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1, Abstract

The proposed ORNL Research Reactor is designed to serve as a general'pur-
pose research tool delivering a maximum thermal flux of 8x10%3 n/em-sec at the
initi?l powervlevel of five megawatts. Operation at power levels up to ten mega-
watts is proposed for such times as sufficient cooling capacity is available to
handle the increased heat load.

The reactor will use MTR type fuel elemenié and belelium reflector pieces
in a 7 x 9 grid with moderation and cooling provided by forced circulation of
demineralized water. The reactor tanks are submerged in a barytes concrete
pool, filled with water, which serves as a biglogical shield. Experimental fa-
cilities include two 18" diameter "Engineering Test Facilities" and six 6" diam-
eter beam holes. In addition, access to the core is available through the water
of the pool.

The result on the surrounding population of release to the atmosphere of
a iarge fraction of the radioactive material in the core has been computed by
two methods. It is showﬁ that under certain conditions off-area personnel could
be subjected to greater than thé maximum permissible exposure. An énalysis
of the m#ximum hazard caused by the release of the entire contents of the core
to the iocal watershed indicates that the resulting incident cﬁuld be quite
serious, but with proper monitoring and supervision would probably ﬁbt con-
stitute a lethal hazard. The probability of the occurence of a catastrophic
release of activity‘of_sufficient magnitude to cause widespread hazard to life
is quite small and it ﬁs believed that the measures taken to lessen this prob-
ability are adequate.

An Appendix, Volume II, contains supporting information for this report,

and is also intended to serve as a referencé for future use.




2. INTRODUCTION

The history of the ORR (ORNL Research Reactor) Project began in the early
part of 1950 when it was determined that a permanent reactor facility was re-
quired at the Oak Ridge National ‘I.abor,a.tonr 'in order.to car}y fout.‘ success-
fully the various research programs, then being undertaken. The reactor
selected was a simplified version of the MIR (Materials Testing Reactor) to
operate at a power level of five megawatts, which would require a minimum
of design and development. Preliminary design of the ORR has been supported
by the Atomic Energy Commission for the past three years, during which period
the facility 1;1as undergone a mumber of design changes as requiréd by the
shift in emphasis on the experimental programs. With ;ohe operating experi-
ence of the MR and other reactors as a guide, and the additional data now
available in the field of reactor technology & number of improvements have
been made in the basic design. |

The need for improved fa%ilities for experiments requiring neutron beams,
expanded facilities for isotope production, and the necessity for. an irradia-
tion facility to permit engineering tests of the materials and components of
liquid fuel rea;ctors has become increasingly urgeqt. Construction and oper-
ation of the reéctor proposed (ORR), in conjunctioﬁ with existing facilities,
should meet the réquirements fbr neutron irradiation space of both the basic
and applied research programs of the Laboratory and the requireﬁxents for
radioisotope productién at this location insofar as they can be anticipa.ted

at this time.
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A Preliminary Proposal(l) which outlined the basic features of the reactor
was submitted to the Atomic Energy Commission in March 195L4. This proposal was
approved, and a directive was issued permitting the use of funds to secure the
serviées of an Architect Engineer. A contract, calling for the definitive
design of the building, reactor shielding structure, and éooling system was
excecuted, on July 21, 195}, with The McPherson Company of Greenville S. C. On
August 25, 195L a modification of this directive was issued authorizing design
and procurement of the reactor and controls by the Oak Ridge National Labora-
tory. Construction of the building, reactor shielding structure, and cooling
system is to be performed by a contractor who will be selected on a "] ump-
sum” bid basis. It is anticipated that drawings will be available for in-
spection by construction‘firms on December 15, 195). The present schedule
calls for the selection of a contractor by February 1,11955. The scheduled
date for completion of construction and installation of the reactor is
August 1, 1956.

Cdpies of the Preliminary Proposal were sent to members of the Advisory
Commitﬁee on Reactor Safeguards. A further description of the facilitijas
given at a meeting of this Committee held at Cincinnati, Ohio on April 21,
195Li. The purpose of this report is to make available to the Committee fur-
ther information' concerning the ORR and to present estimates of hazards re-
sulting from the operation of the reactor, in order that these hazards may

be reviewed by the Committee.




3. DESCRIPTION OF THE FACILITY
3.a GENERAL DESCRIPTION OF THE REACTOR _

The Oak Ridge National Laboratory has proposed (l)that a research
reactor of intemgdiate pover be built.and operated in support of its basic
and gpj)li,ed research progra:vu.ﬁ It is proposed that this system be operated
initially at a pdwer level of five megawatts corresponding to an estimated
maximum thermal flux of 8 X 1013 neutrons/cm.2sec. It is further proposed
that at such times as adequate cooling is available the system be operated
at pover levels up to ten negavat_ts,

Th§ design of the 0.R.R. incorporates a heterogeneous core which
utilizes enriched uranium fuel with ordinary water as coolant and moderator.
The reflector will be a relatively thin layer (eapproximately 3") of beryllium
metal, backed by a thick layer (approximately 4') of water. A plan view of
the core is shown in Fig. 1.

The core a.rré.ngenent » Tuel elements, and methods of shim and qpntrol
are similar to those used in the MTR(z). The reactor core is housed in the
center section of a series of aluminum tank sections approximately ﬂﬁ;een
feet in overall height and dppfo:d.mately six feet in dlameter as shown in
Fig.2. Control drives are operated from below the reactor through a la.rgé
shielding plug as illustrated in Fig.3. This assewbly, together with a top
. cover plate, constitutes the Reactor Unit vhich may be completely removed
should the occasion arise; see Fig., b, fThe design of this rea,cfbr unit
incorporates many features which have already been tested or which are now
being used in other ,1nstallo.tions.'(2)’(3)’(u)'(5)

The reactor unit is located in a pool of demineralized water which

e




is approximately twenty-one feet long, ten feet wide, and twejiyzzzzdz;et-
eight inches deep, as illustrated in Figs. 3, 5, and 6. The twenég- feet
of water above the core centerline provides the main shielding above the
reactor during operation and also provides the shielding required for the
trensfer of fuel elements, control rods, and vertical experiments frém the
reactor to the storage areas oflthe pool. These storage areas are adjacent
to the reactor pool itself and are separated from it by removable aluminum
gates. It is proposed to line the entire series of pools with &" welded
alunminum plate in order to help maintain high water purity and to insure
against leﬁkage through the pool walls and floor..

Although the pool water is normally independent of the reactor cooling
system, provision is made for thermal circulation of this large volume of
water through the reactor core should such a procedure be desirable.

The structure above the sub-pile room ceiling and the adjace?t storage
pools is designed to meet biological shielding requirements during reactor
operation and also to permit safe transfer of fuel and experimental eqﬁipment'
between pool sections. The pool walls are to be constructed of high density
barytes concrete. The shielding will be & minimum of seven feet thick in the
vicinity of the reactor core. iumediately adjacent to the six beam holes,
the shield is nine feet thick.

Each of the three pool sections is approximately the same éize (see
vrig.G) with a total capacity of 120,000 gallens. The sections are separated
Ey,removdble aluminum gates and can be filled and drained 1ndependen§ﬂy.
'&here is sufficient water provided between the reactor and the val;s in

most cases to prevent serious activation of the concrete. Those walls
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closest to the reactor will be protected by a thermal shield to prevent
excessive heating.
3.b REACTOR SITE

The site proposed for fhe ORR is located in the north central portipn
of the Osk Ridge Nationel Laboratory as indicated in Fig.T. This location is
approximately 650 feet south of the nearest periphery fence and is inside the
exclusion area fence vwhich limits access to the rea.cto:j to those with legit-
imate business in the area. Other buildings in the general vicinity (see

Fig.8) are as follows:

Bullding Location
Bulk Shielding Facility (3010) 80' NE
X-10 Graphite Reactor (3001) 110° W
LITR (3005) 80*' N
Rolling Mill (3012) 125' E

The building housing the ORR is to be located on the side of a hill which
slopes in an easterly direction from elevation 835' to a small creek at
elevation 800', approximately 350' east of the reactor site. This particular
location was chosen because of the avallability of services already in ?he
area, integration of operations with curremtly existing similar fa,cilit:\iel,
and the u.va.ilability of space for future expansion and for conducting |
neutron experiments at s distance 30"%11: ncut The cooling
system for the pool water is located WWM
Puiiding, and the cooling system for the core is located approximately 300°
KE of the reactor building as shown in Fig. 8.
3.¢ REACTOR CONTROLS

The reactor control anq safety system resembles the system installed ;

on the m(a) (6). Fewver chsnnels of instrumentation will be installed,

¥ Mo tviale
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since considerable experience and confidence in the instrments have been
geined since the first installation, and since the consequences of en afiei-
dental shutdown will be less costiy on the ORR than on the MTR. The bafic
ﬁhilosaphy of control involves ‘an ;:perator , who supervises the actions taken
by the control syatqm , vhich in turn supervises the action taken by the
operator. The Level Safety System is counted on to shut the reactor down in
ca.ée of malfunction of ¢perator or controls, but considerable effort is made
to forestall a scram caused by an operating error or a false signal by
equipping the control systéf’-v:lth lsjs drastic modes of corrective actionm,
vhich cé.n correct many potentially dangerous situations before a scram
becomes necessary.

Reactivity is controlled by means of four movable control rods. For
initial operation these will consist of four shim-safety rods, similar to
those in the H'I!R(z). These rods contain cadmium poison in the uppef;,,rsection
and fuel in the lower section. The lattice is arranged to permit u,p to
twelve shim-aa.fgty rods to be 1nstqnedg for az}y given loading a sultable
number of rods will be installed at locations appropriate to the fuel
disposition. Rod drive mechanisms, located in the sub-pile room, will be
installed so as to correspond with the selected rod positions. The rod
drives terminate in quick release mechaniems which engage sockets on the rods
as shown in Fig. 9. This mechanism was developed jointly by the North
Americen Aviation Corporation and the Oak Ridge National Laboratory for use
on the préposed UPR and the ORR. A more detailed description of the release
mechanism and the results of tests performed at the Oak Ridge National
Laboratory to prove the reliability end speed of response is given in the

/
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appendix,

The release mechanism operating solenoid is connected to the reactor
safety system as in the LITR and MTR(6). ‘Rod motion, other than scran
insertion, proceeds from a drive motor operated from the a-c line. Alter-
nating current motors have been specified in order to minimize the possi-
bility of greater than normal speeds. Single phase power will be used
throughout to avoid potential troubles encoxmferid by opening one wire of
a polaphug line, ‘

Four limit ;vitehes are proﬂ.ded on each lhim;satety rod as follows:

21) Upper limit on drive mechenism.
2) Lower limit on drive mechanism.
'(3) Clutch switch showing aspect of release mechanism.
(%) Beat switch showing whether or not the rod is actually seated.

In addition to these limit switches, a doublg synchro pair is pro-
vided for each rod, the coarse synchro to rotate 270° for the full rod
travel of 30"; the fine synchro to rotate 360° for each inch of ter’rel. It
will be possible to indicate the position of the rod drive mechanism to the
nearest 0.0l inch and still avoid any ambiguity as to rod position.

The four rods control a 3k/xk of 3% °/oina 5XS5or3Xx9 1atticelT),
The maximm rate of addition of reactivity is 0.1% per second and occurs
vhen the rods are sinmltg.neously vithdravn at their maximum speed of five
inches per ninute(e). |

Nuclear information is trensmitted to the operator and to the control
and safety systems from several channels as follows:

(1) Level Safety. Three PCP chambtg’ supply current
to three Level Safety Channels‘:™/.

(2) Period. One cmfg?se.ted chamber supplies current to
a Period Channel‘“/,
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(3) Linear. One compensated chamber supplies current to
a Leeds and Northrup Micromicroammeter.

