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--  For all ref'erences to: Dra'wi'ng:,"PD‘=-10’-’—‘00»1‘»3""‘ reéad "PD=11-0013. "

‘4-,- In the: thermal eolumn shutter descrlptlon,\ for "0 5 in. boral
plate' read "1/4 in. boral plate.'

24 Im Paragraph 1.8, for "CaCoy'" read "CaCOS",\ for "al" read
v MATL . .

26 - ‘Pages 26, 27, and 28, which contained the: MOdlfled Mercalh
Intensity Scale of: 1931 have been. deleted..

37 For '"cyclotrooneering' read '"eyclotron: engine‘er'ihg.:"'

42. . In P‘a;agraph. 2..7..8,. for "Permi age"" I;ea“da "Fermi age..'"

43 In Paragraph:zf;.'f.v115';, f,orj-;"'n-,_.. process' re‘ad? "h',.f pro’ces-so-"
54 Transpose the '""High'" and '"Low'" column ﬁe‘adi'ngs" in tha comi-

parative water-level data: tabulation..




ADDENDA

The followmg 1nformat10n is presented to supplement the material
contained in the paragraphs indicated.

1.2

Reactor core loading for operation with beam ports and pneumatic
tube evacuated, central glory hole-in position, all control rods
fully withdrawn, -all isotope. elements. in position containing graphite
cores, ‘and a total of 1. 5% excess reactivity has been calculated as
approximately 2965 grams U 235. '

1.3

Fuel fequirements are given for fully loaded elements. ‘Actually,
in initial loading, partial elements will be used to attain. requlred
excess reactivity. :

1.7.11

Control rods and control rod elements are constructed to prevent

the rods: from dropping out the bottom of the core in the event they
' become detached from extension tubes,




Addenda (cont})

‘1.8

Process system drawing PD-10-0013 has been replaced by PD-11-0013,
- which shows the reactor pool system only. - The system for the bulk

shield pool is identical, except that the temperature control system is
not included. ’ :

4.3

- Maximum credible accident analysis and the selection of the maximum
credible accident has been changed to classify the flooding of the beam
ports or a step input of 1%A K as the maximum credible accident.
Inadvertent or deliberate ‘insertion of a fuel element in the glory hole
position with:the reactor critical is not considered credible with the

glory: hole element detent mechanism. This results in a less severe
accident.:; Analysis of this excursion will be supplied in a supplementary -
report, . . .



FOREWORD

This report is in fulfillment of the Atomic Energy Commission

requirements for a preliminary hazards summary report. It has

~been prepared-by Lockheed Nuclear Products for the Ohio State
University and incorporates information provided by the University.
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INTRODUCTION

This hazards summary report is presented in four sections, . The’

first sect1on,3a complete description of the reactor, is followed
by a discussion of reactor operation. Section 3 contains a des-
cription of the reactor building and-its site, The hazards asso—
ciated with the proposed reactor are presented in Section 4 ‘and
the maximum credible accident is discussed. '

The following drawings,. referred to throughout the report, have
" been 1nserted in the back of this publlcatlon o »

PD-9-0002
PD-9-0003
PD-9-0004
_PD-9-0005
PD-9-0009
PD-9-0010
PD-9-0011
PD-9-0012

- “PD=710-0007
PD-10-0008
PD-10-0013




1. REACTOR DESCRIPTION

- This section, descr1b1ng the reactor, presents first the general
specifications for the reactor and its components.. Following this:
is a description of the core, fuel requirements, shielding, -experi-
mental facilities, pool and bulk shield constructlon 1nstrumen—
tation and control, and process system

1.1 GENERAL SPECIFICATIONS
Rea,ctor
Type

Design Power Level

Maximum Thermal Flux in Fuel

Region

‘Average Thermal Flux in Fuel

Region
-Fuel Elements '

- Type

Number of plates
Dimensions

. Fuel material

Enrichment
Cladding
Number of standard
elements
U-235 per element
Number of special
elements .
U-235 per element

" Swimming pool (BSR)
10 kw continuous '

" 2.23x 1011 n/cmz,—‘sec
1.0 x 1011 n/em2-sec -

~ Flat plate

10 per element

8 x 3x 35 in. .overall

U-A1 alloy, Alummum clad

93% U-235

20

140 grams

4
84 grams

- 0.036 in, type'llOO aluminum




. Constant Volume Critical Mass

of U-235

Operating Ma'ss of U 235 -

' Moderator

Reflector

"Thermal neutron lifetime
Excess & Keff

React1v1ty Effects
Temperature coefficient
Void coefficient
Regulating rod
Shim safety rods

Control Rods ,
Number of regulatmg rods -

. Number. of shim safety rods

Operating rates
Regulating rod
Shim safety rod
Scram

Nuclear Instrumentatlon .
- Startup channel
Detector
Range
Indicators. -
Range

AN

2840 grams
3136 grams
" . Light water
Light water and graphite

7 x 10-9 sec

Equilibrium Xg 0.03%

Fuel burnup 1 0.12%
.. F. P.. Poisons  0,05%

Experiments.  .1.30%

Total Excess ' - 1.50%

-2.1 x 104 A k/k per °C ,

-2.8 x 103 a k/k per % void: (
0.47% (calculated) =~ . :
-9.04% for 3 (calculated)

1- 304 stamless steel
3'- boron carblde

14. 4 in/min

3.6 in/min . .

500 milliseconds (from
signal to complete -
insertion)

" Fission chamber

2.5 to 2. 5x105 n/cm -sec

.. Log CRM
..1to 10, 000 counts/sec

Recording Potentlometer 4

"Binary scaler

,,
bot



Log-N period channel
‘Detector
Range
Indicators
Range
Range

Power channel
Detector
Range
Indicator
Range

Safety channels
Detector. (Period) .-
Range ..
Detectors (Level)
. Range

Rod position indicators
Detectors
Regulating -
Range
. Shim safety
Range
- Indicators -
Range

Area monitors {(4)
Detectors
Range
Indicators.
Range .

CIC

; 104 to 1010 n/cmz-'se‘c

Log-N meter . .

1 x10-1 to 3 x 105 watts
Period meter

©©to. 3 sec period

cIC

104 to 1010 n/cm2-sec

Linear level meter

1 x 1071 to 108 watts

" CIC

. 102 to 1010 n/cm2-sec
2 - PCP ion chambers :
15.x 105 to 5 x 1010 n/cm?2-sec

Slide wire potentiometer
0-100 ohms

Slide wire potentiometer
0-100 ohms

Digital registers

0-99. 99 inches

~ Ion chambers

0-125 mr/hr -
Remote ‘meters
0-125 mr/hr

g
s

I

(¥
2
'$Y)




Shielding
Type .

~ Maximum dose Trates
Surface of cohcrete
Surface of water

. Experimental facilities
Bulk shielding facility
Fissjon plate assembly
U-235 content -
- Thermal power
Heating coil power
Thermal column
‘Shutter
-Shield .
. Flux monitor
o ' Main thermal column -
" Removable stringers. -
Shielding ‘
Core end . -
~ Outer face

Thermal fux

Beam ports
"Size o

Water Purification System
Water capacity
Reactor pool
Bulk shielding pool
Pumps (2).
Capacity

Normal at 100°F and .

70 ft head
Vacuum at 100°F and
-50 ft head

Water, "portland and barytes
concrete ‘

0.25 mr/hr .-
2.5 mr/hr

3850 grams' :
~10 watts
100 watts .

0.5 in boral plate. .- -
3 in lead i
1/2inx 6 in BF 3 chamber

13- 4x 4x 57inbars’

3inlead -
2 ft barytes concrete-and.
1/4 in boral.

- 8,8x1010 -n_/cmz-sec at

core -
2 .
6 in diameter stepped to 7 in -

11,200 gal. =~ -
5800:gal.
Centrifugal -

12 gpm

50 gpm

N
LR
5]
34

H

G

D
b
o




Motor rating .
| Ion exchangers (2)

Rated capac1ty

- Flow rate (Total) -

Design pressure

.. Heat exchanger- :
Heat load

Design pressure

Tube .- -
Shell

.Pool jtempe'ratﬁre control.

Filter -
: Maximum flow

Pressure drop -

lhp

Mixed bed (replaceable
cartridge type)

15,000 grains as C,CO3

12 gpm
100 psi

' Shell and tube (Water chlller)A

25 000 Btu/hr

150 psi.

225 psi

. 65 - T59F

Cartridge

80 gpm

'_~2 psi

P.«
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" REACTOR CORE"

The ‘arrangemeént of the core and associated experimental facilities

for the proposed reactor was designed to meet the requirements of

~ the Ohio State' Univérsity for a flexible, safe, research and train-

" ing reactor. The design configuration for the pool-type core shown
on Drawings PD-9-0002 and PD-10-0007 consists of a -5-by-5 array
_of fuel elements reflected on three sides with graphite and the beam

port side, top, and bottom with water., The core contains 20 standard,

10-plate fuel ‘eléments, 4 rod-well fuel elements; and a'central,
canned-graphite, glory -hole element. One.row of canned:graphite
reflector elements des1gned to hold samples for 1sotope product1on
is added along the pool face of the core. -

With the exception of the fuel loading, the matérial composition of
the core is similar to that of the BSR, and it is identical to that of
the Critical Experiment Reactor and the Radiation Effects Reactor
-at the Georgia Nuclear Laboratories. The average ‘metal- to-water
volume ratio in the fuel element region of the core is 0. 766, :which

yields a relatively dry core. This choice results in a critical mass .

slightly higher than the theoretical minimum, but yields several
important advantages for the intended application, Neutron leakage

in the fast and epithermal energy groups is greater (per unit power)

thah would be obtained with a lower metal-to-water ratio,:because
of the larger neutron age. Also, negativé void and temperature
coefficients are assured, since the core is shghtly undermoderated
at room temperature,

After the physical dimensions and the design configuration of the
core were established, a range of fuel loadings was investigated

to determine the nominal fuel element loading, Total U-235 loadings
of 2240 gms, 3136 gms, and 3584 gms were chosen to establish a
curve of effective multiplication versus fuel content:in the core.
These correspond to fuel element loadings of 100, 140, and 160

. grams of U-235. The 4 fuel elements containing rod wells had 6

fuel plates rather than 10 as in the 20 standard elements and the
plate spacing was slightly less than in the ‘standard elements,

3
[N

L
?"-.D
el

&




Therefore, for every loading two fuel regions were considered.
For each region at each loading the MUF T-1IV, IBM-704 computer
code was used to obtain the fast group nuclear constants of

Di, £oand¥,.. This particular code employs 54 neutron energy
groups from 10 mev to 0. 0625 ev and uses the Watt's fission
spectrum as the source of neutrons in the diffusion calculation.
The thermgal constants,'\d: » Dg, and Zqz, were obtained using
the SOFOCATE IBM-704 code. This code averages the constants
over a Wigner-Wilkens spectrum and accounts for the hardening
of the spectrum resulting from neutron absorption. Similar con-
stants were obtained for water and graphite.

The nuclear constants thus obtained were used as input into the
IBM-704 PDQ code, which solves the two-dimensional diffusion
equations for a multiregion few group problem. The rod wells

and glory hole element were put in as distinct regions. The vertical
buckling was calculated using an iterative technique, which con-
sisted of taking the flux averaged constants and the horizontal plane
buckling from the two-dimensional PDQ problem and using them as
input in a one-dimensional calculation in the vertical direction,

The code used for the vertical direction was the IBM-704 WANDA
code which solves the multiregion few group problem. The WANDA
calculation gave a multiplication constant from which the vertical
buckling was obtained; this vertical buckling was then used as input
for a second PDQ calculation., The process was repeated until a
consistent value of the multiplication constant and total buckling
was obtained. The resultant curve of kgsp versus fuel loading is
shown in Figure 1.

The curve shown applies to a configuration in which all of the con-
trol rods are [ully withdrawn, both beam ports and the pneumatic
tube are removed (or filled with water), and the central glory hole
element is in place and filled with water, Criticality would be
attained in this configuration with a core loading of 2840 gms U-235,
or approximately 127 gms per standard element. A design loading
of 140 gms per element, or 3136 gms total, is required, however,
to provide sufficient reactivity to overcome the effects of the beam



Effective Multiplication Constant
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FIGURE 1 EFFECTIVE MULTIPLICATION CONSTANT VS
CONSTANT VOLUME FUEL LOADING




ports pneumatic tube, temperature, poison, and experiments
placed in-and near the core.

e An 1nvest1gat1on of the 11terature available 1nd1cated that the best
. estimate of beam port reactivity coefficients would be obtained
from data measured at the BSR at Oak Ridge and reported in ORNL-

1871, Some of the results are reported in terms of the 51mulated

~beam port area. . From these data,the worth of the beam ports and

the rabbit tube is estimated to be 1.0%4k. The clean, cold re-

~ activity is then estimated to be approximately 1.5%4A K. - Equilibrium

xenon and a nominal pool water temperature rise will reduce the
react1v1ty available for experlments to about 1, 3%. '

. The.control rod worth was obtai_ned by putting a "black",boundary

condition on the three shim safety rod areas. This boundary con-
dition applied only to the thermal neutrons. . The resulting PDQ
calculation gave a total rod worth of 9.04%A4 k,, which is less than
the actual rod worth since the epithermal absorption in the B4C,
which was not accounted for, would increase the reactivity .of the
rods to approximately 9. 5%A K.

.Th.e regulating rod is a waterfilled 1/16-inch stainless steel shell.

A flux depression factor for the steel wall was used to weight the
steel volume fraction in homogenizing the water and steel in the
control rod area, and the homogenized constants were placed in
the explicit regulating rod area in the core for a PDQ calculation,
The change in reactivity due to the regulating rod was 0.47% Ak.

Additional analytical work was performed to calculate th.e, tempe.r—
ature coefficient, the worth of the central element, the most valu-
able position of a fuel element, and the approximate number of
fuel elements necessary to go critical. The temperature inter-
vals were from 609F to 1000F. The value was negative and equal
to 2.1 x 10-4A k/°C. The reactivity due to replacing the central

- glory hole element by a fuel element was computed by the PDQ
-code; it indicated that the worth was 2.1%Ak. This central position

is not the most important one, however, because the maximum




values of the flux occur away from the core center at a point nearer
the graphite reflector than the water reflector. The two-dimensional
flux plots indicate that when the control rods are withdrawn, the maxi-
-mum flux occurs in the fuel -elements which are located between the
rods and hearest to the graphite, where the flux is about 10% higher
than in the ‘central element. - The worth of these two fuel element
.pos1t1ons was computed to be approx1mately 2 G%Ak

Several conf1gurat1ons of fuel elements that could be" assembled

during the initial startup procedures were analyzed to find the approxi- -

mate point at which criticality would occur. These configurations all
included a fuel element in the central position; that is, no glory hole
element was present. The analysis indicated that the core would
probably achieve criticality with the 4 rod-well fuel elements and

16 standard fuel elements in place. : :

1.3 © FUEL REQUIREMENTS s

The fuel requ1rements are d1scussed as to standard fuel elements,
'control rod fuel elements and fission plate assembly.

1.3. 1 Standard Fuel Elements

Fuel elements:to be used in the Oh1o State Umversity reactor. will
consist of 10 fuel plates, and each will contain 140 grams of U-235.
Each fuel plate will contain a fuel section 0,036 inch thick, clad on
-edch side with 0, 036-inch thick type 1100 aluminum; the active.fuel
‘length will be 24 inches. The fuel plates will be fabricated by the
picture frame method and will be joined mechanically to the two .-
sideplates. This assembly will be fastened at the bottom to a
¢ylindrical transition end piece that will fit into the grid plate. -

Elements mechanically assembled as described above are stronger

- -and more rigid than elements fabricated by brazing the fuel plates

to the side plates, Since the mechanical assembly will be performed
at room temperature, the stiffness and rigidity of the cold-rolled
aluminum plates will be maintained. This method of assembly will

10,




eliminate the severe localization of corrosion attack that would
otherwise result from brazing.

Burnup of the U-235 at the normal operating power level (10 kw)
of this reactor will not determine the life of the fuel .elements;
corrosion of the cladding will be the determining factor. The fuel

.plate cladding will have a uniform corrosion rate less than one mil

per year-in demineralized water at 50°C. However, corrosion and
pitting of the cladding,,hence the fuel element life, will be extremely
sensitive to water purity. With continuous control of the pool tem-
perature, and with demineralized water resistivity greater than

330, 000 ohm-cm,: a life of 6-8 years'may be expected for the ele-
ments. ‘ :

. 1.3.2 Control Rod Fuel Elements

C‘ontrol rod fuel elements will be modifiéd standard fuel elements
with four central fuel plates eliminated to provide a channel for

_vertical movement of the rods. . Each element will contain 84 grams

of U-235 distributed equally among six fuel plates. These elements
are readily distinguished from the standard fuel elements by means
of a magnet guide tube bolted to each of the assemblies and extend-
ing upward about 15 feet, as shown in Drawing PD-9-0002.

