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1.0 INTRODUCTION AND SUMMARY - | ‘

1.1 Descrlptlon of the Facility
| The Research Reactor Facility of the UnlverSLty of
Missouri is the first of several large scale pro-
jects which have been undertaken by the State of
Missouri to establish pre-eminence in research
capablllty at the University.

1.1.1 Location
The Research Reactor Facility, a totally new con-
struction, is.located on a 7.5 acre lot within a
University developed Research Park. The 85 acre
Research Park is about one mile southwest of the
main campus.

1.1.2 Laboratory Facility

- The laboratory.associated with the reactor facility ‘

is a one level building of poured concrete, block
and brick construction which completely surrounds
and is an integral part of the reactor building.
The labofatory contains shops, conference rooms,
library, offices, spaces for individual research

projects,rag@ﬁéﬁ?@%é;pé;ﬁ'and the mechanical

"equipment for the entire facility.

N
X
~

/7%/-

1.1.3 Reactor ‘
The reactor is housed in a five level poured concrete
containment building which extends one level below
grade. The reactor containment building has a gross
volume of approximately 280,000 cubic feet. Within
the containment building are: the reactor and its

biological shield, Zl%r%r)zﬁ@??@ey{or p{er@t/ons/{ lf\rzg
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: .

"The primary coolant system is pressurized tc approximately 75 psiagﬁ

pressurizer pressure.'’ , ‘

- the control room, office spaces, auxiliary mechanical
equipment, a 15 ton capacity rectilinear crane, and

a passenger elevator that services all[four]ilevels.
Access to containment is available thrdugh a person-.
nel air lock at grade level and a freight door at the
below grade level. |

- The reactor cooling and pressurization equipment and
the coolant water treatment equipment is housed in
shielded below grade spaces external to the contain-
ment building. '

The below grade area also inclﬁdesL?jZ@}éé%é%ﬁﬁ%{

{35§?ﬁ§£§iéﬁzﬁéliﬁ a 15 ton capacity hydraulic'freight

elevator, and the blower unit for a pneumatic tube

reactor irradiation system. All of these facilities

- or components are outside containment.

The nuclear reactbr is fueléd with uranium enriched
to greater than . per cent in the isotope U-235.
It is water cooled and moderated and is reflected
with beryllium metal‘and‘graphitetj/%hg/%ug;,regloﬁQ

The reactor core consists 6f 8 fuel elements each
occupying a 459 segment of a cyclindrical annulus
which is nominally 12 inches 0.D. and 9 inches I.D.
Each element contains 24 concentric fuel plates of
equal weight per cent loading. The fuel region is
24 inches long and each element has a total length
"of 32.5 inches. The volume in the center of the

reactor fuel annulus is unpressurized |a cop€isps
|0t tup Fegions, Thedageitss fegion is 1~;y/{;z£
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‘The reactor is controlled by varying neutron re-
flection. A cylindrical shroud of neutron absorbing
material is inserted between the fuel region and

the beryllium reflector. This shroud is in five

~ independently movable sections which, with the
associated actuators, are totally outside the re-
‘actor pressure vessel. Four sections of boral
constitute the shim rods, the fifth is the regulating
rod made of stainless steel.

The center of the reactor core is located 5 feet 3

inches above the bottom of a 10 foot diameter, 30

foot deep pool. The pool is lined with aluminum.

‘A heavy aggregate concrete biological shield : .
surrounds the pool.

The reactor services the following experimental
facilities: '

(1) Center test hole, or "flux trap."

(2) 3 -6 inch I.D. beam tubes.

'(3)_ 3 - 4 inch I.D. beam tubes.

(4) Pnet}matic tube irradiation positions.” Lprﬁo §/i/ t iop{ l I%
(5) d%ﬂreflector region irradiation positiéhé. l
(6) A .4x4 foot thermal column.

1-3 | | ‘



1.2

1.2

.1

.Contractors

The deéign,'construction, construction supervision
and testing of the University of Missouri Research
Reactor Facility has required major contributions

from six contractors; two for design and construction

supervision and four for construction and testing.

Reactor Design .

The reactor preliminary design study, final design
and specifications were accomplished by the Inter-
nuclear Company of St. Louis, Missouri. Internuclear
provided the preliminary design study which was the
basis for the AEC Construction Permit. Subsequently,
Internuclear completed all plans and specifications
for the reacﬁor core configuration, fuel, pressure
vessel, control elements, in-pool equipment and
piping, cooling equipment, water treatment equipment,
instrumentation and controls, experimental facilities,
and the shield design.

During reactor final design and construction Inter-
nuclear has reviewed all reactor shop drawings to
assure compliance with specifications. Internuclear

also has conducted in-plant or site inspection of

" fabricated items.

1-4
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1.2.2

1.2.3

1.2.

4

o ¥
Facility Design |
Design of the labdratory and réactor building has
been accomplished by C. L. T. Gabler & Associates,
Detroit, Michigan. This architeétural firm furnished
complete plans and specifications for the total
facility including all structural, heating,
cooling and electrical. The reactor containment
building and the reactor biological shield structural
design were furnished by this contractor.

C. L. T. Gabler & Associates is the University's
representative for overall construction supervision
and acts as arbitrator in matters of dispute.

Reactor System

Final engineering design, fabrication and installa-
tion of the reactor system is being accomplished by
the General Electric Company, Atomic Power Equipment
Department, San Jose, California.

General Construction

Building construction and installation of equipment
is being accomplished by the B. D. Simon Construction
Company, Columbia, Missouri. The mechanical work

is being accomplished by the Natkin Company, Kansas

- City, Missouri who are subcontractors to the B. D.

Simon Company.  The electrical work is being
accomplished by C. J. Hervey Company, St. Louis,
Missouri who are also subcontractors to the B. D.

Simon Company.
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Reactor System Installation

Completing the contractual arrangements, the B. D.

. Simon Company is a subcontractor to General Electric

for installation of the reactor system.

Operation '

The University of Missouri Research Reactor Facility
will be staffed and operated by the University.
Initial startup of the reactor will be accomplished
by the University with the assistance and supervision
of the reactor system supplier, General Electric.

Characteristics of the Reactor

In the following three pages a summary table of the
pertinent characteristics of the University of
Missouri Research Reactor is presented. This

table (Table 1.1) presents the most pertinent
characteristics of the reactor.
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. Fuel loading for 10 MW operatioh
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Kg U-235

~
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TABLE 1.1
- 'SUMMARY OF PERTINENT REACTOR DATA
POWER
Initial power capability, MW 50 -,
power with modifica- ég
tion, MW - 10
Average power density at 5 MW, '
KW/liter | 151
Average power density at 10 '
MW, KW/liter ' ’ 303
AVERAGED THERMAL NEUTRON FLUX
In flux trap at 5 MW | 3.1 x 10%%
In flux trap at 10 MW 6.2 x 1014
In core at 5 MW : 2.3 x 1013
In core at 10 MW 4.6 x 1013
REACTOR CORE
- Geometry - Annular
Inner fuel radius, inches 2.66
Outer fuel radius,‘inches 5.90
Active fuel height, inches 24.0
éctive Volume of Core, liters 33.0
Fuel loading for 5 MW opera-
tion, Kg U-235 5.2
Cladding of elements Aluminum
Number of elements Eight
Fuel platés per element 24
Gap thickness, inches ©0.080
Fuel plate thickness, inches 0.050
Meat thickness, inches 0.020
Clad thickness, inches 0.015

[97Y-
/57



CORE COOLANT

Total flow rate @ 5 MW opera-
tion, gpm

Coblant pressure, psia

Inlet temperature, OF

Outlet temperature, OF

Demineralizer flow, gpm

POOL COOLANT

Flow rate.@ 5 MW operation, gpm
Mixed pool temperature, OF

Pool inlet temperature, ©F

Pool outlet temperature, OF
Demineralizer flow, gpm.

ASSORTED CHARACTERISTICS -

T:';":‘e”‘f’v‘*“/C.'Raeact:’Lvit-y requirements
(Ak/k) @ 5 MW
) Rod worth (Ak)
Core lifetime, MW days
U-235 Consumed, Kgﬁ_

ewdwre

EXPERIMENTAL FACILITIES

1 EiE%@%ﬁ%éﬂ flux trap hole

3 6.0 inch I.D. beamports
3 4.0 inch I.D. beamports

"up tQ ¢t9V;k 1.5 inch pneumatic tubes

'Refleétor irradiation!p°5“”°”§

l Graphite thermal column

1800
140
157

50

/574

V40650 7604
100
99
105
50

7573~

/565
/§7¢

bt
o))
wn
%

/m

1875 s6n

st
N
~

/974~

98t~
/7982

/9%82

[~

1 Fission Product Gamma Irradlatlon Fac111ty

1-8

/95 -
/972
(47 -
/978

/573 -
/97¢
/572~

/523
/5¢4-
/570



REFLECTOR

Inner reflector
Inner reflector

thickness, inches
Outer reflector »
Outer reflector

thickness, inches
Height, inches
Coolant

CONTROL RODS

Location
Type
Material
Clad .
Overall thickness, inches
Number
Shim
Regulating

FLUX TRAP

Inner diameter, inches
Coolant '

WATER ISLAND

'Thickness, inches
Coolant

1-9
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~ Beryllium

2.71
Graphite

8.89
36

Pool water

Outside vessel
Curved plate
Boral
Alumiﬁum

0.250

14 -7 1 \g
%506/ e
Pool water '
/ L] /(l LM
15" A

Pool water
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1.4.1

1.

1.

4.2

4.3

Comments Pertaining to the Construction
Permit (CPRR-68)

Introduction _

This section is an effort to provide a .readily
accessible enumeration of design changes which have
occurred since issuance of the Construction Permit.
These design éhanges have been made either to in--

~crease safety, reduce costs, or to comply with

Commission recommendations.

The major headings which follow make reference to a
specific heading in the Construction Permit document.
The figures in parenthesis preceding each paragraph

are the page number and paragraph of the Construction

Permit. For example (2,2) is a reference to the
second page, second paragraph of the Construction

Permit document.

Site
No changes or alterations have occurred.

Reactor _
(2,4) 1In the Construction Permit it states that
the core and island are cooled by an external
pressurized water loop. In its_finél form only the

core is cooled by the pressurized water loop.

(2,4) 1In the Construction Permit reference is made
to an invert loop in the pool wall. In final form
the invert loop is located in the pool proper; not
in the shield wall. Further; in the same paragraph

1-10
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it is said that a vacuum breaker valve connects \ .

“tn the top of this loop to provide a siphon break.
In $4nal Farm %‘nn-w('ln" /1nnb4|na1ﬂ/v nnn’(rn'l‘l»éi

"In final form two parallel electncally controlled ‘air operated valves have .’
i replaced the vacuum breaker valve.” i

pr/ake;//alvq/// // //’ ‘,// J//A z// //f

7559

(2,5) 1In the same place it is said that a spring-
loaded check valve controls flow from the core to
the fin-tube heat exchanger in the pool. In final
form this spring-loaded check valve has been re--
placed'with an electrically-controlled, nitrogen-

operated, valve.

(2,6) In the same document it is said that cooling

of the reflector, control rods and test hole is

accomplished by drawing pool water through these

regions. This sentence should read; cooling of the
reflector, control rods, test hole and flux trap

island is accomplished by drawing pool water through .

these regions.

(2,7) 1In the same place it is said that '"the total
worth of the rods is calculated as 19.27% delta k/k,
which provides a cold clean shutdown margin of 8.5%
delta k/k. The control rods are driven by units
locatéd on a tréveling bridge structure above the
pool water. These two sentences would read, as the

_dev1ce is built, as follows: F$he\t\FéT\¥o£EQ\of\§E\\

The total clean core worth of theb blades is measured as 14.8% 4 k/k which provides a cold K
clean shutdown margm of 8. 9% Ak/k.

L hY -2 kY

/965 /576

AN N 'Y
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The excess reactivity has been decreased from 10.7% Ak/k to the latest measured value of 5.6% A
k/k. '

1.4.4

1.4.5

/%4 -
/976

%
The control rods are driven by units located on a
fixed bridge structure above the pool water.

(3,2) In the same document there are mentioned

a number of signals which initiate scram. Those
enumerated, plus a number of others, initiate scram.
This is dealt with in detail in Section 9.0 and
Figure 9.4 of this report.

(3,3) The Construction Permit states that seven
nuclear instrumentation channels are provided. |

In final form a total of six nuclear instrumentation
channels are provided. One of the original two
start-up channels has been eliminated.

(3,4) The Construction Permit makes reference to
a requirement for a lesser reactivity excess in the

5 MW co;e.l/?ﬁé 9xé;sg/féac§i§i§y/ﬁés ggé% dgéféagpd’lf

/764-/”0

Experimental Facilities

(3,6) The original design as well as the final
installation includes six (6) beamports. However,
in place of the four 6 inch diameter and two 4 inch
diameter ports originally specified, the final in-
stallation is of three 6 inch diameter and three 4

inch diameter beamports.

Building

(4,4) It is stated that "Cooling system water lines,
heating steam lines, gas, air; and water are brought
in through two 4.6 foot deep water legs which will
function as seals." In actual form the reactor

cooling system water lines enter from beneath the

1-12
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pool. These lines are sealed with a packing gland
‘and are also welded to the aluminum pool liner. ‘
The heating steam lines, gas, air and water are

brought through one 4.6 foot deep water leg which

functions as a building seal. '

(4,5) 1t is stated that both doors (for pedestrian
entry) close against inflatable gaskets and may be ‘
latched shut with locking dogs. In fact the design
is such that no locking dogs are required. When
the gaskets inflate the door is forced against stops
which effectively lock it in the closed position.

(5,2) This paragraph of the Construction Permit
discusses containment integrity. The applicant will
provide leak-rate data as a supplement to this Final
Hazard Report. This will include a description of

testing procedures.

1.4.6 Waste Handling
No changes or alterations have occurred which per-

tain to this section.

1.4.7 Accident Analysis
(6,1) This paragraph of the Construction Permit
makes reference to the existence of a positive
reactivity change which occurs with a reduction of
water density in the island. The original design
concept was to include the island in the core coolant
flow stream so that any positive void effect would
be offset by a corresponding negative void effect
in the core. Subsequent design studies have deter-
mined that a safer design puts the island flow in

1-13 B ’



1.4.8

1.4.9

parallel with the reflector, test hole and rod-gap
flow (i.e. the pool coolant loop). The positive
island temperature coefficient is larger in magni-
tude than the corresponding negative coefficient
for the core. With the island removed from the
pressurized core loop a power rise raises the
temperature of the core loop but does not produce
a similar increase in the pool loop temperature.
With this design change the pool loop return tem-
perature will still rise with the power rise, but
it will do so with a very long time constant. The
reason, of course, is becéuse the volume of water
in the pool loop is more than ten times that in
the core loop.

Operating Plans
There have been no changes which are pertinent to

this section.

Technical Qualifications
No change or alteration has been made.

1-14



2.0 SITE

A detailed descriptidn of the site and adjacent areas
was presented to the AEC in the Preliminary Hazard
Report dated March, 1961 and including Amendment No.
1 dated July 28th, 1961 (Docket No. 50-186). That
information is not repeated here since the original
data provided is pertinent and applicable to the site
at Columbia, Missouri.

Figure 2.1 and 2.2 are air photographs of the site
taken in May, 1965. Figure 2.1 was taken from an
altitude such that the area immediately surrounding
the site (i.e. about 2000 ft. radius) is displayed.
Areas or facilities visible include the University
Golf Course to the west, the baseball diamond to the
north, Hinkson Creek to the south and State Route K
to the east.

Figure 2.2 is an air photo taken from a much lower

altitude and looking north. Figure 2.3 is a sketch
of the site. '
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- 3.0 CONTAINMENT SYSTEM

Introduction

‘The reactor building is approximately a 60 foot

cube with exterior walls of poured concrete. The

~exterior walls of this cubic structure are of 12

inch thickness. Each horizontal and vertical seam
in the pouring is sealédeith a rubber water stop.
The exterior of the poured concrete walls is finished
with removable aluminum sheet siding 16 feet long
and 4 foot wide. This sheet siding is attached to
angle standoffs on the exterior wall. Centered on
each of the exterior walls are two pilaster support
columns closed at the back to form a tower. Within
each of these towers there is located mechanical
equipment for the operation of the reactor facility.
The pilaster support columms, comprising the side
walls of the towers, are built into the structure

to achieve the requisite structural strength.

Below grade, and to the north, there is extended

a room of 15 feet height by 37 feet in depth and

40 feet in width which is within the containment
structure (Figure 3.1). The walls and ceiling of

‘this room are also of poured concrete with the

pour joints sealed with the rubber stop.
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3.

2
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"in the adjacent room,

/773 -
/377
% /%61
| /568
Penetrations and Closure
Penetrations through the concrete structure are
~limited to sealed electrical inlets, pedestrian
and truck entry doors, inlet and exhaust air ducts,
and a water seal containing various piped utilities.

Utility Entry Water Seal _
The water, steam, gas and air pipes are brought in
through a 4.6 foot deep water-filled trap. This
water trap forms a seal between the containment
building and the adjacent laboratory structure.

This water trap functions as a seal to a 2.0 psi
‘overpressure within the building. In the event of
overpressure excéeding 2.0 psi the water is elevated
out of the water seal partially flooding the floor

Co
, S
/Bhé watef segl to re A
rel of the .sverpressure N
The water in this trap then serves as a. pressure
release valve in either directiom. k may also
serve the purpose of acting as an absorbent of any
radioactive particulate or offgas in the event of
a major accident.
; - : o
. f"[‘l'_w{ water revel”in the tx¥ap ig au&ﬁmat%alw N
'The water level in the trap is maintained by manual addition as required| |
CV)
~ to retain the required level." Qi

CL?{OU.LL. WG.LE{I)‘ QUUJ{L.LULL? ao ft:\.j_utgcu. w llla.l.ll\_a.l_kl
(zgnstant lgwel There is also an annunciator

signal to the control room in the event of low

water level in the trap.
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3/8" copper drain to sewer for
Beamport B

10

/97¢

> /98/ -
E:J) /982
2o %
oo o
O, &= .
ae? . . L .
S The services which enter (or leave) the containment .
= — Q
2 o building through the water trap are the following:
v a w
J == o T W0 .
a3 . i . . '
§ oS 1. 6 inch fire protection water line (dry).
o= o : Pmgn] . . . . -y
= ® 3 2.i1§‘anh emerggncy-pool fill line. lgE
EYS T 3. 11/2 inch gas line.
— '& g-ﬂ ‘g e e o
T Ccec€ 4., 2 inch compressed air line.
ZEE®OSOm ‘
3:{:5 o gz 5. 2 inch domestic cold water line.
[S] . = ~ )
800 T 8o 6. 2 inch domestic hot water line.
- . . . .
. 58 7. 3/4 inch domestic hot water return line.
~= = = H
T7ZIR.=3 8. 3 inch pumped hot sewage line.
—N MM Y oM ‘
9. 1/2 inch demineralized water line.
s JNCR > AQO 7O st '
3.2.2 Electrical Entry

All electrical connections from components external
to the reactor containment building and to the con-
trol room of the reactor, as well as the electrical

power supply,

1R}
.

as%/fﬂro h a ftee p}Aﬁe/é% 5&2

. pass thfough two penetration plates located in the containment

structure wall.«’| Each electrical line is brought through a

sealed connector to minimize air leakage from the

containment structure. There are no through-the-
containment-wall electrical conduits.

3.2.3 Pedestrian Entry

' The pedestrian entry at second level of . the reactor

building (Figure 3.2) consists of a set of electric

power driven doors and an intervening vestibule.

The vestibule is a portion of the containment system.

VA P 2 o=y g —_x ¥ 4 7 P 4 P 4

= - - -
"Each of the two doors is electrically driven closed and when in the closed position
contacts in a cam actuated miciroswitch activate an air valve to inflate a gasket
which seals against the door."

licn €a1s saingt the doo

1776

B S ——

ST e e

]

A=t detallV 4
Each. door is driven
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open or closed by means of an electric motox
operating through a gear reducer box. 4 chain

Aead

drive cennectad from the door over a sprockat

on the geaxr roecucer box actually mcves the lcor.

ne gear reducer box is equipped with a mawuzlly

[
r

operated throw-out clutch so the drive motor mav

s -

be disengaged and the door operatec bty hand (at
Z2Y0

ero cifferential pressure) The docrs are «f
steel. Tuey are suspended by adjustable tyrolleys
from an overhead rail. They are designed t~

withstand a 2 psi overpressure.

1he zontrsl system for the pedestrianm entrv is
dasizned and interlocked to assure that one

doow is always sealed.

ment Entiy Door
penetration through the containment
vescel consists of a heavy equipment’entry dcox
locazed below grade (Figure 3. 1) and sexrvic:
b the 15 ton equipment elevqtor in the laborat
scructure. This heavy equipment eutr3 is clcse
Ev a steel door which rides in a track wh
guidzs the door up against an inflatable

(.
The 7cor is electrically dri-en into the clocsed

@)
s}

pnsition. When in the closed positio
the gasket is inflated and maintained under a

pressure to insure a continucus seal around
the docr. This door is maintained in a closed

position &t all times during the reactor operation.
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3.2.5 Supply and Exhaust Air Doors . : _ ‘
On the fifth level of the reactor bulldlng (Figure '

3.3) there are two doors, one for the incoming
heated or conditioned air and the other for exit
air. Each of these openings is,approximately 4x4
feet. Each opening is closed by an electrically
driven steel door riding in a track and against
which an inflated gasket seals when the door is-
in the closed position. These doors are open
except upon a closure signal from either the
radiation detection monitoring system or from

the operator's console.

3.2.6 Pneumatic Tube System

"The pneumatic tube system components entermg the reactor contamment 1n/g’ t ‘{Z
consist of eight lines, ... ." o _ . o
' , four ~

P .,__-..-'_____,z_ R

[ < = e g —

1 1/2 inch sample carrier tubes¥our 1 1/2 inch

air-vacuum driver llnes"’ op/ﬁ§K§@§ﬁzeyﬁau L8
[1ine frofi pipceysmén Blowér | The eight 1 1/2 inch |& ‘

lines, making up the sample carrier system, come

through a steel plate located in the containment
wall. The pneumatic tube carrier system is a
closed system extending from the laboratory in the
adjacent structure through the containment shell
and then through the reactor shield down and
adjacent to the core. There is no leakage path
into the pneumatic tubes once they have penetrated
through the containment shell so the system is
~really an extension of the laboratory into the
containment. The tubes will withstand a 2 psi

overpressure with zero leakage.

3~5



~ external to containment, to the MURR off-gas stack." | Y]

- 16 inch off-gas duct located at the fifth level of the reactor building
- and passing through the coptainment wall." | |

"In addition to the eight pneumatic tubes running through this steel plate there are a
number of pipes welded to the plate to permit pressurization of the building . .

/pes eld thesplage ty’ pepmit jompz;essyon/l
P{”y/}?’ to 2 psi overpressure and to

permit the attachment of the necessary instruments

R AT ATIY SR S XNy ST VY S GO A A, 1

needed to measure internal pressure and leakage
of contained air.

The 4 Anclexbdust 1line/rung” frem the p uma;/tlc ‘/‘
[sys¥em ow. 1t coyrtaln}a/nt /

"The four inch exhaust line rums fron the pneumatlc system blower, located

3.2.7 Hot Exhaust Lines

Toére Are ton sénciriiiots of thd coaisdons’ ]

"To exhaust potentially contaminated gases from the building, there is a

/6731579

ng ss 1ug t ougb/the/con%lnrgént al B
Tl}i/ “This 16 inch pipe has a 12 inch long co]lar 1la )_/

SR N

surroundlng it which is cast into the containment
building wall. Adjacent to the wall, and within
the containment building, there is located a 16

/995

inch valve of the quick-closing positive-closure
type provided by Henry Pratt Company. The valve

: Vo
. w3 g% . . ~ T~
has a closure time of, ,seconds. This vglve islg ¥
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equipped with its own air compressor-accumulator
device and an electric motor so that in the event
of power failure the accumulator contains the

necessary compressed air for closing the valve
' B v A AR AN A L S A U S "
""This valve is backed up by an 1dent1ca1 valve on the fifth level of the B

containment building. This valve is equipped with an air-to-open spring-
close actuator. Both valves are actuated by the building isolation system.

[673-/57¢

3.2.8 Compressed Air and Inflated Gaskets

All inflatable gaskets are dependent upon a con-
tinuous supply of compressed air for their operation.
There are two air compressors installed in the
facility. One is positioned in the mechianical
equipment space adjacent to the reactor building

and operates on a continuous basis for providing
compressed air to the laboratories as well as to

__ the reactor. Iy?/wn.//’(e %ca}nfen/fml}d/g/

Located WJthm the contamment building on the fifth level in the mechanical eqmpment L

/968 Rrev Smap a&s‘mx
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"This emergency air compressor normally "rides" on the main air supply line until

there is a drop of pressure in the main air line to less than 70 psi. At that time the

small emergency air compressor comes on and a check valve closes off all of the

compressed air system external to the containment building, except for backup

door supply.”

i‘Du;.y&ng /L Ilt‘}};oulpj.?b'cu‘ 71. DUVLCU y \T}Bs -

emergency air compressor, under these circumstances, carries the air requirements within the
containment building. The compressed air supplied by one or the other of these two separate
systems is maintained in accumulator tanks located on the compressor and goes from these
tanks by means of a piping system to a pressure reducing and regulation system to provide the
motive force for the inflated gaskets. :

‘to aspressdre zﬁﬁﬁci?§/énd rggﬁlati9ﬁfsysggﬁ to
L9z6§E§9/€iz g fzi/ﬁorci/;gf/the iﬁflatgd’gas
- _ ////}) s/ ///// o |

"This system is equipped with check valves and automatic starters such that if there
is a failure or loss of compressed air from the main unit, the emergency air system
will come on and carry the inflatable gaskets and any other air controlled dgwces

associated. with reactor isolation.” .. f;ﬁl{ the/éa.in_/(r,;it/ /

. Vv I Tr T Y S e
The emergency air compressor is al
of electrical power failure.”

';921atab
evice

air compre

sor is~also é;d'the,x"‘stan

ev;n/ ’

ectrigdl genetatorin t

z

| powep” failupe.

y

S0 _cbnnected to the emergency diesel generator in'the event . /

le gasket's and dny ogHer aif copfrol
assoc¥ated with t ¥ . /The gtandby - //’

/ ,,-"[" Ve
of flecgrical.”
/ « ;
/ . yd /,r //
3.3 Operational Characteristics

In normal operation of the reactor the pedestrian
entry will be closed by one or the other of the
doors enclosing the reactor vestibule; the equipment
entry door will be closed; the supply and exhaust
air doors will be open; the two offgas exhaust

line valves will be open. The containment structure
will be under a slight negative pressure with

respect to the surrounding laboratory building.

A

¥ Secnee 228 45 peen gy S8

/IR pamo rew  REVESEQ
ABY [9%¢ REv ‘

‘ : Vthe’sma stamdby c ﬁxfp'res r cofies on’and &~ T
-~ |pfleck Aaly cloggﬁ/iff 11/p{/ihe omp;gégid - ///.
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"The containment system integrity is compromised only when the reactor is r(ls
secured and only then...." i l T the

| z — A L. L va

extent that the heavy equipment door may be opened
in the event that it is necessary to transfer
materials from within to without or from without to
within the containment structure. At all other
times the containment system will ndt be violated.

/998

"This heavy equipment door to the outside will 'onily-be opened when the reactor is
secured.”

/7 %€

|

It is irtended that the containment system be
completely closed in the event of detection of high
radiation levels within the monitoring detection
network.~rSpecificakivf,d'higﬁiradiﬁtion/Tévelq

“Specifically, a high radiation level detected in the off-gas line to the sf.acks or high
radiation at the reactor bridge will initiate a signal that will provide building

closure.”
Losyre.] The reactor operator may also provide
a signal for building closure by pressing the
~building isolation alarm located on the reactor

//?521.

control console.

3.4 Pressure Containment
The reactor containment building has been designed
to hold a peak internal overpressure of two pounds
per square inch. The building has been designed

to provide a leakage rate not to exceedl0% of the

/7¢7-
Ve 74

contained mass of air when the building is pressur-

ized to two pounds per square inch.
Prior to the initial loading of fuel into the

reactor the leakage rate of the containment building
will be measured to establish a leakage base line

3-9
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reference. The results of the leak rate measurements
will be forwarded prior to start-up. Building
leakage will be rechecked .on appfoximately an annual
basis thereafter to assure maintenance of building
integrity. |

W iji/;,jél ?k’ rit?/e/t/e,st o megst Gremept
Frorlnd o i 11 o 1neadand t+¥We Y"Q.Ql.v(fff.q e df/ .

i ‘ foared!
. The initial leak rate test used the air reference system technique. /

Vg Technical difficulties prevented the use of the resistance wire
‘¢ measurement.

AN N d
/elmplo < a 1on A‘res'i ance 3 {re tosfeasurt avepdge -
_ah&6i§te mpergtlire. ' v 4
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4.0 REACTOR CORE

General Description

The major regions of the reactor core assembly are:
1. The fueled region

2. The control region

3. The reflector region

radius of 2.67 inches and an outer radius of 5.88 inches.”

lagd/én/gﬁier/fgdius/bf @xél igéﬁes.j-The fueled

region has a fixed geometry consisting of 8 identical

"The fueled region is an annulus of a right circular cylinder with a nominal inner i} v
{s g:
~

assemblies placed vertically around the annulus.

- Each assembly contains 24 circumferential plates and
each plate contains uranium enriched to 93.5% in the
isotope U-235 as the fuel material. Fuel assembly
cladding and support material is aluminum.

'The active height of the fueled region is 24.0 inches
and the overall height is 32.5 inches. The fueled
region is pressurized and is designed for operation
at a power level of 10 megawatts.

The control region is an annular gap outside the
pressure vessel at a radius of 6.275 inches. Five
control elements operate vertically between the |
pressure vessel and the beryllium reflector, filling
85% of the gap circumference.



S
N

" The overall radial dimension of an assembly is 3.21 inches (as determined from

radial length from inside of inner roller to outside of outer roller)."

%

circularfannuli surrounding the control region. The

inner reflector annulus is a solid ring of beryllium

metal 2.71 inches thick. The outer reflector annulus
is made up of vertical elements of graphite canned in
aluminum and has a total thickness of 8.89 inches. .
The overall height of the reflector region is 36‘.,%
inches, and it is centered vertically with the fueled

region.

‘The entire core assembly, including the pressure

vessel, the fuel element support matrix and the
reflector support assembly are supported from the
bottom of the pool in circular sections which also
serve as part of the coolant piping. Cross sectional
views of the reactor core assembly are shown in
Figuresf4.l and 4.2. |

~Fuel Assemblies

" Only one type of fuel assembly is used. A draWing

of this assembly is shown in Figure 4.3.

The assemblies are longitudinally symmetrical and are

‘spans 45° and one core includes eight assemblles.

Each assembly contains 24 fuel bearing plates. The
plates are segments of concentric circles separated
by a distance of 0.080 inches and they are 0.050

/998
/567~

. The reflector region consists of two concentric right

Fop

'32.5 inches long, overall. e pverdll /radi
. en§46n'ﬂé ay/aspémb}§ 8 irich Each assembly

2 "The nominal radius to the innermost plate is 2.77 inches and to the outermost

inches thick. rfhg/fadeé t thg//nn mogp/blgpérls//iJ

- plate is 5 76 inches."

/778

/998

/56¥
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The fuel plates are supported along their vertical
edge byvappropriatély slotted flat side plates.

- The dimensions of the side plates are 31.75 x 3.16
x 0.15 inches. A handling and guide fixture at
each end holds the assembly together.

Both ends of an assembly are identical so the total
core may be turned end for end thereby produc1ng
more uniform fuel burnup and longer core llfe

"The fuel material is uranlum alumlnum alloy or 1ntermeta111c
UAL_." [ﬂl/';nﬁ; y The uranlum is fully enrlched in the

X

isotope U-235 (I NNKNGGEGEGEGEGEGEG - co:a!

impurities in the fissionable material does not
exceed 1500 parts per million. The maximum
elemental impurities, or their equivalent, is less
than the following: '

Element ppm

Aluminum - - 100.0
‘Boron - ' 1.0
Cadmium ' 1.0
Calcium 20.0
Lithium . 2.0
Silicon 100.0

Impurities not listed above are less than the
thermal neutron cross section equivalent of 4 parts
per million of boron. |

The aluminum for the fuel core alloy is Alcoa 99.8% |

.pure alloy melt stock. The reactivity effect of all

impurities in this alloy is less than the equivalent

- - of 15 parts per million of boron.

4-3



The aluminum for the fuel plate cladding is XETM

B209, Alloy 1060 or, depending on hot rolling strength
requirements, ASTM B209, Alloy 6061-T6. The .
‘reactivity effect of all impurities in this alloy is

limited to the equivalent of 15 parts per million of -

boron.

The aluminum end fittings are of ASTM B108, Alloy
SG70A-T6 castings or are machined from ASTM B209,
Alloy 6061-T6 aluminum alloy solid bar stock. For
permanent mold castings,'the aluminum used is ASTM
B108, Alloy SG70A-T7l. Sand castings, if used,
shall be ASTM B26, Alloy SG70A. |

The side plate material is ASTM B209, Alloy 6061-T6
aluminum alloy. The reactivity effect of all im-
purities in this alloy are less than the equivalent
of 15 parts per million of boron.

Each fuel plate has a thickness of 0.050 inches. .
The fuel material thickness is 0.020 inches and the
cladding thickness is 0.015 inches.

The cooling gap between fuel plates is 0.080 inches
and the inner and outer cooling gaps are 0.095 and

0.075 inches, respectively.

When installed, the fuel assemblies stand in a fuel
support matrix and are held down by gravity and
coolant flow. Lateral support is provided by roller
assemblies which run on the. inner surfaces of the
‘pressure vessel. The fuel assembly side plates
“engage slots in the inner pressure vessel wall

providing vertical support of the individual assemblies.

b-4 ' B 'l.



4.3

- v -
curved plates of a uranium-aluminum alloy
metallic UAlx.”

iﬂéﬁ”per plate'.

& .

The type of fuel assembly being used in the

University of Missouri Research Reactor, that is,

1 7 7 7 P 7. e 7 . £
or 1nter-

7572

/577 -

{_y?ﬁ.Lﬁ yl \—L?su.u..l.uy, Lcofasw—xnluu.u \.ful- L\,}a\..u_ul_q,:!i
No new concepts or innovations have been used in

the fuel assemblies described here.

Fuel plates and assemblies are identified by
individual marks. Each plate of each assembly is
identified by numerals showing the specific alloy
heats from which they were made and each plate is
identified with the fuel assembly into which it is
assembled. Each complete fuel assembly has an
identifying number engraved on both side plates
uSing block letters and numbers two inches high.

The engraving is from 0.004 to 0.006 inches in depth.

Fuel plates are fastened into the side plates using
a mechanical binding procedure that provides a
tensile strength of greater than| 150 poundsper lipear

Control Elements

There are a total of five control blades used in
the reactor. Four of these, the shim blades, each
occupy approximately 72° of a circular arc around
the pressure vessel. The fifth, the regulating

blade, occupies approximately 18° of circular arc.

_ _ B
The shi. ades/gre Eaﬁ;trng;d Q fo;géélbonél

b1
late? Th neuisgﬁ/absqrﬁing aterial is 50%
- // / /”f’
\b on'gafg;de arid SO%zélum;nﬁ;, by/wei%pt. ‘;ﬁg/

/G,
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| borop Carbidé-alumjrim miz¥ure is”clad yith . '5,56 |
"The shim blades are constructed of formed boral plate. The neutron absorbing
material is nominally 50% boron carbide and 50% aluminum, by weight. The boron |
carbide-aluminum mixture is nominally clad with 0.0375 mches of aluminum. The
nominal blade thickness is 0.175 inches. ;
. The sides and bottom of the blades have a 0.25 inch alummum frame where the
Ablade thickness is 0.25 inches.”

ll.Ll.l.U.lll Lailtc wrkel o Ll viau LILLCKLIESS 1S
1nc / / / /

The active length of neutron absorbing material

/956

is 34 inches, and the overall blade length is
approximately 40 inches. The top 6 inches of the
blade is a 0.25 inch thick mounting plate that is
curved 'to the shape of the blade.

The regulating blade is formed from stainless steel.

. _
The control rod drive mechanisms are mounted on the
‘bridge structure over the pool surface. They are
of a standard design as has been supplied by the
General Electric Company for their open pool reactors.
The mechanism for supporting and guiding the control
blades -is shown in Figure 4.4 and Figure 4.5.

Reflector

"~ An annular ring of beryllium metal surrounds the
reactor core and forms the outer wall of the control
element gap. The beryllium reflector ring is shown

in Figure 4.6,

Additional reflection is provided by a ring of graphite
elements canned in aluminum and located as shown in
Figure 4.6. The beam ports penetrate the graphlte
portion of the reflector. '

4-6



4.5

4.6

%
Core and Reflector Support
The core fuel assemblies are supported within the

pressure vessel on a matrix plate arranged as shown
in Figure 4.1.

The reflector assembly is supported on a machined
matrix plate which is in turn supported in an assembly
that forms the reflector coolant water outlet plenum.

The reflector supporting assembly is shown in Figure
4.1. '

Core Nuclear Characteristics v

The design of the University of Missouri Research

Reactor core and its resultant nuclear characteristics

arose from two major design objectives. '

1. To provide enough cold-clean reactivity to
‘enable 400 MWD of core life with either con-
tinuous operation at design power or intermittent
operation on an eight-hour on, sixteen-hour off,
and weekend shutdown operating cycle. Addition-
ally, there must be a reasonable amount of
reactivity évailable for experiments (approxi-
mately 2.5% Ak/k) at the end of core life.

2. To pfovide enough shim rod worth to enable

shutdown with one "stuck rod" at any time and
to provide reasonable assurance that the rods
may be withdrawn far enough to allow continuous
operation of all beam tubes without significant

local flux depression by the rods.