(4) Counting Rate. One fission chamber supplies pulses

to & Linear Amplifier, Pulse Height Selector, Scaler

and Log Count Rate Meter.
The three types of chambers designated above are to be of the same type as
those currently in use on other ORNL reactors. Both the PCP and compensated
: che.m'bersvwill be installed in & manner s;l.mila.r to those m.use on the Tower
Shielding Facility, that is, “éealed" chambers which do not require a flow
of gass The fission chember will be of the Westinghouse sesled type as
used on the STR and TSF.

Control of the cooling system is accomplished through the use of
conventional 1nstrmnentati¢m as fagards parametérs such s flows, tempera-
tures and pressures. Radiation _detectofs are provided tor give warning bof
contaminated water. \,

It is planned to provide a servo system to maintain the flux at.
constant level, using one of the shim-safe;by rods as a reguleting roé.,

The 6k available to the servo for control purposes will be limited to a
" safe amount, spproximately On%z;k/k, The rate of rod motion initially will
be 1dentical with that aveilable to the shim control, although it may be
desirable to change the maximum raté for the servo-controlled rod by a
factor of as much as two in one direction or the other. A maximum rete of
‘about 0.05% 8k/k per second is the highest now contemplated.
A block diagram of the cmztml and safety systems is given in Fig.10.
3.4 EXPERIMENTAL FACILITIES |
'vFigure,s' 4 and 5 are se,ﬁtimé through the maetor structure showing

the .srrangement of the major experimental facilities, Six 6" dlameter holes
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penetrate the biological shield to one face of the lattice and will be used
mainly for the semi-permanent type beam experiments, in which the length of
the beam hole is not a n;ajor consideration and where the bulk of the equip-
ment can be mounted‘ on the floor area, the cubicle, or the face of the
shield. Examples of such experiments are: neutron or gamma ray speétro-
meters, neutron velocity selectors, neutron diffraction, nuclear alignment
studies, etc. Shielding in this region consists of a minimum of six feet
of water and nine feet of barytes céncrete.

The two large penetratiorns t0 the reactor lattice are designated as
"Engineering Test Facilities" and are designed for a number of anticipated
installations. Two large water tight bulkheads approximately five and one
half feet in diameter pierce the shield to a point just outside the reactor
tanks opposite the lattice, where they are‘ reduced in size and tapered to
a diameter of 18" at tﬁe lattice face. I_nitia.lly these holes will house
water tight dummy plugs which will duplicate the main shielding in this
vicinity end will contain two smalle_r experimental facilities, each eight
inches in diameter, and eight feet long. These facilities are being de-
signed specifically to meet the needs of the type experiment now required
for the fluid fuel reactor loop progrems, where it is desirable to have
the plug diameter as large as possible and the length of the plug as short
as possible.

.The cell immediately outside of the engineering test facilities will
be erected as required for the shielding of the auxiliary equipment required
for the éxperiment and will have provisions for service connections from

the basement area and for instrumentation and control connections at the .
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balcony levél. Space is provided for the construction of disassembly cells
to be located either on the main floor or the basement floor. Sufficient
permsnent shielding is to be provided so that the equipment cells can be
entered during shutdown periods, provided the type of experiment is such as
to allow entry.

Removal of the beem hole plug from either side of the reactor will
allov for the insertion of what may be termed "major engineering experiments”,
in which all the primary components tor the test such as the fuel loop, pumps,
heat exchangers, etc., are to be exposed to the high flux region of the
reactor. In this proposal, the reactor would be completely unloaded, the
originel plug pleced in a storage cell and the experiment inserted es a
package. It is believed that with the proper selection of comstruction and
ghielding materials, primarily aluminum and chemica.lly pure lead, in both
the reactor and facility design, and with fuel and reflector removed to a
storage pool, insertion of these experiments can be accomplished with a
minimum of remote handling equipment. |

By locating the control rod drive mechanism below the reactor, it is
possible to consider insertions into any of the sixty-three possible fuel or
reflector spaces, depending upon the lattice arrangement. Small experiments\; ,
which require outside connections cen be inserted in tubes and guided into
the reactor through sleeves located in the top plug. Storage of these tubes
on the side walls of the pool during refueling operations can be apccmplished
wvithout breaking the external instrument or sérvice connections. Larger
experiments such as small fuel loops can be inserted in such a menner that

they can remain in the reactor during the refueling operation. The con-
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nections here are to be made thrO\;gh flanges on the top cover plate.

The fourth face of the reactor will provide initially for three
vertical experimental facilities six ihches square with access through the
top plug. In addition this face can be converted into a major facility for
the installation of exﬁerimenta from the pool side, for shielding studies,
a thermal column, engineering type tests, etc.

It 18 also planned that two hydraulic and two pneumatic type rabbit
tubes will be included in the design of the installation.

3.e WATER SYSTEMS

The ORR water system can be divided into two essentially separate
units ; the reactor cooling loop and the pool system. Both 'systems are to
be constructed of 635 aluminum pipe with 38 welded or flanged fittings.
All-iron valves vill be used where valve life is not essential to the
continued operation of the system; in the more strategic locations, a.lum:l.num
valves of 356 cast aluminum alloy with 316 stainless steel trim w:l.ll be. used.
Cast iron pumps with stainless steel trim will be used in both systems
Heat exchanger tubing will be 35 aluminum appropriately clad with 72S
aluninum. Large storage vessels and large diameter pipe will be fabricated
of 548 aluminum. A flow}sheet of the water system is given in Fig. 11.

THE REACTOR COOLING LOOP

The reactor cooling loop is designed to circulate a minimum of 2500
g.p.m. of demineralized water through the reactor and air-cooled heat ex-
changer for operation at five megawatts. Higher rates of circulation are
provided for in the form of additional pumping equipment for use at higher

power levels and as standby pumping capscity. The design inlet temperature
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to the reactor is :120° F and the outlet temperature is 134° F. These
operating conditions are established in 031!1.-63-5&-3-159 (see appendix) and
are designed to allow a maximum temperature of éoo° F in the water in contact
with the’ fuel elements. Since tl_ne water pressure in the lattice will be
equivalent to the head maintained by the surrounding pool (21 ft.) local
boiling in the coolant is excluded. |

The main circulating pumps, located in the basement of the building,
draw a flooded suction on the bottom of the reactor lattice. Two 18"
diameter pipes convey wa.fer from t};e bottom reactor ta}.‘nk M% aulﬁpl;s, Each
of these pipes has a vertical loop extending appro:d.ma:tely[\bne eet above the
reactor lattice. These pipes and loops are encased in the concrete of the
pool wall and floor. A one inch line connects the top of the loop to the

top reactor tank, thus forming an air bBreak on the suction leg of the loop

in the event of a pip;( rupture. _The;e_ 2': es are a};i connecéed Ia%tﬁ

pool through a 3" overﬂma.nd to the off-gas system through a ball-
float trap located near the surface of the pool. Thus the pool acts as an
expansion chamber for the reactor cooling loop and as a standpipe establishing
the static pressure at the exit from the reactor as the height of the pool

at this point. During steady state operation there will be little net inter-
change of water between the systems.

The two 18" outlet lines merge into a single 24" line which leads to
the main circulating pumps in the northeast corner of the building. The two
main circulating pumps are designed so that each one can deliver 2500 g.p.m.
vhen they are operated simultaneously. At five megawatts only one pump need

be operated. Both pumps are required for ten megawatt operation. These

Yl MMal .




27

-

pumps are located in cells of staﬁked concre.te block,v ea.gh having a cei}ing-bﬂ“"’ .
of poured barytes concrete two feet th c'fk This ceiling forms a gaﬁy on .
vhich the auxiliary equipment, pool‘\ piping and pool pumps are located. In
the cell with one of the main circulating pumps is an auxiliary pump for
cireuJ,?ation of a pqrt&on of ;he reactor cooling water through the experimental
faciiifiaéfin the %ello-:iﬁtjh .the other pump is a line by-passing the air-
cooled heat exchangers together with a large capacity (40O g.p.m.) bypass
filter. Provision for installetion of a third main eiréulating pump at some
future date is also made.

Water from the main circulating pumps is discharged into a twelve
inch line which leads through an earth-ﬂlled trench to the air-cooled heat
exchangers which are located approximately 300" NE of the reactor building
and are sufficiently. isolated that they may be fenced off to prevent access
during operation. | _ "

The water returns from the heat exchangers in another twelve inch
pipe entering the building in the vicinity of the pump cells. In this area
i8 located the orifice for the measurement of flow to the reactor and a
strainer to protect the reactor from sclids, such as scale particles, in
the circulating stream. At a point upstream from the main orifice a small
portion of the flow (300 g.p.m. maximum) is diverted for 'use in cooling the
experimental facilities.

After the strainer the 12 line expands to & 24" pipe which lies
beneath the basement floor and leads to a pipe romm undep the reactor pool.
At this point the 24" pipe branches into two 18" lines wh;Lch lead through

the reactor pool structure to the upper reactor tank.

¢ S vt
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In order to maintain the desired purity in the reactor cooling loop,
e small amount of water (approximately 20 g.p.m.) is bypassed through a
Mx;deed demineralizer which is composed of a cation resin similar to
Rohm end Haas Cation Resin IR 120 and a strong basic anion resin similar
to Rohm and Haas Anion Resin IRA 410. This bed will produce effluent of
approximately 1.5 X 106 olm resistivity. The unit is designedv for a maxi-
mum flow of eighty gallons per minute for rapid purification in case ex-
cessive contemination develops. Waste from the ion exchange columns is
led to the plant "hot" waste uystam.(lz)

The reactor cooling system is illustrated schematically in Fig. 12.

THE POOL SYSTEM

The pool surrounding the reactor is an aluminum-lined concrete basin
10* wide, 60® long, and 28' deep. This pool is divided into three sections,
each twenty feet long, by removable aluminum gates as ghown in Fig. 6. The
first pool contains the reactor and associated facilities. The remaining
two sections are designed for the storage of experimental facilities and
used fuel assemblies.

The pool containing the reactor, experimental facilities, and reactor
cooling loop piping will be heated not only by conduction of heat from the
exposed surfaces of the reactor tanks and cooling loop piping, bﬁt also by
the absorption of gamme radiation frgm the core. For five megawatt opera-
tion the heating due to gamma a.bsorp;ion has been estimated to be 200 KW.
This heating is linear with power level. For the design cooling loop tem-
peratures and a pool temperature of 85° ¥, the heat transferred from the

exposed su_::_"faces has been estimated to be 300 KW. This heat transfer is
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essentially independent of power level'.(9)

Since the ambient humidity in the building is rather insensitive to
changes in pool temperature, particul&ly vhen high humidity conditions exist
in the inlet air to the building( lo)a. temperature of 100° F has been chosen as
& practical design temperdature for pool operation. In order to maintein this
temperature, 300 gallons of water per minute is circulated through the tubes
of an aluminum, U-tube,; shell and tube heat exchanger. Through the a'hell an
equal quantity of plant process water is circulated. This plant process
water is in turn cooled in an induced-draft spray tower. The design tempera-

tures are as follows:

Outlet from pool 101.4k° P,
Inlet to pool 90° F.
Outlet from spray tower 80° 7F.
Inlet to spray tower 91.4° F.
Ambient wet-bulb (design) T6° F.

All connections for either inlet or outlet streams in the reactor
section of the pool are above the level of the top of the reactor tank.
Temporary piping must be installed in the event thie section is to be drained
directly. The remaining two sections of the pools have inlet and outlet lines
located on the floor of the pool. The four inch inlet lines are protected
from inadvertent draining by check valves immediately below the pool, and the
gates between the poolls; are built in two sections. The 'bottcm section will
normally be in place during operation. The two inch outlet lines are sized to
prevent rapid draining in case a drain is inadvertently opened.