1.3. 3 ,Fission Plate Assembly
This item is described under the Bulk Shielding Facility section.,

The fuel content of the fission plate will be approximately 4000
grams of U-235,

"To summarize the fuel reqﬁirements for the reactor facility, the

following table shows the allotment of U-235 among the various
items. ' o

11
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TABLE II o :
Fuel Requirements for the Reactor Facﬂity

20 fuel elements, 140 grams each " 2800 grams

4 control rod fuel elements 84 grams each © 336 grams: -
Fission plate ‘ © 4000 grams -
4 Part1a1 -elements - : ' 252 grams.
. 1@ C 492 gms- : . . ‘ T .
1@ 56 gms o - Total = ' 7388 grams U-235
1 @70 gms S s o -

1 @ 84 gms
1.4 SHIELDING

The biological shield shown in Drawing PD-10-0007 will-consist of
light water, structural concrete, and barytes concrete. ‘Shielding

‘over the core will be provided by 15 feet of light water, which #i."

will reduce the radiation level to 2.5 mr/hr when the core is op-~

"--'eratmg at 10 kw. The concrete biological shield has been designed
* for a maximum radiation level at any pomt along its outer lateral
- 'surface of 0. 25 mr/hr at'10 kw, : -

There will be 10 feet ‘of water above the fission plate assembly and
varying amounts.of water and concrete in the lateral directions,.
Radiation levels at the surface of the bulk shielding pool and at the
outside surfaces of the walls will not exceed 0. 25 mr/hr for 10-kw
operation of the reactor and a maximum of 100 watt operatlon of
the fission plate. - :

Calculations 1ndlcate that a thermal shield will not be requlred for
10 kw operatlon : - :

1.5 EXPERIMENTAL FACILITIES

The experimental facilities with‘ this reactor are described in the
following paragraphs.

12




1. 5. 1 Thermal. Column

The thermal column wﬂl be constructed of 4-inch by’ 4=1nch ma- -
chined graphite bars. . Thirteen of these bars will be removable
for: foil or sample insertion. - As shown in Drawing PD-10-0008, .
the column will be stepped twice to prevent radiation streamlng.

. A 1/4-inch thick boral liner will surround the graphite to prevent

neutrons from escaping into and activating the surrounding con-
crete and air. - A 1/4-inch thick a.lummum plate with boral liner ,

and gasket will provide an airtight seal over the front face of the

thermal column.,

. 'The supporting liner will be constructed. of heavy steel plate and

reinforcing members to assure proper fit of graphite as well as to
prevent any sh1ft1ng or cracking. - A movable concrete door will '
prov1de shielding at the thermal column face to limit the cTose rate
to a maximum of 0, 25 mr/ hr at 10-kw operation, Four hours -
after shutdown from extended operation at 10 kw, :the radiation .
level at the column face with the door open will be approximately
20 mr/hr.

1.5.2 Bulk Shielding Facility

The bulk shielding fac111ty will consist of a short graph1te thermal
column, a shutter mechanism, a neutron monitor, an enrlched
uranium fission plate assembly, and a concrete-walled water pool.
The: pool will be built integrally. with the reactor pool and also will
be lined with polyester reinforced with fibreglass. cloth.

The thermal column proper will consist of a 36-inch square boral-
lined steel box between the pyramidal stub and the inner surface of
the bulk shielding pool. . Removable blocks of machined graphite
will fill the box to provide replacement with DZO or’ addmona,l

. ',sh1e1d1ng if required. - A gasketed aluminum plate will ensure

watert1ght,closure of the assembly..

The shutter mechanism shown in Drawmg PD-10- 0008 will provide
for hand motor driven interposition of a boral plate between the

13
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fission plate and the core. An aluminum plate having a thickness
approximately equal to that of the alummum in the boral plate w1ll
follow the shutter. .

Drawmg PD-9- 0009 shows the detail of the fission plate assembly.
The uranium plate will be composed of 93% enriched uranium in

a circular plate 28 inches in diameter and approximately 0,075 inch :.i
thick, including a clad of 0, 025 inch of aluminum. An electrical
heater plate capable of supplying 100 watts of power will be used
for calibrating the fission plate. 'Resistance thermometers will be
attached to the fission plate to provide for a comprehensive indi-
cation of the temperature. The fission plate and the heater plate
will be in intimate contact, but they will be insulated both’ thermally
‘and electr1cally from the front and rear cover plates. With 100°
.watts of power emitted from either plate, the separation distances
are such that the difference between the ambient temperature of the
pool ‘water ‘and the temperature of the f1ssmn plate w1ll not exceed

7 5°F

1.5.3 Beam Ports

Two beam ports will abut upon one face of the core as shown in
Drawing PD-10-0007. Details of the ports with the removable

gamma shutter drawer are shown in Drawing PD-9-0010. Neutron
fluxes quoted in the specifications are with no sh1eld plugs in the
ports 'however, each port will be provided with shield plugs shown
"in Drawing PD-9-0011 to reduce the radiation level to 0. 25 mr/hr
. at the exterior face. “With no shield plugs present the lead gamma
shutter will reduce the radiation level at the exterior face to 25 mr/hr
two hours after shutdown from extended operatlon at 10 kw,

The des1gn of the beam port and the gamma shuttér mechanism will
facilitate shield man1pu1at10n durmg experimentation at the ports.-
Shutter drive consists of a continuous loop drive cable, lead screw,
hand drive motor, and position indicator. The use of relatively

~ small, eas11y handled, plug-transfer casks will be poss1b1e with
the sect1onal plugs

14
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1.5.4 Isotope Irradiation'Facility

‘The fa0111ty will consist of canned graphite elements with a central
hole designed to receive sample capsules as shown in Drawing .
PD-9-0002, Insertion of these.-elements is restricted to the five
positions on the pool face of the core. - A sleeve-capsule handling
tool will permit withdrawal of the central sleeve containing up to
six capsules, or single capsules may be withdrawn. When no-

" samples are being irrad1ated a graphite plug is placed in the - -

central hole.
1.5.5 Glory Hole

An element of canned graph1te with.a 1- 1/ 2- 1nch dlameter hole. for
vertical access will occupy the central grid position. This element
will permit small sample irradiations in the central flux of the.core
or the insertion of an aluminum tube with:a 1-1/2-inch outside di-
ameter extending to the surface of the pool. A detent mechanism
is provided to prevent withdrawal of this element without unloading

.of the core, - Also, no fuel element can be inserted in the central

grid pos1t1on.
1.5.6 Rabbit Tube System .
The system will be a vacuum-operated, single-tube type, pneumatic

rabbit device as shown in Drawing PD-9-0012, A vacuum system
will be used in preference. to a pressure system so that evacuated

. air will be carried away rather than expelled at the position of op-

eration, .The solenoids to return the rabbit to the receiving terminal
will be operated either by manual push button or by the automatic
trigger actuated by the timer mechanism. In the event of an error -
in timer setting or unintentional release of operation of the system,

- a manual control can be used to override the automatic timer con-

trol.
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1.6 POOL AND BULK SHIELD CONSTRUCTION

The shield construction of the reactor pool the fuel element storage
pit; and the bulk shieldmg fa0111ty are dnscussed here. e

1 6 1 Reactor Pool

,Drawmg PD-10- 0007 shows the reactor pool c,onf1gurat10n along
with that of the bulk shielding pool.  The experimental facilities™
and the fuel element storage pit are shown also in this drawing,
These items will be described in subsequént paragraphs.

The pool will be lined completely with polyester reinforced with
fiberglass to prevent leakage, leaching of the materials in the
‘concrete by the pool water, -and facilitate decontamination and -
"repair of the walls. Provisions for recirculating and control of -
the pool -water ‘will be provided.: Draining of the pools can be ac-
complished only by a sepa.rate system under control of the reactor
’superv1sor., .-

1.6.2 Fuel Element Storage P1t

A fuel element storage pit will be located below the pool floor and

at the end opposite from that of the core as shown in Drawing PD-
"10-0007, -The pit will be large enough to accommodate two complete
fuel charges and will contain neutron absorbing material to prevent
inadvertent crltlcahty Shielding for the radioactive fuel will be
provided by an 84inch thick lead: cover-over the pit, thus permitting
- personiiel to work in the reactor pool when it is drained. = The radi-
ation level directly over the cover, with a full core of elements in
" the pit, is expected to be 15 mr/hr 24 hours following shutdown -
-after prolonged operatlon at 10 kw. Locating the pit in this manner
will preclude the use of fuel transfer casks or of a fuel transfer to '
the bulk shielding pool when work in the reactor pool becomes -
necessary. '
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1. 6 3 BulkShleldmg Facﬂlty -

The bulk sh1eld1ng facility, wh1ch is descr1bed in the Experlmental
Facilities section, has been designed to provide a fission plate power
level of approxinm tely 10 watts and a fast neutron dose background

- of less than 10%. The design analyses and procedures used to opti-
mize the facility consisted of a series of four- group d1ffus1on cal-
culations. :

The question of reactivity coupling between the core and the fission
plate was investigated by performing a few-group diffusion analysis
in slab geometry using the WANDA code with both the core and the
. fission plate included as explicit source regions. Thermal neutron
constants averaged over a Maxwellian distribution were used for.

- both the uranium plate -and the boral:plate which is. attached to the
fission plate assembly on the shield pool side. -Although the dif--
fusion theory approximation is not valid in thin regions with high -
absorption, it can be shown that the major effect is to underestimate
the flux depression-in the fission plate and overestimate the flux

" depression in the medium. . Correcting for both these effects, the
change in the effective multiplication of the coupled system due to
opening and closing the shutter is estimated to be 10-4 per cent
Ak, Itis thus concluded that the fission plate is effectively. un-
coupled from the reactor and w111 not affect the react1v1ty by any
measurable amount, : .

1.7 . INSTRUMENTA’iI‘ION~‘AND CONTROLS

The design of the instrumentation and .control system. proposed for
the Ohio State University reactor is based on systems in use at..
such reactors as the Bulk Shielding Reactor, the Tower- Shielding
Reactor, and the Pennsylvania State University Reactor. All of
these systems have operated satisfactorily and safely for many
years.

E‘Drawing PD-9-0003 shows a'block diagram of the instrumentation
system, which will consist of three operational channels and two



safety channels. The operational channels will include a startup:
channel, a log-N period channel, and a linear level channel. The
log-N period channel will actually serve as a third safety -channel,
since it will be connected to a third composite safety amplifier by:
the- sigma bus. ‘Scram systems will be interconnected into these
channels to.-effect reactor shutdown in the event of an emergency or
abnormal conditions.. An annunciator-and alarm system wﬂl be in-
cluded to indicate spe01flc trouble

1. 7 1 Startup Channel

‘The startup channel will ‘be used to momtor the neutron flux from

- the source range to an overlap of the linear level and log—_N ranges.
This -channel will share a.period recorder with the log-N channel,
and a remote. log count-rate indicator will be mounted on the control
console.,  An interlock switch in the log count-rate recorder will
prevent startup when the neutron source strength is below a preset
..count, The startup channel range can be extended to include full-
power operation by raising the fission chamber a maximum of 24
inches into a cadmium shield by means of a drive mechanism s1m11ar
to the control rod drive units.

1.7, 24 "Log—;N 'Period Channel .

The log-N channel will indicate the reactor power level on a six-
cycle log scale from 0.1 watt to 300 kw. The log-N amplifier will
also initiate the fast scram signal to a composite safety amplifier
in the event of a short period.. Should there be a loss of high voltage
to the compensated ion chamber, a slow scram signal will be initi-
ated. . The compensated ion chamber and the log-N amplifler W111

be the type developed at Oak Rldge S S e

1. 7 . 3 Linear Level. Channel
The linear level channel will be cdpable of measuring neutrph flux

in a reactor operating range of 0.1 watt to 1 megawatt, . Loss of
high voltage to the ion cliamber: will cause -a:slow scram,

18
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The micro-microammeter will be the vacuum tube electrometer
type covering a range of 10~ -3 t0 10~ 11 amperes. A.remote switch
at the control console will be used to’'select the range. . :

I |
1

1.7.4  Safety Channels - - e

. Three composite safety amplifiers of the type developed at Oak

Ridge will be incorporated into the safety channels. They will pro-
vide, in addition to safety protection, a source of controlled magnet
power. Each safety amplifier will be connected to a common sigma
bus to provide a scram- signal from either amplifier to all magnet
amplifiers simultaneously. A period scram signal from the log
count-rate meter of the startup channel will feed into the slow scram
circuit. High-power-level, fast scram protection will be provided

. by two parallel-circular-plate ion chambers in connection with high-

level trips in the composite safety amplifiers. The PCP ion chambers
will be the type developed at Oak Ridge.

1. 7. 5 Automatic Shutdown Systems
Two types of scrams will be included in the control system to effect

shutdown of the reactor in the event of emergency conditions, A
fast scram will be accomplished when a short period signal or.a’

- high power-level signal serves through the sigma amplifiers to re-

move magnet current,

A slow.scram will remove power from the fnagnet ampli_fier by means

" of a'relay. This relay will be actuated by the following.controls:

* Bulk-shielding area manual. switch -
- Rod-drive area manual switch
- Thermal column area manual switch

Beam-hole-area manual switch

19



’ fiRegcto'r“ console manual sw1tch
.-éomperi’éated"chamber power supply #1 hl;gh—lvelt:age,‘ relay
Compensated chamber power supply. #2 high-voltage -.re,l,ay,
‘ Mini_m'um source strength.switch (permiseive cireuit) T
‘ Récieri\}é aree‘moﬁitren -‘relay.' o |
Therrnel'-celemr; ar'ea'monitron relay -
' vSerx‘/‘e-e'rror r'elay :
Low—level ~perioci‘relay :

Two scram connections for-incorporation in experiments.
that may be desired at a later date

In addition to the slow scram provisions, a key switch will be in-

- cluded in the magnet power. supply:circuit-to prevent unauthorxzed

withdrawal of the shlm—safety rods.

1. 7.6% Anmi'néiator and Alarm Systems

. When a ecram condition occurs,. or when other trouble arises, an
~alarm (buzzer) will -sound, and a lamp or lamps will be lighted.on-

the control console indicating the source of the trouble. : An annun-
ciator acknowledge button will be used to turn off the buzzer. I

the trouble results in a scram, a scram reset switch must be ac-
tuated before magnet power can be reapplied. In the event of
trouble other than a scram, the corresponding lamp-switch will be
pushed to extinguish the lamp and réset the annunciator system after
the trouble has been corrected. If the trouble is not corrected the
indicator light will remain hghted
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An a_nnunciatdr test switch will be provided for checking the lamps
and the buzzer. The annunciator will provide the following indi-
cations: ' ‘ -

Scram-console

Scram-bulk shielding area

~ Scram-rod drive. area

Scram-thermal column area -
Scram-beam port area

Scram-experiment #1

. Scram-experiment #2

-Scram-servo trouble

Scram-low level period

| High radiation level —- rod drive ,é.rea
-:High radiation level -- thermél column aréa, =
.'High radjation level -~ beam hole area |
_ Fast scram - High'i:)o“;er level
. Faét scram -- period

. _ Trouble -- safety amplifier #1

: Trioﬁb'le' - safety ampiifiér, #2. .

Trouble -- safety amplifier #3

Source missing
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‘An ‘evacuation alarm will consist of a klaxon operated from the con-
trol ‘console: by a switch. This klaxon will sound automatlcally if -
the annunciator acknowledge button is not pushed within a predeter-
mined time after a trouble signal is received. :

1.7.7 Shim-safety Rod Controls

Three identical control channels will be used for the shim-safety
rod system. A rotary switch will select an individual rod to be -
controlled. All shim-safety rods will be inserted into the core by-
a gang lower switch when shutdown is desired or when the rods are
recovered after a scram. This switch will not cause the control
rods to be gang-raised under. any’ c1rcumstance. :

Control console indicators for each rod will include the following:
magnet coupled, drive motor on, upper limit, and lower limit.
Rod positions will be indicated by a digital readout device having
a resolution of 0. 01 inch. : ‘

1,7.8 Regulating Rod Control

Manual control of the regulating rod will be possible; on the other -
hand, power level control at any power from 0.1 watt to more than
10 kw will be provided by a servo system activated by the linear
level recorder. The servo system may be actuated only when the
reactor power level is within plus or minus 5% of ‘the set point, A
meter relay included in the servo error meter will generate a
scram signal at plus or minus 8% servo error.

"1.7.9 Area Monitors

Drawing PD-9-0003 shows a block diagram of the monitoring system,
manufactured by the Victoreen Instrumént Company. These monitors
will measure the radiation level in the area and will be set to scram
the reactor if the dose rates in the vicinity of the chambers exceed
predetermined levels. Areas monitored are the following: .-
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Thermal column face

Beam port openings

Pool surface above core

‘.Ion» exchange bedé and process system
1.7,.10 Control Console
The reactor console shown in DraWing PD-9-0004 has been designed
to provide maximum visibility of the reactor and maximum acces-
sibility of the controls and indicators. All indicators and controls
hecessary for startup and shutdown operations will be located in one ’
group in front of the operator. An enlarged view of the control panel

is shown in Drawing PD-9-0005, -

.Colors for the indicator lights on the console will show the
operator the status of the reactor at a glance, All scram and warn-

" ing lights will be red. Operating procedures, as well as interlocks,

will keep: the operator from withdrawing the control rods when a red
light is ‘showing.

- 1.7.11 Control Rod Systems

Oval aluminum cans 7/8 x 2-1/4 x 28-5/8 inches containing boron
carbide power will be used for the shim-safety control rods. Each
rod will contain twe aluminum tubes filled with lead, which will add
ballast to facilitate the rapid fall of the rod. A shaft attached to
each-'rod'will support an iron armature and a pneumatic shock ab-
sorber assembly which will snub the rod after a scram.

The regulating rod will be a hollow oval of type.-304 stainless steel

‘having approximate dimensions of 7/8 x 2-1/4 x 28-5/8 inches

overall, Penetrations in the'top and bottom end plugs will allow

. Water to: enter the rod,
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Contfoi rod drive mechanisms will be supported above the -core as
'shown in Drawing PD-9-0002, The maximum stroke of these units
will be 24, 0 inches. ' ’ ' o '

Waterproof electromagnets will suspend the shim-safety rods when
coupled to the armatures at the top of the rod extensions. The ar-
_matures and shock absorbers are always above water level, The
electromagnets will be raised and lowered by the control rod drive
. mechanisms. The regulating rod will be mechanically connected
to the rod drive and will not be released in the event of a scram.
Overall full travel seram time will be less than 500 millisecbnds.

