR Opetations for Period April 1960 to
April 1961, ORNL-TM-10, pp. 62-70 (Oct. 20, 1961).
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Fig. 7.9. Flux vs Fuel Loading in the ORR Core.
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Regarding these flux distributions in the ORR,
there are some important points to consider.
Generally, when an element with a low fuel con-
centration is placed next to an element with a
high fuel concentration, the flux will be peaked in
the lighter element and depressed in the heavier
one. This is to be expected, since to a first ap-
proximation the local flux varies inversely with
the macroscopic absorption cross section. Hence,
due to the lower cross section of the lighter ele-
ment, the flux increases in that position. This
idea may be extended quite analogously to new and
partially burned fuel elements, because the new
elements have a higher cross section and the
burned elements have a lower cross section. In
addition, in large water gaps such as those that
exist in the transition region of shim rods with
fuel followers, a flux-trapping effect may result,
thereby considerably increasing the thermal flux
in that general area.

7.3.3 Fuel Cycles

An operating cycle for the ORR consists of full
power operation at 30 Mw for seven weeks and an
end-of-cycle shutdown that lasts about one week.
The seven weeks of operation is in turn divided
into periods termed fuel cycles, which are periods
during which no fuel or reflector changes are made.
The reactor must be shut down on a fixed schedule
to remove irradiated isotopes and to reload isotope
target material. Therefore, an operating period
corresponding to the optimum or most advantageous
isotope irradiation time has been selected. This
operating period has been chosen to be about four
weeks following the beginning of an operating
cycle, but it may be a few days more or less than
this amount, depending on the length of the pre-
ceding end-of-cycle shutdown. However, the maxi-
mum allowable excess reactivity of a core loading
is not sufficient to be able to operate the reactor
at 30 Mw for more than about 20 days. Conse-
quently, a representative operating cycle may be
divided into fuel cycles similar to those shown in
Table 7.2. Deviations from this schedule are
usually due to unexpected shutdowns resulting
from experimental difficulties and their subse-
quent control actions, reactor and experiment in-
strument malfunctions, reactor component mal-
functions, etc. Most of the unscheduled shutdowns
last only a few minutes, but they may last several
hours.
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Table 7.2. Representative Fuel Cycles

Operating
Fuel Cycle‘g Period Reason for
Designation (weeks) Termination
a ~2 Refueling
b ~2 Midcycle shutdown;
isotope work and re-
fueling
c ~1Y Refueling
d ~1 1/2 End-of-cycle shutdown
7

#This designation follows operating cycle number
(e.g., cycle 42a).

Because of the buildup of xenon after the reactor
shutdowns, the reactor often has to be reloaded
following these downtimes in order that it may be
restarted within a reasonable time. If the shut-
downs occur following prolonged operation of the
ORR at 30 Mw, the majority of the centrally located
elements must be replaced by other elements which
will provide sufficient reactivity to start up and
operate the reactor. If one of these reloadings
must be performed 14 to 16 days before the mid-
cycle or end-of-cycle shutdowns, then normally no
additional refueling will be scheduled until that
midcycle or end-of-cycle shutdown.

The operating criteria for the ORR specify that
the ‘‘excess reactivity loading above clean-cold-
critical will not exceed that which will permit
achievement of criticality with the rods withdrawn
less than half their reactivity worths.”’ Prior to
each fuel cycle, the fully withdrawn positions of
the ganged rods are determined, and the critical
loading specification is taken to be one-half of
that distance.

During the fuel cycle, reactivity variations are
due mostly to fuel burnup and fission product
accumulation. The most significant of the fission
products is, of course, !35Xe, which reaches its
steady state or equilibrium value approximately
two days after startup. This value, assuming
operation at 30 Mw with an average thermal neutron
flux of 1.40 x 10?4 neutrons cm~2 sec ™!, is about
—0.047 Ak/k. However, in the event of a reactor
shutdown, the xenon concentration or, equivalently,
its resultant negative reactivity effect behaves as
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Fig. 7.24. Poisoning Due to Xenon Buildup After
Shutdown.

shown in Fig. 7.24. As a result of this xenon
buildup, the reactor must be restarted according to
the schedule indicated by Fig, 7.25, or the re-
fueling operation described previously must be
performed. During routine fuel reloadings, most of
the fuel elements are replaced by new elements or
partially bumed elements in which the xenon has
been decaying for one or more fuel cycles. There-
fore, the xenon poisoning at the beginning of a
fuel cycle is of little or no concern.

Samarium poisoning, whose effect is considerably
smaller in magnitude than the effect of xenon
poisoning, is still large enough to be significant.
The negative reactivity contribution at its equilib-
rium value during operation is approximately
~0.0097 Ak/k. The major concern with respect to
the samarium concentration arises from the fact
that, because !#°Sm is for all practical purposes a
stable isotope, its concentration increases to a
value after the reactor is shut down that is higher
than its steady-state operating value, and it does
not decay off after reaching its peak value, as in
the case of the xenon poisoning. Thus, partially
burned elements which are stored for xenon decay
and then used again in another fuel loading con-
tain this larger concentration of !4°Sm. After re-
actor startup, the samarium is burned until its con-
centration reaches a new equilibrium value. This
results in an initial addition of reactivity which
partially compensates for the buildup of xenon.®

/, GANG ROD POSITION AT SHUTDOWN (in. withdrawn)

ORNL—DWG 67 —1293

T, TIME REMAINING TO RETURNTO POWER (min)

Fig. 7.25. Time Required to Return to Power After
Accidental Shutdown vs Rod Position at Shutdown.

The calculation of fuel burnup (Appendix C)
during a cycle is performed routinely for each fuel
element,” and detailed records are kept on each of

‘the elements on hand. These records are used in

determining elements to be used in subsequent core
loadings and allow accurate calculations of the
reactivities of particular cores.

Detailed investigations® have been performed to
determine the fuel burnup with respect to longi-
tudinal position in the fuel elements and the fuel
followers of control rods. In general, the results
of these investigations indicate that the burnup is
not symmetric about the vertical center line of the
reactor but is distorted slightly, the maximum
burnup occurring 2 to 4 in. below the center line.
Essentially the same results were obtained for the
fuel followers of the shim rods, The distortion of
the burnup should be expected, though, since the
neutron flux is also distorted into that same general
configuration.

GJ. A. Cox, ORR Operations for Period April 1961 to
April 1962, ORNL-TM-351, pp. 78—80 (Oct. 16, 1962).

1. P. Hamrick and H. F. Stringfield, Proceedings of
the AEC-Contractor Nuclear Fuels Management Con-
ference, Lawrence Radiation Laboratory, October 1966,
UCID-15020.

8]. A. Cox, ORR Operations for Period April 1959 to
April 1960, ORNL-CF-60-9-2, pp. 60—78 (Sept. 30, 1960).

-
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7.3.4 Temperature, Void, and Fuel Coefficients
of Reactivity

Temperature, void, and fuel coefficients have
been determined experimentally in the ORR
core, 912

A plot of core reactivities vs core temperature
for the clean fuel loadings shown previously in
Figs. 7.6 through 7.8 are shown in Fig. 7.26. As
may be noted, the slopes of these curves are
negative for all values of the temperature given,
so the temperature coefficients are negative. It
may also be noted that there is little difference in
the slopes of the curves, so it may be assumed
that changing the core loading and configuration
has only a small effect on the temperature co-
efficient. Measurements on a recently operated
core (including fission products) indicate that the
temperature coefficient may be expressed as

a,. =-0.006554 — 0.0000121T ,

where T is in degrees Fahrenheit and a _ has
units Ak/k per degree Fahrenheit. An average
value of the temperature coefficient over the range
70 to 110°F is 7.5 x 10~ 5 Ak/k per degree. The
change in reactivity associated with an overall
isothemmal increase in core temperature from 70 to
125°F amounts to about —0.41% Ak/k.

An experimental measurement of the moderator-
coolant void coefficient was made in position B-3
of the fuel region. The results of that measurement
yielded a value of about 1.5 x 10~° Ak/k per cubic
centimeter.

Fuel coefficients were determined experimentally
for the original clean core conditions.? Since the
reactivity effect of a fuel addition varies so much
from one core position to another, no one fuel
coefficient measurement is valid for the core as a
whole. Instead, the reactivity effect must be meas-

9C. D. Cagle and R. A. Costner, Jr., Initial Post-
Neutron Measurements in the ORR, ORNL-2559 (May 28,
1959).

10y, Y. Tabor and S. S. Hurt III, Oak Ridge Research
Reactor Quarterly Report: April, May and June of 1965,
ORNL-TM-1920, pp. 30—34 (Oct. 6, 1965).

11T. P. Hamrick, ‘““Experimental Evaluation of Errors
Arising from the Burnup Calculations Used at the ORNL
Research Reactor,”’ Trans. Am. Nucl. Soc. 8(suppl),
25-26 (1965).

12T. P. Hamrick to F. T. Binford, ‘“Measurement of
Temperature Coefficient in the ORR,’’ unpublished cor-
respondence.
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Fig. 7.26. Core Reactivity Changes vs Core Tempera-

ture.

ured for each location and then expressed as some
convenient function of the local flux.

The change in reactivities due to fuel additions
into the first operating core and the revised operat-
ing core configurations were measured with the
experiments in place. Agreement of the measure-
ments on the two cores was good. The results of
these measurements led to the adoption of the
empirical relation:

(AK/K) =~ (Amy/m) (®/®__ ).

The Am, is the weight of fuel added in core
position i, where the average themal neutron flux
was (_ﬁi, and m is the total weight of fuel in the
core before the addition. The <Dmax is the maxi-
mum thermal flux in the core. Other measurements
on cores used more recently indicate that the
following, somewhat more convenient relationship
also applies:

(AK/K) = 0.454 (Am,/m) (®,/D) ,

where (Dc is the average themal flux in the core.
These relationships are limited to small values
of Ami; that is, Ami should be a small fraction of
the total core weight. Therefore, for small Ami
the change in reactivity for any change in fuel
loading can be estimated, if the amount of fuel
present just prior to the change is known.



7.3.5 Reactivity Associated with Experimental
Rigs ond Experimental Facilities

The reactivity effects of experimental rigs and
experimental facilities of the ORR are of consider-
able importance because replacement of fuel or
beryllium reflector elements with absorber- or fuel-
containing experimental facilities may have a sig-
nificant effect upon the operating characteristics
of the reactor. Naturally, the reactivity effect
produced by an experimental rig depends upon the
configuration of the core and the rig’s relative
position, but it also depends to a large degree on
the total mass of fuel in the core. A number of
experimental rigs which are representative of those
normally inserted in the ORR and their accompany-
ing effects on the reactivity have been listed in
Table 7.3.1% No detailed specifications of the
experimental rigs are given, but a brief description
of their general type and configuration is listed in
the table.

The beam holes and large north and south facili-
ties may be operated as voids or filled with water.
When any of these voids are filled with water or
some other material, the net neutron leakage from
the core is altered, and, consequently, a change in
reactivity occurs. Reactivity measurements of
these effects were made shortly after the initial
critical run on the 4 x 7 core (Fig. 7.5) and the
clean first operating core (Fig. 7.6). The reac-
tivity changes caused by emptying the various re-
gions were measured and are presented in Table
7.4. For the 4 x 7 core, assuming that the effect
of draining HS is the same as that for HN and that
of draining HB-4 is the same as that for HB-3, the
total worth of draining all the facilities is ~1.14%
Ak/k. For the operating core, the same assump-
tions give a total worth of —~1.99% Ak/k for drain-
ing all the facilities. Conversely, filling the beam
holes should result in an addition of +1.14% or
+1.99% Ak/k for the respective cores.