Both of the storage sections and the upper portion of the reactor
section of the pool have outlet lines leading to two 20,000 gallon aluminum
storage tanks located outside of the building. Water from either of the

storage tanks may be pumped into any of the pools or into the reactor
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cooling loop. This same pump, by an alternative valving arrangement, can
be used to facilitate draining of the pool. The pool can also be drained
directly to a pair of 20,000 gallon retention ponds which are connected to
the plent "warm waste" disposal system. |

Connected to the fill line on the two storage pbols and the reactor
pool is a 2" line from the pool demineralizer. By an a.ppropria.te valving
arrangement, this flow can be directed to any of the pools or to any combi-
nation of the pools. The pool system demineralizer His a two-bed unit
similar to that used in the coon;g loop. Thg maximm flow through this
unit will be 100 g.p.m. The effluent will have a resistivity of approxi-
mately 700,000 ohms.

The overflow from the pools will be collected in a trough at the
pool edges. The flow is through & screen 1;nto a six inch overflow header
leading to a 400 gallon aluminum reservolr tenk located in the pump gallery.
This tank will provide a flooded suction for a 100 g.p.m. pump conveyling
water to the pool demineralizer system. The 1;eservoir tank contains a
float operated valve in a line supplying demineralized water from the plant
system. This supply provides makeup water to the pool system by maintaining
s minimum level in the reservoir tank. Overflow of the pools in excess of
the demineralizer flow runs into a 6" line from the reservoir tank to the
retention ponds. A schematic diagram of the pool system is shown in Fig.13.

3.f BUILDING AND SERVICES
The facility will be housed in a structural steel framed, insulated

metal panel sided, mill-type building 108 feet long, consisting of a cen-

 tral crane bay area 60! wide with a service wing on each side 20' wide.
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The. height of the mill type structure, measured from the first floor, (see
Fig. 14) 1is about 36' for the service wings and sbout T1' for the crane bay.
The area grade contour is such that a truck entrance to the building at
street level has been provided at the second floor level on the west side of
the building, and a second street-level truck entrance on the east side of
the building at the first floor level. All construction below grade level
will be reinforced concrete. The basement floor is 20' below the first
floor level. Approximately 30' of shale and earth below the existing grade
will be excavated to place the structure on a rock foundation.

The reactor pool structure will be of barytes concrete with walls of
various thickness. Thick walls of reinforced concrete eﬁclosing the base-
ment sub-pile room and pipe chase support the reactor pool, and concrete
columns support the storage pools.

The building will be divided into four working levels as follows:

(1) A full basement of 11,400 square feet (see Fig. 15) which will include

a fa.ﬁ end filter room, the sub pile room; shielded pump room and operating
gallery, reactor sub-structure, and future cell areas. - (2) A first floor of
9560 square feet (see Fig. 16) which will contain the reactor beam hole areas,
general experimental area, and truck access. (3) A second floor of 3,000
square feet (see Fig. 17) which will contein truck access to the bnildihg,
officef, rest rooms, and balecony access around the reactor pool at an inter-
mediate level 5'-6" above the second floor. (U4) A third floor of 6,800
square feet (see Fig. 18) which will contain four offices, six laboratories,
control room, equipment and instrument repair shop, access around the podl »

and a small hot cell.

§ e tviniss
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The total floor area is 30,700 square feet and the gross building
volume is 831,000 cubic feet. .

A tventy-ton bridge crane with auxiliary one-ton hook will be pro-

vided as illustrated in Fig. 19.

Heating will be provided by steam unit heaters and by fin type
rediators in isolated areas. Ventilation will be provided by forced
from the fan and filter room, located in t e basemen As a fire prevention
measure, the basement is sealed off from th; floors above by hatch covers
end fire walls around the stair wells. Air in the basement will be exhausted
through the pump room and thence out of the building, through a vertical
tunnel. Air conditioning willlbe limited to the third floor control room,
offices, and equipment and instrument repsir rooms.

Services provided to the reactor include plant process water, deminer-
alized water, compressed air, "hot" off gas exhaust which connects with the
existing "3039" 250' stack ,( ll)"hot" dreins which connect with the existing
ORNL waste disposal plent ,(la)a.nd process drains. These services are pro-
vided to convenient locations on the third floor walkway around the pool, on
the second floor at the back of the pool convenient to the "rabbit" stationms,
and to all the experimental stations around the face of the rea.ctd;- structure
at the first floor level. ‘Supply and return lines from the mein reactor
codling circuit are provided to the first floor experimental stations for
cooling purposes. These linés are imbedded in the pool wall in order to
provide adequate shielding from N16 activity. Both 440 volt and 120/208 voli:

convenience outlets are liberally provided around thé reactor structure.

In addition, ten 50 amp. distribution boxes on the 150/230 volt special
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service line are provided to the experimental areas for instrument plug-in.
All services in the experimental areas are arranged to pro%ide & high degree
of flexibility. Numerous sleeves, pipe chases, and empty conduits are

provided.
Initially, services to the six third floor laboratories will include

plant water, compressed air, special and normal electrical services and

process drains.
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L, OPERATING PROCEDURE _
4,2 NORMAL OPERATION OF THE REACTOR '

It is anticipated that the ORR will be operated on & basic 2} hour day
seven days a veek, howgvér it will bg necessary to mids.fy this schedule in
accordance with the requirements of the experimental progrem.

Operation of the reactor will be the tes‘ép/ohsibility of the Reactor
Operations Department of the Oak Ridgg National Laboratory Operations
Division. This department is currently responsible for operation of both
the LITR and the x-io Graphite Rea.ctor. Operating personnel will be chosen
from this organization which has gained several years experience in operating

a reactor of similar design, the LITR, and will report through their super-

o

visor to the ,‘d;epartment superintendent.

At léast two persons will be present at all times during operstion; an
operator to perform the required menual tasks, including manipulation bf the
control mechanisms, cbservation of instruments, recording of operationel data, |
etc.; an experienced reactor foremén will be availsble to oversee the reactor

“operations and .give instruction in the event of some atypical behavior of the
machine., Since thg Reactor Operations Department maintains a crew of four or
five on all shifts, assistance 1s available for the performance of opera.t,flons
requiring additional personnel. | .'

Initial operation of the ORR will be accomplished by the Reactor
Operations Department with the assistance of experienced members of the
Laboratory sfaﬁ’. Major changes in operating procedure, modifications of
fuel loading, etc., will be revieved by the Reactor Operations Review Com-

mittee which consists of five senior members of the Laboratory staff.
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4.b OPERATION OF THE WATER SYSTEM
THE REACTOR COOLING LOOP

Sﬁtiéfactory operation of the reactor cooling loop will be a pre-
requisite to reactor operation at any substential power level.

Both the pool and reactor cooling loop systems will be filled initial-
ly with demineralized water from the plant supply. The reactor loop will be
vented at the pumps, the strainers; and the air coolers. Venting from the
reactor tank is automatic.

The velves on the system will be arranged in their normal operating
positions and one of the main circulating pumps will be isolated from the
system by closing the appropriate valves. The outlet valve on the other
pump ié then closed and the pump started. The discharge valve of this bump
is then opened, permitting'circulation through the loop as indicated by a
flow indicator located in the pump gallery and a flow recorder in the control
room. Ammeters in both control room and pump gallery indicaté satisfactory
operation of the pumps themselves.

It is estimated that any flow in excess of 2500 g.p.m. is permissible
for five megawatts. For ten megawatt operation, use of the second pump is
required.

Temperature elements will indicate inlet and outlet temperétures, and
the temperature rise across the core on recorders located in the control room.
Interlocks are provided to insure operation within norm#l limits. . Control
of fan speed and the position of the louvers on the air cooled heat exchang-
ers will be accomplished from the control room. This control is required in

order to provide heat removal at a rate consistent with the operating power




level and the prevailin_g ambient temperature.

Loss of coolant flow during operation at power will result in shut-
down of the reactor through the interlock system; the heat released after
shutdown will be transferred to the water in the reeactor pool through the
aluminum reactor tank. The large heat capacity of the pool will absordb this
after-heat with a negligible temperature rise even if the pool coolant sys-
tem is not in operation.

POOL COOLING SYSTEM

Concurrent with the startup of the reactor cooling loop; the péol
cooling loop is put into operation. This requires that the turbine pump on
the spray tower and the pool circulating pump be put into operation. Some
degree of control of the cooling rate will be afforded by two-speed control
of the cooling tower fan, however the response of the loop will be extremely
sluggish due to the extremely large heat capacity of the pool.

In the event that the pool cooling system fails the rate of tempera-
t&e rise in the reactor section of the pool at five megawatt operation will
be of the order of 5° F per hour until an equilibrium temperature of 135° F
is reached. At ten megawatts the rate of rise will be less than 7° F per
hour and the equilibrium temperature is only slightly higher than that for
five megawatts.

k.c FUEL ELEMENT HANDLING

Assuming uniform burnout of 15%, the life of a fuel loading, based on
continuous operation at five megawatts, would be approximately 115 days.
Because of the possibility of extending the allowed burnout and, to a lesser

degree, because of scheduled shutdowns for maintenance and modification of
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experiments it appears that the life c;f 8 loading would be more of the order
of six to eight months.

It is not contemﬁlated to change an entire loading at any one time. A
tentative fueling plan, similar to that used in the LITR, call; for the shift-
ing of the elements, at intervals of about ﬁwo veeks, in such a way as to
achieve uniform burnout. At the time this shifting is done those elements
having a calculated burnout such that the minimum excess reactivity required
will be unavailable before the next scheduled shutdown will be replaced.

Elements having a burnout equal to the maximum determined to be per-
missible will be hung in racks in one of the storage pools for a time suffi-
clent to permit cooling to a level vhich will allow their safe transfer in
shielded shipping containers to the processing plant at the National Reactor

Testing Station at Arco,Idaho.
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5. EXPERIMENTAL PROGRAM
5.2 TYPES OF EXPERIMENTS TO BE PERFORMED
The ORR is to be constructed to serve as a permanent general purpose
irradiation facility for use in the experimental and production progréma at
the Oak Ridge National Laboratory. The experiments anticipated, therefore,
may be expected to be quite varied, including the conventional "in-pile" ir-
radiation of small samples as well as complicated circulating fuel loops
vhich release large amounts of energy during irradiationm.
The following types of experiments are expected to form a large part of
the operational load of the ORR:
(1) Dynemic loop tests to determine the effect on fluid
fuels, and on the engineering equipment associated
with them.
(2) The irradiation of fluid fuels in quantities large
enough to permit chemical studies of continuous fuel
processing systems.

(3) "Conventional” neutron experiments in which the reactor
is utilized as a source of neutrons.

(k) Redio-isotope production
(5) Solid-State physics and metallurgy investigations of
the effects of radiation on engineering materials and
basic studies of the properties of metals, alloys and
cersmics.
5.b LIMITATIONS TO BE PLACED ON EXPERIMENTS
Generalization of the limitations to be placed on experiments would
serve little purpose here. It is obvious, however, that in addition to the
specific problems directly concerned with the safety of the experimental

apparatus, any effect that the experiments may have on the reactor must be

governed by the same basic safety considerations as govern operation of the
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reactor itself. The reactor control and safety system will be provided with
means vhereby informationponcerning the experiments can be introduced. Some
measure of control will be exerted over the experiments in order to avold
viola.tion of the basic safety criteria. The experiments must be treated
individually and collectively with respect to their effect on the overall
operation of the facility.

In order to insure the safety of the experimental program, all pro-
posed experiments will be reviewed by the Oak Ridge National Leboratory
Experiment Review Committee, a permanent committee which consists of five

senior members of the Laboratory Staff,
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6. DESCRIPTION OF THE SAFETY MECHANISMS
6.a NUCLEAR SAFETY

The primary nuclear safety device is the Level Safety System( 6) .

Three ionization chmnﬁers supply current to amplifiers whose outputs form an
auctioneer circuit: the largest signal governs the response of the system.
When the neutron flux at any chamber exceeds a preset level (usually 1.5
times full power; puch lover during critical experiments), the Sigma Bus
voltage (output of the auctioneer) will vary so as to cause a decrease in the
current in the rod release solenoids which in turn will release the rods.