1,8  PROCESS SYSTEM

The water purification system will limit system corrosion rate by
pH control and corrosion product buildup by ion exchange, A flow
~ diagram of the system is shown in Drawing PD-10-0013.

A conservative estimate of the corrosion rate to be expected is 4.5
milligrams per square decimeter per day for the first ten days of
operation; after that the formation of a protective oxide coating will
reduce the rate to 2.5 milligrams per square decimeter per month,
The major corrosion product to be removed will be the al*f'*'. ion.
Water purity is intended to be maintained at 2 ppm as CaCog or 0. 36
ppm as al™" | The pH of the water can be maintained at 6,5 by. the
weakly basic anion resin in the mixed-bed ion exchanger when the
measured water conductivity is 2, 2 micromhos per ppm electrolyte

as CaCo3. f

After the initial filling has been completed, 16 hours per day for 10
to 14 intermittent days of recirculation through the ioh exchangers
will be needed to maintain a water purity of 2 ppm, Normal oper-
ation of the water purification system will consist of recirculating
the reactor and bulk shielding pool water through the ion exchanger
for about 4 hours and 2 hours respectively each day at a rate of
12 gpm, and will be started (after the completion of the time period
as stated above), '
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' The heat exchanger system has been designed to maintain the re-
actor pool temperature from 65 - 75°F during continuous operation
at 10 kw. City water will be used as the secondary cooling medium
of water chiller and will be dumped into the OSU sewer system.
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MODIFIED‘MERCA-LLI INTENSITY SCALE OF 1931

All intensities used by the Coast and Geodetic Survey refer to the -
Modified Mercalli Intensity Scale of 1931.1 The abridged version
of this scale is given here with equlvalent intensities accordmg

to the Rossi-Forel scale. '

l IO

III..

26

Not felt ekcept by a very few under e‘specially favorable
circumstances., (I Rossi-Forel scale.)

Felt only by a few persons at rest, especially on upper floors
of buildings. Delicately suspended objects may swing. (I to
II Rossi-Forel scale.)

Felt quite noticeably indoors, especially on upper floors of
buildings, but many people.do not recognize it as an earth-

. quake. Standing motorcars may rock slightly. Vibration

like passing of truck., Duration estimated. (III Rossi-Forel
scale,) ‘

During the day felt indoors by many, outdoors by few, At
night some awakened. Dishes, windows, doors disturbed,;
walls make creaking sound. Sensation like heavy truck
striking building. Standing motorcars rocked noticeably.
(IV to V Rossi-Forel scale ) . :

Felt by nearly everyone, many awakened. Some dishes,
windows, etc., broken; a few instances of cracked plaster;
unstable objects overturned. Disturbances of trees, poles,
and other tall objects sometimes noticed. Pendulum clocks
may stop. (V to VI Rossi-Forel scale).
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VL - Felt by.all, many frlghtened and run outdoors, Some heavy
. “furniture moved; a. few instances of fallen plaster or damaged
.- chimneys. - Damage shght (VI to VII Rossi-Forel: scale.).

“VIL Everybody runs. outdoors. Damage.negl__igible in buildings. of
-good design and construction; slight to moderate in well-built
. ordinary structures; considerable in poorly built or badly.
designed structures; some chimneys broken., Noticed by per-
_sons driving. motorcars.~. ‘ -(VIIIZRossi-Forel scale. )

- VIIL Damage shght in. spe01ally designed structures cons1derab1e
.--. : inordinary substantial buildings with partial collapse great '
~-. in poorly built structures. . Panel walls thrown out, of frame
" structures. Fall of chimneys, factory stacks, columns,
monuments, walls. Heavy furniture overturned. Sand and
mud ejected in small amounts. Changes in well water. Per-
sons driving motorcars disturbed, (VII<4 to IX - Rossi-Forel
scale. ) '

IX. Damage considerable in specially designed structures; well-
designed frame structures thrown out of plumb; great in sub-
stantial buildings, with partial collapse. Buildings shifted
off foundations. . Ground cracked conspicuously. Underground
pipes broken. (IX+4 Rossi-Forel scale.)

X. Some well-built wooden structures destroyed; most masonry
and frame structures destroyed with foundations; ground
badly cracked. Rails bent. Landslides considerable from
river-banks and steep slopes. Shifted sand and mud. Water
splashed (slopped) over banks. (X Rossi-Forel scale.)

"XI. Few, if any, (masonry) structures remain standing. Bridges
destroyed. Broad fissures in ground, Underground pipelines
- - completely-out of service. . Earth slumps and land slips ‘in"
" soft ground.’ Rails bent greatly. :

XII, Damage total, Waves seen on grourrd surfaces. Lines of .
sight and level distorted. Objects thrown upward into air,
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Epicenter maps. - Figure 12 is designed to showthe existence of -

“destructive and near destructive earthquakes in the United States

. through 1954. - The smallest dot indicates the shock was strong
enough to overthrow chimneys or affect an area of more than
25,000 square miles (intensity VII to VIII); the largest solid dot *

" may be associated with'damage ranging from several thousand
dolldrs to one hundred thousand dollars, or to shocks usually per-

" ceptible over more-than-150, 000 square miles (intensity: VIII to IX);
the smaller encircled dots représent damage ranging from approxi-
mately one hundred thousand to one million dollars, or an affected
‘area greater than-500, 000 square miles (intensity IX to X); the -
larger encircled dots: represent darhage of a million dollars or more;
or an affected’ area usually greater ‘than 1 000 000 square mlles

' (1nten81ty X to xn) T = . ~

1Modlﬁed Mercalli- Intenisity’ Scale of 1931. Harry O. Wood and -
Frank Neumann, Bulletin of the Seismological 8001ety of Amerlcan,
vol 21 No, 4, December 1931
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. 2. REACTOR OPERATION

)

The admInIstratlve orgamzatlon and procedures that have been
estabhshed for reactor operation are discussed first in this section,
along w1th a summary of the professmnal backgrounds of the staff

to be associated with the reactor. Following this are descriptions
of the pre-operational tests, startup procedures, normal operations,
health physics requIrements emergency procedures and experi-
‘mental program '

91 ADMINISTRATIVE ORGANIZATION AND PROCEDURES

The safe and orderly operatmn of a reactor, with proper coordi-
natlon of all activities centered around it, requires a unified organ-
ization headed by a 'competent‘supervisor. He must diréct technical,
administrative, and scientific activity involving the reactor; establish
operating rules and controls; guide the reactor operations; schedule
operatlons to ensure that maintenance, instruction, reeearch “and
' serv1ces are in proper balance; and ensure that all proposed opera-
tions are reviewed for safety. His authority is from the Office of
the Vice President, Instruction and Résearch. The supervisor must
understand fully the technical operations to be made with the reactor.
It is especially important that he have sufficient breadth to consider
impartially, as well as understand, a wide range of experiments or
applications in determining programs and schedules. The need for
frequent, on-the-spot decisions demands a single individual exer-
_cising full authority, rather than a committee, While a umverSIty
~ reactor operations committee will set broad policy, the conduct of
actual’ operations ‘should be the respons1b111ty of a single individual
with adequate authority to assign personnel and WIth recogmzed com-
petence to make decisions. - : S
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2.1.1 Reactor Supervisor

- The Ohio State reactor is to he under the immediate operatidnal

control of a Reactor Supervisor whose duties are as follows:

Supervise the technical, administrative, and scientific
activities at the reactor

. Review all proposed operations in order to ensure that all
reasonable requ1rements of safety to students, personnel
._:_,,pubhc, and equipment are met and that the proposed’ 0p— -

~ eration-is cons1stent with the ob]ectlves of the OSU reactor
_program

Schedule t1mes at the reactor for mamtenance, mstructlon
research and development, or service, to achieve a proper
balance between the requlrements of each in the long-range
interest of all phases of the OSU reactor program

- .,Enforce operatmg rules and controls govermng act1v1t1es
at the reactor, 1nclud1ng the safe and orderly handlmg of
students and v1s1tors to the reactor '

B Submit per10d1c reports on the 0perat10n of the reactor to
the Office of the Vice President, Instruction and Research
and special reports on any unusual operations or 01rcum—.
stances during operatlon of the reactor which may result

_in a major interruption of the program or which will have

- special significance in relations with other Unlver81ty or-

- ganizatlons the AEC, or the public.,

2.1.2 801ent1f1_c Staff _

) The s01ent1f1c staff W111 normally be made up of OSU employees of

faculty rank, Under- special circumstances, OSU research asso-

_Ciates. and research assistants may be ass1gned temporarlly to the

staff. V1s1t1ng faculty from other 1nst1tut1ons may be temporarlly
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assigned to the scientific staff. Under the supervision of the Reactor
-Supervisor, this staff will plan and perform experiments and super-

vise students performing experiments.
2.- 1. 34 --Rveactor',(')per’ators'

The reactor w111 be operated only by persons duly licensed pursuant
to the regulatlons of Part 55, Title 10, of the Atomic Energy Act of
1954. . In general, operators will be of an educational and experience
level approachlng that required for faculty status in nuclear physics
or nuclear engineering, : :

. 2.1.4 Students L

i A prOJect or 1nd1v1dua1 experlment proposed by a student will be .
superv1sed by a member of the scientific staff, and the request-for-
operation form subm1tted in order to perform such an experiment
or project must be counters1gned by a member of the scientific
staff,

~ 2.1.5 Scheduling of Reactor Experiments

In accordance with the reactor program originally proposed for
the Ohio State University Reactor, in the University's request to -
the AEC for a grant, first priority will be given to class instruction.
Specific times W‘ill be scheduled for routine preventive maintenance..

Initially, reactor operation will take place only from 8:00 a.m. to
5:00 p, m., Monday through Friday. At least one day per week of
this time will be devoted to maintenance. In addition,, a daily in--.
strument checkout, of prescribed thoroughness will take place before
the reactor is operated. >

After the reactor has been turned over to the Ohio State University,
a series of standard experlments will be conducted to determine the
characterlstlcs of this particular reactor facility. . These experi-
ments will comprise flux maps of the core and experimental facil-
ities, power calibrations, rod worth determinations, fuel worth

- determinations, etc.




'~ '2.1.6 Proposals for Reactor Operations

Before any reactor operation is performed, the experimenter will
submit a "Request for Reactor' Operation' form to the reactor
supervisor. This form, properly filled in, will stateé the purpose,
procedure,. apparatus, intended power-level history, reactor con-
‘ditions, and expected results of the experiment, with supporting-
reasons. The supervisor will review the request and consult =
members of the scientific staff if needed to establish the type of '

" experiment, The experiments will be categorlzed as e1ther de-
veloped or new experiments. e :

A developed experiment is any experiment which has been performed
before, and for which a written description of apparatus, procedures,
pertinent data, and results are on file with the reactor supervisor. '
Whenever a developed experiment is repeated, it will be necessary |
to ensure that it will be doné in the standard manner or that any
changes ‘involve no issue of safety. 'If a question of safety exists
because of changes in method of performance, the experiment must
be treated as a new experiment,

A new experiment is any experiment not meeting the tests of a de-
veloped experiment; it must then be reviewed for safety. The re-
actor supervisor will decide upon the safety of a proposed experi-

: 'ment unless review by the reactor operations committee is requested
by éither the reactor” supervisor or a staff member

Upon satisfactory completxon of rev1ew of a proposed experiment
the reactor supervisor will schedule a tentative time for its per-
formance. Any dissatisfaction w1th ‘the Judgment or action of the
‘reaétor supervisor may be referred to the commlttee on reactor :
operation. S - ‘

rEach request-for- operatlon form will be signed by the experlmenter.

" If the exper1menter is a student, the request form will be counter-
s1gned by the staff member actmg as adv1sor to the student '
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REQUEST FOR REACTOR OPERATION S ' )

. Date
TO: ;Supervisor, OSU Educational Reactor

Request is Lereby made for operation of the OSU Educational Reactor

on. . as described below. - \
TYPE OF o
opERATION: Beactor Experiment| | pertormance Test ]

DESCRIPTION OF. EXPERIMENT OR OPERATION (Give‘ title and brief description;

include description of any auxiliary apparatus required; attach additional sheets if

necessary)

REACTOR CONDITIONS: -

ESTIMATED REACTIVITY EFFECT OF EXPERIMENT!

PROPOSED RUN HISTORY (Include setup and startup time, indicate periods, etc.)

POWER _
10 KW ‘ : -

ixkw

100 W

10 W

1w

0.1 W
CLOCK HOURS

COMMENTE OR REFERENCES |

6 7 8 9 10 11 | 12 1 2 3 -4 5 [}

signed (experimentor or experimentors)

Isotope Prbduction Involved in Experiment -

Material is to be irradiated:

Estimated amount of activity to be produced:
Amount of material to be inserted:

Proposed location of the material:

Expected Flux:

§
D Yes ’ No

ACTION TAKEN:

In the judgement of the reviewei(s) this is a

Date

D Routine operation involving no significant modification of the reactor.

[] Developed experiment, as described in:

D New Experiment.

Comments or Sﬁggestions

. Disposition of Experiments

g Schedule for performance on

Signature(s) and Da:e

— Referred for further review to:

D Not allowed for following reasons:

Reactor Supervisor ard Date




¥e

DATE page no. ———————
. ROD POSITIONS INSTALLMENT READINGS
Time |Run [Operator - [Supervisor |Loading |{Shim khim [ Shim [Regulating ||Power Log Log -n | ~Linear| Scaler | Period | Fission Temperature: ||Automatic Operation.
no. (Kg of L 2 3 Rod CRM Meter | Level Meter- Chamber- Control
U 235) Position On

Operating Log (Sample Form)




2.1.7 Professional Backgrounds of Staff

FRANCIS J. BRADLEY"

Manhattan College, B.S, in E. E., 1949; University of Pittsburgh,
M.S., 1949; National Research Fellow Health Physics, Oak Ridge
‘National Laboratory, 1949-1950; Industrial Hygiene Department, _
Westinghouse Electric Co., 1950-1953; Radiation Superintendent,
Ohio State University, 1953 - present. Experience in all aspects
-of radiation health physics; in charge Radiation Health Physics. -

- Conference, co-sponsored by OSU and AEC, June 1955.

WALTER E.. CAREY

Kenyon College, A.B. in Physics, 1954; Ohio State University,
M.S., 1957. Research Assistant, Ohio State University, 1954-1957,
Resident Research Associate, Argonne National Laboratory, 1958
(duties were those of a reactor supervisor at the Argonaut Reactor).
. Research. Associate, Ohio State University, 1959. C

. CHARLES E. DRYDEN

Drexel Institute of Technology, B.S. in Chemical Engineering,-
1939; Princeton University, M.S., 1942; The Ohio State University,
Ph.D.; 1951, Research Chemist, Silmo Chemical Corporation,

. 1935-1941; Development Engineer, M.- W. Kellogg Co., 1942-1943;
Head, Process Development, Nopco Chemical Co., 1943-1948;
Battelle Memorial Institute, Research Engineer, 1948-1951; As~- -
sistant Division Chief, 1951-1954; The Ohio State University, -

- Assistant Professor, 1954-1955, Associate Professor, 1955 -
present, On loan to General Electric Co.. Atomic Power Study,
Group, 1955-1956; teaching nuclear engineering since 1955; .Re.—
search and industrial experience includes vitamins, fats, oils,
diffusional operations, absorption, extractive metallurgy, chemical
pilot plant design, construction and operation, quarrying, heat
transfer, chemical kinetics, rocket propellanf, nuclear chemical
‘engineering. ‘ o
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ALFRED B.. GARRETT -

B.S., Muskingum College, 1928; M.S., Ohio State University,

1931; Ph.D., 1932. Teacher, high school, Pennsylvania, 1928-1929;
.Chemistry, Ohio State, 1929-1932; Assistant Professor, Kent:State
College, 1932-1935; Instructor, Ohio‘State, 1935-1957, Assistant
- Professor, 1937-1940, Associate Professor, 1940-1944; Professor
1944 - present. -Chemical Society Fellow, Institute of Chemistry;
Ohio Academy,. Chemistry; photovoltaic cells; ionic equilibria in
solution; physical and organi¢ chemistry; low-temperature studies

of electrolytes; alkyl derivatives of boron hydrides; radio chemistry.

CHARLES D. JONES

Lehigh-University, B.S. in M. E.;, 1947; University of Kentucky,
"M. S..in M, E., 1948; the Ohio State University, ‘Ph.D., 1952;
Instructor, University of Kentucky, 1948-1949; Instructor (part-
. time), Ohio State University, 1953-1955, Assistant Professof, -
1955 - present; teaching nuclear reactor power plants ‘since 1957.
Research and teaching interests include heat transfer, thermo-
dynamics, fluid dynamics, nuclear power plants. A

KARL E. KRILL

B S. in'Ceramic Engineering, Missouri School of Mines and: Met—
. allurgy, 1941; M.S. (Geology), University of Colorado, 1948; Ph.D., -
Ohio State University, 1951, Chief Chemical ‘Engineering and Ma- -
terials Branch, Office of Ordnance Research, U, S. Army, 1952~ .
'1953; Assistant to the Director, Ohio:State University Research -
- Foundation, 1954-1957; Assistant to the Vice. President, Ohio State
University, 1957 - present, 1norganlc thermochemistry, research
administration. . : : : -

-~ M. L. POOL -

B.S., University of Chicago, 1924; Ph.D. (physics), 1'927,:,As‘si'st—
ant Physics, Chicago 1925-1928; Instructor, Ohio Staté University,
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1928-1932; Assistant Professor, 1932-1936;. AssociatetProfessoI",
1936-1941; Professor, 1941 - present. Howald scholar, Michigan
- -1936-1937; member radiological safety section, Bikini 1946.. Ci-
vilian with U.S. N. ; Office Scientific Research and Development,
U.S.A.F,, 1944, Fellow Physical Society; Physics Teachers;
Fellow Ohio Academy (Vice President, 1942-1957).. Artificial
radioactivity, cyclotrooneering, nuclear reactions cross-sections,
nuclear spectroscopy. -

‘2.2 = PRE-OPERATIONAL TESTS

Each opérating day, befbre the reactor is started up, .the foliowihg

procedures will be carried out by the reactor operator for. that day.