7.3.6 Nuclear Characteristics of Shim Rods

The control system used in the ORR was de-
signed primarily to effectively control reactivity
without causing unnecessarily large perturbations

13%. H. Tabor to F. T. Binford, ‘‘Current Operating
Experiments in the ORR,’”’ unpublished correspondence.
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in the power distribution and without causing un-
desirable reactor shutdowns due to control system
malfunctions. The control of the reactor is effected
by the vertical positioning of six removable shim
rods within the reactor (Fig. 7.1). Two of the shim
rods (Nos. 1 and 2) may have either aluminum or
fuel followers, while the other four (3 through 6)
have fuel followers. Each of the six shim rods has
its own drive rod and release mechanism, and they
operate completely independently of each other.

In the event of an emergency, they are released
separately, thereby providing multiplicity of con-
trol. Releasing any one of the shim rods will shut
the reactor down by itself.

During normal operation, Nos. 1 and 2 are fully
withdrawn, so that only the follower portion of the
control rod is located in the core region. Generally,
these rods are not used for shim and/or regulation
but instead are used only to provide an extra shut-
down margin. The remaining four rods are used for
shim operations and are maintained in as nearly
equally withdrawn positions as practical. Number
6 is normally used as the servo-controlled regu-
lating rod.

In order to maintain the vertical power distribu-
tion within acceptable limits and to decrease the
possibility of flux peaking in water gaps in posi-
tions from which control rods would be withdrawn,
either fuel or aluminum followers were added to
the lower ends of the control rods.

The poiscn sectiouns of the control rods are made
of aluminum-clad cadmium sheet which is formed
into square-cross-section cans that fit into the
regular lattice positions of the core. The fuel
followers are very similar to a regular fuel element;
the main difference is that only 14 fuel plates are
used in each follower. The total fuel content in a
new shim follower is 154 g of 235U contained in
aluminum-clad uranium-aluminum alloy fuel sec-
tions. Uranium used in the 19.5% U-Al alloy is
enriched to 93 wt % 235U. Detailed specifications
of the composition of the shim rods are given in
Tables 5.4, 5.5, and 5.6. The aluminum followers
are simply solid blocks of 1100 aluminum with
%-in.-diam cooling channels drilled along their
vertical axes. The horizontal cross sections of the
followers have the same overall dimensions as the
fuel-follower parts of the other shim rods.

Differential and integral reactivity worths for the
control rods have been determined experimentally
for a number of core loadings. Extensive rod cali-
bration experiments were performed on the original
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Table 7.3. Reactivity Effects of Experimental Rigs®

Core Position

Reactivity Worth

or Facility Nature of Experimental Rig (% Ak/k)
A-2 Refractory fuel element in capsule -0.06
A-3 235y fuel ring for iodine production Not measured
A-7 Utility tray with various small capsules —~0.96°
A-9 (ThU)C2 particles in capsule Insignificant
B-8 High-temperature Be irradiation in large capsule -~0.14
B-9 UO2 fuel sample (0.32 g 23SU) in capsule Insignificant
c-1 UO, fuel sample (0.10 g 233U) in capsule -0.35°
D-8 Various encapsulated materials in hydraulic tube® ‘Ak/k\ < 0.27%
F-3 Six UO2 fuel capsules (V3.6 g 235y per capsule) —~0.27¢
F-5 Various encapsulated isotopes for irradiation Not measured
F-8 Various encapsulated materials in hydraulic tube® lAk/k\ < 0.27%
F-9 UO2 fuel for meltdown (encapsulated) +0.01

UO2 high-bumup capsule Insignificant

P-5 Creep test samples (in large capsule) -0.12

®Effective as of January 1, 1967.

bThe reactivity worth measured is the net effect produced by replacement of a beryllium reflector element by the
experiment under consideration.

®Materials with a large thermal neutron absorption cross section are limited to an amount equivalent to an effec-
tive worth of 5 cm?2 of projected area of cadmium. Rapid removal of a sample with an effective worth of 5 cm* of
projected area of cadmium will produce a reactor period of ™15 sec, which corresponds to a reactivity of ™~ 0.27% Ak/k.

9This value was determined based on the measurement of —0.045% Ak/k for a single capsule.

core loadings during the post-neutron measure- Table 7.4. Summary of Void Worths

ments. !4 The calibrations were performed by in-
troducing a neutron absorber into the core and de-

Void Worths (% Ak/k)

termining the resultant reactivity worth of the move- Condition 4% 7 Core Operating
ment of the rods required to keep the reactor criti- Core
cal. It should be emphasized that these rod-worth HB-1 drained —0.035 —0.038

measurements were made with approximately a

. . . . . . . - - ined —~0.049 =0.042
uniform fuel distribution which is not that which HB-1 and HB-2 draine
normally exists in the ORR. More recent calibra- HB-1, HB-2, and HB-3 drained —0.074 —0.113
tions'5-1® have been made on a typical operating HB-2 and HB-3 drained —0.054 —0.080
core by using the conventional period method. Re- - drained 0.047 0.065
sults of the tests on the fuel-follower shim rods B-3 draine : .
are shown in Fig. 7.27 for the individual rods and HB-1, HB-2, HB-3, HB-5, and = —0.127 ~0.201
in Fig. 7.28 for all four of them ganged. The two HB-6 drained

HN drained —-0.470 —-0.863

14C. D. Cagle and R. A. Costner, Jr., Initial Post-
Neutron Measurements in the ORR, ORNL-2559 (May 28,
1959).

'ST. P. Hamrick to F. T. Binford, ‘“Calibration of ORR 2 L0t
Shim Rods,’”’ unpublished correspondence. individually and together by the same method.
161, P. Hamrick to F. T. Binford, ‘‘Calibration of Results of those tests are shown in Figs. 7.29

No. 1 and 2 Shim Rods — ORR,’’ unpublished correspond- through 7.31. Total reactivity worths of the rods
ence.

aluminum-cadmium shim rods were also calibrated
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are indicated in Table 7.5. It must be emphasized
that these rod calibrations are strictly valid only
for this particular core loading, but, for most
normal loadings, these values will be reasonably

good.

7.3.7 Reactivity Accountability

Reactivities associated with a typical ORR core
are given in Table 7.6. Since some of the values
change from one core loading to another, these

values should be considered only as representative

estimates.

121

ORNL DWG 6612586

28 ' } ] ' l F 0.28
NO.{ AND 2 SHIM RODS CALIBRATION 1
24 I MEASURED SIMULTANEOUSLY =1 0-24
20 7 ‘—74* ——4 0.20
L 'e _ 046 £
al* *‘\x
2 <
te f— ] — o2 ¥
—_—
0.8 |- E— 0.08
04 VA———¥* — 0.04
0 0
0 4 8 12 s 20 24 28

INCHES WITHDRAWN

Fig. 7.31. Combined Worth of Nos. 1 and 2 Shim Rods
in the ORR.

Table 7.5. Shim-Rod Reactivity Worth

Reactivity Worth

Rod Number A Ak/K)
1 1.16
2 1.40
1 and 2 2.36
3 3.63
4 6.84
5 2.95
6 6.49

7.4 Fuel Element Design and Analysis

The design of the ORR fuel elements has evolved
from the initial design, which was essentially the
same as that for the MTR fuel elements, to the
present design, which is a considerable improve-
ment over the first. Of necessity, the detailed de-
sign was influenced by the primary purposes of the
reactor and by the characteristics desired for the
fuel elements themselves.

7.4.1 Fuel Element Design

Consideration of several types of fuel elements
with respect to technological and economic con-
siderations led to the choice of the approximately
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Table 7,6. Summary of Reactivities for a
Typical ORR Core

Reactivity Worth

Parameter at Equilibrium
(% Ak/K)
Fuel worth (zero power at 7OOF) 14
Temperature (isothermal increase 0.41
from 70 to 125°F)
Temperature (zero power at 70°F to -0.43
30 Mw)
135¢e -4.70
149%m ~0.97
Fission products (other than 13SXe —0.16
and 149Sm)
In-reactor experiments (typical 2
value)
Beam-hole flooding +0.27
Engineering facility flooding +1.73
Control-rod worth 26
Shutdown margin 13

square-cross-section rectangular plate-type elements
using aluminum-clad uranium-aluminum alloy fuel
plates. The technology of the plate-type elements
chosen was more advanced than it was for other
types of fuel elements. The development and use
of that type of element in the MTR contributed
enormously to the knowledge and confidence in the
use of the plate-type element, and, since the ma-
jority of the developmental work was complete, the
economic aspects of that design were also very
attractive,

The thickness of the fuel-alloy core in each fuel
plate is the same across the width of the fuel
plate. No attempt has been made to vary the fuel
distribution either longitudinally or transversely
within the elements, because the benefits that
might be realized from that practice would be far
offset by the additional cost of fabrication of the
elements.

The fuel plates were specified to have a 51/2—in.
radius of curvature, because curved plates have
desirable characteristics with respect to thermal
and hydraulic loads and stresses. With the ex-
ception of the thicker-clad shim-rod-follower

plates and outer fuel element plates, all of the
fuel plates are the same thickness and have the
same fuel loading,

7.4.2 Design Criteria and Analyses

Some of the performance demands imposed upon
fuel elements were: (1) coolant velocities on the
order of 30 fps, (2) coolant channels and gaps be-
tween core components as small as 0.100 in. or
less, (3) fuel plates as thin as 0.050 in., (4) fuel-
plate surface temperatures up to 210°F, and
(5) heat fluxes up to 6 x 10% Btu he—! ft =2, This
group of characteristics imposed upon the design
introduced several problems concerning metallurgi-
cal, mechanical, and hydraulic considerations. In
order to determine many of the characteristics of
the elements when used under the above-mentioned
circumstances, experimental programs were initi-
ated to obtain the desired information. Among the
several studies performed, some of the more im-
portant general programs investigated were: (1) cor-
rosion in the ORR corecooling system, (2) operat-
ing characteristics of the ORR cooling system,

(3) heat transfer and hydraulic characteristics of
the ORR fuel elements and core, and (4) gamma
heating of reactor components. Reports of the
investigations and analyses have been presented
in Appendix E and will not be reproduced here. As
a result of those studies and others, considerably
improved core components are now being used.

7.4.3 Mechanical and Hydraulic Analyses

The curved fuel plates used in the ORR are sub-
jected to two main kinds of loading. One type is
that which results from thermally induced differ-
ential transverse and longitudinal expansions of
fuel plates, and the other is that which results
from lateral pressure differentials existing across
the fuel plates. In general, elements with curved
fuel plates present more complex design and
analysis problems than ones with flat fuel plates
would. However, the curved plates are structurally
stronger than flat ones; hence, the curved-plate-
type elements were chosen for the ORR.

The temperature increase of the fuel elements in
increasing the power from zero to 30 Mw results in
thermal expansion of the fuel plates both in the
longitudinal and transverse direction. Transverse
expansion is very small and results only in a
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slight increase of the arc of the plate or, alterna-
tively, a decrease in the radius of curvature of the
arc. In some cases, this expansion might have a
tendency to decrease the thickness of a coolant
channel, but, since all the plates in the element
expand about the same amount, the thicknesses of
coolant channels remain nearly the same. The
maximum thermal expansion of the plates’ thick-
nesses is even less important than the transverse
expansion. The longitudinal expansion is the most
significant of the three types; however, even this
expansion is of little concern. Since the two side
plates of the fuel elements contain fuel, no im-
portant temperature differences exist between the
side plates and the inner fuel plates. Therefore,
the difference in expansion is small, so the inner
plates do not have to withstand large compression
loads. Furthermore, since the fuel elements them-
selves are not held rigidly in place with respect to
their vertical position, the element may expand
freely without constraint.