4-7



The nuclear characteristics of the core design that
satisfies the above two objectives are given in
Table 4.1. Data are given for both the core design
to deliver 400 MWD at a maximum.power of 5 megawatts
and similarly for 10 megawatts. ' |

The calculated core average neutron fluxes for

operation at 10 megawatts are given for four energy
groups in Table 4.2.

4-8
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TABLE 4.1 | [
’ | REACTOR AND MAJOR NEUTRON PHYSICS DATA SUMMARY g /jZ;l
A _ Ex2N
Reactor Type : Flux trap pool type, fully A
' _ - enriched uranium, light water
moderated and cooled, re-
flected by berylllum graphlte
and light water.

Nominal Power 5 megawatts max. (initial’
core).
10 megawatts max. (later
cores).
Active Core Volume 33.0 liters
Average Power Density 0.151 MW/liter at 5 MW . .
04.303 ™Md/Titer at 10 My "yW Pt
' _I/ oL L L7 <
Average Specific Power 0.962 MW/kg (235) at 5 MW iy L
| 1 1613 MWikg (235) at 10 MWy | |&2
S~
Initial Operating Cycle | 8.0 hours on, 16.0 hours
' . ‘ off, weekend shutdown.
A . ~ L Core lifetime, UAly / / _ / / };1"2"00 MWD@)_] gé’
. " Initial Fuel Loadings. . _ 5.2 kg (235) for 5 MW cores res
. : /( 62kg (235) for 10MWcores 269 |u
= A o~
Uniform Critical Mass - I App 2.6 kg (235) )) L
Cold clean K_c.i 6.2 kg (235)/core :&e, 11'0795 : ég
‘Power Density; max/ave ; — / ~
. - -
a) Uniform loading 3.306 /S/g/ XS
BRI
. b) Nonuniform loading 3.676 25 2:08 1 I~
Control Rod Characteristics »
Total Worth of Four Shim Rods ! Ak |,
Total Worth of Regulating Rod Ak |2 &
Total Worth With One Stuck Rod Ak R
Max. Worth Per Rod (One Rod In) | ©: Ak ™S
" Max keg With One Stuck Rod, >%/ / y(/ | { 5
[ 6.2kg(235) Core 0.938 ak core 7 0.918 Ak (¢

4-9



TABLE 4.1 (cont'd)

/79y
/9§ -
4422
[37¢-
/378

- Total Cold to Hot Operating

‘ s .
rX;non Worth 5.2 kg (235) Core’ Cor e.l
EqUilibrium '

/993

-0.0297 Ak/k

After 16 Hour éhutdown -0.0_329 Ak/k
— =

[Xenon Worth, 6.2 kg (235) Core 5) Gbre| [& e
Equilibrium AN l -0.02730 ak/X”. ng
After 16 Hour Shutdown , ~0.0607 Ak/k
Peak to eguilibrium xenon ratio l,aé’ 2.22 '3&

Samarium Worth ARE e 0y
Equilibrium - 0008275 ak/K” l&§
Weekday Maximum ' / =

a) 5 MW op. -0.0079 Ak/k

b) 10 MW op. -0.0099 Ak/k
Fuel Burnup; 1200 MiD operacion@ £E 1.27 Kg U-235 §§
P ~ e 1 ~

Worth of Burned Fuel and F'

Fission Products -0.0324 Ak/k

Maximum Worth of Experiments -0.025 Ak/k

-0.0048 Ak/k

5.7 x 1072 sec. ‘

Temperature Reactivity Change

Pr ompt Neutron Lifetime

Effective Delayed Neutron Fraction 0.00738

(Assumes Number Fraction = 0.006544)

Thermal Fission Fraction 0.874
ss Loe Mass Coefficient of Reactivity: (Ak/k)/ Am/m)’ Am / v
/ 5.2 kg (235) 0.1014 10741 |2
‘ / 6.2 kg (235) 0.0736 36 Q
. Tempera u‘r‘o (‘npf"f:'l(" N R
" Core: EBSFtol_@_ i‘ SR [70x10 8x/%F N R
Troolxd: | 85 F to 115°F)° < +1.34 x 10 AK/ Fk__ Q\
Voac)lrgoefflc1ents '—'2”.'_5;«x”io Ax/o voulT Y
N~ N
lFlux Trapl l+ 865 x 10 A‘(/cc vo:.d),g <

‘ React1V1ty Increase Upon Flooding One Beam

‘Tube ~0.001 (Ak/k)/tube .

4-10 - o ()
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%
, TABLE 4.2 . '
CALCULATE CORE AVERAGE AND CENTER TEST HOLE
. NEUTRON FLUX AT 10 MEGAWATTS OPERATION
"Energy Group Structure for Four Groups® §§
Energy Range - Neutron Flux
' Core AVerage Center Test
Hole Max.
Thermal 4.6 x 1013 nv X 1014 nv
0.625 to 5530.0 ev 9.3 x 1013 nv X 1014 nv
> 5.53 to 821 Kev - 1.1 x 10™* nv x 101 av
0.821 to 10.0 Mev 1.1 x 10 nv x 101% nv
Fission Spectrum Group
- 4. N
A -- 3 Q\,?‘
400 TO L 2 o\s\
CEFT .75 1
S70&
O TABLE

' | o 4-11
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5.0 COOLING SYSTEMS

Introduction
The University of Missouri Research Reactor is
designed for three modes of operation:

(1) Open pool type operation with vessel head off
and flanged port open and the pool level at the
elevation of either bridge. This mode of opera-
tion will be used in conjunction with core flux
calibrations following the loading of a new core
.or a fuel rearrangement.

(2) At power levels of up to 5 MW with the reactor
loop pressurized and at a flow rate of 1800 '
gpm and a pool loop flow rate offSH)tp 750iﬂ
gpm. This mode of operation will be used when

only half the design heat exchange and pumping
capacity is installed as will be the case at
the time of initial startup.

(3) At power levels of up to 10 MW with the reactor
loop pressurized and at a flow rate of 3600 gpm
and a pool loop flow rate of‘ilZOOLUfi40d\gp$. I
This is design maximum power operation and will

/923~
757¢

be used when all heat exchange and pump capacity
has been installed. '

The reactor plant cooling systems and instrumentation

which accomodates these three operating modes .is

 shown schematically in Figure 5.1.

Reactor Loop Cooling System

The reactor coolant loop consists of the reactor
pressure vessel, an in-pool invert loop and siphon
break system, a closed in-pool convective cooling

system, reactor isolation valves, main circulating

5-1.
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5.2.1

"With the 10 MW cooling system installed, the reactor loop will supply water
. at 3600 gpm with a pressurizer pressure of 75 psia and 140°F inlet tempera-
- ture when the reactor is operating at a power. level of 10 MW."

~

5.2.2

¥

pumps and heat exchangers, pressurizer, and™a bypass
loop for water clean-up. The water clean-up bypass

loop»is described in Section 7.1.9.

General Operatlng Conditions
When the reactor is operated in the open pool mode

A >
the maximum power is limited tof 5°k“p tand core l&'
N

cooling is by natural convectlon to the pool. 1In
this operating mode bulk pool temperature is con-
trolled by operating the pool loop cooling system.

The initially installed cooling equipment supplies

_water at 1800 gpm to the reactor with inlet conditions

of 65 psia pressure and 140OF temperature when the
reactor is operated at the maximum thermal power of
5.0 MW. |

thk@/éhe/égollpé/sys;£6>1n§f§llapign ¥ﬁ/20mp¥¢féd ;ﬁ/

fevellot 6w~ L L L ///

The Pressurizer System

IThg/prggéurL;zé sngém pérhtalps/suf}f&len;/$res§xék

/999
/673
Vo244

0 yery

. ""The reacter pressurizer pressure is maintained at 75 psia for both 1800 gpm .
and 3600 gpm operation. Pressure is maintained in the pressurizer by nitrogen
- gas which is automatically admitted or released in response to system in- - ¢

surlzér b nlt;dg:/

tted br r Ieased’ln A

strumentation signals."

DA

Pregsure ,

Pressurizer water level is maintained by a

o~
g positive displacement pump which is valved '
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~into the pressurizer tank on demand for.more water.

e 77 7 7 VA A 7T 7 AN
/ “Water is automatically discharged into the drain collection tank when the & ™
f - pressurizer level becomes too high." o~
181 e T T T T e ({\

.2.3 Heat Exchanger '

The heat gxc nizés aye wafer wafer el

| type wigh re¢movable tube pundYes. /The/ tubgs,
m@teridls 'cdgta wi redcto¥ coolant/wat

“The heat exchangers are plate-type with all surfaces in contact with the
reactor coolant constructed of stainless steel. One heat exchanger is capable

{ tut of removing- 16.9 x 10° BTU/r . of heat from 1800 gpm of coolant and-

‘ returning it at approximately 140 °F, using a maximum of 1600 gpm of
"€XL secondary coolant flow at 87 °F. Two such heat exchangers are installed for 5
of design power operation.” S
of s
a
exchang

.2.4  Pumps :

' The reactor coolant circulation pumps are horizontal,
centrifugal, single stage type, and are direct-con-
nected to the driving unit through flexible couplings.
The pump and driving unit are mounted on & common
base. One installed pump will furnish 1800 gpm and
two installed pumps will furnish 3600 gpm.

.2.5 Siphon Break System
In the event of a rupture in the reactor loop
piping external to the pool the siphon break system
will operate to prevent the loss of water from the
core,

| "When the siphon break system operates, pressurized air;fé'ﬁ X

5 : L . “ -~ . g o oy . "
 is admitted . . é to the reactor loop at the highest E\

point in the invert loop, thus preventing the core

5-3
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from being drained by a siphoning action. : '
_ _ , . N
”The modlfled antlslphon system is descrlbed in Appendlx B of Addendum 4 yd w
to the Hazard Summary Report." e
- N
N
N

.2

.6

Isolation Valves

Quick acting automatic isolation valves are located
in the inlet and outlet reactor coolant lines as
close as practicable to the biological shield in
the pipe trench beneath the reactor building

operating floor.

,gp/g gp{/lc leyé/-the isolation valves close,

”If reactor pressure decreases to a cr1t1ca1 level eg;/(ase’

isolating the in-pool portions of the reactor coolant

system from the balance of the system. The same
signals that actuate the isolation valves also de-
energize the primary coolant pumps and activate the

reactor in-pool convective loop.

5-4
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5.2.7
"The reactor convective loop consists of two, parallel, redundant valves 1

2
i N
the in-pool heat eXChanger,gl/hea,/exc}x{ngey‘] and the necessary N

5.

3

N\ /573

Reactor Convective Cooling Loop

dittaman” P _jand
assoclated piping and valves.

piping and headers.

The convective loop serves to remove core decay
heat follow1ng an emergency shut-down accompanled
by reactor loop isolation or in the event of loss
of normal coolant flow. It is designed for a
duty using the assumption that prior to scram the

reactor had been operating continuously for 30

- days at 10 MW and with an inlet temperature of

140°F and the pool temperature at 100°F. Under
these conditions, and with loss of reactor loop
pressure, the convective loop will transfer the
decay heat from the core to the pool with no net
formation of steam in'the‘loep.

The in-pool heat exchanger consists of 10 vertical

finned tubes and associated headers and piping.

\\Fach finned tube has an internal diameter of

Mpproximately 1.71 inches and has 14 internal and

28 external fins.

‘The convective cooling system is shown on Figures

4.4 and 4.5.

Pool Loop Cooling System
The pool loop cooling system includes: The reflector
plenum natural convection valve, an automatic

isolation valve, a hold- up tank rm@yﬁ/c1gzﬁlagzﬁé XZ
. main mrculatmg pumps, a plate type heat exchanger, a pool return. —_ o~ U;
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"The basic design conditions for the pool loop cooling system are that it will
transfer 3.6 x 106 BTU/hr and the flow rate is 1200 gpm. This allows for a ‘
{ maximum reactor thermal power of 10 MW. One heat exchanger has been_ /
t installed for design power operation."

Mhen the comPlete is inftalled the Keat .~ '
//f v 6. P
trdnsfer tate 11 be/approximately 3)]/x 1///Btuﬁhr.

T
/
1L

/9"7‘5”

{11 be 1200, gp’m%’l‘his brovides
ower,0f 10 .//f;/ Qeﬁt

|for a maximum tkérmal e
,éQLha ers apé inspélled sign/ﬁbwegfﬁperapibn.

Pool loop coolant flow rates are adjustable to provide

and the flow rate

optimum cooling rates for various possible experi-

mental arrangements in the reflector.

5.3.1 Plenum Natural Convection Valve

D ey Pl pltucyt opteglenjirg ) | @

"The reflector plenum natural convection valve, under the original design,

opened to permit natural circulation through the reflector and flux trap A4
regions upon loss of forced pool loop flow. Operational tests have shown

/%73},77

that this valve can be left open while increasing normal pool flow to 4
provide sufficient reflector cooling."

Wegighs. /S S S S S S S S/

5.3.2 Pool Loop Isolation Valves
A check valve in the pool inlet line and an automatic
isolation valve in the pool outlet line prevent loss
of pool water in the event of a break in the pool
coolant lines.

5.6 | ®
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3.3 Pool Water Hold-up Tank
A pool water hold-up tank provides sufficient time
for oxygen and nitrogen activity to have decayed
before coolant water is returned to the pool. The

tank is sized to provide a five minute delay when
coolant is flowing at a rate of 1200 gpm.

/97Y

3.4  Pool Coolant Circulation Pumps 7::
The pool coolant is circulated by\horlzontal
centrifugal, single-stage pumps, direct connected
to the driving unit through flexible couplings.

OPERE . JURDRN

T,b,e/pu:/up{ are 8129d/to g):/rcogye/sys% p;,e/sur/e/

. "The pumps are sized to overcome system pressure drops at variable flow
~ rates to a maximum flow of 1075 gpm when one pump is used and 1325
.4 gpm when two pumps are used.”

| Jwheén tmumgs/are }1¢_{ed. / / / / //

3.5 Heap/Ex ang rs

LT A kol T

One heat exchang_er is provided to service the pool coolant system when the reactor is
operated at a maximum thermal power level of 10 megawatts operation.

The heat exchanger is a water to water plate type with all surfaces in contact with pool
water being constructed of stainless steel. The heat exchanger is capable of removing 3.6 x
106 BTU/hr of heat at a flow rate of 1200 gpm of pool water, returning at a temperature of
approximately 99°F when secondary water is entering at 87°F and 500 gpm.’

- JL' - ——me e o - . /

tu es ag all, surf ces{gﬁ coptact

e

are étalnless ﬁteel The dem'
watér flows om the,/tube slde @f th
s conda{ry caolarrt’ watey’ floWs on /the ghell s:Lde/
chayger 18 capable of remgving’ 2 x £0° Btu/

at At a rﬁax1mqm flow of 600 gpm of poo]/water

[P JER—
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5.3.6 Pool Return Diffuser _

Cooled pool water is returned to the pool through | .

a diffuser spool which serves to provide good

mixing and prevents flow directly to the pool

surface.

5.4 Secondary Cooling System

5.4.1 1Introduction
The heat from the primary and pool reactor system
is transferred to the secondary cooling system by
means of the heat exchangers, the heat is then
dissipated to the atmosphere through the cooling
tower, When in operation the secondary system also
provides a heat sink for the laboratory air con-
ditioning.system.

Comﬁgneﬁis zéﬁpri/lng/fae,éléopdéry,6601Ln£ sysfém//r

“Components compnsmg the secondary cooling system include: the pool heat

z exchanger, the primary heat exchanger and temperature instrumentation, A
gradiation monitoring instrumentation, chemical addxtxon equipment, primary / s

and pool heat exchanger automatic control valves, . ...

instrumentatien, eT/pa 1tion equipmept, primary
/aﬁ/zlp6{n%p€iz’ 1cjpontrgl/€:1 and other |

associated piping and valves.

/7%
[

7 rd 7 r 7 7 - 7 7

5.4.2 Heat Exchangers

€ geC “The secondary coolant flows on the opposite plate side of the primary |

"The’secopdary w coolant in the primary coolant heat exchangers and on the opposite plate “ s
d ogthe /9pg side of the pool coolant in the pool coolant heat exchanger. In both the &9
exchdnger/ prxmary and ‘pool coolant heat exchangers, the secondary water flows in.a’ ’ ~

‘ 3.5,  cross -flow configuration to the process water being cooled.”
. . o/ )

L Z Z. i

5.4.3 Cooling Tower
The cooling tower is wood framed and is of the
1nduced draft, cross flow type. It is capable of

coollng 4637—3/]!ga110ns of water per minute from a (g
“hot water temperature of 104°F to a cold water

5-8
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‘temperature of 87°F at a maximum wet bulb

‘temperature of 77°F. Tge/tow T egﬁgisgsfg//fwo S

¢ The tower consists of three cells each w1th a fan assembly. 1 royvide
s S S /S S s T/ S ,} 7 /
"V1brat10n cut-out switches are installed .in each fan

motor circuit to prevent damage to the coollng tower
/
1n case of inbalance.

mégawat/s of/thef;al/ﬁgwer// Eadﬁ’cebfffaﬁfls.

"The fans will be configured to run as necessary to provide sufficient coohng for reactor 10 MW 1
operatxon
Iﬁizéjuﬁﬁigsyﬁé;;594§i/5héfjfigéé‘:fymfzgégﬁé/jg/4?;3///
¢ heat exchangers. ‘ ' ,//

Insulation and electrical heating tape on the

exposed tower piping provide protection from
freezing during periods of inoperation in the
winter. The basin water is protected from

freezing by a series of steam Jetsjjg/tﬁe pef?jepé
tpe/bas,i{ warl., MBELere

5.4.4  Circulating Pumps’
E.A 150 horsepower variable speed, centnfuoalZ] type c1rCu]_at ing
pump provides a flow capacity of 2200 gallons
per mlnute to the secondary system for five
megawatt reactor operation. Two such pumps operate
in parallel to provide secondary flow for operation

at ten megawatts. /Dne/sfed95§ Bﬂﬁp/xﬁ eddltl n

"One standby pump in addmon to the number required for normal cooling is >

mstalled” " s,

5.4.5 - Instrumentation

/§7/

/523~
Vo d¢d

Ve x4

/570 -

/5%¢

/997

2006

/959

"The secondary water inlet and outlet temperature to

the reactor heat exchangers and the total flow in the

secondary system are displayed and recorded in the

reactor control room."

1570/ ¥

/973 '/9 7Y
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IA rdmnlefe svhten to Measlire bross/camna activitv / /472
“A complete system to measure gross gamma activity of the secondary systemis | |u
installed with the output displayed in the reactor control room.” " (N /973
|[displaygd amd recorged 1A TN Treactor LONLrol Ioom ~ .?

For additional details on this system refer to

Section 9.7.

5.4.6 Water Treatment
The pH of the secondary system will be maintained

by the addition of cohcentrated s'ulphuric acid. ~
"A grav1ty feed, soleno:.d valve cortrolled ac;Ld addltlon line ,{,Q
~N
has been provided o Sgrve‘ _tl,}is PUrBOse Je gﬁls/ urpése. /] |2
Other chemicals, as necessary to control hardness and mlcroblologlcal T, e
growth, will be added by the use of an automatic secondary water i 3§
control system installed in the reactor cooling tower building. A%
% . : . £ i & P V.4 " 4 Vi
5.4.7 Automatic Control Valves
"The amount of water passing through the secondary side of the parallel {
pool and parallel reactor heat exchangers is controlled by the use of two_gf .
bypass lines around each parallel heat exchanger system. In one of the. \} ;')Q
. . , ; ~
bypass lines to each parallel exchange system . . .'" J & ‘
ltbxe\éqh\éxchzhtger fare manual valves prov1d1ng

~adjustment from the main equipment room during

non-nuclear operation. The other bypass line
contains an automatic control valve which adjusts
the flow in the bypass in response to the respective
pool or reactor water temperature from the heat

exchangers.

5-10 .
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Cooling System Thermal and Hydraulic Analysis
Heat Transfer Data Summary }
Table 5.1 lists and summarizes the reactor system
heat transfer data for maximum power operation at
both 5 and 10 megawatts. |

5-11



- Ave. Pwr. Density in Core

TABLE 5.1 SUMMARY

et

OF HEAT TRANSFER DATA

5 megawatt operation

151 Kw/liter

10 megawatt operation

303 Kw/liter

Ave. Specific Power {?Q@émﬁﬁi?fﬂbéé] é@ 1613 Kw/kg U-235"
Core Coolant :
Total Flow Rate 1800 gpm 3600 gpm
Design Inlet Temp. 140°F 140°F
Mixed Outlet Temp. 158°F 158°F
Est. Pfess. Drop Across Fuel 3.7 psi 13.9 psi
at 150°F Ave. _ '
Z: Est. Press. Drop Across Vessel ' 5.3 psi ' 20.0 psi
~ at 150° F Ave. ' ,
Min . Press. at Vessel Inlet Nozzle 63.7 psia - 63.8 psia
Min. Press. at Pressurizer £75-0 ps.ia.:a [ﬁg “75-0 PSi;!'a. ‘é"i
Heat Transfer Area : : 184.3 £r? ' :
Flow Area-Fuel Elements " .3231 ft?
Total Flow Area _ ;2295'ft2
Heat Fraction Released in Core ' =87 §§
Coolant Velocity in Core 11.55 ft./sec. 23,10 ft./sec.
Average Heat Flux 0.86 x 10° s 1.72 x 10°
Btu/ft%-hr | Btu/ft?-hr o
Fuel Assembly Ave. Outlet Temp. 159.39F' - ‘ o 159.3°F
Ave. Power Density in Hot Channel 3.225 (Worst Case, ¢ 2 3.225(Worst Case ..9.
Ave. Core Power Density Non uniform Loading) (&% Non uniform LO;ding) 3,;‘:
Her. over Peneicy fnfor hameel L 1443
. ~
* ® @udd
. N ¥ <



Hot Spot Position on Fuel, Rods Half Out
Fractional Bulk Rise at Hot Spot
beBulk"Temp. Factor

FO-Film Factor

Maximum Wall Temp. at Nominal Power
Maximum Wall Temp. at 110% Nominal Power
Saturation Temp. at Hot Spot-Design Press.
Power Level at Which Local Boiling Occurs

Pool Coolant
Total Flow Rate
Design Inlet Temp.

€1-6

"Estimated Heat Input
Max. Pool Imnlet Velocity
Nominal Press. Drop Across
Reflector Region

Design Velocities:
Island Region
Unobstructed Test Hole
Control Rod Gaps-Below Rods
Reflectors
Design Temp. Rise in Island

B \

5 megawatt operation

18 inches
.701
1.263
1.332
301.1°F
315.4°F
295.4°F
5.5 MW

/57¢

/573

¢550 to 750 gpPMm
5957 e
600 KW

2.5 ft./sec.

B e |

1.25 psi

g
~

372~

2 ft./sec.

4.7 ft./sec.

2.2 to 2.9 ft./sec.
variable

5.8°F

10 ﬁegawatt'operation

18 inches
.701

1.263

1.332
291.39F
304.6°F
284.6°F
11 MW

.

L N
N
"
~

5.0 p.sijl!

1200 to 1400 gpm | '
99°F |

2
o~
~

1100 KW

5.0 ft./s

.
&
\

/9 0

4 ft./sec.

9.4 ft./sec.

4.5 to 5.9 ft./sec.
variable
5°F

28/
: Aéé/'

s/

-85/



5.5.3

5.5.3.1
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Analysis of Natural Convective Cooling of the Core
The reactor core will be coocled by natural convection
during initial low power operation. To accomplish
this a flanged opening is provided in the invert
loop. By removing this flange and the reactor vessel
head an open path is prOV1ded between the pool and
the core allowing natural circulation to take place.
The object of this analysis is to determine the
natural convection flow rate and the corresponding
|

maximum fuel plate temperature for the initial low

power operation.

Natural Convection Flow Rate

During natural convection operation, the reactor
core is cooled by pool water flowing in through the
open flange, down thrcugh the 12 inch pipe, up
through the pressure vessel and core, and out again
into the pool. The flow rate is determined by
equating the total system pressure loss to the driving
head resulting from the heating of the water in the

COre.

5-24
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The total pressure loss consists of turbulent
friction loss in the piping and pressure vessel,
laminar friction loss in the core, and expansion
and contraction losses at changes in cross section
throughout the loop. For turbulent flow the
frictional pressure loss is given by,

2 - @
2f L w £ .
D7 Ps
gpAa

Ap

where:

= Fanning friction factor
length - ft..
D = equivalent diameter - ft.

 Fh
il

= flow rate - 1b./sec.

32.2 ft./sec.2

= density of water - 1lb./ft.
= flow area -~ ft.

3

> m g0
I

To permit an amnalytical solution of the equations,
the friction factor was evaluated from

£ = 0.046 (Re) 0-20 (3)

This'gives a conservative value for the friction
factor for smooth pipe over a range of Reynold's
Numbers (Re) from 5000 to 200,000 and was obtained
from,Bonilla1

In the core the pressure drop was taken as that for
laminar flow between broad parallel plates given by

Ap = L%_E_i_L psf | W)

z gp

*
~ References for Section 5.0 are listed at the end of

the section. 5-95



where:
water viscosity - 1lb./ft. sec.

N
nu

plate spacing - ft.

Expansion and contraction losses were determined

from
_ K W psf | (5)
&p = "7 — -
A" 2gp

where K is the expansion or contraction loss coef-
ficient based on the areé, A. The loss coefficients
were taken from Bonillaz. From equations (2) through
(5) the total pressure loss may be determined as a
function of only the flow rate (w) if constant
temperatures are assumed. The loss will be of the
form

'ApL = G W + Czwl'8 + Cqw psf (6)
'Clwz is the term rebresenting the expansion and
contraction losses. Table 2.1 lists the value of
C1 associated with each section of the loop. For
simplicity the values are based on a single average
loop temperature of lOOOF, the pool temperature.
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TABLE 5.5
Expansion, Contraction & Transition Losses
Location : , - C, x 103
Pool to 12" flange .175
Tee to invert loop 624
90° E1l1 to pressure vessel . .220
Entry to pressure vessel 1.020
Core o 2.130
Pressure vessel to pool .625

Total 4,794

The second term in equation (5) is the turbulent
flow frictional pressure drop as found from V
equations (1) and (2). Table 2.2 lists the
length of pipe and the value of C2 for each

component, again assuming 100°F water temperature.

TABLE 5.6
Turbulent Flow Frictional Pressure Loss

Component Length -~ ft. C2 X 104
Pressure vessel 8.25 : ' 4,22
12" pipe 17.01 2.71

Total 6.93

The third term in equation (5) is the laminar flow
pressure drop in the core as determined from equation
(3). At 100° F C; has a value of 3.14 x 1072

The natural convection driving head, or pressure
gain, is in general

ap, = Llp; Po) (7)
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Assuming a linear variation of temperature in the
core, L is the distance between the centerline of
the core and top of the'pressure vessel. p; and p_
are the core inlet and outlet water densities
respectively.

 Expressing the density_differencé’as a function of
coefficient of volumetric expansion and temperature
difference, and the temperature difference as a
function of heat generation rate, flow rate and
specific heat, equation (7) becomes

ap. = LpB g psf : (@)
g w C
P
where:
B = coefficient of volumetric expansion -OF“1
q = heat generation rate - Btu/sec.
Cp = specific heat - Btu/1b.°F

At an average temperature of 100°F

Ap

g = .102 (q/w) pst
for ‘
L = 8.08 ft.
B = 2.0149 x 10°% %71
p = 61.99 1b. /ft.>
G, = .997 Btu/1b.°F

Aésumiﬁg that 93% of the reactor heat is released
in the core, the heat generation rate (q), for a
- reactor power of 150 KW, is 132.2 Btu/sec. The
pressure gain for this heat rate is

bpy = 13.4/w psf
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5.5.3.2

¥

Equating the pressure loss to the pressure gain,
the flow rate is found to be 11.96 1lb./sec. For
this flow rate the Reynold's Number in the core is
993, indicating thé'validity of the assumption of
laminar flow in the core for determining the core
pressure loss. The Reynold's Number in the balance
of the system exceeds 17,400.

Maximum Wall Temperature _

Calculation of the maximum core wall temperature is
based on the procedures and equations presented in
TM-WRP—62-104. The maximum wall temperature (tw)
exceeds the core inlet temperature (ti) by '

t, “t; be(z) AT + F Pa% P_R Ry , (9)

2]

Fy = bulk temperature factor = 1.263
Fg = film factor = 1.332

P_ = average power density in hot channel

r .average core power density
= 2.263 for reference case of 5 Kg uniform
loading. '
'p .- Wmaximum power density in hot chamnel _ l>443

a average power density in hot channel

f(z)

I

fraction of heat delivered at design point

in hot channel = 1.0

LT = average bulk temperature rise = ll.OOF‘
% = average heat flux = 2583 Btu/hr. - fr.?
h = heat transfer coefficient = 218 Btu/hr. - ft.

R, = design safety margin in power level = 1.1
Ry = ratio of power peaking relative to that
for a 5 KW uniform loading = 1.425

5-29
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5.5.3.3

¥

The values of peaking factors are those appearing in
Section 5.5.2. The bﬁlk temperature rise is from

the power and flow rate results of the previous
section. The averagé heat flux is for a heat transfer
area of 184.3 ft.2
of 132.2 Btu/sec. The core heat transfer coefficient

and a core heat generation rate

is for laminar or steamline flow in flat channels.
For these conditions the Nusselt Number has a
constant value of about 8.0 5. At a water tempera-
ture of 100°F this yields a heat transfer coefficient

of 218 Btu/hr. - ft.2 OF, |

From equation (9) at 150 KW reactorvpower the tempefa-
ture difference, t -ty is 130.20F, which for a pool
temperature of 100°F gives 230.2 as the maximum fuel
plate surface temperature.

Preséﬁre Required to Suppress Local Boiling
Local or nucleate boiling will occur when the maxi-

mum wall temperature is greater than the local

saturation temperature. The necessary temperature
difference to cause boiling may be found from the
Jens-Lottes correlation '

_ 60 (o/10%1/4

AT at oP/900

°F | - (10)
assuming it to apply at these low pressures. The
heat flux ¢ is given by 4

¢ = T P_P_R,R, . ooan
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5.5.3.4

%

Using the values of the factors presented previously,
the maximum heat flux is 13,222 Btu/hr.-ft.z-oF. This
conservatively neglects the effects of local fuel
content and meat thickness, and width variationms.

For a pressure (p) of 20 psia, equation (10) gives
19.99F as the allowable wall superheat. The required
local saturation temperature is

T .. = t, -“Tsat = 247.1 - 19.9 = 227.2°F

From the steam tables a pressure of 19.72 psia or
5.0 psig is required to suppress local boiling. For
a pool temperature of lOOOF, 11.7 ft. of water above
the top of the fuel plates will give the required
pressure., This pool depth is less than that required
for shielding.

Conclusions

Calculations indicate that a reactor powér of 150 KW
may be safely attained with natural convection
cooling of the core. The maximum fuel surface
temperature is 230.2°F and the natural convection
flow rate is 11.96 1b./sec. The 17 feet of water
required for shielding at low powers is more than

sufficient to prevent local boiling in the core.

The core temperature rise of 11.0°F is ‘large compared
to the 1-2°F rise which would occur coincidentally in
the island. Comnsequently, no problems should be
eﬁcountered with'respect to the temperature coef-
ficient of reactivity during cooling of both the

core and the island by natural convection.
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.6 Decay Heat Removal

v]} .6.1 Introduction : | ‘

A natural convection loop is incorporated into the

design of the reactor to remove the decay heat

generated in the core following the loss bf.primary

coolant flow and reactor shutdown. rﬁfﬁgwimnzconsistsgg_

k,of the reactor pressure vessel, thq core, two Qarallel sixch
inch mnnmath:valvest 10 finned tubes in parallel (the

in-pool heat exchanger) and necessary connection

737¢

/773

piping. All of the loop components are located
in the reactor pool region and are shown in Figure
4.6. ’

- The flow of coolant normally downward through the
core, will stop, then reverse, flowing upward through
the core by natural circulation. Heat will be

“removed from the loop and transferred to the pool
water at the finned tubes.

The ability of the natural convection loop to adequately
cool the core is substantiated by the following calcu-
lations and results.

.6.2 Calculations

Because of the complex transient nature of the
initial period of decay heat removal in which the
flow étops and reverses an exact treatment is not
feasible. In general once the flow has reversed, .
the loop temperature rises andvpasses through a
maximum because the heat rejection capability in-
creases with loop ﬁemperature, and the decay heat
diminishes with time. The maximum temperature and
the time at which this occurs depend upon the initial
loop temperature, the power history and the heat

_capacity and conductance of the convective loop.
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5.6.3

¥

Steady State Natural Convection v

To examine the steady state conditions, all of the
decay heat for some initial period of time is
assumed to be absorbed by the water in the natural
convection loop, increasing thevaverageAwater
temperature. The decay heat at the end of this
period of time is assumed to be removed by steady
state natural convection in the loop. Iterative
calculatibn determines the conditions where the
heat rejection capability equals or exceeds the heat
production rate. The corresponding temperatures
are then greater than the maximum loop temperatures
which will actually occur. If the core outlet
temperature under these conditions is less than
212°F the design is adequate.

Solution of the problem based on these assumptions
involves iteration between the decay heat to be
removed as determined by the time after shutdown and
the amount of heat which can be removed by steady-
state natural circulation. For the present analysis
an allowable rise in average temperature was first
assumed. Knowing the amount of water in the loop,
the time required to raise the average temperature
the assumed amount can be found from the integrated
fission product decay heat release. The log mean
temperature difference (LMID) across the finned tubes
necessary to remove this heat by steady-state natural
convection may then be determined. The actual LMTD
occurring may be found and compared with the required
value. If the disagreement is large, the procedure
is repeated for a different average temperature rise.
Exact agreement between the required and actual

IMID is not necessary since if the actual LMID is
greater than the required LMID the final. temperatures
will be less than those calculated.
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‘Initial Transient Period

The initial transient period is that time from
shutdown until sfeady-state natural convection
occurs. During this period all of the fission
product decay heat is assumed to be absorbed by
the loop water, thereby raising the average loop
temperature. | |

Table 5.7 lists‘the volumes of water in each segment
of the natural convection loop. The total is sub-
divided according to the initial temperatures at

the instant of scram. The normal core inlet
temperature 1is 1409F and the normal core outlet
temperature is 160°F.

- TABLE 5.7
Natural Convection Loop Volumes

Volume at Volume at Total

140°F 160°F  Volume
Segment "ft.3 ft.3 ft.3
Press. Vessel 4.3 2.015 6.32
Core '0.135 0.135 0.27
12" Pipe 2.33 12.0 14.33
6" Pipe 3.52 1.92 5.44
Finned Tubes o 0.75 0.75

Total 10.285 16.825 27.11

Volume averaging the initial temperature gives

©152.4%F as the initial average loop temperature.

Based on a density of 61.1 1b./ft.3 at the average
temperature there is 1658 pounds of water in the
loop. Assuming a 20°F rise in average temperature,

‘the total heat absorbed would be 33,160 Btu.
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The integrated fission product decay heat was
determined as a function of time after shutdown

“from Figure 12 of TM-DMS-59-11, For 30 days

operation at 10 MW the time integrated beta and
gamma energy released after shutdown is

Q = .689 t'868 MW-sec.

where t is in seconds after shutdown. Since a

large.portion.of this total is in gamma rays which

will not be absorbed in the core the actual decay

energy in the reactor loop will be less than this
total. It is estimated that 62.7% of the total

energy appears in the core or

432 t'868 MW-sec.

C
409.5 t°898 By

i

Q

Based on this integrated heat release and the
previously determined amount of water in the loop,
and assuming no heat losses, it would take 156
seconds to raise the loop average temperature 20°F.

The fission product decay heat release rate may be
found at any time after shutdown from Figure 11 of
TM-DMS-59-1. At 156 seconds the decay heat rate (Q)
is 167.9 Btu/second.

Steady-state Natural Convection

'The steady-state natural convection flow rate is

determined by equating the total loop pressure loss

- to the driving head obtained because of the different

water densities in the hot and cold legs of the loop.
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The total pressure loss consists of frictional losses’
in the components of the loop and the contraction

and expansion losses at changes in cross sectional
area. The friction losses may be either turbulent

or laminar depending on the ReYnold's Number in the
particular section.

Pressure Losses
For turbulent flow the frictional pressure loss is
given by

2L w psf (12)

where:

= Fanning friction factor
length - ft.

D_ = equivalent diameter - ft.

= th
I

= flow rate - 1b./sec.

32.2 ft./sec.? _

= density of water - 1b./ft.
= flow area - ft,.

3

> O 0 g0
I

To permit an analytical solution of the equations

the friction factor was evaluated from

£=.046 R0 (13)

This gives a conservative value for the friction

factor over a range of Reynold's Numbers (R.)

from 5,000 to 200,000 and was obtained from Bonillal,
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In the core the pressure drop was taken as that for

l» ‘ - laminar flow between broad parallel plates given by3
. | Ap = 12V L psf o - (14)
z-gp A
where;
@ = water viscosity - 1b./ft. sec.

z plate spacing

Expansions, contraction and transition losses were
determined from

2
- _K \ psf (15)
VA T

where K is the expansion or contraction loss -
coefficient based on the area, A. The loss
: ‘ coefficients‘ were taken from Bonillaz.
From equations (12) through (15) the total pressure
loss in the natural convection loop may be determined
as a function of only the flow rate (w) if constant

temperatures are assumed. The loss will be of the
 form

2 1.8
APL = Cw" + D,w + Cqw psf (16)
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TABLE 5.8
Expansion, Contraction and Transition Losses
. C, X 102
Location _ 1
Core Fuel Element Support Assemblies * .793
Pressure Vessel to 12" Pipe .065
12" to 6" Pipe | ~ © 1.027
Automatic Valve | | .102
Finned Tubes ' : 2.757
6" to 12" Pipe o - 475
90° E11 | .026
12" Pipe to Pressure Vessel _ - .065

- Total 5.310

The second term in equation (5) is the turbulent

flow frictional pressure drop in the loop as found
from equations (12) and (13). Table 5.9 lists the
length of pipe_and-the value of Cy for each component
of the loop, again assuming'l8OOF water temperature.

