
OAK RIDGE NATIONAL LABORATORY 
operated by 

UNION CARBIDE CORPORATION 
NUCLEAR DIVISION 

for the 

U.S. ATOMIC ENERGY COMMISSION 
• 

ORNL- TM- 1924 

THE LOW-INTENSITY TESTING REACTOR- SAFETY ANALYSIS 

F. T. Binford 
C. C. Webster 

NOTICE This document contains information of a preliminary nature 
and was prepared primarily for internal use at the Oak Ridge National 
Laboratory. It is subject to revision or correction and therefore does 
not represent a final report. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



LEGAL NOTICE 

This report was prepared as on account of Government sponsored work. Neither the United States, 

nnr the Commission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or Implied, with respect to th~ u<.:t.ulul..y, 

completeness, or usefulness of the information contained in this report, or that the use of 

any information, apparatus, method, or process disclosed in this report muy 11vt infringe 

privately owned rights; or 

[). As.sume.s any liobilitic~ with respect to the u5e of, or for Anmnn""s n~sulting from the use of 

any information, apparatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any employee or 

contractor of the Commission, or employee of such contractor, to the extent that such employee 

or contractor of the Commission, or employee of such contractor prepares, disseminates, or 

provides access to, any information pursuant to his employment or contract with the Commission, 

or his employment with such contractor. 



Contract No. W-?405-eng-26 

Operations Division 

THE LOW-INTENSITY TESTING ReACTOR .• SAfETY ANALYSis 

F. T. Binford 

C. C. Webster 

- Al NOTICE th theun!ted 

. 

II 

.~ l E G 
t sponsored work. N~~n·er 

account of Governmen half of the Com miss ~t to the accu-

was prepared as an person acting on be or Implied, with respe or that the use 

"'' n•" 
0 ~.ru.,~. "'--""'"· -·~ - '" wo '-" ~ "' '"'""'" 

States, nor e y warranty or repre! the Information coni ed ln this report m 

.. ·-- ··--· -····· ~ 

racy, completeness, :;:;,aratus, method, or pr 
! r damages resulting from 

Information, 

the use of, or o I report. 
-

;;,::;., ·~~ '!::;':~~;,;.. •• -::::·:~·-·· ·:·;:::~.~.~ •.. ··::-_,, ~. 
.. '"'"'"::..~. ·~-... ··:....;. ~""'' :.

.. ---··· ·-~· ....... . 
... .. ~ '"': ~ - ..... _7 ~ '" ......... , .... ·-· '""" 

' ...... ... 

A• used n~actor of tile Comm :~oO:mtsslon, O< •m:sua~t to his employ men 

ployee or co ntractor of tb Information pu 

such employee or ;:v!des access to, •:; with such contractor. 

disseminates, or p or his employme 
. -

' wlth the Commission,- -

FEBRUARY 1968 

OAK RIDGE NATIONAL LABORATORY 

Oak Ridge, Tennessee 

operated by 

ONION CARBIDE CORPORATION 

for the 

U.s. ATOMic: ENERGY COMMISSION 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

•j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

.j 
j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 



THIS PAGE 

WAS INTENTION.ALLY 

· LEFT BLANK 



iii 

TABLE OF CONTENTS 

1. Introduction • • • • . . . . ~ . . . . . . . 
2 •. Method of Analysis • 

3. The Consequences of the· Emission of Fission Products 
From the ORNL 30 Stack Following an Accidental 
Release 

4. Analysis of Credible Accidents in the Reactor Core • 

4.1. 

4.2. 

Reactivity Accidents • • • . 

Loss-of-Cooling Accidents 

5. The Maximum Hypothetical Accident 

6. ·Potential Energy Release ••••••• 

7. ·Accidents not Involving the Reactor Core 

8. History of Operating Difficulties 

9. · Cone lus ions 

References • • • • 

Appendix A - Statu~ of Specific ACRS and AEC 
Recommdnations with Respect to LITR Operations 
As of January 1, 1966 •••••••••••• 

. ~ .. 