~ a.- A visual inspéction will be'rhade to enéure that-all beam
"' ports, shields, etc.,are in place, and that the water in
both pools is at a safe level.

b. The logbook, fuel inventory board, and experimental -
facilities board will be checked to acquaint the operator
with the fuel loading and whatever experiments may be.

" loaded into the reactor.

c. An instrument checkout will be conducted and the instru-

ment checkout list will be filled out, dated, and signed
by the operator.

d. The appropriéte "Request for Reactor Ope‘i'ation" form(s)

will be checked for necessary signatures and posted in
a conspicuous spot in the control room. o

2.3  STARTUP PROCEDURES
Information to be supplied at a later date.
2.4 NORMAL OPERATION

Information to be Supplied at a later date.
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'2%'5 . HEALTH PHYSICS REQUIREMENTS

The Heé,lth physics aspects of waste disposal, access'to the reactor
area, and fuel inventory ‘are"discussed in the following paragraphs.

251 Waste DisApos'al "

There will be very little radioactive waste from the OSU educational
reactor. Since no fuel processing is proposed, no fission product
wastes are anticipated. Radivactive wastes such as are encountered
in nonreactor nuclear laboratories will be low-level waste and will

be handled by the campus Radiation Safety Officer in the ‘same man-
‘ner as that presently used.. Some examples of such waste are con-
taminated hardware, filters from the pool water process system,

" ion exchange resins, and re51dues or sp111age from 1sotopes produced
in the reactor. : : :

No water will be drained from the reactor pools until the Radiation
Safety ‘Officer has checked samples of the water for poss1ble con-

" tamination. Upon receipt of information regarding the activity of
the pool water, the water will be siphoned or pumped by means of
an auxiliary system into the drain lines at a rate so as not to ex-.
ceed the maximum permissible limit (0.1 mC per day).

. 2.5.2 Access Rulés’

~ The Reactor Building will be equipped with a conventional lock for
which keys will be issued only to-authorized staff members. In
addition, the control room and supervisor's office will be equipped
with separate locks. Keys'to the control room will be issued only
to licensed reactor operators or -- on a temporary basgis ~- to
staff members who have a specific reason for access to the control
room. The key to the supervisor's office will be issued only to the
supervisor. The control console will also be equipped with a key
lock. The key must be inserted and the lock disengaged before
power is supplied to the magnets, The reactor supervisor will
retain control of this key. o ' '
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It will be the policy of the reactor installation to welcome all visitors.

) However, in the case of scheduling difficulties, instructional acti-

ities will take precedence over tours of the facility by visitors.. A
record of all visitors to the reactor will be kept. Care will be taken
that visitors under the age of 18 will not be allowed in areas where

the radiation field is greater than one-tenth (0.1) ‘the - perm1ss1ble

level for adults (2.5 mr/hr). .

2.5.3 Fuel Inventory

Each fuel elerﬁent of the OSU Education Reactor fuel i.nventc-n"y- will

be represented by a small card bearing the U-235 content (in grams)
of that particular element. A fuel inventory board will be placed

in the Reactor Supervisor's Office, in view of the control console,
representing the possible fuel locations in the reactor core. When-
ever.a fuel element is placed in position in the reactor core, that

4 if.uel element's inventory card will be placed in a corresponding

position on the inventory board. For each loading, the inventory
board will be photographed and the photograph will be placed in the
log book. . .

A similar board will be used to show fuel elements stored in the
storage pits; and a third board will be used to show experiments
or experimental apparatus loaded into the experimental facilities
of the reactor.. '

4C'hang_esAin the location of fuel eléments will be madé only after
.. such changes are authorized by the reactor supervisor, - . -

2.6 EMERGENCY PLAN |

In case of emérgency, an evacuation alarm (klaxon) will notify. .
personnel to leave the building. Two doors are available for evac-
uation, both on the ground floor. One is at the north end and the
other is at the south end of the building., Personnel leaving the

. building under emergency conditions will assemble at the rear - .

(north) entrance to the Van de Graaff Building.
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' Staff members conducting experiments with students present'v‘vill
be responsible for these students. “The reactor superv1sor W111 be
‘ responsible for see1ng that the bulldmg is cleared '

: 'Names and telephone numbers of staff members to be called in-
case of emergency will be posted in various places in the reactor .
building as well as outside both doors to the building.

Procedures in case of emergency at a laboratory housing radio-"
active materials have been agreed upon by the OSU Radiation Safety
:.Office, the OSU police, and the Columbus Fire Department "These
procedures will apply to the reactor fac111ty.

22:T EXPERIMENTAL PROGRAM

The expernnental program of the Ohio State University Educatlonal
Reactor will be conducted at essentially two levels, undergraduate
and graduate. The.-undergraduate-instructional program, ¢onsisting
of regularly scheduled laboratory periods, will be conducted by -
faculty members: from.the various cooperating:departments.in the
College. of Engineering and the College of Arts and Sciences..

The graduate program will be carried out at a higher level of in-"
struction and more freedom of reactor time will be given to the
individual students. It is anticipated that much of the actual work
in the original checkout of the characteristics of this reactor, after
‘the reactor has-been turned over to the Ohio State University by
Lockheed Nuclear Products; will-be done by graduate students from
various departments,

Followmg is a list of proposed experiments to be performed w1th
the Oth State Un1vers1ty Educatmnal Reactor.,A .

2, 7 1. Reactor Safety Procedures

Th1s experlment is'to fam111ar1ze the students with reactor radiation
safety instruments and procedures, The students will locate and
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- diagram the location of the reactor experimental facilities, scram
buttons, survey instrument storage area, fire fighting equipment

and alarm, telephones, and area monitoring stations. In addition,
they will use a beta-gamma survey meter, a neutron survey meter,
and a Cutie-Pie survey meter to conduct a ‘radiation survey of the
reactor area, From data collected, they will plot isodose curves
and calculate maximum permissible working times at various
positions in the reactor area for various power levels of the re-
actor,

2.7.2: Neutrbn Detectdrs and‘Reéctor"Instruments

This experiment is to familiarize the student with neutron detecting.

_.devices used in reactor control and evaluatioh and with the electronic

circuits necessary to apply them to these ends. .The éxperiment is
primarily directed toward the operation and chapacteristics of the

BF g counter, the compensated ionization chamber, and associated
electronic circuits with which the student has probably had no pre-

.vious experience, namely the logarithmic amplifier and the period-

meter. These instruments will be set up 1ndependent from the.
actual control of the reactor.

2.7.3 Reactor Operation and Control

The student will study the control and safety mechanisms of the
OSU Educational Reactor and become familiar with its startup and
operating procedure. The student will study the operation of a
control rod set up apart from the reactor. The student will learn

_the location and function of each 1nstrument on the control console.

The student will learn the actual startup. and shutdown procedures
used with the reactor,

2.7.4 Control Rdd Calibration

The student will cal1brate one or more control rods by perlod
measurements and rod drop measurements.
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- 2,7, 5 F011 Activation and Flux Mapplng :

“In th1s exper1ment the student- w111 be mtroduced to the techmque
of flux measurement-by foil activation and will use this technique .
in mappmg the flux dlstributlon in various parts of the reactor, :

2.7.6 Reactor Power Callbratlon

The student will measure the thermal flux d1str1bution in the reactor
core and from this will determlne the reactor power,

B '2 7.7 Diffusion Length of Neutrons in Water

" In‘this. experlment the student W111 ‘measure the diffusion length
' of thermal neutrons in-water, using the Bulk Shielding Facility.

2.7, 8 ‘Determination of Perm'i.'Age

: In. this exper1ment ‘the Perm1 age for. thermal neutrons in: graphite
will be determined.- oo : .

2,7.9 A»lbedo‘Determinat«ion,.

- The albedo of graphite will be determined in this e;cn,eriment,

"2.. 7 10 -Absorp'tion. Gross ~Se:ction Measurements ) S

‘In th1s 'expertrnent an absorption Cross section will .bc rne'asured

both by the method of activation analysis and the danger coefﬁment
method the results will be compared. : -

2.7.11 Absorption Cross Section Measurements by the Pile Oscillator

The student will use a pile oscillator to determine the neutron ab-
sorption cross section.for certain materials. -.

¢
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-investigated. The student will determine the replacement length

iy

2.7. 12 Delayed Neutron Periods .

In this experiment the student will measure the periods and relative
percentages of the delayed neutrons from V 235 fission.

2.7.13 Reactor Shielding -- Reduction of Neutron Dose Rate

In this experiment, -én ihve'stigation will be conducted into the rel-

“ative stopping power, for neutrons, of various materials that

might be used for reactor shielding. - In the course of this investi-
gation, certain physical characteristics, such.as relaxation length,
buildup factor, and effective removal cross section for the proposed
shielding materials will be determined.

2.7.14 Reactor Shielding -- Reduction of Gamma Dose Rate "

This experiment is very similar to the experiment described in
2.7.13, except that gamma radiation will be the type of radiation

o

for several proposed shielding materials.
2.7,15 Reactor-Shielding -- High Energy Capture Gamma-Rays

This experiment concerns itself with the measurement of the in-
tensity and energy of those gamma-rays emitted when a neutron
is captured by a nucleus composing the shielding material. A"
spectrum of the gamma radiation in the energy range from 2.5 to
10 Mev . ensuing from the n, process is to be obtained. '

2.7.16 Reactor ‘Shielding -- Cloud Chamber Observations

.. This experiment is to provide a visual observation of the very com-

plex problems arising in the shielding studies carried out quanti-
tatively in experiments 2.7.13, 2.7.14, and 2.7.15.
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3. REACTOR BUILDING AND SITE DESCRIPTION

This section contains a description of the location and construction

~of the reactor building and a discussion of the site, including util-
.ities available, population distribution, chmatology, and geological
cha,racterlstlcs.

3.1 LOCATION

The OSU training reactor will be located on property owned by the

Ohio State University west of the main campus. Figure 2 shows

a scale plot plan of the site and some of the surrounding buildings.
This site is to be used principally for research and development
programs conducted by the University.  Aerial photographs of the
location are shown as Figures 3, 4, and 5. A map of the sur'round->
ing territory with 1/2, 1, 2, and 5-mile radius circles sketched

» in is presented as Figure 6; property owned by the Un1ver51ty is -
. indicated by the cross-hatched areas,”.. -7 = . .

3.2 -.CONSTRUCTION OF BUVILDING

The Reactor Building is a 48-foot by 62-foot steel framed structure

" with insulated metal wall panels and built-up roof. The ground

" floor is a concrete slab on grade. The second floor slabs are con-

* crete supported on steel beams. . Elevated platforms are checkered

. plate supported on steel beams. Interior partitions are plasterboard.
. Sanitary facilities and water service are provided. Floor drains

. provide for drainage. A forced warm air system heats the building,
The electric service will be 120/240 volts, three-wire, single-phase;

240 volts, three-phase; and 120/208 volts, four-wire, solid neutral
for lighting -and power, - »
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3.3 UTILITIES

The reactor building area is serviced electrically by the Columbus
and Southern Ohio Electric Company via 13, 800 volt-ampere lines.
The area has an electric failure probability of 0. 2 failure per year.
Water is supplied by the City of Columbus by piping distribution
from its treating and pumping plant located 2. 2 miles south by
southeast of the reactor site. Fire protection for the area is main-
tained jointly by the Clinton Township Fire Department, located

1.2 miles away, and the City of Columbus Fire Department. Police
protection is handled internally by the OSU Campus Police and ex-
ternally by two township constables.

The reactor site is located about 780 feet above sea level, The
site is drained by seepage to an underground water table which
directs a flow 1.1 miles in an easterly direction to the Olentangy
River, shown in Figure 6. Both rivers join at a point about 2, 5
miles from the site and flow past the City of Columbus in a direction
due south. The City of Columbus water-treating plant is located on
the Scioto River 2. 2 miles south by southeast of the reactor site
and uses water collected along the Scioto basin which flows in an
easterly direction towards the treating plant. These data show
that contamination of the City of Columbus water supply by water
drainage would be impossible. The next major town using water

is Circleville, located 30 miles south of Columbus, as shown in
Figure 7.,

The ground water level is approximately 45-50 feet below the sur-
face of the site. Detailed information is contained in Table I.
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TABLE I.

GROUND WATER LEVEL DATA *
OBSERVATION WELL Fr-10

LOCATION

Ohio State University farm, 200 ft. west of Kenny Rd., 600 ft..
south of Ackerman Rd., 6,000 ft, west of the Olentangy River,
Clinton Tp., Dublin quad., T: 1 N., R. 18 W,, lat, 40° 01' long.
830 02', elev. 775 ft. above m.s.1.- -

DESCRIPTION

Unused drilled well, property of Ohio State University, dia. 4 in.,
depth 75 ft. Gravel aquefier, Measuring point at floor of instru-
ment shelter, 4,0 ft. above land-surface datum, Observation.by
period measurement from March 1944 to December 1948 and by
automatic recorder from December 1948 to the present,

'REMARKS

Daily fluctuations of water level in this well show the influence of
atmospheric pressure. Annual fluctuations are in response to re-
charge apparently at some distance from the well, .The lack of
recharge is clearly shown in the hydrograph for the years 1953
and 1954, in fact, the trend was almost continuously down during-
the period. Both the highest and lowest levels were below those
of previous years of record. ~ ‘




Comparative water-levél data for well Fr-10

(in feet below land surface)

* Date

Date

Year High Low
1944 43.2 May 24 46. 4 Nov. 23, 29
o Dec. 6, 13 ‘
1945 42.5 duly 11 46.5 . Jan, 31°
1946 42,0 " Apr. 10-- 44;6 Jan. 3
1047 39.2 May 21, 28 44,0 Jan. 2
1948 38,6 Apr.- 14, 21 44,0 Dec. 1 :
1949 38.7 May 1 - 44,2 Dec. 24, 25
1950 39.5 Apr. 24 44,1 " Nov. 12
1951 37.8 Apr. 13 .  44.3 Nov. 5, .6
1952 - 38.4 Apr. 28 44,4 Dec. 19
1953 43,4 ‘May 31. 46. 6 - Nov. 28
1954 - 45.9 7 ¢ -May 7,16, 20 48.2- - Oct. 7

* State of Ohio, Department of Natural Resources; Division of.
" Water. . Bulletin 29 (July; 1956).

The reactor site will be connected to the City of Columbus closed
sewer’ system through the Ohio State: Umversny sewerage network
‘with proper momtormg devices installed at the site to prevent con-
‘tamination of the sewer system with radioactivity. - The sewage
from the reactor site flows in a closed system to the City of -
Columlbus Sewage Plant located 5.9 m11es south- by southeast
from the reactor site shown in Figure 9 Lo

' 3 4 " POPULATION DISTRIBUTION

A study of these maps and photographs shows that the territory
within a 1/2-mile radius of the reactor site consists largely of

University-owned farm land and some industrial buildings. There '

* is'no land available for new enterprises. Only a small portion of
the circle on the west side is taken up by one or two-story resi-
dential dwellings. The residential and industrial population
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statistics are given in TableS'II and HI, .-

One point of interest is the concéntration of about 80, 000 people .
on five or six Saturday afternoons during the autumn quarter in the .

OSU Stadium located 1, 3 miles from the reactor site.

TABLE II

RESIDENTIAL "POPULATION: DISTRIBUTION
(Reference Figure 9)

Est. Reéidential

T ; Population
Region . 1950 Census
1/2-mile radius 200 -
1-mile radius . 2600
2-mile radius - - 16000

_TABLE Il

-.‘Density‘,‘ Av,

12,53

Area Population
Sq. Miles .r.ijq. fMile
0.785 - . 260
3.14 820 . .

1280 © .

INDUSTRIAL POPULATION DISTRIBUTION-‘.‘ :

1/2-Mile Radius

Company

OSU Building

Alexander Smith Rug
Simmons Mattress

Buckeye Telephone and Supply
‘Scott Viner

Fishel Construction
Allis-Chalmers

Total

No. of Employees

250
27
360
- 36
120
150
60

1003




1/2-Mile - 1-Mile Radius

Company

Suburban Motor Freight -
National Heat Treating Service
Buel Gatterdam Co. CE
Kight Construction .
Hutting Sash and Door Co."
Fifth. Avenue Florist

Greybar Electric
Allis-Chalmers

McCune and Co.

Ohio‘Furnace Co. .-
Bituminous Coal Research
Ohio Plate Glass Co.