TABLE 5.9

Turbulent Flow Frictional Pressure Loss
| | | c, x 102
Component Length - ft. 2
Pressure Vessel 9.33 ‘ .042
12" Pipe o 16.41 023
6'" Pipe : 27.00 ‘ .991
Finned Tubes 4.75 | 7.190

Total 8.246
Table 5.10 lists the dimensions and properties’of

“the finned tubes. These are for extruded aluminum

tubes manufactured by Brown Fin Tube Company.
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TABLE 5.10
Finned Tubes

Tube 0.D.

Tube I.D.

External Fins
number
thicknesses
height

"Internal Fins

number
thicknesses
height

Internal Net Flow Area

Internal Equivalent Diameter
Total Outside Surface Area

1.90 inches
1.712 inches

28
0.05 inch
0.5 inch

14

0.05 inch

7 - 0.5 inch,

7 - 0.375 inch
.01389 feet

0.0377 feet

2.831 fr.2/ft.

The third term in equation (16) is the laminar flow

pressure drop in the core as determined from equation

(14). At 180°F C4 has a value of 1.64 x 10~

Pressure Gain

2 .

The natural convection driving head or pressure gain

is in general,

Ap, = L (pc—ph)_

g

(17)

Assuming a linear variation of temperature in the core

and in the finned tubes, L is the distance between

the centerline of the core and the finned tubes.

5-39



5.

6.

8

¥

p, and p, are the water densities in the cold and hot
legs respectively. Expressing the density difference
as a function of coefficient of volumetric expansion
and temperature difference, and the tempeféture
difference as a function of decay heat rate, flow
rate and specific heat, equation (17) becomes

g WwWc
P
where: _
B. = coefficient of volumetric expansion - OF-l
q = decay heat rate - Btu/sec.
¢y = specific heat = Btu/lb.-°F

At an average temperature of 1800F,
Apg = 44.4/w psE ‘ (19)

This is for
L = 12 feet
B = 3.634 x 10~
q = 167.9 Btu/sec.

4 oF-l

Flow Rate‘and Heat Transferred

Equating the pressure loss to the pressure gain

results in a relation from which the natural con-

. vection flow rate may be determined. For the

previously assumed conditions and from equations
(17) and (18) the steady-state natural convection
flow rate is7.36751b/sec.o/]| For this flow the
Reynold's Number in the core is 1212 indicating the

/96F

/5¢7-

assumption of laminar flow in determining the core

pressure loss was valid. The Reynold's Numbers in

the:other portions of the loop exceed 8000.
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For a flow of 7.390 1b./sec. and a decay heat rate of

167.9 Btu/sec. the temperature rise through the core
is 20.2°F. As indicated in Section 5.6.4 this heat
rate occurs at the end of the initial transient
period corresponding to the assumed 20°F increase in
average loop temperature. Since the initial average
temperature was 152.49F the average temperature
during natural circulation is 172.6°F. This average
temperature (t) is related to the core inlet (tc) and
outlet (th) temperatures by,

t = .62 t. + .38 th
For a temperature rise (t -t of 20.2°F and an
average temperature of 172, 68F the core inlet and
outlet temperatures are 160.1°F and 180.3 °F

respectively.

Since the outlet temperature is below the atmospheric
boiling point of water, no net formation of steam
will occur if the actual LMID is greater than the
required IMID. Based on the inlet temperature of
100°F, the actual LMTD is 70.2°F.

The required LMTD depends on the heat transfer area
and the film coefficients at the finned tubes. The
film coefficient on the inside of the finned tubes.
was determined from the Dittus-Boelter equation

DG}8 .4 (20)

_ﬁ_

H;D _ 993
=

For the water physical properties evaluated at 180°F
and the finned tube properties taken from Table 5.10

the inside film coefficient is 396 Btu/hr.-ft. 2 -°F.
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The film coefficient at the outside of the finmned
tubes is given by the relation for a long vertical
surface8. '

13 k (aAc)l/3 (21)

hO

where:

2
a = gfp” c,/uk
At

difference between the surface and the
bulk temperatures

The local film temperature difference is a portion
of the local total temperature difference, the
fraction of the total being the ratio of the over-
all heat transfer coefficient to the local heat
transfer coefficient. Overall heat transfer
coefficients‘(Uo) for finned tubes may be obtained
from sets of curves giving the overall coefficient
as a function of inside and outside coefficients for
the particular finned tube being used9;

Because of the relationship between the outside

film temperature difference and the various f£ilm
cdefficients, repeated calculations must be made

to establish the correct values. After several
iterations the film coefficients on the outside of _
the finned tube were found to be 153 and 140 Btu/hr.-
ft.%—QF for the hot and cold ends of the tube respec-
tively. For an average value of 146.5_Btu/hr;-ft.2—OF
assumed to apply over the entire length, the over-all
heat transfer coefficient is 55 Btu/hr.—ft.z-OF
referred to the outside surface area of the finned

tubes.
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The required IMID may now be found from

q = UOAO'(LMTD)

For ten tubes each with 4.5 feet of finned length the
IMID required to transfer 167.9 Btu/séc. to the pool

is 70.7°F. This value varies only slightly from the

actually occurring value of 70.2°F, therefore indi-

cating the assumption of a 20°F rise in average

loop temperature is reasonable. Since the maximum
bulk water temperature in the loop for these conditions
is 180.30F, no net formation of steam would be expected.

Summary of Results

A summary of the characteristics of the natural
convection loop and the results of the calculations
are presented in Table 5.11 below:

TABLE 5.11
Summary

Finned Tubes

Number ' 10

Size o 1.9 inch 0.D.

Finned Length 4.5 ft.

Fins 28 external - 14 internal
Loop Valve Size : 6 inch
Header Size ‘ ' 6 inch Sch. 40

" Initial Average Loop Temperature 152.4°F

Loop Volume 27.11 fe,3
Time Reqﬁired to Reach Steady-state . 156 seconds
Increase in Average Loop Temperature 20°F
Decay Heat Rate 167.9 Btu/sec.
Steady-state Flow 7.93 1b./sec.
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TABLE 5.11 (cont'd) .

Hot Leg Temperature

Cold Leg Temperature

Pool Temperature

Finned Tube Over-all Heat
Transfer Coefficient

Internal Heat Transfer Coefficient

External Heat Transfer Coefficient

Required Pog Mean Temperature
Difference

Actual Log Mean Temperature

Difference

Conclusions

1180.3°F

160.1°F
0

"100°F

55 Btu/hr.-
fr.2-OF
396 Btu/hr.-
fr,2-OF
146.5 Btu/hr.- .

fr.2-%p

70.2°F

70.7°F.

Calculations based on conservative assumptions

indicate that the natural convection emergency decay

heat removal loop is adequate to prevent net

formation of steam following loss of reactor coolant

flow. After an initial period of about 2.5 minutes

during which it was assumed that no heat is lost

from the loop, calculations indicate that steady-

state natural convection will transfer the decay

heat to the pool with a maximum loop temperature

of about 180°F. Any heat lost from the loop during

the initial period will tend to reduce this maximum

temperature.

5-44



5.7 ‘bReferences'for Section 5.0

1)
(2)

(3)

(4)

- (5)

(6)

()

®)

(9)

¥

Bonilla, Charles F., '"Nuclear Engineering,”i
McGraw-Hill, New York, 1957, page 303.
Bonilla, Charles F., 'Nuclear Engineering,"
McGraw-Hill, New York, 1957, page 316.
McAdams, W. H., '"Heat Transmission,"

3rd Edition, McGraw-Hill, New York, 1954,

page 149.

Pearce, W. R., '"'Core Heat Transfer and Fluid
Flow for the University of Missouri Reactor,"
Internuclear TM-WRP-62-10, June, 1962.
Etherington, H., Editor, ''Nuclear Engineering
Handbook,'" First Edition, McGraw-Hill, 1956,
page 9-62,

Jens, W. H. and Lottes, P. A., "Analysis of Heat
Transfer, Burnout, Pressure Drop and Density
Data for High Pressure Water," ANL-4627, 1961.
Shapiro, D. M., '"Fission Product Decay Power,"

‘Internuclear TM-DMS-59-1, January, 1959.

Brown, A. I. and Marco, S. M., "Introduction to
Heat Transfer," 2nd Edition, McGraw-Hill, New
York, 1951, page 135.

Brown Fin Tube Company, Chart U0.584.64.,

5-45



; Ayliony J03o0es YolDeswl

SNOILVY3dO Saunovd | NV IOVI(

YVIENMICO-NOSSIN JO ALISHIAINA

' 3un9l4 .._H.. ININNYISNT % ONidid

DATE: 2/22/85
TONY S.
cooe: LPF,
> /0’2,6
[ § REVISION NUMBER:
Ter 1

DRAWN BY:

DR /DN
CHECKED BY:
" ENGINEER: c8g
REVISION DATE:
MURR NUMBER:
SHEET




' . - ./ , e \k
f i - N
E' / A

[&]
M@: PPy, N .
rad i S

Wi Average in

f i Hot Channel

N

f(z)»

M

A\
3

Figure 5.2 "
Power Distribution and —
Integrated Heat Release

in Hot Chanmnel —_

| = - M:;ﬁ"‘f - Rods Half-In
o 5 12 18 24

z, inches from top of fueled section



- 10

Pressure Required at Fuel Inlet, Psia

100

90

80

70

60 -

50

40.

30

20.

¥

R=1.2089

10 Mw - 10%overload (11 Mw)
8.5 kg uniform loading

5 Mw ~ 10% overload (5.5 Mw)

Most adverse non~uniform

loading
\ \ R=0.784
AN
»» \ ' %\ Y
\ NCNEN
AN N NN ]
- \ ‘3 » 140 F
‘,‘;m A ) -inle_t
e N <",
N N 100 F
" s, "~
\ \"“‘N R e 140 F
e e i Inlet ——
S| T 120 F
'''' B lnlet —
Core Velocity - ft/sec 100F
SN R— T T T 3 T inlet —
10 15 Flolv Rdt; - gplm' 20 25
2000 5000 4000

Figure 5.3 Coolant Condltions Required to Suppress Bolling



Pressure Required at Fuel Inlet, psia

'

10

100

90

80

70

- 60

50

40

20

Figui'e 5.4 Effect oerori—Uniformity of Fuel Loading at 5 Megawatts

10% Overload (5.5 Mw)
140° F Inlet Temperature -

Most adverse case:
7 Elements 3.5 kg/8
1 Element 6.5 kg/8

\ R =0.5x1.1x1.425 = 0.784
Typical case:
4 Elements 3.5 kg/8
4 Elements 3.5 kg/8
\' R =0.5x1.1x1.304 = 0.7172
Most adverse case
. N
N
Typical case \3‘\'\
10 15 20 25
Velocity-ft/sec
2000 3000 4000

Gallons per minute




40,
10% Overload (1.1 Mw) .
Most Adverse Non-Uniform
Loading R = 0.1568
- 30

Pressure Required at Fuel Inlet, Psia

20 \
\ 100 F inlet
\ ;
10- ﬁ ‘\
80 F Inlet \ N
““\\w
Core Velocity - Ft/Sec
1 i 1 L ' 1
1 2 3 4 5
0 ! : : _ -
0 . ‘ - 500 . 1000 1500

v _ Flow Rate - gpm
Figure 5.5 Coolant Conditions Required to Suppress Boiling at 1 Megawatt



¥

M ‘Peaki
R =—m\1x Safety Margln X P'e%ﬂ'nm; ot

5 kg uniform

140 F inlet

s ez 120 F Inlet

/A

25 ft/sec /V

V4
/ 3600 gpm - V/ |
I/ 23.1 fi/sec / / ]

10 Mw - 6.5 kg
|

. 110
100.
Q
44
2
2582
90. . + T
53] 5|88
£l
=5
1 'E
80 3| P
Zlc
2 0| @
&
L o 7 .
= " / /
o /
6
(W
B 60
9
o
S 1800 gpm -
. Q& 11.55 ft/sec /
e 50‘ -+
2
o
- 1800 gpm
gpm
40 |
11.55 ft/sec 4]
. /. _
15 ft/sec / ‘
, A
30" , % -
. -
' 20. =
10 | | | |
0.5 0.6 0.7 0.8 0.9
R, Multiplier

1.0 1 1.2

Figure 5.6 Effect of Multiplier R on Coolant Conditions
' Required to Suppress Boiling .



Total Pressure Drop through Core, Psi

20

15 -

10

90° F

lAve. Temp.

Flow Rate-gpm

| 150° F
/ ) / Ave. Temp.
A //
////
1//<)//r
44
974
/4
P
](l). ]lscore velocify-‘ﬁ-—seczt) 215 '
2000 3000 4000

Figure 5.7 Total Pressure Drop Across Fuel Elements




6.1

6.0 SHIELDING

Introduction =

The required biological shield thicknesses are
presented for the ptimary reactor shield of the
University of Missouri Research Reactor. Included
are required magnetite concrete thicknesses for

the bulk shield structure, water shielding require-
ments above the operating reactor core, and
shielding requirements during spent fuel element
transfer and storage as a function of the fission .
product decay.

All shielding thicknesses are based on an operating
power level of 10va._ Fuel storage and handling
requirements are based on 40 day continuous operation
at 10 MW prior to shutdown and removal of fuels.
All shielding is designed to conservatively satisfy
the permissible dose limitations to personnel as
advocated in NBS Handbooks 59 and 63.

In the analysis and design of the primary reactor
shielding the following dose rate schedule for 10
MW operation has been used.

(1) At one foot from the primary biological shield
' at core centerline midway between beam ports
' the radiation level shall not exceed 2.5 mr/hr.
(2) At one foot from the primary biological shield
“and three feet from any experimental facility
opening in the shield the radiation level shall
not exceed 2.5 mr/hr.
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(3) At three feet from any experimental facility
opening in the primary biological shield and
on the centerline of the opening the dose rate
shall not exceed 2.5 mr/hr.

(4) At one foot from the heat exchanger rooﬁ,walls'

and ceiling the radiation level shall not
exceed 2.5 mr/hr.

(5) At one foot from the demineralizer room walls
and ceiling the radiation level shall not
exceed 2.5 mr/hr. . _

(6) At one foot above the reactor room floor but
‘ten feet from the primary reactor shield the
radiation level shall not exceed 2.0 mr/hr.

(7) At any location at the top surface of the pool

the radiation level shall not exceed 20 mr/hr.

Several additional dose rate criteria with regard to
fuel handling were selected for design.purposes.

- The design conditions are 40 days continuous opera-

tion at 10 MW, followed by 102 seconds fission pro-
duct decay time (1.16 days) prior to fuel handling
and storage. Shield thicknesses for fuel storage

" are based on these conditions and the same dose rate

criteria as for the bulk shield. The required
water cover during fuel handling is based on a 100
mr per hour maximum dose rate from a fuel element

at these reference conditions during fuel transfer.

Gamma Ray Attenuation-Biological Shield

The attenuation of the gamma rays originating in
the reaétor core from prompt fission, fission
products, and radiative neutron capture gamma rays
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generated throughout the reactor complex were
considered. in the analysis of the biological
shield requirements. An anélytical model of the
reactor core and surrounding regions was developed.
External to this analytical model of the reactor
system, the thickness of the water and magnetite
concrete cylindrical annuli were varied to account
for the eccentricity of location of the reactor
‘core in the pool. | '

All calculations of required shield thicknesses

were based on regional gamma ray source spectrums
generated by Internuclear Company. The calculations
0of the gamma ray dose external to the shield was
perfofmed using a éomputer program. In this com-
puter program the gamma ray buildup factors were
included; In an effort to assure the Validity of
use of the selected buildup factors, a series of
identical applicable problems were calculated using
iron dose buildup factors and water dose buildup

factors. These calculations of iron and water

bracketed the value obtained for the concrete
shielding and serve to substantiate the use of

the constants selected.

The concrete thicknesses required to achieve the
applicable dose rate criteria, as defined in the
introduction, are shown as a function of pool
water radius between the core and the biological
shield in Figure 6.1. '

Attenuation of the gamma rays in an axial direction

was calculated to size the pool water depth for an
operating power level of 10 MW. Calculations were
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based on the gamma ray sources as determined in

the analytical model. The dose rate as a function,

of water depth over the active core is shown in

‘Figure 6.2, It will be noted that to reach a

tolerable dose rate from the direct penetration
core gamma ray contribution in comparison to the
pool water activity dose rate, a minimum water
depth over the operating active fuel region of
23.6 feet is réquired at a power level of 10 MW.

Neutron Attenuation-Biological Shield

Neutron attenuation in the biological shielding
was célculated to insure adequate neutron removal.
A calculation was performed by Internuclear
Company using a computer to integrate the point
water attenuation kernel over the reactor core
volume. Correcting this kernel by the exponential
attenuation of the non-hydrogenous materials in
the system, the dose rate from fast neutrons is
then calculated assuming a dose rate conversion

of 0.15 mrem per hour per unit neutron flux.

The required magnetite concrete thickness, as a
function of pool radius, to achieve a neutron

dose rate of 10 per cent of the dose rate criteria
is shown in Figure 6.3. It can be seen that the
neutron dose rate is of negligible importance in.
comparison to the gamma ray dose rate at the bulk
shielding requirements needed to attenuate the
gamma radiation.
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Spent Fuel Transfer and Storage

Transfer of the spent fuel elements as well as
storage in the reactor pool or in the spent fuel
element storage pit were studied to limit dose

rates during these operations to a reasonable level
or, if applicable, to the dose rate criteria pre-
sented in the introduction to this section. During
fuel element transfer, the philosophy used in |
design was to limit the dose rate during the transfer
operation to less than 100 mr per hour at some |
reasonable time after shutdown. Shield requirements
for storage of spent fuel elements in the pool or

in the fuel element storage pool are calculated to
meet the dose rate criteria of the bulk shielding.

The calculations were performed byllnternucleér
Company using a computer program. The cases of
spent fuel elements, in arrays of single, four,

and eight elements adjacent to the concrete wall
and of a single element in a horizontal or vertical
position shielded by water are calculated as a
function of fission product decay time. All
calculations were based on an average element with

uniform axial burnup and 400 megawatt days of reactor

operation at 10 MW,

Dose rates through magnetite concrete shielding
from single, four and eight spent fuel element
arrayé adjacent to the shielding wall are shown

in Figures 6.4, 6.5, and 6.6. In these figures the

results are presented for fission product decay

6-5



AL

/9¢9
k . .
times of;103, 10° and 10% seconds. Figures 6.7
and 6.8 show the dose rate through water shielding ‘

from a spent fuel element in a horizontal and
vertical position for decay times of 103, 103 and
106 seconds.

Application of these results to the design shieid
thicknesses assumes that the following operational
procedures will be followed:

(1) The pool level is lowered to the elevation of
the lower bridge before removing fuel from
the reactor vessel.

(2) [Fu iz/éf:E;férzigf' Zg/fh V/Qf 159/r?g//” A;}f'
empovarv stnraece’ ra Tncavred at/the Anttn

of Fuel is transferred from the core to the temporary storage
/ racks located at the bottom of the pool. However, it is possible /
t

mé to transfer the fuel directly from the core or from the temporary
th or Tacks located at the bottom of the main pool to the permanent
racks located in the east pool while the pool level is at the refuel

T level. ‘
ran cagk whi wilJd be place e 1 ge _
nd t

(3)‘ 0 fueL/Erangfer oxer thé weyf’or into g’

/566~
/565

-

No fuel transfer over the weir into a shipping cask is intended at :\;

the reduced pool level and no spent fuel storage is intended:on ledge o~

behind the weir. 9
AN

,ihtenﬁéd on fhe Lﬁﬁgeg}éhimﬁ/thelﬁéip/ l

Functional shielding requirements can then be
defined as follows:

(1) The minimum concrete thicknesses around stored
fuel. _ -

(2) The minimum elevation of the lowered pool to
facilitate transfer from the vessel and into
temporary storage.
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(3) The minimum required submergence of the weir
and ledge to facilitate fuel transfer to the
spent fuel storage pit or into a transfer cask.

(4)  The minimum required depth of water above spent
fuel stored in the spent fuel storage pool in
the event that the pool proper is drained.

- This minimum depth is maintained by the weir

separating the two pools.

For a fission product decay time of lO5 seconds,
the shielding requirements for the described con-
ditions are as follows: |
(1) Storage of Elements Adjacent to Primary
Reactor Shield:
(a) Storage of four spent fuel elements adjacent
to primary reactor shield or in the spent
fuel storage pit with a dose rate criteria

g rpr——— v

of K25 mrem per hour at one foot from the 'g:

/5¢¥

shield surface requires four foot four
inches of magnetite concrete.

(b) Storage of eight spent fuel elements in
the spent fuel element storage pool ad-
jacent to the dividing wall between the
pool and the storage pool to meet a dose
rate criteria of 50 mrem per hour for a
worker in the reactor pool requires that
the separating wall between the spent fuel
storage pit and the reactor pool have a
magnetite concrete thickness of three foot

eleven inches.
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(2) Transfer Operations at Lowered Pool Water
Depth: |

(a)

(b)

The minimum water shielding depth over
the reactor vessel lip during transfer
of a spent fuel element in a vertical

position meeting the dose rate criteria

of 100 mrem per hour at the water surfacé

is eleven foot of water (this includes
a 12 inch clearance of the two foot long

‘fuel element over the vessel lip).

The minimum water shielding depth over

the reactor pool spent fuel element storage

rack with seven elements in the rack and

one element in transfer, or eight elements
in the rack, to meet a dose rate criteria

of 10 mr per hour from all elements during

a single element transfer, and the dose

rate with eight elements in the rack not
to exceed 1 mr per hour, requires twelve
foot six inches of water (this includes

12 inch clearance of the fuel element

being transferred into the storage rack).

(3)

Transfer Operations at Upper Pool Water
The minimum shield water depth over the
weir, or over the cask, during transfer
spent fuel element from the temporary st
racks in the pool to the transfer cask,

the spent fuel element storage‘pool, to meet a-

Depth:

pool
of a
orage

or to

dose rate criteria of 1 mr per hour from a

single fuel element requires fourteen fe

water over the weir or over the shipping
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cask (this includes 12 inch clearance of the

fuel'elemént over the weir).
(4) Pool Water Level Lowered to the Pool Weir:
The minimum water shielding depth over the
-spent fuel element stdrage rack with eight
spent fuel elements in the rack and to meet
a dose rate criteria of 50 mrem per hour at
the water surface is ten feet of water over
the racks.

Experimental Facilities Shielding .

An analysis of the shielding of the beamports,
thermal column, and the gamma irradiation facility
has been made. The beamport analysis included a
determination of supplementary shielding require-
ments for the beamport plug and vestibule as neces-
sitated by the loss of concrete represented by the
vestibule, by streaming around the beamport plug,
and the induced activity of the beamport coolant.
All calculations were based on an operating power
of 10 megawatts.

The shielding requirements of the experimental

‘facilities were based on radiation dose rate

criteria as presented in Section 6.1. The radia-
tion level criteria of 2.5 mr per hour at one foot

from the surface of the primary reactor shield was

. used as a.design basis in determining shielding for

the beamports and the thermal column.

The shielding analysis of the thermal column is
based on a column arrangement utilizing a five
foot thickness of graphite along the axis of the

column following the lead shielding nose piece;
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In the analysis_of shielding requirements for the
beamports the basis was a six inch typical beampdrt. o '
Since the primary reactor shield has been sized to
compensate for the eccentricity of location of the
reactor core in the reactor pool, the analysis of

beamport system shielding was required on only one
beamport. '

6.5.1 Beamport Shielding

Supplementary shielding for the beamports is based
on material replacement‘necessary to maintain the
primary reactor shield integrity. Except when used
with special experimental facilities, the beam tube
volume in front of the shield plug is flooded with
water to completé the primary reactor shield. 1In
the calculations to establish the supplementary
shielding requirements for the beamports the fol-

lowing areas were studied:

(1) Annuli (water or air filled) between the
 primary reactor shield casing, the beam tube,
and the beamport shield plug.

(2) Ahnuli of materials (primary reactor shield
casing, beam tube, and beamport shield plug
casing) which have densities less than the
primary reactor shield design density of
3.5 grams/cm3.

(3) The beamport vestibule at the primary reactor
,shiéld surface.

(4) The coolant activation in the beam tube and/or
experiment can and the subsequent passage to
the outer portion of the reactor shield.

6-10 | . .
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The desired radiation level criteria are satisfied
in the beamport design by stepping the aluminum

~and water or air annuli of the beamport system and
by including lead shielding.

Calculations were performed on the following annular
geometries:

(1) An air or water annulus of varying thickness
followed by lead and concrete shielding or
vice versa. _

(2) Homogenized annulus of aluminum and air or
water of varying thicknesses followed by lead
and concrete shielding or vice versa.

(3) An air or water annulus of varying thickness
traversing the entire primary reactor shield.

(4) A homogenized annulus of aluminum and water

or air traversing the entire primary reactor
- shield.

From the analysis of the various contributions from
the combination of annuli which exist in the design,
the amount of lead required at the step can be
established and the required step can be sized.

It should be noted that, since a collimated beam of

‘gamma rays is studied, no gamma ray buildup is in-

cluded in the calculations to account for scattering.,

6-11
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For the beamport design as shown in Figure 8.1,
thickness of aluminum and water or. air does not ‘
‘exceed 7/8 inches and any single annular thickness

of water or air does not exceed 1/16 inches, the
lead shielding and step requirements are as follows:

(1) At the step, a minimum of 3 inches of lead in
. the '"'line of sight" is required for each annular
channel.

(2) A minimum step of 2.0 inches is required with
the inclusion of the above lead shielding. The
step is defined as the distance from the inner
radius of the smaller annulus of the step to
the outer radius of the larger annulus or the
radial increment from inner magnetite concrete
radius to the outer concrete radius at the step.

The additional considerations of the vestibule and

coolant activation were solved using standard tech- ‘
niques. The vestibule represents a deficiency of

concrete which must be supplemented by additional

lead. A minimum thickness of 3 inches of lead is

provided based on the concrete deficiency and the

relative material densities. This thickness of

lead backs up the entire vestibule and overlaps the

‘edges of the vestibule by a minimum of 1 inch. The

- beamport plug requires a similar minimum thickness
of lead.

Coolant activation of the experiment coolant was
based on a light water cooled experiment with a
total flow rate of 2 gpm to the experimental can

6-12 ' | .
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or to the flooded volume. Consideration was given
to the transient times in the irradiation region and
to mixingﬂof the activity in the beam tube. Further
consideration of shielding was given to drain lines
from the beamport. For those lines carrying the
activated coolant a minimum of 2 feet of magnetite
concrete is provided between the lines and the sur-

-face of the shield.

Thermal Column Shielding

A drawing of the thermal column is shown in Figure
8.2. The thermal column is positioned vertically
with the centerline of the column on the centerline
of the reactor core. Positioned between the 9 inch
outer graphite reflector ring and the thermal column
case is a lead nose piece serving as a gamma shield.
This shield is shaped on the inner surface to conform
to the radius of the aluminum skirt surrounding the
graphite reflectors. The minimum thickness of the
gamma shield is 4 inches of lead. The edges of this
shield are 6 inches of lead. The whole is encased

in aluminum.

Minimum shielding thickness occurs on the centerline
of the thermal column. A tabulation of materials

"seen'" in a traverse from the inner face of the

gamma'shield to the external face of the thermal

column door include:
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1/4 inches of Al Gamma shield face plate
4 inches of Pb Gamma shield o . .
1/4 inches of Al Gamma shield back plate
3/4 inches of Al Thermal column facée plate
60 inches of Graphite Thermal column pack
1/4 inches of Boral Door face plate

25 inches of Steel Thermal column door

The thermal column case is made of two square boxes.
The in-pool portion immediately behind the lead -
shield is a box 37 1/2 inches square exténding back
12 1/4 inches where it is stepped to the next box.
The second box is 49 1/2 inches square and 68

inches front to back. The larger (second) box is
completely lined with 1/4 inches of boral plate. 

The analysis of the shielding requirements was made
by Internuclear Company using the computer codes _
GH-4 and GRACE-I. Calculations performed with code
GH-4 utilized an approximation of the thermal column ‘
‘geometry of successive cylindrical annular segments
to describe the lead, graphite and shield door of

the column. Calculations using GRACE-I, which is.

a multiregion, multi-group gamma ray attenuation
program utilizing slab geometry with the option of
truncated cone geometry, were performed by describing
the regions as truncated cones.

The off-axis shielding of the column and streaming

of radiation down the gaps around the door were also
studied. The off-axis shielding and streaming
'shielding is provided by a door overlap of five inches
on all four sides of the 4x4 foot thermal column face.
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Spent Fuel Element Irradiation Facility

The capability of using an array of spent fuel

elements as a gamma radiation source has been

installed. A section of shielding in the wall of
the spent fuel element storage pool is removable.
It is possible to replace this segment of shielding
with an irradiation unit fabricated of lead.
Initially this shield cavity will be filled w1th
blocks of magnetite concrete. Prior to completion
of burn-up of the first core, a lead irradiation

mechanism will be designed, fabricated and installed.

A license amendment for installation and utilization

of the gamma irradiator will be requested about one’
year after startup.

The spent fuel gamma irradiation facility consists
of a cavity in the biological shield wall of the
spent fuel storage pool. The cavity is fabricated
of aluminum. It is essentially three boxes. The
innermost box is 2x2 feet and 20 inches deep. This

‘box steps to the second box which is 2 feet 4 inches

square and 10 1/2 inches deep. The third (outer)

 box is 2 feet 8 inches square and 2 feet deep.

The cavity in the shield, formed by this spent fuel
irradiation facility casing, is filled with cast
blocks of magnetite concrete. The blocks are of two
sizes 4x4x10 inches and 4x4x10 1/2 inches. The
blocks are positioned in the cavity in staggéred
rows to minimize gap: lengths. When the cavity is
filled with blocks the effective shielding is &
feet 6 1/2 inches of magnetite. The calculated
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dose rate external to the shiéldeith six spent
elements in the storage rack is 1.4 mr/hr for
elements subjected to 400 MWD reactor operation
and 105 seconds decay time.

Coolant System Shielding

Piping and Coolant EQuipment Room v

The shielding requirement for the coolant piping
and the heat exchanger room are determined entirely
by the N-16 activity in the two coolant loops.
Required thicknesses of shield have been calculated
on the basis of concrete densities of 2.2 gm per
qm3 for ordinary concrete and radiation level-
criteria as defined in the introduction to this
section. The calculated equilibrium specific
activities of N-16 are 6.6 X 100 and 1.54 x 107

mev per cm? second at the exit of the core activation

regions of the reactor and pool loops respectively.

The shielding calculations are based on the locations
of the in-pool invert loop and piping in the tunnel
beneath the reactor as indicated on the drawings.

Decay times, transient times, and source geometries

are based on 12 inch reactor loop piping, six inch

pool loop piping and the design flow conditions.

The calculations for the heat exchanger room assume
that one inlet pipe is located at any point along
the wall or ceiling. The shielding requirements for

‘a heat exchanger room are generally determined by

such a critical pipe location, since the radiation
dose rate from this geometry exceeds that from the
distributed components in the room. This assumption
provides the most conservative estimate of shielding

. requirements.
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The resulting shielding requirements are as follows:

(1)

(2)

(3)

Invert Loop:

(a)
(b)

(c)

Pipe
(a)

‘The invert loop is located adjacent to the

primary reactor shield in the reactor pool.
Radiation level criteria is 2.5 mr per

hour at one foot from the shield surface.

' The shielding requirement is three and one

half feet of magnetite concrete or its
equivalent in all directions from the
pipe.section.

Tunnel:

The pipe tunnel referred to is located
beneath the beamport floor and runs from
the reactor pool to the heat exchanger

~room. The area of concern consists of

the beamport floor area immediately above

- the pipe tunnel.

(b)
(c)

Heat

(a)

Radiation level criteria is 2.0 mr per
hour at one foot from the shield surface.
The shielding requirement is five feet of
ordinary concrete or the equivalent.
Exchanger Room: ' ,

The heat exchanger room is located below
mechanical equipment space and adjacent

to the reactor containment building. The
areas of concern are the walls and ceiling
of the heat exchanger room. Occupied area
is immediately above the heat ekchanger

room.
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(b) Radiation level criteria is 2.5 mr per
hour at one foot from the shield surface.

(c¢) The shielding requirement is five feet
of ordinary concrete or the equivalent.

Demineralizer Shielding

The demineralizer shielding requirements are reduced
by locating the pool loop bypass stream after the
holdup tank and by providing a two minute holdup
tank on the reactor loop bypass line, thus avoiding
the need to shield high energy N-16 gamma radiation.
The demineralizer shielding requirements are then
determined by the specific activities deposited on
the beds. The coolant lines serving the units how-
ever, still have appreciable 0-19 activity which
influences the shielding requirements for these

lines.

Separate demineralizer beds are used for the reactof
loop and the pool loop, but these units, plus the
spare unit, are interchangeable, hence the shielding
requirements are identical for all units. Similarly
the regeneration station for the spent resins has
identical requirements because it must receive the

activity from any one unit.

Calculations of the equilibrium activities present‘
on the demineralizer beds during operations have been
made. Based on the specific activities calculated
and on a minimum ordinary concrete density of 2.2

gm per cm3, the shielding requirements of the demin-

eralizer system were found to be as follows:

6-18



%
, (1) Demineralizer Unit Piping
‘ I . (a) Location - This piping extendé from coolant
% loops in the heat exchanger room to the
demineralizer beds.
(b) Radiation level criteria is 2.5 mr per hour
at one foot from the shield surface.
(c) The shielding requirement is one foot of
- ordinary concrete or its equivalent.
(2) Demineralizer Beds ‘
(a) Location - The demineralizer unit cells are
" located in an area adjacent to the heat
exchanger room. The calculation of
- shielding requirements are based on occupied
'space .above and readily accessible areas
to the front of the demineralizer cells.
(b) Radiation level criteria is 2.5 mr per hour
~ at one foot from shield surfaces. |
(c) Shielding requirement is three feet of
‘ ordinary concrete or its equivalent in
3 those directions where access is provided
during operation of the units. The
assumption is made that sufficient delay
time has been built into the system to
permit N-16 and 0-19 activities to decay.
(3) Regeneratlon Lines
(a) Location of the regeneration lines is in
the valve tunnel adjacent to and in front
of the demineralizer unit cells.. The
regeneration lines are used to sluice the
resin from the deminéralizer units to the
regeneration unit. '
(b) Radiation level criteria is 2.5 mr.per
hour at one foot from the shield surface.
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(4)
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'(g) Shielding requirement is two feet of

ordinary concrete or its equivalent.

Waste Storage Tanks

(a) Location of these tanks is immediately
to the west of the demineralizer unit
cells. The area of concern is located
above the waste storage tanks where there
are radioisotope'laboratories.

(b) Radiation level criteria is 2.5 mr per
hour at one foot from the shield surface.

-(c)’ The shielding requirement above and to

the sides of the waste storage tanks is
two feet of ordinary concrete or its

equivalent.
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Magnetite Concrete Thickness (feet)

Figure 6.1

Effective Pool Radius mmmmnv

Biological Shield Magnetite Concrete
Requirements versus Effective Pool Radius
(Reactor Power 10 MW) |
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Magnetite Concrete Thickness, feet

Pool Radius, feet

Figure 6.3 Magnetite Concrete Biological Shielding
Requirements versus Effective Pool Radius
to Achieve One-Tenth of Dose. Rate Criteria
from Fast Neutron Dose (Reactdr.Power_lo MW)
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7.0 AUXILIARY SYSTEMS
Reactor Auxiliary Systems

Decay Heat Removal

The Missouri Research Reactor has an emergency de-
cay heat removal system consisting of an in-pool
heat exchanger and associated valving located within
the reactor pool. The function of this system is

to assure adequate decay heat removal from the core
coolant system in the event of pump failure or

isolation.

In the event of a loss of coolant flow by pump
failure, isolation or electrical power failure the
in-pool heat exchanger will dump the decay heat.

The in-pool heat exchanger operates on a gas
actuated valve system such that a loss of flow with-

in the primary loop actuates valves which permit

"~ the coolant water within the pressure vessel to

circulate through the in-pool heat exchanger. This
system is described in Section 5.2.7 and analyzed

in Section 5.6.

It is intended that the operation of the in-pool

heat exchanger will be checked once each year during
reactor operation to determine that it satisfactorily
dumps the core decayvheat to the reactor pool in the
event of loss of flow. This condition will be
simulated by power operation followed by shutting

down of the main coolant pump.
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to the HSR to insure that the core remains covered."

7.1.2 Invert Loop (Siphon Break)

In an accident in which one does not have loss of
flow but has breakage of the effluent or influent
line to the reactor [corg/, the/invett lgop s{an
Y}fhl the/p601 5 1@%é§1a;é{;/yé?ééﬂ/p/ yéy/ ;ézf_

. core, the invert loop acts as described in Appendix B of Addendum 4

sygt)aé is described }/{Sey{lory{ 4 / /S /

7.1 Fuel Element Failure Detection System

oll t of L actor rima wat ;zgph/
an-up/systefn is bypassed roun ,géﬁi;e llzens///

A controlled amount of reactor primary water in the clean-up system is
. bypassed around the demineralizer through a Tracerlab- MWP-1A Fission

Products Water Monitor.

This system measures principally the fission product activity associated

with I-135 and' contributions from 1-132, I-134, and 1-136. The system -

is on line continuously when the reactor is in operation. When out of

service, the primary coolant is sampled at least once every four hours for -

evidence of fuel failure.