Appendix B - Operating Safety Limits for the Oak Ridge 
National Laboratory·Low-Intensity Testing Reactor (LITR) 

Appendix C - Thermal Analysis of the LITR Core 
For 3-Mw Operation • • • • • • • • • • • •• 

Distribution • • ••• 

·Page 

1 

3 

5 

14 

14 

16 

18 

24 

26 

28 

36 

37 

39 

56 

61 

79 



1 

THE LOW-INTENSITY TESTING REACTOR - SAFETY ANALYSIS 

E. T. Binford and C. C. Webster 

1. INTRODUCTION 

The Low-Intensity Testing Reac~or (LITR) originally served as a mock

up of the Materials Testing Reactor (MTR). After completion of the MTR 

hydraulic tests, it was dec{ded- to utilize the facility as a critical 

assembly for the purpose of investigating the ___ nuclear characteristics of 

MTR cores. _ Following the critical tests and some modifications, the reac

tor was operated at a power level of 1500 kw and was employ-ed as a train;.. 

ing facility for future MTR operators. In 1953 the power level was in

creased to 3000 kw and the LITR has been utilized as a general research 

facility since that time. 

Safety analysis and approvals to operate were included in a series 

of letters and documents which are summarized in Appendix A. The present 

analysis of the consequences of potential accidents to the LITR is the 

second 6f two documents which may be considered to be a current safety 

a_nalysis of the reactor. The first of these, The Low-Intensity Testing 

Reactor - A Functional Description, by C. D. Cagle and W. R. Casto, will 

be published as ORNL TM-1737. It presents a reasonably detailed descrip

tion of the LITR and its ancillary facilities. The purpose of the present 

dncument is to provide information concerning the safety aspects of the 

LITR as it now exists. Throughout the report emphasis is placed primarily 

on protection against environmental contamination. 

The LITR i.s a light-water-moderated and -cooled, beryllium-reflected 

research reactor designed for use as a general purpose research tool. 

The reactor, which is described in detail elsewhere, 1 employs highly en

ri chP.rl nr.anium-alumin.um alloy_, plate-type fuel of conventional design. 2 

Since 1953, it. has been operated at its present power level of 3 Mw. 

The design of the reactor was constrained by the original MTR design; 

however, the changes and modifications required to convert the original 

hydraulic mock-up into an operating reactor were, to a very large extent, 
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dictated by two important requirements: (1) that the reactor be capable 

of accepting a variety of different types of experiments with a minimum 

of interference with operation, and (2) that significant radioactive con

tamination of the environment from any cause whatsoever be prevented. 

The former is necessary if the reactor is to fulfill its mission as a 

r~s~arch tool. The latter is, of course, required of any reactor built 

and operated at ORNL; it is provided for by the control and safety sys

tems3 and by the operating procedures4 and is guaranteed by the reactor 

cnntHinmP.n.t f€'atures. 6 

In addition to the· fuel cladding, the reactor is provideg with twn 

other types of containment. The first of these is the reactor vessel and 

the prima.ry ooolant oystcm. 6 Althougll Lhi~ I?Y~t~m :l,s actually ventP.n 

through the seal tank7 to the off-gas system, any effluent must pass 

through an appropriate arrangement of filters before being discharged 

from the 3039 stack. 8 

The second type of containment, the building containment, is provided 

by the LITR dynamic containment or "confinement" system. 6 Air is con

stantly removed from all areas adjacent to the reactor vessel and exhausted 

through the cell-ventilation system. This system, designed to remove 

~1600 cfm of air, directs its effluent through appropriate filters to the 

250~ft ORNL stack, with a stack discharge elevation of 1064 ft. It pro~ 

vides inleakage of air to those areas sus~eptible to contamination; thus 

preventing outleakage of air or vapor-borne fission products at ground 

level. The effluent air, in passing through the filters, deposits there

in, with the exception of the noble gases, virtually all of the airborne 

activity. Administrative safeguards require that the containment be op~r

ative whenever the reactor is in operation. Air flow through the system 

is continuous; however, to put the building into containment, it is neces

sary that certain air-operated dampers be opened in order to increase the 

flow through the affected areas. These are activated automatically upon 

receipt of a signal from one, or both, of the continuous air monitors 

located in the east a.nd wcot rooms, respectively, ur activation may be 

accomplished manually. 
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A second type of·environmental contamination involves the accidental 

introduction of contaminated water into White Oak Creek as a result of 

spillage and run-off or because of the failure or·malfunction of the LITR 

aqueous waste system. 9 Such events are effectively prevented· by the de

sign of.the system10 and by the operating procedures but, in any event, 

would be relatively minor in terms of hazard to the population. The 

activity level of the creek is constantly monitored, 11 and its rate of 

discharge through White Oak Lake can be controlled. Moreover, the time 

lag between introduction of contaminated water into the watershed at the 

LITR site and the appearance of activity at the mouth of the creek is in 

excess of 12 hours. 12 This gives ample time to take controlling action ,and 

to spread the warning downstream. 