‘Ohio Machinery Co. -

- Livingston Seed

Lambert Jones Lumber
Lennox Furnace

J. I. Case »
John Deere Plow

‘National Electric Coil

Total

Av. /Sq. Mile

56

No. of Er_nployee's ‘

- 150
25

8

7

40

8
.30
60
8
16
© 25
24
53
35

8
460
34
74
500

1565

620
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TABLE IV

U. S. DEPARTMENT OF COMMERCE
WEATHER BUREAU

A
\

LOCAL CLIMATOLOGICAL DATA

WITH COMPARATIVE DATA

1957

COLUMBUS, OHIO

NARRATIVE CLIMATOLOGICAL SUMMARY

Columbus is located in the center of the state and in
the drainage area of the Ohio River., The airport is
located at the eastern boundary of the city approxi-
matély 7 miles from the center of the business district.
The .ground elevation of the airport is 815 feet above
mean sea level,

Four nearly parallel streams run through or adjacent

to the city. The Scioto River is the principal stream
and flows from the northwest into the center of the
city and then flows straight south toward the Obilo
River. The Olentangy River runs almost due south and
empties into the Scioto just west of the business .
district. Two minor streams run through portions of
Columbus or skirt the eastern and southern fringes of
the area., They are Alum Creek and Big Walnut Creek.
Alun Creek empties into the Big Walnut southeast of the
city and the Big Walnut empties into the Scioto a few
miles downstream., The Scioto and Olentangy are gorge-
like in character with very little flood plain and the
two creeks have only a little more flood plain or bottom
land,

The narrow valleys assoclated with the streams flowing
through the city supply the only variation in the micro-
climate of the area. The city proper shows the typical
motropolitan.effect with shrubs and flowers blossoming
earlier than in the immediate surroundings and in retard-
.4ng light frost on clear quiet nights. Many small areas
to the southeast and to the north and northeast show
marked effects of air drainage as evidenced by the
frequent formation of shallow ground fog at daybreak
during the summer and fall montbhs and the higher frequen-
cy of frost in the spring and fall.

The average date of the last freezing temperatures in
the spring, within the city proper is April 16th and
the average date of the first freeze in the fall 1is
October 31st, but in the immediate surroundings there
is much variation; for example, at Valley Crossing
located at the southeastern outskirts of tbe city, the
average date of the last 32 degree temperature in the
spring 1s May 2nd, while the average date of the first
32 degree temperature in the fall is October 12,

The records show a .high frequency of calm or very low
wind speeds during the late evening and early morning
hours, from June through September. The rolling land-
scape 1s conducive to air drainage and from the Weather:
Bureau location at the airport the air drainage is
toward the northwest with the wind direction indicated
as southeast. Air drainage takes place at speeds
generally 4 mph or less and frequently provides the
only perceptible breeze during the night.

Columbus is located in the area of changeable weather.
Air masses from central and porthwest Canada frequently
invade this region. The tropical Gulf masses often
reach central Chio during the summer and to a much
lesser extent in the fall and winter. There are also
occasional weather changes brought about by cool out-
breaks from the Hudson Bay reglon of Canada, especially
during the spring months, At infrequent intervals the
general circulation will bring showers or snow to
Columbus from the Atlantic. Although Columbus does
not have a "wet" or "dry" season as such, the month

of October has a higher frequency of light rainfall
than any other month and comes closest to providing a
normal dry period.
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Jan. 33.31 18,2 25.81 57 21 -7 17 1211 1.94] 0.56 $-10 ! 10.2. 4.8 ! 6-7180 | 80 70:78 9.0! SSE! 35 NWi 23 28 8.4; 3 4 24 |18 2 0} 3 ;0 |14 ?39 2
Feb. 44,7} 28.2|36.5( 73 25 13 20 792 1.87; 0.89 3.0 1.9 , 5181 ' 84 70 76 | B.9 NNW! 34 5v: 14 38 i8B.1 2 7 19 /13 1.0, 3 ! o ¢ ;22 ! 0
Mar. 50.7: 30.7| 40.7{ 74 13 14 3 745 1.614 0.46 25 3.4:3.3 { 8:73 764 52,63 !10.1] wNw, 34 ¥. 18 50 ;6.5 8 7 16 | 14 140 ¢ 1 o g 0 118 o
Apr. 64.4| 43.7 | 54.11 87 27+1 23 13+ 379 5.70( 2.37 3- 4 0.8 8 8:78 80+ 59 69 i 9.5| SSE: 45 sw S 50] 7.3 4 8 18| 14 o , 7,0 o [} 9 - 0
May 74.6'! 50.8 | 62.7| 88 13 32 8 138 5.41( 1.46 21-22 T : 4; 80 77 48,60 : 9.2 NNW: 48 w18 70} 6.3 9 :10 12,12 ¢ 11 170 ¢ -1 ' 0
June 83.6]61.0[72.3|97 |17 |49 | 3 9| 5.20]1.72 28§ 0.0 0.0 % 8 | 83, 35 62 | 7.7/sswi34 | sw|28 170!7.20 3 110 1715 0 111 [ 1,8 | 000
i g : : ! i :
July |87.5)62.7]75.1|98 |20 |52 |18 o| 2.98|1.25 291 0.0:0.0 | 82 | 84 48!53 ©oe.1| el 3 w29 71!5.4 6 |18 7l7lol7i1iwlao!lo!lo
Aug. 86.3; 60.2( 73.3} 95 31+ 49 € aQ 0.891 0.51 24-25 0.0 o 79 86! 44 51 3.8 ¥NNW. 30 Sw 3 771 5.8 3 18 8 8 01 41 0'20; 0! 0:0
Sept. | 77.8:54.9,66.3|95 | 1 |37 |27 73] 2.99|1.06 [12-13]| 0.0 0.0 ; 83 | 89: 54163 | 6.9|sswi29 | sw| 2 [62|6.4] 7 | 9 14f10, 0 3.1 2;:0"!'01i60
Oct. 61.8| 41.1| 51.5) 77 1 27 28 413 1.27] 0.91 23-24 T 126-27 1 79 84 53; 63 . B.1] NNW:' 26 NW | 24 50} 6.5 9 | 4 18 ] ] 04 2. 0 P o 4ato
Nov. 52.9} 33.8) 43.4| 69 18 19 10 640 3.23]1.10 18-19 T 30+ 78 80 61,68 | 9.4 SSw 47 SE| 14 521 1.0 6 | 6 18 8 [} 0 : 3 : 0! 0 ;12 . 0
Dec. 45.4) 28.1| 36.8 | 61 23 8 11 387 4.68;1.09 17-18 8.5 3- 483 82: 69175 ; 11.5] ssw; 43 SE| 20 441 7.0 6 8 171 14 1 oi{i o, o0 2 ; 22 i ]
o ! ! { H I - i I { : i
T : -
July Jan | April Dec. i i t May ! i ’ i H
Year 63.8| 42.8 53.2} 98 20 |- 7 17 5267 | 37.77} 2.37 3- 4] 25.98.1 3- 4} 80 82| 57' 65 8.5 NN'I 48 w| 8 56; 6.8| 68 |109 188 {140 5 43 ! 16 k14 18 ill7 I 2
i i s
NORMALS, MEANS, AND EXTREMES
T N Relative . g
Temperature - Precipitation N N Wind ﬂ Mean number of days
E
k] E - Sunrise T,
Normal Extromes H Szow, Sleet Elsi% 15 Festost mile | & ES to 5 ‘emperatures
§ 3 ERERCS RN 4818 2 sunset af E Max. Min.
I R et b : - 9 1% ]
: - ° 3 f i stalals |3 4 i 2588 €
85 8 2 el e 32|82 g 13 LR 83 A N i RIS EHC R IR S
al, B, 4 2% 148 ] f 83 53 i o .ag * ajaiaio §| ﬁ ~ig.a 23 TIEE vy T 9 elgxg
819 9(94| 2 85 3 |3 3| 5 -k gl 2138 313331 3135 31830 3 lsislslad &3 3 1535 (53 2182133 3 Bindia 2l
(A 8|4 Eo@d = €8 » | 2 | 2 [FE| > |TE 2 (sl o~ EIEAl > |28 S 2222 |E e8] S gz.sa.%od:qm_:ﬁ::@%nimjb
i i |
(a}| (b) ¢ (b) 79 79 (b) (b) 79 79 79 73 73 ! 73 18 (18 |18 [18 | 52 8| 55| 53 83( 681797979179 73;79 12! 79% 79} 79| 79
J {37.8 {21.8 |29.7 7411950 |-20 {1884 1094 2.94 {10.71 1937 [0.50 11944 2.92 1952 6.7 25.4 1918 11.9 {1910 81827176 | 9.8 ! Nw! 63| Nwl1938 38| 7.1 s 8|18 {14{ 21 %12 oli0!l 251
F (39.6 [22.8 31.2 73 [1957 |-20 11899 9486 2,27 | 7.65 {1893 0.43 1907 2.54 1891 5.2 29.2 1910 9.011914 |78 (81 |66 {73 | 9.9 NW! 58| 39 1946 441 6.d 6 8l14l12{1i1]12 Q 8{2211
N |49.5 |30.0 }39.8 85]1945 |- 111943 781 3.43 ] 8.09 1913 0.28 11910 3.26 1913 3.1 25.2 1906 9.6 11906 77 (77 .58 |66 |10.3 {WNW | 68 ' SW {1942 49 | 6.4 6 918 141 ;2|12 ] Jj1rl e
A [61.4 [38.9 (50,2 90 (1915 15 1881 444 3.44 | 7.08 1893 (0.83 11889 3.33 (1895 0.8 18.9 (1886 6.1 /1888 (77 {79 5563 | 9.9 [SSW| 76 w1920 i54 6.3 8 9113 {13 %1 4 " . . 50
M [72.5 149.1 |80.8 96 11895 28 [1947 180 3.97 | 9.59 1882 0.33 1939 2.50 1935 T 0.3 1923 0.3 11923 '82 79 155162 8,3] NW! 56 N¥w1925 88 5.7 9|12|10|12|0]| 8| * 1 0 sl0
J 182.2 (59.2 [70.7 |1021944 | 391913 i 4.33| 8.52 1302 [0.74 (1950 3.54 1902 c.0 0.0, 0.0 83 81 {53 |62 7.3 !SSW| 62 NW|1920 88 3.3 9|12 9112/0;8] ¢ 3 o 0|0
! ]
J i86.2 162.6 [74.4 {106 [1938 44 |1940 [\ 3.85 9,77 {1896 10.49 [1940 3.87 {1947 0.0 0.0l 0.0 84 183 152 (60| 6.8 S| 84 NW(1918 (71} 4.9 11 (13 7{11j0|8)|* 8 [} ol o
A 84,0 [60.8 |72.4 (103 1918 42 1887 8 3.21{ 7.16 1898 |0.33 {1924 3.71 1915 0.0 0.0| 0.0 ;84 86 (52 |63 ; 6.4 (NNW| 78 NW 1918 68| 4.9 11|12 8j10{0!8]|®* 3 0 o|o
S {78.3 [54.8 |66.5 (1001939 31 11942 89 2.91| 7.13 |1890 [0.42 {1908 3.91 1938 0.0 0.0, 0.0 838815085 ! 7.0 SE{ 51: Sw{1839 86| 4.7 12| 10 8 9!0;4]|* 2 ] |0
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UMBUS, OBIO

AVERAGE TEMPERATURE ' TOTAL PRECIPITATION ot coifiats st

Year | Jan. | Fab. | Mar, | Apr. | May | June | July | Aug.iSept | Oct. | Nov.| Dec. {An ). Year | Jan. | Feb. | Mar. | Apr. | May { June | July | Aug. | Sept. | Oct. | Nov. | Dec. {Annual
1906 {36.6}20.4/32.0,54,7,62.8,71.0{73.2175.7{70.0 $3.0,42.4132.7152.7 1908 1.98; 1.08! 4.58| 1.16| 2.47| 3.44| 5.27] 6.15| 1.59| 2.07| 2,57 3.33| 33.70
1907 (33.5127.2,46.8143.0.55%,7,687.2°'73.9 11.0186.7 50.0:40.2'34.8 .50.8 1907 5.73 .431 5,214 3.27| 3.35| 3.39| 6.07{ 2.74| 2.27| 1.59| 1.68 | 1.85| 37.58
1908 (30.0 29.6!04.5\51.7i8‘.0£70.8;75.8 72.7,70.4[55.6'42.8 34.3'33.5 1908 1.401 3.66| 6.03]| 2,75| 4.04| 2.13| 3.74| 2.34 42]1.20 .8411.591 30.14
1908 {32.8{36.2138.1'50.1(50.8,71.8,72.0 73.4164.1149.9 49.8'25.8 '52.0 1809 2.52) 4.97| 2.88{ 3.20| 4.65| 3.88| 3.34| 2.53| 1.81| 2.77} 1.66( 2.%8| 368.59
1910 [28.2]26.2 50.1]52.6,57.1168.4175.2 73‘4:61.6 57.8|37.0426.5;51.1 1810 5.11} 5.05 .28{ 2.52| 4.10( 2.93| 2.40 .42 | 2.68| 5.22 19| 2.31 | 34.79