The output of the scintillation probe detector is fed into one channel of
the Eberline Radiation Monitoring system (RMS II). This signal is

displayed on a analog meter that is equipped with an adjustable set pomt
trip to alarm at a predetermined radiation leve

7.1.4 Emergency Power System,

7 7 7 7 x 7 7 7

i 7 7
Attached to the southwest corner of the reactor laboratory building
is an addition that houses the emergency diesel generator and
provides space for future addition of a 1250 KW substation. The
emergency generator is a 275 KW diesel engine driven unit.
Operation of the engine and generator is automatic. It starts one
second following failure of normal power. After reaching rated
voltage and frequency, the unit will automatically assume the

/350

/9%7-

7-2

(977

/973 -

556~
e

987 -
/ /990
/89~

é

~

au augustav SeL poLnL ELLp di/;m at ppedete 1nea
tle}/{}z }z//P ////x



/989 -

N 7990
,‘k o
emergency electrical load. Upon restoration of the normal A
- electrical power source, the emergency electrical load will be
automatically shifted after an adjustable delay time and the engine -
‘will be stopped after an additional adjustable time delay.
‘The emergency generator (EG) is poWgred by an 855 cu. in., 395
h.p., diesel unit with a direct injection fuel system. The diesel EG -
is sized to meet current and anticipated loads with an excess
capacity approaching 50% for future load additions. The unitis -
designed to assume the emergency load within seven seconds of a ‘
cold start. . ’,
The generator is rated for an output of 344 KVA (275 KW at 0.8 - ‘
PF), 277/480 volt, three phase, 60 cycles. The emergency power
generator will provide for the electncal requirements of the A
following systems _
- Ve -~ ~ 7~
(1) Reactor Control Room Instrumentation : o
(2) Personnel Entry Doors and Controls 4
Q
. U~
(3) Supply and Exhaust Air Doors and Controls AR
§
(4) Facility Exhaust Fans (EF-13 and EF-14) : <
(5) Emergency Air Compressor | -
(6) Evacuation/Isolation Alarm System ' A
(7) Fan Failure Warning Light System ‘ 1
(8) Communication and Paging System ’
(9) Exit Signs B ‘ "]
(10) Isolated Lights i
(11) Stairway Lighting

7-3
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(12) Diesel Generator Electrical Controls /J
* (13) Offgas Stack Monitor o
“(14) Nitrogen Station Controls” _ \? /|
The system will be tested once per week for 30 minutes to assure '
- operability. )

Periodic maintenance will be. performed according to manufacturer's
recommendations.
L—— (15) Fire Protection System r;(mq»

7.1.5

7

1.

6

level controllers. IT hi r o hes the /
‘ /th/o‘(gh}/r e wheheve qul evel

p
,/o ;{/ler/so y/tla}eé algxé ang/od r)a{ba% A

—

Reactor Loop Vent System ,
The reactor loop vent system provides for the venting

of any gases released within the in-pool piping.

A vent tank installed within the pool collects gas
through 1/2 inch tubes which connect to the highest
points on the invert loop and the in-pool heat ex-
changer. The vent tank is fitted with two liquid

/99y
/56~
/G0

Joo2
004

/T¥%7~ 950

‘The higher of these vents the tank through a solenoid valve to a pressure

regulator whenever the liquid level in the tank recedes to a preset elevatlon
V If the vent tank liquid level continues to recede, the lower controller operates
L1 a second relief solenoid in parallel with the ﬁrst Operation of the lower
controller also initiates alarm and rod run-in."

/?%*

Emergency Air Compressor

[In dddit#bn to ;A{e nyfmal ;a’goratoy{ alr/gompre/;/gor

"In addition to the normal laboratory air compressor, the inflated gasket seals
for the equipment entry, personnel entry, and the fifth level isolation doors are
connected to a standby compressor located in the mechanical equipment room on
the reactor fifth level."

f/fiy

mecp,aélca/]/aqnup)a/nt rocy{on tpfé reacpbr f£iffh 1eyé
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" This compressor has a capacity of 15.8 CFM at

100 psi. There is an 80 gallon air receiver tank
connected to the system. In the event of failure

of the laboratory compressor this compressor will

maintain sufficient pressure for operation of the
door seals. A check valve isolates this line from
the balance of the normal air system.

Both of #he reaétor exhaust Asolatidn valves are of

1 "One of the reactor exhaust isolation valves is of the air open-closed type. The
air for its operation is backed-up by a smaller compressor and accumulator
located on the fifth level.”

/798"

Qaquﬁa1anf(;ni:/{6Eateg/éE eézﬁ{valyg4( ﬁx' : j//

Complete operational checks of this system will be
performed | "prior” to startup

I22(
/382

Emergency Pool Fill

There is aa"&hnch wet fire line extending from the E

fire protection water loop outside of the laboratory
building directly into the reactor building. This
line provides an emergency raw water supply for

pool filling. The line enters the containment
 ( seal trench.”

structure via the The line terminates

/55—

in a goose-neck extending over the curb of the
reactor pool and pointed down toward the core.. The
line terminates about 10 inches above the pool sur-
face. There is no possibility of back-siphon

action.
The flood valve controlling the fiow from this

emergency pool fill line is recessed in a box ad-
jacent to the_curb'at‘the east end of the pool.

7-5
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‘The valve moves from closed to full open with a
quarter turn of the lever handle. This 4 inch line ‘
will provide an emergency water flow at a rate in
excess of 1,000 gpm. This is an addition rate which
is completely adequate to maintain more than 3 feet

of water above a completely severed 6 inch beamport.
AQO .

e
rd

pressure,
g that the water pressure is —

The water pressure is monitored by a pressure switch which will alarm on low

sounding an audible and visual alarm in the control room indicatin

insufficient to produce 1,000 gallons per minute flow.

S
5
-~ &
'_‘}.e
¢ !

Fuel Handling System
Fuel handling will be entirely manual using specially

~
|
we 0

designed remote tools. )
"All fuel handling will be done in accordance with SNM Control and Accounting
Procedures and as outlined in the 10 MW Standard Operating Procedures.”

|Ne fgél/éheg/fir/s’c reteived /wi¥l b p%ced/in/a l
| 7 SN 19111/ nv v-ir;laA \'.1"V{h /~/r1'f‘ rATA tvr 'dpf‘a/hf‘i/n ’

"New fuel, when first received, will be placed in a storage vault provided with ,
security against unauthorized entry. Fuel will be stored in the vault in critically |
safe geometry such that the calculated kegris less than 0.9.". :

S L L J . L L e A N e / VY e A - U;/ WO A \_—.\A ,Z—bn \-/l.\.« \7\—‘-»&:./“— : A-A.L/ \_LL')"—:IV
o¥igipal sHipping ntaineys. If it is necessary

or desired to store the fuel in other than the

L

&
o~
~

PLACE AFTER
FrnsT SQupe

/958"

shipping container, special racks will be provided
assuring }A‘;]t% stbgggé in a subcritical geometry.” yéley__-ﬂ

(99
o

During inspection of the new fuel the elements will
be handled one at a time and each replaced to its
proper storage rack prior to inspecting the next

element.

As fuel is required for loading into the reactor
each element will be transported individually from
the storage vault to the reactor. Only one element
"will be allowed out of proper storage or its position

in the reactor at one time.

7-6 @



The special source materials custodian will assure
that proper documents are available at receipt of
the fuel and it shall be his responsibility for a
complete and accurate fuel inventory.

Irradiated fuel does not leave the reactor pool un-
til after it is loaded into suitable casks for ship-
ment. During all fuel transfers sufficient water
shielding is provided to maintain acceptable radia-
tion dose levels to personmel.

/3987

traﬁsfe§/
ing Ve
th ,

his

/

ove fuel e‘;é///
dezay p 1:3/6/;3y/
o th€ lower bridge

"The highest dose rate during spent fuel transfer is apprommately 25 mr/hr dunng the short
interval of time when an element is passed into the weir area for storage and when an element
is raised to clear the top of the pressure vessel. F/J

The reactor must be shut down and the pressure vessel head removed using special tools
prior to removing fuel from the reactor. Reactor operators working from the upper bridge will
move fuel in and out of the core to designated spent fuel areas one element at a time. The
normal fuel handling tool is air operated, has buoyancy assist tanks and provides position :
indication of latching prior to movement of an element. ’#

Following each refueling sequence a test to assure fuel elements are fully seated is-

performed and inventory management checks are completed prior to bolting the pressure vessel
head in place."

/9%s"
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Transfer of elements to the shipping cask will be

done manually with the cask underwater resting on

the pool shelf between the reactor pool:and.the
spent fuel stor¢ze pool. The cask will be decon-
taminated prior to release for shipment.

Core Coolant Clean-up System

There are two demineralizer loops associated with
this reactor. One cerves to provide clean-up of
the reactor water, the second to provide clean-up
of the pool water. Both are operated at an inlet
flow of 50 gpm. Both systems utilize the same size
demineralizer beds. As will be pointed out in the
paragraphs which follow, the actual demineralizers

are interchangca®™le fron one system to the ~*he: by

means of a valving arrangement. In the paragraphs

which ‘follow the systems will be described together

under ‘the general heading of core coolant clean-up
system but the differences that exist between the
core coolant and the pool coolant clean-up system
will be pointed out for the reader.

A portion of the reactor water return stream from
-the heat exchanger flows to a holdup tank which

provides a minimum holdup time of two minutes at

a flow rate of 50 gpm. l/Tﬁ /hg%lgﬁkéaﬁ%gi/rpr vigéd

7-8
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the discharge line of the holdup tank is a centrlfug

s /‘}9’&

50 gpm pump which serves to overcome the head losses

in the V@p%,demineral izer system.

The coolant cleanup streams are filtered both

755,

before and after paséing through the demineralizer

' beds. The filters are of the replacable .cartridge
type with a stainless steel shell, base and cover.
They are sized to removeor- larger lgé’
particles. The filters are equipped with valving
which permits isolation during exchange of cartridges.

The water purification system consists of three

mixed bed demineralizers capéble of demineralizing
water from the reactor loop and the pool loop each
at a flow of 50 gpm. Each demineralizer is sized

to remove 1500 grains hardness per day from water

 of temperature not to exceed 14OOF;MW€9@’G7{};S
,bétyeéﬁ}—"@%/gﬂ{ipr(s. The effluent from any one of

these demineralizers will contain not more than .05

'ppm of sodium and .05 ppm of 5111con ’/Th/e/ur}%

"“These umts are capable of mamtammg the bulk reactor and pool water at/

conductlvxtles of less than two mxcro-mho : s T -.
ol Rt £ /t -

b cr9/ 4 Each of these three dem:merallzor beds
is located in a separate shielded cell and all are

/95

/998

connected to a common manifold distribution system

of aluminum pipe. Any two of the three units are

in service simultaneously, one connected to the

pool loop and the other to the pressurized reactor
loop. The third unit is held in standby. The common

7-9
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The cleanup system is also equipped with a rubber-lined resin storage tank which is piped into
the resin sluice lines. The resin storage tank enables the use of an additional (fourth) bed of

resin in the system and significantly increases the decay time from resin depletion to resin

300 FARCS
S (SSY
REV

L 3

manifold system permits complete interchangeability
with regard to function of the three units.

All valving has been installed with reach rods
through a two foot shiélding wall and is positioned
such that it matches the various shielding penetra-
tions. In addition to a two foot shield wall
séparating the valve handles from the valve bodies
there is one additional foot of shielding behind
the valve gallery such that the minimum shielding
from demineralizer cell to the operator of this
equipment is three foot of concrete. The cells are
arranged in such a manner that the demineralizers
are shielded by means of stub wall shadow shields
from a limited access passageway behind the cells.
T

In a similar manner, the regeneration station and

the filters for the demineralized water are located
in separate cells with provisions for remote valving
in and out of the system. The regeneration station
consists of a large tank for the holdup of resins

which are sluiced from any one of the th’ree demin-

eralizer units. by means of water carrier. fter
Hell £he b€d is ted remot meawf of 4
“After the resin has been sluiced mto the regenerator column, R-200, the bed is|

dumped to a resin drying apparatus and a new, pre-regenerated, bed is loaded|
for service.”

sefutio pl;yé/to e regenerant s atloﬁ/ thl;@/gh
Laféélc VC) fipin sys ém. -

[ The régene’ratlo{{ stafion Mas be’en dféSlgp/ed tg/pro/ide

"The regeneration station (R-200) has been deSIgned to be a central transfer access point i
and piping and valves are provided to permit the resin transfer to and from any of the DI tanks,
including the storage tank.

All effluent (wastes) from the R-200, including sluicing water, are directed into the
- radioactive liquid waste storage system "

| starion jaito a Mdisppbal gOntaiher. /  / '/ 7

replacement. The longer decay time for the activity in the deplted bed greatly reduces the

activity levels sent to the radioactive liquid waste system during resin replacement.

7-10Q
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The total water pﬁrification system for both the
reactor and pool loop is contained behind 3 foot
concrete shielding walls and is operated remotely.
By means of reach rods stepped to exclude streaming,
one can divert flow from the core or pool loop to

-any one of the three mixed bed demineralizers.
== 7 7. — 7 7 NP A 7 -7 -7 7 - 7
"When a particular unit is depleted and in need of replacement it is valved off
1 and the standby demineralizer is valved into that loop.”

Ide?(lne;éllz/e/r 19Zvalvéd J_gréo tl?ét l&)p. ’Dﬁe :de-/_.__]

VA A+ A ndin WEA 5/ / +hoad 1, /'vnor]7 kxy/moaﬂ/; n-{f -
The depleted resin bed in the storage tank is then sluiced, by means of a water carrier, from the
resin storage tank to the regenerator where it is dumped. The depleted resin bed in the
demineralizer is then sluiced to the resin storage tank and the pre-regenerated bed is sluiced to
the empty demineralizer which is placed in standby.

[Sepgfratea, recnarze/a ~MAXea 4na Siulged pacK Lo /thej

dgrﬁlne;éllzei‘ she l ;LrAll of these operations are

/554

performed remotely by means of instrumentation and
valving positioned external to the shield wall.
The physical arrangement of these facilities 1is
shown on Figure 3.1, the beam hole level plan.

[TeAi11be obted fhatAccebs 6 thg/dem/inex/aliz/er

"It will be noted that access to the demineralizer cells is restricted by a number
_of wire gates each of which is locked and remotely alarmed in the control room."

whi rt/ oc % th/ﬁe kegys ¥nh the po)sx’ses/élog
of £he rea sup€rvisor.

/999
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7.1.10 Pool Coolant Clean-up System ,
The general operation of the pool and core coolant . ‘
demineralizer systems was described in some detail
in the preceding section. The only significant
difference between the reactor core clean-up system
and the pool clean-up system is the presence of the
holdup tank in the core loop to the demineralizer.

;9éfpo coiflant/clegh-up Xine does ot hdve <%
olddp tafk. RELETE | S

“The pool coolant cleanup line does not have or require its own holdup tank, but ;
rather has its suction at a point in the pool system before the heat exchanger -
a}nd after the/bulk _p})_ol water has passed through the pool water hold-up tank."

This water, which is approximately 5 dégrees warmer

/99§

than the main coolant stream return, is returned to

the pool about 2 feet below the surface. The pur-

pose of this is to create a blanket of warm water

at the pool surface to reduce mixing rates of the

bulk pool water to the surface and hence reduce

pool surface dose rate due to pool water activity. .

7.1.11 Pool Skimmer System
"The pool skimmer sysfem consisté of an adjustable skimm;r; surface box J
fs fmmgr/f%pK]located within the‘reacto; pooi,
pump located in the mechanical equipment room for

VU PO PRI P G

/598

the circulation of the skimmed water, a filter for
the removal of particulates'skimmed from the surface
of the pool and piping and valves to accomplish

this skimming filtration operation. This skimmer
system provides continuous clean-up of the reactor
pool surface. The skimmer piping and pump are'also
used to drain the pool water from the portion of the

‘reactor pool between the upper and lower bridges.

7412 | @
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In the event it is desired to drain this water the
pool skimmer is valved to a pump by means of two
valves located approximately 4 feet below the sur-
face of the pool. In addition, a valve located
downstream from the skimmer pump is opehed to allow
the pumping of‘the pool water to the demineralized

water storage tank located in the south tower.

The actual skimmer assembly has been designed to

be adjustable over a nine inch span of pool surface
level. The skimmer pump is a centrifugal unit
sized to pump 50 gpm at a discharge head sufficient
to raise the pool water to the demineralized water

storage tank.

The skimmer filter is of the replacéble cartridge

type of flow capacity of 50 gpm. | Phe gk{mme;/%ii;éf

Lﬁ s "The skimmer filter has removable one micron filter cartridges.”

(998

The 50 gpm return flow from the skimmer system re-

enters the pool via the six beamports, dOﬁﬁéiﬁﬁéy&

fﬁ;}gégpéégg/bgpdi A 2 inch aluminum header line is

"in the shield circling the reactor pool. At each

/523

/972 -

beamport a 1/2 inch line takes water from the 2 inch
header, into the gap between the fixed port liner
and the movable port liner. This water then flows
into the pool volume. The maintenance of this flow

should minimize corrosion problems in this area.

Two 1/2 inch lines from the skimmer return header
enter the bottom of the spent fuel storage pool.

=7 ~7 7~ rd 4 7 .z 7 4 £ EA
"These lines have been capped to prevent 51phon1ng of the fuel storage

573

pool when the pool level is lowered."

|[yn T@e spent Auel STLQragefpPood. / / Vd Z
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7.1.12 Closed Circuit Television System :
A closed circuit television (CCTV) system is installed in the reactor facility which ‘ ‘
allows the control room operators to monitor selected areas of the reactor s
containment and laboratory buildings. - ‘§
sg;?e airlogk
act 13ding .\
S >
| &
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\—l..\— [ g AL J}mb
aegto /pf( monkfor ir

rried out ho fl/oeé by mean :

,zera moniror system B .

2,008

7.2 Facility Auxiliary System
7.2.1 Make-up Water Demineralizer
A gené_ral purpose demineralized water supply system
is provided to meet the needs both of the laboratories

and the coolant water systems of the reactor.
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- or the facility demineralized water storage tanks located in the north tower. The 7,000 gallon

%

/998

This ystgg/fgg ismiﬁ:izi}zéﬁawat- supply/{izigdég
re apd post .filter mixed~bed gpm{géﬁi;' er
uni

{ commori pipipg and refenerant tanks-4s well

pool, for the actor ;965

"This system consists of a water softening unit, a reverse osmosis (RO) unit, and a mixed

* bed demineralizer system. Demineralized water from the system is pumped either to a pair of ;

7,000 gallon storage tanks located in the south tower (denoted as storage tank in Figure 3.3),

tanks are used for reactor and pool make-up and storage, and the facility tanks are used for
clean water laboratory use.

The unit is capable of producing effluent water of less than 0.1 ppm total hardness.
~ In addition, the DI-300 mixed bed demineralizer is maintained as a backup. This system
includes a pre- and post-filter and a mixed bed demineralizer unit as well as the necessary

connecting piping and isolation valves."
. ,,f—*////
is a mixég‘bed '

/O(fppm
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rege i tation,,a"ttache,d’/"go th/g/séll.
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7.2.2 Demineralized Water Storage o
. - - & X -oq
Two 7,000 gallon ig&l 41 stainless steel I/'tan‘k/s(/g for @‘Elg
: 5§ , S
demineralized water are positioned in the south =
tower of the reactor building, external to the
containment structure. /‘I(hese t JO
?A/ces/f Tk}e,y" provide a 7 rce g
upp j/fog/ﬁfakejﬂp'p""water ancl/pool -
c Oi?/foolj‘s’fé/s iy as th yﬁiryfIiz?
ot +n +Wao vxinv-i 1ic Tah i & T apr (" f‘an. _. E \’)
"They provide 14,000 gallon capacity to contain that water which is removed  {| 2
L from the pool when the pool level is reduced to the lower fuel handling bridge or ] | o~
- below. About 2,500 gallons inventory is kept for normal operations.” S
. e rd A -
rposes/'é/r’ld(se:égndly 't cap~be igelated
Contaiz’ that water which is removed .
1 yifen the“pool ¥ével 1s redyced to.the y
lowe¥ fuel h ndlir;g/biid . e /

?afk(c?(ﬁese eminegfalize wati?/stora € tapKs is)
Lmiidmnkn A 3 vt L VA~ nadadiE cowanveo v+l f—l{; l

Each of these demineralizer water storage tanks is equipped with a pressure gauge which is
connected to the bottom of the tank and is calibrated in gallons. These gauges are located in the |
south inner corridor. Connected with these gauges are pressure switches which sound an audible |
and visual alarm in the control room to keep the operator aware of the status of demineralized

water storage.
rm g0 /t;hf
inepalize
/ .

yay

A
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— "The three facility DI water storage tanks are located in the north tower and are made of ~
304 stainless steel and have a capacity of 420 gallons each. The tanks are all cross connected |

2

resulting in a total capacity of 1260 gallons. This system is used only for supplying non-

contaminated water to the facility laboratories. A high level alarm and make-up system trip is:
incorporated to prevent over filling and a low level alarm alerts the Operations staff of the need

“to refill.”
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7.2.4

Fire Protection System

The MURR fire protection system is designed to protect the facility and staff, and to mitigate any
property loss in the event of a fire. The system provides two primary functions: (1) detection,
which affords an early warning of an actual or potential fire condition by a combination of heat,
smoke, and remote manual devices, and (2) suppression, which incorporates a normal sprinkler
system with a pre-action system that is used in areas with sensitive electronic equipment, and a
deluge, non-freezing system used in the cooling tower. It should be noted that fire protection is
not required to accomplish a safe shut down of the reactor or to maintain a safe shutdown

condition.

The fire detection system is a combination of thermal, photoelectronic, and ionization-type
sensors, flow switches, and manual pull stations. A central control station, located in room 204,
and a repeater station, located in the reactor control room, monitors each system component.

These stations will annunciate an alarm if any component is not in its normal condition.

The fire suppression system is a combination of many types of systems: a deluge system used in
the cooling tower; a pre-action system used in areas that contain highly sensitive electronic
equipment; a dry fire main system used in the reactor containment building; a traditional sprinkler
system used throughout the rest of the laboratory building; and a damper isolation system for the
facility ventilation exhaust system. The containment building fire suppression system consists of
three fire hose cabinets connected to a dry fire main. Cross-connecting it to the rest of the
facility’s wet system by a manual isolation valve located in the laboratory basement can flood this

system.

The fire protection system receives a virtually unlimited supply of water from the combination
University fire and domestic cold water main. Four (4) Siamese or storz hose fittings are also
connected to the MURR fire main. These fittings are located outside the facility and they
facilitate connecting a pumper truck between the fittings and fire hydrants, which are located in
the vicinity of the hose fittings, thus providing an additional water supply path to the fire main.

In addition, fire extinguishers are strategically located throughout the facility.

The fire protectibn system is powered from the emergency electrical distribution system (ELP-2).

The system also has a self-contained 24-hour battery backup.

2004
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7.2.5 Battery Operated Emergency Lights
The" "The reactor and laboratory has sixteen emergency battery lights E E,?
bat52f§ 1}gﬁi§Jstrategically positionedvthfoughout &
the building. "Each light has a self-charging
battery pack and a switching circuit to actuate the
light upon electrical power failure.
>
N
L

7.2.7

-
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Ventilation and Air Treatment Systems

The Research Reactor Facility buildingj®e
is totally air conditioned. The building air

intakes ‘are on the north and south faces of the

S R NN ) 111 i
The Research Reactor Facility building complex is tot::dly1 gjlrng

(s:g‘rllgiltlggzcsi. f’I;};le building air intakes are located on the north and
0 ¢ east reactor containment buildin

: ; g tower and

include two roof top air handlers (RTAH) in the laboratory building

roof [one mid way on each of the north and south corridors]

Building air i
S : ,
g exhausted through a stack in the west tower
[NSWRT AFET 4G foomo rChiem _ :

/598
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Air from the laboratory fume hoods is passed through
a system of absolute filters prior to being mixed
with reactor containmment building exhaust air and

passes out of the building through the stack in

the west tower

[Rééctg{’confélnméﬁt huildlnﬁfaln/{hat/is dfschafred/

Reactor containment building air that is discharged to the

" atmosphere is thermal column cooling air, beamport ventilation air, /

7

air which is drawn from the surface of the pool and exhaust from
the film irradiator shield box. Reactor containment building
exhaust air is mixed with and diluted by the laboratory building
exhaust air. The reactor cooling equipment room ventilation air
and the pneumatic tube system exhaust air pass through filters and ~
then also exhaust through the building stack.

%ékhaggfed 'rectly/fhrgﬁéh tpé'buglﬁing/;t@é@. // o

.2.8 Laboratory, -Shops and Auxiliary Support Systems

The Research Reactor Facility has an electronics
shop and a machine shop each equipped and staffed
‘to do most of the maintenance on all of the
facilities systems and to fabricate special research

equipment.

One laboratory[}6E@z/d/w{gh/hgéﬁgyﬁéqgfb;/éopfé}ﬁﬁgﬁ%
Eptadusd|

is equipped for use by the operators and
staff to handle such problems as water analysis,
foil counting, smear surveys, monitoring and similar

routine laboratory functions.

Additionally, the Research Reactor Facility has
library facilities, reproduction facilities, photo-
graphic darkroom facilities and catalogued storage

of administrative and laboratory supplies.
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Intercommunication and Paging System : 7978
“The reactor facility utilizes two principal communication systems: a . ,Z——,-___-;,/' 209
computerized telephone system and an intercommunication system that el ephon/e‘ v | 299
allows two-way communication between a master station and a staff station. : N &gg
! A paging feature, which allows several different telephones to originate a 20
" page, is incorporated into the telephone system. -
Master and staff station locations for the intercommunication system , 8
are shown in Table 7.1. The master station is in the reactor control room. PN IR
Speakers for the paging system are located as shown in Table 7.2. Any’ : f KR
staff station may be called from the master control station and any staff gén may N
the master/ station may call the master control station. Voice paging may be )ntrols . <
— accomphshed from the master control statton ) } < i
TABLE 7 1
INTERCOMMUNICATION SYSTEM MASTER AND STAFF
STATION LOCATIONS |
&/ ' : /'
/ aster tions L
' ln(m )’fﬁ ‘// /[)82{24{ Raépt;/ De% / él& . ,
“Master Stations 1 C 1 N j
Room 302 Reactor Control Console Lo On,S@ €
Staff Stations |
Cooling Tower Basement , e
Cooling Tower Entrance : 4,/"' A ;
Laboratory Building Roof g ff’v :
- Room 101 Beamport Floor oor /a
- ) Room 105 Hot Cell Work Area k Area
y " Room 114 (2) Mechanical Equipment Room g
P ‘Room 115 Demineralizer Area er Reom-
g Room 216 Laboratory : : ALE
r Area
* /2 caknqeg Room218 Laboratory M/ﬁ f,f %
Pl Y Room 227 Laboratory : : ~
4 ceoer Room 242 Laboratory o A
’ﬁ/" Rvuxuz?_} }v{ﬁvh.;uv Shvy ,: n;}"é/‘ l%"
o Room 278 Mechanical Equipment Room ;"’ &
/,,«‘ Room 282 Electronic Technician Shop e
o Room 286 Airlock A y
/ P ‘Room 288 Health Physics Office o : ra
#° Room 307 West Tower Third Level : e
ff” Room 501 Containment Building Fifth Level — rd
"~ Room 507 West Tower Fifth Level” Yrak O;Z}i[ \
- LY s T e el R
© ﬁ . " O~ 1 IR
Room 285 Contamment Bulldmg Lobby” achine Shops /. < 8 S
, Corridor C2002 Cyclotron Suite 7-—-“‘ Physics ce” “f ~N
Corridor C2000 ‘Exit to Lobby 4 7 5
Room 2041 Laboratory Area é & .
oo r
Room 287 Central Corridor ' S N AR
; L ~t f'f‘ Iad
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\ . : . } 20¢1
' o : ‘ ’ . 2007
o : om 2 8 D & e JWest Mechapical £quipment Room 5
T /., Fifth Lg¢gvel }lechagical ELquipglent Area o
“TABLE 7.2
PA}GI‘NG SYSTEM SPEAKER LOCATIONS _
| Containment Building - ' © North Office Addition - ]
Room 101 (3) . Corridor C2000 Room 2008C '
Containment Building Third Level Corridor C2002 (2) Room 2009 /
Containment Building Grade Level (2) . Room 2005 _ Room 2009A
Containment Building Fourth Level Room 2006 Room 2011
. Room 2007 Room 2015 (17)
Reactor Laboratory Building Room 2008 Room 2041
Cooling Tower Grade Level Room 241 Room 2008A
Room 103 Room 242 /
Room 111 « Room 244 ~
Qutside Room 114 Room 245 g
Outside Room 214A Room 247 ~N
Outside Room 224 Room 251
1 Outside Room 228 Room 255
: Outside Room 241 " Room257
_ Outside Room 244 Room 258 .
: Outside Room 258 Room 259 /
f Outside Room 264 Room 260
» | Outside Room 288 Room 262
3 ' Outside Room 293 Room 267A ‘ .
V Room 202 Room 271
, Room 210, Lobby Room 273
b Room 212 Room 278 (2)
i Room 215A : Room 280
' Room 216 Room 281
; Room 218 Room 288 f
J Room 224 Room 299 - <
' Room 227 TOB-1 N
Room 232B TOB-2 N
Room 238 TOB-3
Room 231 TOB-4
Room 231A ‘ TOB-5
- Room 231C ‘ f
7.3 Waéte;Disposal Systems
7.3.1 Gasequs Wastes Disposal
. Gaseous wastes are disposed of through the building
ventilation and air treatment system described in
Section 7.2.7. Minimum concentrations of radio-
active wastes are assured by continuously monitoring
the gases leading to the exhaust stack, and by
assuring maximum dilution of the potentially con-
4 . . . . . ’
' taminated air with uncontaminated air. o ‘
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7.3.2 Solid Waste Disposal

7.

The liquid waste retention system consists of three tanks of approximately 5000 ga.llons !
s capacity each, to which chemicals can be added for water treatment and from which samples F

Solid waste will be deposited in polyethylene bags
within containers placed in each of the laboratories.
Sdlid waste deposited in these containers will be
collected on a routine basis and stored in the

below grade area of the laboratory building until
such time that a sufficient volume héﬁ accumulated
for the waste to be packaged inps?ef sealed containers.” 57, ‘2
?ﬁﬁérﬁ —/) ' I,Tﬁa e <G "“The containers will then be processed i?ed wb Fy &

a member of the radiological safety office who will

dispose of the solid waste in accordance with

established procedures.

3.3 Liquid Waste Disposal
All drains for potentially contaminated liquids are
delivered to a liquid waste retention system in the
below grade area of the reactor b_uilding._F/’Pﬁ;e#],ffqp,j/gfi

- ::l T I r g " r re g %

can be taken for an assay of radioactive contamination.

ay of raddoactive’ co amihat'on.{ Liquid waste

will be held in these tanks until an assay shows
that the waste may be dumped to the sanitary sewage
_system,- or that the waste may be dumped after dilution,

[ - " v . 17
zﬁ/fﬁ %ﬁ/WESQQ/EuSD/Béxpdﬁce ﬁzﬁf@dgpy/a ﬂlsQ}&— //
lat it.

Sincg the .concefitr edj,l"i;?/ waste ,,,//.
C L= JT4= . . .~ g ’
nt é;fifét:}(n ly-high”ley

o . e
actdvity’
E3 > g /o e ai‘f iv 1{_{4}7 5
Se wabtes s ;;i/be ppeépar d %Efthe/égt@;forﬂ@ub§é-

4 $ e rd ¥
4 . ;

e

o

o5 A~ g , s ;
burial.” - S
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8.1

‘Introductlon

8.0 _EXPERIMENTAL FACILITIES

"The primary purpose of a umversxty ‘zlty lresearch reactor I

is to provide the maximum flux, or current, of
neutrons to the maximum number of users. This then
dictates certain design parameters. Additionally,
and of paramount importance, these goals must be

‘met within a framework of ultra safety. This latter

requirement further dictates design criteria.
sufLt mak sfffer Fraﬁ cehtaln Jﬁﬁh'ﬂ'{'r‘nn{l‘nolw
may b The research history of MURR shows it is possxblee or

£ 2

/5 pgé%lb{é]to produce a rather respectable. machlne

- for university research.

/956

/??é

In the paragraphs which follow there are descriptions

of the experimental facilities existent in the
University of Missouri Research Reactor. It is
pertinent to point out that all other systems of
this facility are subordinate to the purpose of

providing neutrons to these experimental facilities.

_The reactor facility described herein has a "built-

in'" safety feature which is not immediately obvious.

- The 3 inch beryllium reflector surrounding the core

very effectively decouples the core from experimental

variations in the beamports, thermal column, pneumatic

~tubes and the irradiation baskets. The only experi-

mental facility not decoupled by beryllium is the
flux trap.

8-1
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/996
- /967~
s /9G¥

S 2000
Flux Trap . .
The flux trap facility of the University of Missouri
Research Reactor provides a rather large reactivity
affect if used without prdpér restrictions and
supervision. ConSequentl_y, use of this facility
will be subject to a high degree of administrative

. ifiace yrun
\
-z:\o;\e& s

'Control to minimize the possibility of léit:kie\\g\
ﬁ§sért._i\%i_g br Yemoving a\sahold whick wduld rdsuly:
i

“... inserting or removing a sample with high reactivity worth during \
reactor operation.” :

@it o CAVE VL L W L‘l\—. - bld vV oA — LIJ_ an r ‘-U\K
mpﬁ% Aél\grilxt\g’ r act\QrX;&té\n\ \\ "

2000

2000

To ‘elihinate the \ios ibiyit) of\eithe

‘ap enihgs ) samples will e Insekte _
nly\duriing\redcto QEGENE . |

vide td elipinjte amp\e vement \during \reagtor
operatiion ’

The number and the volume of samples is limited
mechanically by the design of the center hole
_canister which holds the samples to be irradiated..

inger: - trap prior to startup. A latching device located at the top of the canister \

L ey P iy
*"Thys (} “This canister is made of hollow aluminum tubes and is inserted in the flux QQ\L

RN Y L s AR Y X AN AN RN hY h Y

positively determines the canister position.”

& s e

P L it L et T 8 s won

|_as! he experimental volume in the assembly 1s at all times filled wi
aluminum spacers or experimental capsules. These capsules are originally maintained in their
positions by a locking rod for rods)latched at the assembly top canister. A 1/16 inch cooling
annulus is provided between the capsule experiments and the canister assembly to provide

adequate Coom.\gi%,a’fllowgaeq’.é/te é{glig{f I Tp;/cg’l/s;«;/r)m/s/fa/

b

4
~
s
~

E"The canister top is designed to preclude »J the possibility of

: drppped objects entering the test hole while the

"All sample insertioné- into the flux trap position are subject to review by the Reactor L/a'{ ;f(e

Manager."

assembly is in place.

P 7

/99¢

1%
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1, which allows movable and
was approved by the NRC on

“Technical Specification Amendment 3

unsecured experiments in the flux trap,

September 20, 1999.”

>(

/9%
/967 -
v /568

[rea@roy” supBrvidor 1L Rupetv st the inbtaliatifn
' "A senior reactor operator will supervise the installation and removal of the

¥ canister during shutdown and see that either a canister is in place or that a
strainer is provided over the test hole prior to startup.”

. :zgyér-' pp6vided oxer the pést-hole previgds to”
‘ taptup,4 ' '

A form, similar to that utilized for pneumatic tube
irradiations, will be used to describe the sample
which the experimenter wishes to have inserted in
the flux trap position. Applications will be care-
fully reviewed with regard to size and material to
predict reactivity affects and with regard to size,
cladding or containment to insure adequate cooling
by pool water and to avoid contamination of the
reactor pool. Standards for approval of radiation
will be established on the basis of the initial

- reactivity studies. Any application submitted for
a sample irradiation in this position which involves
extraordinary conditions will be referred to the .

Reactor Advisory Committee for comment and consideratiork.

————3 AQQ 70 M) C& PARACRANM :
f St\u 5 éxg\e B\ t

nlysaftér operatipnd

/99 X

plete data Bh\re tivdity

N N e D)
aftix the\acQu%rl %gf\\
N\ £hap

fl\ b
“1lieense ,

' >

S

of aé?iesv ~

\\ .
}/h/e }?ﬁ?ﬁ?}ln é/%t ‘;o/n~ i
. L T DE s
tigh ¢dénsigts OF pwo Pé%t .

to he/f/l.ux trap’/pos{~
A oyter an 945396/;t
X DEERY A [967- Rev.

/9¢¥ o f
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wi

Ethe ottom with/an aldminupplug and shaged like
nne 3] j"'"_:v. ol " The £0oDn aki his zinne ;

v

“The irradiation canister consists of aluminum tubes welded into a -single: -
'S 4 unit as depicted in Figures 8.4 and 8.5. The tubes are clearly identified both A
the P physically on the canister and on all sample loading documentation so that

a

G?Y;/xx

e evert

A.v’

nd th;/asse b{y is p051t1 ég
e of ¥ 1/2 ifich OD,by l/ﬁ/
alumifum and the whéle

he flux trap ﬁéélz}gg
r") //

r ;
f/an/gigple
FAS

. sample position is positively controlled.” \
Phe | X0 N0 N N N N Nee Ny o N e\
i shelves. ing 'd//tfg of/fg' ‘ﬁf{éy ?ﬁ;k
“shelves the termlnatlngxat the»Very %
 top with In ugé th%fshelveg are

hf/’
V4

D
4
o,

s
AN

/372 ~ 973

Beamports

Six beamports are provided in this reactor.

these ports are radial and two are

"tangential."

The tangential ports actually approach the core

Four of

straight on, however they terminate below the fuel

level of the core and ‘therefore do not dlrectly view

the radiation from the reactor core.

8-4
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L =3

|Eh "The pnmary use of the beamportszt/g is - expeeted to be
~in neutron and solid state physics'experiments. It

is planned that neutron beams will be brought out
of the reactor through filters and collimators in-
stalled in the beamports.