2. METHOD OF ANALYSIS 

The method which has been selected to pursue the investigation of 

the environmental consequences of a reactor accident is quite similar to 

that used in the cases of" the High Flux Isotope Reactor (HFIR) 13 and the 

Oak Ridge Research Reactor (ORR). 14 Moreover, because of the close prox

imity of the ORR and LITR, because they utilize a common stack, and be

cause of their great similarity (except for power level), the results for 

the LITR have been obtained by means of extrapolation of those found for 

the ORR. 

The method itself consists of the examination of the consequences 

of a unit release of activity by means of the "Gaussian Plume" model16 

followed by the application of the results so obtained to releases which 

could result from various credible accidents following or during operation. 

The only credible cause for a massive releas~ of fission products 

from the LITR core is overheating to an extent sufficient to cause melt

ing and destruction of the integrity of the fuel ciadding. This can be 

brought about either by an increase in power beyond the capacity of the 

heat-removal mechanisms, a decrease in heat-transfer capability, or a 

combination of both. 
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The consequences of such an occurrence will vary depending upon the 

extent to which the reactor core is affected and upon whether the fission 

products escape directly from the vessel into the building containment 

because the reactor vessel is open at the time of the accident, or whether 

the fission products must take the more tortuous path through the vent to 

the seal tank before passing through the filters to the stack. There are 

only four apparent conditions which could cause sufficient overheating to 

melt the fuel. These are: 

1. A nuclear excursion caused by the inadvertent addition of suf

ficient reactivity to permit the reactor to r~ach a very high power level 

before being shut down by either the safety system or by one or more of 

the nega~ive reaetl~ity coefficients. 

2. An increase in power beyond the capacity of the cooling mech

anisms. (This would require failure of both the control and safety 

systems.) 

3. A complete and rapid loss of all coolant during power operation. 

4. A local flow blockage during full~power operation. 

In addition to these four, all of which involve fuel in the reactor, 

there are three other types of accidents which, although they are in gen

eral much less severe, nevertheless require consideration. These are: 

5. An accident to an experiment which contains radioactive material. 

6. An accident involving radioactive material other than that con

tained in the fuel or an experiment; i.e., contaminated waste, ion ex

change resin, etc. 

7. A criticality accident involving reactor fuel. 

Each of these types of accidE:!nt$ will be discussP.rl inr.luding th4ilir 

possible causes and the likelihood that they can occur. Those which may 

result in significant environmental contamination will be considered in 

detail. 
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3. THE CONSEQUENCES OF THE EMISSION OF FISSION PRODUCTS 

FROM THE ORNL 3039 STACK FOLLOWING AN ACCIDENTAL RELEASE 

Calculation of the downwind radiation doses to be expected following 

the emission of fission products from the ORNL 3039 stack has been dis

cussed in detail in ORNL 4086 and the application of the results to the 

case of the ORR is described in ORNL TM-1824. While a direct extrapola

tion of the doses due to aqtivity contained in the stack plume to the 

case of the LITR is valid and has been utilized, it is necessary to modify 

the results of the radiation dose delivered by fission products contained 

in the building because of the difference in the volumes of the LITR and 

ORR buildings. This has been done. Because of its smaller size, release 
' 

of a unit quantity of fission products into the LITR buildipg will pro

duce a higher dose rate near the building than will a similar quantity 

released into the ORR building. At distances greater than a few building 

diameters, this effect is no longer noticeable. 

·The internal doses to be expected due to inhalation of iodine fol

lowing a 1-kw release have been plotted in Figs. 3.l.and 3.2. The curves 

give the doses both as a function of distance·. downwind and of exposure 

time and are computed for both most representative and inversion condi

tions.* Similar curves are given in Figs. 3.3 and 3.4 for the whole body 

gamma dose from the noble gases. 

The direct gamma ray dose delivered by the radioactive material in 

the building is displayed in Figs. 3.5 and 3.6. In addition, this dose 

has been computed as a function of time for several nearby locations. 

The results are given in Figs. 3.7 and 3.8. A perusal of these curves 

will give some idea of the time available for persons located near the 

reactor to escape following any given accident. It should be realized 

that the values shown are gross upper bounds because of the very liberal 

* Most representative conditions are characterized by C-type stability 
and a wind speed of 100 meters/min. Inversion conditions employ F-type 
stability, a wind speed of 50 meters/min, and an inversion "lid" at the 
physical stack elevation. 
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assumptions used. These include the assumption that the fission products 

appear uniformly distributed in the building at time zero; and no credit 

has been taken for shielding by the building walls, structures within 

the building or other structural material which may intervene between 

the building and the receptor. (These assumptions also hold for the 

values given in Figs. 3.5 and 3.6.) Thus, it is quite likely that the 

doses computed are conservative by a factor of two or more. 

