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E R R A T A  

Page 
-- For all references to Drawing ftPD-10-001-311 read 1fPD~11-0013. (( 

4 In the thermal column shutter description,, for "0.5' ifi. boral 
platef1 read "1/4 in. boral plate; " 

24 ' ..' : Paragraph, f ., g,,. for. t.fCaCo' ?I' read V'CaG0 ":. 'for\ ??&?i' read 3; . . 3; ,I 
.: ' t.?A1;.,1?' . . . . .  

.: . . . . . .  . . . . ' .. . . .  . . 
. . 

26 . .' . 'Pages .26,,, 27.; and. Zg.,; whfcch: co;nfa.ined- the1 Modigied: Me'da!$i: 
Intensdty Scde of: 1931. ,. have been. del'etedb> ' . . 

3 7 For lTcyclotrooneering~ read flcycFotron engineering. (l '  

4 2 In Paragraph 2.7.,8,. for l1Permi agef( read "Fermi age. (( 

43 In Paragraph 2~~ 7. $5; for "n, processtf read ltn, y process. l (  

54 Transpose the !(HighM and t(Loww column headings in the com- 
parative water-level data tabulation.. 



ADDENDA 

The following information is presented to supplement the material 
contained in .the paragraphs indicated. 

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fully withdrawn, all isotope.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 grgphite 
cores, -and a total of 1.5% excess reactivity has been calcu1ated.a~ 
approximately 2965 grams U 235. 

Fuel requirements a re  given for fully loaded elements. ' .Actually, 
in. initial.loading, partial elements will be used to attain required 
excess reactivity. 

~ont ro l ' 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; ) 

Process system drawing PD-10-0013 has been replaced by PD-11-0013, 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. 

. . 

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 l%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 el-ement detent .mechanism. This results in a less severe 
accident,: : Analysis, of';this excursion will be supplied in a supplementary 
report. . 



F O R E W O R D  . . a : . ,  

' , .  

'This 'report is  in fulfillment of the Atomic Energy Commission . 

requirements for a breliminary hazards summary ,report. It has 
been' prepared. by Lockheed .~uc ' lear  Products for .the Ohio State 
University and i n c ~ r ~ b r a t e s  information provided by the University. 
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This hazards summary report is presented in four sections. The 
f i rs t  section,, a complete description of the reactor, is followed 
by a discussion~of reactor operation. Section 3 contains a des- 
cription of the reactor building and i ts  site. The hazards asso- 
ciated with the proposed reactor a r e  presented in Section 4, and 
the maximum credible accident is discussed. 

The following drawings,. referred to throughout the report,  have 
been inserted in the back of this publication: 

. . 
PD-9-0002, 
PD-9-0003, , 

PD-9-0004 
.PD-9-0005 
PD-9-0009 
PD-9-0010 
~ ~ - 9 - ' o o i i  
PD-9-0012 

. 'p-&;30-0007 
. . PD-10-0008 

PD-10-0013 



This section, describing 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 construction, instrumen- 
tation and control, and process system. 

. . . . . . Reactor 
. . 

I 'l"J'pe 
Design .Power Level 
Maximum Thermal . . Flux in Fuel 

Region 
,Average Thermal Flux in Fuel 

.Region 
. . 

Fuel Elements 
Type 
Number of plates 
Dimens ions 
Fuel material 
Enrichment 
Cladding 
Number of standard . 

elements 
U-235 per element 

Number of special 
elements 
U-235 per element 

Swimming pool '(BSR) 
I0 kw continuous ' ' 

Flat plate 
10 per element 

, 3 x 3 x 35 in. .overall 
U-A1 alloy, Aluminum ,clad 
93% U-235 
0.036 in. type 11 00 aluminum 

'20 
140 grams 



Constant Volume Critical Mass 
of U-235 ' 2840 grams 

Operating Mass of U-235 3136 grams . 
. '  .  oder rat or . . 

. . 
' ' . Light- water 

Reflector Light water and graphite 
Thermal neutron lifetime 7 x lo -5  sec 
Excess A bff . Equilibrium Xe 0.03% 

Fuel .burnup 0.12% . . 

. . .  .. . . . . .  . F. Po. ~ois .ons 0.05% . 
: . ' .  ( . . .  - .  . : .I ' . . 
. . . .  . . .  , . . . . . . . . . 

Experiments. ' . 1 . 3 0 %  . -  

Reactivity Effects 
Temperature coefficient 
Void coefficient 
Regulating rod 
Shim safety rods 

. . . . .  i . ,,, 
control ~ o d s  . . .  . . . .  

Number of regulating rods . . . 
. Number. of shim safety rods 

Operating rates 
Regulating rod 
Shim safety rod 
Scram 

, ..: . . .: . . . . .  

Nuclear ~nst imentat ion . . 

., ' . . Startup channel :. 

Detector 
Range 

. . . . .  Indicators. 
Range 

. . . . . .  

Total ~ x c e s s  . . 1 .50% 
. . . .  

. . . . . . .  . ' .  , . .  

- 2 . i  x 10-4 A k/k per, OC . . 

-2.8 x 10-.3 A k/k per %'void 
0.47% (calcula'ted). ' , . I 

-9.04% for 3 (calculated) 

1 7 304 stainless . s'tee.1;. - . ' 

... 3'-  buroil carbide, 
.: . 

. . 

1 4 . 4  in/min 
3 . 6  in/min . . . . . .  

500 millisebogdi (from 
signal to complete . 

insertion)' 

, Fission chamber . . 

2 . 5  to 2.5 x i05  n/&n2-sac' 
. .  LO^ CRM , . 

. . I  to 10 ,000  counts/sec 
keoordirig potentiometer 

.' ~ i n a r ~ ' s c a 1 e r  



Log-N period channel , . . .. . 
. . Detector,, . . . CIC 

Range ,. , 
104 to 10lo n/cm2-.see 

. . 
Indicators . . . . Log-N mete r .  . 

Range . . 1 x 10-1 to 3'x 105 watts 
Period meter 

Range @to. 3 sec period 

Power channel 
Detector 

Range 
Indicator 

Range 

Safety channels 
Detector. (Period) . #  

Range . , 

Detectors (Level) 
. . Range 

Rod position indicators 
. . ,Detectors 

Regulating . 
. , . .  . Range 

Shim safe.@ 
Range 

. ;Indicators . . 
Range 

CIC 
' . 

'. 104 to 1010 n/cm2-sec. 
 ine ear level meter 
1 x 10-1 to: 106 watts 

CIC 
lo2,  to l o l o  n/cm2-sec. 
2 - PCP ion chambers 
5.x 105 to 5 x 1010 n/cm2-sec 

slide wire potentiometer 
0-100 ohms 
slide wire potentiometer 
0-100 ohms 
Digital registers 
0-99.99 inches 

Area monitors (4) . . , ( .  

. . . . .  
Detectors lon"chambers , . 

Range 0-1 25' mr/hr 
Indicators , , ,  Remote . .meters . . 

0-125 mr/hr Range 



. .  . . . . .  . . Shielding 
..Type, . . . . 

Water; and barytes 
- .  . . concrete 

. . 
.~axiknim.dose "rates 

' > '  . . surface of concrete 0.25 ,mr/hr . . 
Surface 'of' water 2.5 m.?/hr 

, . 
I ,  

- Experimental facilities 
Bulk shielding facility 

Fission plate assembly 
. . . . 

U-235 content. - 

, . Thermal power 
" ' Heating coil power 

Thermal column 
Shutter .. .. . 
.Shield '. 

... . 

.. . ...  lux 'monitor ~. 
. . Main thermal column.. 

. ,. ?, . . . 
~emovable stringers 
Shielding 

Core end . . 

. . Outer face, 
. . .  . .. . .  . . . I . .  . . 

I 

, ~ h e t m &  flux 
. , .  

.. .. 
. . ... . 

Beam ports 
, .  . 

"Size ' 

3850 grams.. 
. . .  . . -10 watts . ' . ' '  

100 watts . .;' 

0.5 in bpral.plate . . - ' . 

. . 3in lead  . . 

1/2 in x 6 in BF3 phamber 

1.3 - 4 x 4.x 57'.in bars 

. . 3 in'le&d ' . ' , ' . : . .;' 

2 ft barytes. concrete..and 
1/4 in boral . : 

8.8x1010n/cm2-secat .. 

core ' 

2 
6 in diameter 'stepped to 7 in . 

Water 
. . 

Purification System 
Water capacity' " .  

. . 
~ e a c t ' o r  pool 11,200 gal. " .. 

'Bulk' shieluing . . pool 5800: gal; ' . 

Pumps (2): Centrifugal ': 

' Capacity 
Normal at 100°F and '. .:.; 

70 ft head 12 gpm 
Vacuum at lOOoF and 
.50,ft head 

'g: 

50 gpm 



Motor rating I hp 

Ion exchangers '(2) . . . . . .  . Mixed bed (replaceable 
. . .  . . .  cartridge type) 

. ~ a t e d  capacity . ,  15,000 grains as  C ~ C O ~  
. . . . . .  . . . : Flow rate (Total) 12 gpm . . 

100,psi .. Design pressure . . . . . .  

. . . .  . . . ; . . . . 

:. :, Heat exchanger- : : .  . sheli and tube (water chiller). 
25,000 ~ t u / h r '  Heat 1 oad . . .  . ,  , 

.. :, . , Design.pressure . . . . .  . . 
. . .  . . . .  Tube . . . .  . . 150 psi ... . . . . . . . . . : 9 . .  

Shell 225 psi . . .  . . . . .  

Pool ltempe'rature control 
. . .  . , 

Filter . Cartridge . 

. ,  . . . , . .  
80 gpm . : Maximum flow . . : . . . .  

. . . . .  
Pressure drop . . ,  , . . ..2 psi , . . . 

.... .' 
. . . . 

. . .  
. . 

. . 



1.2 ' REACTORCORE' . ,  . 

The 'aiGang&iii&nt of the &re and associated experimental facilities 
for the proposed reactor was designed to meet the requirements of 
the Ohio state' University. 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 I .  . -  fuel'elements reflected on three.sides with graphite and the.beam 
pbrt side, top,. and bottom with water. The core contains' .20 standard, 
10-plate fuel'.ele&ehts, 4 rod-well fuel elements, and a..central, 
canned-graphite , glory -hole element. 0ne:;row"of. canned; graphite 
reflector elements'deiigned td hold samples for isotope production . 

is added along the pool.f&ce of the core. . - 

With the exception of the fuel loading, the.ma'te~ia1 composition of 
the core is  similar to that of.the BSR, and it is identical to that of 
the Critical ~ x p e r i m e ~ t  Reactor and the Radiation Effects Reactor 
a t  the Georgia Nuclear Laboratories. The average 'metal-to-water 
volume ratio in the,fiel,'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 i s  greater (per unit power) ,, . 

thd.b would be obtained with a lower metal-to-water ratio,'lbecause 
of the larger neutron age. Also; negative void and temperature 
coefficients a re  assured, since the core is  slightly 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 contentfin the core. 
These correspond to fuel eleplent 'loadings of ,100, 140, and 160 

. grams .of U-235. The 4 fuel elements containing rod wells had 6 
fuel plates rather than 10 a s  in the. 20 standard elements and the 
plate spacing was slightly less than in the'standard elements, 



Therefore, for every loading two fuel regions were copsidered. 
For each region at each loading the MUFT-IV, IBM-704 computer 
code was used to obtain the fast group nuclear constants of 
Dl, reand&. This particular code employs 54 neutron energy 
groups from 10 mev to 0.0625 ev and uses the Watt" fission 
spectrum as  the source of neutrons in the diffusion calculation. 
The t h e m  constants,* , D2, and Ea2, were obtained using 
the SOFOCATE l3M-704 ,f,zde. This code aversges the constants 
over a Wigner-Wikew 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 ingut 
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 Qff versus fuel loading is 
shown in Figure 1. . 
The curve shown applies to a configuration in which all of the con- 
trol rods are fully 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 

- 4  



Constant Volume Fuel Loading (Grams) 

FIGURE 1 EFFECTIVE MULTIPLICATION CONSTANT VS 
CONSTANT VOLUME FUEL LOADING 



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

An investigation of the literature available indicated 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 simulated 
beam port area. From these data,the worth of the beam ports and 
the rabbit tube is estimated to be l.O%Qk. The clean, cold re- 
activity is then estimated to be approximately 1 . 5 % ~  K. Equilibrium 
xenon and a nominal pool water temperature rise will reduce the 
reactivity available for experiments to about 1.3%. 