! H
1911 [33.8 35,4!;3,3:49,013,3112,3 75.7{73.9°68.854.1 38.3:37.4 '53.8 1911 4.48| 1,71} 2.36{ 4.37] 1.13| 4.04| 3.20) 3.62| 5.98| 5.21 | 2.71 | 4.53| 43.43
1813 |18.32 23.4'34.2'53.4184.1:68,2 74.9;70.7 88.0'58.2'02.6134.4'50.8 1912 1.58} 1.53 4.58| 4.20] 2.65| 1.48| 3.50) 2.25| 2.83| 1.71]1.01| 2.34| 29.64
113 |38.8 27.2l40.8'50.4 61.7 71.8176.5175.4'65.4!54.4 43.8 35,3'53.% 1913 6.63| 2.09) 8.09] 3.91) 2.60| 1.56| 2.88| 2.10| 3.28| 2.05) 4.56 | 1.13 | 40.88
1814 |34.0;23.6 36.5?50.7‘63.8!72.8 75.9[74.0'84‘8|51.7 42.9'27.652.0 1914 2.21 3.70] 2.46| 2.48| 1.28| 2.03| 1.64| 4.78| 1.26 | 4.44 | 1.88 | 2,01 | 31.18
1818 {37.8 36.0[34‘0‘59.3 58.2;88.0 73.0‘68.2i68.0;58.7:44."31.0.51.8 1915 3.30| 1.52 1.19 85| 2.57| 5.08| .83 7.01| 4.43 941,87 4.13| 39.94
H P ‘
1616 {36.0'20.8,35.5/49.0'62.6'65.9 78.6'15.8363.9|55.2,43,4I30,6i52.0 1918 5.02} 1.47) 4,88} 2.33| 4.81| 3.49 66(3.22|1.54|1.84|1.58| 3.59 | 34.43
1917 120.8'25.8 40.4(49.8 53,2 67.8(73.6{72.4,63.B 47.5:40.3221.349.0 1917 3.74| 1.09; 3.59[ 3.15| 2.80| 8.29| 4.09| 3.10 55| 3,08 .18 1,31 | 33,94
1918 i15.8 31,2]45,2;19.4’88.2 88.7172.3 77.6;59.0'58.0'42.8 40.4'52.5 1918 3.51( 2.55{ 1.85| 2.80| 4.30| 1.25) 2,50 | 4.42| 3,18 2,09} 1.24(3.23| 32.93
1919 {33.1132.6!41.8;50.8:58.2.75.6{78.5i70.8:68.1 80.4'40.6'28.0‘52.9 1819 1.28| 1.27) 4.58 | 2.26| 5.19] 1.76] 4.93| 3.71 | 1.15| 5,33 4.2312.26| 37.95
1920 {22.2128.8'42.8 46.0:50.4 88.2:71.0 70.2‘81.2i59.8i40.8I34.0‘50.9 1920 32.64)1.12] 3.32| 4.51] 2.00| 3.79| 8.18 | 4.09| 2.29 | 1.81{ 3.45| 1.60 | 35.60
H : '
1921 |33.8 31.8|49,8]55.0 82.8(74.4|78.7 11.7!70.6 54.2.43.2.33.8'55.2 1921 2,191 1.90| 7.68| 4,11} 2,67 2.06} 2.20| 4.55(3.05)1.86( 3.50 | 3.74 | 40.49
1922 (27.2133.8;43.2,53.165.6.71.6:73.7!71.4 69.6!57.0 44.4;33.8‘53.1 1922 1.80} 1.58( 4.54| 3.05| 5.26| 3.14} 2.29 ) 1.94 | 2,68 1.561.57 | 2.69|32.10
1923 [33.8,20,.4137.8:49.6/59.871.9,74.8)71.8 60.9 52-2!‘2“!‘2-0‘52-‘ 1623 3.46) 23.5113.04) 2.12| 2.42|5.10| 4.09| 4.97|3.38|1.682.30|6.1241.18
1924 [26.0'30.2]36.4 51.2:55.4!69.0.71.4(73.6:61.4(58.7141,3:29.0.50.3 1824 | 3.85} 1.73| 4.26) 3.12| 3.43| 5.37| 2.98 .33 | 3.77 101 1.86 | 2.35 | 33.37
1929 [28.8|37.6,42.8(55.257.4(74.6{73.0(72.5 71.5i47.0 40.829.7 152.7 1925 1.48}1.77| 2.25] 1.88| 2.33|1.67|3.2712.37}2.21|3.71]3.40 73| 236.87
1820 [28.2]132.4(32.4 44.6‘81.7=81.4 74.2,75.2:67.5|54.0140.3'30.450.8 1928 2,521 2.93| 2,16 2.58| 1.42 .86 4.4716.135.77 4.5 ]2.22|3.03| 38.60
1927 {29.9]37.8144.0{50.9:60.4,65.8{73.7{67.7(70.3 59.0/47.1 32.8,53.3 1927 3.83}1.62({3.97| 3.80f 8.48|3.63/3.86|1.91[32.08}1.1816.19|3.55|42.18
1820 28.6!32.0{38.2]47.4.680.8'65.7(75.0]75.1 62.5'58.2144.0|35.4 52.1 1928 1.44) 2,281 2,79 32.92] 1.516.94 6.27}1.05 8012.85(3.322.07133.24
1020 [27.7120.2147.4(54.4 '59.7'68.7(74.2,89.5 86.3|53.1139.9 33.1,51.7 1928 3.5413.36{1.76(3.71| 4.55| 4.76]| 2.81 | 3.786| 2.28 (4.08 | 3.72 | 3.81 | 42.27
1830 |29.2(40.4|38.8 5‘.2{8‘.4'72.0 77.0{73.0 69.0{53.8 43.6(31.8 53,9 1930 | 4.86 | 3.45| 2.13{ 1.28| 1.04|1.25]| 1.28|2.45|1.03 70|1.31 80 | 21.60
1831 }33.0(36.8{37.3 51.7!59,8§72.5 78.6(72,8|71.4158.2151.441.1[55.4 1831 .88 1 1.5411.,34| 4.38| 2.96]2.30] 4.686 | 4.80(3.34|2.41}3.643.29|35.54
1832 [40.2{39.8(34.6150,0,83.3,72.5174.8]74.6(67.8154.6/41.0132.653.8 1932 4.38 .88 (2.20(1.78 .79 4,381 4.31 .7111.52(3.9972.07}3.05|30.03
1833 [38.6{32.4j39.4(51.9 8‘.7]78‘1 76.5;73.4,70.4 53.6,40.,8{35.8 54.4 1933 1.3611.37] 5.44| 3.13] 8.85}1.71 85(23.07;4.45[1.20(1.02|2.45]32,02
1934 [34.0(22.0;37.2[31.0 68.2'71.9!80.2 73.2[08.0'58.0 47.0131.8{53.7 1834 1.16|1.1812.20( 1.24 .60 2.74 [ 2.94(4.13123.368 .28 .92 11,304 22.03
1935 [31.2(32.4|47.8}49.1 58.01069.2(78.2{74.4 66.0!55.0 43.9I26.2 52.6 1835 1.50(1.39{2.81|1.88| 4.71 | 2,401 4,83 | 6.61 |2.80|1.26 |2.84 2,32 ]35.3%
1936 [2J.8]24.4142.8 47.2‘83.5‘12.0 79.0|77.8,70.8|55.5138.337.0153.0 1938 1.26| 2.87( 3.10| 3.17] 2,34| 2.23( 1.80| 4.84| 3.29| 3.41] 2,95} 1.79{ 33.18
1837 [37.8(32.3!36.0{51,1,62,5171.6175,1/76.6'865,052.6 40.231,0152.7 1837 (10.71 .87{ 1.56| 3.16| 3.28( 6.71| 3.91| 2,88 2.45| 3.41| 1.02| 3.00| 41.87
1938 [31.2({38.1]47.0(54.4.83.270.1176.576.867.4/57.1 [45.4134.8(55.2 1938 1,11} 2,731 4.32] 3.07| 4.82) 1.98| 5.22] 3.32| 5.40 70| 1.84| 1.04| 35.85
1939 33.333.0[42.4{48.4168.2(74.4!74.6/74.8.72.4157.2 42.1.35.8 134.8 18239 3.17] 3,92 2.41 4.62 .331 6.06| 2.55 .49} 1.39| 3,17 1.08| 1.20| 30.37
1940 [17.8{31.9(37.6[47.8,59.2(72,8]76.4(76.1 84.8'56.9 41.8{38.8 [51.7 1940 1.44] 2,98 2,65 6,31| 4.85)| 3.79 .49 2,37} 1.55] 1.38| 3.64| 2,72 | 33.87
1041 [31.6(28.0134.8(98.0:65,2{73.0{77.4(73.9(70.850.7 [43.1[38.254.7 1941 2.0% .64 .81) 2,32( 2,47 6.30| 2.85| 2,96 1.82| 4,86 1,31 1.78| 29.47
1942 [20.4128.6(43.6(53.5184.2(73.3]76.8173.2(686.4 [57.444.8(29.1[53.5 1842 1.24| 2,114 2.59| 2.24| 3.41| 2.95| 2.57| 2.87{ 2.83] 1,081 3.08| 3.28/| 30.33
1943 [32.0133.0/38.147.0 63.4|76.6,76.2(74.6164.6)54.3 10.6'30.6 52,68 1943 2.03] 1.48( 4.57| 2.89] 4.33| 4.19} 7.05| 1.78 23 931 1.15 81} 32.08
1944 [33.9(3%,2(37.8;50.8.60.4(73,5:77.3!76.0(67.0(55,3.:43.8/27.8 !54.1 1944 .50 2.05} 5.41) 3.79] 4.51| 2.30( 1.99| 3.68} 1.35 251 1.54] 3.331¢ 30.980
1043 |23,732.8,51.4[54.3/58.0(69.9(73.5(73.8,70.0,54.0i44.2,26.6 [32.7 1945 .83] 3.14| 8.08| 5.52} 3.86| 3.24| 4.84| 1.87| 2,71 | 2.11{ 3.01} 1.66 | 40.987
10406 |332.2(24.2(52.6(32.2160.2:70.675.0]69,1167.6 159.6 {48.0(36.8 [54.8 1848 .78 3.21| 3.31( 1,72} 4,31 7.25} 3.95| 3.58{ 1.02| 2.20| 2.76 | 1.98 | 38,07
- 1947 |35.8[24.0(34.652.0150,4(70.4(71.0(78.4,08.0'64.2140.5 [33.4 [32.7 1947 4.73 .51 1.07]| 5,30] 4.94| 4.14| 6.24| 3.64{ 3.67 | 1.59| 1.76) 1.44| 39.13
1848 |22.2(32,644.2(56.0(61,0(72.477.0174.4168.8 ;52,6 |48.0(36.5 |53.8 1948 2,16} 2,75]| 3.86).4.39]| 3.34) 3.94| 5.25| 2.31{ 2.35) 1.8 3.99{ 2.24 | 38.46
1949 |37.4(38.0(42.0(50.6164.6(76.0!79.3]75.4(62,3 60.9 43.8|37.1 135.8 1949 6.741 2,53 3.03| 2.84] 2.05| 4.47( 3.24| 2,371 2.86|1.31|1.21] 2,37 | 35.02
1950 |40.4(33.6|37.5(46.4 '84.4(70,4173,9]72.1166.0:59.9:38.1 [26.7 ;52.5 1850 6.86)3.2211.31|3.80{ 1.15)1.85} 2.96|3.5212.3111.58]| 4,92({3,04] 38.62
I
1951 [22.4132,3141.01{50,1'04,8170.8(74.271.8 84.4'58.5 36.7 131.8 [52.3 1951 3.80]3.05)3.92| 2,94} 3,71 ] 4.43) .99 .58 13.00)1.36)4.425,07|37.27
1952 135,1134.5:39.9,51.9 60.8 74.5{76.9173.2165.7 48.6 143.3 {35.3 [53.3 1952 5,99 2.31)3.95| 4.07| 4.33| 2.75| 3.01 | 1.87 | 2.49 .81 11.08/|2.,58)35.25
- 1053 [35.3(35.7142.5(48.2 64.9173.775,573.2) 66.2]57.2 43.6 134,0 |54.2 1953 4.8311.41)1.4812,32]| 3.05|1.79| 4.80| 2.82| 2.12 .59 1 1.43{1.88 | 28,43
1854 131.839.0]37,8{57.4 [57.7 ;73.9,74.472.31690.0156.1 42.5 (32,3 [53.6 1054 2.92| 1,78 2.82| 3.77| 2.5%6] 3.271 3.26| 5.18 .74 15.2411.08)1.691{34.21
1953 128,5132,1/41.4]50,863.8166,8(79.0{77.269.2{55.2|39.9{30.1[33.3 1955 1.44| 3,73 3,63] 2.09) 3,56} 2.63|4.77| 2,38} 2,60 )1.95| 3.38|0.46) 32,71
1856 127.7(35.0(30.5({48.5(61.3(71.1{73.8{73.2!63.459.4[43.1 [40.8 |53.1 1938 2.13| 4,93 3.49| 4.08| 4.85] 3,221 4.92|2,2371.,37(1.15]|0.87}3.21| 35,83
1057 |23.8:36.5{40.7]54.1(62,772.3(75.1]73.3(66.3(51,5143.4,36.8 [53.2 1857 1.94| 1.87| 1.61| 5.70] 5.41| $5.20| 2.98| 0.89{ 2,89 | 1.27} 3.23 | 4.68 37.77
RECORD
REAN RECORQ
« TEMP 30.0(31.4{40.3151.3|62.2|71,3(76.4(74.2]67.9|56.1|43,0(33,2]52.7 MEAN 3.01| 2.55| 3.32) 3.07} 3.30| 3.48| 3.81| 3.13} 2.51| 2.35| 2.63| 2.63] 35.77
MAX - {37.2/39,1]49.0}61,0{72.3|81.3(86.7(84,3}78,3(66.0{50,9;40.1(61.8
WIN 22,7|23.8|31.5]41,5{52.0)/61,2]66.0,64.0|%7.4(46.1{35.0{26.2[43.8

MONTHLY AND SEASONAL DEGREE DAYS '

Season July | Aug.|Sept. | Oct. | Nov. | Dec. | Jan. | Fab. | Mar. | Apr. | May | Juce | Total - Season July { Aug. | Sept.| Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | June | Total
1908-1908 [} ] 40| 354 732| 954 | 880 1024 11024 318 170 15| 5511 1935-1936 [} 20 61| 320| 632(120111278{1178| &56| 545 104 8 8001
1908-~1907 [} o 22 3761 67911001 | 977 [1058 | 580 | 664 | 306 56 | 5719 1936-1937 o 1 53| 308 800 870| 842] 916| 882| 416| 150 1] 5244
1807-1808 2 4 64| 474 746 ] 941 (10861026 638 | 410/ 168 26| 5585 1937-1938 2 0| 110| 408| 7441105411048} 754| 562| 338| 136 2 5156
1808-1809 o 0 44) 300 664 952) 998} 808 | 834 | 453 200 4] 5255 1938-1939 [} 0 57| 258( 592 934 920 871 704 506| 109 8 4860
1909-1810 7 o 112} 468 | 46212131138 |1085 | 484 [ 378 | 266 89| s702 1939-1940 2 0 21; 288| 686| 904|1464) 960| 850| 514! 226| 15 5930
1910-1811 o 4 35| 272 84011193 | 975 | 830 | 828 481 ( 110 2| 5570 1940-1941 8 61 104 283} 694| 812(1036|1018 | 936| 247| 118 7 5250
1911-1912 5 8 27} 338 8021 85614201205 954 | 359 | 102 28| 6104 1941-1942 o 3 26) 214| 594 833}1103|1018} €61 325{ 138| 17 4832
1912-1812 ] 17 81| 294 672| 948 | B72,1060| 748 448 | 154 47 | 5341 1942-1943 [+ 8| 133| 246 607]1109[1026| 897 ] 833| 540 126 8 8533
1913-1914 [ 2 103| 358| 576G | 915| 96011162 | 882 | 453 | 145 19| 5575 1943-1944 1 4] 111} 339| 734{1068| 962| 864 | B54| 428 48| 10 5422
1914-1815 1 ] 101 | 248} 663 (1160 (1150} 812 960 318 | 216 26 5655 1944-1943 o 6 53} 318| 637({1155}{1283| 903 | 432| 332| 241| 36 5414
1915-1816 2 35 70| 265| 61811052 B9B {1108 | 818 | 460 | 144 46 | 5616 1945-1946 7 3 31| 347| 623{1192|1016{ 862| 390 390 169| 28 5058
1916-1947 [} 2 1241 330 6461074 {1090 11096 | 762 | 481 | 341 38 | 5984 1946-1947 0 23 35} 187| 516] 881 | 9041147 | 943| 352} 218 23 5269
1917-1918 1 8 78] 546} 741113541523 | 948 ; 614 470 64 18 | 6365 1947-1948 7 0] 112 88| 733 9831324 939| 648 306 155 3 5298
1918-1918 10 [} 202| 226 666 763 | 989 | 908 | 721 | 432} 230 0} 5146 1948-1249 [\ 2 45| 380| 510 885 855| 758} 711 429] 111 7 4693
1919-1920 o 10 38| 198 7321208 1326 :1052 | 689 | 572 | 209 46 | 6080 1949-1950 0o 1| 130| 187) 636| 867 761| B882| 894| 555 94| 19 | 5028
1920-1921 E] 14 441 203} 732 960 | 968 | 849 | 478 | 320 162 14 | 4749 19506-1951 [+] 3 68| 182} 8061117611003 809! 734 | 464 99} 13 5457
1921-1922 ] 4 16{ 334 | 652 | 966 11172 | 874! 678 | 370 56 4} 5126 1951-1952 [ 8 94| 297 843;1023| 918 878 771} 398/| 156 7 5393
1922-1923 L] ) 38| 286( 618 | 972 969 :1080{ B42 | 462 (| 208 35| 5523 1952-1953 0 5 67! 505| 845 913} 915! 817 891 | 500 19 9 5146
1923-1924 [ 19 71} 400, 678 714:1209 1008 | 887 | 412 | 312 33| 5742 1953-1954 ] 3 75| 254| 638, 95571024 | 724| 836| 261 | 258 23 5051
1924-1925 14 4 146 208 7101114 1121 | 768 | 690 320 | 270 4 | 5389 1954-1955 ] 4 33| 346| 6681008 |1127] 815 728] 243 105]| 40 5217

i
1925-1926 2 0 | 28| 557! 726 1094 11140 | 914 | 981 610 | 161 40! 6253 1955-1956 [ [} 29| 302] 748[1075]1152| 845 786] 495 188| 42 3660
1926-1927 4 o 64| 378 ) 741110741088 | 761 | 652 ) 432 | 193 76 | 5461 1958-1957 o 8| 114| 173| 851 745{1211| 782| 745] 379| 138 9 4963
1927-1928 3 24 50] 220 538 998!1097 958 | 829 536 | 180 63 | 5496 1957-1958 0 [} 73] 413} 640] 867 °
1928-1929 0 [ 1591 259 | 630 B86 11158 1086 | 555 | 343 | 234 44 | 5354
1929-1930 4 18 96| 368 | 752 | 988 1112 | 688 . 818 | 361 | 3124 24 | 5353
1930-1931 3 4 38| 382 644 1034 991 | 790} 858 | 407 | 207 27 | 5385
1931-1932 [} 2 37| 241 ] 414 741 766 | 736 | 9441 454 | 128 6 | 4469
1832-1933 [} 2 58| 324 721:1007 | 820 | 914 1 793} 401 94 27 | 5161 -
—_ 1933-1934 0 0 221 357 | 734 | 912! 960 1202 | 864 | 420 90 0 5561 ‘
1834-1935 V] 8 36 | 282 539 1034 [1U46 | Y14 | 532 | 480 | 236 J8 | 5145

’
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MONTHLY AND SEASONAL SNOWFALL