All of the data cited above are given on a "per kilowatt" basis; 

i.e., for 3-Mw operation under the assumption that 1/3000 of the fission 

products are released. Application to any given accident situation can 

easi~y be made by use of the appropriate multipliers. For example, if 

at 3 Mw an accident releases 10% of the noble gases and 5% of the indines, 

then the noble gas doses given in Figs. 3.3, 3.4, 3.6, and 3.8 should be 

multiplied by 300 while the iodine doses given in Figs. 3.1, 3.2, 3.5, 

and 3.7 should be ~ultiplied by 150. Appropriate factors must also be 

included to account for iodine retention in the pool water and, in the 

case of Figs. 3.1 and 3.2, decontamination by the charcoal filters. 

4. ANALYSIS OF CREDIBLE ACCIDENTS IN THE REACTOR CORE 

As has been pointed out previously, overheating of the fuel is the 

only mechanism which can cause serious damage to the LITR core. Over

heating could result from an increase in reactor power, a loss of cooling 

capacity, or a combination of both. The.various circumstances which 

could lead to one or the other of these conditions are discussed below. 

4.1. Reactivity'Accidents 

By a reactivity accident is meant a situation in which reactivity is 

added to the reactor in an uncontrolled manner at a rate sufficient to 

cause the reactor power to rise to a dangerous level. Two types of reac

tivity accidents are· considered possible: (1) a startup accident and 

(2) a rapid insertion of reactivity due to the failure or malfunction of 

some component or because of misoperation of the reactor. 

.. 



15 

The conventional "startup" accident may be defined as a situation 

in which all of the control rods are withdrawn from the reactor at their 

maximum rate of travel. In the case of the LITR, this would amount to 

an average rate of 0.045% reactivity per second over the entire length 

of the rods, with the maximum rate being 0.095% per second at the.position 

of greatest worth. It is assumed in this accident that, with the excep

tion of the level safety trips, all of the control and safety instrumen

tation fails; so that, unless the reactor is shut down by an intrinsic 

mechanism such as the temperature or void coeffici~nt, the power level 

will continue to rise exponentially until the level safeties produce a 

reactor scram. · 

Startup accidents in the ORR, which with respect to its nuclear char

acteristics is almost identical to the LITR, have been investigated by 

analogue techniques, 16 and it has been determined that the consequences 

of such accidents are·trivial and would not cause damage to, or even a 

significant temperature rise in, the ORR core. Because the rate of reac

tivity addition in the ORR case is nearly 50% greater than that for the 

LITR startup accident, it can be concluded that the startup accident can

not cause damage to the LITR core. 

Because the LITR core may initially contain as much as 7% excess 

reactivity, it is necessary to determine how much of this reactivity 

could be added rapidly to the core in an inadvertent fashion and to esti

mate the consequences of such an addition. 

An examination of the analogue calculations mentioned above and com

parison with the Spert experiments.!.'/ lead to the conclusion that t:he LITR 

can withstand a step input of at least 2% in reactivity without melting. 

This conclusion is conservative because it is made under the assumption 

that no period safety protection is available. The inclusion of the period 

scram circuit would permit the reactor to withstand a reactivity step of 

-v3% in reactivity. 18 Moreover, it must be conceded that a true "step" is 

not possible so that any reactivity addition must take place over a finite 

time. This introduces a further element of conservatism. Thus, it appears 

reasonable to assert that i.t would require the rapid addition of at least 

2% in reactivity to the LITR in order to initiate a transient of sufficient 

magnitude to cause significant damage to the LITR cure. 
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Aside from deliberate sabotage, there appears to be no credible 

method for rapidly in~roducing this amount of reactivity. It is a firm 

requirement that the reactor be loaded in such a way that it is subcriti

cal when the control rods are less than halfway withdrawn.* Thus, when 

shut down, it would require that one of the three control rods be fully 

withdrawn and another halfway withdrawn iri order to even reach critical

ity. This cannot Qe done rapidly. The withdrawal of all the control 

rods has been discussed above. 

Of the core hardware, . the fuel elements, beryllium-reflector pieces, 

and cuntrol rods possess significant;: amountR nf rP::!ctivity. Since th~ 

mass coefficient of reactivity is everywhere positive, removal of fuel 

will reduce reactivity; the·same is trnp of the removal of beryllium. 