Hydraulic loads exist because of small variations
in plate dimensions, which in turn cause differences
in coolant channel widths. These loads would
exist on the plates whether the fuel plates were
curved or not; therefore, this type of loading is
not unique to the ORR’s curved-plate-type elements.
The net result of a small differential pressure
across a fuel plate would be for the plate to be
strained so that the radius of curvature of the
plate would increase or decrease depending on
whether the net pressure was greater on the convex
or concave side of the plate. This effect then
would increase the flow area in one coolant channel
while decreasing it in the adjacent one. The criti-
cal velocity for buckling is higher for the curved
fuel plate than it is for the flat plate, because the
curved plate simply is structurally stronger both
with respect to bending and torsional loads.

7.5 Hydraulic and Thermal Characteristics
of the Core

The hydraulic and thermal characteristics of the
ORR core were examined in considerable detail
before extensive high-power operation was begun.
Calculations!7 of velocities and flow rates were

17F‘. T. Binford, Hydraulic and Thermal Characteristics
of the ORR Core, ORNL.-CF-55-5-157 (May 27, 1955).

made for many specific locations in the reactor
core as well as for the composite arrangement. The
water velocities through the fuel sections that were
required in order to attain particular fuel element
surface temperatures were calculated on the basis
of a maximum heat flux for a 28-element core of

6 x 10° Btu ft =2 hr~! and an inlet coolant temper-
ature of 120°F. Results of those calculations

for the core in Fig. 7.32 are shown in Fig. 7.33.

In order to limit the maximum sutface tempera-

ture to ~210°F (30°F below the saturation tem-
perature of H,O at operating pressure), a velocity
of 32 fps through the fuel with a total flow of
18,000 gpm was required. The results of flow
measurements 18 through core components are
shown in Figs. 7.34 through 7.40. The distri-
bution of flow through the fuel elements and

in the channels between curved sides of the ele-
ments is given in Table 7.7. The water velocity

in the outermost channels of fuel elements is as
much as 17% less than that in the central chamnels.
Therefore, so far as the fuel elements are con-
cerned, the power of the reactor will be limited by
the temperature of the outer fuel plates in regions
of high neutron flux.

The coolant flow through the reactor is a function
of the pressure differential across the reactor tank.
Figure 7.41 shows this differential value as a
function of coolant flow.

Calculations!® of several plate temperature pro-
files were made for certain special conditions, and
the results of those calculations are shown in
Fig. 7.42. For the cases shown, it was assumed
that the reactor had recently been started up. The
experimental data used were taken for a core that
had recently been started up, and the element used
as a basis for these calculations was a new 240-g
element, It was further assumed that the fuel
plate surface temperature did not reach the boiling
point of the coolant water. These calculations
appear to be somewhat conservative, but they indi-
cate the longitudinal temperature distribution along
a fuel plate in the startup condition which has
associated with it the highest localized heat fluxes.

18F. T. Binford, Preliminary Report on the Results of
the Oak Ridge Research Reactor Hydraulic Test, ORNL-
CF-58-2-11 (Feb. 17, 1958).

19C. C. Webster, ‘‘Analysis of the Fuel Plate Surface
Temperatures of an ORR Fuel Element,’’ to be published
as an ORNL report.
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A hot-spot, hot~channel analysis was performed 2
on the ORR fuel elements. Such items as variation
in fuel-plate density, varations in coolant gaps,
presence of occlusions, and other similar design
and construction irregularities were studied and
incorporated into the analysis.

The requirements for afterheat removal for 30-Mw
operation of the ORR were investigated ! using
the criterion that boiling would not occur at any
point in the reactor. This criterion, then, limited
the surface temperature at the hottest spot to a
value below the temperature of incipient nucleate
boiling. The results of the investigation indicated
that a flow of 1000 gpm is desired after shutdown,

20]. F. Wett, Jr., Some Heat Transfer Characteristics

of ORR Fuel Elements, ORNL-CF-61-1-49 (Jan. 19, 1961).

21 .
J. F. Wett, Jr., Requirements for Aftertheat Removal

for 30-Mw Operation of the ORR, ORNL-CF-60-6-13
(June 7, 1960).
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Fig. 7.33. Velocity vs Maximum Surface Temperature

in ORR Fuel Element.

but in most cases a flow of 500 gpm will minimize
the probability of a meltdown. Figure 7.43 is a
graph of the fuel-plate surface temperature for
various shutdown flow rates. The curve entitled
“‘hottest channel’’ takes into account the decrease
in velocity which is present in the outer fuel
plates.

In summary, the ORR fuel elements and core
plates perform quite adequately with respect to
their heat transfer and hydraulic characteristics.
For operation at 30 Mw and a coolant flow of about
18,000 gpm, the fuel element temperatures, mechani-
cal and hydraulic stresses, and the coolant temper-
ature are well within specified limits during normal
operation.
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Fig. 7.40. Total Flow Through ORR Core vs Coolant
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Table 7.7. Distribution of Flow Through ORR Core (at 120°F)

Flows {gpm) ot Prossuro Losses of

4.1 psl 8.9 psi 13.6 psi 19.2 psi

Through 26 fuel elements 5643 8,733 10,972 13,435
Through 4 shim rods 703 1,085 1,425 1,759
Through 15 reflector annuli 210 315 3%0 480
Through 12 teflector holes 23 34 43 54
Between 21 fuol~fuel curved sides 301 462 533 628
Betwocn 25 fuel~fuel flat sides* 68 96 122 144
Betwaen 3 fuel—housing curved sides 26 as 46 54
Betweon 4 fuel—housing flat sides* 6 10 12 15
Botweeon 15 fuel—reflector curved sides 95 152 198 240
Between 6 fucl~reflector flat sides* 10 15 19 22
Between 18 roflector--reflector curved sides 100 155 179 350
Between 25 reflector—roflector flot sides* 23 33 41 49
Between 15 roflector~housing curved sides 34 53 69 84
Between 10 reflector—~housing flot sides* 9 13 17 20
Rifle-drilled holes 174 245 303 359
Lorge facility annuli mm 37 368 469
Extorior ion chomber shield 22 32 38 46
Interior ion chamber shield 8 13 15 21
Beam holes HB1--HB6 224 288 407 513
D,0 systom 138 204 254 312
Total 8038+ 12,295 15,451 19,054

Motored flow 8000+ 12,200 15,300 18,700

*Calculated values from ORNL CF.55-5-157; these values represent ot most about 2'5% total flow.
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8. INSTRUMENTATION AND CONTROL

8.1

Introduction

The ORR safety and control systems have been
designed to provide for safe and orderly operation
of the reactor from a central control room. Essen-
tially all routine operations, including startup and
shutdown, can be monitored and/or controlled from
this location.

The control system is designed to relieve the
operator of routine manipulations by enabling the
instruments which sense changes in the system
parameters also to initiate the required corrective
action. This approach is consistent with the phi-
losophy of using the operator to supervise the
functions of the control system rather than to in-
clude him as an integral part of it. Nevertheless,
certain actions are required of the operator. In
particular, any increase in reactivity beyond that
allotted to the power regulation system will require
concurrence of both the operator and the control
system. The safety system is designed to seize
the initiative from both the operator and the control
system and to initiate immediate corrective action
should any of the significant operating parameters
indicate the onset of an unsafe condition. Because
of certain features incorporated into the control
system, the safety system is very infrequently
called upon; however, it is independent of the con-
trol system and capable of very fast response when
needed.

The ORR control system and instrumentation were
designed and safety limits determined after careful
analyses of the reactor parameters, such as fuel,
shim-rod worth and motion, moderator, and coolant.
This design resulted in the use of instrumentation
similar to that installed in both the LITR and the
MTR, and, in addition, contains a provision for an
automatic start mode. Automatic power reduction

is provided by:
1.

Setback — controlled insertion of the servo-
controlled rod.

2. Reverse — simultaneous motor-driven insertion
of all shim rods.
3. Slow scram — simultaneous release of all shim

rods by using relay contacts to cut off the
electrical power supply to the magnet ampli-
fiers.

Fast scram — simultaneous release of all shim
rods by electronically reducing the output cur-
rent from the magnet amplifiers as the voltage
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of the sigma bus increases. (Sigma-bus voltage
is increased by any of three independent power-
level safety channels as the reactor power in-
creases above 100% of full power or by one log
N period channel as the reactor period de-
creases. When the reactor power reaches 150%
of full power or when the reactor period reaches
1 sec over the entire range of operation, the out-
put current from the magnet amplifiers is reduced
to the point at which the shim rods are released,
shutting down the reactor.)

Raising the power of the reactor from source
level to N, on the log N scale (i.e., 1% of full
power) under surveillance of the fission-chamber
counting-rate channel can be done either manually
or by using the automatic start mode. Power in-
creuse from 1 to 100% of full power with level safe-
ty and log N period protection can be accomplished
either manually or by using the servo-control system.

Process instrumentation monitors reactor cool-
ant flow, reactor differential temperature, and re-
actor outlet temperature. Signals from these moni-
toring instruments initiate a power reduction by
setback, reverse, or slow scram, as dictated by
the degree of the error signal. Reactor-coolant
temperature control during a reactor power in-
crease is automatic by step-function control of the
reactor cooling system.

The experiments are provided with reactor power-
reduction circuits, if required. These circuits are
capable of initiating a setback, reverse, or slow
scram if an experiment parameter should exceed
preset control limits.

Although the basic concepts, criteria, and opet-
ation of the above-mentioned controls or protective
instrumentation have not changed to any large de-
gree since their original design and installation,
continuous reevaluation of reactor controls has
prompted revisions and additions to the overall
instrumentation of the plant.

8.2 Nuclear Instrun entation

8.2.1

Introduction

Starting at the source level, the fission-chamber
coanting rate channel (CRM) is employed up to a
power level of approximately 10~ IVF. From
about 103 N, and continuing through 150% N,
current-measu.ing channels and gamina-compen-
sated ion chambers are used. Additional current



channels working from uncompensated ion cham-
bers are used in the 102 N, range solely as
safety devices. In addition to these nuclear in-
struments the ORR uses other instruments for
measurements involving detection of neutrons and

gamma radiation.

8.2.2 Safety System

The ORR safety system was designed in accord-
ance with a principle originally established by
Newson’ for the MTR and which has been applied
to all ORNL reactors. This principle assumes a
startup accident, originating at the source level,
brought about by the catastrophic failure of the
startup instrumentation, the control system, in-
cluding interlocks, and manual operation. This
failure is postulated to leave the reactor super-
critical with the shim-safety rods withdrawing
simultaneously at their maximum rate. Except for
intrinsic shutdown me chanisms, the reactor safety
system remains the only means of stopping the
reactivity addition and of tuming the excursion
by releasing the shim-safety rods. The minimum
required performance of the safety system is there-
fore the protection of the reactor core in the event
of catastrophic failure of the startup instrumenta-
tion and control system.

The safety system has been used in many ORNL
reactors and elsewhere, and its characteristics
are well known. Usually, as in the ORR, three
channels are so arranged that action of any one
of the three can drop the shim-safety rods. The
time response from first exceeding the preset
limits to the first motion of the shim-safety rods
is maintained at approximately 10 msec (release
time). This includes magnet-flux decay time with
magnet current sufficient to support twice the rod
weight. Extensive operating experience has been
obtained with the ORR system, as well as with
identical systems in other reactors.

The ORR system has been tested in the SPERT
facility.® As far as can be detemined, this is
the only safety system which has been required to

1H. W. Newson, The Control Problem in Piles Capa-
ble of Very Short Periods, ORNL-1857 (Apr. 21, 1947).