Following Newson( 13) , one calculates the shortest period occuring
during a startup accident wherein the rods are simultaneously withdrawn at
their maximum rate of 0.1% 8k/k per second. The period is found to be ap-
proximately 60 milliseconds. The rod release solenoids and mechaniems intro-
duce a deley of 21 milliseconds( lh)’ between the time the level reaches 1.5
times full power, and the time the rods actually begin to move. If one
assumes & downward rod acceleration of 1 g, the power excursion to be expected
from this situation will have a maximum value of 3.5 times full power.

The start-up accident described above uses a built-in potentially
dangerous mechanism --shim rod withdrewal-- and the installed safety system
prevents 11l effects. Other nuclear accidents may be postulated which add
various amounts of reactivity at verious rates, due to, for example, sudden
changes in installed experiments. The insertion of experiments or proposed
changes in the reactor must be controlled by administrative action consisting
in review of all proposed changes in operating procedure by the Operations

Review Committee, and review of all proposed experiments by the Experiment
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Review Committee. The possible 1nteréction between experiments and the re-
actor is investigated by these committees, and particular attention is given
to making sure that no conceivable accident can introduce reactivity in
amounts or at rates exceeding those which can be adequately handled by the
pafety system.

During startups, or at low power, a period shorter than one second
| will result in a scram. This is done so that malfunction of equipment or
maloperation at low levels need not raise the power above rated full power
before a scram results.

Less drastic means are provided for correcting a potentially dangerous
situation before it requires a scram. In order of decreasing severity they
ares

(1) Reverse- Motor-driven insertion of all rods.

(2) Setback- Automatic decrease of requested flux level on servo
system.

(3) Alarm- This requests the operator to initiate manual corrective
action.

These corrections mey be applied in echelon, such that an increasingly
dangerous condition calls for an increasingly drastic cure, culminating in a
scram if necessary. The level safeties are independent of other corrective
actions.

6.b NON-NUCLEAR SAFEfI CONSIDERATIONS

The reactor and the people assoclated with its operation must be
protected against harm which could result from malfunction or misuse of non-
nuclear equipment.

Health physics instrumentation is provided to warn personnel of con-
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temination or high radiation. These will include the following:
(1) One hand-and-foot counter,-personal contamination

(2) Two constant-air-monitors,-perticulate air borne contemination
- (Five may be installed eventually) -

(3) 8ix monitrons,-neutron and gamme ray intensity. (Thirteen
may be installed eventually)

(3) Beta-gsmma survey instruments of various types,-for operation
and maintenance work in potentially dangerocus areas.

Many experiments interact with Ithe reactor in such a way that diffi-
culty with the experiment could ruin the experimental device, cause an in-
crease in reactivity, or even endanger the reactor structuré. Detection of
such conditions must be made to call for appropriate remedial action by the
experimental device and by the reactor control system. Provision is made for
interconnecting the experiment instrumentation with the reactor controls, so-
that more or less drastic corrective action may be taken as required. De-
pending on the nature of the experiment this may consist of simply en alarm
to the reactor operator, or circumstances may require a full array of scrams,
setbacks and alarms.

The integrity of the reactor may .'be Jeopardized by the failure of the
| cooling system. It is therefore provided with appropriate safety devices, as
follows:

(1) If the level of the water in the reactor pool or in either of

the storage pools is lowered by an unsafe amount; an alarm will
sound to warn personnel of the condition.

(2)1f for some reason all water is lost frcm the reactor cooling

loop and also from the pool, plant process water may be sprayed
onto the lattice in order to dissipate afterheat. Valves for

this purpose will be provided on the first floor and also out-
side the building.
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(3) The activity of the reactor cooling water and of the
reactor pool water will be monitered continuocusly; ex-
cessive activity will sound an alarm in the control room.

(4) The cooling system instrumentation will be interconnected
with the reactor controls in such a way that, at power levels
vhere cooling is needed, cooling failure will initiate a
reactor shutdown. In particular, low flow or high reactor
outlet temperature will initiate a scram.

Other interlocks will supervise the operation of the cooling system

to minimize the effects of its malfunction or misoperation on reactor opera-

tion.
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Chattanoogs (1902), Sweetwater (191k), and Lenoir City (1918). The compara-
tive freedom from seismic shocks of the Valley of East Tennessee, in which
Oak Ridge is located, is due to the éenera.l stability of the earth's crust in
this area..(ls). In the unlikely event that an earthquake severe enough to
rupture the pool wa.llé occured, it is not believed that other than local
damage vould4 be encountered.
7.b HAZARDS DURING NORMAL OPERATION

The potential hazards which exist during the normal operation of the
reactor, but against which no autamatic devices'other than alarms are pro-
vided for the protection of the reactor and its operating personnel are:

1. Cracking of the shield due to thermal stress.

2. High radiation intensities due to inadequate shielding.

3. High radiation intensities due to contamination of the pool water.

L. High radiation intensities due to contemination of the reactor
cooling loop.

5.. Leakage from one or both water systems.

The steps taken to minimize these hazards are as follows:

(1) A radial tempefature gradient will be created in the shield, par-
ticularly at a plane passing horizontally through the core center, due to the
deposition of energy by the attenuation of gamma rays. It has been estimated
(16)that the maximum temperature reached in the main shield will, at five
megawatts operation, be insufficient to cause excessive stresses in the con-
crete. Thus, with the exception of that portion of the shield immediately
adjacent to the large experimental facilities, no thermal shielding is con-

templated initially. A two-inch lead thermal shield will be installed in the
vieinity of the large facilities. Since the temperature in the interior of
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the shield is a very sensitive function both of the conductivity of the
shield and of the heat transfer coefficient at the inmer wall; thermocouples
will be installed in the shield in order to determine the actual temperature
distribution end to insure against excessive heating. Should measurements
indicate that exceseive temperatures will develop, additional thermal shield-
ing will be installed.

(2) Estimates, based on date given in the appendix, indicate that with
the exception of the pump cybieles and the. area immediately adjacent to the
reactor loop heat exchengers, no regions of high radiation intensity are
available to personnel. In both of these cases the high intensity is the
result of induced activity in the water. Aécess to the heat exchangers and
to the pump cubicles will be prevented by means of locked doors during opera-
tion. In neither of these locations will it be necessary to approach the
equipment during operation. Remote control valve handles penetrate the
‘shielding around the pumps, and the heat exchangers are located a sufficient
distance from other laboratory facilities so that fencing will provide ade-
quate protection.

Radiation intensity above the pool may be caused by the upward con=-

16

vection of N produced near the surfaces of the reactor core tank. Con-
servetive estimates indicate that this intensity will exceed tolerance levels
by a factor of about three for five-megawatt operation. Should undesirable
1ntensities actually occur, provision has been made to install baffling in
order to prevent the direct ﬁpward flow of the N16 bearing water from the
vicinity of the core and thuﬁ.eliminaxe the hazard,

(3) Contemination in the pool water is expected to be largely due to

an
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its use as a storage faciliﬁj for cqntamina.ted or activated material. The
amount of induced activity will be small since the themi flux available out-
side the core tanks will be quite low. "‘]S'he control of activity in the pool is
therefore la.rgelyl an operational problem. It is anticipated that the system.
will be operated in such a manner as to restrict the maximm radiation inten-
sity at the edge of the pool to less than the tolerance level. Because of
the short half life of N16 it is believed that none of this material will
leave the reactor pool. |

In addition to these sources of radiation there is a minor interchange
of water between the cooling system of the reactor and the pool system. This,
too, is‘ expected to be negligible compared to contemination from stored
materials.

Adequate instrumentation will be provided to give warning of increases
in activity of the pool water.

(4) Normally the water in the reactor cooling loop will contain small
quantities of activity due to the activation of impurities and to reactions
such as A127(n,«)Na2he An examination of the effluent from the LITR, operating
at three megawatts ylelds the following estimates for the activity in the

cooling water leaving the bottam of the fuel elements in the 01/2R

NUCLIDE HALF LIFE ACTIVITY (me. /ft3)
o 7.3 sec. 1.63 X 103
Naah 1.9 h;r. 0.36/megavatt
M527 9.6 min. 0.50 /megawatt
n?® 2.3 min, | 1.63/megawatt

Thus, in normal operation, shielding of the hard gemma ray from N’16 is the
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controlling factor for the first feé seconds after the cooling water has left
the core. The important consideration here is the flow rate since the con-
centration of N16 is esgentially independent of the power level. Shielding
of the pipe lines is adequate for flows several times greater than 2560 &P~
m., however, flow rates greater than 5000 g.p.m. would require the instal-
lation of additional shielding around the pump cubicles.

The addition of en appreciasble amount of fission products to the
cooling system would result in higher than normal 1ntens;ties in the pump
cubicles and at the heat exchangers. Since these locations are not normelly
entered during operation, little danger to personnel would result. $he
cooling loop will be provided with adequate instrumentation to detect ab-
normal rises in activity. In addition, such increases would be quickly
detected by an increase in activity on the ion exchange beds of the deminera-
lizer. )

T.c COOLING SYSTEM FAILURE

It has been shovn by E.T. Jurney(l7)that a sudden removal of coolant
concurrent with shut down of a reactor of the ORR type operating at five
megawatts would not result in melting of the fuel elements in less than 13
minutes., Extrapolation of thisbcaleulation to ten megawatts indicates that
about six or seven minutes would Se required to supply sufficient afterheat
to mzlf the core even if no heat transfer from the core were permitted.

" In order to protect against a possible loss of cooling water, seal
legs are provided on the exit water lines and provision is made to allow
water from the pool to circulate in a free convection loop through ;he re-

actor cbye tanks. In addition to this, water may be added directiy to the




core from the plant process system.
In view of these precautions it would appear that only a major catas-

trophe resulting not only in loss of water to the core cooling loop; but also

rupturing the pool itself and at the same time disrupting the process water

supply would be likely to result in melting of the core.
5.4 LOSS OF SHIELDING DUE TO LOSS OF POOL WATER

Since the top shielding and to a lesser extent the side shielding of
the ORR depend upon the fact that the core tanks are immersed in the pool; 1t
is clear that any situation in which the level of the water in the pool is not
maintained is dangerous.

In order to prevent accidental draining of the reactor section of the
pool no provision has been made to drain this section below the top of the
reactor tank. All connections, both inlet and outlet, are above this level.
Temporary piping would have to be installed in the event this section is to
be drained.

The‘remaining two pool sections have inlet and outlet lines located in
the floor of the pool, however the gates between these pools and the reactor
pool will normally be in place during operafion. The inlet lines to the
storage pools are 4" diemeter and are protected from inadvertent draining by
check valves immediately below the pool floor. The outlet lines are 2" diem-
eter and approximately 3% hours is required to drein the storage pools. This
should be sufficiently long to detect and correct an operating error. An
alarm system will be provided to warn when the level of any of the pool sec-

tions drops below the safe minimum.
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T.e ACCUMULATION OF LARGE VOLUMES OF CONTAMINATED WATER

While the pool and cooling loop demineralizers are considered ade-
quate to handle contamination in excess of the levels expected, there does
exist the possibility that, due to malfunction of the system, it may become
necessary to dispose ofmlarge quantities of contaminated water.

The two water systems contain a total of approximately 130,000 gal-
lons. There are available at the Oak Ridge National Laboratory several
methods of handling this water. The water could be sent directly to one or
both of two 20,000 gallon retention ponde and then bled slowly into the
Clinch River by way of White Oak Creek as is done with other "warm waste”.
In case additional capacity were needed temporary lines could be installed
to either or both of two other reténtion ponds which have a total capacity
of 400,000 gallons. The water could be impounded here for a time sufficient
to allow for decay of the shorter lived components and then handled through
the regulaer "warm waste” system.