When these beamports are used experimentally, radia-
tion surveys will be made of each installation to
determine that the beam catchers and shielding
barricades are adequate to control radiation hazards.
In addition to the routine surveying which will be
employed, there are permaneﬁtly installed radiation
monitors located on the beam hole floor for the

purpose of detecting any radiation leakage from

beamport experlments [ T§9éé %9§Ea{}ea r%¢1ag}ﬁ§4//1

1FThese mstalled radlatlon momtors report to an analog readout in the control room. -

] L‘-7* el z L Z Z Z z %

/9%¢
®

£7 -
/7 7/95»&

ﬁ&figi//; the 522,— :
utrg cho

ort y ocgasion lly
e{/pent’ Fox this purpgg/

/9?6
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U . . . / g G\N&
= EN=0 - ,
i i % od the port whep it 4 o~
: B BN
provi e;ggi?%glwater4 0 anex- //
P if this iﬁfrequ} ed.z/// /// j//
HtAs pértinegnt w6 point’out that all cHanged in/ N
It is pertinent to point out that all changes in beamport experiments S
will be performed only when the reactor is shutdown. 1 e
~

NGO o vay vrie T T
}égeg/fge/fé;ctog/{g sh dqwﬁ%rAll beamport ex-

periments are semi-permanent in nature, and in no
instance could the contained experimental appara-

tus be rapidly withdrawn.

In any instance where an experiment is proposed
which would involve the insertion of a loop in one
of the beamports, the Reactor Advisory Committee

~will review such an experimental proposal and make

"Further, the Reactor Manager will determine if any of the parameters should be -
used to activate an annunciator and/or the reactor scram system.”

recommendations regarding the critical parameters

which must be monitored and recorded, such as

temperature, pressure or coolant flow. liyfﬁhqé,//lj
oL 7 2o 4 7 Tl A AL e /r-'.- s

[95¢

and/or/ the /reacfor gcram syiyém.//S§7teé?ﬁnuciatér |
ijgf{;n arq/éia' able for/this purpose.| All de-

sign and operation procedures for loop experiments
must be reviewed by the Reactor Advisory Committee.

Located on the beam hole floor, and in close proximity

to the beamports, are a number of storage holes for

contaminated beamport apparatus. These storage holes

8-6
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are shielded with concfete and lead plugs to minimize
radiation leakage. The storage ports are also vented
through a duct system which carries any off-gas to
the reactor stack. '

Figure 8.1 provides construction details on the beam-
ports. This figure is applicable to all six ports.
The six beamports are spaced three on each side of
the reactor core and terminate at the face of the
biological shield in a vestibule recess.

There are available three 4 inch I.D. ports and
three 6 inch I.D. ports. All ports, whether 6 or 4
inch, step to an 8 inch size approximately 40 inches
in from the biological shield face. |§ZT Bzf%s ejlys
“All ports can be closed with a 3-inch ]ead@—vestibu le door when |

not in use. The vestibule door is opened by means

of the overhead crane and pinned in the open position

when it is desired to extract a neutron beam through

a collimator assembly. Wisp(%h 7p259/%j/g6it}ﬂ’use
[T SN SU I £ R SO AUNE SR ¢ B L e e __v.,'_...,. . _144

"When the port is not in use it may be filled or dr"aih’edi‘&vithout;*épén.ing the door by
means of an external valving system when the reactor is shutdown.”

CMImegLdlexy DeAOW @acCl geduporc. .

The pbrt assembly consists of three major pieces.
Working from the concrete of the biological shield
in toward the center of the port one finds first

- the fixed liner which is in contact with the concrete
and is integraliy welded to the reactor pool liner.
This outer shell provides the form work around which
is poured the biological shield. A number of welds
connect the port shell with the port vestibule and

the lead door guide.

8-7
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- nd, ¥f neg ssiﬁy/at){{ghe;/gow , C& bifyé;er
. co ed . , A (,;ef/ / / y .

The next major component of each beamport is known
as the movable port liner. This long aluminum
assembly extends from the vestibule inward, pene-

trating the graphite reflector and terminating
adjacent to the beryllium reflector. Between this

movable liner and the outer shell there is circulated.

demineralized water returning from the pool skimmer
system. This demineralized water flows in between
the fixed shell and the movable liner and proceeds
on into the pool. This flow of water minimizes the
possibility of corrosion resulting from stagnant
water. The movable liner is attached to the ex-
ternal shell by means of a bolt ring located in the
vestibule. There is a large flaﬁge which draws
down against a gasket and seals the gap between the
fixed liner and the movable port liner.

Wighin £he mdvablé pory lindr %?/ioca ed t észﬁﬁi ]
: ort plu The/ plug is-@lgg ¢losedwith A bolf /]

 Within the movable port liner is located the collimator liner, The collimator -
liner is also closed with a bolt ring and gasket such that the region in front of the"
co{la_mato_r vl,:‘in_‘er' and the end of the movable port liner can be flooded with water."

The vestibule of each beamport is provided with a 2
inch off-gas vent, a 1 inch drain, two 2 inch conduit
sleeves from the vestibule to the stepback in the
‘biological shield, which is approximately 13 feet
above the beamport floor. Other services are
available, at each beamport location, from the ser-

vice plenum located on top of the step of the

8-8
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"The graphite reflector region outside the permanent beryllium reflector 1s made up o

/796

biological shield.
demineralized water, cold water, vacuum and 110

The services of each port are
volt power supply.

At the reactor end of each beamport the ports
penetrate through the graphite portion of the
reflector and terminate adjacent to the beryllium
reflectqr. Each of these beam tubes within the
reflector region is cooled by water flowing through
gr@oves between the graphite reflector pieces and
around the beamport extension into the graphite.
The water flows downward through the graphite re-
flector elements, around the nose pieces of the
beam tubes, down through the support plate for the
graphite reflector elements and into the plenum for

outflow to the pool heat exchanger.

Irradiation Baskets

arg’ a t fél of'tweibe mg/ifled!reflector//

pur oses
sitigned

n the’ graphite g fl 4}6; region odt-

£1astnr

o-'r'l ~F +¥o no Arvan horwvd ]l dimm axr

emovable

TheSe removablé reflectonfelemehts a e /

reflector elements which can be reconfigured to provide sample irradiation positions. These .
“irradiation positions are used to introduce samples of greater size, and for a longer time, into a | /]
relatively high thermal neutron flux than would be normal for the pneumatic tube system. "
Each of the removable reflector element locations is capable of supporting several types of
irradiation samples. Changes in sample irradiation configurations are analyzed for reactor safety,

approved by the Reactor Manager, and rewewed by the Safety Subcommlttee a

for

22,
or

pne

ilized as mp(inting positj ons for thg pniyﬁatlc'

/776

/
onge per1 ds of ime an W9did be ormgi/
atic thbe system./ In ggdltlo to using ,
ts f9f/1ong,term }f}adlatlons{ ;

plece/ undgr dlséuSS}dﬁ

e

/ / < i
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W

1on ﬁféltlon in the reactor 1og book. %K" e
-
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e e
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Alt/gntry qu’removai of the 1rrad/;tlon ba ll}/
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/
el
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@uf{iz rgaétor eratipf. e e //’ ~

. "The system consists of up to four reactor terminals, up to six sending-receiving
stations, two deflector sw1tches, one solenoid cabmet two turbo-compressors
together with the necessary p1 in tubm

Pneumatic Tubes

The University of Missouri Research Reactor is
equipped with a pneumatic irradiation system pro-
vided by Airmatics Corporation. This is their
standard 1 1/2 inch diameter, vacuum operated,

S?Sffm ’/bé’SY/gﬁﬁ ce/ﬁfgs//ﬁk 59&? £;d£t ter;f»“

electncal condu:t and mountmg /

-y

== e i V7
—¥. “Currently, only two reactor terminals and three sendmg-recewmg stations 7‘ i
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This pneumatic transfer system is capable of | .

Tup to 4"

"Aut,omatlc tlmmg is avallable for perl‘ods varying from 2 seconds to 120 minutes.”

L] v b O

transporting/f rJrabbits simultaneously at a gg
velocity of from 30 to 45 feet per second either
into or aWay from the reactor. The system is
completely automaficvaftér the initiation of the
rabbit start. Automatic timing equipment has been
provided and is located at the sending stations.

This timing equipment controls the irradiation time

and return of the rabbits. [;ﬁpyﬁagic/ilmyﬁg/Ié

r

/ﬁ?e‘

Thevsystem differs from

'ordinary only in two

are

respects. /g% 'Firsieach of e pn matlc)l(es

/916

///éﬁu' ped with do fle seﬂﬁ -refeive gfatio £ suc

/ b dispatched from one station it is impossible to utilize the remaining station
ra

‘*w

t a\‘- oo f'n]'\o cnvrui n[ f-rv/1 ’J}'\I'\/f‘l\?""l c “ads rant ,"‘
“First, each of the pneumatic tubes may be equipped with double send- '(
OT€ receive stations such that each tube can service two laboratories adjacent €10NE

~
reg one tothe other. The control panels of the sending-receiving stations for g "
a/ these laboratories are electrically interlocked such that when a rabbit is A

Ye - ;

for an irradiation.” I

SLuLE Lize 1iningy/statl Ior an
1rrad;;{/2n,/>A //Pﬂ V4 4

purcace

The second way in which the system differs from

'up to 4I|

/58~
/982

ordinary is that the in-pool terminals for thel:f_/@ I
pneumatic tubes consist of concentric tubes rather
than a separate sémple and air tube as is conventional.
That portion of the system which penetrates the re-
actor pool biological shield and terminates within

the reflector elements near the reactor core is of
prefabricated concentric tubing. The concentric’
portion of each rabbit carrier tube begins outside

the reactor wall and penetrates through a sleeve

8-11
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/176
‘ /969 -
' /470
= (6%

/75
. imbedded in the pool wall and terminates in the

reflector element. The outer concentric tube is

2 1/4 inch 0.D. and the inner concéntric tube is
1 1/2 inch 0.D. Immediately within the pool wall,
an aluminum concentric flange connection is used
to permit removal and installation of the terminal
tubes.

Control of the turbo-compressor is by means of a
stop-étart switch located in the reactor control
room. The turbo-compressor is located immediately
adjacent, and outside of, the building containment
wall. The 4 inch exhaust line from the turbo-

compresor P exhaust to the facility stack plenum. wall.
Immediately 1hsxde\§pe ntainmenﬁ\yall th 4 1nch
xhaust 1i h£§\a qul\k él951n valwe whigh ls\

'nterlocked\lnto‘the ontalnmeﬁt safety

/98- /782

tha the reactor operator 1n1p1ates
vacuétlon\g\frm 4\1nch\exhaust
N,

theNsam 1mé\as the oFf- ga§\16 A

1ve oper
1nc va \\\\

The neumatie\ tub naté\ln ﬁ e gi &\\ f§
\\chto pi dJace t to\the bgryl&gui\x tor N [&

The terminal end of each pneumatic tube is of a

webbed geometry between the concentric tubes to pre-
vent excessive heat generation in the sample or the
aluminum. The webbed zone is 24 inches in leﬁgth
extending from the bottom of the inner concentric
tube up. ]vT}{‘eryé #e'/foxyf y/eb;{e#cl')/ of"O/Zi iﬁcty

“There are four webs.each of 0.22 inch thickness with a vertical web cross section of
0.875 square inches per inch of length."

/996
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"The graphite stack incorporates a bismuth filter, neutron radiographic/
variables aperture, and a slot for the irradiator case for the film
irradiator experiment. The original thermal column door has been
replaced with a new door that incorporates a film irradiator 4
experiment. Figure 8.3 is a cross sectional view of the thermal column’
door, and the film irradiator experiment. The thermal column door
moves on two floor level tracks and is driven by an electric motor
through a gear reducer box. An electrical interlock assures that the
control rods cannot be withdrawn unless the door is fully closed.”

/99¢
/9%l
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separating webs are equally spaced and permaﬁently

bonded to both tube walls. The outside of the
outer concentric tube within the reflectors has

/954

spacers welded to it at intervals to assure coolant
water flow past the outside of the concentric
tubing. -

Thermal Column
The thermal column consists of a 60 inch thick

- graphite pack contained within a water-jacketed

aluminum casing (Figure 8.2). The column has a

lead gamma shield positioned between the reflector

ring around the core and the inner end of the case.

The protrusion of the thermal column into the pool

is a portion of the thermal column casing. This

section is 3 feet 1 1/2 inches square and 12 1/4

inches deep. This section is then stepped into a .
box 4 feet 2 inches squaré and 5 feet 8 inches deep.

The larger box is completely lined with 1/4 inch

boral.
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9.1

9.0 INSTRUMENTATION AND CONTROL

Reactor Control Scheme

All reactor control is achieved by varying the
amount of neutron absorber interposed between
the reactor core and the reflector. No other reactor
parameter, such as temperature or pressure, is used
to change or modify reactor power other than through
inherent reactivity feedback effects.

Since the reactor is designed to provide neutrons
for experimental use an essential feature of the
core design is high neutron leakage. Startup and
control of the reactor is achieved by surrounding
the core with a two region (beryllium metal followed
by graphite) reflector to increase the fraction of
leakage neutrons that return to the core region and
by interposing a movable shroud of a material opaque
to thermal neutrons (boral) between the core region
and the reflector. '

~All experimental facilities, except the center test

hole, are outside the beryllium metal reflector
region to minimize the reactivity effects of experi-
ments. The control scheme used has the advantage
(in addition to mechanical advantages mentioned
elsewhere) that when the reactor is shutdown all
experiment positions, except the center test hole
are neutronically decoupled from the core.

9-1
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| ¥
The control scheme used has been designed such that ‘

cold clean criticality will be reached with the

control rods 50 per cent withdrawn. This criticality
position of the rods is based on three criteria.

(1) At least 50 per cent of rod worth available at
all times for shutdown margin.

(2) At least half the core be exposed to the
experiments.

(3) Provide sufficient excess reactivity in the
core for a fuel loading lifetime of at least
400 megawatt-days.

Sincg/{FQ nﬁ?nngnxé% the/ﬁMRR‘Kg to ﬁéovidé/néutréns /yﬁ.

| “Since the purpose of the MURR is to provide neutrons for experimental users it v
is intended that the reactor be operated continuously, with a regular schedule of
1 shutdowns for maintenance and refueling.” - /

/993"

j}/@ome xed p ertigﬁél wigh a mj imum #f ung€heddied
[shutdgwns thpbughoyt” the wdrk day.| Startup of the

reactor will be completely manual. Once the desired ‘ ‘
power level has been reached the reactor will'be put

on automatic control. The controlling parameter is

neutron flux as sensed by the detector for one of

three linear level channels. The output of the

‘channel being used for control is compared with the

power demand setting in a servoamplifier unit. The
servoamplifier adjusts the position of the regulating
rod, stepwise, in a direction to minimize the power
error.

An additional automatic control feature has been
included to further reduce operational complexity.
After the reactor has been operated at full power
and then re-started after a 16 hour (nominal) shut -
down period considerable negative reactivity will

have built up in the core due to Xenon. As Xenon ‘

9-2
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small. | Th culated\ temgerature &hangk in xe- $
% calculgted cemperatyre thangy in xe- \ | | &

The calculated temperature change in reactivity from cold core to | |y

| operating temperature is approximately a negative .002 Ak.. ~

[5%(-
/982

/%7
% /9568

is "burned out' the regulating rod will travel its
full operating range several times before the Xenon
affect reaches a minimum and begins to buildup again.
In order to enhance operating ease a control feature
has been incorporated to automatically re-shim the
reactor each time the regulating rod completes a
stroke. If the reactor is on atuomatic control and
‘the auto-shim circuit has been activated, when the
regulating rod reaches a preset point (nominally

20 per cent withdrawn) the shim rods will "jog in"

until the regulating rod has returned to the[ 60 per

/5¢t-
/582

cent withdrawn position. This cycle is repeated each
time the regulating rod has inserted to the 20 per

-cent level., The auto-shim feature operates.Only in

a direction to decrease power. At no time will the
shim rods be automatically withdrawn. As Xenon
concentration builds up (negative reactivity is
being added in the core) and it exceeds an amount
that the regulating rod can automatically correct
for, the operator must manually re-shim to avoid a
power slump. ' '

The only other parameter that will normally influence

reactivity is core temperature, but this effect is

Control system requirements with respect to response
time, accuracy and continuity of operation are
consistent with those of ordinary open pool type

research reactors.

9-3



9.2

&R

-
7

a3 T

Cr PALR CRARe

/998

| 3

Operation Control Station C | - ‘

All reactor displays and controls are within a
single reactor control room. The reactor control
room is on the third level of the reactor contain-
ment building at the elevation of the pool-surface
and the operating bridge. One wall of the control
room is windowed and overlooks the walkway around
the pool and the open area surrounding.it' A door
in the north wall leads into the control room from

the elevator lobby. con door e s th 8: | R
- u\

qﬁ/éhg/éangmgljyf%\ &é/anto/a’sto ero The

control room is 17 feet by 28 feet 8 1nches w1th an

8 foot suspended accoustical ceiling. A partition
runs across the rear of the room, 4 feet out from
the back (east) wall into which the instrument
cubical is recessed. Two openings in the floor

provide cable access to the control console and

the instrument cubicle. .

The general layout of the control room is shown in
Figure 9.1. The control console is a straight,desk
type 93 3/4 inches long and 44 inches high (overall)
with a sloping face. The instrument cubicle, which
stands 4 feet behind the console is 8 feet high and
is 9 feet 7 inches wide. The control room windows
are to the rear of the reactor .operator as he faces

the console.CT]

/998"

Communication between the control room and other
areas throughout the facility is by means of tele-
phone or the intercommunication and paging system.

—

“One inch steel plating is attached to the lower half of the windows, shle]dmg the
operatmg staff from pool background radiation.”
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All operating information is displayed or recorded on
the control console or the instrument panel. All
operating. controls are on the control console. The
control console layout is shown in Figure 9.2. The
instrument panel layout is shown in Figure 9.3. A
summary of console displays and controls is shown

in Table 9.1. The '"number" column in Table 9.1
refers to the identification on Figﬁre 9.2.

TABLE 9.1
CONTROL CONSOLE DISPLAYS AND CONTROLS

K

RN S Y R VNN
NumL ~— TP e = 2 ’ﬁvvno
\“1_ | (2) Displays
AN :
‘x No. Function Type \ .
1  Control Rod Position Indication Digital
3 2 Control Rod Drive Mechanism “Power On” (4) Light
' 4 3 Control Rod Drive Mechanism “Drive Full In” (4) Light '
\ 4  Control Rod Drive Mechanism “Drive Full Out” (4) Light
*5 5 Control Rod Drive Mechanism “Magnet Engaged” (4) Light \
6\'\ 6  Control Rod Drive Mechanism “Blade Full In” (4) Light
7  Regulating Rod Full In Light
.7 8  Regulating Rod Full Out Light .
“.g 9 RegulatingRod 10% Withdrawn Light \ ~
%C 10 Regulating Rod 20% Withdrawn Light \ 3
9;, 11 Regulating Rod 60% Withdrawn Light ~N
1 12 Source Range Level - Channel 1 Meter
: 10 13 Source Range Period - Channel 1 Meter
“"\\- 11 14  Intermediate Range Level - Channet 2 Meter | :
S 15 Intermediate Range Period - Channel 2 Meter
1%%_ 16 Intermediate Range Level - Channel 3 Meter \
13% 17 Intermediate Range Period - Channel 3 Meter
18 Power Range Level - Channel 4 Meter
14 19 Power Range Level - Channel 5 Meter
\ 15 20  Power Range Level - Channel 6 Meter \
21  Wide Range Level Meter
X 22 Power Level Set Meter
23 Pneumatic Tube System Blowers “On” Indication ’ Light
24 Regulating Rod Position Indication Digital
. 25 Auto Shim Engaged » Light | 2004 §
E 26  High Power “Warning” Light .. \
. . } : ANE
3 \qurcg\§fnge\26rioé\\\ \\\ \\\ ':\\\

L

¥ 7R8cC 5.0 (G € G.1(6) ANMS@O 10 [T ODRETY RY 001 Juo,
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/5% -
/582

/594"
200/

v

(b)

Controls

sk(qgeg{//rF ru:t;&{// ///

»Ma/n"

TN le// g)/r ;1/»6 de
"; ontr Mo,d/" to"
! wK - Kot A 1A T
Cr_. 1\1\ [LL W g8 \ e \
.« No. Function
R 27 Rod Control Mode “Manual” Push Button
( 28 Rod Control Mode “Auto” Push Button
. 29  Power Schedule Selector “Raise-Off-Lower” 3 Pos. Spring Ret.
30 Regulating Rod Operate “Jog In” Push Button :}3 ~
31 Regulating Rod Operate “Jog Out” Push Button N 8
32  Master Control - “Off-Test-On” 3 Pos. Key Lock NN
33  Power Level Selector “50kW-SMW-10MW” 3 Position
34 Control Rod Selector “A-B-C-D-Gang” 5 Position "
35  Control Rod Operate “In-Normal-Out” 3 Pos. Spring Ret.
Regulating Rod Operate “In Normal-Out” 3 Pos. Spring Ret
LW gIa W nvw1 l" b SWitch
ator ' ae
s mm tor "Res
JERY Qel{ac w/fde Raﬁg& Chén‘nejéRé\ngé ape \Syitch /
fontrgl Blade "InAOff-ohGt" Sw1t/rh Spr
tur/ to Cent er
* raawe

$./(=) .z G.1C8) pOsAo /v TS M reTY By 200/ rea.
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TABLE 9.1 (cont d) -

(710
2oc/

2004
2008

16¢= / )I’.ﬂn‘l

Number Function
Y v b /*//f S
7 R1aAL "Tw/ZNnEs n o e/
37 Annunciator Acknowledge : Push Button
' 38. Annunciator Reset N/A Push Button
29 39  Annunciator Test N/A Push Button
40  Scram N/A Push Button
; 41  Scram Reset N/A Push Button
42 Rod Run-In N/A Push Button -
43  Rod Run-In Reset N/A Push Button
34 44 Magnet Current “Off-On” 2 Position
51" 45 Reactor Isolation “Off-On” 2 Position  fch d
46  Facility Evacuation “Off-On” 2 Position hes
53 47 Hi/Low Reflector AP “Off-Bypass” 2 Pos. KeyLock /
5 48  Low Pressurizer Pressure “Off-Bypass” 2 Pos. Key Lock I Switch’
53 49 Low Primary Pressure “Off-Bypass” 2 Pos. Key Lock tch /
7 50 Vent Tank Low Level “Off-Bypass” 2 Pos. KeyLock h /
g ol Rod Magnet Contact “Off-Bypass” 2 Pos. Key Lock / Vs
80 . 52 Ant-Siphon High Level “Off-Bypass” 2 Pos. Key Lock h
8 53 Intrusion Alarm “Off-On” 2 Position
3 54  Airlock Door Security “Closed-Open” 2 Position
84 , 55 Thermal Column Shutter “Off-On” 2 Position
5 56 Pneumatic Tube Blowers “Off-On” 2 Position
57  Airlock Door Open - N/A Push Button
4 , 58 RangeSwitch N/A 18 Position g
5 8"’J 59  Intercom N/A Light - ’
-~ 46 %empmxe-&eaéeut— DHA- ~M—posmm—| 8
59 - "
60  Bridge Door Unlock N/A Push Button - ‘§
77 /Flss:yﬁ Cha)rrﬁer ntrg{ /3 Po/s/ Sw/yé:h/ /

Table 9.2 presents a summary of the devices installed
in the instrument cubicle. The '"Number" column Table
9.2 refers to the identification on Figure 9.3.

TABLE 9.2
INSTRUMENT CUBICLE DEVICES

“Item

No. Function

Sou “] Annunciator
7 # 2 Source Range Monitor Level Recorder
Ifer 3 Intermediate Range Monitor Level Recorder - 2 Pen

: 4 Wide Range Monitor Level Recorder - 2 Pen
/ Power ¢ _ /

200/

A Power Range Monitor Level Recorder - 3 Pen
Areh 6 Multiscaler ‘
e i o TIPS

- 9-7
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TABLE 9.2 (Cont'd)

3
I NSTRUMENT CUBICLE DEVICES
ITEM
NO. _ FUNCTION
™6 Apartnr/ﬂafpr Inle¥Z0utlet Tema€rature R ]
/ Neutron Flux Monitor - Signal Processor Drawer No. 1
8 Neutron Flux Monitor - Signal Processor Drawer No. 2 i
// 8 9 Neutron Flux Monitor - Channe] No. 6 Drawer A yd
10 Neutron Flux Monitor - Wide Range Monitor Drawer
/ 11 Annunciator & Interlock Relay Drawer /
10 12 Servo Amplifier Drawer
13 Auxiliary Annunciator - Panalarm o
11 14 Non-Coincidence Logic Unit - Reactor Safety System “Yellow Leg” ' '
15 Trp Actuator Amplifier - Reactor Safety System “Yellow Leg”
P 2 16 Non-Coincidence Logic Unit - Rod Run-In System .
13 17 Trip Actuator Amplifier - Rod Run-In System 3 Pen
: 18 Non-Coincidence Logic Unit - Reactor Safety System “Green Leg” =~ . K’/’l
|14 19 Trip Actuator Amplifier - Reactor Safety System “Green Leg” & 4
’\ 20 20 VDC Regulated Power Supply Drawer (2PS1) ]
. 21 20 VDC Regulated Power Supply Drawer (2PS2) -
16 22 Control Blade Drop Timer Circuit Ve
17 23 Rod Position Indication Drawer ‘ L
24 Reactor Safety System Relay Drawer . B R
718 25 Coolant System Pressure, Meter - PT 943 . . '
26  Primary & Pool Coolant Démineralizer Flow Recorder - 2 Pen
. e yd Vs Ve /
27 Dual Alarm Unit (EP 920E/F) Primary Low Flow Scram m gg
8 Dual Alarm Unit (EP 953A/B) - Primary Coolant High Temperature Scram
29 RTD Transmitter (EP 903B) - Primary Coolant T}, .
22 30 Tsolated Power Supply (EP 911A) - Reactor Safety System “Yellow Leg”
/ “31  Square Root Transmitter (EP 919A) — Primary Flow “A” Loop” o
32 Dual Alarmo Unit (EP 920A/B) - Primarv & Pool T.ow Flow Scrams
24  “33 Square Root Transmitter (EP 919F) Pool Flow “B” Loop
34 RTD Transmitter (EP 903A) anary Coolant T,

“35 Adder-Subtractor

%6

e

36
37

Qe 2¢x2

Module (EP 954) - Primary Coolant Differential Temperature e
MV/I Transmitter (EP 955) - In-Pool Heat Exchanger Differential Temp.
RTD Transmitter (EP 903C) - Pool Coolant T,

“38 Ad der-S'uT)txactor Module (EP 932)- Pool Coolant Differential Temperature

39

RTD Transmitter (EP 903D) - Pool Coolant Ty,
Square Root Transmitter (EP 919C) - Primary Demineralizer Flow

" Square Root Transmitter (EP 919D) - Pool Demineralizer Flow

Square Root Transmitter (EP 919E) — Primary Flow “A” LoopZI
Dual Alarm Unit (EP 920C/D) - Primary & Pool Low Flow S¢rams
Square Root Transmitter (EP 919B) ~ Pool Flow “A” Loop”

Square Root Transmitter (EP 919G) - Primary Flow “B” Loop p
Power Mode I, I, & III Inchcauon Lights l/&f)
Clock ’
“REACTOR ON” Light ' Co p
Annunciator Alarm Power Switch - 3 Position ‘ / ,
Area Radiation Monitor - Beamport Floor North Wall -

Isolated Power Supply (EP 911B) - Reactor Safety System “Green Leg” /
e

~ Area Radiation Monitor - Beamport Floor West Wall

Area Radiation Momitor - Beamport Floor South Wall /
Area Radiation Monitor - Containment Building Exhaust No. 1

No/c/oﬁ nc1deng5/tog1c Un/t/Scram/Y/l)row / e
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TABLE 9.2 (Cont'd) .
INSTRUMENT CUBICLE DEVICES
ITEM
./ ,w..,‘. MNO. FUNCTION
o ) A & N . i -
= /379 Ac 55 Secondary Coolant System Radiation Monitor -
o _ y ; .
: 56 Area Radiation Monitor - Reactor Pool Bridge ALARA
§ 40» Ve ¢t 57 AreaRadiation Monitor - Reactor Pool Bridge
= }fl’“‘ Non 58 Area Radiation Monitor - Beamport Floor East Wall
§ e 59 Area Radiation Monitor - Fuel Vault
42 2 60 Area Radiation Monitor - Mechanical Equipment Room (Room 114)
S 43 A "R 61 Area Radiation Monitor - Containment Building Exhaust No. 2
Kl 3 ¥ 7 62 Fuel Element Failure Radiation Monitor
3 A4 Saf 63 Circuit Fuses (7)
— 64 Reactor Pool Bridge Radiation Monitor Upscale Switch & Light
/gt/ 45 /j} ii‘ 65 Contai.nment Ventilation Isolation Door 504 Stop Push Button
'73' 46 /ﬂ Brii 66 Conmment Ventilation Isolation Door 504 Close Light
o, a,« ——— 67 Containment Ventilation Isolation Door 504 Open Push Button & Light
/? 7 v 68 Containment Ventilation Isclation Door 505 Stop Push Button
. 48 " 69 Containment Ventilation Isolation Door 505 Close Light
g : 70 Containment Ventilation Isolation Door 505 Open P i
g oor pen Push Button & Light
3 49/"D@s 71 Valve 5524 Open Indication Light '
50 ' So 72 Valve 552A Closed Indication Light
. 73 Valve 552B Open Indication Light
——i
51 A4 74 Valve 552B Closed Indication Light
L— 24 /4 e 75 Valve 552B Control Switch - 2 Position — “Open-Normal”
o _}}; 76 Valve 527D Open Indication Light ’
) B4 1By 77 Valve 527D Closed Indication Light
P E 78 Valve 527D Control Switch - 2 Position - “Open-Normal”
‘r-' 55 35 79 Valve Control Switches® - 2 Position - “Auto-Man”
N Wi, 80 Valve Control Switches® - 2 Position - “Open-Close”
56 Fy p
2. / v~ 81 Pump Control Switches® - 2 Position - “Off-On”
. 8 Nor 82 Cooling Tower Fan Control Switches - 3 Position - “Fast-Off-Slow”
59 RO . o - . - v e - rd v
g 83 Valve 547 Position Indication Light ;
s 61 /@ 84 Heavy Equipment Entry (Door 101) Door Ajar Indication Light
g 6}/ =‘Pu 85 quary Coolant Ty, - T, Recorder - 2 Pen
g / ’ F gg I;nr?aéy Coolant System Temperature Controller (S-1)
| . 63 3 ) . ool Coolant Ty, - T, Recorder - 2 Pen. :
/g 64 An . 88  Pool Coolant System Temperature Controller (S-2)
3 : /(‘ /89 Primary Coolant System “A” Loop Flow Recorder - 2 Pen
a 65 a’ 90  Primary Coolant System “B” Loop Flow Recorder - 2 Pen
1 3 _ 6/ va - 91 Pool Coolant System Flow Recorder - 2 Pen en
= /-? ] a&. - 92 Closed Circuit Television Monitor -
/g 67 " 93 Po.ol Coolant System Differential Temperature Meter
S 3 94 Primary Coolant System Differential Temperature Meter ;
95 Pressurizer Water Level Indication Meter
" 6 Va 96 In-Pool Heat Exchanger Differential Temperature Meter ;
B 97 Reactor Pool Reflector Region Differential Pressure Meter - PT 917 |
_'6 9 Ve 98 Reactor Core Qutlet Pressure Meter - PT 944A :
S 70 ve I 99 Reac?or Core Ountlet Pressure Meter - PT 944B
& [ ig(l) l;r!mary Coolant HX503 A Outlet Temperature Meter - TE 980A
71 Ve k101 __ Primary Coolant HX503B Outlet Temperature Meter - TE 980B , !
' v 102 Reactor Core Differential Pressure Meter -DPS 929 : -
| ent JJCt MU DOOL-1 INd1CAatOLALIGNT ana YW TCH FUSH DHLLON A
73 Vefit Duct MO BGor 2 Indigafor Light gad” Switch Pysf Button /

200

/9§/7952
2¢oe!

A00b

/9¢8”

. 2006
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TABLE 9.2 (Cont'd)
INSTRUMENT CUBICLE DEVICES

/951 -

/55
2007 /350
200 200/

Item
_No. Function , _
7 7 7 7 7 ‘
103 Valve 16A Closed Indication Light :
104 Valve 16A Open Indication Light
105 Valve 16B Closed Indication Light :
106 Valve 16B Open Indication Light ‘
107 Fan Failure Alarm Panel
108 Secondary Coolant System Recorder - 3 Pen (Temperatures & Flow)
109 Secondary Coolant System High Temperature Alarm Light
110 Drain Collection System Control Panel
111 Digital Temperature Readout (TE 980/990)
112 Emergency Diesel Generator Alarm Panel
113 Hot Cell Isolation Valve Position Indication & Remote Operator .
114 Reactor Power Calculator . ~
115 Reactor Safety System Monitoring Circuit ‘
116 Pool Coolant Flow Bypass Switch (2540) - 4 Position
117 Primary Coolant Flow Bypass Switch (2541) - 4 Position
118 Primary Coolant System Conductivity Meter - Demineralizer Inlet
119 Primary Coolant System Conductivity Meter - Demineralizer Outlet /
120 Pool Coolant System Conductivity Meter - Demineralizer Inlet
121 Pool Coolant System Conductivity Meter - Demineralizer Outlet
122 Fire Main Low Pressure Alarm Light
123 Door Open Alarm (Room 114, Cooling Tower, Demineralizer Area)
124 Alarm Cutout Switches - Door, Firemain, Secondary pH P

125
126
127
128
129
130
131

132.
133

134

135
136

Domestic Cold Water (DCW) Low Pressure Alarm Light
Fire Main Low Pressure Alarm Panel

Pneumatic Tube System Irradiation Counter

Off-Gas Radiation Monitor Recorder - 3 Pen

Off-Gas Radiation Monitor Flow Alarms & Cutout Switch
Off-Gas Radiation Monitor Recorder - 3 Pen

Secondary Coolant Transmitter Selector Switch
Emergency Diesel Generator Elapsed Time Run Meter -

Dual Alarm Unit (EP 920G/H) Primary Low Flow Scram
Square Root Transmitter (EP 919H) - Primary Flow “B” Loop

Radioactive Liquid Waste System Alarm Panel
Fire Protection System Alarm Panel

*Auto/Manual control switches for the following valves: V546A/B, V507A/B,

V509, V545, V526, V527A, and V527B

*Open/Close control switches and indication lights for the following valves:
V546A/B, V507A/B, V509, V543A/B, VS2TE, V527F, V545, V526, V527A,

V527B, and V527C.

‘Off/On control switches and indication lights for the following pumps: SP-1,

SP-2, SP-3, P501A/B, P508A/B, P513A/B, and P533 (Off/Auto).

1582, 0c0,
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TABLE 9.2 (Cont'd)

INSTRUMENT CUBICLE DEVICES

No. Function
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200 ™, Valve 52/D Open/
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Flow Squqre Root‘Converter
Pool Water Flow Square Rbsgt Conve E\
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230"
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232
3
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23
36
237
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'TABLE 9.2 (Cont'd)

INSTRUMENT CUBICLE DEVICES

Function

and PooV Water Low Flow Scram

A02-r200Go0r Opes
Cool 1ng}(é
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0
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PS 928A“Meter

o
DPS 9288 Metep”
P
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INSTRUMENT CUBICLE DEVICES
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Nuclear Instrumentation

General Description _
Reactor power is monitored during startup and
operation by six channels of nuclear instru-
mentation. These are; one startup channel,

two intermediate range channels, and three power
range channels. The startup channel has no output
to the séfety'system but it must be on scale and
indicating at least one count per second before
startup can begin. The intermediate range channels

provide both period-and power level 1nformat10n

1 7 7 7 7 7 /7 / 7 :
B//uﬁpdas

“The mtermedlate range channels provide tnp outpuis on short penod ”
[ VULl PULLL BLOLY PELLOU dju [ILZIL pé)u_uu. /puwey The
power range channels provide an output to the auto-
matic control system and trip outputs to the safety
system that actuate on high power.

The nuclear instrument main chassis and their
shared power supplies are mounted on the instru-

- ment panel in the control room. Channel outputs

\

2
(JU:
.

are displayed both locally and on the control console.
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9.3.2 Startup Channel

tec oF is flssion Kambe
ount watef/p?,

e po gpélde tHe
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d po rflogs’ Whﬁn not_An us

_Cham /iB;E/wlthgréwn %pfo a‘;hermav neutrwﬁ’sh

‘:ﬁpd

"The startup channel detector is a fixed position ﬁssxon chamber with 45 mches of
sensitive length. The fission chamber is mounted in a water tight drywell enclosure and

located in the pool outside the reflector region approximately centered at the elevation of core A

centerline.