The.contro1 rod worth was obtained by putting a llblackn 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%A 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%b k. 

! _ .  

The regulating rod is a waterfilled l/l6-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. expiicit 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 the, temper- 
ature coefficient, the worth of the central element, the most valu- 

' able position of a fuel element, and the approximate number of 
. fuel. elementsnecessary to go critical. The temperature inter- 

vals were from 600F to 1000F. The value was negative and ecpal 
' . to 2.1 x 1 0 - 4 ~  ~ / O 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.l%Ak. This central. position 

. is not the most important o n e ,  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 'ceiltral element'. .. The worth of, these two fuel element 
positions was computed t o  be approximately 2.6% A k. 

. . . . . , 

Several configurations 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 .. . . . 

The fuel requirements are discussed as to standard fuel elements, 
'control' rod.ffuel elements, and fission plate assembly. . 

. . . . . . 

1.3.1 Standard Fuel Elements 

Fuel elements to be used in the Ohio State University 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 
each 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 
cylindrical transition end piece that will fit into the grid plate. 

Elements mechariical~y assembled as described above are stronger . 

'.' . a d  more rigid.than element's 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 



eliminate the severe localization of corrosion.at'tack 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 500C. 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 

Control rod fuel elements will be modified 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 requirements for the reactor facility, the 
following table shows the allotment of U-235 among the various 
items. . . 



. . . . 

TABLE PI' ', 
.. . 

Fuel Requirements for the Reactor Facility.' 

20 fuel elements,' 140 grams each 
4 control ,.rod fuel elements, 8'4 grams each 

.. ' F'ission plate 
4. Partial .elements '. 

.. . 1 @? 42 gin's 
. . i .  . . . 1 ' @ 5 6 g m s  ' .  . Total 

I @  70 gms : : 
. . * .  

' 1 @ 8 4 g m s  " 

. , ,  
5 .  

. . 

2800 grams 
336 grams * .  

'4000. grams . ' 

252grams. . - 
7388 grams .U-235 
. . 

. , .  . . . 

104 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 ~ater.,~;.::iib~h"i~~f.i'. 
will reduce the radiation level to 2.5 mr/hr' when.the core is .op- 

!crating at 10 kw. The concrete biological shield has been designed 
... .for maximum ri-idiitibn level at  any point.along its outer 'lateral . . 

' ,  'surface of 0.25+mr/hr a t ' l 0  kw. 
... . . . .  . . 

. . .  . .  . . . . ,  

There will' be 10 feet:of .water aboire 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 'operation of 

. .. the fission plate. . .  

Calculations indicate that a thermal shield will not be required for 
. . .  . . 

10-kw operation. ', . ' 

. . . . . . 
. . .  . , . .. . . . .. . . . . . .: . . . % , . 

1.5 EXPERIMENTAL FACILITIES 

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



The thermal column will be constructed of 4-inch by 4-inch 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 streaming, 
A 1/4-inch thick boral liner will surround the graphite to prevent 
neutrons from escaping into and activating the surrounding con- 
crete and3air. A 1/4-inch thick aluminum 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 a s  well as  to 

any shifting or cracking. .A movable concrete door will . 
' 

provide shielding .at the thermal column face to limit the dose rate . . 

'to 9 maximum of 0.25 mr/hr at 10-kw operation. Four hours. . - 
after shutdown from extended operation at 10 kw, tthe 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 facility will consist of a short graphite.therma1 
column,- a shutter mechanisni, a neutron monitor, an enriched '. 

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 colupm 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 f i l l  the box to provide, replacement with D20 or.additi.ona1, 

. shielding . if required. - A  gkketed aluminum plate will e n s d e  . . 

watertight closure of the. assembly.. . ... . .  . 

The shutter mechanism s h k  in  rawin in^ 'PD-10-0008 will provide 
for hand motor driven interposition of a boral plate between the 



fission plate and the core. An aluminum plate having a thickness 
approximately equal to that of the aluminum in the boral plate will 

, . . . 
follow the shutter. * . , .  

. . 

Drawing 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 . : 
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 electrically from the front and rear  cover plates. With 100 
watts of power emitted from either plate, the separation distances 
a re  such that the difference between the ambient temperature of the 
pool water and the temperature of the fission plate will not exceed 
75OF. 

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 shield 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 operation at  10 kw. ' 

The design of the beam port and the'gamma shutter mechanism will . . 

facilitate shield inafiipulatidn during experimentation at the ports. 
Shutter drive consists of a continuous loop drive cable, lead screw, 
hand d ~ i v e  motor., and position indicator. The use. of relatively 
small, easily handled, plug-transfer . . casks will be poisible with 
the sectional 'plugs. 

. . .  . . . . 



'1.5.4 Isotope Irradiation'Facility . , , . , .  . 

The facility will consist of canned graphite elements with a central 
hole designed to receive sample capsules as shown in Drawing 
PD-9-0002. Insertion of the~e~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 irradiated, a graphite plug is placed in the 
central hole. 

1.5.5 Glory Hole 

An element of canned graphite with a 1-1/2-inch diameter 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 position. 

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 er ror  
in timer setting or unintentional release of operation of the system, 
a manual control can be used to override the automatic timer con- 
trol. 

. b 



1.6' POOL AND BULK SHIELD CONSTRUCTION . . 

The bhield'construction of the reactor pool, the fuel element storage 
. .  pit, and the bulk shielding facility are 'discussed here. 

. . . . . . . . 

1.6.1 Reactor'Pool ' . 
. . . . 

. . . . 

. Dra&ng.PD-10-0007 shows the 'reactor pool configuration 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 subsequent paragraphs. 

The pool will be lined completely with polyester reinforced with 
fibergl'ass to prevent teakage, leaching of the materials .in the. 
.concrete by the pool water, .and fac'ilitate decolitamination 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 separate system under control of the reactor 

. . .  
,siipervisor. . . 

. . 6 '  
. . 
; .. 

. . 1.6,2' Fuel Element Storage Pit ' 

A fuel element storage pit will be located below the pool floor and 
at  the end opposite from that of the core a s  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 criticality. Shielding for the radioactive fuel will be 
provided by an 8l.inch thick lead cover-over the pit, thus permitting 
personnel to  work in the reactoi 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 operation 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. 



1 :6. 3 Bulk'.Shielding -F.acility . , ,  , . . . .  . 

. . 

The bulk shielding facility, which is described in the Expe~imentd 
Facilities section, has been designed to provide a fission plate .power 
level 'of approxim 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 diffusion. cal- 
culations. 

. . 

The question of r.eactivity 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 per cent 
A k. It is thus concluded thal the fission plate is effectively un- 
coupled from the reactor and will not affect the reactivity by any 
measurable amount. 

1.7 INSTRU MENTATIONSAND 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 ~ e a c t o r ,  the Tower-.Shielding 
Reactor, and the Pennsylvania State University Reactor. All of 
these systems have operated satisfactorily and safely for many . 

years. 
. . . . . . 

'Drawing PD-9-00.03 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 

lo'g-N period channel~will actually serve a s  a third safetyxchannel, 
a .  since it. will be connected to a third composite s a fep  amplifier by 

the% sigma bus. S c r a m  systems will be interconnected into ih.ese 
.channels to..effect reactor shutdown in the event of an emqrgkncy or  
abnormal conditions.. An annunciator. and alarm system will be in- 
cluded to indicate specific trouble. . . 

, .  1.7.1 Startup Channel . . . .. 
. . . . , . -  . , ... , '  . . . . 

The .itartup channel will .be' used to monitor the neutron flux from. 
t h e  source range to an overlap of the linear level a id  log-.N ranges. 

This channel will share a.period recorder with the log-N channel, 
arid a remote. ldg comt-rate indicator will be mounted on the control , - 
console. An interlock switch in the log count-rate recorder will . . 

prepent startup when the neutron source strength is below a.preset  
. . . count. The stagtup channel range .can be extended to include ,full- 

poker operation by raising the fission chamber a ~ a x i m u m  of 24 
inches into a cadmium shield by.means of a drive mechanism . similar . 

to the control rod drive .units. , , ' 

. . . . 

1.7.2. '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 k.hamber, a slow scram signal wil.1 he initi- 
ated. The compensated ion chamb.er and the log-N amplifier will. 
be the type developed at Oak Ridge. - 4 .  . . :  

. . .  . .  . .  . . 
1.9.3 Linear Level.Channe1 . . 

. . 

. . . . 

The linear level channel will be capable of measuring neutron flux 
in a .reactor operating range of 0.1 watt to 1 megawatt. - LOSS of 
high voltage to the ion &amber.- will cause .akslow scram. . 



The micro-microammeter will..be the vacuum tube electrometer 
type covering a range of 10-3 to 10-11 amperes. Aremote switch 
at the coatl.01 console will be used'.to*select the range.. , .  , 

. , . J  . 

1.7.4, Safety Channels :I 

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 colwected to a common sigma 
bus to provide a scram signal from either amplifier to all magnet 
amplifiers simultaneously. A period scram s i p 1  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 ti effect 
shutdown of the reactor in theevent 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 magnet amplifier by means 
' 5  of a.relay. This relay.wil1 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 



. - 
.' ' :.Reactor 'console manual svhtch : . . _ . .  . .  . . &  . .  

. . . .  . . . . . . . .  . .  , . .  . . . .  .....". . . . . . . .  . . , , . .  
. . Compensatedchamber power supply #1 high-voltage, relay: 

Compensated chamber power .supply #2 high-voltage - relay: 

. . '. . Minimum source strength. switch (permissive circuit) .: .': 

. . . .  . . . .  . . . , . . . .  .:. , 
. . '  , 

:. : . . 
' . ' Rod-drive area,monitron .relay . ' . . 

. . .  . . , . - .. . , . . . . . . .  . . I . . .  . . 

: . \  ., . Thermal .column area 'monitron relay . . : . . . .  . . . 

. . .  . . . .  . . . . .  . . . . .  . . . . .  
. . . . . .  . . . .  . . . .  ' Servo.error relay ' . . . 

. . 

. . . , .  . . .  ... . . . . .  . . . . .  . '  . . . . . 
- .  
, . .:. 

:. . .  Low-level period relay . . - . .  
. . . . . . . .  . . .  . . ' .  .:. :_ .. 

. . . . .  . . .  . : : . . . . . . .  . . . - .. I '  I . . . . . .  . :  . . 

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

. . r . . 
. . ,  . . . . . . , 

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

cluded in the .magnet power. supply. circuit. to prevent unauthorized 
withdrawal of the shim- s af e ty . rods. , . . . .  . . 

. . . .  . ,. . . . .  . I  
. . 

1.7.6'.' Ahnunciator and Alarm Systems . .  . . . .  . , .  . . 
. . .  . , . ,  . 

When a scram condition occurs,. or when other trouble arises,. an 
. ,' -.'alarm' (buzzer) will sound, and a lamp. or lamps will be 1ighted.on 

the, control. console indicating the source of the trouble. :An annun- 
ciator acknowledge button will be. used to turn off the buzzer. If 
the trouble results in a scram, a:scram reset switch must be ,ac- 
tuated before magnet power can be reapplied. In the evknt of 
trouble other than'a scram, the c.orresponding lamp-switch will be 
pushed to extinguish the lamp arid reset  the annunciator system after 
the trouble has been corr'ected. If the.trouble is:not corrected,' the 
indicator light will remain lighted. 

. ,. . . - .  



An annunciato'r test switch will be provided,for'checkipg the lamps 
and the buzzer. ,The, annunciator will provide the following .indi- 
cations: . , . . .. . 