S8hould the aqtivity of the water be too great to handle by either
of the dbove.methodg, temporary piping from the reactor building could be
installed conveying the water to the ORNIL tenk farm (e distance of approxi-
mately 4OO') whence it could be led through existing piping to either of
two 500,000 gallon lagoons where 1ts volume would be dissipated by solar
eQaporation and the concentrate impounded indefinitely. This procedure
is in current use for the disposal of large volumes of radiocactive chemical

waste from other processes at the Laboratory.
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T.f BSABOTAGE

Sabotage of the ORR would most readily be effected by use of an ex-
plosive or thermite bomb to release the accumulated fission products after
the reactor had been operated at high power levels. It is not impossible
that a clever saboteur c91_11d circumvent the security measures in force at
ORNL, although such a possibility is Qpite remote.

Sabotage of the reactor safetj system could conceivaebly be effected
only by a person thoroughly femiliar with the detailed layout and function
of the system who also had the opportunity to make considerable alterations
or edditions to the physical system. In view of the reasonably large number
of experienced persomnel who will be in the area at all times, it seems un-
likely that such an attempt would go unnoticed. |

The site is classed as an exclusjon area a.nd'is_ protected according

to General Manager's Bulletin No. 153, Physical Security Standards for AEC

Facilities. Normally a full camplement of personnel will be on hand at the
reactor twenty-four hours a day, seven days a week. Should the occasion a-
rise vhen the reactor is not operated for one or more shifts; a standby crew
will have charge of the building. In addition to this, regular hourly checks

by the Oak Ridge National Laboratory Security Department would be maintained.
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8. ULTIMATE CATASTROPHE
8.a THE CASES CONSIDERED

Ultimate catastrophe is considered to occur if a situation should
arise in which a large fraction of the activity of the reactor core is re-
leased in the form of a cloud of gas and particulate matter, or is dissolved
in water and released.

The arrangement and nuclear characteristics of the fuel region are
such that a nuclear explosion would probably not follow a reactor runawaey.
In a large stepwise increase in reactivity, the periods expected are of the
order of milliseconds( 18), a time large compared to the propagation of sound
in the core materials.

There exists, however, the possibility of a steam explosion in the
core tanks due to the sudden conversion into high pressure steam of an ap-
preciable fraction of tﬁe water contained therein. The energy for this
transition could be supplied by a stepwise increase in power resulting in
melting of the fuel elements and possibly followed by the initiation of the
highly exothermic Al-H50 reaction.

While very little specific data is available concerning the A1-320
reaction it is clear that such a reaction is possible; particularly if the
fuel elements have been melted. Whether the reaction will take place between
80lid fuel elements and water has not yet been determined, but seems unlikely.
The total energy release from the Al-HpoO reaction is approximately 2 X lQ5 v
calories per mole of aluminum. This heat is more than enough to vaporize a
mole Qf aluminum, thus the reaction would be expected to be autocatalytic

and could result in a severe accident.
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If we make the assumption that the active portion of the lattice
contain approximately 105 Kg of aluminum and Al-U alloy, approximately
2.5 X 107 calories are required to melt the fuel assembly. This corresponds
to a pulse of about 105 megawatt seconds in a time short enough to preclude
both heat transfer to the coolant and operation of the control mechanisms.

In the Borax experinent(l9)vhare b4 excess reactivity was added to a
subcritical MTR type lattice in about 0.2 seconds, a pulse of 130-180 mega-
watt-seconds was experienced. This resulted in an explosion, but since it 1s
virtually impossible to add reactivity to the ORR by any operational pro-
cedure at a rate exceeding 0.1% per second, the possibility of an incident
such as the Borax explosion resulting from misoperation is effectively ex-
cluded.

The possibility does exist that a sudden increase in reactivity might
be caused by the sudden flooding of one or both of the large Engineering
Test Facilities, had they previously been operated as voids. A maximum of
about 3$sk/k could be added in this fashion. For this reason, extreme care
must be taken in the use of these facilities. Nofnally, if they are not
occupied by experiments, the dummy plugs will be in place, thus preventing
the possibility of flooding. Experiments for use in these facilities will
be designed in such a manner as to prevent this type of occurrence.

For the purpose of estimating the maximum danger to be expected to

the surrounding area\in the unlikely event that ultimate catastrophe should

occur, the following cases are considered: (1) the entire contents of the

core is put in soluble form and conveyed to the watershed, (2) all or some

of the core is entrained in a cloud of steam released to the atmosphere.
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8.b SURFACE WATER CONTAMINATION HAZARDS OF ORR"

SUMMARY

Emergency values for the use of drinking water for periods of 1 day or

of 30 days have been used to evaluate the hazards of contamination of the

public water downstream from a major reactor accident to the ORR or HRT.

Such limited use of the water (1 da or 30 day) at the appropriate

emergency MPC value would lead to a total internal dose of 25 rep.

The downstream water concentrations exceed these emergency values at

the four points considered by the following factors:

Factor of Emergency MPC

l da 30 da
K-25 h2.0 586.5
Kingston 10.5 169.3
Watts Bar 0.0LL 0.79
Chattanooga 0.008 0.17

These results indicate the necessity for containment of the majof

fraction of released active contaminants which may become waterborne.

The severity of a rain-out problem may be inferred and the economic

factors involved have not been appraised.

INTRODUCT ION

The following discussion is grouped under these headingss

1.
2.
3.
L.
5e
6.
Te
8.

Assumptions Regarding the Release of Contaminants.into Clinch River.
Potential Hazards from Water Contamination.

Estimates of Peak Concentrations at Selected Locations.

Maximum Permissible Concentrations of Radiocactivity in Drinking Water.
Other Factors Affecting Peak Concentrations gnd MPC Values.

Comments Regarding Potential Hazards from Surface Water Contamination.
Conclusions
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The most serious conditions of surface water contamination resulting
from a major reactor accident involving the ORR or the HRT would be encount-
ered if all or a major portion of the radioactive materials in the reactor
were to be released and enter the waters of the Clinch River during a short
period of time. As will be disucssed later, this is an extremely remote pos-
sibility and one which should be prevented by appropriate measures such as
retention pits, etc., but it is examined here to provide a working basis for
hazard estimates. In this discussion it is assumed that the waters of Clinch:
River may be heavily contaminated from the ORR or HRT and that possible down-
stream effects, particularly potential hazards through water supply systems,
must be considered.

ASSUMPT IONS REGARDING THE RELEASE OF CONTAMINANTS INTO CLINCH RIVER

With respect to the initial contamination of Clinch River it is aésumed

for these preliminary calculations thats

(1) The reactor has been operating contimiously for a period of
82 days at a power level of 10 megawatts and without replacement of fuel.
Some shift in the relative amounts of different isotopes would occur for other
operating periods and it is planned to recalculate the amounts of those iso-
topes of major concern and evaluate.

(2) By some coincidence of events all of the radioactive materials

) R ————

in the reactor and its container are released and dispersed (in solution or
in fine suspended matter) into the shielding water of the ORR concrete pool.

(3) The water in the pool containing all the activity is immedia-
tely'discharged (such as by rupture of one or both of the large experimental
beam holes) escapes the building, and pours out onto the ground surface.

(4) By heavy rainfall and surface run-off all.of the waterborne

radioactive materials are flushed down the valley and into the Clinch River

without significant loss or holdup.
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(5) From the time of the initial release of activity from the
reactor, the radioactive contaminants flow into Clinch River at the mouth
of white Oak Creek - mile C1 20.8. - are uniformly mixed with the concurrent .
river flow past that point during a period of 6 hrs..

" (6) The dispersion of contaminants described above occurs at a
time of "worst conditions" of.water flow in the Glinch'and Tennessee Rivers
from the standpoint of estimated peak concentrations of radioactivity in
the water at the intakes of downstream water supplies or of steam plants
that might be seriously affected.

POTENT AL HAZARDS FRCM WATER CONTAMINATION

The significance of potential hazards from radioactive contamination
of dfinking water supplies depends upon a number of factors, including:
(1) the number of people who might be exposed by use of the contaminated
drinking water; (2) the kind and concentration of the various contaminants
in the water used for drinking; (3) the period of exposure through contin-
ued use of the water; and (L) the counter-measures that could be effected
if necessary. A potential hazard at steam plants taking boiler water from
the river would be the exposure of personnel to external radiation from
radioactive materials concentrated in water softening units or in boilers.
Local concentrations of activity from the discharge of water softener regen-
erating solutions might also have to be monitored amd controlled.

Four downstream locations have been selected for critical analysis of
the conditions of water contamination that may be foreseen from the assump-
tions outlined above. These locations represent the river water nommally

used by three steam plants above the mouth of Clinch River and by four
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domestic water treatment plants as listed below. In terms of river miles
above the mouth of each river (Cl = Clinch River and Te = Tennessee River)
these points ares mi €l 13.2; mi Cl 00 = Te 567.7; mi Té 529.9;.and
mi Te L65.3.

1. K-25 - mi C1 13-2

There is a water treatment plant at K-25 (intake approximately
mi C1 14.l) to provide drinking water for several thousand people during
working hours and process water for the plant. There is also a steam plant
and a power generating plant (intake at mi C1l 13.2) for which thé water is
taken from the Clinch River. A representative intake of these three plants
is taken as mi C1 13.2.

2. Kingston Steam Plant (TVA)

The mouth of Clinch River (mi Cl 00) is taken as representative
of the Kingston steam plant and its water treatment facilities; ﬁctually
the water intake for boiler water and for drinking water is located a short
distance upstream on an embayment 6f Emory River. If necessary drinking
water for the small operating force could be obtained from distant souree.

3. Watts Bar Village

The intake of the water treatment p1an£ for Watts Bar Village is
located above Watts Bar Dam (river mi Te 529.9). The village is a resort
community with perhaps 1,000 maximum population.

L. Chattanooga

In the city of Chattanooga, approximatély 131,000 population, a
water treaﬁment plant is located about 5 mi downstream from Chickamauga Dam
(intake at mi Te L465.3). This plant provides the domestic and industrial

water supply for the city of Chattanooga and several surrounding commmunities.
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The town of Harriman, approximately 6,500 population, is located about
12 miles upstream on the Emory River, but contamination at the Harriman
water plant is problematicél since upstream flow from the Clinch River to
Harriman occurs only occasionally under special conditions of stratification.
The filtration plant intake is near the upstream limit in Emory River of
backwater from Watts Bar Dam. If contamination should occur, it might be
expected ihat the concentration of activity at the Harriman water plant
would be considerably less than at the mouth of Clinch River,

The relaiive location of the several points in the Clinch and Tennes-
see River systems mentioned above are shown on the accompanying map. (Fig. 20)

ESTIMATES OF PEAK CONCENTRATIONS AT SELECTED LOCATIONS

The four locations in the Clinch and Tennessee Rivers which are out-
lined above were selected as tﬁe pointé of principal interest because of
the usage of river water at these locations. The peak concentrations of
radioactive materials in the water that might be expected near the point
of entry into tﬁe Clinch River and at these downstream points will differ
widely, depending upon the camplex inter-related factors of stream flow
and water elevations in the TVA reservoirs. Exact data relative to the
combined effects of these diverse factors under various conditions are
not available. However, through cooperation of the Division of Health and
Safety and the Hydraulic Data Branch of TVA, very extensive tabulations of
data with charts and estimates based upon calculations have been prepared
during the past several months and have been made available to ORNL for
use in the preparation of this report.(zo) These estimates are considered
by the TVA hydraulic engineers to be reasonably accurate. The times of
water travel, giveﬁ to the nearest 1/2 day, may be 10 to 20 percent below
what will actually be observed in the field and values for dilution and

stream flow are stated as ¥ 10 percent.
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The essential values estimated and supplied by TVA include; time of
water travel from the point of entry t0 the four selected locations; volu-
mes of stream flow in CFS at the selected points; the percentage of reduc-
tion in the initial peak concentration of contaminants at the point of entry
into Clinch River owing to dispersioﬁ into the stored water of the reser-
voirs downstreaﬁ; and the volumes of dilution water that would further re-
duce the initial peak concentration because of increases of stream flow
below the point of entry of the contaminants. Information was also obtain-
ed concerning the seasons of the year and the stream flows that would induce
stratification in the Clinch River embayment and the Watts Bar reservoir
and the effects of stratification upon the expected reduction in the peak
concentrations by dispersion and dilution.