Pulses from the fission chamber are first received by a remote amplifier mounted on the
biological shield at the mezzanine level. The amplifier assembly contains the signal
conditioning circuitry, dc power supplies and the high voltage detector excitation supply. v

From the amplifier the conditioned signal is fed into the signal processor assembly in the
rack mounted instrument drawer in the control room. The signal processor provides further
processing of the detector signal into signals which are a measure of the logarithm of count rate

- and rate-of-change of count rate. The log count rate signal drives a local panel indication, a

remote meter mounted on the control console, and a log count rate recorder. The period

. indication is displayed on a local indication and a remote period meter mounted on the control "%

console.
“The discriminated output of the source range channel is also delivered to a panel mounted
scaler. The scaler provides count rate information that is used to measure subcritical

multiplication during a startup.” %

rencrates gne LQg coun naL,anda grives

;/1;:9/ t%flo}éter The/

/f i ounted on tb,e/ conty/l conSole

- // e V /&
The, 1scr;4ﬁ1nate £ of the/pu}s’g ampkifier s
SO defllver/% a panel méunte;d’ scalef.

rece:

ted gn’the control/Cons e, thds giying

operpdtor ’fl audible ipdication of/ fissi é
countfng r/a(/efi . ' /@

{addjtion t i 1ng pwlses from t issi A
{cHa the segaler }{{ves,gﬁ audj : /

i FlS o?fgﬁfmber posit#bn is ;
fricpdly and ragrélly x{the/ ool.
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!
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9.3.3 |[Intermediate Range (Log N)

"Two intermediate range channels are required to be operable during all phases of reactor
operation. The intermediate range neutron detectors may either be compensated ion chambers (CIC)
or fission chambers mounted in the pool outside the reflector region at approximately core centerline
elevation in water tight drywells. The intermediate range detector locations are designed such that
detector locations may be varied both vertically and radially. The compensated ion chamber (CIC)
based intermediate range channel delivers a d.c. signal proportional to neutron flux to an
intermediate range monitor chassis which is mounted on the instrument panel. The intermediate
range monitor develops an output which is proportional to the logarithm ofiion chamber current. The
logarithmic output is delivered to local and remote level indicators and to a recorder. The logarithmic
output also drives a period amplifier which delivers a period signal to two independently adjustable
trip circuits and to a local and remote period indicator. The remote period and level indicators are
located on the control consgle.

The fission chamber based intermediate range channel is part of wide range monitor that
operates in both the pulse counting mode and the mean-square-voltage (MSV) mode.

The Wide Range signal is a series of randomly spaced pulses superimposed on a d.c. voltage.
The pulse signal is processed by one of the log count rate and rate-of-change circuit boards and the

d.c. voltage signal is processed by the log amplifier, rate-of-change, and auctioneer circuit board. The '

log count rate circuit provides an output that is proportional to the logarithm of the average count
rate of pulses of the Wide Range signal over the range of about 10-8% to 3 x 10-2% power. The log
amplifier circuit provides an output that is proportional to the logarithm of the mean square
variation of the Wide Range signal over the range of about five decades, from 10-3% to 200% of
reactor power. ' )

The two signals are combined by the auctioneer circuit to provide one continuous output over the
range of 10-8% to 200% of reactor power. Two rate-of-change circuits associated with these log
signals provide outputs that are also combined to provide one continuous rate-of-change signal over
the full reactor flux range. The combined log output and period output are displayed locally on the
plasma displays on the front panel and remotely on the control console.

~ The two intermediate range level indications will be capable of being recorded, although only one
IRM level indication is required to be recorded.”

e ir} medj,ate ra orde /

{bo’ﬁ'h intérmedi

to befecorddd is sti
t%nt};ﬁl congdle.

ftorss Th§/€h339é1
he p’"é'ratjof at
/9 ey

C /y'
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9.3.4

Power Range (Linear Level) Channels

/978
/568~
/965

200/

N\

“Three power range channels are required to be operable and provide
scram and rod run-in trips during all phases of reactor operation, The
power range mneutron detectors may be either compensated or

uncompensated ion chambers or fission chambers mounted in the pool °
outside the reflector region at approximately core centerline elevation in |

water-tight drywells. The power range detector drywells are designed to
allow both vertical and radial adjustment, if necessary.

One power range channel will monitor reactor power from shutdown to
full power in discrete linear ranges. The output of the Wide Range Monitor
is delivered to the servo amplifier system and provides the controlling
signal for the regulating blade when the reactor is operating under automatic
control. This channel may be one of the three power range channels
required to provide scram trips. If this channel does not provide scram

trips, a total of four power range channels will be required (three others

with scram trips).

The output of the power range level monitors is delivered to local and

remote meters, power level recorders, and for three of the monitors to two
adjustable trip circuits (scram and rod run-in). The power leve! remote
meters are-located on the reactor control console.”

200
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Safety System

The reactor safety system includes scram logic
circuits and trip actuator amplifiers, rod run-
in logic and trip actuator amplifiers, and the
alarm and annunciator circuits.

9.4.1 Scram Logic and Trip Actuator Amplifiers

The four reactor shim rods are attached to the
rod drive mechanisms by d.c. electromagnets.
Magnet current is controlled by the trip actuator
amplifiers. Two trip actuator amplifiers operate
in parallel, each controlling current to two
magnets., The magnets are deenergized by the

trip actuator amplifiers in response to a signal

from the scram logic circuit. LTﬁé gpi@ a9zﬁa§9f/

"'The trip actuator amplifiers can be reset when the scram input sxgnal is cleared,\ _

and the "Scram R.eset" button is depressed.”

“ AL < £ <

There are two logic units each driving both trip

actuator amplifiers. fz?éfﬁyyéiy{e
|2-U4?rnﬁ“ whéneﬁér nv ne Anp
"The logic units initiate a "scram” whenever any one of its inputs is mterrupted "

[;Aecd fhostaridi. / /S S S S L

The scram‘system is depicted in Figure 9.4 showing
the conditions which will initiate a scram and how
some of these may be bypassed.

9.4.2 Rod Run-In Logic and Trip Actuator Amplifiers

Rod run-in is initiated through a trip actuator
amplifier by removing current to two rod run-in
relays. The trip actuator amplifier receives its

- signal from two nine input logic units operated in

. parallel.

9-14
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“Once tripped, the trip actuator amplifier must be Jreset by deprelssin'g t;le “Ro;i'

Run-In” reset button after the rod run-in input signal is cleared.”

9.4.3

/558

kEutgon.J Rod run-in is initiated manually by
removing a.c. power to the trip actuator amplifier.

The rod run-in system is depicted in Figure 9.5
showing the conditions which will initiate a run-in
and how certain of these may be bypassed.

Alarm and Annunciate System

The reactor operator is alerted to any abnormal

condition by annunciator action. The annunciator

panel is a 6x10 array of 3 5/8x3 3/8 inch windows.
Each window is back lighted and illuminates red for

scram conditions, blue for rod run-in conditions

- and white for simple alarm conditions. Toensure thatthe

annunciator panel remains operable, an out of normal or loss of power condition is indicated on the auxiliary annunciator

The annunciator sequence is shown in Table 9.3 below.

TABLE 9.3
ANNUNCIATOR SEQUENCE

- Condition Illumination Audible Signal
Normal ' Off Off
Alarm Input Flashing On
Alarm Input Acknowledged On Bright Off .
,Ié‘.:u "Retu/mtoNgnnal/ / Flashing Dim - On" [Q{f , g ‘
Reset ; Off Off

Test Flashing | On

9-15
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. axd

The annunciator sequence is initiated by any of ‘

the following conditionms.

(1) Any scram or rod run-in condition.

(2) Startup channel at less than 1 count per
second. : _ |

(3) High activity in the off-gas stack.

(4) High activity in the secondary coolant.

(5) High activity in the reactor coolant loop.

(6) Nucléar instrument anomaly.

8) | "water tank T- 301 H1 or Low Leve]“aggf rygfér>4§ t%ﬁ&;
(9) 1"Water tank T- 300 H1 or Tow Leve] "yer ?{or# t gk,

(10) - Low water level in the ut111ty seal trench.

/582

/98-

(11) Low pressure in the nitrogen system.
(12) Rods not fully inserted.- .

(13) Regulating rod less than |'20% withdrawn",
(14) Regulating rod} 60°‘withdrawn |°‘ '

8§/ ~
ﬁ/wz

(15) 1--Jumper board in use"/pvfs/sm:e z{cx;g/s’s réfl oj} N ‘
reg/‘én / / Lo L LR
: A il . N
(16) ]“Therma] co]umn door open 3
,/"' / ’/ j 5 .ft
1 7) React,or loop high temperature.” langér h h/é‘lei}:’ ;_;
SIS R S— d Lo L Lo g

(18) Low flow in the reaétor‘loop.
(19) Low flow in the reactor or pool coolant
' cleanup loop.

(20) Reactor coolant temperature control valve
‘on a limit.

(21) Reactor convective cooling loop valve not

| fully closed. ‘

(22) Reactor coolant pump on with isolation valves
clqsed.

(23)‘ High temperature in the pool loop.

(24) Low flow in the pool loop

(25)7v "Fuel vault Tntrusion”- rogs }MSO
) logé/he gx/hgﬁée ’f

9-16
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(D<) Reyg

(33) Rod control power unavailable

(34) Channel 4, 5, or 6 downscale

(35) Secendary:low flow"
-~ "(36) Reflector val\_re 547 off open.”

L

et

O
(%]

A TO T

.""

9

.6

../q9dz

-/587 -
% R /98¢
=/470-
/87

, Lo . - /565 -
(27) Reactor or pool loop high conductivity. L /%¢9

"(26) Anti-siphon tank high or low pr'o.assurz.;' / /, :

/95y

(28) Low pressurizer pressure. - /658
(29) High pressurizer pressure.

(30) High pressurizer water level.

(31) Low pressurizer water level.

—_—

. — . r Qe
} Rod Withdrawal Prohibit Circuits §§

Before control rods can bg pulled to staxt the
reactor, several conditions must have been met.
These conditions are listed below.

‘(1)u?Master=swifchﬁinhhhé&ﬂONﬁwpbsition.

L - - - {
“(2) "Rod Run-In" and “Scram” switches are reset.” ,

d
N b

(3f‘ No nuclear instrument: anomalief .

(4) Shim rods bottomed and in contagt with magnets.
"(5) Startup.channel more than 1 count per second or IRM recorder ~—

] indication greater than 1 x 10'5%_ power. 02& . l

/955
/993

(6) Thermal column door closed.
In condition (4) above, once the rods have bottomed
and contact with magnets is made, rods may be with-
drawn. If a rod loses contact with a magnet it must
be bottomed before it can again be withdrawn.

rod withdrawal prohibit circuits

The/éfap{gpfiétgfio may be bypassed if these

conditions are met:

Valcs

t
o
U~
S~

(1) Master switch in '"'Test'" position.

(2) Rod magnets are deenergized.

Rod Control System

Reactor power is controlled either manually or
~automatically. The reactor is taken from the shut-

down condition to operating power manually. The

reactor may be put into automatic control aftef a

minimum power has been reached.

9-17
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9.6.1 Manual Control ' : | v ' ‘
| After all preoperational conditions have been met
shim rods or the regulating rod are withdrawn by

operating a "pistol-grip'" 3 position spring-
return-to-center switch.

The regulating rod operates at a speed of apprbxi-

/5%
/5%

0" . . . . .
mately inches per minute either inserting or
withdrawing. ’

The four shim rods may operate either individually
or ganged. These rods drive out at a rate of 1
inch per minute and drive in at'a rate of 2 inches
per minute. '

' 9,6.2 Automatic Control
When the Wide Range Monitor range switch is set for

a full scale of greater than 1000 watts, the power

range recorder is upscale beyond a set point, the ‘
reactor period is greater than the period auto-

control interlock set point, and the reactor is

shimmed so that the regulating rod is at least|
withdrawn the reactor may be placed in automatic

control by depressing a console mounted push button.

The system will remain in automatic control until
any one of the following actions occur:

(1) Control mode transferred to manual.

(2) Regulating rod control switch actuated.

(3) Regulating rod reaches less than 107 withdrawn.
(4) Any scram or rod run-in occurs,

(5) Regulating rod reaches its lower limit.

9-18
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When in automatic control, the controlling para-
meter is reactor power level as measured through

the neutron flux detected by a compensated ionization

chamber. The ionization chamber output current

‘drives the Wide Range Monitor whose output voltage

is proportional to ion chamber current.

The output of the Wide Range Monitor is delivered

to the Servo Amplifier which senses the error
between reactor power and the power demand set

point and actuates relays which cause the regulating
rod to withdraw or insert in response to the sense
of the power error and in a direction to reduce the

error.

The power set point is selected by the reactor
operator. A power set potentiometer is motor
driven through a console mounted switch. The
power demand set point is indicated on a console
mounted panel meter.

In automatic control the shim rods also adjust

automatically but only in a direction to reduce
core reactivity. The automatic shimming circuit

is activated when the regulating rod inserts to

the 20%'withdrawn'position. At this point the
shim rods drive in for a preset time and then
stop. After a 'wait' period has elapsed the cycle
is repeated. The alternate 'drive and wait"
action will continue until the regulating rod,
which remains on servo control, has returned to
thei@E@iwithdrawn position. At this point the

T
/582

automatic shimming circuit is deactivated until

the regulating rod has again inserted to the 20%

withdrawn position. The "drive' and the ''drive

9-19
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plus wait' periods are independently adjustable
to facilitate setting an optimum automatic

shimming cycle.

9.7  Radiation Monitoring Systems
9.7.1 Area Radiation Monitoring System

| - P . e —
The area radiation monitoring system monitors radiation at the locations
and in the ranges as shown in Table 9.4. With the exception of the _ '
detectors located in the building exhaust air plenum, each detector is |
equipped with a high level alarm light.

Wﬁd 0 e reac bridge, detec}@r"’j//f
is equi d with 1igh lev alamMM T

TABLE 9.4
) e
AREA RADIATION MONITORING SYSTEM
DETECTOR LOCATION. DETECTION RANGE _
BEAM PORT FLOOR SOUTH WALL 0.1 -10K mR/hr
BEAM PORT FLOOR WEST WALL 0.1 -10K mR/hr
BEAM PORT FLOOR NORTH WALL 0.1 -10K mR/hr )
FUEL STORAGE VAULT 0.1 -10K mR/hr "
BUILDING EXHAUST AIR PLENUM #1. 0.1 -10K mR/hr
 BUILDING EXHAUST AIR PLENUM #2 0.1 -10K mR/hr
- REACTOR BRIDGE 0.1 -10K mR/hr
~ “Beam Port Floor East Wall” 0.1 -10K mR/hr
REACTOR BRIDGE ALARA imijﬁffmmﬂﬁgz »
COOLING EQUIPMENT ROOM (_1-100KmRAr g (T

Tecorded a inult' int radiaefon recqg r on o
) ' ,..' - - e /} - ) ’/Wé ' / .
the-control roofm instrumeht panel.~"Each of-the e

"The signal from each of the remotely located detectors is di§played_on panel meters on the
control room instrument panel. Each of the panel meters is. egpxpped with an adjustable
alarm contact which illuminates a lamp at that meter and initiates an audible alarm i

whenever the dete/c_ted radititio_rllg‘r_gl_ exceeds __t}}f?gggppjnt.ﬂ s o

tadiatiom Tevel exceeds the s&t point.
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Additiongily, n the-Tadiation },eifel serised by

WMMe%}%ds/

Addxtxonally, when the radiation level sensed by either of two containment building j
exhaust air plenum detectors or either of two.reactor bridge monitors exceeds the trip level a
"reactor isolation” is initiated. In a reactor isolation: ‘
. (1) ‘The reactor is scrammed; 1
. (2) The containment building is sealed (all ventilation openings are closed); and
(3) The containment building exhaust and supply fans are de- energized "

/ /’
ings afe cl e:lifm/ A
The aust d su fans arefdeenefglzeg

9.7.2 Fuel Rupture Monitoring System

!;I'hy(yg{ure dnito E?k(ygois/ iy
laNaRal allat! An~l s AR ToN o FAn + nrao ~ra ~F T o0t AN /

The fuel rupture monitoring system monitors reactor coolant water for
the presence of the fission product activity. The method employed =~ -
utilizes the technique of measuring the short-lived iodine isotopes. A
scintillation detector measures the activity deposited on an anion g

exchange resin column and subsequent electronic circuxtry selects that
‘activity due to radioiodine. _

—_———y— '—-v- T Y R R Ry,

| e o
to ra 01od1ge o / -

Teact coola byp/ss/clean
AFF et roaom AF +ha AGmirmar

S 7 A e

A portion of the reactor coolant bypass cleanup loop is taken off

upstream of the demineralizer and passed through a filter, a cation i
- column and an anion column. The scintillation detector views the anion

column and senses any collected activity. Detector output is fed to a
;channel of the Eberhne RMS 11, where the 51gna1 is processed

OI "This mformatlon is mdlcated ona control room panel meter that is eqmpped
L ad w1th an ad]ustable h:gh level alarm, whxch also initiates an annunciator alarm."~

\ /998~

hndli S o . . N -~

€ctor .ebunt pagype"é'ds /
n""” P

/958"
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9.7.3 Off-Gas Radiation Monitoring System : )
“The Off-Gas Radiation Monitoring System consists of a three- < : &/
channel radiation detection system designed to measure the ! . 49
airborne concentrations of radioactive particulate, iodine, and € / /
noble gas in the exhaust air which is sampled by an isokentic ector .
. probe located in the facility ventilation exhaust plenum. The '
radiation detection system is a self-contained unit consisting ofa r //\
~ fixed filter monitored by a beta scintillation detector, a charcoal etector E:K.
' cartridge monitored by a gamma scintillation detector, and a gas nent ' g y
! chamber monitored by a beta scintillation detector shielded by / & o
| three inches of lead (4n configuration). One-inch lead shields T ~
| separate the individual detectors. The output from each radiation . /
{ detector is displayed on a local meter in counts per minute (cpm) 7 air '
! and on a strip-chart, three-pen recorder mounted on the - for
instrument panel in the reactor control room. An audible and
t visual alarm alerts the operator to high activity or abnormal flow _.-____ _~ |
through the radiation detection system.”
9.7.4  Secondary Coolant Monitoring System
| Th€ sefondafv caelant fonirbring svstém is”
A scintillation detector is installed in the return leg of the secondary
piping. The output of the scintillation detector is fed to a channel of the S
Eberline RMS 11, where th V&
] e signal is processed. | This formativg 9%
|1t 1(:' “This information i is indicated on a control room panel meter that is equipped 1) SN
. with an ad)ustable high level alarm, which also initiates an annunciator alarm /J ‘
9.8 Process Instrumentation and Control ABO AFAR HOR
Plant process parameters that are monitored and /%)

controlled are; temperature, flow and pressure.
.Other parameters which are simply monitored or
have an abnormal condition arej- coolant conductivity,
demineralized water storage and reserve tank levels,
utility seal trench level, and low nitrogen pressure.

9.8.1 Temperature Measurement and Control
9.8.1.1 Reactor Loop. Coolant
Reactor coolant temperature is measured at these

points:

9-22
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(1) At reactor outlet just downstream from the
outlet isolation valve (Reactor Outlet
‘Temperature) .

(2) At the reactor loop heat exchanger outlet
(Reactor Inlet Temperature).

These temperatures are recorded on a two pen
recorder mounted on the instrument panel.
Temperature difference is displayed on a panel

meter.

If either sensor detects a temperature of more than
1208 of the normal values an alarm is 1n1t1atedt_J

R————
N
1

\F\h “If reactor outlet temperature exceeds 125% of normal, a scram is initiated.” \
Nicigrou. N N\ N N\ ~ N . AN

Waidd

,_/7?/ -
2600/

Reactor coolant temperature is controlled by
controlling inlet (heat exchanger outlet) tempera-
ture. . Control is achieved by varying secondary
flow through the heat exchanger. /WhIZEV,:(PH
- Taam#ral Aalve’ reoafhoea Z;f‘he/ 14 m?//
"Wheénever the control valve approaches either limit, indicating that little control
is available, the reactor operator is alerted by annunciator action.”

'gpétatpf/lg//lerpéﬁ by annpfciatdr agfiond //'

/996‘

In addition to the normal flow temperature
measurements, the temperature differential across
the in-pool heat exchanger (reactor convective
loop) is measured and displayed on the control

‘room instrument panel.

9.8.1.2 Pool Loop Coolant ,
Pool coolant temperature is measured at the heat

exchanger inlet and outlet, d at A poiny/ ap-
Lg/bg}méteLy/iZ ;n/hegy&éia rface of poq
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200b /58 -
/592
. A

/570~
Heat exchanger outlet temperature and the pool K

temperature are displayed on a two pen recorder on
the control room instrument panel. ' The heat
exchanger differential temperature is indicated on

a control room panel meter.

l / -/. /1 R _ / Z-_ _.Q/‘-‘I-A 1[-\—\4- /ﬂ‘?ﬂl‘\/r\ﬁf\
"An annunciator alarm occurs if the heat exchanger

inlet temperature is abnormally high.
itetgperat,ure aye apmormgALy nign. , s

5700577

Pool loop temperature is controlled by varying heat
exchanger secondary flow. The controlling parameter

is heat exchanger outlet temperature.

9.8.2 . Flow Measurement and Control
9.8.2.1 Reactor Loop ‘

/zgg/gfﬁgfbr Toop lowAméésupéﬁeng//ystgm/ln dﬁ/// /,
ne pfifife P te.%%dﬁ%ﬁﬁgg£3;6% gﬁEQgﬁés.

_ 4 nel
“The reactor loop flow measurement systern includes two orifice plates, one ..
in each of the two heat exchanger legs. Flow, as measured by two
i transmltters connected to each -orifice plate, is recorded on two, two-pen

/958"
006
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9.8.2.2 Pool Loop
Pool loop flow is monitored by measuring’the pressure

drop across the reflector region, and by an orifice
flow meter on the outlet side of the pool loop heat
exchanger.- ‘

y/‘as medbured-by the orifile p te,/i'g reedrded '
fi the-Cont roow instr(men "a/l/‘r;lou' ed twe” /
P

‘} "Flow, as measured by two transmitters connected to this orifice plate, is ugh
. recorded on a control room instrument panel mounted two pen recorder.”

a c r v
when the”cooljrig plamt is€xpand€d for 10 megawat
r’Pea powerOperation. , /

An annunciator alarm occurs when flow through -

/999 _

AN

the pool heat exchanger drops to 90% of normal. .
e d v Ak~ L < . /S P( x

}f/t. "If the flow reaches 70.8% of normal, the reactor scrams.” YOI 157 EE

lscpbumegr o o o L L 7 RIS

-

; - 7 v 7 rd 4 7/
. "When the pressure drop across the reflector region becomes high or low a 1

reflector high/low differential pressure scram occurs.” .
%ULucyCA\,cZo.a_vu i ol At e e - ' !

S T A A
oolcoolarft laep has”a p ssure swifch th /]

"In addition to the flow monitoring devices the pool coolant loop has a pressure switch on
the discharge side of the coolant circulation pumps. When the pumps discharge dynamic
head decreases to the switching level, the pumps shut off, the pool isolation valve closes, q

and the reactor scrams."” ' .
/{yé‘na ' the/é‘o}/étur /f'
7 andthe

2 . v
reactgr is crgpmed.

/??\;“

/978

&
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9.8.3

Pressure Measurement and Control
9.8.3.1 Low Pressure Safety Action _ o
SR IR MY ey
’ fr Xt~ Avmm Mo AT T AN T ML N T L 1~ e AN
"T'wo pressure switches are installed in the outlet leg of the reactor coolant loop. When L
the loop pressure at these switches decreases to approximately 25 psig the following action ~
takes place." N ({
1130\ pdig the Pdollowing Betioh, takdg phace.\
(1) Reactor loop isolation valves close.
- (2) Anti-siphon valves open.
(3) Reactor convective loop valve opens. :
"(4) Reactor coolant circulation pumps stop.”" S S. ,‘.4
(@) Reactor lation pumps s0P" o pystd 555 ] |
(5) Reactor Scrams.
9.8.3.2 Reactor Pressurizer System

The pressurizer system functions to maintain the
core inlet pressure at 65 psia. Pressurizer pressure

is displayed on the control room instrument panel.

Six pressure switches installed on the pressurizer
perform the following functions:
(1) At 85% of normal pressure the reactor scrams.
- (2) At 90% of normal pressure the annunciator alarms.
(3) At 95% of normal pressure mnitrogen gas is let
into the pressurizer.
(4) At 105% of normal pressure nitrogen gas is
released from the pressurizer.’ |
(5) - At 110% of normal pressure the annunciator
- alarms. ' |
(6) At 115% of normal pressure the reactor scrams.

- .- 7 . 7. T .7 v A adr . AL
Pressurizer water level is maintained by adding water with a positive '
displacement pump if the level is low, and dumping water to the drain collection

_system if the level is too high.” '

(2]

1 Low a dumping aCéVO LI (UL wadLesd>yd s S
if e lev is oo hjigh.| If the pressurizer water

level becomes very low it is isolated from the balance

of the system. \'\)‘er h\i\gﬁ\o\l\; Very low pressurizer

water level will scram the reactor.
: 9-26
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@ PLAN VIEW — REACTOR CONTROL ROOM

Figure 9.1. Control Room Layout
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Figure 9.6

PLAN VIEW — OPERATING BRIDGE
(Rev. 2/7/97)
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BEAM PORT ‘B’

BEAM PORT *A°

Figure 9.7 Nuclear Instrument Detector Drywell Locations
(Rev. 1/3/95)
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Delete Figure 9.8 and Add the following note:

"The relative plan view location of the Nuclear Instrument Drywells is depicted by Figure . ‘
9.7. Each detector elevation is typically centered on core centerline (+ 6") and are adjusted
as necessary to minimize rod shadowing effects and occasional flooding of beamtubes for

maintenance." .
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10.

- The two shops (items 2 and 3 above) are equipped with the machine tools, small
‘tools, electrical and instrument equipment necessary to perform the normal /

" maintenance tasks include:

- (2) A mechanical maintenance shop within the site boundary.

10.0 MAINTENANCE

1994

[ personnel permanently assigned to the Research Reactor Facility for this
_purpose. There will be at least one mechanical and one electrical technician

reactor and process systems similar to that of a reactor operator. They will be

}ma Systemg” equiyd Ler g
andg/may - ecomg/{;cgréd rgacto
11 b

thg;éﬁgn;¢'indo Erigdted fich dppr iapé
radidtion/healph and gafetd pradtices. / /f

permanently assigned at the facility. These people will receive training on the .

thoroughly indoctrinated with appropriate radiation health and safety practices.” /

QA LEacCuy, upcLacLuy
opﬁé:o%?é; / :
d y
r /

)y/ 11
to |
/Thy

performed by

/

All maintenance activities on the reactor and process

systems will be directed by a licensed reactor operator.

.Following maintenance on the reactor and process
equipment this equipment will be thoroughly checked

for safe and proper performance prior to continued
reactor operation.

1 Facilities : o
l'T'bé\ ‘FaéiT'i/Ziac 'nrr\;{-irlaﬁ nf‘/.f'hn'%:casvéhh pt(ﬂr\f‘n,/ /
"The facilities provided at the Research Reactor Facility for performing '

y
| . . /
(1) One 15 ton overhead rectilinear crane and one 500 Ib. jib crane in the

reactor containment building.

(3) An electrical and instrument shop within the site boundary. : o

maintenance tasks required by the Research Reactor Facility."

|/ coftaingent/ /[ [ [/ [ [/

10-1
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10.

2

Reactor Servicing and Maintenance in Contaminated
Areas

Sizﬁeﬁiigp/fo ac;g;/bper ti;?/énd P orxﬁg/ent§{
infnr cofitamivahle Areas comflete diati¥on sufvey /
-~ "Subsequent to reactor operation and prior to entry into potentially >
Wcont:amina_ted areas, a complete radiation survey will be made to establish dose >
ﬁrabes. Also, following any change of conditions in which the dose rates may be

effected, such as a change in pool water level, a survey will be conducted to
bensure dose rates are within acceptable limits." '

/55y

é/ﬁurve’ will pe ma/dé to agsure a ’ceptjzble e posi?' ‘
ratesu n / y y , 4

Routine health physics monitoring will assure that
the area surrounding the reactor pool is kept free

of smearable contamination. During reactor mainte-

nance periods special precautions will be utilized
to prevent the spread of contamination. These pre-
cautions include the use of floor covérings, the use
of isolation ropes, protective clothing, and con-
tinuous air sampling. |

10-2
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¥

Maintenance tasks within the pool include:
(1) The rod drives

(2) The control rods

(3) In-pool valves

(4) Refueling

(5) Neutron detectors

(6) Pressure vessel closure

(7) Experimental Facilities

All maintenance activities on in-pool equipment
will be performed with the reactor in a shutdown
condition. To prevent accidental reactivity
transients, any maintenance on the control rods
requiring rod movement will be done with the re-
actor defueled. To protect against reactivity
transients during rod drive maintenance a control
interlock is provided which prevents drive move-
ment if the magnet current is on. In addition,
during initial movement of the drive the technician
will visually observe that the control rod is dis-
connected from the drive. Checkout of the entire
drive assembly will not be done unless the reactor
is defueled or instrumentation as required for

reactor startup is operational.

é//pf;ve endgwgering per nel duri enange
Wctivjifies g elegtf?fa equi tag put ppoéce-

di "To prevent endangering personnel during maintenance activities, a tag out”]
} system will be utilized. (Refer to Section 10.7 for tag procedure).

Eé;ﬁgglcal//reikégs W}I/ 1 be de- ene{élze&/;nd E/ége%,

efer fo Sgpflon 107 fo tag,procedure) //

[75Y

s
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Non-routine maintenance tasks (i.e., removal of graphite reflector, etc.) will be

_performed in accordance with special written procedures. These special

procedures will establish the condition of the reactor, include special tools
required, describe the monitoring and personnel protection requirements, and
include a step by step guide for completion of the maintenance activity. These

‘ special,_procedures will be reviewed and approved by the Reactor Manager.”

proc ures aill rev’ew;%nd apbroved by phe
redctor pervyisor. , -

Reactor Process Equipment Maintenance

The areas in which a high radiation level may exist
are:

(1) Main equipment room.
(2) Reactor pipe tunnel.

(3) Demineralizer area.

Figure 10.1 shows the equipment layout in the
equipment room and pipe tunnel. Access to this
area is not permitted during reactor operation due
to high radiation levels expected from N6, 1t is

not expected that radiation levels following reactor

Maingénan tas oth thap” routine .e. femoydl -
of ‘grapifite pé€flectsr, epf.) w¥ll performed in |

/75y

shutdown and a short decay period will be high enough

in these areas to prevent maintenance activities.

Prior to entry, the area will be surveyed and dose
rates established. | PG Pointof control will be at the entries £he

IG;F/tdesignated by Health Physicé."’ire/%/. 2/* Suitable cbntainers
will be provided at the control ‘points for discharge

of potentially contaminated materials worn or used
in the area. Maintenance work in the area will be

directed by a licensed reactor operator and [‘a E‘vg :
a tag out procedure will be followed for affected systems and equipment.” -

) 10-4
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This area is serviced by the ventilation system and
air-borne activity is not anticipated under normal

conditions. | In thf€ everdt that thé maidtenarce -
actiéity,MQy cpéate Air-bdrne gctivjity cofiting us//f

"In the event that the maintenance operation may create air-borne activity,

g ;Ttipuq}xs air monitoring capability, as necessary, will be prescribed by Health~
‘Physics. ) ' S

111 be” pr.ov,i/d'ed S S S S S 1/ . s

/777

Waterproof protective clothing will be provided to
personnel when it becomes necessary to perform work
on systems which may involve contact with water from

the process piping or equipment.

When not occupied, access doors to this area will be

locked and key controlled with the reactor supervisor.

Long-lived radioactivity may limit entry into the :
demineralizer rooms. | Rege ratidn the"dem,iéer'aﬂ./izex/;

. . e . SR ANyd
/}g/ac mplished”as descr 7.L/9 1 )
/aregs shieldgd frdm t de?'/n/era izets. t ipferv ls/
. annrAaviatals 18 ~ Y0 SmAnt robdine L1711
r

7 "Regeneration or replacement of the demineralizer resin is accomplished as

described in Section 7.1.9 in areas shielded from the demineralizers. At %
:, intervals of approximately two to four months the resins will require changing.
They will be discharged into containers and discarded as radioactive waste.

W. Monitoring, as prescribed by Health Physics, will be provided to personnel during
the resin transfer procedure. Personnel will be provided proper protective

/li clothing as necessary.” : - :

{ heazrn p YSL1CH TMONLLOLL WLA L ?pL‘U_V UCU ALU PELSULALE L
‘ ring/the xesin frangfer ro? ure./ PepbSonngl will :
{‘be pfovidéd proper protedtive/clothing Aheynecebsary. /

Laboratory and Experimental Maintenance

The research facility ventilation system and labora-
tories represent the balance of the facility in
which. radioactivity will normally be encountered.

10-5
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| "Protective clothing will be prescribed by Health Physics when handling

| S

Replacing the filters in the ventilation system
will require monitoring for radioactivity and

establishing dose rates. ri2596;6/9/;6/26;;§/{
regp{;agz/§ prteqzion,w/ll e ppdvided wh lingA |

¥ contaminated filters. Immediately following removal of a filter from the system
it will be placed in a plastic bag or other suitable air tight container and sealed.™

/95%

’Eéigé/uzg/é( th ag/gf'o;hé; %yi%ab}é/aig/{iggf/,
ntaipér a se Dlsposal of the filters will

be as radioactive materlal

Maintenance in the laboratories and on experimental
equipment will be as the need requires. Thorough
monitoring and protective measures will be taken

prior to and during maintenance activities.

Routine Systems Maintenance

A "A periodic maintenance system will be in effect on all reactor and processH E,’f
eqmpment. /J The |

il T L T2 L - =7 Ry AR S 474 A L

purpose of this system will be to provide a preventive

maintenance program assuring that all equipment is

routinely checked and properly cared for. Pﬁ e;{h //(,
£"A record will be maintained providing the date and nature of maintenance ur
~activiti 11 t. )
ijngi;zﬁa:ggpgglLvL?Z/, Qd/él}//qu;ﬁ/enp//llt will

indicate when the next inspection on any piece of

Va4

equipment is due and .the type of periodic maintenance

to be performed.

Equipment not previously covered in this section such

as the émergency diesel generator, secondary system
pumps, fans and blowers, pneumatic air system equip-
ment, air compressors, vacuum pumps, and refrigeration
equipment 1s not expected to require special maintenance

considerations and their servicing will be part of the

10-6
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(954

Joc

L2

periodic maintenance system to assure reliable

~operation at all times. The emergency generator

and air compressor will be operated at least once
per week for not less than 30 minutes to assure

operability.

| performing work on the acid system. An eye wash and shower are provided in.

A% ;(/tant/yfro/eét//e yéth g;éd/écly’sh}é’ld

"Acid resistant protective clothing and face shield will be worn by personnel

/997

the cooling tower building for use in the event of an emergency.”

rls LOvV 1 vy w Y FRNS LUwe L oL -L;?" a..u.;. [P
/9/e:e;/ /ﬁé‘;r&c/// / )

A tag out procedure will be appllcable to all

maintenance activities.

Instrument and Electrical Maintenance

Servicing of instrument and electric equlpment will
be performed only by technically competent personnel.
Maintenance of components such as ion chambers,
transmitters and controllers, located in areas
described in Section 10.2, 10.3, and 10.4 will re-
quire that appropriate protective measures be taken -

by personnel as prescribed for radiation areas.

Instrument and electrical components will be part

of the periodic maintenance program.

o VAR A4 7. 7 .S 7 / /|
"A source check of the radiation monitoring modnles which are connected to the
Safety System will be performed at least g monthly, to ensure proper
operation. A source check of all the radiation monitoring modules will be
performed quarterly to ensure proper operation. The calibration of instruments

‘will be included in the maintenance program."

I Attt Al Ay A A ST A - SOy 4 ‘ .

LR

/999
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10.7  Tag Out Procedure o - -
To prevent inadvertant damage to equipment or injury ‘
to personnel, a tag out system will be utilized.

- 7 7 7 A S S S A
(1) A danger tag will be placed on a piece of equipment to s1gmfy that : 0
operation of the equipment presents a hazard to personnel and/or "
potential damage to the equipment. The tag will be numbered and - 1€

contain information as to the date it was initiated, the piece of .

equipment involved, and the reason for the tag.” ' '
v o< .l.tlxu LEL Ll )' () AL P 4 oy;sx—xs ‘.u Ctl ated
gg/i:g/éi;z/g:/nﬁgggf/k/a/y

“ },{%as%ed}te’ltw niti d{;

2002,

m?f/rma/c&xas ithe te it was ini ated%a,s’

. j/{ece oﬁwyﬂed/nd
that exdsts

\A log book will be maintained containing the J,§
"A log book will be maintained containing the tag number, the date initiated, the o~
equipment involved, the date of the tag removal, and the initials of the person . g‘\

~ responsible for tag placement and removal." Ny

. fnitials. - o - of

"Lﬁéﬁl The removal of any tag will be with supervisory L§

approval only, and only after it is assured
that maintenance activities are.completed and
personnel are removed from the area. The tag
. will be destroyed after use.
?57' In the case of key lock switches or electrical
:breakers which can be locked out, the equipment
will be placed in the locked out condition.

20672
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(6) Tests to increase power to 10 MW as outlined in the 10 MW Preoperational

~ Test Procedures document as approved by the Procedures Review Subcommittee.’

ccounting Procedures __1

(6) SNM Control and Ac:

11

1

11.0 INITiAL TESTS AND OPERATING PROCEDURES ' ‘

—

/973"
157
/57¢-

. aw

To assure the ability of the reactor and systems to
operate safely and perform within specifications,
certain tests and procedures will be followed during

initial testing and routine operation.

There are six major steps in bringing the reactor to

routine 10 MW operation. They are:

(1) Preoperational systems tests.
(2) 1Initial reactor fuel loading.
(3) Zero and low power tests.

(4) Tests at increasing power.
(5) 5 MW power operation.

In addition there are these formalized routines:

(1) Operating procedures.
(2) Routine operational tests and checks.

(3) Corrective action and emergency procedures.

(4) Tabulations of reports and records.
(5) Security Plan and Security Procedures 5
~N

/577

Preoperatlonal System Tests

These tests are designed to prove that the systems
perform the functions for which they are intended

and that they meet established safety and reliability

criteria. Data will be accumulated from the tests

on system variations to establish span of control
and to determine maximum and minimum system capabilities.

11-1
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‘ The preoperational tests will be performed by the

’ ' reactor contractor as part of the reactor acceptance

~ program. The tests include, where applicable,
hydrostatic pressure checks, checks of flow, re-
liability, auto control operation, instrumentation,

and efficiency.

The method and content of the test to be performed
on each system will be contained in a testing manual
mutually prepared by the reactor contractor and
University of Missouri personnel. All components

and systems will be subjected to functional testing.