Scram-bulk shielding .area 

Scram-rod drive. area . . . . 
, . 

. .  . ., . . . 

scram-thermal column area , . . . . .  

Scram-beam port area  

Scram-servo trouble 

Scram-low level period 

High radiation level -- rod drive a r e a  

. . 
High radiation level -- thermal column area . . . , 

. . . .  

High radiation level -- beam. hole a r e a ,  . .. 
, . 

, Fast scram -- high power level 
. . 

Fast scram -- period 
. . . .. 

. . . Trouble -- safety amplifier #l. . . . 
. , . .  . 

. . . . .  . . 
. . 

. ~ r b u b l e  -- safety amplifier 8 2 .  ,. ' . ' , . 
. . 

~rou'ble -- safety amplifier #3 

,Source miss ing  



An 'eGacuation. alarm will consist of a M b o n  operated from 'the con- 
t ro l  ddnsole b y  a switch; This  klaxon will, sound autcimatickli y' 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 c.ontro1 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 o r  when the rods &re 
recovered after a scram. This switch will not cause ,the control 

. , .. 
rods to be gang-raised under. any. c i r c h s t a n c e .  

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. 

. . , . 

.. l9 7.8 Regulating Rod Control 

Manual control of the regulating rod will be possible; on the o.ther 
hand, power level control a t  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 o r  minus 5% of.the se t  point, A 
meter relay included' in the servo e r r o r  meter'will generate a 
scram signal at  plus o r  minus 8% servo error .  , 

. . 
I : . 

1.7,9 Area Monitors 

Drawing PD-9-0003 shows a block diagram of the monitoring system, 
manufactured by the Victoreen Instrument Company. These monitors 
will measure the radiation level in the a r ea  and will be se t  to sc ram 
the reactor i f  the dose ra tes  in the vicinity of the chambers exceed 
predetermined levels. Are  as monitored 'a re  the following: . . 

. . : - . , . .  . 



Thermal column face 

Beam port openings ' 

Pool surface above core 

Ion exchange beds and process system 

1.7.1.0 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 
necessary for startup and shutdown operations will be located in one 
g,roup in front of the operator. An enlarged view of the control panel 
i s  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, a s  well a s  interlocks, 
will keep the operator from withdrawing the control rods when a red 
light is showing. 

1.7, I1 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 two 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. 



control rod drive mechanisms will ipe supported above the c o r e  a s  
'shown in Drawing PD-9-0002. The maximum stroke . .  of these . units 
will be 24.0 inches. 

waterproof e~edtrbmagnets willsuspend the shim-safety rods when 
coupled to the armatures at the top of the rod extensions. The ar -  
matures and shock absorbers a r e  always above water level. The 
electromagnets will'be raised and lowered by the control rod drive 

. m e c h a ~ i s m s ;  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 scram time will be less  than 500 milliseconds. . 

. . .  

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 
milljgrams per square decimeter per day for the f i r s t  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 alt''+.ion. 
Water purity i s  intended to be maintained a t  2 ppm a s  CaCo3 o r  0.36 
ppm a s  al*' . The pH.of the water can be maintained a t  6.5 by the 
weakly basic anion resin in the mixed-bed ion exchanger when the 
measured water conductivity i s  2.2 micromhos per  ppm eledti-olyte 
a s  CaCo3. 

~ f t e l "  the initial filling'has been completed, 16 hours per  day for 10 
to 14 intermittent days of recirculation through"theion exchangers 
will be needed to maintain a water purity of 2 ppm.. Normal oper- 
ation of the .water purification system will consist of recirculatjng 
the reactor and bulk shielding pool 'water through the ion exchanger 
for about 4 hours and 2 hours respectively eachday a t  a rate  Of 
12 gpm, and will be started (after the completion of the time period 
a s  stated above). 



The heat exchanger system has been designed to maintain the re- 
actor pool temperature from 65 - 75OF during continuous operation 
at 1 0  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.LL1 INTENSITY SCALE O F  1931 ' : ..- 
, , 

All intensities used by the Coast and Geodetic Survey refer  to the 
Modified Mercalli Intensity Scale of 1931. The abridged version 
of this scale is given here with equivalent intensities according 
,to the Rossi-Fore1 scale, 

I. Not felt except by a very few under especially favorable 
circumstances. (I Rossi-Fore1 scale. ) 

II. Felt only by a few persons at  res t ,  especially on upper floors 
of buildings. Delicately suspended objects may swing. (I to 
I1 Rossi-Fore1 scale. ) 

III.. Felt  quite noticeably indoar.~,  especially on upper floors of 
buildings, but many people. do not recognize i t  a s  an earth- 
quake. Standing motorcars may rock slightly. Vibration 
like passing of truck. Duration estimated. (HI Rossi-Fore1 
scale. ) 

IV. During the day felt inkloors 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-Fore1 scale.) : 

. . .  . . 

V. 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 someti.mes noticed. Pendulum clocks 
may stop. (V to VI Rossi-Fore1 scale). 



'.XI ...F elt by-.all, many frightened and run outdoors. Some heavy 
. . ' furniture moved; afew instankes of fallen pladter or  damaged 
.. . chimneys.. . Damage slight. ' (VI ta,VII Rossi-Forel: scale. ),. .: 

, .  . . . .. . : . ,  , 
. .  . . .  . . . . . . '. , . 

".VII. Everybody runs. outdoors.. . Damage. negligible 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. -(VIII .Roqsi-Fore1 . .  scale. . ) . . . , 

. . . . . . ,  . . . . ,  . . 

VIII. Damage slight in. specially designed structures;' considerable . .  . 
. . 

3 .  . . .  , : in 'ordinary substantial buildings yith partial collapse; great 
. in poorly built structures ., . Panel walls' , . .  . throyn qut, 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. (VIII+ to IX - Rossi-Fore1 
scale. ) 

M. 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. (1x4 Rossi-Fore1 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-Fore1 scale. ) 

:. . \ 
\ 

:.'XI. Few, if any, (masonry) structures remain standing. Bridges 
destroyed. Broad fissures in ground, Undergrou~d pipelines 

.. .. . completely. out of .ser,vice. :,Earth, slu.mps: and land . . .  slips . .  .in. . 

.: ,..: .' soft ground. : Rals. . .. bent , . . . . - , . ... ,. ..:. . . . . 
. . . . , : :  . :_ ,  . ' . _  . '  . .  8 

XII. ~ a m a ~ e  total. Waves seen on surfaces. ' ~ i n e s  of, 
sight. and level distorted. Objects thrown upward into air. 



Epicenter maps; - ' . ~ i g u r e . l 2 , i s  designed ta sh'ow.the existence' of 
.'.destructive and,near destructive earthquakes in the United States 

through '1 954; . The smallest dot indicates. the shock was strong 
enough to overthrow chimneys or affect an area of more than 
.'25;003' square miles (iritehsity VII to VIII); the largest solid dot' :'. 

may be. associated withtdamage ranging from several- thousand 
dollars'. to one .hundred thousand dollars, or  to shocks usually per- 

. , 
6eptible over more, than-l.50,000 square mi.les (intensity: PI11 to IX) ; 
the smaller 'encircled dots represent damage kanging from approxi- 
mately one hundred thousand to one,million dollars, or  an affected 

. . 'area. gre'ater than:500,000. square :miles (intensity Kt ia  X) ; the :: ' 
larger encircled dotgxr&~rksent  dimage df 'a million dollars or  more; 
or  an affected 'a;jea usually. greatefthan 1,000; 000 square miles 

. . . . . .  . . . .  , . ;  . . . . . 
' (intensity X to xII);:" . - .  

. . .  . . , . . . .  . . < .  

. . .: . 

. . .  . . .  . .  . . . . .  . . .  ;; ' .  . . : - .  
. . . . 

. . .  . . . .  . . .  . . . . .  .. , . . . . .  

' ~odi f ied  Mercalli. Intensity- Scale of 1931. Harry 0. Wood and . , 
Frank Neumann, Bulletin of the Seismological .Society of American, 
vol. 21, No. 4, December 1931.. 

'. , : , . . . *  : . . . .  , .. . . . . . . ' I '  . ... , ' .  

! .  . . . . . . . .  . . . .  . . . . .  . . . .  . . .  . . . . . , 



' ., . . .  . . .  . . . , . . . .  . . . .  . . .  , , . . 
. . .: 2.. REACT-OR 0PERA.TION . : . . : .  '.' . , . . 

. . .. , 

The .administrative orgariiz'atidn and pro6edur.e~ that have- been 
ektk&lish&d fbl. e i e t o r  operation a i e  discussed first in this section, 
aldig ~i-irrim&~ of the professional backgrounds of the staff 
'to be- aiiodiatid'ivith the re'actor.   oil ow in^ 'this &re ,deskriptions 
of the pre-operational tests, startup procedures, .normal. operations, 
health , . .  physics requirements, .. . emergency procedures, and experi- 

. . .  . . .mental' . . prbgram. ' 

. . . .  . . 

The,safe and orderly operation of a reactor, with proper coordi- 
nation qf all abtiirities centered around it, requires a unified organ- 
ization hekded by a ~ o m ~ e t e n t ' s ~ ~ e r v i s o r .  ~ e .  must direct technical, 
administrative, and scientific activity involving the 'reactor; establish 
operating rules and controls; guide the reactor operation@; schedule. 
operations to ensure that'rnaintenance, instruction, research,' and 
services 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 Research. 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 university 
reactor operations committee.'will- set broadpolicy, .the cbnduct of 
actual~b~erations~~should be the respdh&bility of a single individial 
with adequate authority to assign personnel'.and with recognized com- 

. . . . . . petence to make decisions. . . .. . 



2.1.1 Reactor Supervisor ' , 

The Ohio State reactor is to be under the immediate operational 
control of a ~ e a c t o r  Supervisor whoseduties are  as  follows: 

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

: Review all prop,osed operations in order to ensure that all 
., , . . reasohable requirements of safety to students, pe+sonn&l, 

. .. ;public, and equipment a re  met and that'thk prbpobed'op-,". . .. 
' eratibi8.i~ co'nsistent with the objectives of. the. osu reactor . 

. . . . 
program . 7 : .  . .. . . . . 

. . .  . 
, . ' 

schedule times at the reactor for maintenance, instruction, 
research .and development, or  service, to achieve i 'p ioper  
balance between .the requirements of each in the long- range 
intere'st of all phases of the OSU 'reactor ,firo'grani 

, . 

.. . ' ' ~ n f o r c e  operating:rule~ and controls governing adtivitie? 
. . . - .  . . at the 'reactor ,' including, the safe and, . drderly . handling, . . . .  . .  gf .. . .  . , 

. . . 
. . students andvisitors to the reactor . . 

. .  . . . . . . 

. : submit periodic reports onthe' opera.ti?n of the reaotor to: 
the w i c k  of the Vice ~ m s i d e r k ,  Instruction and ~ e s ~ ~ k c h ,  
and special report's' on any unusual operations or circum'- 

, . . . , .  : stances, . _  during 0pe.catio.n of thereactor which may 
. . 

. .  . .  . . . , in a major interruption of the program. or :which will have' ' 
special significance in $elati6ns:with other '~nive,?sii$ or- 

. . 
. .  , , . , , , , ganizations, the AEC, or  the pu,blic., ' 

. . .  . . . 
. .  . . . . . . . . . .  . . 

. . . . . \ 

2.1.2 Scientific stiff . . . . . .  I _ .  
. . 

. . . . ,  . .  , . . . . . . . . . . . 

, l'hk scientific' staff '&ll hormally b+.made'ip of OSU empl?yee$ bf 
faculty rank. under. special circumstances, OSU, research asso- 
,diates. an& assistants . . .  . , '.may be assigned temisorarily to the 
s taff .  visi t ing faculty from otherinstitutiofis may bd . tempdrakily . 

. .  . . . .  . 



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. 

. . . . . . . .  . . ., : . :. .; . , . 