The analysis has been made by selection of appropriate available data
and by calculations in line with the assumptions stated previously in order
to determine the following:

(1) The initial peak concentation in Clinch River at the mouth
of White Oak Creek (mi C1 20.8) during a 6 hour period following the initial
release of activity. | .

(2) The'elapsed time until the peak of concentration would reach
each of the selected locations downstream.

(3) The percentage reduction by dispersion of the initial peak
concentratibn when the contamination reaches each of the four selected
locations. .

(4) The dilution factor effective in further reducing the peak

concentration at the selected locations.
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(5) The radioactivity from individual isotopes and from total
contaminants in the water after radiocactive decay during the elapsed time
required to reach each of the selected locations.

(6) The estimated peak concentrations (by calculations based on
the above factors) of individual isotopes and of total contaminants in
jc/ml at the four selected locations.

The combination of "worst conditions® (conditions that would combine
to give the maximum peak concentration at each of the selected locations)
(21) by sev-

eral calculations assuming various conditions of water level and stream

considered here are those river and lake conditions determined

flow. These trial estimates detemined that the highest peak concentrations
would be expected under the following conditions:

(1) stratified conditions in the Clinch River embayment and in
Watts Bar Reservoir downstream to Watts Bar Dam.

(2) Stream flows: in Clinch River from mi C 20.8 to mi C1 00,
1000 cfé; in Tennessee River at Watts Bar Dam (mi Te 529.9) 18,900 cfs; in
Tennessee River at Chattanooga (mi Te L65.3) 25,500 cfs.

(3) Pool levels (water surface elevations); at Watts Bar Dam
740 ft; at Chickamauga Dam 682 ft.

A summany of the pe;tinent factors under the conditions outlined above
is given in Table I. - :

The next step in the analysis was to estimate and to tabulate the
amounts of radioactivity (in curies) from individual radioisotopes and from .
the total fission product mixture that would be present (after decay) in
the Clinch River at the mouth of White Oak Creek and at the four locations

of principal interest downstream. As shown in Table I the periods of total
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elapsed'time from the initial release of activity until the peak of contam-
ination will arrive at each of these five locations are 0, 3.25, 9.50, 17.0,
and 25.5 days, respectively.

The radioactivity after these five time intervals was calculated/using
the assumptions stated previously and standard buildup and decay formulas
with thelatest available fission chain yields (22)(23)(2h). In the tabu~
lation of the résults of these calculations, the noble gases, Xenon and
Krypton, and any isotope that accounted for less than 0.1 percent of the
total activity were omitted. The curies of total activity for the 30 odd
isotopes‘of hazard significance after the several time intervals, estimated

6

by this method, are approximately as follows: initially 7.73 x 10 c; after

3.25 days L.2L x 1060; after 9.5 day§k2.9h x 1060; after 17 daysvé}Bl x
6 : -

o 2
LA

10°%¢; and after 25.5 days 1.90 2100, et

The estimated amounts of radioactivity as explained above, the assumed
immediate dilution in Clinch River by a flow of 1,006 cfs for a period of
six hours, and the factors of reduction in the initial peak concentration
by dispersion and by dilution as given in Table I, were used as a basis for
calculating the peak concentrations at the selected‘downstream location.
The estimated initial peak concentration of total activity at the mouth of
White Oak Creek is approximately 12.63/ﬂyﬁﬂ, The estimated peak concentra-
tions for the individual and total fission products at the four selected
downstream locations are shown in Table II. The totals of the factors by
vwhich these isotopes in their relative concentrations e#ceed the emergency
values (which would give the maximum allowable emergency internal exposure
of 25 rep) are shown at the bottom of Table II. ForAexample, the antici-

pated worst concentration at K-25 exceeds the l-day emergency use by a

factor of Li2. This means that the consumption of 2.2 liters of this water
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thus contaminated would lead to a serious internal dose of 1,050 rep
total, all of which, however, would not be to the same body organs.
MAXIMUM PERMISSIBLE CONCENTRAT IONS OF RADIOACTIVITY IN DRINKING WATER
Values of maximum permissible concentration (MPC) of radioisotopes in
drinking water for long-term use have been suggested by the National Commit-
tee on Radiation Protection in National Bureau of Standards Handbook No. 52.
MPC values for individual isotopes and for unknown mixed contaminants in
drinking water for temporary use during brief periods and in emergencies
can be much higher than the suggested values for long-tem use. A method
of estimating MPC values for drinking water contamination that are accept-
able for emergency conditions has been developed and described by Morgan
and Straub.(zs) These values are currently being revised to include the
factor N = 5 for certain bone-seekers and some will be reduced thereby.
By use of this method, emergency MPC values for individual radioisotopés
in drinking water have been determined for 1 and 30 days of use, respec-
tively (Table II). The use of drinking water for the specified period at
these designated concentrations will lead to a total internal dose of 25 rep
during the time the isotope remains in the body. On the basis of the esti-
mated proportion of the individual fission products at the selected points
of principal interest in the rivers, the factors by which these spécific
isofopés exceed the emergency MPC values are tabulated in Table ITI and
the tofal factor by which their combined respectiﬁe concentrations exceeds
the emergencj use limits is given at the bottom of both Table II and Table
ITI.
These emergency MPC values are included as a guide in judging the
degree of hazard through drinking water that may be caused by the release of

mixed fission products and the levels of contamination discussed above. The
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basis and validity of these estimates are explained by Morgan and Straubgzg)
As a basis for judgment they probably are the best possible estimates that
can be obtained at this time.

Unfortunately, data are not available for estimating the duration
of the peak contamination at each of the four selected locations or the
period during which the expected levels of contamination in Clinch River
would exceed a given MPC value. It is reasonable to expect that in Clinch
River at K-25 the duration of peak contamination would be brief and that
the wave of heavy contamination would pass fairly quickly. At phe mouth
of Clinch River, representing the Kingston steam plant, it would be expected
that the duration of ¢he peak would be longer and that heavy contamination
would persist for a few days. Comparison of the values for Watts Bar Dam
and Chattanooga shows that the expected peak of contaminafion is such as
to be of probable concern and perhaps to require emergency measures to
provide alternate drinking water supplies and/or special water treatment
measures.

OTHER FACTORS AFFECTING PEAK CONCENTRATION AND MPC VALUES

The values given in Table II have been estimated to rep;esént the
nworst conditions™ and have taken into account only those factors for
which a basis for quantitative estimates is available. There are several
indeterminate factors which would combine to reduce the peak concentrations
éhat would be expected at the various points downstream aml to increase the
emergency MPC values that might be considéred acceptable. Although not
included in the above estimates, these factors will be mentioned briefly as

outlined below.




73

(1) The assumption thatl100 percent of the activity released at
the ORR or the HRT site would enter Ciinch River is pessimistic. A holdup
of some part of the radioactive materials by sorption in the soil and or-
ganic matter during the flow over the surface from the sigépef-the river
would be expected even in a heavy rain.

(2) After dispersion in the river it would be expected that a
certain part of the radioactive contaminants would be removed by adsorp-
tion, coagulation, and settling, particularly in the lower portion of Clinch
River and in Watts Bar and Chickamaunga Reservoirs. This factor would be
effective in the case of certain isotopes that are readily adsorbed from
solutions by e¢lays and organic suspended materials which would partially
settle and carry contaminants to the bottom; any radiocactive solid particles
would be even more likely to be removed because of agglomération or attach-
ment to larger suspended particles. .- .

(3) Water treatment processes in community water supplies and at
steam plants provide ah added safety factor. Each of the commnity water
supplies listed above includes water treatment.by coagulation and filtra-
tion, and the two majqr steam plants employ water softening or deionization
treatment of the boiler water. Data on the removal of a number of radio-
isotopes by water treatment procedures may be found in the literature.(26)
A conservative value that may be applied to the removal of mixed fission
products by alum coagulation and filtration procedures is 70 percent.

Water softening or deionization units would be expected to remove a high
percentage (perhaps 99 percent) of the radioactive ions present.

(L4) In this case, with a release of contaminétion during a short

time,'the peak concentration of radioactivity in the river at a particular

-

YA el
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point would not persist for long periods and the average level for the
period of exposure through use of the water would be lower than the peak
shown in Table IT.
(5) The emergency MPC values shown in Table II presuppose a use

of the water 100 percent of the time for the period of 1 day or 30 days as
stateds For those individuals, such as wockers at K=-25, who obtain only
a part of their drinking water requirements from the contaminated supply,
the MPC vaue for the stated period would be higher.
COMMENTS REGARDING POTENT IAL HAZARDS FROM SURFACE WATER CONTAMINATION

An over-all view of the conditions of contamination and the hazards that
might result in the Clinch and Tennessee Rivers is provided by the location
map (Fig. 20) and the values given in Table IT. As the wave of contamination
moves downstream the peak concentration would be reduced considerably by
decay and even more mérkedly by dispersion and dilution. At this stage of
decay the fission ‘pmduct mixture would contain considerable proportions of
the longer-lived radioisotopes (for example 1131, Sr89, Zr95, Ru106, 05137, Sr9 0,
1hly

and Ce ') some of which are the most important drinking water contaminants.
With regard to exposures through drinking water, the K-25 plant, being

closest, would be subjected to a higher peak of contamination than would the
plants farther downstream. The estimated peak of l.3 Ac/ml is approximately
h2 times the 1-daiy emergency MPC value for the total mixture of contaminants
at this point and is about 586 times greater than the 30-day MPC value. Tt
appears that a release of activity under the adverse conditions assumed would
certainly make it necessary to discontimue the use of Clinch River as a sourc;a
of drinking water for K-25 employees until survey measures and analyses pro-

ved its safety. Normal storage of 2,500,000 gal of treated water will sup-

ply the drinking water system (exclusive of air conditioning) for 2k to
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26 ﬁrs. For longer periods it may be possible for the filtration plant to
take raw water from ?oplar Creek through the process water system, subject
to survey verification.

_ At the mouth of Clinch River the peak concentrations of activity would
exceed the?emergency l-day MPC value by a factor of about 10 and would be
higher than the 30-day MPC value by a factor of about 169. This may not
present a serious problem since no communities take drinking water from the
Clinch River near this point; employees of the TVA steam plant could obtain
drinking water eleswhere, and the water supply of Harriman, if affected at
all, would almost certainly be subjected to a much lower peak concentration.

At the Tennessee River locations of Watts Bar Dam and Chattanooga the
peaks of contamination would be appreciable but for a short period of use
would be within the acceptable limits of MPC values. The duration of appreci-
able levels of radioactivity that would result from a singla diécharge of
contamination at ORNﬂ would not be expected to be longer than two to four
weeks at these Tennessee River points and would require sampling and analysis
to evaluate the hagzards.

Possible hagzards frcm exposures to external radiation would be less
serious than drinking water exposures but would have to be considered with
the peak levels of radioactivity shown in Table II. Calculations and experi-
mental measurements have indicated that radiation levels would be 5 to 10
mr/hr just above the surface of large volumes of water containing 1 x 10~2
Mc/ml of a typical mixture of fission products. Hence, in the river oﬁposite A
White Oak Creek a reading of 6 to 12 r/hr would be expected at the time of
jnitial release. Trained personnel and water survey instruments suitable for

downstream monitoring are available at ORNL, and in the past the follow-up 5f
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minor releases of contamination into Clinch River has been undertaken by
the Health Phyéics Division. In case a major release should occur, as |
visualized in this report, field éurvey individuals or teams would function
to observe the progress and levels of contamination in the river and to
render advice, assistance or supervision as necessary to prevent undue radi-
ation exposures.