Removal of the control rods has been considered previously; however, it 

is worth noting that since the control rods are retained by positive 

stops at the shock absorbers, 19 they cannot fall out of the core. Re

moval and reinsertion of a fuel element by the motion of a control rod 

or experiment apparatus is effectively prevented by the upper and lower 
'd 20 gr1 s. 

There remains only the possibility that failure or malfunction of 

an experiment could result in a reactivity increase. This is guard~d 

against by a careful review of all experiments21 to make sn-re that no 

experiment is installed whir.h, hy crQdiblo failure, ~uulu rapidly intro

duce more reactivity than can be handled by the servo control system 

(~0.5% in reactivity). 

4.2. Loss-of-Cooling Accidents 

Loss of adequate cooling capacity due tn a reactor "walkaway", i. 1::!., 
an undetected gradual increAsP. in power, or due to a grauual loss in 

cooling flow are effectively prevented by the level-safety scram and by 

the low-flow scram. 22 In addition, the reactor 6.T and outlet temperature23 

* t' See Appendix B. 
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would operate to terminate such a situation before dangerous levels are 

reached. All four of these are elements of the reactor safety system 

and are characterized by redundance and maximum reliability. Moreover, 

as shown in Appendix C, even with only natural convection flow the margin 

between the burnout h~at flux and the maximum operating heat flux at 

3 Mw is 1.3. Thus, loss of flow alone will not result in fuel plate melt

ing. Clearly, no forced convection afterheat protection is required. 

Probably the most likely cause of overheating is as a result of a 

local flow blockage in one or more fuel elements. Such blockages have 

occurred at several reactors, 24
'

26 including the ORR, 26 and in the cases 

ci,ted have caused minor amounts of melting. In the· case of the LITR, 

operating at 3:. Mw, it is extremely doubtful that a local flow blockage 

could cause any melting at a,ll. In the case of the ORR fuel plate melt

ing incident, an inspection of the charts indicates that detectable fluc

tuations began at a power level of 9 Mw and that burnout occurred at 

approximately 12 Mw. The fuel element involved was almost completely 

blocked at the top. It is reasonable to suppose, therefore, that a simi

lar blockage in a LITR element with the reactor operating at only 3 Mw 

would be unlikely to cause detectable oscillations, much less melting. 

On the other hand, if the fuel plates became coated with some substance, 

such as melted or charred plastic, which drastically reduced the trans

fer of heat to the water some melting might occur. 

Flow blockages of this type have been due to the accidental introduc

tion of foreign objects into the reactor core, usually plastic or other 

soft material, which blocks the flow of water through the cooling chan

nels or which coats their surfaces thus inhibiting heat transfer. 

The real protection against accidents of this type is the establish

ment of procedures desig'ned to prevent the introduction of foreign ma:te-.. 

rial into the system coupled with careful surveillance to insure that these 

procedures are carried out. This has been done at the LITR. 

Despite the fact that most types of flow blockages cannot cause over

heating in the LITR and that strictly enforced administrative procedures 

to prevent such occurrences are·enforced, it appears that a local flow

blockage accident must be considered the most likely cause for a fission 
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product release. However, it is highly unlikely that more than a small 

fraction of the core would b~ involved; and, in the cases experienced so 

far, there has been only a very minor release of fission products from 

the primary coolant system. 

5. THE MAXIMUM HYPOTHETICAL ACCiDENT 

Based upon the discussion in Section 4, it appears highly unl~kely 

that any malfunction of the LITR could result in a major release of fis

sion product§, In faGt~ it is difficult to postulate realistically a 

meltdown which invoives more than a very small fraction ot the fuel. 

About the only possible event which could result in a maj u1: meltdown 

would be a catastrophic failure of the reactor vessel which caused rapid 

loss of all of the cooling water. ·Such an occurrence would quite prob

ably result in some melting, although a recent analysis of data obtained 

during a series of water-loss testsk indicates that the maximum fuel plate 

surface temperature would not, following rapid loss of coolant during 

operation at 3 Mw, exceed the melting temperature of aluminum. Neverthe

less, for the purpose of examining the worst hypothetical accident, it 

is assumed that the reactor operating at 3 Mw suffers complete loss of 

coolant followed by a complete core meltdown in which 100% of the noble 

gases and 50% of the iodines are released. It is also assumed that 100% 

of the noble gas daughters of the iodines are released. Because the postu

lated release does not occur underwater, no credit is taken for removal 

of iodine by dissolution. The building air, however, is directed through 

filters before being passed up the 3039 stack. These filters are designed 

to have a minimum decontamination factor for iodine of thirty. They are 

normally operated with a decontamination factor uf 100 U.l. lllULe. The fil

ter factor £or iodine is, therefore, taken to be 100. Although the noble 

gases are retained to some extent in the filters, it will be assumed that 

they reach the stack plume undiminished except by decay. 