11.2 Initial Reactor Fuel Loading
Prior to loading fuel into the reactor core, sub-
critical multiplication will be determined on the
fuel storage rack using the reactor fuel. The rack

‘ configuration is such that it is well below critical.

However, multiplication studies will be run to assure
this fact, to provide the operating crew with ex-
perience in working as a team and for familiarization
with the instrumentation to be used for loading the

core.

Several hazards associated with the-initial loading

of the core are recognized.

(1) Dependability of calculations of core reactivity
and control. Although accurate to best ability
using established techniques, the loading of
the core must provide for possible inaccuracies

in calculations.

11-2



(2)

(3)

(&)

(5)
(6)

(7)

¥

Possibilities of error in fuel element 16ading:

Inadvertant rapid insertion of readtivity such
as by dropping a fuel assembly or rapidly |
fldoding.the.core.

Instrument malfunction.

Misinterpretation of data.

Communications difficulties.

Possible radioactive exposure to personnél.

Recognizing these hazards, adequate protective

measures are to be provided in the following manner.

The core will be loaded in a subcritical configura-

tion without moderator.

will follow precautions similar to those followed

if the moderator were present. The loading crew
will be thoroughly indoctrinated to the loading

procedure and dry runs of the loading operation will

have been performed.

will be added to the instrumentation to provide

additional data during loading. Instrumentation

will be thoroughly checked out and in proper operating
condition before loading the core.

and caution will be exercised during the loading of

the fuel elements and subsequent addition of moderator.

The core will not be allowed to reach critical during

the fuel loading. A detailed procedure will be

followed during the loading process.

the loading team will be thoroughly briefed on the

procedures and their particular assignments.

the time the core is being loaded, occupan¢y of the

reactor enclosure will be limited to those persons
on the loading team. There will be no ''defeats"

11-3
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Two extra source level channels
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on the reactor safety system or the building isolation'
system. The core will be loaded with no circulation
in the process'systems. The normal complement of
reactor instrumentation will be in operation during
loading and in addition £wo BF3 counter chambers will
be installed to monitor neutron population. This
provides a fission chamber, and two BF3 chambers to

record the source level neutron population and

multiplication while installing the fuel.

As fuel is added to the core the critical loading
will be predicted by plotting the reciprocal of the
neutron population; as indicated by the three pulse
counters, vs. wt. of U-235 as it is added to the’
core and the curve extrapolated to zero, at least
two separate plots will be maintained.

The major procedures involved in loading the core
are: ’

(1) Fill the pool and center test hole with water
" to a level approximately three feet below the
top of the reactor pressﬁre vessel.
(2) The water level in the core will be below the
bottom of the fueled regibns. ’
(3) Install the source and BFg counting chamber
in the center test hole. )
(4) Check out instrumentation, control, and safety
systems. ,
(5) Position all counting chambers to indicate not:
less than 6 counts per second of source neutron
population.

11-4
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(6) Load four fuel elements in dry pressure vessel,
one at a time, in alternate core positions.

The control rods are to be full out. The plot
of reciprocal multiplication maintained at the
loading of each element and data analyzed before
the next element ié loaded. The effect of éon»
trol rods on neutron population is to be de-
termined after four elements have been loaded.

(7) After the fourth element is loaded the core

~will be flooded in small increments. Reciprocal
multiplication will be plotted vs. water height
at each incremental water level.

(8) Each succeeding fuel element will be loaded with
the core dry then the core flooded, with multi-
plication data plotted, after the loading of
each element. The effect of control rods will
be determined at each loading and they will be
positioned to provide shutdown margin and yet
keep the reactor below critical preceding each

successive loading.

After the core fueling is completed, the water level
in the pool and core will be raised to the refueling
level. Then, after substantiating that the data
verifies the calculated characteristics of the core,
the reactor will be taken to»éritical condition.
'This completes the core loading and the reactor will
then be shut down.

The flooding will be done manuélly by an operator
at the location of loading operations. The fill
line will be sized to prevent rapid flooding of the
core. The fuel grapple will have a positive lock

11-5
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on the fuel element. Personnel are under advisement

.of a qualified health physicist at all times and no

operators will be at the refueling level of the pool
during flooding of the core. ‘

Core loading operations will be discontinued if there
are not at least two source level counting channels
in proper operation, when conflicting data is ob-
tained, and when a condition arises which, in the
opinion of the loading supervisor, presents a hazard

to safe continuance of fuel loading.

Zero and Low Power Tests

These tests are to be -made to verify or establish .
the. physics characteristics of the reactor. The
tests to be performed include the following:

(1) Power Level Determination. Determine power

level by foil activation methods.

(2) Control Rod Calibration. Determine reactivity

worth of the regulating rod by poéitive'period
method. Calibrate shim rods against regulating
blade.

(3) Map Flux Distribution. Part of this test will

' be accomplished in determining flux distribution
in core for low power determination. These |
tests will be expanded to determine flux in
“other critical areas.

(4) Determination of Reactor Temperature and Void
Coefficients. These coefficients will be de-
termined in refiector, core, and central test

position regions independently.
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(5) Determine Reactivity Effects Associated With
Flooding Béamports and Pneumatic Tube Operation. ‘
(Gf Operational Test of the Automatic Control
. System.
(75 Operational Characteristics of Reactor With

Cooling System on Line.

'These tests, with the exception of (7) will be per-
formed without forced convection cooling. The
pressure vessel will be open for instrument access
when necessary. The nuclear saféty'trip settings
will be adjusted to 25 per cent above the value
corresponding to just critical until the power
‘calibration has been determined. The trip settings
will then be adjusted to 125 per cent of the 100 KW
power reading on the corresponding instrument. Tﬁe
period safety trip setting will be maintained at

50 seconds.

‘Power during these tests will not exceed 100 KW.
The 100 KW master control prohibit circuit will be
in effect during the tests.

11.4 Tests at Increasing Power
‘The purpose of these tests is to evaluate reactor
pefformance in incremental steps to 5 MW and to
predict the ability of the reactor to operate as

designed at higher power level.

Power increase to 5 MW will be made in five one
megawatt steps plus an intermediate step at 500 KW,
Additional intermediate steps may be made if necessary.
The checks to be made at each power step include:
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(1) Radiation surveys
(2) Reactor control and stability tests
(3) Air and water activity analysis -

Power at 1 MW and above will be determined by heat
balance on the reactor cooling systems and at one
intermediate step will be compared with power de-
termined by foil activation.

The power level at which the scheduled test is to be
run will be considered full power and nuclear safety

trips set accordingly.

Subsequent to operation at design temperature, but
before accumulation of excessive quantities of fission
products, at least one fuel assembly will be removed

and given a detailed visual inspection to determine

general condition.

Five Megawatt Power Operation

During the interval of time after reaching 5 MW

and before increasing power to 10 MW considerable
data will be accumulated at 5 MW operation. This
data will be used to predict conditions to be ex-
pected at 10 MW. In addition to the specific tests
called for in Section 11.4 (Tests at Increasing
Power) additional tests will be performed, mostly
relative to experimental facilities. Included will
be a determination, by foil activation, of absolute

flux available in the experimental positions.
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Tests to Increase Power to 10 Megawatts :
The ability of the reactor to operate at 10 MW is .
dependent'upon additional cooling equipment being

installed. The tests involved will determine the
reliability, adequacy, and safety of the new equip-

ment in a similar manner as described in Section 11.1.

After the necessary additional cooling equipment has
been installed and tested, reactor power will be
increased from 5 MW to 10 MW. Power will be in-
creased in steps and tests performed as outlined

in Section 1l1.4.

It is expected that the fuel loading of the reactor
will be increased from 5.2 to 6.2 Kilograms of U235
for 10 MW operation.. It will not be necessary to

use the same method to load the core as was used in
initial loading. The operating history of the reactor
will provide sufficient information of the character- ‘
istics of the reactor and control system to enable

a determination of the safety of loading the core

with moderator present. A supplement to the Hazards
Summary and Technical Specifications will present

the proposed method for increasing the core loading.

Operating Procedures

‘Written Standard Operating Procedures will give

~detailed information pertaining to the operation of

the reactor and systems. These procedures are de-
signed to assure operation within the limits of the
Technical Specifications and will be approved by the

rveéRfactorlM_anagergcy and reviewed by a committee des- IE
ignated by the facility director. Included in the
procedures are requirements for reactor startup,
"normal operation, shutdown, system operation, ‘
“experimental opefations and emergency procedures. .
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11.8

11.8.1

11.8.2

quirémenks for reg for
in £he sfandafd opératimg

- The master copy of the standard operating procedures

will be maintained by the F{e@nRéitOfMan?gef ;/%4 with a

~duplicate copy in the reactor control room. Additions

and revisions to these procedures will be by authority

of the 'ﬁ;{eacwri\dinggerd/i.sgr following review as above. l

Routine Operational Checks and Tests
The periodic maintenance program (Section 10.0) will

schedule routine checks and calibrations on equipment

and instrumentation. These schedules will be based

on manufacturers recommendations and experience.

Startup Routines

Startup of the reactor will be preceded by the com-
pletion of a startup check sheet listing items of
the process, safety, instrument, and radiation
monitoring systems which require verification of
proper operation before reactor operation. General
information on the startup check sheet will be

checked within one hour prior to startup. This

 check sheet will also contain a section relative to

scram checks which is to be completed immediately

before beginning the approach to critical.

Shutdown Routines
Before the reactor is left unattended at the end of
the operating period a shutdown check sheet will be

completed to assure that the reactor and systems

are in the proper status.

11-10
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Patrrynl Rauntinec ' .

o ; , "Daily patrols (Monday - Friday) are established for a mechanical technician and
a member of the health physics group. Reactor Operations performs

routine patrols every day the reactor operates, including weekends and
holidays."”

ropgratér’and/the,ﬂeagzh physiclgt. | These patrols

11.9

/99¢

are designéd to check the operation of equipment
not under direct observation at all times. Items
to be monitored by these patrols include the following:

Cooling tower équipment
Waste tank levels
Ventilation system equipment
Air compressors

Air conditioning equipment
Water analysis

Nitrogen header

Radiation detection system
Fission product monitor
Experimental equipment

Corrective Action and Emergency Procedures

The reactor will be shut down either automatically
or manually in the event maximum permissible
operating conditions are exceeded without corrective

action.

The occurrence of an alarm condition need not require
reactor shutdown. In many instances the alarm con-
dition may be corrected without affecting reactor
operation. If an alarm condition exists which can-

not' be corrected without shutdown of the reactor, the
condition will be evaluated. Continued operation will
be dependent upon this evaluation. If operation is
continued, the condition will be corrected following \
scheduled reactorkshutdow‘n.’ The [;éRgactorManagerv/i/so}‘/, l&
or his designated representative must authorize the.

continued operation.
11-11
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R o
The standard operating procedures will include 378
detailed emergency procedures for specific conditions. AL LA
In general these procedures will consist of steps /367~
required to prevent injury to personnel and to place /96¥
a system or piece of equipment in such a state as to

minimize hazards and prevent further adverse effects.

T IFT T T TP

Records

Strip chart recorders provide a permanent record of

operating information. The parameters recorded are:

Log count rate.
Log power (one of two channels to be selected).

375/ }}6é potier Lor~ 7~ ¥~~~ fhanplls 16 be AU
_‘_L7__-‘>/ "Linear power" : o~
o electedy. , , N
et ny : O

g Aéﬁgyﬁ§g$§;{6§/ B

2 Reactor water inlet and outlet temperature. '~

@ Pool water inlet and outlet temperature.

3]

V) Reactor coolant flow rate.

Ny

5 Demineralizer flow rate.

l Secondary coolant flow rate.

3
’ 3 Secondary coolant temperatures. '
X[, "Pool coolant flow rate” g

The charts will be put in permanent storage to serve

as a reference to past operating experience.

Certain data will be taken manually for a record of
reactor performance information not recorded by
instrumentation. A nuclear and a process data sheet

will be used to record this information.
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" Nuclear datﬁpz}k{Bg/éegﬁggggﬁﬁﬁ/ébsg{f%9d’194
[c

onsists of the following items:

Process data,[zg

]

Time

Power level
"Nuclear channel 1"
Nuclear channel 2

Nuclear channel 3

- Nuclear channel 4

Nuclear channel 5
Nuclear channel 6
Reg. rod position

Shrim »o6d posjifion

Shifm rad R citifn
"Average Shim Rod Position"

‘Shim’rod £ positiogr |
Shim p&fﬁiﬁﬁi:g{;:?

Total accumulated MWD (to be calculated)
Calculated power (from cooling system)

Ysde of opEELTon hutgHMapdal))
Opéégﬁ%éﬁﬁf%i@ﬁg,

consists of:

Remarks

1378

/99¢

1975

1
~
N
N

~N
do
w
~

Time

All flow indicator readings

All temperature indicator readings
Tank levels (T-300 and T-301)

 Area radiation levels

All pressure indicator readings
All differential pressure readings
All differential temperature readings

Water conductivities

11-13
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Fuel rupture monitor indication
Secondary coolant activity

‘Operator initials
"Pressurizer level”
"Off-gas stack activity”"

A console operator log will be maintained in the

control room providing a detailed diary of reactor

/995

operation. This log, as well as the routine check

sheets, will become a permanent record of reactor
operation.

Scram, incident, accident and equipment malfunction
reports will also be maintained on permanent record.
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12.0 ORGANIZATION AND ADMINISTRATION

12.1 . General Description

litieg/will be'
gradualze/stu ent

involvihg radiation

isi rovided by tp perm
rate the facgl{ties.
posed o f_acultrfr/memb ‘ [

/
wild be serfi-trapdi ince pb

i '/pt/gf sp#ce or Fhciliti };}Z/’ f//
.]'Administratio, of th aboratgty

“The reactor and laboratory facilities are available to faculty members or graduate students
interested in pursuing research involving radiation, radioisotopes, or the reactor. The diverse 7
research programs are coordinated and health and safety supervision provided by the permanent '
staff employed to operate the facilities. Part of the research staff, composed of faculty members
and graduate students, will be semi-transient, with no permanent assignment of space or facilities.
Administration of the reactor is separate from the research programs to eliminate the possibility of .4
a compromise in safety for the sake of experimental expediency.

The.Research Reactor operations staff is divided into two groups. One group, the reactor
operations group, has responsibility for the routine operation and maintenance of the reactor. The
second, the facility operations group, has responsibility for the supervision and maintenance of the
laboratc_)ry facilities associated with the reactor. Coordination and overall administration of these
groups is performed by the Facility Director. A current table of organization for the Research
Reactox: Facility based upon continuous operation 7 days a week is presented in Figure 6.0,
Tef:l:xplcal Specifications. The Reactor Operations staff requirements for operation of these
facilities is expected to be twelve to sixteen people. These people provide operation and

supervision of the facilities for all research personnel. ‘
rea:t/{. (y{din?{on
these” groups is pef-

4P /|

the p’p-"olject_.:-’ A ta‘g;]i’g of

actor facility is présented’
P o v
It As estj:matedf,t”hat the staff’re-

ratio /cjf thede facjlities on an ~

" five-day we’s;k/j wil}fﬁe tv.r‘glél/\/ze t ?ﬁ;
Thése p?/oﬁle will proyﬁi’&e opr(g,r"jatvio.r},,f*’"
ision 4f th%/fécil%}ies for/all reSearch’

expécted o numbef fromgthirtxf%o sixty -

12 '
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* pecsns A /9352 RGV.

/9%

'/‘7‘?6*



12.2
12.2.1

. _ The Research Reactor Facility fits within the organizational structure of the University of
| - Missouri as part of the Columbia campus." :

/99¢
/9% -
| r | /982
200,

o
- 7 - . A T A S & Pl Z (Q
Lé/;'§eﬁ§;529/€€;i. | -The various operating and

service groups of the University can be divided into

three major categories. One of the major categories
is the academic departments, each of which is super-
vised by a dean. A second group of operating'sub—_
divisions within the University are classified as

academic service organizations. Pfhis croup/inclddes

A L Y Y 2 Y A RS N 4 PR JURT
the U LVeL. his group includes the Research Reactor Facility.'l on

tio ,IKE)fz§§Zty P ‘sié/gtc.a/énd iAcludégs th | y
eseafch Reacybr Fadiliti g;Janch of these depart-

ments has an assigned director who is responsible

/%97

for the administration of his particular division.
The third category is termed non-academic services
and includes such things as physical plant, budget,

construction, auditing, etc.

The Director of the Research Reactor Facilities re-

%{t s to t;_hé, u “Office of the?f&%ﬁi{z{ ﬂ{ag{eyr(xp/&(fgi{sgf r V/ﬁ?ﬂ

1“The Office of the Provost reports to the Chancellor, UM-Ccz)Iumbia:”
, SEPE e S S M S S e - :71414- o .l-‘

dvsddeghy of/the/ nikérdity /| fhis/chaid of ommand
j é §”This chain of command is maintained in Figure 6.0, Technical
' Specifications.” oremned

2¢02 2902

/962

/%%

/937

Organization

The,Direcﬁor . .

The Director of the Resea cactor Facilities re-
ports to th i e_“Off’i:VoftBelfro}'oit”_g ig Affajts I The
Director has overall responsibility for the reactor,

/5%~
/5%
YAs J53

and all associated laboratories. He will supervise,
through his assistants, the operation, as well as
the utilization and maintenance of these facilities.

He will prepare and administer the budget, he will
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[S——

are to maintain minutes of

, actio’ns taken, and the recommendations

"The Reactor Advisory Committee and its subcommittees

meetings in which the items considered

made are recorded.”

/997

(656

E
negotiéte with, and employ the necessary staff for
operation of these facilities. He will be available
to faculty members for g@nsultation on research
proposals for the utilization of the reactor or

associated laboratory facilities.

12.2.2 The Reactor Advisory Committee

R ‘Th5/R6539df'Adv- or;;255m£9‘€;,h 'ffggfioggﬁ/auﬁ}éér J ‘

) The Reactor Advisory Committee shall review:

(1) Proposed changes to reactor equipment or procedures when such»;hq))g_t?%_fl?_\;iﬁngeghayg]

safety significance, or involve an amendment to the operating Iicensei a change in the Technical
e ey Vs ’

— L va ra il .
Specifications incorporated in the license, or an unreviewed safety question pursuant to 10 CFR

50.59. Changes to procedures that do not change their original intent may be made by the
Reactor, Manager or a designated alternate who is a senior licensed operator. All such changes

[MSRT |
the

to the procedures shall be documented and subsequently reviewed by the Reactor Advisory
. Committee. N
(2) Proposed tests or experinients significantly diff’erentﬂfrom any previously reviewed or '
' which involve an unreviewed safety question pursuant to 10 CFR 50.59.
(3) The circumstances of all abnormal occurrences.and violations of Technical

Specifications and the measures taken to prevent a recurrence.
The Reactor Advisory Committee may appoint subcommittees consisting of students,

/997

/956
/58 -
/982

/567~
/2C®

77
/657

&

faculty and staff of the University when it deems necessary in order to effectively discharge its r

primary responsibilities/Wh suyfm? ppointed they/are tg/Consigt of ng lessthax |

[phreeshembérs with pé moré than gne ointed'to eaclvcommdttee.[The subcommittees

ndatighs a

at any meeting to conduct the business of the committee or subcommittee.

The Reactor Advisory Committee shall meet at least once during each calendar quarter.

A meeting of a subcommittee shall not be deemed to satisfy the requirement of th

parent committee meeting quarterly. . .
Members are selected for appointment to the Committee because of their expert

knowledge of experimental activities, reactor operations, University business policy, or related

subjects. Members of the Committee, its Chairman, and its Vice Chairman are appointed

annually during the Fall semester to serve one year. Members may be reappointed indefinitely.

may be authorized to act in behalf of the parent committee. |T%\Teact Ad;/}séry ?fm'rytéé
ﬁfd %{;;?ﬁm es arg’to maj tz;?fﬁu;?(es of/meetipgs in which thé itemg’considered and
jttees gf recpfded.|Independent actions of the subcommittees are to
be reviewed by the parent committee at the next regular meeting. A quorum of the committee or
the subcommittees consisting of at least fifty percent of the appointed members must be present

*~
&
~

R h for the’University. - e reappoinied B |
»“yeéei;g”<ér /94Jn1?e§?fy . (//// //// L l//f‘f;/ﬁg 7//

12.2.3 The ,vali,ea_é't?r lyla;iralge'r‘ .

‘The |B Reactorllr\/lanra'gefrs has responsibility for operating
the reactor in a safe, reliable, efficient, and

economical manner, and in a manner such as to make:

12-3
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‘ . the fullest possible services available to ex-
perimenters. He will be responsible for instrUcting
personnel in their duties, for issuing the operating
schedule, for personally supervising non-routine |
reactor operation, for establishing a procedure for
the accommodation of experiments, for the review
and processing of applications for radiation pre-
viously approved by the advisory committee, for
advisiﬁg on safety aspects of proposed experiments,
and for the provision of information to technical
visitors regarding the reactor facility and its
operation. He will also be responsible for the
safety of experimenters, students in laboratory
courses, and students pursuing graduate research.
He will be assisted in the performance of these

. duties by the Associate Reactor Supervisor.
A ntenc { sectio

e | “He will be a551sted in the performance of these duties by the Assistant drafo r4n ac .
‘ MCtor Managers and the Lead Senior Reactor Operators / ( ‘

i su rvis t;///7
n tﬁé vapious 1abor

Jssc
200

/797

/75¢
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IyRéécqpr’ﬁegafE ngéidgﬁfiiquéiggééhg}y’hog;eé 3;1
"The Reactor Health Physics Manager is part of the Research Reactor Faclhty staff."

'The primary aim of the Reactor Health Physms Manager is
to achieve safety in work with radiation and radio-

/9%¢

active materials with a minimum of interference in

the conduct of that work. To accomplish this, the '
Reactor Health Physics Manager 5t establish operational l

/5%¢

and administrative guides consistent with presently

accepted standards. He must insure that these guides

are observed and that personnel adhere to them.

It is necessary that routines be established by '
Whlch the Reactor Health Physms Manager can insure that I

[(59¢

radlatlon safety is being maintained within the

fac111ty. Typical of these routines are the following:

(1)
(2)
(3)
(4)
(5)

(6)

Daily surveys of reactor-associated experimental
setups;

Daily surveys of the laboratories using radio-
active materials;

Weekly surveys of the permanently mounted reactor-

associated radlatlon monitoring equipment;

"Monthly surveys of the facility, both smear and

instrument;

Maintenance and review of personmel exposure
records; A

Radioactive analysis of the in-pool water and

the primary loop water.

Other duties and responsibiiities of theERemxorfﬂmhh
/H/ePhglsics,Maflage;p will include the following: '
Z < el

/[77¢
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12.2.7

/996
2

(1) Act as consultant to the Director and assist

~him in the preparation of the yearly report;

(2) Serve on the Reactor‘Advisory Committee;

(3) Provide radiation safety supervision for research
personnel;

(4) Monitor operations involving the opening of the
beamports and the thermal column, removal of
material from the pool, and all new experimental
setups; '

(5) Periodically calibrate all survey instruments;

(6) Conduct training and orientation programs in
radiation safety and applied health physics
for all personnel; |

(7) Maintain records pertaining to personnel ex-
posure radiation and contamination control,
radioactive waste control, on- and off-site
environmental control, and off-site transfers

-of radioactive materials.

Reactor Operators

A sufficient number of reactor operators will be
employed to provide for at least two to be on duty
during preoperational checkout, operation and shut-

-down procedures. The reactor operators will be

trained and examined by senior members of the reactor
staff. During work periods when they are not operating
the reactor these individuals will continﬁeitheir
training and will assist in routine maintenance and

repair operations,ahdsanqﬂehandﬁngﬂ

/956

Shops
There is an electronics'shop and a machine shop for

maintenance of the reactor and laboratory equipment,

12-6
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"The training program for operators will consist of gulded self-study on reactors, reactor safety, |
general health physics, reactor control systems, and postulated reactor malfunctions and
emergency response. This study will be coupled with on-the-job training which will
demonstrate the utilization of health-physics equipment, the operation of components of the reactor
systems, and the operation of the reactor controls. Thls program of training will prepare these
people for the NRC operator's license exammatlon

"Following licensing by the‘ C\all opérators and senior\operétors wiii1_
take part in an.operator requalification program.' 7

12.

¥ DGLEnss A /5¢k nEv

1 Manager."

A214
/97Y

2

as well as to meet the ﬁeeds of research personnel ‘

nrilizine these facilities. [The sflopsA4il¥ be 4dnd

. "The shops will be under the direct supervision of the Facxhtles Operatxons -

/99C %

He will approve expenditures and make periodic evalua~
tions of operations. The shop personnel will con-
struct; or supervise the construction of, complex
pieces of research equipment. They will also pro-
vide routine maintenance as required for the reactor
and all instrumentation in the various laboratories
associated with the reactor.

Staff Training

6rs wi i/Bg/ﬁire and @;?zzﬁpiﬁg
:;ﬂpzeted thes nlve ity o
ior },@ reaetor s

-niixﬁduali/dgg’pr ure aluab é}éxpe
irial r n ,d ingpdllati

‘machj e:z}/as !
w1 h}l} nt

eleptror/g/techn' lan wid e trained i
u

elect hics ﬂ,axs”socia ‘

flrst

reactof operafors t perm;z/them e
re ig/’pera;gf/i 11e€;se s0 thag/tﬁéy mbght be
etter/grepared/%o dojﬁalnteﬁance gn the rééctor

n-r’

pro

/796

P

gram,fo:/zzspétors w111 co s{g; oiﬁ
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"Nontechnical visitors will be guided throagh ili ' ides.

] ) : _ gh the facility by trained guides. These
gt'udes.wﬂl be equipped with the normal personnel-monitoring equipment and he
will be instructed to stay with the group of 10 to 15 people assigned to them. They
take the group on a preassigned path through the facilities.” '

/976

. -
P 5 S ey g i) |

Visitors

/796

It is expected that the Nuclear Reactor Facility
will be an attraction for social and professional
organizations in the State of Missouri. It is in-
tended that the reactor and related laboratories
have been designed in such a manner that these guests
can be handled. A lobby is provided which will
receive 50 guests, permitting the registration and
handling of these people and the storage of their
coats and hats. The various laboratories have
windows so that it is possible for visitors to view
operations in these rooms,

i ' hoon ea;h/We9Kfope
i hour Oj{}/éhd p.m. /Non fﬁ
nicral/ visitors wil e gudded rou th Jff

/77¢

- Wlll/ be 1i8TIrUCL@d LO/SLday Wil tlle 4
. . 7
o 25 pgeople sslggééi;?/ﬁi?%//ﬁeryi{l /

a pfz—assigﬁed pAth th ougpftheﬁf

to insure that no visitor enters an area in which
there is loose contamination or a possibility of a
radiation exposure. In instances where there is
experimental work being carried out on the beam hole
floor, those areas which represent exclusion areas
to visitors will be roped off to eliminate the

possibility of a visitor inadvertently entering.
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Technical visitors will be accompanied through the
facilities by a member of the staff. Those technical
visitors desiring to view a particular experiment or
radiation facility will be equipped with film badges

at the front desk in the lobby of the laboratory
facility. |Techdi vig#tors/who i

L&

f it As thdir

/ i visjfts. yéent p f

in/the ib%/o?égy ozf/the acilities/for ;éf’n exs
; , i ‘

tend p? od o time__.ff/ they must/ compdy with th)e"/

‘ g .
ablighed péglulap{ons For usé of the ﬁéf:ili}./ie@xf’:

12.5 Policy with Regard to Reactor Utilization

tion By any sember”of the

/
Missguri a;t(i/of/tz‘ﬁfa

Slty
"Mid-Afericg”Assogiatiog |
riorjfies LAY tlj}/ﬁie_}/

"The research reactor facilities shall be available for research utilization by members of the

fac_u-1§y of the University of Missouri and other universities. Priorities for the use of any specialized - A
fagllltles on the reactor shall be established by the Facility Director. In the event that questions |
arise as to t}:ne advisability of a priority assignment, these questions will be reviewed by the |
Reactor Advisory Committee, and their recommendations made to the Facility Director."”

nt, thdse f/t}s’stion will/be /,
the Réactor/Advisdry C mittefe‘l, '

All reactor utilization by faculty members will be

/ 9%

subject to the supervision of the K Rfactcl)r Manager {r

and the Reactor Health Physics Managér Their decisions -

and recommendations having to do with radiation

safety or safety of reactor operation may be negated

12-9
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only by appeal to the Reactor Advisory Committee.
With respect to faculty, graduate students, other
educational institutions and industrial contract
research, the priority for use.shall be as follows:

(1)  Faculty and graduate students of the University
' of Missouri and of other universities in the
Mid-America Association of State Universities.

(2)  Faculty and graduate students of other educational

institutions in the state.

(3) Faculty and graduate students from out-state
educational institutions. ‘

(4) Industrial contract research.

Graduate students, under the direct supervision of
a faculty member of the University of Missouri, will
be urged to utilize the research reactor facilities

in their research programs

pervisor #n comsultafion Ait

e a ra 1at1@/
de ¥y t jnﬁ;yﬁgl//f
h ' AirmaAn nflrhe /

"Space and radiation facility assignments will be made by the Director in
consultation with the graduate student's MURR radiation work supervisor.

Routine irradiations for graduate students who have demonstrated competency in the ;

handling of radioactive materials may be performed when authorized by the
MURR supervisor "

radigactiye mat %ayfpca//{()rmed/WLt){()ut fhe
prov of h facdlt isof )

The basic necessities for research will be provided

by the reactor staff. These necessities will consist

of the necessary utilities for driving the experiment,

the. handling tools associated with the reactor for
the transfer or handling of radioactive materials,
and radiation experiment supervision by the reactor
staff. There will be a stockroom in the laboratory

building from which the experimenter may requisition

12-10
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glassware, chemicals, and other assorted items of

research equipment. Specialized equipment for the ‘
utilization of the reactor in a research program

-may be constructed in the facility shops or may be

-provided by the department sponsoring the particular

graduate student.

|Fa¢ﬁltv/ﬁembérs Ar gradhate/studeﬁ%s frdm obﬁér ay

"Faculty members or graduate students from other educational institutions in:the
state may utilize the research reactor facilities upon written request to-the Director.'

the’ resfarcl/ reacpbr fg€ilitids u 'wr}fteg/%eqyést
o thé Diyector Of t lab ator'es.j They will be

subject. to the same supervision and control as mem-

/997

" bers of the University of Missouri faculty. While
in attendance in the reactor facility, they will be
registered at the University of Missouri as either

students, guests, or trainees. his fegidtrayion
myst Pe egtabXishgd tirou t Uniwersgity Xdmigsiopfs
ffice. neger ‘

Whenéver possible the research reactor and its

/997

associated facilities will be available to industrial

' users..ylﬁdyétri?{ ugé;s/éha1}/ﬁék¢]apgiic%£aog/éé

"Industrial users shall make application to the Director for the use of these { '

' £ £

/457

V facilities.' — : - -
iag;xltyéé. This application should include a de-

gether with a suggested time schedule and a listing
of the necessary equipment that it is expected would

be furnished by the University of Missouri. e
9 ovi@g

}firep/tm/of _}z/h["T}le Direlctor w'ill provz'de .. .;j/és 'w/i/ll

interested concerns with a price schedule for re-

/9597

actor services. This price schedule will reflect
costs to the University for the operation of the
research facilities. It should be pointed out that
the industrial users are members of the last priority

group, which is to say that all educational research .
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activities take precedence over industriai research.
It should further be pointed out that the University
of Missouri, as an educational institution, is in-
terested primarily in the procurement of industrial
research which will further the teaching and academic

programs.

Internal Safety Review

In order to make the reactor readily available to
anyone qualified to use it and still maintain con-
trol of reactor experiments a straight forward

internal safety review procedure has been established.

Anyone desiring to use the reactor facilty must
complete a Reactor Utilization'Request form. This
form is comprehensive yet flexible enough to provide
for a wide variety of reactor experiments. The
requestor is urged to seek the assistance of the
reactor facility staff in thé preparation of his
request. This will provide him and the reactor
staff with a quick review of his proposed experiment
and any" possible hazards. | 'Ttis ant1c1pated that dlﬁicultles

~N
m§6§49{fﬁx/u¥tieslw1ll be dlscovered and corrected i.
at this stage.
" Upon completion of the utilization réquest form it
is submitted to the reactor supervisor who reviews
. and in turn submits it to a laboratory supervisor o
and the Rea,ctor,Hea,lth'lfhy'sics'Maflage'f for review. 1If IGO\Q

these |lusee| individuals concur that the experiment|§
. . . : ~
can be completed in a safe manner the requestor may

proceed.
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- may be asked to meet with the

If any one of the reviewers desires, the requestor

| fewfeé | reviewers to

provide further information or to resolve difficul-

ties.

&
&

.}{' "Iflat this ploint eith’er of th? review’ers .. ;e/eviyﬁers‘ fee]_s
that the experiment should not be conducted as
designed, and the experimenter cannot redesign his
experimént , the ,r/e Reactor Manager g may request,
through the facility director, that the request be
presented to the reactor advisory committee. Under

special circumstances the reactor advisory committee

/7%7

/99¢

may be convened to review a single problem. N;;ﬁallyfr

\hilbroder nehhlomd +a hef rovi/éwpr] bt(I the/;eacto

"Normally, however, problems to be reviewed by the Reactor Advisory Committee will

be taken up during normal sessions."

ke
s

|oncnys sesstons. /. / S S S,

The reactor advisory committee may find that additional

information must be provided, that the experiment
must be redesigned or that the experiment must be

rejected.
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This section (13.1) is modified by inserting the following after the section

title:

"For 10 MW operation, the University of Missouri proposed two design modifi-

cations which affect the accident analysis for the reactor. As a result of

‘a review of the instrumentation and safety systems, they were modified as

shown in Appendix A of the fourth addendum to HSR to conform with applicable

criteria contained in General Design Criteria 20 through 25 of 10CFRS50 and
in IEEE Standard 279.

modified so as to maintain the integrity of the primary system under all

conditions.

products released in the primary system to pass intc containment.

tion of the modified anti-siphon system 1is

Addendum 4.

Appendix C of HSR Addendum 4 discusses the

occurance and the consequences of

levels."”
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Also, the primary coolant anti-siphon system was

It was the anti-siphon system that provided a path for fission

presented in Appendix B of HSR

reduction of the probability of

of radicactivity to acceptable
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‘The initial use of the center test hole will be

.that at some future date techniques for an alternate
‘method of use of this facility will be installed.

3

It is significant to point out that this reactor is
intended exclusively for research programs conducted
by faculty and graduate student personnel. The
device will not be used for reactor experimentation
or for student training. Secondly, it is pertinent
to point out that no particularly hazardous types of
experiments are intended in this reactor,  such as
fuel element testing or circulating fuel experiments.

limited to experiments which can be moved or altered
only after reactor shutdown. It is:ﬁntendéd however

A technique such as the installation of a hydraulic
rabbit or pneumatic tube facility will be considerec
some time after evaluation of parameters for the
flux trap position. Only after adequate data is in
hand will a request be submitted to the Atomic
Energy Commiséion-for an addendum to the operating
license to alter the mode of sample entry into the

flux trap position. AR 7O R OF
: PrrAGRAPM

- General Considerations -

In those sections which follow certain items of
concern to overall reactor safety will be enumerated
and discussed. As was pointed out in earlier para-
graphs, it is difficult to define a set of circum-
stances which would lead one to a maximum credible
accident condition. However, general characteristics
of flux trép reactors and specificvcharacteristics of
this particular device will be discussed under this:

heading of general considerations.

13-2
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unsecured experiments in the flux trap,
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13.2.1 Void Coefficients

The reduction of water density in the core of

this reactor causes reactivity to decrease, as
occurs in other water-moderated pool-type reactors.
However, reduction of water density in any region
other thaﬁ_the core causes a relatively smaller:
but positive reactivity change, unless it is
accompanied by a similar density reduction in the

core.

This void coefficient behavior is an unavoidable
characteristic of flux trap reactors. In particular
it expresses itself in those which are partially
reflector moderated and which contain light water

in regions other than the core.

The design has been made to eliminate concern with
boiling in the island by using pool coolant water
through this region. The design incorporates
protéctive circuitry to minimize the probability

of boiling in any region.

The calculated reactivity changes accompanying
density changes of the water in each region are

presented as void coefficients in Table 13.1.

TABLE 13.1

VOID COEFFICIENTS

Void Coefficient

Region . o A k/% void

N - . . 4 ,éQ
Island 4 E;+ﬁ7§xl@x£§J|Q*
Core | -251x103 -i|§§.

13-3



13.2.2

E

It will be noted that though the island displays
a positive void coefficient it is of small value
compared to that negative coefficient displayed
by the core. The region of greatest concern with
respect to a positive void coefficient is the is-

land.

- Boiling Within the Island

The island flow is in parallel with the reflector,

‘rod gap and test hole flow. The island is cooled

by pool water flow.

Loss of flow would not normally result in boiling
because this condition scrams the reactor, and

loss of flow activates the convective flow within
the pool which is sized to prevent the occurrence
of boiling when the reactor is shut down. Boiling
within the island or any other region, of course,
is not a hazard (though certainly undesirable)

after shutdown because the rods provide an adequate

shutdown margin.

Making the assumption that the reactor were some-
how operated at reduced flow through malfunction-:
or deliberate bypassing of safety circuits, boiling
should occur first in the core, causing a re-

activity reduction,

Calculations indicate that a flow reduction of
ZO'per cent is required at 10 MW power level to
cause surface boiling at the hottest fuel plate.
It may by somewhat greater than this depending
on the power distribution and the validity of

13-4



13.2.3

¥

the hot channel calculation factor. The water in
the island however will boil only through volu-
metric boiling induced by conductive heat transfer
from the core region or by radiation absorption

in the water. During normal operation this heating
causes a temperature rise in the island of only

6CF at design conditions. A temperature rise of

at least 100°F would be required for boiling.