A quite serious problem might be presented by external radiation in
proximity to water softener units at steam plants. For example, if it is
assumed that a water demineralizer at the Kingston steam plant treating
350,000.gal per day of river would remove 95 to 99 percent of the radioac-
tivity and that the concentration in the water is 1.15 pc/ml, the accumulation
in the resin bed would be approximately 1LLO curies of activity in one day.
Data from pilot plant water treatment experiments at ORNL indicate that in
such a case the radiation level at the outer surface of the demineralizer
tanks would be of the order of 58 to 300 r/day. Radiation levels in prox-
imity to water pipes and regenerant solution discharge pipes would be much
lower. There should be ﬁery little concentration of radioactivity in the
boilers from the use of demineralized water ﬁiﬁh frequent or contimious
blowdown. The situation at the K-25 steam plant and power plant would be
similar and correspondingly higher. Under these conditions it may be doubt-
ful if the plants could continue to qperate and advice and assistance to
the supervisors and operators would be certainly necessary. This should
include survey and personnel monitoring services while the wave of contam-
ination is passing and afterwards until radiation levels have lowered to
acceptable values.

CONCLUSIONS
From the assumptions and analysis given and discussed above, it

appears that a total release of activity from the ORR or the HRT under the
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most adverse conditions would cause serious contamination in the Clinch River.
Alﬂhough there might be time to survey and appraise the situation and to
arrange for any counter-measures that might be necessary, precautions mst

be taken to control such release to 1 or 2 percent of the activity present
until meausres can be taken to confine it for adequated deéay and treatment.
It is indicated that in the‘Tennessee River the levels of peak contamination
would be lower and thatsome?wzards would result, although they may be of an
acceptable severity.

In the ewnt of a sizeable release of radioactive material in the Clinch
River it woulq be essential that facilities for measurements of radiocactivity
and radiation should be available and that necessary information and assis-
tance should be provided to downstream communities or installations on the
Clinch River that might be affected. It would be desirable that measure-
ments of peak concentrations and times of flow in both the Clinch and
Tennessee Rivers should be made systematically to provide assurance that there
was no resultant damage and to obtain information which would be useful in
case subsequent accidental releases of radioactive contamination should
occur.

No evaluations have been attempted of the eCohomic liability incur-
red due to the contamination of watercraft and dock facilities. Likewise
the hazards and economic factors arising from the use of river water by
stock animals have not been estimated. These may be readily seen to be
important, however,

It may well be justified to consider some plan for the TVA to release
extra water from its dams to alleviate the emergency conditions in event

of a major reactor disaster such as postulated
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Table I

Hydraulic and Hydrologic Factors for Estimating Peak
Concentrations of Contamination

Pool Level Stream Time of Water Reduction of Peak

Elevation Flow Travel from Concentration at
Point in River System (£t) (cfs) mi C1l 20.8 mi C1 20.8 (%)
. (days) BY
Dispersion Dilution

K-25, mi C1 13.2 - 1,000 3.25 38 0
Mouth of Clinch River '

mi C1 00 = mi Te 567.7 - 1,000 9.50 76 0
Watts Bar Dam, mi Te 529.9  7LO 18,900 17.00: 97 95
Chattanooga, mi Te L65.3 682 25,500  25.50 99 96
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Table II

Estimated Peak Concent,ratidri of Radioactivity and Emergency MPC(a) Values for
Drinking Water at Selected Locations in the Clinch and Tennessee River System

Peak Concentrations at Indicated lLocations - nc/ml Emergency MPC for

(a) Maximum Permissible Concentration

X-25 Mouth of . Watts Bar Dam Chattanooga Drinking Water
Steam Clinch R. mi Te 529.9 Water Plant pc/ml
Plant mi C1 00 (17.0 das) Intake
* Isotope mi Cl 13.2 = & Te 567.7 mi Te Lk65.3 For Use For Use
(3.25 das) (9.5 das) (25.5 das) 1 day 30 days
x 1073 x 1073 x 10~2 x 107
sf89 0 29892 . 106,61 60.Ll Who08  1.4K0T  5.6x207
Srgg-y L.36 1.69 1,05 2.81 1.5x10"3  5.0x10~5
Sg1 2,18 .00 .00 200 .
Y 335.51 120,98 69.38 167.96 5.2x1071  2.0x10°2
Zr9§ 350,91 127.08 73.33 178.59  .2.7x10"} 1.1x10-2
Nog2" 3.61 1.33 0.77 1.89 4 ,
Nb> g9 210.39 87.27 . 57.55 158.65 5.8x10 2,6x10"
Zr? | -Kb 25.36 0.02 .00 .00 2.9x10"1  2,9x10~1
MoZo-Te’s . 2L1.66 19,55 1.62 0,63  8.ix1071 1.8x10-1
Ruo S-ml 221.50 76,94 42,19 97.09 6.6x10;1 2,7x10~2
Rhy o2 20.98 0:146 0.01 .00 1.3x10 L.6x10-1
Sb) 3, 10.29 1.30 0021 0.13 -
Tey 45.11 0.53 .00 .00 5.6x1072  2.4x10Q
{32 236.19 55.51 18.35 23.7%  8.8x10-3  7.9x10"
Te 203.97 20,61 2,58 1.19 3.1x10i} 5.9x10£2
1332 210,149 21.26 2,68 1.22 1.5x10 1.5x10
23 15 L3.87 .00 .00 00  3.7x1072  2,0x1072
cst37-pa 2.68 1,04 0.65 173 5.0x0l  1.7x072
BalliO_1a1k0 163,12 127.93 53,21 89.50  1.8x10"} 1.2x10~2
Cenyt 116.16 Ul.26 75.46 168.h5  1.2x100 5.3x1072
Celhg 109.97 1.80 0.02 .00  5.5x10 2.2207
Pry) 509.78 147,09 62.96 109.31 1.0s0°  6.L073
CeHaprill “95,98 36.59 22.145 58.62  2.00-1 6.9x07
Nd%ﬁ7 183.70 18.1:8 19.13 30.35 7.60-1  5.5x1072
Pm *] 11.08 L5k 2.96 8.10  L.3x10°  L.hxo™l
Pmycy 42,22 4.59 0.15 .00 9.9x10-1 2.9x10'1
Sm 0.08 0.03 0.02 0,05 l.hkx10l  L.8x10”
Total 1300 115L. 567. 12lh.
Conce x 10~3 x 10-3 x 10-5 x 10~
Factor above MPC for emergency use forsg
1 day 2.0 10.5 0.0LL 0.008




Factors by which the Estimated Peak Concentrations of Radioactivity
for Specific Isotopes Exceed their Corresponding Emergency MPC Values
cted Locations in the Clinch and Tennessee

for Drinking Water at Sele
: River Systems.

Table IIIX

Ratio of Concentration to Emergency

MPC for 30 Day's Use

Ratio of Concentration to Emergency

__MPC for 1 Day's Use

Isotope K-25  Kingston Wat%s Bar Chattanooga  K~25  Kingston Watts Bar  Chattanooga
srd? o 2.135 0,762 00432 00103 53,379  19.037 .108 0.26
s§9°-r9 2,907  1.127 00700 00187 87.200  33.800 .210 0.56
o 0.645  0.233 00133 00032 16,776 6.0L9 .035 008
2r95 1.300 O0.LT1 00272 00066 31,901  11.553 .067 .016
NbID 0.363  0.150 00099 .00027 8.092 3.357 .022 .006
Zr) T-Nb?7 0.087 .00 .00 .00 0.087 .00 .00 .00
Mo?2-Tc99 0.288 0,023 00002 .00 1.343 0.109 .00 .00
Rul03.pnl03 0,336  0.117 0006} .00015 8.20k 2,850 .016 .00
An105 . 0.016 .00 .00 .00 0.0L46 0.001 .00 .00
Til31 0.806  0.010 .00 .00 1.880 0.022 .00 .00
Ti31 26.87%  6.308 .02085 .00270 299.354  70.266 .232 .030
rel32 0.658 0,066 00008 .00 3.457 0,349 .00 .00
1132 0,01y  0.001 .00 .00 0.01L 0.001 .00 .00
1133 1.187 .00 .00 .00 2,200 .00 .00 .00
cs137-al37  0.005  0.002 00001 .00 0.158 0,061 .00 .00
BalliO12140 2,872  o0.711 00296 .00050 38.593  10.661 .Ohl .007
Celll 0.347  0.118 00063 .0001L 7.852 2,665 .01} .003
cells3 0.200  0.003 .00 .00 0.500 0.008 .00 .00
Pflﬁﬁ ’ 0.510  0.1L7 .00063 .00011 7.965 2.298 .010 .002
celt4. ppAhli  o,L80  0.183 .00112 .00029 13.910 5,303 .033 .008
NaLl7 0.242  0.06  ..00025 0000 3.340 0.881 .003 .001
Pmll7 0.003 0,001 00001 .00 0.078 0.032 .00 .00
Pmll9 0.043  0.005 .00 .00 0.145 0.016 .00 .00
Totals 42.018 10.502 .0l4356 .00808 586.47h  169.319 .94 2167

08
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8.c ESTIMATES OF DISPERSION OF AIRBORNE ACTIVITY FROM THE ORR¥
INITIAL CONDITION

Release of airborne activity from the ORR will occur only if one of
two types of accidents occurs.

One of the accidents w_mzld inyolve the melting of some or all of the
fuel plates which would release the volatile fission products which had been
formed during the operation of the reactor. It is not at all cérta.in that it
would be possible for all the contained total or volatile fission products to
become airborne, since some may stay in the water and some may condense on the

structural materials in the vicinity of the reactor. To estimate the maximum

hazard, it has been assumed that all the volatile ﬁsbion products in the
_ ; . B _

reactor escape and become airborne. The cloud of) all the halogens and noble

gases will be referred to as the cold.cloud.

The other type of accident which could result in the liberation of air-
borne contamination is the reaction of the aluminum in the fuel plates with the.
wa.t/er in the moderator. This is a high temperature reaction and would result
in sufficient enérgy to disperse the stored activity in the fuel plates into
the air. Whether or not this reaction would occur depends on a variety of
conditions which include the rate of heat generation in the fuel plates, the
impurities in the metal, the rate of dispersion of the metal into the water,
and the effects of‘ oxide formation on the metal surfaces.

Doubtless there is only a small chance of the reaction going to com-
pletion. In view of the many unknown variables concerned in the case of a

nuclear accident, it has been assumed that a very large temperature rise in

*prepered by D.R. Purdy and R.F. Myers, U.S. Weather Bureau, Oak Ridge, Tenn.
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the fuel plates is followed by an aluminum-water reaction. The resulting
cloud 6f vepor conteining the fission products will be called the hot cloud.
‘ THE HETGET OF RISE OF THE HOT CLOUD

The hot cloud, initially about 30 cubic meters in volume at a pressure
of about 33 atmospheres f{ith F»temperature of about 2570°K, will rise to some
height where it will be in equilibrium with the atmosphere and spread by eddy
d1ffusion. The height of rise has been calculated by Sutton’s method used
in e previaus report( 27). In the night time or stable case, the hot cloud
will rise to about 800 meters with an initial volume of 125 cubic meters. In ‘
the day time or unstable case, the cloud is assumed to level off at about 1500
meters above the ground which is 300-500 meters above the average convective
cloud base in deaytime at fhis site. The initial volume of the daytime hot
cloud at tﬁis gltitude will be about 1350 cubic meters.

INITIAL CONCENTRATION OF FISSION PRODUCTS IN THE CLOUD

The sctivity in the reactor following shutdown, calculated from the

equation given by Mills (18) cdntains no augmentation due to the runaway

excursion. The equation:

-~

A = 11.15 gPower in Watts) Where A i8 the activity
: 2 (sec. in curies assuming an aver-
t age fission product energy
of 1 Mev.

At one second after shutdown, A is found to be 5.5 X 107 curies at
5 megawatts, or 1.1 X 108 curies at 10 megawatts.