2E. P. Epler, Operating Experience with Coincident
vs Non-Coincident Reactor Safety Systems, ORNL-TM-
738 (Dec. 12, 1963).

3J. R. Tallackson et al., Performance Tests of the
Oak Ridge National Laboratory Fast Safety Systems,
ORNL-3393 (Sept. 12, 1963).
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intervene in a series of excursions, deliberately
initiated, wherein a single failure to respond
would have resulted in unacceptable damage to
the core. The existence of a safety system of
this proven high performance reduces to a mini-
mum the consequences of failure of the remaining
instrumentation and control systems.

The startup instrumentation and reactivity con-
trol system is independent of the level-safety
system and has no safety function. The startup
instrumentation and control system does, however,
include features intended to reduce the number of
scrams made necessary by nonsafety failure.

The safety system is also independent of the
automatic control system. Although many safety
features are included in the action of the control
system, it is the function of the safety system to
override the control system and quickly shut the
reactor down should any of the parameters affect-
ing safety exceed preset values. A block diagram
of the safety system is shown in Fig. 8.1.

Although there is redundance in the level-safety
fast-scram circuits, coincidence is not required to
produce a scram. Each amplifier is driven from an
independent neutron-sensitive chamber, and each
is capable of shutting the reactor down. The re-
dundance does, however, permit deenergizing and
removing for repair any one channel during opera-
tion, since it is considered that two operating
channels are sufficient to maintain the required
reliability for safe operation. It should be made
clear that the removal of a level-safety channel is
not accomplished by a simple arrangement of
manually or automatically operated switches.

Such removal and reinsertion action requires close
coordination by both Operations and Instrumenta-
tion and Controls Division personnel, as well as
carefully planned and supervised manipulation of
the components and electrical connections. Al-
though the electronics and recorders of each sys-
tem can be replaced during operation, such is not
true of the safety chambers.

Two magnet amplifiers are provided for each
shim rod and are electrically interlocked so that
either will sustain the required normal magnet cur-
rent upon the complete or intermittent failure of
the other.

There was initially only one log N period chan-
nel available for use in the fast-scram circuit; but
it was soon recognized that failure of this channel
could seriously lengthen a reactor shutdown if the
failure were to occur during, or immediately prior

« e
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to, a reactor startup. A spare channel, from ioni-
zation chamber to the period amplifier including
the recorders, was added. This channel is not
used to obtain safety redundancy but to minimize
reactor downtime due to failure of a single chan-
nel. Either of the two channels may be connected
into the control circuitry at the operator’s dis-
cretion. Lights are provided in the control room
to indicate the channel in use, and various circuit
features monitor the channel in use to ensure that
the desired reliability to initiate a scram due to a
short reactor period is retained.

In Sect. 8.3, the low-flow operating condition is
mentioned. It has been ORNL policy to avoid ad-
justable safety trip points; but when it became
necessary to employ a two-level trip, each level-
safety channel was provided with an individual
method of switching which is automatic and inde-
pendent of operator error. This low-level trip
safely limits the power to 1.5% of normal full
power when the reactor is being operated for
special low-power tests. Analysis has shown that
power rises on periods as short as 10 msec are
handled equally well at both the high- and low-
level scram settings. ‘

During the eight years of operating experience,
the ORR instrument and control system has not
once failed so as to require intervention of the
safety system. Also, during eight years of ORR
operation the safety system has not once been
found to be incapable of protecting the reactor
should the instrument and control system have
allowed an excursion to develop. It is therefore
established that the probability of failure of the
instrument and control system is small and that
the probability of failure of each of the three
safety channels is also small. The probability
of simultaneous failure of the independent safety
and instrument and control systems becomes the
product of four small probabilities, so that the
probability of an uncontrolled excursion by this
mechanism becomes very small indeed.

8.3 Control System

One of the main objectives of the ORR opera-
tion is to continuously maintain the reactor at the
highest constant power level which is consistent
with safety and the available coolant flow. To
accomplish this, heat power has been chosen as
the basic control parameter, although it is used
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indirectly. The instruments which measure flow
and temperature difference are quite accurate but
are characterized by an inconveniently long re-
sponse time — several seconds. Even though an
exceptionally fast response time is not required of
the control system, it is desirable that it be able
to initiate corrective action sufficiently rapidly so
that fast safety action will be only rarely neces-
sary. The required speed of response is obtained
by using the accurate, but delayed, heat-power
information to continually calibrate neutron-flux
measuring devices by adjusting them to agree with
the heat-power information.

8.3.1 Special Features

The control system relays and interlocks are
designed to accept information from both the oper-
ator and the instrumentation and to impose certain
limitations on the use of this information, thus
providing an orderly sequence for startup and op-
eration of the reactor. The control-system block
diagram is shown in Figs. 1.7 and 1.8. No at-
tempt is made in this section to describe the
routine features, such as limit switches, the util-
ity of which should be obvious; however, the sig-
nificant instrumentation is discussed in detail. A
complete relay listing and the elementary dia-
grams are found in Appendix D. These can be
used for a more thorough study of the control
system.

The features found in ORNL control systems for
reactors of the ORR type include the following:

Instrument start

Automatic fission-chamber positioning
Raise.clutch mode

Automatic shim-rod-drive rundown
Servo system

Key switch

Instrument Srart. — While two modes of starting
and operating the reactor are provided in the con-
trol system (manual and instrument), only the
latter is unique to this system. Instrument con-
trol is initiated by the operator pressing the
“‘instrument-start-request’’ push button. The
servo starts immediately, and the regulating rod
withdraws to its withdraw limit, since the reactor
power is below the demand set point. This es-
tablishes the ‘‘instrument-start’”’ condition. All
shim-safety rods begin withdrawing at intermittent



speed until a transient 30-sec positive period is
detected by the counting channel, at which point
withdrawal is stopped. The selection of 30 sec
for the minimum operating period is arbitrary.
Shorter periods are practical for automatic start
but may be troublesome for the operator if the
manual start mode is being used. The startup
time saved by using shorter periods is too small
an amount to be of any significance.

Avutomatic Fission-Chamber Positioning. — After
the rod withdrawal stops, the petiod grows longer
than 30 sec, and rod withdrawal resumes. The
process is repeated, however, with shorter and
shorter “‘run’’ and longer and longer “‘stop’’ inter-
vals until a steady 30-sec positive period is
established. The power rise continues, and on
passing a level corresponding to 8000 counts/sec
on the CRM, two changes occur. First, the fis-
sion chamber withdraws until it reaches a neutron
flux corresponding to something less than 100
counts/sec (this results in the counting channel
being readjusted to an operating point near the
lower end of its operating range), and second, the
control is placed in ““mid-range lockout’ (MRL),
which prevents further automatic rod withdrawal.
In addition, rod withdrawal is blocked as soon as
8000 counts/sec is reached, and the blockage
continues until the fission chamber stops moving.
None of these changes affect rod positions, so
the reactor power continues to rise on a 30-sec
period until at log N > 107° N the MRL be-
comes inactive. Except for period pemissives,
instrument control shifts from the counting to the
log N channel. If, after MRL becomes inactive,
the period grows longer than 30 sec, all rods will
withdraw again as needed to shorten the period.
Instrument start is terminated when the power
reaches N, . Instrument start is also teminated
instantly if a reverse occurs or if any shim-safety
rod drops. Both actions are called to the oper-
ator’s attention by the annunciator system.

Automatic shim-rod withdrawal is not pemitted
otice instrument start is teminated. During a
long run, if the servo rod withdraws to the with-
draw limit, an alam is sounded, and the operator
has to correct the situation by withdrawing one
or more shim-safety rods a small amount. The
servo system, however, is permitted to insert all
shim-safety rods if full regulating-rod insertion is
insufficient to limit reactor power.

Automatic fission-chamber positioning is a
necessary part of the instrument-start system. It

135

is a convenience, however, when starting the
reactor manually and is used routinely. In its
automatic mode the system repositions the fission
chamber as needed to keep the counting channel
within its most reliable operating range. Follow-
ing a reactor shutdown, the chamber is manually
inserted until at least 2 counts/sec is detected.
When an instrument start is begun, the chamber is
inserted automatically until at least 20 counts/sec
is detected. When the counting rate reaches 8000
counts/sec (upper end of range), the chamber with-
draws until the lower end of its range (100 counts/
sec) is reached. An undesirable result of the
operator inadvertently inserting the chamber would
be the generation of an apparent short period,
which could block rod withdrawal or initiate a
reverse, if short enough. Inadvertent chamber
withdrawal, however, would interfere with an in-
strument start while the reactor is under control

of the counting channel and is therefore prevented.
The chamber-drive control may be placed in a
manual mode, but doing so blocks the instrument-
start mode of the reactor.

Raise-Clutch Mode, — The “‘raise-clutch’ mode
permits the shim-safety-rod drives to be “with-
drawn?’ for testing purposes without withdrawing
the control rods. When the manual selector is
turned to establish this mode, a slow scram is
effected. This de-clutches the rods and permits
the drives to be withdrawn without moving the
rods. There is a check on this because the rods
must stay seated or drive withdrawal is immedi-
ately stopped.

Avtomatic Shim-Rod-Drive Rundown. — The
“automatic shim-rod-drive rundown’’ is a con-
venience for the operator. Whenever the rod and
its drive become separated the drive automatically
inserts until the magnet contacts the rod. This
feature is blocked when the control is in the
“raise-clutch’’ mode to permit drive withdrawal.

Servo System. — The servo system relieves the
operator of the tedium of holding the reactor
power at the desired level and, in fact, holds re-
actor power closer to the control point than the
operator can. It must be on and operating before
the instrument-start mode can be established. It
cannot thereafter be turned off without first going
out of “instrument start.,”” The servo may fail in
such a way that it withdraws the regulating rod
fully, placing the reactor on a positive period.

If the operator does not discover this and take
corrective action, it will be done for him by the



log N and level-safety channels through the
medium of a reverse. The servo is tumed off by
the reverse and can be turned back on only by the
operator.

Key Switch. — The key switch is an aid to
administration and is used to prevent unauthorized
movement of rod drives during reactor shutdowns.
When the switch is off, the reactor is scrammed,
and power to the magnet amplifiers and the with-
drawal circuit is disconnected. The switch can
be tumed on only when the key is in its proper
position, and, further, the key cannot be removed
until the switch is turned off. Rod-insertion cir-
cuits are not turned off and, in fact, are arranged
so that insertion requests always take precedence
over those for rod withdrawal.

8.3.2 Modes of Operation

Two modes, ‘““start’” and “‘run,’’ are provided.

Changeover from the “start’”’ to the ““run’’ con-
dition is made manually when the reactor reaches
N, that is, ~1% of full power. This represents
the point at which the heat-power instrumentation
starts to yield reasonably accurate information.
Moreover, ~1% of full power is the level above
which the cooling requirements exceed that pro-
vided by the shutdown coolant system, described
in Sect. 6.

In addition to the nommal sequence required for
routine startup and operation, a submode to the
“start’”’” mode of operation is available in order to
provide for versatility and to minimize the neces-
sity of making temporary changes to the system
which must later be corrected. This mode per-
mits operation up to ~V  with no coolant flow.

Low-Flow Conditions. — Under these conditions
of operation the reactor can be started up without
coolant flow. This permits evaluation of reactor
fuel loadings and reactivity effects of experi-
ments installed in the ORR with the reactor ves-
sel open to the surrounding pool. The mode is
referred to as the ‘‘test’” mode. The power is
limited by the safety system, and the only control
instrumentation affected is the bypassing of the
flow and differential-pressure interlocks. The
functions of the safety system are discussed in
Sect. 8.2.