The,r@qtoS.will be 6per~ted..only by personsduly licensed pursuant 

to Be, . , .%..  regulati6ns . .  of Part 55, Title 10, of the Atomic Energy Act of 
1954. . In , .  gene?& . operators will be of an, educational; and experience 
level approaching , . . . . . . . .  that' required for faculty status in nuclear physics 
or nuclear engineering. . . 

2.1. ,4 Students , . . . , .  . . . . .  . . . . .  . .  - 
. . . . . . . . . .  . . .  . . .  . . ... . . . . . .  . . . . .  
A project, or individual exber.i,ment proposed by a student will be 
supervised by a member of the scientific staff,. andthe request-for- 
operation form submitted in order to perform such an experiment 
or project must be countersigned 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 will be scheduled for routine preventive.maintenance.. 

Initially, reactor operation will take place only from .8: 00 a. m. to 
5:00 m. , Monday through Friday. At leas't one day per. week of 
this time will be devoted to maintenance. @ 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 Uqiveqsity, 
a.series of standardexperiments will. be conducted to determine the 
charicteristics of this.particular reactor facility. - .,These experi-, 
ments wili comprise fl& maps of the core and experimental facil- 
ities, power calibrations, 'rod worth determinations, fuel worth 
determinations, etc. 



. . 2.1.6 Proposals 'for Reactor'.Bperations 
, L '  

, . . . . . 

Before any reactor operation'is performed, the experimenter will' 
submit a l1Request for Reactor' Operationff form to the reactor 
supervisor. This form, filled in, will stat6 the.purpose, 
procedure,. apparatus, intended power-level history, reactor con- 

' ditions, and expected results of the experiment, with silpporting 
reasons. The supervisor will review the request arid consult . ' . 

. . 
membersof the scientific staff i f  needed to establish the type ofL' ' 
experiment; The experiments will be categorized'as either de- 

. . 
veloped or  new experiments. . . '  

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. 
Whenevkr a developed experiment is  repeated, it will be necessary 
t'b ensure that it will be done in the standard manner or that any' 

, 

~han~es invo lve  no isd&e of safdty. If a questibn of safety exists 
because of changes in method of performance, the experiment'r&st 
be treated as a ne;w 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- 
'bent unless review by the- reactor operations committee'is requested 
by'either the' feactor' 'superviso~ or a staff member. . . .  

Upon satisfactory completion of 'review of a proposed 'experiment'; 
the reactor supervisor will schedule a tentative't'ime. for its per- 
formance. Any' di'ssatisfaction with"the judgment or action'of the 
reactor' supervisor' may be referred to the' committee on reactor 

. . . . .. . 
operation. 

~ a c h  request-for-operation form will.be signed'by the.experime.nter. 
J.f the experimenter is a student, the request form willbe cokter -  
signed. by' the .staff '&ember acting a s  advisor to the student. . ' . ' 

. .  . . . .  . . . . . . .  . . . 

. .  . . . .  . . . .  . . . . . ' 

. . 



. . . . I 
I 

REQUEST FOR RESTOR OPERATION I '  . 
Date . . I  1 .  ' a Yes m! NO 

I 
TO: supervisor. OSU Educational Reactor 

. . . . Isotope Production Involved in Experiment - i 

Request is tereby made for operation of the OSU EducaUonal Reactor . 
Material is to be irradiated: 

on. .; as described below. i Estimated amount of activity to be produced: 

TYPE OF 
Amount of material to be inserted: I 

@PEnnIoNi "actor . ~ w r h e n t : [ 7  . .  . performance Test :[7 Proposed location of the material: 
Expected Flwr. 

1 ._  i 
DESCRIPTION OF EXPERIMENT OR OPERATION (~ive.  title and brief description; ! 
include descriptim of any auxiliary apparatus required; attach additional sheets if 
necessary) ACTION TAKEN: Date 

j 
i 

In the judgement of the reviewe& this is a ! 
I 

a Routine operation involving no significant modification of the reactor. 

i 
i 0 Developed experiment, a s  described in: 
I 

I ~1 New Experiment. , REACTOR WNDITIONSc -, 
. . 

I .  
ESTIMATED REACTMTY EFFECT OF EXPERIMENT! i 

Commenta or  Suggestions 
. . 

PROPOSED RUN HISTORY (Include setup and star&$ time, in&ate periods, etc.) ! 

j POWER, 

. . 

1 
I 

. , 3 6 7  8 9  10 1 1 , 1 2  1 2  3 . 4  5 6 
!,T\ ; i 
Fr2 j CLOCK HOURS 

I . . f 
! 

I 

1 COMMENTS OR REFERENCES , I 
i 

i Reactor Supervisor ard .Date 
! 

I 
signed.(experimentor or experimentors) 

w W 

-- 

Signature(~) and Daz  

. . 
, Disposition of Experiments 

Schedule for performance on 
. . 

a Rsferred for further review to: 

Not allowed for following reasons: 





2.1.7 Professional Backgrounds of Staff : . . .. . . . , .  . 

FRANCIS J. BRADLEY' . . .  . . 
I 

. . 

Manhattan College, B. S, in E. E. , 1949; University of Pittsburgh, 
M. S o ,  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, 1053 - 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 thgse of a reactor supervisor at the kgonaut  Reactor). 
Research. Associate, Ohio State University., 1959. . . 

.. CHi4RLES.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 propellant, nuclear chemical 
engineering. 



ALFRED B.. GARRETT a . . . .  

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, Asvistant 
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 organic 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 ~entucky  ; 
M. S.: in M. Ed , ,1948; the'ohio- State University, .P~. 'D. , '1.952'; . : . , 

Instructor; University of Kentucky, 1948-1949; Instructor (part-. 
time), Ohio State University, 1953-1955,.Assistant ~ r o f e s s o i ~ -  ..: 

1955 - present; teaching nuclear.reactor power plants 'since ,1957. 
Research and teaching interests include heat transfer, thermo-. 

. . 
dynamics, fluid dynamics, nuclear power pla,nts. 

. . .  KARL' E . .KRIZL . . . .  
... . . . .  

B. S. in. ceramic Engineering, Missouri School of Mines and.-vet- ' . 

allurgy, '1941; M:S. :(Geology), University of Colorado,. 1948;: Ph; D.,, 
OhioState University, 1951: Chief Chemical Engineering and. Ma- . .  

. . .. terials Branch, Office of, Ordnance Research, Ud. So ..Army, :.1'952- -. 

1953; Assistant to the .Director, 0hio:~tate  University Research'.,: 
Foundation, 1954-1957; Assistant' to the Vice .President,  0hio':State 
University, 1957 - present, inorganic'thermo,chem@try,. research 
administration; , . . . .  . 

. . . . . .  
. . .  . . . .  

. : - .M. L. . POOL 
. . .  , . 

. . .  . . 

Bi S. ,. University of Chicago, 1924; Ph. D. .(physics), 1927, :~ssis t -  
ant.Physics, Chicago 1925-1928; Instructor, Ohio St'ate University, 



1928-1932; Assistant Professor, 1932-1936;. Associate ,Professor., 
1936-1941; Professor, 1941 - present. Howald scholar, Michigan 

. ,1936-1937; member radiological safety section, Bikini 1946.; Ci- 
vilian yith U. S. N. ; Office Scientific Research and ~ e ~ e l o ~ m e n t ,  
u.'S.A. F. , 1944. Fellow Physical Society; Physics ~ e a c h e r s ;  
Fellow Ohio Academy .(Vice president, 1942-1957).. Artificial . . 
radioactivity, cyclotrooneering, nuclear reactions cross-sections, 
nuclear spectroscopy. 

. .2.2 . PRE-OPERATIONAL TESTS 
: . I  . . . . . 

~ a c h  operating day, before the reactor is  started up,. the followiig 
procedures will be carried out by the reactor operator for. that . day. . .  

. . . a. . A visual inspection will bemade to ensure 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 fue'l 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 appropriate "~eques t  for Reactor  erati ti on^^ form(s) 
. , will be checked . .  . for necessary signatures and posted in 

a conspicuous spot in the control room. . . 

2,3 , STARTUP PROCEDU.RES 

Information to. be supplied at a later date. , . 
. . 

2.4 . . NORMAL OPERAqON 

Information to be supplied at a later date. 



-2; 5 . HEALTH PHYSICS REQUIREMENTS 
.A , . .. . . . . . ,  . . . , . , 

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

. . 2.5; 1 waste ~ i s ~ o s a l  '' 

. . .  . > . . 

L There will be very 1ittl.e radioactive waste from the. OSU educational 
reactor. Since no fuel processing is  proposed, no fission product 
wastes are anticipated. Radioactive wastes such as aye encountkred 
in nonreactor nuclear laboratories'will be low-level waste and will 
be'liandled by the campus Radiatioii 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 ?kchinge resins,. and residues or  spillage from isotopes 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 possible -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 Rules 

The Reactor. Building will be equipped with a conventional lock for 
, , 

which keys will be issued only to.authoriied staff members. In 
addition, the controi room and supervisor's office will be equipped 
with separate locks. ~e 'ys ' .  to the control room will be issued only 
to licensed reactor operators or  -- on a temporary basis -- 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. 

. . . . . . 



It . will . ,  be .the policy of the reactor installation to .welcome all visitors. . . 

. However, i n  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 1 8  will not be allowed in areas where 
the radiation field is greater than one-tenth (0.1); the ..permissible 
kvel  for adults (2.5 rqr/,hr). . , .C . , . . . ~ . . 

2.5.3 Fuel Inventory . . 
3 . .  

Each fuel element of the OSU Education Reactor fuel inventory 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 
fuel 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.. . . 

, , 

. .  . , , .  

changesin the location of fuel elements will be made only after 
. . such changes a re  authorized by th,e reactor supervisor. , . . . .  . 

2.6 EMERGENCY PLAN , 

. . . . . ,  . . . . . 

In case of emergency, an evacuation alarm (klaxon) will notify. , 

personnel to leave the building. Two doTs 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. . . . 



Staff- members conducting experi-ments with students present will 
'be' responsible for these.students. ",The reactor supervisor &ll be . . . . .  
responsible for seeing that the building is cleared. . 

. ' . 

. , . . (  

. . . , 

Names and telephone numbers of staff members to be called in 
case of emergency d l 1  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 Safe,ty 

I .Off ice, the OSU police,. and the ~olumbus  Fire ~ e ~ a r t m e n t .  ' ~ h e s e  
. . . .  

procedures will apply to the reactor facility. 
. . . .  . . . .  . . . .  , . 

.:2;7. ..... EXPERIMENTAL :PROGRAM . . .  

. . . . . . 

The experimental program of the Ohio State University Educational 
Reactor will be conducted at  essentially two levels, undergraduate 
and graduate. The undergraduate instructional program, consisting 
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. 

Following is  a list of proposed experiments to be performed with 
the Ohio State University Educational Reactor. 

. . . . . . .  . . 
. . 

. . . . 
. '. 

2.7; 1. Reactor Safety Procedures 
. . . . . .  . . . . . .  . , 

This esperiment is . to familiarize the'students with reactor radiation 
safety instruments and procedures': "The students will locate and 



diagram the location of the reactor experimental . , .  . facilities, scram 
-buttons, survey instrument storage area, fire fighting equipment 
and alarm, telephqnes,. 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. ~ r o m  data; collected, they'&ill 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 : Neutron Detectors and'R.eactor Instruments 

This experiment is to familiarize tha student with neutron detkbting 
,devices used in reactor control and eyaluation and with the electronic 
circuits necessary to apply them to these ends. .,The experiment is 
primarily directed toward .the operation and chapacteristics of the 
BF counter, the compensated ionization chamber,. and associated 
electronic circuits with which the student has had no pre- 
.vious experience, namely the logarithmic amplifier and the period- 
meter. These instruments will be set  up independent from the,. 
actual control of the reactor. 

2.7.3 Reactor Operation and Control 
. . .  , 

The student will study the control and sde ty  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 instrument 'on the control c~nsole.  
The student will learn the actual startup. and shutdown procedures 
used with the reactor, 

2.7.4 Control Rod calibration 
. . 

The student will calibrate' one or more control . . rods by period 
measurements and rod drop measurements. 