* See Appendix C. 
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The radiation doses to be expected downwind following the postulated 

maximum hypothetical accident have been computed using the curves pre

sented in Section 3 and the· assumptions discussed above. The results of 

these computations for the doses due to the stack plume are given in 

Figs. 5.1 and 5.2. Both "most representative" and "inversion" meteoro

logical conditions are shown. It is at once obvious that the stack re

lease presents no problem. Even for an infinite exposure, the maximum 

iodine dose is nearly two orders of magnitude less than the 300 rem sug

gested in the guidelines of 10 CFR 100. (From this it may be deduced 

that a filter factor of about 1.6 is all that is required to keep the 

peak below this value.) The infinite exposure noble gas dose has a maxi-. 

mum which is a factor of 50 below the 25 rem set forth in 10 CFR 100. 

Since the doses delivered in finite time will all be less than those for 

infinite exposure, the latter have not been shown in the figures. 

On the other hand, the direct radiation from fission products in the 

building following the maximum hypothetical accident presents a much more 

serious radiation hazard to persons remaining near the LITR for any length 

of time following the release. The whole body gamma dose delivered in 

this way is plotted in Figs. 5.3 and 5.4 as a function of distance from 

the building and exposure time. It can be seen from these figures that 

persons closer than about 65 meters to the building must evacuate quickly 

in order to avoid receiving whole body doses in excess of 25 rem. It 

should be recalled, however, that the doses presented in these curves have 

been calculated under .the extremely conservative assumptions: (1) that 

all the released fission products are released in the building instantly, 

(2) that the building and its contents afford no shielding, and (3) that 

there is no shielding of any kind between the receptor and the building. 

Thus, the values given represent a gross upper bound. 

The initial dose rate one meter from the building is 160 rem per 

minute and this falls to less than 10 rem/min at 35 meters. Thus, an in

dividual standing just outside the reactor building could probably escape 

very serious consequences if he took swift action to leave the scene. 

The initial external whole body dose rate within: the building would be 

about 350 rem/min; however, the initial internal dose rate from 131 I alone 
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would exceed 7300 rem/min. Thus, .. persons in the reactor building would 

likely become casualties unless they escaped before the fission gases 

became mixed with the atmosphere in the building. 

In summary, it is clear that even an accident of this incredible 

magnitude would have no serious off-site environmental consequences. 

Moreover, prompt evacuation ot the Laboratory (which can be accomplished 

in 15-20 minutes) would insure that only personnel initially in the im

mediate vicinity of ·the LITR would be exposed to the risk of receiving 

radiation doses in excess of those set forth in the guidelines of 

10 CFR 100. Those in most danger would be the staff personnel whose 

place of work is located near the reactor. This involves app.roximate:ty 

185 people located within a radius of 65 meters of the LITR building, 

The location affected is shown in Fig. 5.5. Despite the fact that con

siderable shielding may be interposed between their work location and 

the reactor building, persons working within the radius indicated must 

evacuate at once following the postulated maximum hypothetical accident. 

It should be noted that the figure of 185 people is the normal daytime 

complement. On weekends and night shifts (~76% of the time) this number 

is reduced to a maximum of about 12. Finally, it is emphasized that the 

accident discussed above represents a gross upper bound and does not repre

sent a credible accident. 

6. PafENTIAL ENERGY RELEASE 

None of the credible accidents discussed in Section 5 involve a sig

nificant release of nuclear energy. Based upon Spert results~ a 2% step 

addition of reactivity will result in a burst of only 17.5 Mw sec and 

only minor damage to the fuel elements. Even the destructive 3.2 msec 

Spert test released only 30.7 Mw sec of nuclear energy. 27 

The only other potential source of energy is the aluminum-water reac

tion. This requires an ignition temperature of about 2140°F, which is 

considerably in excess of the melting point of aluminum (J220°F) and, 
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thus, much higher than the incipient melting temperatures which might be 

reached following a 2% step increase in reactivity. Even in the Spert 

destructive test it is estimated that only about 4 MW sec of chemical 

energy was released. 28 

It is doubtful that a flow-blockage-type accident could develop suf

ficient temperature to cause any appreciable metal-water reaction, More

over, the heating rate would be relatively slow in this case. 