Normal Conditions. — When the coolant system
is functioning nomally and full flow is estab-
lished, startup can proceed either manually or
automatically. The startup can continue as long
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as the startup instrumentation is operating prop-
erly, as indicated by a set of confidence con-
tacts, and is indicating a period of 30 sec or
longer.

Initially, the shim rods are withdrawn simul-
taneously only intermittently, This intermittent
withdrawal continues until log N confidence
(>0.001 on the log N recorder) is reached. At
this time the withdrawal can be continuous, be-
cause the withdrawal rate is restricted by the
reactor period interlocks.

When the upper limit of the ‘‘start’”’ mode is
reached (NL), the reactor power level remains at
N, until the operator manually requests a change.
After a delay sufficient to allow the operator to
assess that the startup can proceed, the *‘run”’
condition may be requested and obtained. The
operator may then raise the reactor power by in-
creasing the setting of the servo demand. The
servo system will then withdraw the servo-con-
trolled shim rod and thus increase the power of
the reactor until it equals the demand.

8.3.3 Shim-Rod-Drive Mechanisms

The safety release mechanisms are of the same
general type as those used in the High Flux Iso-
tope Reactor (HFIR) and the Engineering Test
Reactor (ETR) (i.e., the ball-latch type), as shown
in Fig. 8.2. This mechanism consists of a latch
head located near the top of the drive tube, in the
reactor vessel, with a latch pushrod extending
downward into the subpile room through the center
of the drive tube; a seal between the pushrod and
the drive tube is provided at the lower end of the
drive tube. This latch pushrod is moved upward
relative to the drive tube in order to engage the
latch and is held in position against the force of
a release spring by an electromagnet. Shutoff of
the magnet current results in release of the latch
mechanism. The latch head consists of an outer
cage with the same outer diameter as the drive
tube. This cage has holes through which a circle
of steel balls may be partially extended by the
tapered surface of the latch plunger, which is
located inside the cage and which is attached to
the upper end of the latch pushrod. When the
balls are extended, the latch is cocked and is
held in position by the electromagnet.

Concentric with the drive tube, but entirely with-
in the reactor vessel, is the shim rod. The top of
the drive tube attaches to the bottom of the shim
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rod by means of a self-aligning coupling referred
to as the ““floating piston.’’ Inside this floating
piston, a shoulder is provided which has an in-
side diameter slightly larger than the drive tube
but smaller than the diameter of the circle of
extended balls. Since the latch is cocked while
the balls are below the latch shoulder of the float-
ing piston, an upward movement of the drive tube
will liit the piston and thus raise (withdraw) the
shim rod. If, while the shim rod is raised, the
magnet is de-energized, the latch pushrod is
forced downward by springs, the balls retract, and
the shim rod is free to fall, reducing the reac-
tivity.

The floating piston at the lower end of the shim
rod is also a shock-absorber piston which enters a
shock-absorber cylinder near the lower end of the
stroke to decelerate the shim rod foliowing a
scram,

The drive mechanisms are of the type using a
nonrotating lead screw of the acme thread type
with a rotating nut. The lead screw angle is
chosen so that the drive is self-locking; thatis,

a force applied to the lead screw will not result
in the rotation of the nut. The nut for each drive
is driven through a suitable gearing by ac motors
of the two-phase reversible type. All drives are
designed for the same rate of travel, since it is
desired to operate them in unison. The rate of
travel is 5 in./min with the drive motors operating
steadily at their loaded speed.

All drives are provided with position-sensing
and transmitting equipment, which is used to
traasmit information to the control room for the

operator. In addition, a variety of limit switches
is provided as necessary to indicate drive posi-
tion and to limit drive motion as required. Seat
switches are also provided to indicate when the
shim rod is fully inserted. These are independent
of the drive mechanisms.

8.4 Process Instrumentation

As explained previously, certain portions of the
ORR process instrument system have significant
control functions and might well have been in-
cluded in the preceding sections. However, for
convenience and because they are nonnuclear in
character, they will be discussed here. These
process instruments include devices for monitoring
the flow, temperatures, and pressures of the cool-
ant.

In general, the process instrumentation has to do
with the heat dissipation from the reactor. For
this reason, the control system mentioned in Sect.
6 will be discussed more thoroughly.

8.4.1 Cooling-Tower Control System

Heat absorbed by the cooling system from the
reactor is transferred to the atmosphere by the
cooling tower (Fig. 8.3) when water from the
secondary cooling loop is made to cascade
down through the tower against a forced upward
draft of air. The flow of air is maintained in the
two-cell tower by a two-speed fan in each cell.
Each fan can be operated independently, thus
providing five steps of control for the two cells
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considered as a unit, that is, off-off, low-off,
low-low, high-low, and high-high.

The heat dissipating capacity of the cooling
tower is a function of several parameters. An
approximate formula as derived from data fumished
by the manufacturer is as follows:

Mw = %F (0.35T, - 0.69T,, + 34.4)(%S))

+(0.72T, - 0.18T , — 47.06) ,

where

Mw = heat dissipation in megawatts (rated at
30.78),

%FW = percent of rated water flow over the tower
(rated at 10,500 gpm),

Ti = inlet water temperature to the tower in
°F (rated at 1049,

= ambient air wet-bulb temperature in °F
(rated at 78°), and

%Sf = percent of full fan speed (both fans on

high).

This formula is correct when the parameters are
at or near rated values for the tower. How nearly
correct it is when the parameters differ widely from
rated values is not known. The formula, there-
fore, should not be used for evaluation of tower
performance but may be used in understanding
tower operation. Figure 8.4 shows curves of the
expected cooling capacity as derived from this
formula. From these cutrves it is shown that, at
full-rated water flow, 104°F inlet water tempera-
ture, and an ambient wet-bulb temperature of
78°F, the tower cooling capacity may be varied
from 13 to 30 Mw by varying the fan speed. With
ambient wet-bulb temperature at 55°F, the range
is 18 to 50 Mw via fan speed, and with the ambient
wet-bulb temperature at 32°F, the range is 22 to
70 Mw via fan speed.

The tower control system maintains the temper-
ature of the water in the cooling-tower basin at a
relatively constant temperature somewhat below
that needed by the heat exchangers. This method
of operation has several advantages:

wa

1. It reduces the dynamic control range of the
secondary and primary control loops, making
the tower appear to the secondary control loop
as an infinite-capacity heat sink.

2. It prevents transient air temperatures from
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feeding back into the system and upsetting the
overall control.

It provides a stored cooling capacity which
allows rapid increases in reactor power.

A block diagram of the cooling tower control
loop is given in Fig. 8.5, and the cooling control
system is shown in Fig. 8.6. A gas-filled bulb
(TE48) attached to a pneumatic temperature trans-
mitter (TT48) is used to measure the basin water
temperature. A conventional pneumatic controller
(TC48) with proportional control action is used to
compare the measured temperature with the set
point value and provide an output pressure signal
accordingly. This output pressure in tum operates
four pressure switches (TX48A, TX48B, TX48C,
and TX48D), which in tum operate the two fans to
provide the control as described above.

8.4.2 Secondary Control System

The secondary control system may be considered
as consisting of two main parts: a conventional
temperature control system and the pneumatic
analog set point computer.

Conventional Control System. — Figure 8.7
shows the conventional temperature control sys-
tem. The mean temperature of the secondary side
of the heat exchanger is controlled in such a way
that the proper amount of cooling at the right time
is supplied to the primary system. Transients are
thereby damped out, and the primaty is maintained
in its optimum control range.

Since it is impractical to measure temperatures
within the heat exchanger, gas-filled bulbs and
pneumatic temperature transmitters (TE47A,
TE47B, TT47A, and TT47B) on the inlet and
outlet water lines are used to provide and transmit
the mean readings. A simple computing relay
(TM47D) has an output which is the average of the
two readings. This is considered as the mean
secondary temperature which is to be controlled.
A conventional pneumatic controller (TC47) then
compares this mean temperature with a set point
provided by the set point computer and provides
an output control signal to operate the secondary
control valve. The valve bypasses outlet water
back to the pumps instead of over the cooling
tower. By thus controlling the amount of water
bypassed, the mean temperature of the secondary
system is controlled.
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ORNL-LR-DWG 76439

TOWER BASIN

!

TEMPERATURE TRANSMITTER
Gas-filled bulb and pneumatic transmitter

50-100° F 3-15 psig

%

—t—

TEMPERATURE INDICATION AND ALARM--
Main ORR Control Room

| g | TEMPERATURE AND SETPOINT INDICATION--
Tower Pumphouse Panelboard

T .

PNEUMATIC TEMPERATURE CONTROLLER -~

Proportional Control Only SETPOINT SIGNAL

!

TOWER FAN CONTROL SWITCHES
Four pressure switches to step
the two two-speed fans to give
five steps of control
(1) off - off
(2) Low - Off
(3) Low - Low
(4) High - Low
(5) High - High

Y

TOWER FORCED DRAFT FANS

Fig. 8.5. Cooling Tower Control System Block Diagram.
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} l HEAT EXCHANGER SECONDARY

ORNL-LR-DWG 76440

INLET TEMPERATURE TRANSMITTER=~-
Gas- filled bulb & pneumatic
transmitter.
80-130° F in=--3-15 psig out

EXIT TEMPERATURE TRANSMITTER--
Gas-filled bulb & pneumatic
transmitter.
80-130° F in--3-15 psig out

%

*

INLET AND OUTLET

TEMPERATURE INDICATION|
Tower Pumphouse Panel

AVERAGING COMPUTING PNEUMATIC RELAY
Output equals the average of the
Inlet and Outlet temperatures above.

| SECONDARY MEAN TEMPERATURE, SECONDARY
SETPOINT INDICATION AND ALARM
i Main ORR Control Room

§ SECONDARY MFAN TEMPERATURE
e AND SETPOINT INDICATION
Tower Pumphouse Panel

(

PNEUMATIC TEMPERATURE CONTROLLER--
Proportional, reset, and derivative
control action.

!

SECONDARY TEMPERATURE CONTROL VALVE
Water bypass around cooling tower

1

A

%

PNEUMATIC ANALOG
SETPOINT COMPUTER

Fig. 8.7. Secondary Coolant Control System Block Diagram.



Set Point Computer. — Figure 8.8 shows a
block diagram of the functions of the analog com-
puter used for obtaining the set point for the
secondary control system. The set point is de-
termined by two conditions: fluctuations in the
reactor power and adjustments in the primary sys-
tem made to correct these fluctuations. The com-
puter system may be conveniently described by
tracing the signals from each of these sources.

Reactor Power Fluctuations. — The temperature
of the cooling water leaving the reactor is taken
as an indication of reactor power level. The out-
let temperature is measured by a gas-filled bulb
(TE47C), and a signal cotresponding to a 100 to
150°F temperature range is transmitted by a
pneumatic transmitter (TT47C). A pneumatic
computing relay (TM47C) is designed to take this
100 to 150°F temperature signal C, compare it
with a desired temperature, and produce an output
signal P corresponding to the corrective action
required by the secondary system. In accomplish-
iny this, C is compared with two set points, A and
B, and the computer output may be represented as:

1
P=B+—(4-C) .
PB

Under normal operating conditions, both 4 and B
are set for 117 to 120°F. The temperature of the
inlet cooling water varies over this range, and at
a reactor power level of zero the outlet corresponds
to the inlet. Consequently, when the outlet cool-
ing water is, for example, 120°F, or equal to the
inlet temperature, the signal C is equal to A and
the term (1/PB) (A-C) is zero. The output of the
computer, P, is then equal to B, which is the
zero-power temperature, and no change is called
for from this source in the secondary cooling loop.
If the reactor power rises, C increases, and the
term (1/ PB) (A-C) assumes a negative value. The
output P then drops below the set point tempera-
ture B and provides a signal to the secondary
cooling system calling for more cooling capacity.
If the reactor power drops, the reverse is true; P
increases, and the secondary is asked to provide
less cooling,.