COLUMBUS, ORIO
PORT COLUMBUS AIRPORT

1057
Season July | Aug.|Sept | Oct’ Dec. | Jan. | Feb. Apr. | May | June | Total Season ~ | July | Aug.|Sept.| Oct. [ Nov. | Dec.| Jan. | Feb. | Mar. | Apr. { May | June | Total
- 1.1|5.4[5.0125.3 o | r | o |3e.8 1935-1936 of o of o 1.1]09.8012.1]|9.6]/3.8[0.2} 0 o 35’8
::8:-::33 g g g o?z 6.5/ 5.2(3.5 zz.s 1.5 o | o [19.7 1936-1937 of o of o[3.6/3.8|4.2/2.3]23[ 7] 0] o0 15,2
1907-1908 [+] 0 '] T 2.9/ 3.0|4.2;1.6] 2.4 0 [ 13.8 1937-1938 [ /] 1] T 2.4]11.9|1 2.9! 3.4|2.1 T ] [} 13.7
1908-1909 o] o] o] o 0.2113.4/1.310.8[0.4| T | T [16.2 1938-1939 0 ol o] o|1.7[0.3/6.9{9.2] T |02} 0| o [ 18.3
1909-1910 ojJo| o] T 11.0/24.320.3| T | 3.2 o | o |67.8 1939-1940 of o o T 3.1 8.5/10.4( 4.3[ 0.4] T | 0| 28.7
1910-1911 o] of| ofo.s 7.313.7|0.4|3.4f2.5[ T | 0 |37.4 1940-1941 of| o] o 0|03 o01|e6.4f3.2[/08] 0] o] o} 106
1011-1012 ojof| ol o 4.4)08.9[10.1[7.4{0.8] 0 | o |a34.8 1941-1942 0 ol o] o003 r|2.8([06|2.2] T] 0] 0 4.9
1912-1913 ojo| o] o 1.3[se|e.6l1.0f{ 1| 0| o [15.7 1942-1943 0 o| o| r| 2080|535/ 1.1]44/08] 0| 0} 21.8
1913-1914 of o] ol 7 o0.s{7.6f19.8]4.2/0.5| o [ o |30.9 1943-1944 0 o| o v|1.2/03] r]|8.8|3.2[01] 0| o] 13.6
1914-1919 ol o| o] o 6.0f17.8|1.2f/0.6] T | 0 | o |25.8 1844-1945 0 ol o] o 4.2/ 8.0/ 0.8 T o | o | 108
015-1016 o]l ol o] o s.1{1.8|7.1110.813.0] o | o |27.5 1945-1948 o o o] oflo4a|7.7/21]03] T 023] 0| 0 9.9
1910-1911 o]l of o] o 13.315.4[4.0] 4.3 0.3} 0o | o |37.7 1946-1947 0 of o| of o|2.4|1.7(s5.4(3.3f o | o] 12.8
1917-1618 ol o| o o.e 14.5[35,4(1,110.2]1.8] o [ o |43.9 1947-1948 0 o] o] o|o.4[8.2/21.2[6.7|/08] 0| 0o | o | 25.3
1918-1919 o/l o| o} o 0.8|0.4[1.8{0.2 o| of 3.2 1948-1949 0 of o] of| |35/ 4.8/01|2.7] T ] 0] O 9.8
1919-1920 o] o o] o s.4j12.5(%.4|1.8]5.4] 0 0 130.5 1949-1950 0 ol o] o 0.3[0.1}2.0(0.7f0.2[ T | 0 3.3
1920-1921 ol of o} o 3.3|1.3{¢3] 1 {0.3] 0| o t17.3 1950-1951 ol of o o f14.3{7,1f3.8]46[3.4] [ 0] o/ 33.2
1931-1922 o]l ofl o] 41]|3.4|as|aaf v} o} o ids 1951-1952 T 0 0 T I 0na s 2 ¢IT T3 T [ 6 o 3.7
1922-1923 ] [ (] [] 2.1/0.9]|9.0]|3.35 T (0.3 0 {18.8 1852-1953 [} o [} T | 2. 3.616.7],0.8|3.9!4.5 [\] [1] 21.8
1923-1924 ol of| o} o 0.3(2.8{5.3|/2.4|2.0f{ 0| 0 |11.8 1953-1854 0 of o| o|3.0;3.3{4.5[35.7/55/00] v [ 0| 24.0
1924-1933 ol of o o 2,011,304 (22| v | 0| o |18.8 1954-1855 o of o ]|o.2|[1.0fj1.5|7.1f7.7|3.9 o| o | 23.3
1925-1926 o| o o |a.0 1.2p1.0]6.1]|6.5]1.8] 0 o |30.3 1855-1856 0 4 0 T3 2.011.4| 0.8f7.6] 0.6} 0O [} 28.4
1926-1927 ol of{ o} T 3437|488 T 1] o0 o |13.0 1956-1857 ol o} o o2 5.0{10.3] 3.0{ 3.4/ 0.8} T | o 25.3
1927-1928 ol of{ ofo 0.8/1.7]13.7(1.8[0.1| 0 | o [10.2 1957-1958 ol of of T 8.3
1098-1029 ol of o] o * [7.7hoalod| T | T | 0 |18.4
1928-1930 ool of o 7 ho7|4.0f{0.7|4.0| T [ 0o | 0 |20.4
1930-1931 o oo 2.0/1.4{2.8{38.3| ) 0o | 0 {12.2
1831-1833 o|l ofjofo v | T ]o4|l27| T | 0| 0 52
1933-1933 o|l o] o] o e8|o0.a|27(33|[ | o] o {13.0
1933-1934 ol o] ofo 7.8/3.1h3.3(6.8l0.8] o | o [33.4
1934-5935 n|l o]l ofo 3.0/2.6[1.7] v |os| o | o | 7.8

The horizontal lincs drawo op the Average Tomperature, Total Precipitation, Monthly and Seasonal Degree Days, and Wonthly and Seanmonal Snowfall tables separate
the dsta eccording to station locatton (see Station Location table).

STATION LOCATION

from

to

Alrline distance
and directicn from
pievious location

Latitude

Ground

etar

Extreme thermometers
Tipping bucket

rain gage

Weighing rain gage

Suashise Switch

8% raln gage

Irving Houmo, botwoen
3d & 4th on B, Broad
Street

funtington Bank Bldg,,
4th Yloor, Broad &
Bigh BStroets

Board of Trade Bldg,,
40 K, Broad Btroot
Thosler Bldg., O W,
Brosd Stroot

Bborly Bldg,., 218 8o,
Bigh Stroeot

Row Hayden Bldg., 16 K,

Broad 8troot

8 Rast Broad Bldg.

Nov Post Oftice Bldg,,
83 ¥arconi Bled,

Port Columbue Airport
Aduinistration Bldg,,
2d Floor, 7.3 milcs
ERE of Post Office

39°59'48°

Ses level
2
Longitude gg g
£l
11113
< ¢ =
CITY OFFICE
88' N|B3® 00' W
58' N|83° 00' W| 785 808 84
58' N|83° 00' W 837 100
58* x| 83°* 00' w| 759 868 133
58° ®|83° 00' Wi 770| 824 3
58°* N|83° 00' ®| 759 218 180
58" N|83° 00' Ww| 759| 047 230
S8' N{83° 00 w| 724 182 110
|
AIRPORT STATIO{
82°52'48"| 815 833 46
i

120

171

209

81

*89| #89

30

Location was temporary. MNo
wind ipstr., rain gage on
roof, Thermometers io N
window,

On 10-12-84 thermometors
moved to 8 ft, above roof
& 78 ft, above ground,

On 9-16-B1 anem. was raised
to 18 ft, sbove roof - 108
ft, above ground,

On 10-7-96 apemometer raised
to 100 ft. above ground,

Erection of taller bldg. to

8¥ caused interference with
wind record 4-3-08 to 9-22-08
st which time wind instrusents
were moved to the Capitol
Trust Bldg. & mounted 223 ft.
sbove ground,

Wove made because of erection
of tsller bldg, in 1837 1 blk
8%, interfering with wind
records,

*Tippiog bucket gage moved to
airport 5-11-1951 and replaced
by weighing gage at wame roof
location, Op 7-10-1951 this
gage was moved to ground lo-
cation 100 ft. 9 of Post
Office Bldg. On 12-1-1954 1t
was returned to the roof lo-
cation.

#On 7-10-1851 an extra set of
thermometers was installed in
CR shelter in & ground lo-
cation 100 ft, south of PO
Bldg. and on 12-1-1954 this
installation was abandoned,

Expansion of administration
building required placing
instrumental equipment on
rouf 6-21-1955, The roof is
covered with gravel set in
tar which results in slightly
different temperature ox-
tremes than were usually ob-
served when & grass plot was

used as the exposure,

USCOMM-¥B-Asheville, N, C. --- 1/20/58 --- 675
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-+ 3.9 - CLIMATOLOGY INFORMATION

. The site area is in a temperate contmental climate zone. Local
climatology data for the year 1957 with comparative data from
. previous- years are given in Table IV, :

Climatology h1ghl1ghts

Temperatare

 Winds

Tornados -

Precipitation

" The mean daily temperature for June, July,

and August is .73. 3°F,and for December,

. January, and February is 31. 2°F,

F'igures 11 through 14 show surface wind
roses taken at Port Columbus, approximately

7 miles due east of the reactor site. Winds

are predominately from the west and south-
west. .The data for these plots were derived
from '"Climatology of the United States No.
30-33, Columbus, -Ohio, " Superintendent

of Documents, U. S. Government Printing
Office, Washington 25, D. C.

- There have been 4 tornados recorded since
. 1931,

The yearly average moisture precipitation
is 2,96 inches per month, The season
between April and August averages 3,5
inches per month. The average winter

-yields. 22 inches of snow with an average

of 2-3 inches per storm.

Low- Level Temperature Inversions

o .

Although actual measurements of the height
of low-level temperature inversions are
not available for the Columbus area there
are certain meteorological factors which




may be used to verify the presence of such
inversions.. First, the normal diurnal
variation in temperature is a key to. the, .
presence of inversions., This variation:.
from the highest daily temperature to the
lowest averages 20 to 25 degrees daily
throughout the year, At the same time,the
diurnal variation of the temperature in the
layer above surface friction is very small,
except in.those cases where a front passes
.. over.a.given area,resulting in a change of
air mass. Frontal passages take place on
an average of every 2 to 3 days during the
winter months and 3 to 4 days during the

. summer months, hence a ddily range of 680

to 45°, for example, indicates the presence
of a temperature inversion during the time -
of lowest temperature. o

A’'second criterion in the Columbus area is

the high frequency of calm or very low wind.

speeds during the night and early morning .

hours from May through September. Very

" light wind speeds and periods of calm indi-

cate a lack of mixing with the free moving

~air above the layer of surface:friction,

The above factors, combined with the ir-

regular topographic features around Columbus,

result in the presence of one or more tem-

perature inversions in the lowest layers of.

. the atmosphere. The irregular topographic

features lead to air drainage, that is, the

- cooler pockets of air forming close to the
-ground tend to drain toward the lower con-

-~tours of the land.. ' ‘
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3.6 SITE GEOLOGICAL CHARACTERISTICS

The sedimentary rock strata at the reactor site are Delaware lime-
stone, a mixture of argillaceous cherty blue limestones and cal-
careous brown shales, These strata are covered by glacial drift
which is predominantly clay. A boring analysis taken at a point
about 500 feet southwest of the reactor site gave the information

shown in Table V.

TABLE V

Strata Depth (ft.)

From _To
Clay 0 60
Slab rock 60 63
Hard clay 63 81
Rock 81 85
Hard clay and gravel 85 109
Hard rock 109 115
Clay 115 138
Rock 138 142
Soft clay 142 158
Limestone 158 190

Damage from earthquakes is considered remote based on the
earthquake information presented in Figure 12 and the type of

structure in which the reactor will be housed,
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4, HAZARDS .

. In pi'esénting the hazards associated w1th' the proposed reactoi" '
~both the hazards associated with normal operation and the hazards
associated with abnormal conditions or situations will be covered. '

Because the hazards associated with abnormal conditions vary
widely, a special section is included to cover the maximum cred--
ible accident.

The Borax programs have helped to confirm that water moderated
and cooled reactors are among the safest that can be constructed,
and they have demonstrated the shutdown mechanisms by which
these reactors protect themselves. Although the safety of these
reactors is based upon their ability to absorb reactivity additions
internally by moderator changes (specifically by the negative void

_and temperature coefficients characteristic of these types), these

shutdown mechanisms are not completely understood.. However,
certain conclusions may be drawn with regard to their actions.
Extrapolation of experimental data obtained from.the Borax I.and
II experiments has been used successfully to predlct the perform-
ance of several boiling reactors and is considered to be a valid

 approach. Since all water reactors possess the ability to function
as boilers,. these.same methods can be used to analyze the behavmr

of normally nonbo1l1ng reactors when subjected to unusual operat-
ing conditions or power levels. Therefore, this approach will be
used in subsequent paragraphs to analyze. the effect of large re-.
act1v1ty additions to the Ohio State reactor using the data. of the .
Borax. experiments. : :
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4.1 HAZARDS ASSOCIATED WITH NORMAL OPERATIONS
Hazards associated with normal reactor operations are those re-
sulting from normal exposure, exposure as a result of fuel handling,
and failure of fuel element cladding.

4,1.1 Normal Radiation Exposure

Calculations were made to determine the radiation intensities to

be expected at various locations in the reactor facility. The results-
Vof the calculatmns for a power of 10 kw are summar1zed in Table 111,

" TABLE III

RADIA TION INTENSITIES -

" Position. o Combined Dose Rate-mrem/hr
Outer-Surface of Concrete Shield =~ 0,25
Surface of Water in Reactor Pool - 2.50
Surface of Water'in 'Shielding Pool : . 0.25

These dose rates are equal to, or a factor of, ten less than the re-
cently proposed tolerance levels :

Any overexpésures of personnel to radiation through the use of the . “
experimental facilities will result not because of shortcomings in '
the design of the facility, but rather from negligence or from-dis-
regard for procedures. - Occurrences of this nature will be -avoided
' by strict adherence to normal operating procedures and policies. -

Anh important potential hazard to operating personnel will be ex-
posure to Argon-41 originating by neutron bombardment of air
within the experimental facilities. Therefore, the air will be" ’
sealed in the experimental facilities to prevent its escape to the -
reactor building. Also, a neutron shield provided on the thermal
column face prevents air-activation in the space between the shield
door.
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. virtually no danger from radiation exposure. - When a full core of
-fuel is. stored in the fuel storage pit and the cover.is-in place, there
" will be a radiation field of less than 25/mr/hr at the surface of the
- cover. . :

: As a consequence of the heavy claddmg of the fuel elements their

- -fuel-plate cladding for an MTR type element has to be several
-square centlmeters in size before the rad10act1v1ty can be detected

. prohibit removing the pool water until adequate tests of the water

In the air pockets exposed.to the highest neutron flux, the. air will

.be activated to a level approx1mately 105 times. the max1mum per-

missible concentration under stagnant conditions. Procedures’
will prohibit opening of the various ports after shutdown until the

activated air has had time to-decay to a point within acceptable

tolerances for direct inhalation

,4 1 2 Radlatlon Exposure Resultmg From Fuel Handlmg

Durlng normal operatlons -- except fo1 mitial loadmg ‘and fmal
removal -~ fuel handling will be performed with the fuel remaining
deeply submerged in the pool. Under these cond1t1ons, there is

life-expectancy is'6 to 8 years. At the end .of this time, a suitable
cask may be prepared for sh1pp1ng the elements to.a refabr1cator
this operation can be performed without excessive exposure of .

personnel, No shipping cask is prov1ded in the 1n1t1a1 facility equip— C

ment,

4.1.3 Fuel Element Cladding Failure

.. A fuel .element cladding failure may. occur in.the course of normal-
- ;operation.as a result of corrosion action over a.number of years.

In this event, some radioactive fission products will escape.to the
water. However previous works have shown that a hole in: the

in the pool. water It is highly improbable that holes of thlS size.
will -occur during normal operation. Operating. procedures will

have been run to ensure that the water does not contain harmful
amounts of radioactive contaminants. Inadvertent pool drainage
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is impossible, since no drams or s1phon lines are provided. Pool

drainage must be accomphshed by means of auxﬂiary pumpmg or

S1phomng

A's stated in the description of the fuel, the corrosion rate of the
cladding will be less than one mil per year in demineralized water
at 500C. In addition, the 0. 036-inch cladding, which will be thicker
than is normally found on similar type fuel elements, will ensure
longer life. A life of 6 to 8 years may be expected for these ele-
ments with continuous temperature control of the demmerahzed

' water and mamtenance of the re51st1v1ty greater than 330, 000

ohm- cm,

4.2 - HA'Z'ARDS‘ASSOCIATED WITH ABNORMAL CONDITIONS

The hazards associated with abnormal conditions and situations
are sgmewhat more severe for this reactor than are the normal
operation hazards. In view of this, several hazard potentialities

“and possible consequences will be discussed first, then the maxi-

mum credible accident and its possible consequences will be dis-

‘ cussed, Abnornal conditions and situations include component.

malfunction or failure, acts of God, acts of sabotage, and acts of
negligence.

4,2.1 Component Malfunction -

Control and Instrumentation System Failure - Although the inherent -

“safety of the Ohio State reactor can be shown to be good under the

worst conditions to be expected for a reactor of this type, ‘dependence
on this inherent safety will be limited to those situations where con-

.trol provisions have failed. The control provisions include a system

of scram interlocks to protect the reactor against equipment and-

" instrumentation malfunctions and errors committed in operations.

Suitable operating procedures and-interlocks will be included to
ensure that each instrument is in the correct range and 1s functlon—
1ng properly pr10r to startup
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- Descriptions of the instrumentation and control. systems to be used
in the Ohio State Reactor have been given previously in the descrip-
- . tion of the facility. The use of duplicate channels and overlapping -
‘ranges. will provide complete backup for the entire'instrumentation
system. Incorporation of fail safe features into the design will.
. further protect the reactor in the event of failure of a component
“or loss of instrument power, These features of the system will
- make complete-loss of all scram circuitry virtually impossible..
.However, to determine.the effect of the more hazafdous accidents
which might occur in.the facﬂlty, a startup accident will be postu-
lated in which all but the over power trips fail to scram the reactor.
This accident will be described in some detail in Section 4.4,

- Included in-the instrumentation system will be two period trip cir-
--cuits (one deriving its signal from the compensated ion chamber
.~ and initiating a slow scram) and two over-power trip circuits..
The addition of 0. 038% kg¢s/sec will cause both period trips to ..
scram the reactor before serious over-power can be reached.. . If
these trips fail to operate, which is a requisite for the sta_r"_tup
accident, the over-power trips will initiate a scram when the
power level reaches a value of 1. 2 times full power, but the ex-

_cursion will not reach its peak until the power level has reached
approximately 2.1 times full power (This accident does not con-
stitute a maximum credlble accident).

Fuel Element Claddmg Failure - Two types of claddmg fallure will
be considered. In one case a hole develops in the cladding because
of some abrasive action. This type of failure will be discovered
by periodic test of the pool water. The other type, caused by local
or general. overheating of the fuel plates, and is usually considered
to be the more serious. Since the temperature of the hottest fuel
elements will not exceed 115°F during operation without tempera-
ture control, the latter type of failure will not be possible during
_normal operation. Only during a power excursion will the local

- heating problem arise; in this situation, other factors will have

to be evaluated to determine the most serious aspect of the ex-
-cursion. This situation is discussed in section 4. 3. . .
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Flooding of Beam Ports ahd Rabbit Tube - Since the beam ports
and the rabbit tube are all on the-Same side of the core, an im-

. probable but credible accident could result in these facilities being

replaced suddenly by water. The accident could occur if a heavy
object dropped by the side of the core breaks off the beam ports.
and the rabbit tube. Such an accident would bring about the sudden
insertion of about 1%Ak into the reactor. The control rods, -in.
this instance, would be scrammed by this accident and there would
be no damage to the core. However, should the scram mechanism

‘fail, the power excursion would be controlled by the formation of
‘steam voids: the accident would be one of lower severlty than the

maximum credible accident,

" The water leakage' rate-from the broken beam ports would be slow,

because they are filled ‘with beam plugs or other equipment. Conse-
quently, with the pool fill valve turned on, the fuel elements can be
placed in the fuel element storage pool before the water above the
core drops to a hazardous level.