It is concluded that the likelihood of an appreciable metal-water 

reaction is small enough to be considered incredible. 

7. ACCIDENTS NOT INVOLVING THE REACTOR CORE 

All experiments in ORNL reactors are required to meet two basic cri

teria: (1) they must not present a~ unacceptable hazard to personnel 

and (2) they must not interfere with the orderly operation of the reac-. 

tor. To insure that these criteria are satisfied, all experiments must 

undergo an internal safety review29 before they are installed. In many 

cases, this review also extends throughout the design period. Initially, 

the review is carried out by the Technical Assistance Department of the 

ORNL Operations Division. It is attempted at this level to resolve any 

problems regarding safety and to produce a design which meets the neces

sary requirements. Once agreement has been reached, the experiment may 

be approved for insertion in the reactor by the Technical Assistance 

Department. If any significant hazard did exist, even though it was cor

rected by the design, the experiment is submitted with appropriate recom

mendations to the Experiment Review Committee for further review. When 

this committee concurs that the experiment is safe, it may be inserted 

in the reactor. The committee also periodically reviews the operation 

ot all experiments to make sure that its recommendations are being car

ried out. 

Despite the careful design and review procedures which are utilized 

to prevent malfunction or misoperation of experimental apparatus, experi

ence indicates that the most likely radiation accidents are minor releases 

from this source. Such incidents do not involve the reactor itself and 
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frequently occur after the experimental apparatus has been withdrawn from 

the core. Because of the containment features of the building and the 

small amount of activity involved, they do not produce _environmental con

tamination. They do, however, constitute a hazard to the operating 

personnel. 

In general, such accidents include leaking capsules, broken off-gas 

lines, loss of shielding, etc. Protection against them is afforded by 

constant anticipation and planning and by the utilization of various 

special procedures such as the use of temporary off-gas lines, shielding, 

etc. While such incidents are annoying and potentially dangerous~ to 

date no excessive radiation exposures have been experienced; and the fre

quency of the incidents is decreasing. 

Perhaps the only type of waste~handling accident which might be of 

any significance is a large spill of contaminated water, which could even

tually find its way to the White Oak Creek watershed and thence to the 

Clinch River. The only way in which any quantity of highly contaminated 

water could be accumulated at the LITR would be as a result of some 

previous major accident which required the use of large quantities of 

water for cleanup, in which case special emergency procedures would be 

put into effect. 

The fission products of most significance with respect to contamina

tion of watershed are long-lived isotopes 90 Sr, 106Ru, 137Cs, and 144 Ce. 

These, together with their characteristics, are listed in Table 7.1. 

Clearly, the controlling factor here is 90 Sr. 

In a study of the ORNt waste disposal pits undertaken in 1960, 00 it 

was found that, with the exception of 106Ru, virtually 100% of the long

lived activity is removed from solution by sorption as the contaminated 

water percolates through soil of the type found in the vicinity of the 

ORR site. The 106Ru is removed to the extent of about 93%. This, coupled 

with the fact that probably only a few percent of the inventory listed in 

Table 7.1 would escape from the fuel, makes it appear unlikely that any 

sizable quantity of activity would reach the watershed. 
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Table 7.1. Characteristics of the Long-Lived Products 

Isotope Half-life MPC* Critical LITR** 
Or~an Inventor~ 

sosr-soy 28 y 1 X 10-7 Bone 1.7 X 103 

l06Ru-1osRh 1 y 1 X 10-6 Kidney 2.9 x·l03 

l37Cs 26.6 y 2 X 10-6 Muscle 1.7 X 103 

l44Ce-l44Pr 290 d 1 X 10 .... 6 Bone 0.6 X 106 

* Nonoccupational MPC for water from Repoz:..~_of C£~g_t~-~--q _on 
Permissible Dose for Inland Radiation, Pergammon Press, New York~· 1959. 

** Based on average burnup of 16% in 4.4 kg core. 

Should the release postulated in the maximum hypothetical accident 

actually occur and should the entire inventory of long-lived fission 

products reach the river undiminished,: the computationaJ_ .procedures cited 

in the referenced report indicate that the result would be equivalent to 

the discharge of about 100 curies of 90 Sr to the Clinch River. Under the 

assumptions that the average flow rate of the river is 5000 cfs and that 

there is little or no reduction in the concentration due to dispersion 

and settling, but only by dilution, the integrated dose received at the 

Oak Ridge Gaseous Ditfusion Plant, located ~/.4 miles downstream, is 

equivalent to that received from approximately one week at continuous 

nonoccupational MPC. At locations farther downstream, the integrated 

dose would be considerably less because of additional dilution and dis

persion in the Watts Bar Reservoir. 