. . 
2:7.5 Fotl Activation and Flux Mapping . . . .!...' 

. . .  . . .. . : . .  . 

In this experiment, the student:iKill 'be introduced, to the technique 
of flux' measurement .by foil activation and will use this technique 
in mapping the flux distribution in various parts of the reactor. : 

- . :  . . . .  : . J 

2.7,6 .Reactor Power ~alibra-tion . . . . . .  . 
. . 

. . . . .  . :_ ' . - .  . . 

The student will measure the thermal flux distribution in the reactor 
core and from this will determine the reactor power. 

. . 
, . . . 

'2.7.7 Diffusion Length of Neutrons in .Water 
. . . . 

:' . In.this. .experiment ,. the student will measure. the, diffusion length.. , ' 

' .' of. thermal neutrons in-water, .using.'the Bulk shielding -Facility, . 
. . . .. . . 

2..7. 8 'Determination of Permi :Age : 
. . ..  . , . . . .  . . . . 

.. In. th.is (experiment;: the Permi .age for thermal neutrons. in:graphite 
. . . - .  ,: will be determined,. . - . . 

, .. . , . 

2.7.9 A.lbedo Determinat,ion . . . ' 

. . .. . . . 

The albedo of graphite will be determined' in this experiment. 
. . :  . . . .  . . . .  , . . . . :... . . . .  

2.T6 10 .Absorption Cross Section Measurements . ' 

. . . . . . . . 
. . . .  . f ! 

'In this experiment, an absorption cross section will, be measured 
both by the method of activation analysis and the danger coefficient 
niethod; 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- 
sorptfon cross section.for certain materials. 

. . .  . . . . I . : '  

'. . C 
.. , . 
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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, an investigation will be conducted into the rel- 
ative stopping power, for tleulrons, 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 
investigated. The student will determine the replacement length 
for several proposed shielding materials. 

2.7; 15 ~eactor-.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 corn- 
plex problems arising in the shielding studies carried out. quanti- 
tatively in experiments 2.7.13, 2.7.14, and 2.7.15. 



3. REACTOR BUILDING AND S I T E  D E S C R I P T I O N  ' 

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, climatology, and geological 
characteristics. 

3.1 . LOCATION 
. ' I . .  

.The OSU ,training reactor will be located on property owned by the 
Ohio State University west of the main campus. Figure 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. . A.eria1 photographs of. the 

i location are  shown as Figures 3, 4, and 5. A map of the surround- 
ing territory with 1/2, 1, 2., and 5-mile radius circles sketched 

. , 
. . .  in is  presented as Figure 6,; 'property owned by the University is 
: ilidicated by the cross-hatched areas.:: . .  :.::, : :. . ". 

3.2 . CONSTRUCTIONOF BUILDING 

. . ,  
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 a r e  con- 
crete. supported on,steel beams. . Elevated platforms are  checkered 
plate supported on steel beams. Interior partitions a re  plasterboard. . '  

. , Sanitary. facilities and water service are provided. ~ l d o r  drains 
provide for drainage. A forced warw 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. . 



FIGURE-2 SCALE PLOT PLAN OF SITE 
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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 ite 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, ahown in Figure 6. Both rivers join at a point about 2.5 
mVes 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 
drainpge 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 F'r-i~ 

LOCATION 

Ohio State University farm, 200 ft. west of Kenny Rd., 600 ft.. 
south.of ~ b k e r m a n . ~ d .  , 6,000 ft. west of the Olsntangy ~ i v e r ,  
Clinton Tp., Dublin quad., T. 1 N., R. 18 W., lat. 40° 01' long. 
83O 02l,, 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 a t  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 a r e  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-level data for well Fr-1S) 
(in feet below land surface) 

7 .  . I '  . 

Year - High 
. . 

'Date . . , , 

May 24 46.4 

. . 
:July11 . 46.5 . '. 

. ' . ,  :Apr. 10'. 44; 6 ' . 

' May 2 i ,  " 28 44. o 
Apr.. 14, 21 . 44.0 
May1  ' 44..2 
Apr. 24 44.1 
Apr. 1 3  '.. 44. 3 
-Apr; ' 28 . 

. . 
44,4 

.May 31 "46. 6 
- '  

; .May '7, 16; 20 '48 .2 .  
. .  , . ' 7  

Date 

Nov. "23,. 29 
Dec. .6, 13 
Ji'ne . 3i . ' . , 

. .  an.. 3 . . .  

Jan.'. 2 . .  . ' ' '  

Dec. 1 ' '. 

Dec. 24, 25 
NOV: 12. ''. 
Nov. 5, 6 
Dec, -19 ,  
Nov.:28 . . .  

Oct. 7 . . 

: .. , :  . . . ,  

* State of Ohio, ~epar ' tment  of ~ a t u r a l  Resourc'es,' 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.University sewerage network, 
'with prdper moiit6ring devices installed a t  the site to.prevent con- 
tamination of the sewer  system with radioactivity.. . The sewage 
from the'reactdr site flows in z i  closed sysfenito the City of . , -  

' ~o lumbcs  Sewage plant ,  ldcated 5.9 niiles southby sbutheast. , . .: 
. . . . 

from the r e a c t o r . d e  showri in'Figure 9.. ' I  

. .  .: . 
. . . .  . % .  . . . . , .  . 

3.4. ~'POPlJLA!TION~DISTR~U!TION 

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 o r  two-story resi-  
dential dwellings. The residential and industrial population 



statistics a r e  given in ~ab les .11  and 111. . . . . 

One point .of interest is the concentration of about 80,000 people 
on five o r  s'ii Saturday: afternoons during the autumn quarter in the . 

OSU Stadium located 1.3 miles from the.reactor site, . : .. ; 

. . .  .' . 

TABLE I1 , . . . I  

. q .  ' . . 
. . 

RESIDENTIAL POPU LA TION DISTRIBUTION , . .. 

:(Reference Figure 9) , . 
. . 

. . . . 

. :  

E s t.' Residential .Density;. .Av. 
. - .. . . . 

, . .... ~ o ~ u l a t i o n  Area , Population 
Region 1950 Census Sq. Miles .i..ySq, 'TvIile . , 

. . 
. . . .  ' ,  . .." 

200 1/2-m'ile radius 0.785 . . ,260 
1-mile radius . 2600 3.14. . . 82.0 . 

2-mile radius . . 16000 12.53 . .  . 1280 :' , 

. . ., 6 

. TABLE I11 . . . .  . 

INDUSTRIAL POPULATION DISTRIBUTION. . . . 

. . . . . .  , . . 

l/2-Mile Radius ' 

Company No. of Employees 

OSU Building 250 . . 

Alexander Smith Rug 2 7 
Simmons Mattress 360 
Buckeye Telephone and Supply - 36 
Scott Viner I 120 
Fishel Construction 150 
Allis- Chalmers - 6 0 

Total 1003 



. . . . . . . . .  . . .  1/2-Mile - 1-Mile Radius 

. . 
Company' . . . ' . . No. of Employee's ' - '  . '. 

. . .  . . . .  . . . . .  . . . .  . . 
. . .  . . 150 : . . .  Suburban Motor Freight ' . 

25 National Heat Treating Service 
Buel Gatterdam Co. 8 
Kight Construction 7 

. . .  
Hutting Sash and Door ,Cd.:. 4 0 

. . . . 
Fifth. Avenue Florist 8 

30 - Greybar Electric 
Allis-Chalmers '. . '  60 
~ c ~ u n e  and Co. . , . . 8 

. . 
~hioih~!urn&ce Cb.. . . .  16  . . ,  . 

. . 

~i turhinous  Coal Research : 25 
Ohio. Plate Glass Co: 24 

. . . . . . . .  'Ohio Machinery Co. 53 . . 

. . .  
. . .  35' $ - ' .  . ' * '  Livingston Seed 

8 ~ a r n b e r t  Jones Lumber 
Lennox Furnace 460 
J. . I. Case . . 

34 
John-Deere Plow , ' 7 4 

500 National.Electric Coil 
. . .  



TABLE W 

U. S. DEPKRTMENT OF COMMERCE 
WEATHER BUREAU 
'< 

LOCAL CLIhaATOLOGICAL DATA 
WITH COMPARATIVE DATA 

COLUMRUS, OHIO 

NARRATIVE CLIMATOLOGICAL SUWRY 

Columbus is l o c a t e d  i n  t h e  c e n t e r  of t h e  s t a t e  and  i n  
t h e  d r a i n a g e  a r e a  o f  t h e  Ohio R i v e r .  The a i r p o r t  is 
l o c a t e d  a t  t h e  e a s t e r n  boundary o f  t h e  c i t y  a p p r o x i -  
m a t e l y  7 m i l e s  f rom t h e  c e n t e r  o f  t h e  b u s i n e s s  d i s t r i c t .  
The g round  e l o v a t i o n  o f  t h e  a i r p o r t  is 8 1 5  f e e t  above 
mean s e a  l e v e l .  

Pour  n e a r l y  p a r a l l e l  s t r e a m s  r u n  t h r o u g h  o r  a d j a c e n t  
t o  t h e  c i t y .  The S c i o t o  R i v e r  is t h e  p r i n c i p a l  s t r e a m  
and  f l o w s  f rom t h e  n o r t h w e s t  i n t o  t h e  c e n t e r  o f  t h e  
o i t y  and  t h e n  f l o w s  s t r a i g h t  s o u t h  toward t h e  Ohio 
R i v e r .  The Olen tangy  R i v e r  r u n s  a l m o s t  due  s o u t h  and 
e m p t i e s  i n t o  t h e  S c i o t o  j u s t  wes t  o f  t h e  b u s i n e s s  
d i s t r i c t .  Two minor  s t r e a m s  r u n  t h r o u g h   portion^ of  
Columbus o r  s k i r t  t h e  e a s t e r n  and  s o u t h e r n  f r i n g e s  of 
t h o  a r e a .  They a r e  Alum Creek  and  B i g  Walnut Creek .  
Alum Creek  e m p t i e s  i n t o  t h e  B i g  Walnut s o u t h e a s t  o f  t h e  
c i t y  and  t h e  B ig  Walnut e m p t i e s  i n t o  t h e  S c i o t o  a few 
m i l e s  d o w s t r e a m .  The S c i o t o  and  Olen tongy  a r e  go rge -  
l i k e  i n  c h a r a c t e r  w i t h  v e r y  l i t t l e  f l o o d  p l a i n  and  t h e  
two c r e e k s  have o n l y  a l i t t l e  more f l o o d  p l a i n  o r  bo t tom 
l a n d .  

The na r row v a l l e y s  a s s o c i a t e d  w i t h  t h e  s t r e a m s  f l o w i n g  
t h r o u g h  t h e  c i t y  s u p p l y  t h e  o n l y  v a r i a t i o n  i n  t h e  micro-  
c l i m a t e  of t h e ' a r e a .  The c i t y  p r o p e r  shows t h e  t y p i c a l  
m e t r o p o l i t a n . ~ e f f e c t  w i t h  s h r u b s  and f l o w e r s  b los soming  
e a r l + e r  t h a n  i n  t h e  immediate  s u r r o u n d i n g s  and  i n  r e t a r d -  

. i n g  l i g h t  f r o s t  on  c l e a r  q u i e t  n i g h t s .  Many e m a l l  a r e a s  
t o  t h e  s o u t h e a s t  and  t o  t h e  n o r t h  and  n o r t h e a s t  show 
marked e f f e c t s  of a i r  d r a i n a g e  a s  e v i d e n c e d  by t h e  
f r e q u e n t  f o r m a t i o n  o f  s h a l l o w  g round  f o g  a t  d a y b r e a k  
d u r i n g  t h e  summer and  f a l l  months  and  t h e  h i g h e r  f r e q u e n -  
c y  o f  f r o s t  i n  t h e  s p r i n g  and f a l l . :  

The a v e r a g e  d a t e  o f  t h e  l a s t  f r e e z i n g  t e m p e r a t u r e s  i n  
t h e  s p r i n g ,  w i t h i n  t h e  c i t y  p r o p e r  is A p r i l  1 6 t h  and  
t h e  a v e r n g e  d a t e  o f  t h e  f i r s t  f r e e z e  i n  t h e  f u l l  is 
O c t o b e r  31st, b u t  i n  t h e  immed ia t e  s u r r o u n d i n g s  t h e r e  
is much v a r i a t i o n ;  f o r  example ,  a t  V a l l e y  C r o s s i n g  
l o c a t e d  a t  t h e  s o u t h e a s t e r n  o u t s k i r t s  o f  t b e  c i t y ,  t h e  
a v e r a g e  d a t e  o f  t h e  l a s t  32 d e g r e e  t e m p e r a t u r e  i n  t h e  
s p r i n g  is May Znd, w h i l e  t h e  a v e r a g e  d a t e  of t h e  f i r s t  
32 d e g r e e  t e m p e r a t u r e  i n  t h e  f a l l  is O c t o b e r  12. 