The radii of the hot puff at various distances from the reactor site
were calculated by the mefhods used by Hurwitz (28) in his development of

Sutton's diffusion equation.
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The parameters used in the calculations of concentrations and total

dose are given in table 1l:

TABLE 1
Avg. night (Stable) Avg. day (unstable)
hot cloud cold cloud hot cloud cold cloud
h initial height (m) 780 25 1500 25
C virtual 4iff. coef. 055 .13 <11k 224
n stability parameter 35 “ «35 L 023 .23 L
Vo initial volume of cloud 124 2.6 x 107 . 1360 2,6 x 10 cubie
. ' meters
u wind speed m/sec. 1.5 1.5 8.0 2.3
X, distance correction (m) 118 1020 93 281

Initial concentration of activity in the cloud (curies/m3) at 1

second ] [
| : Power hot cloud, n;).gl;ﬁt bot cloud, fl&¥ cold cloud
Total f.p. 5 mw. b x 107 4,0 x 10
30 selected f.p. 5 . 3.5 x 10 3.2 x 103
" 10 mw. 7.1 x 10 6.5 x 1013;
Total f.p. 10 mv. 9.0 x 10° 8.2 x 10
Iodines, total 5 mw. ‘ L2
Todines, total 10 mw. 85

GROUND CONCENTRATIONS
The contours of the maps (Fig. 21 and 22) represent the ground
concentrations resulting from the diffusion of the cloud originatiné at
the reactor site. ‘T'he velues on the curves indicate powers of 10 and when
multiplied by the appropriate source strength as shown in the upper left
hand corner of each map gives the concentrations in curies/meter3. The
curves are plotted in the direction of thé nearest population center, |
vhich 18 not necessarily the direction of the most frequent wind. A wind
rose showing the ennual frequency of wind directiona is displayed in the

lower left hand corner of each mep for the purpose of indicating the
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frequency with which the clouds will travel in certain direction. It should
be pointed out that the wind roses show the directions from which the wind
is blowing, so time 6pposite direction is the direction toward which the cloud
will travel. ;

For the cold cloud, two cases should be considered. In the first
case, the volatile fission products released into the air of the building are
contained by the building. The ventilating fans are shut off by the air
monitors and the building evacuated. The activity then leaks out into the
free #tmosphere at a rate of 16% per day. Figures 21 end 22 show the result-
ing concentrations during typical day and night conditionms.

In the second case » the volatile fiseion products are mixed with the
building air and released to the atmosphere in a period of 15 minutes by
the ventilating fans. The emission rate is increased by a factor of about
1000 but the exposure time is decreased by a similar amount » 80 the resulting
distances out to which the MPC is exceeded remain the same in either case. ‘ The
concentration contours are very similar to those ofA Figures 21 and 22, but
the duratiéni at any one spot is limited to 15-70 minutes out to 80 miles.
Figure 23 shows the time required to inhale a 25 R dose as well‘as‘ the_ time of
passage of the cloud. The times were camputed by dividing the MPD :ﬁf’!ﬁyw
by the product of the breathing ra;te in “_3. and the concentration in curievs/m3.
The scales on the 'gra.ph fit the 15 Eninut:igue, but as ;nentioned in the
previous paragraph the distances remain unchanged in either case. 'Theae
distances, as can be seen from Figure 23 are, at night 38 mi. for 10mw.snd
25 mi. for Smw. During the day, the distances are '_(.’-l- ni. for 10mw.and 4.7 mi.

for 5 mw.
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Table II shows the -total integrated dose in curie sec/m3 if the cloud
were released as a single puff at 25 meters elevation and having initially

the volume of the building. The maximum permissible dose of .94 curies

X _Gondl Jurimg tha 304

eec/m3 ise exceeded;}na,gz at night for distances under Bé mileg) for 10 mw of
pover. The probable consequences of the release of the volatile fisslon
products in a cold cloud in some fashion lie within the brackets of the
total integrated dose for the instantaneous puff and the slow leak of the
building air for a few days.

Reference to Figure 24 shows that for the hot cloud case, the time
of pessage of the cloud 1s everywhere less than the time required to inhale
the maximum permissible dose. There 1s thus no internal dose hazard in
this case, Table II shows the external dose resulting from the passage of
the hot cloud overhead. The calculations follow the work of Hurwitz (28).
A plot of the results is shown in Figure 25, which shows that the exposure
18 above 25 R out to 5.5 miles at ﬂight and 0.65 miles during daytime
conditions. Figure 25 also shows the results of calculations based on the

method given in reference 31. The exposure is above 25 R out to 8 miles

at night and 2.3 miles during the day.;iTheee—dtstancas—a:1rcumpattbie~wyﬂb

béme. All distances mentioned are for a power level of 10 mw. For the

5 mw operations, the intensity will be less by a factor of 2.
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(1) During passage of the hot cloud

Distance
+61 miles
2.2

4.1

p)

10

13

20

50

80

150

300
Max
MPE

Internal Doses in Curie -sec/m3 and External Doses in Reps

5 mw

91

'%TABLE II

Average Night

10 ow

2
8.8 x10°8 1.8x10°7
b7 x1073  9.hx10-3
1.1 x1077 2,2x103
9.6 x10°%  1.9x1073
1.2 x10”3  2.4x10"3
<Ol .9k

5 mw 1
6.14x10

1.hox1cl
6.50x10,
5.0. %1 o
1.94x10,
1.34x10_,
7.25%107]
1.72x10"
7.45x10_2
2.50x10
6.80x10"

25

(2) During passage of the cold cloud

5 nw
Tx10-1
x10~2
%1072
x10-2
x10-2
x10-3
x10-3
x10 :E
x10
4
x10
x10-1

e
(o)

[ ] [ ] 3 [ ] [ )
FONFREF OV &F-3-~3

\nl—'ml-'nb(yml—'m\oi—'

TID in curie-sec/m

10 .mw

2.hx10'i
1.9x10°"
5.kx10-1
2.kx10-2
1.8x10°2
6.0x10-2
b.2x10°3
2.2x10:,§
k.Bx107)
20uxlo

1.0x1071
Ok

Averege Day

(3) Duriné passage of the hot_cloud
Internal dose in curies-sec/m
from iphalation-of 30 isotopes

y/&&‘wﬂ/@‘

\
I

External dose in reps due to 50%
total activity (corrected for decay)

. 10 mw,
1.28x10.
2.80x10t
1.31x10%
1.0 xict
3.85x100
2.68x1c0
1.43x10°
3.45x107}
1.49x10

b,97x1073
1.36x10

External Dose in reps due to total

activity (corrected for decay)




Distance . 5 mw 10 mw 5 mw 10 mw
.61 miles h.sxlogl . 9,0x10
2.2 ) 7.0x1077 l.hxo
b1 8.4x10723  1.7x10712  2.8x07)  5.6x077
5 k30107 B.6x0%  2,0x1073  h.oxi07t
10 2.8x10-3  5.6x10"3 0x1075  l.2x107
13 1.3x1072  2.6x10-2  k,1acT, 8,16
20 b, 5x10'§ 9.0x10 1.9x10" 3,7x10%2
50 3.9x10°2 7.8:10‘"3 3.01x1073  6.01x1073
80 2,1x10 4,1x10" 1.26x10"3  2,31x10-3
Max 4,5x10"2  9,0x10" |

MPE 9 .9k 25 \ 25

4(1&) During passage of the cold cloud

Internal dose in curies sec/m3 from inhalation vol. f.p.

Distance S mw 10 mw
,10 miles 1.kx10-2 2.8x10'§
.61 2,1x10°°  4,2x10"
2.2 3.0x20"3  6,0x1073
b1 1.mo:3 2.2::10_2
5 7.7x107)  1.5x10
10 2.2x10"} lh‘)’xlojt
13 1.5x10 3.0x107
20 7.1x10°7  1.kx10
50 1.hxm"g 2.8x10"2
80 6.1x10" 1.2x1072
Max 2,0x10%2  4,0x10-2
MPE .94 -9k

s

'PARTICLE FALLOUT
In the event of a reactorv catastrophe, there is reason to believe that
particulate material may be formed in the chain of events leading to the
reactor shu'édown and escape of the active material into the sir., This
particulate matter will behave as a gas if the particle sizes are below O.1
micron. Fo:; initial heights of seversl hmﬁ#red feet or more, particles up
to 10 micfa;:s in diemeter will not settle repidly enough to influence greatly

the calculated concentration of a single puff of diffusing material which
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containg a wide variety of particle sizes.

The significarnce of the particle fa%lout is the almost certain elimina-
tion of the skip distance between the source and the poinf at which the first
gas diffuses to the ground from the elevated puff of the initial cloud. Fol-
lowing Drinker and Hatch (29) the rates of fall have been calculated for
various pdrticlea which might be produced in a catastrophe. The particles

have been assumed to have a density of 3. The results are presented in Table

III.
¥ TABLE III

Distances at which particles will reach the ground (miles)
Particle diemeter (microns 1000 100 10 1
Hot cloud, day 1.1 1.7 100 1
Hot cloud, night 0.2 2.5 100
Cold cloud, day .02 0.1 12 100
‘Cold cloud, night .02 0.2 17 100

It is evident that considerable contamination can occur as a result of
particulate material out to as much as 20 miles if a large portion of the
activity was present in the form of droplets or solid particles in the ranges
shown above. No estimate is made here of the hazard since it is not possible
at this time to assign any value to the size or activity distribu%ion which
would have a foundetion in experience. Another case will be treated which
will glve some measure of the magnitude of this type of contamination if all
the activity were deposited on the ground.

RAINOUT

If an accident occurs during a period 1n‘whieh some form of precipita-

tion dominates the weather of the area, the cloud containing the activity will

be subjected to scrubbing by the falling raindrops. Large scale downdrafts

yh«vnu/é::
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vhich occur with thunderstorms would also tend to bring the cloud to the
ground. In any case an integration of Button’s egquation for an instantaneocus
puff would give the dietribution of activity on the ground after any given
time period with allowance for thé spreading of the puff by e d:l.ffua:.lon.
This has been carried out by Holland (30) to give the formula foW
deposition of the material in a single puff:

D: Q
T2 e Cy x 2-(n/2}

where D is the deposition in curies/meter?
Q 1s the total activity in the cloud

C is the appropriate virtual diffusion coefficient (Table I)
x 18 the distance from source of accident

n is a stability parameter (Table I)

e is 2,71828

The deposition of activity, assuming the puff contains all of the
contained activity for the hot cloud or all of the volat11§ activity for thé\
cold cloud is shown in Table IV.

TABLE IV

Contamination Intensity in curies/m2 for "rainout". (Multiply by 10 to get

r/or.)

Distance in miles Hot Cloud Cold Cloud
. Day Night Day Night
’ 5 mw 10mw 5mv 10mw Sow 0 mv 5w 10 mw
.61 29 58 8k 168 8 16 2k 48
2.3 3 6 8 16 T 1.4 1 2
L, .8 1.6 3 6 2 A .3 .6
5.0 .5 1.0 2 L o1 2 .2 ol
10 o1 02 °5 1 Ol 08 .06 .12
13 009 nlB 03 56 002 oOh .Oh 008

20 Ok .08 ol 2 -0l .02 .02 04

Y A srudle




The case where a shower or thunderstorm occurs as the hot cloud passes
overhead at night is certainly the most hazardous from the standpoint of ex-
ternal radiation. Out to about 10 miles from the source the dose rate would
be above 10r/hr., with a total dose of more than 50 r. One may conclude that
in event of rainout of the cloud with total deposition; the radius of hazard
to the population would extend to about 8 miles.

These estimates are only order of magnitude calculations which could
be influenced by the type of accident and by the characteristics of the rain-
drops which are falling through the cloua.

SUMMARY

Calculations of ground concentrations and exposures resulting from
hypothetical accidental failures of the ORR are presented. Under the case
vhere some or all of the fuel plates melt; releasing the volatile fission
products, the maximum permissible internmal exposure is exceeded for the cold
cloud out to about 38 miles. In the event of rainout at the time of the hot
cloud type of accident the radius of hazard in which the populace would be

exposed to a total dose of more than 50 r is 16 miles. .

For the bot cloud the 25 r external gamma dose is exceeded out to

b
about les.
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