Adjustments in the Primary Coolant System. —
When a change in water temperature occurs in the
primary cooling system, the primary bypass valve
responds immediately to provide a corresponding
change in cocling capacity. Temperature fluctua-
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tions are sensed by temperature elements (TE11A
or TE11B) and proportional signals are trans-
mitted by TT11A and TT11B to the valve con-
troller (TCV11). These signals, which detemine
the valve position, are also picked up by an
isolator-booster (TM11B) and fed into the comput-
er system.

The optimum operating condition for the primary
bypass valve has been detemined as 40% open;
this condition is produced by an 8-psi signal from
TT11A or TT11B. Consequently, when an 8-psi
signal is received, the primary system is at equi-
librium, and no corrective action is necessary in
the secondary. Equating this 8-psi signal to
equilibrium conditions is accomplished by an
8-psi-equivalent spring in the pneumatic computing
relay TM47B. An 8-psi signal to the valve is re-
ceived at A by TM47B and is exactly balanced by
the equivalent spring. As the primary valve opens
and closes to meet fluctuations around the temper-
ature set point, the output of TM47B will corre-
spondingly swing positive and negative. The
relay is adjusted to give a 9-psi output for equi-
librivm conditions. It may thus make a 6-psi
swing in both the positive and negative directions
in accordance with the 3-to-15-psi range of the
instrument.

Still ancther pneumatic computing relay, TM47A,
sums the two conditions detemining the secondary-
cooling-loop set point. Since the signal from the
primary bypass valve swings around 9 psi, a 9-psi-
equivalent spring is provided in TM47A to balance
this offset and give a zero signal to the secondary
from the primary valve when it is in its optimum
condition.

8.4.3 Primary-Coolant Control System

As mentioned previously, the temperature of the
cooling water in the primary control system is
detemined by a conventional temperature control
system. Temperature element TE11A senses the
reactor inlet temperature at a point on the down-
stream side of the converging flows from the heat
exchangers and the bypass line. The signal from
TE11A is converted into a 3- to 15-psi output by
TT11A, which is fed through an isolator-booster
relay (TM11A) to a recorder (TR11) in the control
room and to a controller (TC11) whose output
actuates the primary bypass valve TCV11.



REACTOR QUTLET TEMPERATURE
TRANSMITTER ==
Gas-filled bulb, TE-47C
Pneumatic transmitter, TT-47C

138%-%15153" F input, 3-15 psig

PNEUMATIC COMPUTING RELAY

1 IM=47C

Takes the above temperature
signal, subtracts the

reactor inlet temperature N

setpoint, then multiplies
this difference by the
gain setting on the relay.
The output is then the
reactor inlet temperature
setpoint less this product.

!
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PRIMARY BYPASS CONTRCL
VALVE POSITION SIGNAL
3-15 psig

MANUAL SETPOINT-- ‘(
Equal to the
reactor inlet
temperature
setpoint temp.

PNEUMATIC COMPUTING RELAY
TM=-47A

Takes the primary control
valve correction signal

from controller shown to

the right, subtracts from

it 9 psig, then multiplies
this difference by the gain
setting on the relay. This
product is then added to

the signal from the computing
relay above as a correction.
This output is 3-15 psig
corresponding to 80-130° F

as is required to match

the secondary mean temperature
signal for a setpoint to the
secondary controllier.

Y

SETPOINT TO THE
SECONDARY CONTROLLER

PNEUMATIC COMPUTING RELAY
TM-47B
A standard pneumatic controller
the setpoint of which is a
spring adjusted to 40% (7.8
psig equiv.) The proportional
gain is set low (PB set at

approx. 500%). The controller

reset action is used to provide
a reset (time integral of the
primary valve positica to the
computing relay at the left.

Fig. 8.8. Secondary Coolant Control System Set Point Block Diagram.



8.4.4 Reactor Differential and Outlet Tempera-
ture System

Since the increase in the cooling water temper-
ature is proportional to the reactor power level
and reflects temperatures within the core, meas-
urements of this parameter are used to indicate
the limits of safe operation for the reactor. Two
types of temperature measurement, differential
and outlet, are connected in the reactor control
system, giving alamm, setback, reverse, or scram if
either exceeds safe limits.

Cooling water enters the top of the reactor tank
through two diametrically opposed lines and flows
down through the core. It then leaves the reactor
through two other diametrically opposed lines at
the bottom. Both inlet and outlet lines are located
in close proximity directly beneath the reactor
core in the reactor’s pipe chase, and all differ-
ential and outlet temperature elements ate con-
veniently located there.

Differential Temperature System. — The differ-
ence between the temperature of the cooling water
entering the reactor and that leaving is a direct
indication of the heat or power being produced in
the reactor core. The general working formula for
reactor thermal power at the ORR is:

Mw = 1.448 x gpm x AT x 10—4 |

where Mw is reactor power in me gawatts, gpm is
cooling water flow in gallons per minute, and AT
is the temperature differential across the reactor
in °F.

At nomal 30-Mw operation, the temperature of
the water entering the reactor is 120°F, and the
corresponding temperature of the water leaving
is 131.6°F. This gives a temperature differential
of 11.6°F. If this differential rises above pre-
scribed limits, it is an indication that the 30-Mw
reactor power level is being exceeded. A AT
reading greater than 13.0° calls for an alarm,
13.5° calls for a setback and reverse, and 15.5°
for 2 scram.

Since the cooling water passes through the core
from two lines, it is likely that changes in core
loading will cause differences in the coolant
temperatures in the two lines. For this reason,
two sets of readings are used to determine AT,
one from the north and one from the south side.
Their average is used as an indication of the
overall AT parameter and to determine the proper
control action. Control action is taken if either
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channel gives an abnormal indication. The two
channels are labeled Td1A and Td1B. The ar-
rangement of components in the Td1A series is
outlined in the following paragraph. The arrange-
ment is exactly duplicated in *he Td1B channel.
Since the water entering the reactor is at the
same temperature in both lines, the inlet tempera-
ture elements (TdE1Al and TdE1A2) for both AT
measurements are located, for convenience of
access, in the south line. On the outlet side,
TdE1A3 is in the south line and TdE1A4 is in the
north line. All are themohm or resistance-type
temperature elements which change their resist-
ance value in direct proportion to their tempera-
ture. In a bridge-type connection, the sum of the
voltage drops produced across the two inlet line
resistors is subtracted from the sum of the volt-
ages produced across the two outlet line resistors.
This difference is proportional to the average AT
for the two cooling lines and is recorded by a
recorder (TdR1A) in the control room. Micro-
switches on the recorder give the alam, setback,
reverse, and scram actions at the proper levels.

Outlet-Temperature System. — If fuel-plate tem-
peratures within the reactor core exceed 270°F,
there is danger of boiling occurring. With allow-
ances for a proper safety factor, it has been de-
termined that the cooling-water outlet temperature
should be maintained below 135°F in order to
maintain safe core temperatures. Outlet tempera-
ture is measured by two themohm elements (TE43
and TE44) and recorded in the control room by
recorders TR43 and TR44. The operating tem-
perature at 30 Mw is in the range 129 to 131.6°F.
Microswitches in the recorders initiate an alarm
at 134°, a setback and reverse at 135°, and a
scram at 140°.

Thermocouples TE2A, TE2D, and TE2G supply
readings of inlet and outlet water temperatures to
a multipoint recorder in the control room for read-
out putposes only.

8.5 Radiation Instrumentation

The ORR is one of 17 facilities at the Oak
Ridge National Laboratory equipped with networks
of radiation and air monitoring instruments con-
nected to the Laboratory Emergency Control
Center. The network in the ORR building is also
monitored from the ORR control room. Radiation
and contamination detection systems are installed
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in the reactor building to continuously and auto- Table 8.1. Radiation and Contamination Monitors
matically detemine the radiation condition of the Installed in the Reactor Building

entire facility and to relay this information to the

central control panelboard in the ORR control Instrument
room. Should the radiation level or the air Location Number
activity in a large portion of the building exceed

preset values, an audible alarm in the building Facility Radiation Monitors®

is actuated, waming lights outside the building
flash, and an alarm signal is transmitted to the
Emergency Control Center, Building 2500.

Southeast basement

North central, first level

Loop 2 area S
Third level west 11
. Southwest balcon 10
8.5.1 Description v
Control room 14

The beta-gamma radiation level is monitored by

[N Radiation Moni ith C |
15 monitrons located throughout the building and adiation Monitors with Control Room

and in the reactor cooling-water pump house Alarm Only®
(Table 8.1). Air is monitored for beta-gamma Northwest basement 1
emitting particles by nine continuous air monitors Pool side, south? 4
located throughout the building, First level, northeast 7
Since none of the health physics functions Second level north 8
originally designed into these monitrons and Pump house 15
monitors were altered, each instrument is an in- Second level west 9
dependent unit that retains all of its local alarm Center balcony 13
features. Each instrument, however, is connected First level east 6
to an individual indicator module in the reactor Top of paol® 12

control room. By means of three colored lamps

. .1 Facility Contamination Monitors?
which normally give a dim light, an indicator actitly montamination or

module indicates the condition of the instrument Basement east 1
to which it is connected; that is, a white lamp Second level northwest 4
burns at full intensity if the instrument becomes Basement northwest 5
inoperative, an amber lamp bums at full intensity First level south 6
if the ““caution alarmm level’”’ (7.5 mrt/hr for a First level northwest 7
monitron and 1000 counts/min for an air monitor) Pool side 8

is reached, and a red lamp bums at full intensity
if the ‘‘high alarm level’”’ (23 mr/hr for a monitron
and 4000 counts/min for an air monitor) is

Contamination Monitors with Control
Room Alarm Only9

reached (Table 8.2). A change in intensity of any Pneumatic tube area
lamp, that is, from dim to bright, is announced by Basement south
a buzzer. Hot cell

The high-level alarm output on each of the six
a .
selected monitron indicator modules (Table 8.1) 8 52%)“‘0“““5 are ORNL model Q-1154B-13 (Sect.
is ¢ cted eva i ; si - A
Orme. t t.o an_ V. cuation module; six se quuipped with special ranges of 0.5 and 1 r/hr.
lected air-monitor indicator modules are connected s . .
A t' dule i il ¢ Equipped with special ranges of 25 and 125 mr /hr.
0 an evacuation m einas ar .
tation mocule 1n a similar manner. 1 9A11 monitors are ORNL model Q-2240B-4 (Sect.

an evacuation module receives a high-level alarm 8.5.2¢).
signal from any two or more monitrons or two or
more air monitors, the building evacuation system

is activated. measured by two air monitors 1 and 8 are con-

The radiation level measured by the six moni- tinuously recorded on a strip chart in the control
trons 1, 2, 4, 6, 7, and 9 and the air activity room.
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Table 8.2. Central Control-Panel Alarm Indications

Lamp Intensity
Instrument Indication

Red Yellow White

Normal Dim Dim Dim
Caution level® Dim Bright Dim
High level® Bright Bright Dim
Instrument trouble or out Dim Dim Bright

of service

Instrument removed® Bright Bright Bright

“Caution level for air monitor is 1000 counts/min and
for monitron is 7.5 mr/hr.

bHigh level for air monitor is 4000 counts/min and
for monitron is 23 mr/hr.

®Lamp intensities exist until a maintenance connec-
tion is made giving *‘out-of-service’’ indication.