The r e c o r d s  show a  h i g h  f r e q u e n c y  o f  ca lm o r  v e r y  low 
wind s p e e d s  d u r i n g  t h e  l a t e  e v e n i n g  and e a r l y  morning 
h o u r s ,  f rom J u n e  t h r o u g h  Sep tember .  The r o l l i n g  l a n d -  
s c a p e  is c o n d u c i v e  t o  a i r  d r a i n a g e  and  f rom t h e  Weather  
Bureau l o c a t i o n  a t  t h e  a i r p o r t  t h e  a i r  d r a i n a g e  is 
toward  t h e  n o r t h w e s t  w i t h  t h e  wind d i r e c t i o n  i n d i c a t e d  
a s  s o u t h e a s t .  A i r  d r a i n a g e  t a k e s  p l a c e  a t  s p e e d s  
g e n e r a l l y  4 mph o r  l e s s  and  f r e q u e n t l y  p r o v i d e s  t h e  
o n l y  p e r c e p t i b l e  b r e e z e  d u r i n g  t h e  n i g h t .  

Columbus is l o c a t e d  i n  t h e  a r e a  o f  c h a n g e a b l e  w e a t h e i .  
A i r  masses  f rom c e n t r a l  and  n o r t h w e s t  Canada f r e q u e n t l y  
i n v a d e  t h i s  r e g i o n .  The t r o p i c a l  Gulf  masses  o f t e n  
r e a c h  c e n t r a l  Oh io  d u r i n g  t h e  summer and t o  a  much 
l e s s e r  e x t e n t  i n  t h e  f a l l  and  w i n t e r .  T h e r e  are a l s o  
o c c a s i o n a l  w e a t h e r  c h a n g e s  b r o u g h t  a b o u t  by c o o l  o u t -  
b r e a k s  f rom t h e  Hudson Bay r e g i o n  o f  Canada, e s p e c i a l l y  
d u r i n g  t h e  s p r i n g  mon ths .  A t  i n f r e q u e n t  i n t e r v a l s  t h e  
g e n e r a l  c i r c u l a t i o n  w i l l  b r i n g  showers  o r  snow t o  
Columbus f rom t h e  A t l a n t i c .  A l though  Columbus d o e s '  
n o t  have a "wetv o r  "dry ' -  s e a s o n  a s  s u c h ,  t h e  month 
o f  Oc tobe r  h a s  a h i g h e r  f r e q u e n c y  o f  l i g h t  r a i n f a l l  
t h a n  any o t h e r  month and  comes c l o s e s t  t o  p r o v i d i n g  a 
normal  d r y  p e r i o d .  
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R E C O n l  
YEAH 
T e l l '  
MAX . 
Y I N  

AVERAGE T E M P E R A m  
COLMOUS OBI0 

TOTAL PRECIPI'rATIOPJ ""' Â '"" 1957 

MONTHLY AND SEASONAL DEGREE DAYS 

Doa 

3 . 3 3  
1 . 8 5  
1 . 5 9  
. I .  
2 . 3 1  

4 . 5 3  
2 .34  
1 . 1 3  
2 . 9 1  
4 . 1 5  

3 . 5 9  
1 . 3 1  
3 . 2 3  
2 . 2 6  
1 . 8 0  

3 . 7 4  
2 . 8 9  
8 . 1 2  
2 . 3 5  

.73  

3 . 0 5  
3 . 5 5  
2 .07  
3 .81  

. 8 0  

3 . 2 9  
3 . 0 5  
2 . 4 5  
1 . 3 0  
2 . 3 2  

1 . 7 9  
3 . 0 0  
1 . 0 4  
1 . 2 0  
2 . 7 2  

1..78 
3 . 2 8  

. 0 1  
3 . 5 3  
1 . 6 0  

1 . 9 8  
1 . 4 4  
2 . 2 4  
2 .37  
3 . 0 4  

5 . 0 7  
2 . 5 8  
1 . 8 8  
1 . 6 9  
0 .40  

3 . 2 1  
4 . 0 8  

2 . 6 3  

b d  

33.70  
37 .58  
30.14 
39 .50  
34 .79  

4 3 . 4 3  
2 9 . 6 4  
40 .88  
31 .18  
39 .04  

34 .43  
3 1 . 9 4  
31 .93  
37 .95  
3 5 . 8 0  

40 .49  
32 .10  
41 .18  
33 .17  
16 .87  

38 .89  
42 .18  
33 .24  
42 .27  
2 1 . 6 0  

35 .54  
30 .03  
3 2 . 0 1  
21 .03  
35 .35  

3 3 . 1 5  
41.97 
35 .65  
30.37 
33 .87  

29.47 
3 0 . 3 3  
32 .08  
3 0 . 8 0  
40 .97  

38.07 
38 .13  
36 .48  
35 .01  
36 .62  

37.27 
35 .25  
28.4'4 
34 .31  
31.71 

35 .93  
31.77 

35 .77  

Aug. 

8 . 1 5  
1 . 7 4  
2 . 3 4  
1 . 5 3  

.42  

3 . 6 2  
2 . 1 5  
2 . 1 0  
4 . 7 8  
7 . 0 1  

3 . 2 1  
3 . 1 0  
4 . 4 2  
3 .71  
4 . 0 9  

4 . 5 5  
1 . 9 4  
4 .87  

.33  
2 . 3 7  

6 . 1 3  
1 . 9 1  
1 . 0 5  
3 . 7 8  
2 . 4 5  

4 . 8 0  
.71  

2 .07  
4 . 1 3  
8 . 6 1  

4 . 9 4  
2 . 8 9  
3 . 3 2  

.49  
2 .17  

2 . 9 0  
2 . 9 7  
1 . 7 8  
3 . 6 6  
1 . 8 7  

3 . 5 8  
3 . 6 4  
2 . 3 1  
2 . 3 7  
3 . 5 2  

.58  
1 . 8 7  
2 . 6 2  
5 . 1 8  
2 .38  

2 . 2 3  
0 . 8 9  

3 . 1 3  

Apr. 

1 . 1 8  
3 . 2 7  
2 . 7 5  
3 . 2 0  
1 . 5 2  

4 . 3 7  
4 . 1 0  
3 . 9 1  
2 . 4 8  

. 9 5  

2 . 3 3  
3 . 1 5  
2 . 8 0  
2 . 2 8  
4 . 5 1  

4 . 1 1  
3 . 0 5  
2 . 1 2  
3 . 1 2  
1 . 6 8  

2 . 5 6  
3 . 8 0  
1 . 9 1  
3 . 7 1  
1 . 2 8  

4 . 3 8  
1 . 7 5  
3 . 1 5  
1 . 2 4  
1 . 8 8  

3 .17  
3 . 1 8  
3 . 0 7  
4 . 6 2  
6 . 3 1  

2 . 3 2  
1 . 2 4  
2 . 6 9  
3 . 7 0  
5 . 5 2  

1 . 7 2  
5 . 3 0  

. 4 . 3 9  
2 . 8 4  
3 . 8 0  

2 . 0 4  
4 . 0 7  
2 . 3 2  
3 . 7 7  
1 . 0 0  

4 . 0 8  
5 . 7 0  

3 .07  

IYsar ran. Fab. Mar. 

' l 9 0 8 l l . 9 8  1 0 8 1 4 . 5 9  
'1907 5 . 7 3  4 3 5 . 2 1  

. - 
Fob. 

S.pt 

1 . 5 9  
1 .27  
. .42  
1 . 8 1  
3 . 8 6  

5 . 9 8  
1 . 8 3  
3 . 2 8  
1 . 2 6  
4 . 4 3  

1 . 5 4  
. 5 5  

3 . 1 9  
1 . 1 5  
1 . 2 9  

1 . 0 5  
2 . 8 8  
3 . 3 9  
3 . 7 7  
1 . 1 1  

5 . 7 7  
1 . 0 8  

. 8 0  
1 . 2 8  
1 . 0 5  

3 . 3 4  
1 . 3 1  
4 . 4 5  
3 . 3 6  
1 . 8 0  

3 . 2 9  
2 . 4 5  
5 . 4 0  
1 .39 .  
1 . 5 9  

1 . 8 2  
2 . 8 3  

. 9 5  
1 . 3 5  
2 . 7 1  

1 . 0 1  
3 .67  
2 . 2 5  
2 . 6 0  
2 . 3 1  

3 . 0 0  
2 . 4 9  
2 . 1 2  

.74  
2 . 6 9  

1 .37  
2 . 9 9  

2 . 5 1  

July 

5.17  
8 . 0 7  
3 . 7 4  
3 . 3 4  
2 . 4 0  

3 . 2 9  
3 . 5 0  
2 .88  
1 . 6 4  
8 . 8 5  

.66  
4 . 0 9  
2 . 5 0  
4 . 9 3  
5 . 1 8  

1 . 1 0  
2 .29  
4 . 0 9  
2 . 9 8  
3 . 1 7  

4 .47  
3 . 8 0  
6 . 2 7  
1 . 9 1  
1 . 2 8  

4 . 8 8  
4 . 3 1  

. 8 5  
2 . 9 4  
4 .83  

1 . 8 0  
3 . 9 1  
5 .22  
2 . 5 5  

.49  

2 . 6 5  
2.57 
7 . 0 5  
1 . 9 9  
4 . 8 4  

3 . 9 5  
6 . 3 4  
5 .25  
3 . 2 4  
2 . 9 6  

' . 9 9  
3 .01  
4 . 8 9  
3 . 2 0  
4 .77  

4 . 9 2  
3.98 

3 . 6 1  

Ma, 

2.47  
3 . 3 5  
4 . 0 4  
4 . 8 5  
4 . 1 0  

1 . 1 5  
1 . 6 5  
1 . 6 0  
1 . 2 8  
1 . 5 7  

4 . 8 1  
2 . 8 0  
4 . 3 0  
5 . 1 9  
2 . 0 0  

1 .67  
5 . 1 6  
2 . 4 2  
3 . 4 3  
2 . 3 3  

1 . 4 2  
6 . 4 8  
1 . 5 1  
4 . 5 5  
1 . 0 4  

1 . 9 6  
.79  

6 . 9 5  
. 6 0  

4 . 7 1  

2 . 3 4  
3 . 1 8  
4 . 8 2  

.33  
4 . 6 5  

2 .47  
3 .41  
4 . 3 3  
4 . 5 1  
3 .66  

4 . 3 1  
4 . 9 4  
3 . 3 4  
2 . 0 5  
1 . 1 5  

3 . 7 1  
4 . 3 3  
3 . 0 5  
2 . 5 6  
3 .56  

4 . 8 5  
5 . 4 1  

3 . 5 0  

1908 1 . 4 0  3 . 6 6  

- 
Dee. 

----. 
Sealon 

lu. 