During low power operation of the reactor the pool
coolant loop may or may not be operating. The
reactor core is not pressurized and core cooling
is by natural convection. If a power excursion
without a scram were to occur, boiling conditions
would be attained only in the core region, not in
the island. If the pool coolant system is in
operation adequate cooling is available for any
condition. If the island is being cooled by
natural convection the entire pool volume (approxi-
mately 20,000 gallons) is available as a heat
sink. Under these conditions the core's negative
temperature and void coefficients would control
and limit reactor power.v

Boiling Within Other Regions

The reflector, the test hole, and the rod gaps are
also cooled by pool water, hence loss of flow in
the pool cooling circuit could conceivably cause
boiling without a compensating density change in

the core.
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3

Surface boiling in these regions is of greatest
concern in the reflector immediately surrounding
the rod gap. At the hottest spot on the inner
face of the beryllium reflector, a velocity of
about 3.5 feet per second is necessary to avoid
boiling at 10 MW. The heat production is greatly
attenuated in the rest of the reflector so this
‘maximum flow requirement exists only at the inner -
face. However, the average velocity of coolant
through the reflector region is 6 feet perVéecond.

Inadequate flow would cause surface boiling to
occur first at this inner face of the reflector.
With surface boiling alone, the bulk liquid would
still be subcooled and the average density re-
duction would be small. A reduction of flow by

a factor of about fifteen is required to produce
bulk boiling at the exit of this inner face.
Essentially complete flow stoppage is thus re-
quired to approximate the condition of total

water loss. Expulsion of all the water around the
beryllium is calculated to result in the insertion
of less than a prompt critical amount of reactivity.

Heat fluxes from the control rods and from non-
“fuel samples in the center test hole will be low.
Flow reduction nearly sufficient to cause bulk

' boiling must occur before surface boiling results.
With the design temperature rise of 69F through
these regions, boiling would result only with large
flow reductions. Flow reduction in either region
would cause the bulk temperature to rise and dump
considereble heat into adjacent regions; however,
with flow stoppage the heat transfer coefficient
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on one side of the wall would be greatly reduced,
effectively insulating the region, and boiling
would occur. ' '

The occurrence of boiling in the regions cooled
by the pool flow is prevented during operétion by:
(1) designing for much greater flow than is re-
quired to prevent boiling, (2) providing a low
pool flow alarm and reactor scram, (3) monitoring
the pool inlet water temperature, (4) monitoring
temperature differential across pool inlet and

~outlet, and (5) requiring appropriate flow re-

strictions on experiments placed within the re-

flector irradiation pieces and being certain that
all reflector positions are filled prior to start-
up to assure an adequate pressure drop across the

reflector region.

Following shutdown, boiling in these regions is of
concérn only in the sense that some damage.could
conceivably result from the higher temperatures.

To prevent boiling during shutdown, a convective
coolant valve is provided which opens automatically
upon loss of pump outlet pressure in the pool
system. When open, this valve permits the pool

‘water to circulate by natural convection. .

Shearing a Beamport :

A heavy object dropped from the crane or the bridge
could shear one of the beam tubes extending into
the pool. This would cause the loss of pool water

if the beamport did not contain its shield plug and
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the closure flange. It is pertinent to point out o ‘
that any beamport mnot being used for the extraction '
of a neutron beam will be closed, such that a

complete shearing of a beam tube would still not

produce a condition where water would be lost,

since the liner and concrete shield plug are both

sealed to withstand the pool pressure without

leakage. In the case of the shearing of a beam

‘tube with an open collimator installed or an ex-

periment open to the beam hole floor one can

postulate the loss of pool water. The closure

of the beamport shutter would serve as a partial

shutoff valve, but of course the shutter could only

be closed if a collimator, or lines from an experi-

ment, were not blocking its path.  However, any
obstruction to the flow would serve to decrease the

rate of water loss from its maximum rate.

Provision is made' to gravity feed and pump the ‘
7000 gallon content of one demineralized water
‘storage tank into the pool in the event of pool
water loss. If the leak cannot be compensated by
this means a raw water hydrant has been provided
at the top of the pool with a quarter turn valve
located in the floor immediateiy adjacent to the
control room. Raw water can be dumped from this
‘large hydrant at flow rates in excess of 1000
gallons per minute. It is calculated that at a
rate of water addition of 1000 galloms per minute
adequate water would be provided to retain more
than three feet of water above a completely
severed six inch beamport with no impediments in
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the port. A £reduction to less than 2,3'}5’! in the
pool water level scrams the reactor and initiates

[
g
~

an alarm. The raw water hydrant is connected
directly to the water main supplying the total
research reactor facility and is fed from a 500,000
gallon underground reservoir located less than one -
mile distant from the reactor facility.

Rupture of Pool Loop
A serious leak in the lower plenum,. or failure of
the convective coolant valve on this plenum to

close, would cause a reduction of flow to the test

. hole, island, reflector and rod gaps. This condition

would be annunciated by an alteration of the pressure
differential across the reflector region.

A break in the pool loop external to the shield
would cause a rate of loss of water less than that
from a sheared beamport since the line is six inches

in diameter and loss from both ends is precluded

’ by the installation of a check valve on the supply

line. The pump flow of the pool loop is low re-
lative to that which could result from the gravity
head; hence in the event of a break beyond the

'pump, which might leave the pump running, the rate

of loss would still be less than that from a sheared

beamport.

The reactor is scrammed either by reduced flow in

.the pool cooling system by reduced pool level re-

sulting from a water loss, or by low pool coolant

pump outlet pressure.
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If not already done automatically, sufficient time
is available, following a low pool level alarm and
resultantjreactof scrém, to trip the pool pump and
close the pool stop valve before serious loss of
pool water could occur. The demineralized storage
tank and the'large raw water hydrant are also
available in an emergency to compensate for a water
loss.

In the event that the pool is drained and the heat
exchanger\within the pool is exposed, the operation
of the convective coolant loop for the reactor core
is impaired. However, the reactor loop pump con-
tinues to run following the scram and the reactor

loop removes the decay heat.

Also, the heat production in the reflector and
rods due to fission product decay gammas will not
cause meltdown of these members even with total

loss of water.

Rupture of Reactor Loop

The first line of protection against loss of core
water reéulting from rupture of the reactor coolant
loop is provided>by the check valve on the inlet
line and by the invert loop on the exit line. A
vacuum breaker system at the top of the invert loop
provides ;a siphon break and electrically operated
flow stop valves are installed on the exit and supply
line. These valves are located immediately outside
the shield wali so that a line rupture between the
core and the valve is improbable unless it occurs

within the pool.
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A major‘rupture anywhere within the pool for which
the pressurizer‘system cannot compensate causes the
reactor to scram and causes the primary loop to
approach pool pressure. The loop remains filled
because the external loops are presumably still
intact. Regardless of the location of an internal
break, the core is cooled adequately by the pump
flow or by the convective loop within the pool, de-
pending upon whether or not the reactor has
scrammed and the reactor coolant loop isolated.

A rupture external to the biological shield will.
cause loss of pressure or a sudden decrease in flow.
Either of these conditions will initiate these
actions: ' '

(1) Scram the reactor, |

(2) Close the reactor loop isolation valves,

(3) _Opeﬁ the in-pool reactor convective loop
valve, and '

(4) Open the anti-siphon valves.

1f the rupture is on the pump'énd heat exchanger

side of the isolation valves the reactor loop in-
pool piping remains flooded and core decay heat is

‘'removed by natural convection. If the rupture occurs

between the shield and the isolation valves, or if
the. valves fail to function, the invert loop down-
leg and the in-pool heat exchanger will be drained.
In this case the core water may boil, but two
pressure operated check valves installed through
the side of the pressure vessel permit water to
drain into the core preventing it from boiling dry.
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13.2.9

Pump Failure

Failure of the reactor loop pump causes scram due

to loss of flow and activates the convective coolant
loop to remove the shutdown heat. An emergency pump
is not provided.

Opening of the lower plenum convective loop valve
permitting pool water to circulate up through the

.reflector regions is initiated by the closing of

the pool supply isolation valve (509) This isolation
valve 1s closed automatically upon loss of pressure
in the pool supply line.

Failure of a secondary pump leads to higher water
temperatures in the core and if these temperatures
are excessive they cause reactor scram. In the
event of total loss of the heat exchanger, the pool
absorbs the shutdown heat, primarily through the
convective loop. '

Power Failure ‘

In the event of power failure the reactor is scrammed
Pump failure due to power loss or for any other rea-
son is’ handled adequately by the convective cooling
systems.

Flooding of Beamports .

A calculation of the beamport volume water addition
or water homogenized in the graphite reflector |
indicates a small reduction in reactivity upon
flooding of the beamports. In light of the small
value resulting from this calculation it is comn-
cluded that the effect of flooding or emptying a
beamport will be slight. Operating procedures pre-
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clude the flooding or draining of a port at any

time during reactor operation.

Sample Movement
Results of reactivity calculations performed for
various compositions of the outer (graphite) re-
flector suggests ;hat reactivity changes resulting
from motion of experimental absorbers in the
graphite reflector region or in the beamports will
be minimized by the 2.71 inch layer of beryllium
interposed between the core and the graphite reflector
region. It is not intended that this layer of
beryllium will be removed or moved in any manner,
nor will experiments be located within this beryllium
ring.

As is pointed out in Section 8.1, the beryllium

reflector surrounding the core of this reactor
provides a very effective decoupling of experiments
from the core. In essence, the alteration of

_reactivity which can result from insertion or re-

13.2.11

moval of samples external to the beryllium annulus
is minimized. ‘

Refueling Accident

Procedures for refueling of the reactor are des-
cribed in detail in Section 7.1.8 and Appendix A.
Appropriéte\tools have been provided to facilitate
replacement of fuel assemblies. Fuel assemblies
are removed by'a special grappling tool which

positively connects to a lifting bracket designed

as part of each fuel assembly.
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In'thegrefueling operation the pressure vessel 1lid
is remeved and fuel assemblies are transferred one
at a time from the core to a temporary storage rack
located on the pool floor. These assemblies are
transferred from the storage rack on the pool floor

into the permanent spent fuel storage racks only

after the pool level has been raised back to its
normal: operation level.

' The transfer of fuel assemblies to a shipping cask

is performed under water with the cask located on
the shelf behind the weir. Transfer of spent fuel
to a shipping cask will not be made until after
adequate decay time. This time will be such that
a full assembly in a horizontal position can be
cooled by heat transfer in air, thus in the event
of an accident involving a dropped cask or loss of
water coolant from a cask, the fuel assembly would
represent only a direct gamma hazard and fission
products would not be released by a meltdown

..accident. Tests performed on ORR fuel assemblies

indicate that several days cooling time are re-

quired?following 10 MW continuous reactor operation.

A1l storage racks have been designed to be safe
with regard to criticality.

Reactivity Considerations
At 10 MW the reactivity worth of Xenon is con-

siderably greater than in low. powered pool reactors.

With continuous operation the equilibrium of Xenon
and samarium are computed to be 4 per cent in
reactivity; with cyclic operation (eight hours on
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and sixteen hours off) the maximum value is 7.1
per cent. In general the reactivity worth of
equilibrium Xenon tends to be greater for a flux
trap than for an equivalent swimming-pool type
core because of the higher neutron leakage.

It is concluded that the reactivity requirements
of the flux trap design are typical of fully en-
riched aluminum water reactors operated at 10 MW.
They are less than for an equivalent swimming-pool
type core when said core is operated on an eight
hour per day basis at 10 MW. The total reactivity

- of a six kilogram core for 10 MW operation on an

eight hour day may be summarized as follows:

Sm and maximum cyclic Xe 0.071
40-day continuous fuel burnup (529
gm U235) plus fission products 0.0324
- .Temperature ' - 0.0048
' ’ Subtotal 0.079
~ Excess available for experiments ... .
"+ with 6-Kg loading . 0.038

Total with 6 Kg 0.117

‘The total reactivity installed with the initial core

of 5.2 kilograms based on eight hour daily operation

is as follows:
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13.4.2

Available reactivity = -, , 0.0973

Peak Xenon (Friday morning) - 0.0329
Peak samarium (Friday morning) - 0.0079

Fuel burnup and fission'productsv
after 400 MWD operation 0.0324
Temperature increase (20°C to 65°C).  0.0048
Experiments | 0.0193
Total 0.0973

Containment ConSLderatlons

Introduction _
There are a number of means for preventing fission
productﬁrelease_exclusive'of the containment en-
closure. The reactor core is contained within an
aluminum pressure vessel designed to withstand a
150 psi pressure. The core coolant loop has an
integral in-pool heat dump. This latter safe-
guard minimizes the probability of core meltdown.
The core assembly should never go dry due to the
presence of the invert loop . The pressure vessel,

‘core, invert loop, in-pool heat exchanger are all

contained within a 10 foot diameter by 30 foot
deep water filled pool. There exists then a num-

' ber of barriers to leakage of fission products prior

to the utilization of the containment structure as
a final barrier.

Containment Structure

The reactor building and its penetrations are des-
cribed in detail in Section 3.0. The concrete walls
of the building have been designed to withstand a

2 psi differential pressure. The building has been
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designed to provide less than [ }J10% cenk| leakage |§ $

, B3
of the contained air volume in a twenty-four hour =
period.

A water seal is provided where the utility 1lines
enter from the laboratory building into the reactor
containment structure. The Yaboratory building is »
at atmospheric pressure and the water leg is designed
such that a differential pressure of 2 psi elevates
the water in the trap. This 2 psi differential
pressure in either direction acrdss the water leg
will cause the pressure to be relieved through the
water leg. When the pressure is relieved, the water
level drops thus resealing the containment. |

The water seal is'provided to avoid the rupture of
the enclosure in the event of a pressure differential
in excess of 2 psi. This value exceeds the over-
pressure which could result from a nuclear accident

'in which case no leakage would occur through the
- seal. -However, in the most extreme condition under .

which one might postulate a quantity of air leaking
through the seal for pressure relief, some degree

of scrubbing would accompany this release depending
upon_ how quickly the pressure built up. The building
is designed to withstand all pressure rises and to
prevent any release at the pressure anticipated

(0.5 psi) from a most adverse nuclear incident.

Detailed attention has been given in the con-

struction of the facility to assure that all
penetrations of the enclosure are of high integrity.
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The pedeétrian entry is of the air-lock type and is

sealed by an inflatable gasket. The heavy equipment

entry is a single door, closed at all times during
reactor operation, sealed with an inflated gasket.
The exhaust lines from the building are closed by
quick-closing positive valves actuated by either
automatic signals from the radiation monitoring
system or by a buililding evacuation or isolation
alarm initiated by the reactor operator. -All
electrical lines enter the building through a steel
plate positioned in the wall of the containment
structure. Each electrical connection is made
through a gas-tight seal gasketed to the steel
plate. .
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Pressure Loading on Containment Structure

- It is difficult to envision a pressure buildup

within the containment because the maximum design
temperature of the bulk water in the reactor is
only 160°F. 1In the case of loop ruptures the core
water would still be subcooled relative to atmos-
pheric pressure and the water would not flash to
steam as in the case of a highly pressurized water
reactor.

In the event of a runaway leading to steam for-
mation and loop rupture within the pool the pool
water would probably quench any steam releases.
It is calculated, for example, that the one foot
diameter columm of water immediately above the
one foot diameter reactor vessel would absorb
108 MW seconds of energy before reaching 212°F,

The energy release necessary to cause a 2 psi
equilibrium loading within the reactor vessel or
within the reactor containment structure has been
considered. This calculation neglected all heat
sinks.

With initial conditions of 750F air at 50 per cent

relative humidity and a pool water temperature of

1009F, and with saturation of air assumed for the
final condition, the amount of steam that must be
released from the pool into the 240,000 cubic foot
building volume to cause a 2 psi rise corresponds
to 1,040 MW seconds of energy release. Under these
conditions the final equilibrium‘temperature within
the containment structure would be 113°F. This
energy release of 1,040 MW seconds is far greater

than the maximum energy release of 135 MW seconds
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observed in the Borax experiments.

Effect of a Possible Aluminum-Water Reaction
There is a possibility that an extreme fuel melt-
down would cause a molten aluminum-water reaction
releasing considerable amounts of energy. The
conditions under which such a reaction might occur

are widely discussed in the literature pertaining:

‘to reactor hazards.

It is currently believed that the occurrence of

a rapid reaction requires first, that the metal

be present in finely divided form in droplets

or particles of less than 500 microns, and second,
that the aluminum temperature be above its melting

point.

The fuel plates for this reactor contain 29.4 Kg
of aluminum,.bvef half of which is cladding. If
this quantity of aluminum were to react completely
with water it would produce 441 MW seconds of
energy and release about 1,340 cubic feet of
hydrogen at standard conditions. If the hydrogen
were completely recombined an additional 523 MW
seconds of energy would be released. This total
release of 964 MW seconds is less than the corre-
sponding energy in steam which would have to be

released to cause a 2 psi equilibrium overpressure.

To postulate the total reaction of the aluminum
and the recombination of the evolved hydrogen is
an excessively conservative assumption. A more
realistic approach might be that 10 per cent of

the metal would react consistent with an assumption
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3
of 10 per cent meltdown as used in the dosage
calculations of this section.

On the basis of these observations it is concluded
that the assumption of 2 psi maximum overpressure
is completely adequate.

13.5  Maximum Credible Accident

13.5.1 Introduction ,
In the assumption required to provide the conditions.
for initiation of the maximum credible acc¢ident
there are some which are extremely remote, others
which involve multiple'simultaneous failures, and
others which ignore the design efforts expended
to minimize a core meltdown accident. However,
the only credible accident of significance in
terms of public hazard must involve the release
of an appreciable fraction of the fission product
inventory. Anything less might endangef the
operéting,crew and the experimenters but would
not represent a public hazard. Then the exercise
which will be performed in this section will
involve a partial core meltdown accompanied by

fission product release.

The most serious accident which one can postulate
for any type of reactor is a loss of coolant
accident with consequent loss of heat transfer.
Under these conditions the heat generation from
fission product decay continues after the reactor
is scrammed and the fuel temperature will rise.
This temperature increase may be sufficient to
melt the fuel elements. An accident of this type,
that is plain loss of coolant accident, is not
considered crédible for this reactor. Instead,
one must construct a model wherein a driving force
13-21



13.5.2

'is provided to continually expulse the water from
- the core. The energy required to achieve this

must be provided from a much larger source than
just decay heat, namely an operating core.

‘Pre-accident Conditions and Assumptions

(1) Assume the reactor has operated continuously
at 10 MW for 40 days.

(2) Assume the reactor is at 10 MW power.

(3) Assume a loss of flow without a pressure loss
in the reactor core loop.

' (4) Assume failure of the flow monitor to scram

the reactor at 85 per cent of flow.

(5) Assume failure of annunciators to distinguish
and annunciate low flow and incréasing tempera-
ture. | a

(6) Assume failure of reactor operator to discern

flow reduction or temperature rise.

The pre—accident situation established at this i
point consists of a core operating at reduced flow
(i.e. less than 85 per cent of normal but greater
than 50 per:cent of normal). A condition which
should have initiated a scram, but didn't. At this
time, and under these conditions, the temperature
will rise due to the reduced flow. The rate of
rise will be a function of .the flow rate, but
boiling will not take place so long as the flow
rate is 50 per cent or more of normal. It now
becomes necessary to postulate the failure of
another system.

(7) Assume failure to scram on the temperature
signal from the detector in the 12 inch
coolant line from the core. This is set to
initiate scram at 110 per cent of normal.
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|3

We now have a rapidly deteriorating situation.
We are suffering an ever decreasing rate of coolant

':flow. The reactor continues at 10 MW power. The

temperature is rising in the core which provides

some negative reactivity, but assume a negligible

power slump. Now the coolant flow rate has
dropped to 50 per cent of normal.

Accident Conditions and Assumptions

When the flow rate through the core drops to 50
per cent of normal the core is isolated and the
anti-siphon line opens. This is accomplished
automatically at 50 per cent flow. The sequence

is as follows:

(1) The core coolant pump shuts down.

(2) The isolation valves in the core coolant loop
are closed which isolates the core from the

4cooiant loop piping,; pump, demineralizer, and
heat eXchanger.

(3) The two anti-siphon valves open, venting the
in-pool portion of the reactor core coolant
loop to the building atmbsphere.

(4) The in-pool heat exchanger opens to'permit
convective flow of the core water through

the in-pool heat exchanger.

These systems were designed to perform the enumerated

sequence of functions in the event of a loss of

flow or loss of coolant accident, and would, under

normal (scrammed) conditions, provide (a) decay

heat removal through the in-pool heat exchanger

and (b) anti-siphon action of the invert loop.

13-23



3

Howevér, in this accident ahalysis it is assumed
that témperature, flow, and‘operator scrams have
-failed. Then our reactor is operating at 10 MW
with no coolant flow and vented to the reactor
pool surface through the anti-siphon leg.

The consequences of the postulated conditions are
boiling and expulsion of steam and water through
the anti-siphon leg. Loss of moderator would
effectively scram the reactor, but the core would
be dry and partial meltdown would occur.

This accident assumes that steam formation, followed
by steam-water expulsion, occurs at a rate such
that the 4 inch anti-siphon line can handle the
volume flow. In the event that this was not the
case the rapid increase in pressure will rupture
the 150 psi rupture diaphragm which closes the

12 inch convectivé flow standpipe coming off the
top of the invert loop. TIf this diaphragm is
ruptured the core is immediately flooded by pool
water. The core would oscillate through a boiling-
shutdown cycle, assuming the rods remain out.

However, the assumption first made above, that is

a dry core, leads to the worst conditions.

(1) Assume ten per cent fuel meltdown.

(2) Assume fractional release of fission producté
as follows:

Noble gases - 75%
Halogens - 25 %
_ All others - 1%

(3) Assume immediate release of the fission pro-
ducts within the reactor building. The
entrainment or sublimation of iodine is
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3
' neglected in the maximum dose calculations,
but the dose reduction resulting from en-
trainment has been calculated and is included
in the summary of results.
(4) The reactor building is assumed to leak at

a constant rate of 1 per cent day. Contain-
ment rupture is not considered.

13.6 Accident Consequence
13.6.1 Fission-Product Sources
The total fission product gamma éctivity is pre-
sented in Table 13.2 according to energy and time
after reactor shutdown, following 40-day continuous
operation at 10 MW. These values are based on the
data of Mr. M. R. Smith (4) which were obtained by
integrating the fission-pulse data of Putnam and
Knabe (5). In the latter work, the results of
spectral measurements performed at short times after
fission were used in conjunction with the total
spectral data obtained by calculation of individual
species of fission products. By this method the
gross activity can be determined down to short times.
following release or shutdown.
TABLE 13.2
TOTAL-DECAY GAMMA ACTIVITY
Energy Energy 16 ,
Group Mev _ Activity, 107~ Mev/sec.
‘Seconds After Release
o 10° 102 10®  10* 100 10°
1 0.1-04 11 6.7 4.5 2.6 1.23 0.33
2 0.4-0.9 49 30 19.7 11.2 5.0 1.58
3 0.9-1.35 36 20 9.5 3.0 1.2 0.53
4 1.35-1.8 32 18 9.8 4.3 2.0 1.1
5 1.8-2.2 21 11 5.9 2.6 0.28 0.017
6 2.2-2.6 17 8.7 4.0 0.95 0.20 0.080
VII > .6 38 11 2.2 0.12 0.0075 0.0047
Totals 204 105 55.6 4.8, 9.92 3.64



Iodine

Bromine

Krypton

Xenon

3

The total activity of those noble gases and halogens
which contribute'significant gamma activity or
ingestion hazard are tabulated in Table 13.3.

These data are obtained from the curves of ORNL-
2127 (6) and include the effects of burn-up of
individual nuclides. The thermal flux is assumed

to be 5.56 k 1013 and the number of U3 atoms
14.37 x 10%%. '
TABLE 13.3 =

TOTAL GAMMA ACTIVITY FROM NOBLE GASES

AND HALOGENS IN 101® MEV/SEC 6
Seconds Gamma Activity, 107 Mev/sec
After ‘

Release 10° 102 103 10% 10° 10°
131 .317  .317 317 .314  .287  .117
132 2.274  2.274  2.274  2.274 1.93  .204
133 .847  .847 ‘838 .772 235 l_..
134 2.766 2.705 2.218  .304  -v--- .
135  3.106 3.106 3.019 2.323 171  ----
136 1202 085  cem-- -l LITLT o
83  .007 .007 .007 002 —e--- ——-
84 ‘813 .813  .813  .016  ----- e
87 ©3.237  1.00  -eme=  mreme  —eme- -

Total Halogens 13.569 11.154 9.486 6.005 2.623 321

88 244 244 244 .12 —m-a- e
133 ‘163 163 .163  .163  .163  .042
133m  .002  .002  .002  .002  .002 <---
135  .06L  .061  .061 .12 09 —e--
135m  .302  .302  .302 .21 018 - ----
137 2.28  1.60  1.14  -c--- 2l1lCC e
138 . 2.22  2.22  1.11 002 —mmm- e

Totai Noble Gasesi 5.272 | 4592 3.022 617 273 L0472
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Use of these curves required a composite correction

factor of 0.682 to account for reduced thermal
fission cross section and for epithermal fission.
It should be noted that the total activities in
Table 13.3 are probably underestimated at times -
less than 103 seconds because of short-lived

activities for which decay schemes are unknown.

It is assumed that 10 per cent of the fuel melts
down and that 75 per cent of the noble gases, 25
per cent of the halogens; and 1 per cent of all
other fission products present in the molten
fraction are released immediately to the containment.

The energy spectrum of the total fission-product
gamma activity is available from Table 13.3 For
calculation of external gamma exposure, it is
assumed that the gamma energy spectrum of both
the halogens and noble gases is identical to that
of the total gamma activity at each time of in-
terest. The assumed composition is largely halogens
and noble gases; hence, the assumption is not
strictly valid. However, spot calculations based
on the dominant halogen and noble gas activities
indicate that little error is introduced in the
cloud calculation by this assumption, primarily
because the dose rate per unit energy flux is

nearly independent of energy. The dose from the

containment is more sensitive to the spectrum
chosen, but the error again appears small because

of the low attenuation factors involved.
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Accordingly, an effective percentage of the total T
gamma activity is determined at each time after
release, based on the total Mev/sec for each class
of fission products and their assumed release rates.

5 . e
" For example, at 10" seconds, when this effective
- fraction is a maximum, the halogen energy fraction

is .264 of the total (see Tables 13.2 and 13.3).
The effective fraction of the total energy release

-is then:

0

(.028 x .75 x .1 meltdown)

+ Halogen equivalent (.264 x .25 x .1 meltdown)

+ All others (.708 x .01 x .1 meltdown)
Effective Fraction .0094 |

Noble gas equivalent

Il

The effective fraction at each time decade is
applied to the total gamma energy available,
given by Table 13.2, to obtain the gamma activity
present in the containment as a function of time
and energy.

The method tends to underestimate the initial dose
rates because of the underestimate in' Table 13.2
at short times. However the time integrated doses

are not affected significantly.

Direct Gamma Radiation From Containment
The walls of the reactor building are of ordinary

concrete and have a minimum thickness of 12 inches.

Dose rates and time-integrated doses were first com-

puted for an observer at the exterior face of the

building, with the assumed fission-product source

uniformly distributed within the building. With

the containment regarded as an infinite slab 60

feet thick, shielded with one foot of concrete,
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x
-

the observer receives a dose rate of 59 r/hr. at
100 sec after release and accumulates a dose of

33 r during the first two hours. With iodine

eliminated by entrainment, these values would be
reduced to 40 r/hr. at 100 sec and 23 r in 2 hours.
The estimate is conservative in that the effective
source volume would probably include only the space
between the building wall and the pool structure.
The dose under these conditions might be one-third.

as great.

At large distances the containment is regarded as

a point source shielded by one foot of concrete.
With air attenuation and appropriate buildup factors
applied to each energy group, the dose rates. and
time-integrated doses are as shown in Figure 13.1.
The dashed line indicates the dose reduction if all
iodine were removed by entrainment in the pool water.

The radiation 1000 feet distant from the reactor
would be less than that at 300 feet by a factor of

_about 30.

Shielding by the laboratory building, which envelops

the lower third of the reactor building, has been

neglected.

Dosage Resulting From Containment Leakage
The fission—pfoduct source described in Section
13.6.1 is assumed to be distributed uniformly
within the containment, and the containment is
assumed to leak at the uniform rate of 1 per cent
of its volume in 24 hours. Rupture of the con-
tainment is not considered.
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Cloud gamma dosage and thyroid dosage resulting
from iodine ingestion are determined at downwind
- distances of 300 feet, 1000 feet, and 5000 feet.

13.6.3.1 Diffusion Calculations |

' The activity is assumed to diffuse as from a
continuous point source on the ground, but with -
corrections to include the effects of building
eddies and wind variability. The downwind con-
centration on the plume centerline is'giveﬁ by
Sutton's equation multiplied by appropriate
reduction factors:

K= Ay ¢,
‘ UW’Cy Cz X ‘
where 2 = centerline concentration, pc/cc or
Mev/cc-sec, ‘
Q = release rate, i c/sec or Mev/secz;
u = wind speed, m/sec,
C. C_ = horizontal and vertical diffusion
| coefficients,
. X =.distance downwind in meters, and
n = stability parameter.
Two wind conditions are considered, as described
in Table 13.4, but the results presented are

primarily for the case of inversion.

TABLE 13.4

METEOROLOGY PARAMETERS
Inversion Lapse
u, m/sec 1 6
n 0.5 0.25
¢, (mn/2 0.4 0.25
¢, (mn/? 0.07 0.25



(1)

(2)

T

Dilution by Building

The additional downwind diffusion caused by

the plant structure is included by a correction
recommended by the U.S. Weather Bureau staff
for a similar application: |

2-n
X

C T

T

C C

2 v
cC_C
z 'y
Where A is the minimum projected cross-sectional

- area of the structure, taken as 465 square meters.

It is noted that this_correctioﬁ gives essentially
the concentration from an equivalent disk source
having the same total source strength spread uni-
formly over its area A. A better analogy might

be a half-disk, also having area A, in which

case the term A/2 in the equation should be
replaced by A and greater dilspersion is indicated.

Wind Variability

Observation and photographs indicate that for

a period of time beyond a few minutes there is
an inherent variability of wind direction, where-
as Sutton's equation yields essentially instan-
taneous downwind concentrations. At the sug-
gestion of the Special Projects Group of the
U.S. Weather Bureau, previous hazard studies
have included a concentration reduction'féctor
for this variation in wind direction (7). This
is being proposed as standard by Subcommittee
N-6 of the ANS, and it has support from ex-
periments (8).
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Assuming Gaussian distribution of the wind
in any 45° sector with a ratio of occurence
at centerline to edge of 1000-to-1, the
folloWing correction factor was derived and
~used: - ‘

c, - [Ej; X" ganz (w/16§:} -1/2
< C.“ 1n 1000 |
y | .
This factor is 0.65, 0.50 and 0.38 at 300 feet,
1000 feet, and 5000 feet, respectively, for the

inversion condition.

(3) Time of Flight Decay
‘ The activity concentration at each downwind
station is reduced by exponential decay for
individual bulk activities, to include decay
duriné the time of cloud transit, t = x/u.
This represents correction factor Cj.

13.6.3.2 External Gamma Dosage

The average plume centerline concentrations are
determined for each energy group based on the energy
sources of Section 13.6.1 and a 1 per cent per day
leak rate, and using the cloud dilution calculations
described in Section 13.6.3.1. The average center-
line concentration is assumed to pérsist uniformly
throughout the hemisphere above the observer and
build-up is neglected; The dose rate from each

energy group is given by:

| r/hr = (2: :f;
‘where X = concentration, Mev/cc-sec
L = energy absorption coefficient for air, et
C = conversion factor; energy flux to dose rate.

The downwind doses and dose rates are presented in
Figures 13.3 and 13.4 for the case of inversion
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conditions. Neglect of the iodine activity causes
the dose reduction indicated by the lower curves in
Figure 13.2. '

It is noted that the assumption of a uniform cloud
having the average centerline concentration over-
estimates the gamma dose, particularly at short
distances and under stable wind conditions.

13.6.3.3 IodinevIngestion

Of the ingested isotopes, only iodine is considered
because the iodine dose to the thyroid is generally
the most severe of the doses calculated.

All the iodine activities of Table 13.3 are included,
and the average plume centerline concentrations are
determined by the methods of Section 13.6.3.1. For
each integrated time of exposure the initial éon-_~
centrations are reduced to correspond to the average
value of the exponential decay during the time of
exposure. Dose rates are then determined by the
specifice exposure values (mrem/inhaled_microcurie)
presented by Burnett (9) for each iodine activity.

A breathing rate of 500 cc/sec is assumed.

The resulting dose rates and doses are plotted in
Figure 13.4 and 13.5 for the case of inversion. The
effect of iodine retention by the pool water is not
included in these figures.

13 6.3.4 Summary of Calculated Dosage

The assumption used throughout the calculatlons
may be summarized as follows:
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(1)
€2)

(3)
(4)

3

10 per cent fuel melting

75-25-1 release of noble gases, halogens, and
other fission products from the molten fuel,
building leakage at 1 per cent per day,
Inversion weather with 1 m/sec wind.

Reduction factors in the cloud calculations include

decay during the time of flight, added diffusion by

the building, and a small correction for wind variability
- (0.65 to 0.38 with inversion). ‘

The initial dose rates and the time-integrated
doses are tabulated in Table 13.5 where reduction
due to iodine retention by pool water is neglected.
These values represent the consequences of the

- maximum credible accident.

TABLE 13.5

DOSAGE SUMMARY WITHOUT IODINE RETENTION BY THE
POOL WATER - INVERSION CONDITIONS ASSUMED

Downwind Distance 300 feet 1000 feet 5000 feet

Initial *Dose Rate, rem/hr ’ '
Directy 0.22 0.008 —mm-----
Cloud 7y 0.027 0.011 0.001
Thyroid 3.92 1.73 0.214

2~-Hour Dose, rem
Directy 0.14 0.005 = —~eme---
Cloud v 0.033 0.014 .001
Thyroid 7.32 3.24 0.40

- 2-Day Dose, rem :
Directy 0.94 0.034 emm-eee- |
Cloud v 0.336 0.135 0.012
Thyroid 106 47 5.80
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TABLE 13.5 (cont'd)

'lO-Day Dose, rem

Direct y ' 1.8 0.064 ——m—————
Cloud 7y 0.692 . 0.279 10.025
- Thyroid 166 73.7 9.09

*Direct gamma dose rates at 100 sec; others at 100 sec plus
time of flight.

Under lapse conditions the cloud gamma and thyroid
doses. indicated in Table 13.5 would be reduced
substantially. Including the changes due to
different time of flight and wind variability, the
lapse values would be less by factors of 0.100,
0.0047, and 0.0021 at 300, 1000, and 5000 feet,

respectively.

'13.6.4 Retention of Iodine in Pool Water
The effectiveness of the pool water in retaining
the iodine nuclides can be estimated from the
results of experiments described by Whelchel and
Robbins (1). In these experiments Xe, Kr, and I
were released under pressure to a pool with the
discharge very mear the surface of the pool. The
fraction of each element which escapéd to a con-
tainment above the pool was then determined. A
large fraction of the noble gases escaped, but.
the pool water was found to retain nearly all the
iodine. '

Shortly after release, the fraction of lodine in

the containment was 5.8 x 10-7

it was 7.2 x 1070,

; five hours later,
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Assumihg that the mode of release was a pulse
followed by a constant release rate from the
pool, the transient fraction of iodine in the
containment can be described by the following

equation:
——QQ-=R-GC
dt
where C = fraction of iodine in containment at

time t, |
7.2 x 107 -5.8 x-10"7

R = release rate from pool =

13.24 x 1077 hrs, ™t
a = release rate to atmosphere = .01  _
24 hr.
417 x 1074 nr 7L

If, at time zero, the fraction of iodine in the

containment is just that in the pulse. (Co = 5.8 x 10_7)

the solution is:
C= i - (1-e ") +co e”

=318 x 1073 (1-e %) +5.8x 1077 ¢ "

at

Accordingly, the maximum iodine content would
3 of the
total. Ten days are required to reach one-tenth

increase with time, approaching 3.18 x 10~
of this value.

The build-up with time is offset by the iodine
decay. For example, the composite effect of decay
is such that the total dose from time zero to
infinity is reduced for each iodine activity by
the factor: o -

R o

a [: a + ;:l

where A is the decay constant for the particular

activity.
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for I to
Consequently the thyroid

This factor varies from 3.3 x 10~
4.6 x 107 for 1136,
dose is negligible if the iodine is released
through the pool'wéter and provided the effective-
ness of retention is equal to that observed in the
experiment. |

- The consequent reductions in dosage are indicated
in Table 13.6 where all contributions from iodine
are neglected. '

. TABLE 13.6
DOSAGE SUMMARY-INVERSION CONDITIONS-NO IODINE

Downwind Distance 300 feet 1000 feet 5000 feet
- Initial Dose Rate*, rem/hr | o
Direct ¥ 0.145 0.005 W -
Cloud ¥ ' 0.018 0.007 0.001
2-Hour Dose, rem
Direct y 0.068 0.002  —mm----
- Cloud ¥y 0.012 0.005 0.001
2-Day Dose, rem :
Direct ¥ 0.30  0.011  ~-----o-
Cloud vy ' 0.071 0.028 0.003
'10-Day Dose, rem _ :
Direct v 0.64 . 0.023  —==------
- Cloud 7y ' : 0.137 0.054 0.006

*Direct gamma dose rates at 100 sec; others at 100 sec plus
time of flight.

13.7  Conclusions
The maximum credible accident postulated in this
report involves multiple failures of safety in-
strumentation and human error. While credible,
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the accident postulated is certainly improbable.

The resultant consequences of the accident are
pessimistically estimated. These estimates are
identical to those of the hypothetical accident
‘posed in the Premiliary Hazard Report.

It is the opinion of the authors that the facilities

described can be operated without undue risk to the
health and safety of the public.
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Figure 13.5" Thyroid Exposure
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