8.5.2 Components

Panelboard. — The central panelboard for the
entire system, located in the reactor control
room, consists of 12 module racks which contain
one indicating module for each radiation detection
instrument, a coincidence module for the radiation
alarm system, a coincidence module for the con-
tamination alarm system, a buzzer module, and a
manually activated evacuation module, The racks
and modules are made of anodized aluminum, and
the modules have anodized Metalphoto front
panels. A Metalphoto text strip is provided at
the top of each rack for instrument identification,

Monitrons. — The remote monitrons (ORNL
model Q-1154B) are ac-powered null-type radiation
detection instruments for monitoring gamma radia-
tion. A monitron consists of two basic units:
(1) a control chassis, which contains the power
supply, the main amplifier, a radiation-level indi-
cating meter, and the controls; and (2) a preampli-
fier and ion-chamber detector assembly. The de-
tector assembly can be located remotely from the
control chassis. A 0-to-10-inv recorder or a
0-to-1-ma meter can be connected to the monitron.
The range of the meter is 0 to 25 mr/hr, and for
gamma radiation the calibrated accuracy of the
meter is within 3% of the experimentally determined
value. The zero setting is adjusted manually at
the instrument.

In addition to these standard features, the moni-
trons installed in the reactor building have two

special features: (1) additional relays were in-
stalled on the main chassis, and (2) a meter relay
was installed on an accessory chassis,

The instrument and alarms operate as follows:

1. A power failure or a disconnected power cord
will cause the white lamp on the central con-
trol panel to burn brightly. After power is
restored and following a 1-min delay, the
white lamp can be reset to its normal “‘dim”’
mode, During this 1-min delay, caution and
high-level alarms at the instrument might
sound, but the same alarms on the central
panel are locked out and will not sound.

At the caution radiation level of 7.5 mr/hr, an
electronic alarm circuit will cause the yellow
lamp on the central panel to burn brightly and
the bell at the instrument to ring. The in-
strument automatically resets itself when the
radiation level decreases below 7.5 mr/hr,

3. The 0-to-1-ma meter output temminals are con-
nected to the accessory meter relay, which is
set to operate at 23 mr/hr, the high-level
alarm limit. At 23 mr/hr, the bell at the in-
strument will already be ringing, since it
started at 7.5 mr/hr, and the red lamp on the
central panel will begin to burn brightly.

When the radiation level decreases to less than
23 mr/hr, the instrument is automatically re-
set by an intetrupter (allows a reset every 30
sec) at the central panel. While the instru-
ment is still recording a value in its “‘caution”
range, the same functions described above will
be performed.

4. On a dual-range instrument, the white light on
the central panel burns brightly to indicate that
the instrument is set on its highest range or is
inoperative.

Air Monitors. — Two types of air monitors were
installed: the mobile air monitor (ORNL model
Q-1740) and the beta-gamma continuous air moni-
tor (ORNL model Q-2240).

Mobile Air Monitor. — This monitor is equipped
with a logarithmic counting-rate meter, which
normally does not require range changing. Any
background radiation level within the range of the
instrument can be suppressed, and from one to
five decades may be selected for display on a
strip-chart recorder. This scale arrangement
allows the instrument to accumulate air-contami-
nation data and still function meaningfully in
areas where the background count is high.



A model H Leeds and Northrup Speedomax re-
corder with upscale, downscale, and set-point
alarms indicates high radiation, instrument fail-
ure, and above-tolerance radiation respectively,
The local alarm circuit is so arranged that, on
instrument failure or very high radiation condi-
tions, an alarm bell and a red annunciator light
are actuated simultaneously. If the air contami-
nation increases to a point above the set point,
an amber annunciator light, indicating tolerance
level, is actuated. The local annunciator lights
are mounted on top of the instrument cabinet so
that operation of the monitor can be observed from
any position in the immediate area.

Beta-Gamma Continuous Air Monitor. — This
monitor consists of an aspirating system, a paper-
tape filtet, a halogen-type Geiger-Mueller tube
detector, a linear counting-rate meter, a recorder,
and visible and audible alarms. The air flow
through the filter is controlled at 3 cfm by a
blower. A sample of beta-gamma emitting parti-
cles may be collected on the paper-tape filter
(collected-sample size of 1 x 2‘/2 in.). The col-
lection time per sample may be one day or one
week, depending on the timer installed, or the
tape may be advanced manually at any time. The
detector analyzes the radiation level of the sample
as it is being collected. The counting-rate meter
is a linear duty-cycle type using a single range
and having its high-voltage supply as an integral
part of the unit. The nomal range is 0 to 10,000
counts/min, but a 0-to-25,000-counts/min range
may be obtained by relocating two jumper wires
under the chassis. The input voltage sensitivity
of the rate meter is 200 mv. The overall accuracy
of the rate meter, including the effect of long-term
drift, is within 5% of correct values. The corona-
regulated high-voltage supply is nominally 900 v
with +150-v adjustment, and the maximum load
current is 20 pa.

The counting-rate meter has adjustable high-
level and caution alams and puts out a full-scale
signal of 1 ma to be used as an input to an in-
tegrally mounted Rustrak recorder. The caution
alarm is adjustable over the range of ~2 to 58%,
and the high-level alarm is adjustable from the
caution-alarm set point to the full-scale value.
The caution alarm is an electronic circuit which
employs a dual triode and plate relay with poten-
tiometer adjustment. The relay is energized
below the trip point and is deenergized by current
transfer from one triode to the other by a diode
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that couples the cathode circuits. Hysteresis is
~ 4% of full scale, The high-level trip is accom-
plished by the high contact on a contact-making
meter. The associated high-level relay is de-
enetrgized below the set point. Upon reaching
the set point, the meter contacts and relay are
locked in and can be released only by the depres-
sion of the release push button. A low-level
pointer on the panel meter has no contacts and
is used only as a visual indicator. The pointer
is set at the level corresponding to the caution-
alarm set point.

The instrument has an alarm panel with four
lights, a bell, and a buzzer. When the caution set
point is reached, an amber light comes on and
the buzzer is energized. There is no switch to
silence the buzzer, and nomally the tape is ad-
vanced manually when this point is reached. When
the high-level trip point is reached, a red light
comes on and the bell rings, The bell can be
silenced by a toggle switch, and when this is
done, an amber neon indicator comes on.

Filter-tape breakage is also indicated. If a
tape breaks, a red neon indicator is energized,
and the caution circuit is energized through a
flasher, The amber neon bulb burns continuously,
and the caution light and buzzer come on inter-
mittently, If a tape breaks and the caution alarm
sounds at the same time, the tape-break neon
light, the caution light, and the buzzer would be
on simultaneously and continuously. A test button
pemmits checking the alarm panel by simultane-
ously simulating tape break and high-level alarm
signals.

9. ORR SHIELDING

9.1 General Criteria

As stated in previous sections, the ORR was
originally designed for a steady operating power of
5 Mw. However, the shielding was designed to
satisfy the permissible radiation dose limitations
to individuals set forth in National Bureau of
Standards Handbooks No. 59 and No. 63 for a
steady operating power of 30 Mw. In unlimited
access areas, the shield design is such as to limit
the maximum dose rate to 0.75 millirem/hr. This
intensity includes the combined effects of all radi-
ations, and, based on a 40-hr week and a 50-week
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year, it represents 30% of the annual permissible
dose of 5 rems recommended by the NBS Handbooks
as an acceptable amount for workers handling radio-
active materials. In limited access areas, sus-
tained exposure is unlikely and can be controlled,
so higher dose rates ate permitted there. This
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fact makes possible some economy in shield design.

Adequate shielding is provided not only for the
reactor itself but for portions of the primary coolant
loop and for the primary and pool coolant cleanup
systems as well. Shielding is also provided where
necessary for the various components of the off-gas
and all ventilation systems. The demineralizers,
filters, degasifier, and other equipment are also
located in individually shielded cells or cubicles.
Shielding provided for the cells is supplemented in
some cases with direct lead shielding on the
equipment. Should significant local areas of high
radiation be detected, they are immediately reduced
by the use of additional local shielding.

9.2 Main Reactor Shielding

The main biological shield for the reactor is the
water-filled reactor pool and the concrete walls of
the reactor pool. It may be considered to consist
of three parts: the top shield, which is of water;
the concrete-and-water lateral, or radial, shield;
and concrete, steel, and water bottom shield.

9.2.1 Reactor Top Shield

The reactor core is shielded above by water, the
surface of which is 23 ft above the top level of the
fuel. By direct use of experimental data from the
Bulk Shielding Reactor (BSR),! shown in Fig. 9.1,

the gamma dose rate at the pool surface during oper-

ation at 30 Mw is found to be approximately 8 mil-
lirems/hr. This dose rate at the water level above
the reactor is above that recommended for long-term
exposure at a permanent installation. These cri-
teria, however, are not strictly applicable, since
the likelihood that someone will remain in that area
is quite remote. The neutron contribution to the
dose rate is negligible. The !°N generated in the
pool surrounding the reactor tank is dispersed as
described in Sect. 6.

1F. C. Maienschein et al., Attenuation by Water of Ra-
diation from a Swimming-Pool-Type Reactor, ORNL-1891
(Sept. 7, 1955).

9.2.2 The Lateral Shield

An analysis? of the adequacy of the lateral shield
was made at the obviously weaker points of the
shield: near the large experiment facilities, beam
holes, and the primary coolant lines. The shielding
at the large facilities is the weakest part of the
shield. When the facilities are in use (drained),
supplemental shielding must be provided to reduce
the background to below tolerance. With the excep-
tion of these facilities, the shielding on the north
and south faces of the lateral shield consists of at
least 4 ft of barytes concrete, which has proved
more than adequate for 30-Mw operation (see Fig.
9.2). Figure 9.3 shows the penetrations in the
lateral shield. The thimbles shown in the figure
are above the core, so that during operation no ra-
diation problems are encountered on the balcony.
However, during refueling, access to the balcony
is prohibited, since hot fuel is being transported
through the pools; as the element passes the
thimbles, the radiation level increases just oppo-
site the thimble,

Figure 9.2 also shows the barytes shielding on
the east lateral shield, through which the six hori-
zontal beam holes penetrate. Here the concrete is
approximately 8 ft thick. To supplement this ma-
terial, movable concrete shields are used to pro-
vide protection when beam-hole experiments are in
progress.

9.2.3 The Bottom Shield

A higher radiation field can be tolerated in this
area because there is no need for personnel to re-
main for long periods of time with the reactor oper-
ating at 30 Mw, and a locked door is provided to
prohibit unnecessary entry. There is approximately
7 ft of barytes concrete between the subpile room
and the reactor tank. This ‘‘ceiling’’ of the sub-
pile room is penetrated by a bottom plug (see Fig.
9.4) which contains the penetrations for the shim-
rod drives. It is filled with a mixture of iron shot
and barytes concrete. Figure 9.4 also shows the
pipe chase walls. Figures 9.5 through 9.9 show
the pool walls at different elevations and views so
that a more complete overall image of the pool
structure can be visualized.

2y. Zobel et al., Review of the ORR Shield for 30-Mw
Operation, ORNL-CF-58-6-13 (June 16, 1958).
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Experience indicates that, with the exception of
the demineralizer cells, no regions of high radia-
tion intensity (several r/hr) are available to per-
sonnel. Access to the demineralizer cells is pre-
vented by locked doors or security gates. It is not
necessary to approach this equipment during opera-
tion. Lower-level activity (30 to 200 mr/hr) may be
encountered in the degasifier call, in the pump
house, and in the facility pump cells. These areas
are restricted access regions, and local shielding
is provided where necessary.