1 . 4 4  
3 . 3 9  
1 . 1 3  
3 . 8 8  
1 . 9 3  

4 . 0 4  
1 . 4 8  
1 . 5 9  
2 . 0 3  
5 . 0 6  

3 . 4 9  
6 . 2 0  
1 . 2 5  
1 . 7 6  
3 . 7 9  

2 . 0 8  
3 .14  
5 . 1 0  
5 .37  
1 .67  

.96 
3 . 6 3  
8 . 9 4  
4 . 7 9  
1 . 2 5  

2 . 3 0  
4 .38  
1 . 7 1  
2 . 7 4  
2 . 4 0  

2 . 1 3  
6 . 7 1  
1 . 9 8  
0 . 0 6  
3 . 7 9  

8 . 2 0  
2 . 9 5  
4 . 1 9  
2:30 
3 . 2 4  

7 . 2 5  
4 . 1 4  
3 .94  
4 .47  
1 . 9 5  

4 . 4 3  
2 . 7 5  
1 . 7 9  
3 .27  
2 . 6 3  

3 . 2 2  
5 . 2 0  

3 . 4 6  

8 . 0 3  

.- - 
Mar. Ian. luly 

Oct 

1 . 0 7  
1 . 5 9  
1 . 2 0  
X 7 7  
5 . 2 2  

5 . 2 1  
1 . 7 1  
1 . 0 5  
4 . 4 4  

.94  

1 . 8 4  
3 . 0 5  
1 . 0 9  
5 .33  
1 . 6 1  

1 . 8 8  
1 . 5 8  
1 . 6 6  

. 1 0  
3 .71  

4 . 5 0  
1 . 1 8  
2 . 8 5  
4 . 0 9  

. 7 0  

2 . 4 1  
3 . 9 9  
1 . 2 0  

.26  
1 . 2 6  

3 . 4 1  
2 . 4 1  

.70  
3 .17  
1 . 3 8  

4 . 6 6  
1 . 0 8  

.95  

.25  
2 . 1 1  

2 . 2 0  
1 . 5 9  
1 . 9 8  
1 . 3 1  
1 . 3 3  

1 . 3 0  
.81 
.59 

5 . 2 4  
1 . 8 5  

1 . 1 3  
1 .27  

2 .35  

1917-1918 1  

1024 
580 
638 
834 

484 

828 
954 
748 

- 
Aug. 

Nor. 

2.57  
1 . 6 8  

.84 
1 . 8 8  

.70  

2 . 7 1  
1 . 0 1  
4 . 5 0  
1 . 9 9  
1 . 9 7  

1 . 5 8  
.18  

1 . 2 4  
4 . 2 3  
3 . 4 5  

5 . 5 0  
1 .57  
2 . 3 0  
1 . 8 6  
3 . 4 0  

1 . 2 2  
8 . 1 9  
2 . 3 1  
3 . 7 2  
1 . 3 1  

3 . 8 4  
2 .07  
1 . 0 2  

.92  
2 . 8 4  

2 . 9 5  
1 . 0 2  
1 . 9 4  
1 . 0 8  
3 . 0 4  

1 . 3 1  
3 . 0 8  
1 . 1 5  
1 . 5 4  
3 .01  

2 . 7 6  
1 . 7 6  
3 . 0 9  
1 . 2 1  
4 . 9 2  

4 . 4 2  
1 . 0 9  
1 . 4 3  
1 . 0 6  
3 .38  

0 .97  
3 .23  

2 .03  

1 9 0  1 1 . 5 2  / 4 . 9 7  2 . 8 8  

- 
Apr. Oct 

954 
1001 

941 
051 

1213 

1193 

Sopl. 

1905-1006 
1906-1907 
1907-1908 
1908-1900 
1909-1910 

1910-1911 

318 
664 
410 
453 
378 

481 
359 
448 

- - 
No.. 

880~1024 
97711058 

i o a e l l o z 6  
998 806 

1138 1085 

975 630 

0  
0  
a 
0 
7  

0  

.18  

2 . 3 6  
4 . 5 6  
8 . 0 9  
2 . 4 6  

1910 

,1911 
1911 
1913 

'1914 

Mag 

0  
0  
4  
0  
0  

1 
1911-1912 
1912-1913 

170 
306 
168 
200 
266 

110 
102 
154 

354 
370 
474 
300 
468 

272 

4 0  
21 
64 
44 

112 

35 
5 
0  

11915 

1918 
1917 

11913 
1919 
1920 

1021 
1922 
1923 
1024 
1925 

1928 
1927 
1928 
1929 
1930 

1931 
1932 
1933 
1934 
1935 

1936 
1937 
1038 
1939 
1040 

1941 
1942 
1943 
1944 
1945 

1948 
1947 
1948 
1949 
1950 

1951 
1952 
1053 
1054 
1955 

1956 
1957 

RECORL! 
MEAN 

5 . 1 1  

4 . 4 6  
1 . 5 8  
6 . 8 3  
2 . 1 1  

Jum 

731 
679 
746 
664 
462 

840 
8  

17 

5 . 0 5  

1 . 7 1  
1 . 5 3  
2 . 0 9  
3 . 7 0  

Total 

15 
56 
26 

4  
89 

2  
28 
47 

338 
294 

27 
81 

5511 
5719 
5585 
5255 
5702 

5570 
6104 
5341 

1 . 1 9  3 . 3 0  

8011 856 
071 1 948 

1 . 5 1  

1420,1205 
872 ,1000 

5 . 0 1  
3 . 7 4  
3 .51  
1 . 2 8  
2 .64  

1 . 1 9  
1 . 8 0  
3 . 4 8  
3 .95  
1 . 4 8  

1 . 5 2  
3 . 9 3  
1 . 4 4  
3 .54  
4 . 8 6  

.68  
4 . 3 8  
1 . 3 6  
1 . 1 6  
1 . 5 0  

1 . 2 6  
10 .71  

1 . 1 1  
3 .17  
1 . 4 4  

1 . 0 5  
1 . 2 4  
2 . 0 3  

.50  

. 9 3  

.78  
4 . 7 3  
2 . 1 6  
6 . 7 4  
6 . 8 6  

- 3 . 8 0  
5 .89  
4 . 8 3  
2 . 9 2  
1.44 

2 . 1 3  
1 . 8 4  

3 . 0 1  

1 . 4 7  
1 . 0 9  
2 . 5 5  
1 .27  
1 . 1 2  

1 . 9 0  
1 . 5 8  
2 . 5 1  
1 . 7 3  
1 . 7 7  

2 . 9 3  
1 . 0 2  
2 . 2 8  
3 . 3 8  
3 . 4 5  

1 . 5 4  
. 8 8  

1 .37  
1 . 1 8  
1 . 3 9  

2 .87  
.87 

2 . 7 3  
3 . 9 2  
2 . 9 8  

.64  
2 .11  
1 . 4 8  
2 . 0 5  
3 . 1 4  

3 .21  
.51 

2 . 7 5  
2 . 5 3  
3 . 2 2  

3 . 0 5  
2 . 3 1  
1 . 4 1  
1 . 7 8  
3 . 7 3  

4 . 3 3  
1 .87  

2 . 5 5  

1 4 . 8 8  
3 . 5 9  
1 . 6 5  
4 . 5 8  
3 . 3 2  

7 . 6 8  
4 . 5 4  
3 . 0 4  
4 . 2 8  
1 . 2 5  

2 . 1 0  
3.07 
2 . 7 9  
1 . 7 8  
1 . 1 3  

1 . 3 4  
2 . 1 0  
5 . 4 4  
1 . 2 0  
2 . 8 1  

3 . 1 0  
1 . 5 6  
4 . 3 2  
2 . 4 1  
2 . 0 5  

.61  
2 . 5 9  
4 .57  
5 . 4 1  
8 . 0 8  

3 . 3 1  
1 . 0 7  
3 . 8 0  
3 . 0 3  
1 . 3 1  

3 . 9 2  
3 . 9 5  
1 . 4 9  
z . ~ a  
3 .63  

3 . 4 9  
1 . 8 1  

3 .32  





. 3.5 . .CLIMATOLOGY .INFORMATION 
. . . . 

, The site area is in a temperate, dontinental climate zone. Local . '  

climatology data for the year ,1957 with comparative data from 
previous,years a r e  given in Table IV. . . 

Climatology highlights 

Temperature The mean daily temperature for June, July, 
and August is 73.30Feand for December, 
January, and February is 31.20F. 

Winds 

Tornados 

Figures 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 wClimatology of the United States No. 
30- 33, Columbus, Qhio, Superintendent 
of Documents, U. S. Government Printing 
Office, Washington 25, D. C. 

There have been 4 tornados recorded since 
1931. 

. Precipitation The yearly average moigture precipitation 
is 2.96 inches per month. The seaeon 
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 
. .  . .,. .. . ,  .. . 1: ..... ... : ... .:..:: . 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 s,uch 
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 
,eves. 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 :'daily range of 6 80 
to 45O, for example, indicates the presence 
of a temperature .inversion during the time 
of lowest temperature. 

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 a i r  drainage, that is, the 
cooler pockets of a i r  formi.ng close to the 
ground tend to.drain toward the lower con- 

,,.tours of the larid.. , 

-. . 
' . < _  : 

. . 











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 

I . .z .. . Slab rock 
, !; Hard clay 
..' Rock 

Hard clay and gravel 
Hard rock 
Clay 
Rock 
Soft clay 
Limestone 

Damage from earthquakes is considered remote based on the 
earthquake information presented in Figure 12  and the type of 
structure in wbich the reactor will be housed. 



MUT AND m D m C  aoDOar 



., In presbnting the hazards associated with the proposed reactor,. 
both the hazards associat;ed with normal operation and the haza.rds . 

associated with abnormal conditions o r  situations will be dovered. ' 

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 a re  not completely understood. However, 
certain conclusions may be drawn with regard to their actions. 
Extrapolation of experimental data obtained from the Borax I and 
I1 experiments has been used successfully to predict the perform- 
ance of several boiling reactors and is considered to be a valid 
approach. Since all water reactors possess the ability to function 
a s  boilers, these same methods can be used to analyze the behavior 
of normally nonboiling 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- 
activity additions to the Ohio State reactor using the data of the 
Borax experiments. 



4.1 HAZARDS ASSOC&TED 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 
of the calculations for' a power of 1 0  kw are summarized in Table 111. 

, . . . . . I .  . . . . TABLE ,111 ' 

, . .  

. . . - ... . 

RADIATION INTENSITIES 

. . 
. ' Position 

. . ,  
Combined Dose ~a te-mrem/hr  

. .  . 
. . outer - surface of Concrete shield 0.25 

Surface 'of Water .in Reactor Pool ' . 2; 50 . , 

Surface of Water i n  Shielding Pool . 0.25 , . 
. . 

. . .. . . . 

"I'hese. do-se rates' a re  equal to, or a factor. of, ten less. than the .re- 
cently proposed tolerance .levels. . . 

. ,  - 
, . . .. 

A'ny ~Gerexposures of personnel to radiation through the use of the 
experimental facilities will resuit not because of shortco'mings 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 .' 

.. . . . 

Ah important potential hazard to 'operating personnel will be eli- 
posure to Argon-41 originating by neutron bombardment. of a i r  
within the experimental' facilities;   here fore, 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. 



. In the air  .pockets exposed, to the highest neutron . . flux,, the.. air? will 
be activated to a level approximately 1 o5 times. the .maxi,&G& p r -  
missible concentration under stagnant conditions. procedures 
will prohibit opening of'the various ports after shutdoh until the 

' 

activated air  has had time to..decay to . a ppintwithin . acceptable . .  . 

. t q l ~ r a n c e s  for direct inhalati6n.. . , . .. . . .  . . . .  . 

. .  . . . . . ' I .  . .  . . . . . .  

4.1.2 k i a t i o n  Exposure. ~ekultin; ~ r ; o ?  Fuel  andl ling ' . , ., . . 

. .. . , .  .. . 

Dying normal operations -- except for initial loading and final ' 
removal --- fuel handling ,will be with the fuel remaining 
deeply submerged in the pool. under these conditions, there is 
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. : . . . . 

. . 
. . . . .. . . . ' .  . 