4,2,2 Acts of -God, Sabotage or Negligence

Severe Storms,. Floods and Earthquakes -:Severe storms, such as

. tornadoes and other high winds, might be expected to cause con-

siderable damage to the reactor facility, but this damage will not

~ be intensified because of the nature of the nuclear facility. A study |
‘of the tornado history in the United States over a 35 year period -
" to 1956 shows that 111 tornadoes occurred in Ohio. 3 The largest

percentage of these storms occurred in the northern and western

" portions of the state. Only four tornadoes have been recorded in

. the Columbus area since 1931, ' The maximum recorded wind

speed in the Columbus area since approx1mate1y 1880 was: 84 m11es
per hour, in July, 1916; , : o

As seen from Figures 3, 4, and 5, the terrain around the proposed
site is relatively flat. This situation might be conducive to flood-
ing in the event of heavy précipitation. Climatological data for -
the Columbus area show that the heaviest rainfall recorded since
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1880 for. any 24-hour period is 3.91 inches, and the heaviest snow-
fall for any 24-hour period is 11.9 inches. - These occurred in.
September, 1938, and in January, 1910, respectively.

. In the event of a flood, the reactor pool is not expected to be dam-
.aged. There should be no danger of the flood water mixing with
the pool water, since the top of the pool wall will be 20 feet above
ground level. Therefore, any radioactivity existing in the pool
water will not be dispersed. :

According to Heck there have been 11 earthquakes. reported having
epicenters in Ohio to 1947, including 5 important ones. 4 One of
these five, with its epicenter in Columbus, occurred in September,
1884, with an intensity of 6 on the Rossi-Forel scale. The last of
- the five occurred at Anna and Sidney in March, 1937. The center
of this region of earthquakes is 20 to 30 miles west of Columbus.
Although there might be future earthquake activity in the Columbus
area, the reactor facility should not suffer damage which would re-
sult in a serious.hazard. . Cracking of the shield would probably be
the most serious damage. Should the pool liner be ruptured also,
pool water would escape from the pool leaving the reactor un-
shielded in the vertical direction (The reactor would be subcritical
because of the absence of moderator). This would result in a
radiation level of approximately 10 r/hr at the top of the pool,

Sabotage - The probaBil‘ity of sabotage in connection with the Ohio
State Reactor is deemed negligible, since there would be no political
or military advantage to be gained. Should a demented person
attempt to destroy the reactor, he would find it difficult to commit
an act resulting in a reactor excursion as serious as that described
in a subsequent section entitled Maximum Credible Accident, Even
through disassembly and reassembly of the core in another con-
figuration, it would be virtually impossible to induce a reactor ex-
-cursion more serious than that described under Maximum Credible
Accident. Key switches and building security will be employed to
limit access to the reactor and its controls. ‘
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Negligence - The history of accidents in almost every industry in-
cluding the atomic energy industry has shown that negligence has
been one of the largest contributing factors to accidents. -Promoting
continued safety consciousness even though no accidents occur is
one of the most difficult tasks in preventing negligence. Negligence
will be a problem to be faced even though a proper attitude toward
- safety consciousness be established. This problem is especially
" hard to evaluate, because 1nd1v1dua1 personalities form the basis
for the negligent actions. :

‘Strict adherence to standard operating procedures will be required
and observance of operating restrictions imposed by nuclear safety
.~considerations.will be mandatory., Check lists.of operations to be
followed during periods -of startup and shutdown will.be used, and
log books will be maintained to record meter readmgs per10d1cally
durmg operatlon S : SR

The following accident is postulated to occur by aw'combin'ati,on»of
negligence, violation of standard procedures, and failure of the
-instrumentation system: the glory hole.element has been removed.
After criticality has been attained and operation at approximately
source level has.been established, a new fuel element is being
moved over the core. The fuel element is then dropped by care-
lessness and falls by gravity into the glory hole position supplying.
approximately 2.1% excess kq¢ in 2 ramp addition. While the

flux and power are 1ncreasmg, the period trips fail to scram the :

- pile.

4, 3 ‘MAXIMUM CREDIBLE ACCIDENT AND ASSOCIATED HAZARDS
"4,3.1 Selection of Maximum Credible Accident

From a study of accident potentiélities, the maximum cre‘dible.,.
accident is postulated to occur as a result of a fuel element-being
dropped into the central or 'glory hole" position when the reactor

is assumed to be critical at source level. Simultaneously with. -
this occurrence, an accompanying failure of the period trips and
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level trips in the instrumentation and control system is postulated
as previously described. This accident was chosen as the maximum
credible, .since the period-of .-the~excursipn is expected to be shorter
than for any other credible accident, :

4,3.2 Coh'séquences of Maximum Credible Accident

The Borax programs have demonstrated that water cooled and
moderated reactors exhibit substantial self-protection against the
effects of sudden additions of reactivity, even in the absence of.
corrective action by the reactor control system. This self-protection

~ is manifest in:the negative steam-void coefficient of reactivity. and the

negative temperature coefficient of reactivity, both of which can effect
large reductions in reactivity as reactor power increases. - In the next
paragraphs, analyses are made of the behavior of the reactor follow—
ing additions of reactivity.

Characteristics of the Ohio State Reactor that determine its behavior
during power transients resulting from large reactivity additions are
similar to those of the Borax I reactor. . Consequently, transient
behavior of the Ohio State Reactor -can be predicted by adjusting the
Borax data to account for the differences in' design of the two reactors.
The significant quantitative characteristics of the two reactors are
compared in Table IV, S

Extension of the Borax results to the Ohio State Reactor is made on
the basis that the exponential period determines the total energy
release and the fuel temperatures attained during an excursion. As
determined from the Borax experiments, the excess reactivity and
neutron lifetime have effects only as they jointly determine the
period. -



TABLE v

OHIO STATE REACTOR AND BORAX I CHARACTERISTICS

C_haracteristics_ Ohio State
F_uei plate ""meat" 14.1 w/o U-Al alloy
- (fully enriched)

~ Fuel plate cladding 1100 aluminum

' "Meaft!:'.’thildkhess . 0,036 in.

" * Cladding thickness 0.036 in,
‘Ratio Aluminum vol;ime 0.722

in core

Water volume

“in'core

* Coolant channel thick- - 0.192 in.

ness
. Core volume (approx.) 91 liters
-0. 28% k/% coolant-

- V'oid coefficient of re- -
' v01d

act1v1ty

~ 'Temperature coefficient -0. 021% k/ oC
of reactivity (room '
temperature)

Effective neutron life- "7.‘0 x 1079 sec.
time ' B

Power ratio in core, : .».2,23%

max. /av.
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" Borax I

18 w/o U-Al alloy

 (fully enriched) -

1100 aluminum

0.020in.

0, 020 in.

0,626

0.117 in.

106 liters

-0, 24%k/% coolant

vo1d

-0,01% k/°C -

6.5 x 10-9 sec,

1.82



The more important characteristics of the Ohio State Reactor and
Borax I'will be considered. They include the following:

- Ohio State . Borax 1 )

'Aluminum to-water ratio 0.722 S 0.626

Coolant channel thickness 0.192 in, © 0,117 in, .
Plate thickness 0.108 in, 0. 060 in.

Void coefficient = . -0.28% k/% void . -0.24% k/% void

Power ratio : 2.23 - - 1,82

. Differences in the behavior of. the two feactors, bésed onl th_e above
- characteristics, are discussed in the following paragraphs, each
of which is headed by the name of the characteristic discussed. .

Alunminum-to-Water Ratio - If the data presented in Reference 8

for Borax I and Borax II (specifically, figures 14 and 17b) are
compared, the maximum fuel plate temperature rise for Borax II

is seen to be higher than that for Borax I for a given period of the
excursion. However, the aluminum-to-water ratio for Borax II ,
is seen to be lower than that for Borax I. Therefore, the assumption
is made that, since the aluminum-to-water ratio for Borax I is lower
than that of the Ohio State Reactor, the maximum temperature rise
in the hottest fuel plates of the Ohio State core will not exceed that
‘of Borax I for a given period on the basis of the aluminum-to-water
ratio difference. - :

Plate Thickness - Since the Ohio State fuel plates are thicker than
those of Borax I, they will have a higher total heat capacity and a
higher central metal temperature for a given sheath temperature.
Hoéwever, the difference in the central metal temperature and the
sheath temperature will be small. '

During the excursion, the transfer of heat into the v‘vaterArem{)ves
heat from the fuel plate and limits its temperature rise. The im-
portant characteristic of the plate during the Aexcursi'on is the heat
flux which it can supply to the water for a given temperature dif-
ference between the water and the plate surface. The plate thickness
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affects-this characteristic only in that the meat temperature must
be slightly higher to compensate for the thickness, but the surface
temperature should not be altered appreciably by this effect. The
important consideration is, of course, the temperature of the
plate surface as this temperature determines when the cladding
will melt and when the aluminum-water chemical reaction is prob-
able, - : E

"Coolant Channel Thickness - The fuel plate temperature rise for
‘Borax I elements was higher than that of the plates in Borax I ele-
" ments for a given period. The coolant channel thickness for Borax
" - II elements was-also greater than that of Borax I elements. Since
~ ‘the coolant chanhel thickness of the Ohio State plates is between -

" that of Borax I and II, on this basis, the fuel plate temperature
rise during an excursion is expected to be between that.of Borax
I and Borax II for any given period. Figuié13iindicates that this
effect is small. B ‘ ‘ E

Void Coefficient - The ca_lculaté_d void coefficient of reactivity for
Borax I was higher than that of Borax II in the ratio: :

-0. 24% kesf/% void = g 4
-0.10% kef/% void

- This factor would be expected to cause a lower energy release per
fuel plate in Borax I which occurrence was observed, The measure-
ments made with subcooled water at periods down to 23 milliseconds
showed that the energy release per fuel plate in Borax II was between
‘1,7 and 2.0 times that of Borax I. Furthermore, with the fuel plates
for both reactors being the same, the fuel plates in Borax II were
found to experience higher temperature rises for a given period than
- those of Borax I. Since a similar situation exists in the Ohio State
reactor, similar behavior is expected. The void coefficient of the
Ohio .State core is slightly greater than that of Borax I. . Therefore,
the temperature rise: in the OSU fuel plates on this basis is expected
-.to be slightly lower or nearly the same as that in Borax I..
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Power Ratio - The remaining difference between the Ohio State
Reactor and Borax I is in gross maximum to average power ratio
for the two reactors. Since the hottest point in the hottest fuel
plate is the most important consideration, this difference must be
taken into account, With the power ratios being taken into con-
sideration, the maximum temperature rise in the hottest fuel plate
in the Ohio State Reactor is expected to exceed that of Borax I by
a factor corresponding to the ratio 2.23/1.82 = 1.23.

4,3.3 Conclusion

Results of the foregoing analysis for the excursion in which the
total excess keff added is 2,1%, indicate that the maximum fuel
plate temperature rise to be expected in the Ohio State core will

be only slightly greater than 1. 23 times that experienced in Borax I
for the same A kggf. In order to arrive at an estimate of the tem-
perature which will be experienced, several other factors will be
considered.

If the data from Figures 13 and 14 in Reference 8 are replotted to
show the maximum temperature rises for the excursions started
from both subcooled and boiling conditions, the curves shown in
Figure 13 are obtained. The curve for the excursions starting from
the subcooled state has been extrapolated on the basis of the relation
of the two curves in the region of the experimental data; viz., the
ratio of the two curves decreases at a constant rate, That the two
curves tend to merge in the region characterized by short periods

is to be expected based on the following assumption.

As periods experienced become shorter, the heat liberated in an
excursion increases. Therefore, the quantity of heat required to
raise the temperature of the subcooled water to the saturation point
becomes a smaller fraction of the heat liberated. Consequently

the maximum temperatures attained will tend to become independent
of the subcooling as shown in Figure 13.
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A second item for consideration in evaluating the maximum tem-
perature rise of the fuel plate is the rate of fall of the fuel element
into the reactor as compared to rate of fall of the poison rod out
of the Borax reactor. Since these rates are controlled by hydro-
dynamic properties it is difficult to determine the exact rate of
fall. It is, however, evident that the fuel element will fall at a
slower rate than the rod and will, therefore, produce a longer
period. Finally, in order to determine the temperature rise from
Figure 13, a period must be selected. The relation for the asymp-
totic period

/-‘: 1%

Kgx(1-B)-B

yields a value of 5, 25 milliseconds for the value k,,=.021 and a
lifetime of 1*=7x10~° seconds. The actual period may be some-
what longer than this as a result of the excursion possibly being
terminated prior to the complete insertion of the element but, in
the interest of conservatism, a reciprocal period of 190 sec1
will be used. The curve at this point indicates for zero subcooling
a value of 3909F temperature rise. Assuming, pessimistically,
that the ratio for subcooling over saturated at long periods applies
at the shorter periods this value becomes 390° x 1. 44 = 560°,
Then applying the power ratio factor of 1. 23 the indicated temper-
ature rise is 690°, When added to the saturation temperature the
maximum expected plate surface temperature is approximately
90009, This temperature is well below the melting temperature of
approximately 1200°F for 1100 aluminum,

In view of the experimental results from Borax I, this temperature
is considered to be highly pessimistic.® A power excursion from
a power level of one watt in Borax I with a period as short as 0, 005
second (2.1% excess ke added) resulted in a power level of 2600
megawatts; however, the maximum temperature in the hottest fuel
plate never exceeded 640°F,
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4,4 STARTUP ACCIDENT EXCURSION AND DROPPED FUEL
ELEMENT EXCURSION

Two accidents which are less severe but somewhat more probable
than the maximum credible accident are described in this section,
The first is the so-called startup accident, in which both period

trip circuits fail and the reactor is shut down by the action of the
power level safetics, It was assumed for this analysis that although
not provided for in the control system, all rods were being withdrawn
simultaneously. The second accident is one in which a fuel element
is dropped into the glory hole position when the reactor is critical at
a very low power (i.e. source level) and the excursion is again stopped
by the action of the control rods. In both cases, it was assumed that
the rods were in their fully withdrawn, and therefore least effective,
position when the scram action begins.

The relations given below, which are attributed to H. W, Newson,
were used in the transient analyses.

(1) In N = _li{t_z (Equation for flux prior to scram, de-

No 2 layed neutron effect neglected)
() 1 = Rt
¥ -2
3
(3) N = Nge (t, = = 2 87*i—)t (Equation for flux
/ A after scram,

t = time after scram)

(4) X =1/2(17. 22)1:2 (The assumed time displacement of the
rods and fuel element)

Where:

Neutron flux, neutrons/ cm2-sec

Z
]

2

Flux level of start, neutrons/cm<-sec

=
o
1
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Ng = Flux at scram, neutron/ cm2-sec
/é? * Mean time which elapses from the time neutrons are
produced in fission until they initiate another fission

or are lost to the reaction, sec.

11

R = Reactivity insertion rate, A k/sec

t = time, sec

s = Period at scram, sec

S = Sensitivity of rod A k/ft

X = Displacement of rod, or dropped element, ft

Data used in calculations:

N = 0.89x 1011 neutrons/cm2-sec (Full power flux level)
Nt = 1.2 Ng = 1,07 x 1011 neutrons/cm2-sec (Trip flux level)
No = 102 neutrons/cm?2-sec (Source level)

F* = 1x1075 sec

S = 0.06 A k/ft

10 MS = time lapse from time neutron trip level is reached
until control rods are released.

Two time histories of N/ Nf illustrating an accident caused by with-
drawing the rods at 3 in/min until the reactor reached trip level,
and an accident caused by dropping a fuel element into the critical
reactor, were plotted respectively in Figure 14 and Figure 15...In
both cases, the rods were released at scram level or 25 ms after
trip level, However, in the first case, Figure 14, R was a constant,

85



TITLTLIT
ISEasans
et Tt

1

1

1

1

&
T
o
e

Relative Neutron Flux = N/N¢

.

TIOT
L]
T

T

1.0 et

o

0.05 0.10

Time From Full Power - Sec.

FIGURE 14
N/Nf VS TIME FOR 10 KW TRAINING REACTOR DUE TO RUNAWAY ACCIDENT

8¢



Relative Neutron Flux = N/Ng

Note: j A
Fuel element displace- + li
ment vs time assumed  HHt :
same as that of rod fall, 3 |
OME x-v207.0002 A |
I
400 {
300 'H \
200 | '
! | 1
i N/ | N
] ...1: A & Nr/Nf |
100 Ei.i eEssty j i
FH- J ¥ Ny/Ng |
i5189'58H0 1
i :%':::, ;
:::t:f
I
1.0 ﬁi‘“ sifs H
0.15 0.20

0.05 0.10
Time From Full Power - Sec.

FIGURE 15 N/N; VS TIME FOR 10 KW TRAINING REACTOR DUE TO ACCIDENTAL

FUEL ELEMENT DROP
87

WY




while in the second case, Figurel5, R = R(t). It was assumed the
time displacement of the fuel element was equal to that of the rods
in a free fall through water,

The following is a tabulation of excursion data for the two cases.

EXCURSION DATA

Rod Withdrawal Dropped

@ 3 in/min Fuel Element

Rate of A k insertion, 0. 000381 R = 0.0197t
A k/sec
Time to reach Nmax,sec 2.660 0.6196
Period at scram, sec 0.0702 0,0132
Maximum Power, kw 21.00 6,060
Relative flux overshoot, 210 606

Nmax/Nf
Maximum Temp. Rise, °F 1 124
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