9.2.4 Thermal Shields

A radial temperature gradient is created in the
biological shield, particularly in a plane passing
horizontally through the core center line, due to the
deposition of energy by the attenuation of gamma
rays. A stainless steel thermal shield (Fig. 1.3)
is installed between the reactor tank and the bio-
logical shield where the tank is closest to the pool
walls, that is, at the large experimental facilities.
The maximum temperature reached in the main
shield at 30-Mw operation is insufficient to cause
excessive stresses in the concrete. Since the tem-
perature in the interior of the shield is a sensitive
function both of the conductivity of the shield and
of the heat transfer coefficient at the inner wall,
thermocouples were installed in the shield in order
to determine the actual temperature distribution and
are available for future use if further measurements
are necessary.

10. UTILITIES

10.1 Electrical Systems

The ORR is supplied with electricity from the TVA
network by the system shown schematically in Fig.
10.1 and in more detail in Fig. 10.2. The TVA net-
work supplies power (161 kv) to ORNL primary sub-
station 0901, where it is stepped down to 13.8 kv.
The 13.8-kv bus then supplies substation 4000,
which in turn supplies 2.4-kv power to the reactor
primary cooling pumps and to substation 14-4, where
480-v power for the reactor cooling-tower fans and
the air-conditioning and pool-tower equipment is ob-
tained. Primary substation 0901 also supplies sub-
station 3000, which provides 2.4-kv power for the
reactor secondary pumps, and to substation 3-3 for
480-v power for the ORR building. Reduction in the
voltage is accomplished, where necessary, by trans-

formers located in various parts of the electrical
system.

The components and services which should con-
tinue operation during a normal-power outage are
furnished electrical power through an emergency-
power system. Upon failure of the normal-power
system, these components receive power from a
diesel-driven generator. The components connected
to this system are listed in Fig. 10.2.

Those components whose operation during a power
outage is considered of greatest importance are sup-
plied by sets of batteries. Equipment in this cate-
gory includes the primary-coolant-pump pony motors,
automatic electrical switchgear, and certain reactor
instruments. These components are supplied with
dc power from batteries which are capable of de-
livering adequate power for at least 2 hr, even in
the event of failure of the emergency-power system.
The batteries are kept charged by appropriate rec-
tifiers and controls. Individual battery systems are
used for each of the three pony motors.

10.1.1 Normal-Power System

The normal-power system furnishes 2.4-kv power
to the ORR complex through two independent sub-
stations. The loads are assigned to the two sub-
stations as shown in Fig, 10.2.

Connections between the 13.8-kv switchgear and
the transformers are made with three-conductor paper-
insulated, lead-covered, neoprene-jacketed cable,
run in underground concrete-encased conduit. The
outside transformers are mounted on concrete p..us.

Power from the transformers is distributed to the
various loads through a number of bus ducts. The
distribution of the power sources for the principal
loads is shown in Figs. 10.2 and 10.3.

Inside the ORR building, breaker 12 ties power
from station 3-3 to the building main power bus.
From this bus, power is supplied through breaker 23
to panelboard L-3, thence through circuit 4 to the
normal services panel in the control room. Circuits
L-1 through L-16 in that panel supply power to rod-
drive and fission-chamber motors, control circuits,
relays, and annunciators.

Station 3-3 also supplies 240/120-v power to the
special services panel in the control room. Circuits
L-31 through L-46 in that panel supply power to the
sigma and magnet amplifiers, nuclear and process
recorders, and nuclear instrumentation. Table 10.1
gives the nommal-power distribution and loads in the
ORR building,
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Fig. 10.3. Normal-Power Diagram.
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ORR Electrical Facilities

480-v three-phase normal-power system

. . Connected Load Usage Factor Demand
Designation (kva) %) (kva)
Building service loads

Motors (original contract) 92.5 100 92.5
Lighting (total) 200.5 100 200.5
Receptacles (115 v) (total) 32.5 25 8.5
Experimental facilities (twin dist, panels) 220.0 25 55.0
Power receptacles 142.0 25 35.5
Building air-handling apparatus 37.5 100 37.5

Change house
Air conditioning 176.0 100 176.0
Heating 2.0 100 2.0
Counting room and laboratory 12.0 100 12.0
Second-level laboratories (H20 Htr) 4.5 100 4.5
Hot cells 5.0 50 2.5
Emergency generator (Htrs) 5.0 100 5.0
Emergency panel H and H1 13.0 100 13.0
Trench drains 1.0 100 1.0
Building 3010 emergency 1.5 100 1.5
Radiation monitoring (in ORR) 12.0 50 6.0
Building 3105 and radiation monitoring 19.0 50 9.5
662.5

Experiment loads
Gas-cooled ORR loop No. 1%/P 84.5 95 80.0
Irradiation control facility 15.0 100 15.0
In-pile loop N. face (HN-1) 25.0 67 15.0
Fission fragment? 135.0 100 135.0
Neutron diffraction 25.0 100 25.0
South side Exp. Fdr.? 30.0 50 15.0
Bypass degasifier 7.5 100 7.5
GE-ANPD test facility 134.5 100 134.5
Helium-6 recoil Exp. and HN-4 19.5 100 19.5
Time-of-flight spectrometer 25.0 100 25.0
MSR loop? 145.0 54 78.0
Gas-cooled ORR loop No. 2b 66.0 93 61.5
611.0
Less standby loads 274.5
Total experimental loads 337.5
50% overall usage factor 168.5
Building service loads 662.5
Total (all demand) 831.0
Assume 5% overall excess 41.5
Total demand 789.5

4Contains 20-kva losses for MSR emergency system.

b

ILoads which are in standby.
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10.1.2 Emergency-Power System emergency systems are listed in Table 10.2 and are
shown in detail in Fig. 10.4.

The purpose of the emergency-power system is to All emergency-power-system circuits are supplied
provide power for certain essential equipment in the from the emergency-power switchgear located in the
event of a normal-power outage. This is accom- ORR building. During routine operation this switch-
plished by a diesel-driven generator which is con- gear is energized by a 480-v feeder. Although the
nected in such a way that, upon failure of normal diesel generator does not run continuously, its main
power, the diesel generator will assume the loads breaker is closed. The diesel starts automatically
in the emergency-power system. The principal when a sustained normal-power outage of approxi-
components and systems served by the normal and mately 10 sec occurs. When the diesel starts, the

Table 10.2. 480-v Three-Phase Emergency~-Power (Diesel Generator) System

Connected Load Usage Factor Demand
Designation (kva) @) (kva)
Lighting panel LP-A (3E-P-310L) 5.5 100 5.5
Lighting panel H (3E-P-310M) and H1 (3E-P-310N) 13.0 100 13.0
Shutdown pump 15.0 67 10.0
Gas-cooled ORR loop No, 170 84.5 47.5 40.0
HN-1 (in-pile loop) 25.0 67 15.0
Process drain sump pump 5.0 100 5.0
Building 3010 emergency (480 v) 10.0 100 10.0
Building 3005 (FUT) 1.0 100 1.0
South side experiment Fdr.b 30.0 50 15.0
Facility cooling pump 30.0 50 15.0
GE-ANPD experiment compressor 34.5 100 34.5
MSR pressurized H,O loop” 145.0 54 78.0
Counting laboratories exhaust hoods 2.5 100 2.5
Gas-cooled ORR loop No. 27 66.0 45 30.0
Radiation monitoring (3E-P-310R) 12.0 50 6.0
Building 3105 and radiation monitoring 19.0 50 9.5
290.0
System fed from separate 2400-v feeder 10.0
Subtotal 280.0
Less standby loads 163.0
Total demand 117.0
Generator capacity 437.0
Available capacity 320.0

4Contains 20-kva losses for MSR emergency system,

bLoads which are in standby.
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Fig- 10.4. Emergency-Power Diagram.
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transfer switch disconnects the TVA supply and
connects the generator supply to the emergency-
power panel PPX-2.

The diesel is equipped with two battery-powered
32-v dc starting motors whose batteries are kept
fully charged by a constant-voltage battery charger.

The four-cycle 12-cylinder diesel engine has a
rated capacity of 529 hp at 1200 rpm. The generator
is a 1200-rpm, six-pole, three-phase, 60-cps unit
rated at 350 kw (438 kw at a power factor of 0.8).

10.2 Plant Water Systems

The ORR plant water is obtained through either of
two 24-in. water mains. The normal water main is
fed from the ORNL (potable) water reservoir located
just north of the ORNL area at an elevation of 1000
ft. The alternate water main is fed from a 3,000,000-
gal (potable) water reservoir located on Haw Ridge
at an elevation of 1035 ft.
connected in such a manner that water is supplied
from either or both reservoirs on demand.

The potable water feeds the fire hydrants in a
ring main system in the plant. It also supplies
drinking water, plumbing needs, secondary-coolant-
system makeup, and the cooling requirements of
miscellaneous equipment at the ORR.

Supply water to the plant demineralizer system and

Both water mains are

various experiment requirements is fed from the
potable-water system through backflow preventers.
Because of these separations, it is convenient to
divide the plant water supply into three systems,
namely, the potable-water system, the process-water
system, and the demineralized-water system.

10.2.1 Potable-Water System

Potable water is supplied from the 8-in. mains of
the ORNL potable-water system and is distributed
(for the purpose of fire protection) to the reactor
building. Water to supply plumbing needs is also
distributed from this loop. Water for secondary-
coolant makeup is carried in a 6-in. line to the
cooling-tower basin, where it is discharged 1 ft
above the maximum water level of the cooling-tower
basin, thus providing air gap separation.

10.2.2 Process-Water System

The 6-in. process-water line enters the north side
of the reactor building from the ORNL process-water
system. A flow diagram of the process-water system
is shown in Fig. 10.5.

10.2.3 Plant Demineralized-Water System

In addition to the primary-coolant and pool
demineralizers, a third independent demineralizer
system is provided to produce an adequate supply -
of water for miscellaneous plant applications.
The demineralizer system consists of two parallel
cation-anion units, which allows one pair to be
regenerated while the other pair is in service. The
system is located in Building 3004, which is ap-
proximately 75 ft north of the ORR. The regenerant
mixing and distributing facilities in this building
are used for sending regenerant solutions to the ORR
demineralizers, as well as the Building 3004
demineralizers. A flow diagram of this system is
shown in Fig. 10.6.
The Building 3004 demineralizers, when either is
in service, combine with a recirculating system to
serve a dual purpose. The first includes maintain-
ing the water level in the storage tank between 9
and 11 ft. Although the storage water demand may
be small, the demineralizer unit will remain in
service at all times in order to be ready for a greater
demand. Second, recirculating the water from the
storage tank through the demineralizer upgrades the
quality of the storage water. It improves the re-
sistivity to a range of 1.5 to 2.0 megohms/cm?, as ?
compared with a normal makeup single-pass effluent
of 0.6 to 0.8 megohm/cm®. Demineralized water
from the Building 3004 storage tank is supplied to
various areas of the ORR as shown in Fig. 10.7.

10.2.4 Sprinkler System

Fire protection is provided in the various areas of
the ORR complex by one of two types of sprinkler
systems. A conventional wet-pipe system is used
in the reactor building. In this system, the pipes
concain water (under pressure) at all times; fusible
plugs in the sprinkler heads will melt and release
the water through the heads should a high tempera-
ture occur.

Both cooling towers are protected by a dry-pipe
system, which prevents freezing of the system during
cold weather. The pipes are filled with compressed
air which keeps a header water valve closed. Melt-
ing of the fusible plug in any sprinkler head releases
the air pressure, thereby permitting the valve to
open and to allow water to flow through the system
to the open sprinkler head.

In all cases, sprinkler heads are separated by not
more than 15 ft and are located within 71/2 ft of each
wall. Hoses for manual use are installed at ap-
propriate locations throughout the ORR.
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