A s a  consequence of the heavy cladding of the fuel elements, their 
life. expectancy is. 6 to 8 years. At the e& .of this time, a suitable 
cask may be prepared for shipping the elements to. a refabricator; 
this, operation can be performed. without .excessive exposure of ,, 

personnel. No shipping cask is provided in the,initial facility equip- 
. . 

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 
fuel-plate cladding for an MTR type element has to be several 
square centimeters in size before the radioactivity can be detected 
in the pool water. It is highly improbable that holes of this size 
will occur during normal operation. Operating procedures will 
prohibit removing the pool water until adequate tests of the water 
have been run to ensure that the water does not contain harmful 
amounts of radioactive contaminants. Inadvertent pool drainage 



is, impossible, since no deains .or siphon lines are provided. Pool 
drainage must be ~ c c d m ~ l i s h e d  b$ means of auxiliary.p-ping or  
siphoning. . . . . 

. . 

As 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 dlements, will ensure 
longer life. A life of 6 to 8 years may be expected for these ele- 
ments with colitinuous temperature control of 'the demiireralized . ' 

. , .  

water ,and maint6knce of the resistivity greater than 330,000 
ohm-'cm. . . . ... . . . .. . 

. . . . 

4 . 2  .. HAZARDS ASSOCIATED' WITH ABNORMAL c ONDITIONS 
. . 

The hazards associated with .abnormal conditions and situations 
are somewhat more severe for this reactor than are the normal 
operaion 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 h d  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 - Although4he inherent 
safety' of the Ohio State reactor can be shown to be good.under the 
worst conditibns 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.contro1 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 is function- 
ing properly prior to startup. 

, . .  . . ,  



. 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 af the system.wil1 

- : make cqmplete- loss of all scram. circuitry virtually impossible. . 
However, to determine the effect of the more hazardous accidents 
,which might occur in, the faoility, a startup accident will be postu- 
.latedin which .all but the over power trips fail. to .s,cram the re,actor. 
This ac,cident 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 t r ip . : c i r~ i t s . .  

The addition of. 0.038% keff/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 startup 
accident, the over-power trips will initiate a scram when t'he 
power level reaches a value of 1.2 times full power, but the ex- 
cursion. will not reach its pe.ak,until the .power level has reached 
&pPi;oxhately 2.1. times full power (This accident does not.'cop- 
stitute a maximum credible accident). . ., 

Fuel Element cladding Failure - T W ~  types of cladding failure will 
be considered. In one case, a hole develpps. 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 qf the hottest fuel 
elements will not exceed 1 1 5 ~ ~  during operation without tempe.ra- 
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.  . . . 



Flooding of Beam Ports  aria Rabbjt Tube - Since the beam ports 
and the rabbit tube a r e  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 l%bk  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 sc ram mechanism 
fail, the power excu~s ion  would be controlled by the formation of 
steam voids; the accident would be one of lower severity than the 
maximum credible accident. 

The 'water leakage rate.from the broken beam ports would be slow; 
because they a r e  filledwith beam plugs o r  other equipment. Conse- 
quently; with the pool fill valve. turned on, the fuel elements can be 
placed in. the fuel element storage pdol before the 'water above the 
core 'drops to a hazardous level. ' 

. . .  

4. 2.2 Acts of ,God, Sabotage o r  Negligence 
. . 

Severe Storins, Floods and Earthquakes - Severe storms,  such a s  
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 a rea  since 1931. The maximum recorded wind 
speed in the Columbus a rea  since approximately 1880 was 84 miles 
per hour, in July, 1916. 

. . 
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.precipitation. Climatological data for  
the Columbus a rea  show that the heaviest rainfall recorded since 



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,occurre.d in. 
September, 1938, and in January, 191 0, respectively.. 

In the event of a flood, the reactor pool is.not expectedto be dam- 
. aged; There should be no danger of the flood water mixing flth 
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. One of 
these five, with its epicenter in Columbus, occurred in September, 
1884, with an intensity of 6 on the Rossi-Fore1 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 probability 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 t o  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. 



Negligence - The history of accidents in almost every industry in- 
cluding the atomic energy indust& 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 individual 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 readings periodically 
during operation. h 

  he following accident is postulated to occur by a combination 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 keff in a ramp addition. While the 
flux and power are  increasing, the period trips fail to scram the 
pi1 e. 

4.3 MAXIMUM CREDIBLE ACCIDENT AND ASSOCIATED HAZARDS 

4.3.1 Selection of Maximum Credible Accident 
. . . .. 

From a study of accident potentialities, the maximum credible 
accident is postulated to occur as  a result of a fuel element.being 
dropped into the central. or "glory holeM position when the reactor 
is assumed to be critical at.source level.. Simultaneously with. . 
this occurrence, an accompanying failure of the period trips and 



level trips in the instrumentation and control system is postulated 
a s  previously described. This accident was chosen .as the maximum 
credible,. since the .period.of .the.excursion is expected to. be .shorter 

' . . .  
than for any other credible accident. 

. . 
. .  , , .. . . . ; .: , . .. , . . ' . .  . . . . 
4. 3 . 2  consequences of Maximum Credible Accident 

. . .  
\ The ~ ~ r a x  programs have de@onstiat&d that water cooled and 

mdderited reactors exhibit subs tantiil self-protection against the 
effects of sudden additions of :reacti.vity, even in the. absence of. 
corrective action by the reactor control system. This self-protection 
i s  manifest i n  the negative steam-void coefficient of reactivity. and the 
negative temperaturk coefficient of reactivity, both of which can effect 
large reductions in reactivity as  reactor power increases.. . 1n.the next 
paragraphs, analyses a re  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 a r e  
similar to those of the B2rax I reactor. . Consequently, transjent 
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 a r e  . ' 

compared in .Table IV. . . ,  . . 

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 f rom the Borax experiments, {he excess reactivity and 
neutron lifetime have effects only a s  they jointly determine the 
period. 

. . 

. . . . 



Characteristics . . A .  Ohio State  ora ax I 
. . .  . . 

- . 

Fuel plate l1meatI1 .' , . 
14.1 w/o U - ~ 1  ailoy 1 8  w/o .u-AI alloy 
'(fully enriched) . . (fully enriched) 

. . ; . .... 
. - . .  

Fuel plate. cladding 
, ,  . . .  

.I 1 0 0 'hihminum 11 00 aluminum ' 
. .. 

. . . .  . 
' l l ~ e a t ~ l .  thickness 0.036 'in. - ' . ' 0.020 in. , '  ' ' 

, , .  . . .. ' . .  .. , . . . ... . . 
. . 

.. 'Cladding. thickness '0.'036 in. 0.020 in. ' . . 
. . . . 

. . 
Ratio Aluminum volume 0.722 ' .  '. - .O. 626 

in core . . . . . . . .. . 
.Water volume 

. . ' .  : . .  . ,  . . . . . . . 
' . in. core 

. . . . . . 

. ' coolant 'channel. 'thick- ' 0.'192 in. 0.117 in. " ' .  . 
. . . . .. . .. . 

. . ness 
. .  . . . .  . . . . a 

1.06 l i ters  c o r e  volume. (approx. ) 91 l i ters  

. .. 
' .  void coefficient of r e -  -0.28% '01% coolant. -Oe24%k/%'coolant . . .;. %.:... 

. .  . void , ' '. void 'activity ' ' 

- :  , . . ' . _ . I  

.. . . . , . .  3 

Temperature coefficient -0.021% ~ / O C  -0.01% k/OC - 

of reactivity (room 
temperature) 

Effective neutron life- 7.0 x sec. 6.5 x sec. 
time 

power ratio in core,  : .;.I- .-2, 23.; ' . 

max. /avo 



The more important.characteristics of the Ohio State Reactor and 
Borax I M l l  be considered. They include the . folldwing: . . 

. , 
. .  ., ' ! '  

. . Ohio State . Borax I 

Aluminum to-water ratio 00'722 . . 0.626 
Coolant channel thickness 0.192 in. 0.117 in. ,. 

Plate thickness 0.108 in. 0.060 in. 
Void coefficient -0.28% '01% void , -0.24% k/% void 
Power ratio 2.23 . . . . . 1. 82 . ,' - 

. . . . . . 

- ~if 'ferences in the behavior of. the two reactors, based on the above 
characteristics, are  discussed in the following paragraphs, 'each 

; of which is  headed by, the name, of, the characteristic discussed. . . . 

. .  . 

Aluminum-to- Water Ratio - If the data presented in. Reference :8 
for. Borax I and Borax I1 (specifically, figures 14 and 17b) are 
compared, the maximum fuel plate temperature rise for  ora ax I1 
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 I1 
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 a re  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. 
However, the. difference in the central metal'temperature and:,the 
sheath temperature will be small. . . 

During the excursion, .the transfer of heat into the water'removes , . 

heat from the fuel plate and limits its temperature rise. ~ h e . i m -  
portant characteristic of the plate during the .excursion 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 



affects this characteristic only in that the meat temperature must 
be slightly higher to compensate for the thickness, but the surface 
temperature should not bc 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. 

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 
I1 elements was-also greater than that of Borax I elements. Since 
the coolant channel 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 I1 for any given period. Fibre 13.indicates that this 
effect is small. 

Void Coefficient - The calculated void coefficient of reactivity for 
Borax I was higher than that of Borax I1 in the ratio: 

-0.24% bff/% void = 2.4 . 
. . -0.10% kff/% 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 a s  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 Abff. 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 r3 are bWined. 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. 



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 fal l  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 1% a period mvst be selected. The relation for the asymp- 
totic period 

yields a value of 5.25 milliseconds for the value kex=. 021 and a 
lifetime of 1*=7x10-~ seconds. The actual period may he some- 
whaC 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 sec-1 
will be used. The curve at this point Mioates for zero subcooling 
a value of 390°F temperature rise. Assuming, pessimistically, 
that the ratio for subcooling over saturated at long periods applies . - 
at the shorter periods this value becomes 3900 x i.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 
90OQ. This temperature is well below the melting temperature of 
approximately 12000F for 1100 aluminum. 

In view of the experimental results from Borax I, this temperature 
is considered to be highly pessimistic. 6 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 kff added) resulted in a power level of 2600 
megawatts; however, the maximum temperature in the hottest fuel 
plate never exceeded 6400F. 



4.4 STARTUP ACCIDENT EXCURSION AND DROPPED FUEL 
ELEMENT EXCURSIQN 

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-cdled startup accident, in which both period 
trip circuits fail and the reactor is shut down by the action of the 
power level safeties. 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 = ~ t 2  (Equation for flux prior to scram, de- - - 
No 2i layed neutron effect neglected) 

(3) N = Nse (t - '' 87*s ) t3 (Equation for f l u  
-9-8 R after scram, 

t = time after scram) 

(4) X = 1/2(17. 22)t2 (The assumed time displacement of the 
rods and fuel element) 

Where: 

N = Neutron flux, neutrons/cm2-sec 

No = Flux leire1 of itart, neutrons/cm2-sec 



Ns = Flux at scram, neutron/cm2-see 

2 * = Mean time which elapses from the time neutrons are 
produced in fission until they initiate another fission 
or are lost to the reaction, sec. 

R = Reactivity insertion rate, A k/sec 

t = time, sec 

7-8 = Period at scram, sec 

S = Sensitivity of rodA Wft 

X = Displacement of rod, o r  dropped element, ft 

Data used in calculations: 

Nf = 0.89 x 1011 neutrons/cm2-sec (Full power flux level) 

Nt = 1.2 Nf = 1.07 x 1011 neutrons/cm2-sec (Trip flu% level) 

No = l o 3  neutrons/cm2-sec (Source level) 

.& * = 7 x sec 

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 F i p r e  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, 
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while in the second case, Figure 1% 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 li insertion, 0.000381 R = O.0197t 
A Wsec 

Time to reach N,,, sec 2.660 

Period a t  scram, sec 0.0702 0.0132 

Maximum Power, kw 21.00 

Relative flux overshoot, 2:10 

Nmax/Nf 

Maximum Temp. Rise, OF 1 
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