8. l-ll:S'tORY OF OPF.RA.TTNG DIFFICULTIES 

Operation of the LITR has proceeded in an orderly fashion during the 

16 years since routine operation was begun. Since 1958, the reactor has 

been in operation approximately 88% of the ·available time. The percent 

of on-line time has been summarized both annually and by quarters and the 

results are presented graphically in Fig. 8.1. Factors that contributed 

to the lower-than-average percent operating times were as follows: 
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1. In 1958 there were a large number of shutdowns due to failures 

(mechanical and electrical) of certain experiments. 

2. In 1961 the reactor downtime was extended to permit major repair 

of ionization chambers. 

3. In 1963 a scheduled shutdown was extended to permit the follow

ing changes: (a) installation of side access tubes in the 11 A11 tank of 

the reactor vessel and (b) installation of the new reactor instrumenta

tion. An 8-week cycle of operation was started during the last quarter 

to consolidate the major experiment and reactor .activities. 

4. In 1966 the reactor was shut down due to the rupture of several 

tubes in the heat exchanger and a ±ailure in the normal off-gas system 

due to faulty installation. 

In general, the trend has been toward a higher percent operating time 

at power; however, as indicated above, several major items have contribu

ted to excessive downtime. 

Operating difficulties have been relatively minor and in most cases 

have been corrected by design improvements and replacement of original 

equipment with more modern components as these components have been devel

oped. In addition, increasing familiarity with the characteristics of 

the reactor has made it possible for the operators to recognize develop

ing troubles and take steps to correct them before they become problems. 

Probably of most interest in this connection are the difficulties 

encountered with the shim-safety rods and their associated drive mechan

isms and electronics. Presented below is a tabulation of the significant 

history of the shim-safety rod behavior, together with a listing of the 

corrective measures which have been taken since 1958. 

1. Fail-to-drop incidents.--On March 10, 1964, the No. 1 shim rod 

did not respond to the "Jordan" button test (a test which simulates a 

power level >150% nominal fu11 power) during the shutdown. Corrective 

action was taken immediately and the No. 2 level-safety sigma amplifier 

was replaced. The unit. performed satisfactorily. 

2. Un::H.:heduled rod drop~:~. --A bar graph, Fig. 8. 2_, indicates the num

ber of rod drops by year with brief remarks pertinent to the occasions. 
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The causes of the rod drops are due to the following: internal breakdown 

of the magnet, component failure in the drive assembly exclusive of the 

magnet, and electronic noise in the period channel. 

In analyzing the information, one notes a reduction in drops, which 

is attributable to a preventive maintenance program. 

3. Componen~ replacemen~.--From 1938 ~hrough 1966 several important 

improvements were made. Some were of necessity to replace obsolete or 

faulty components while other changes were made to improve the operability 

of the facility. The~ are listed as follows: 

a. In 1962 a new shim-rod drive was installed in the No. 3 rod 

position. This was an effort to standardize the three drive sys

tems, thereby minimizing the maintenance requirements.,. and to pro- . 

vide a more reliable system of drive units. 

b. In 1963 a total of seven access po"J;'tS were made in the "A" 

tank of the reactor vessel to permit the accommodation of experiment 

access tubes which alleviates the cumbersomeness of access tubes 

passing through the top plug unit. Also in 1963, eleven electro

magnets were ~eplaced. These replacements were necessitated by 

faults which developed in the magnet housing or within the magnet. 

c. In 1964 the nuclear and process instrumentation was re

placed with a system of current design. Also, instrumentation for 

remote operation from the ORR control room was completed. 

d. In 1965 permanent electronic equipment was installed which 

permits a more· efficient manner of checking shim rod time-of-flight 

and magnet-release time measurements. 

Also, a new upper grid assembly was designed and installed to 

permit a more versatile use of the core region for accepting 

experiments. 

Since 1Y58, the safety circuit~ of the LITR have been tripped only 

twice because a reactor operating parameter exceeded its limit (i.e., for 

"real cause"), once in 1965 and once in 1966. On the other hand, over 

tho e.::tmo period of timo ";roal" cignalc originating in the mcpcrimcnt cafcty 

circuits initiated 37 safety circuit trips, These trips (due to "real 

cause") are described below. 
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1. 1966 - In the majority of instances concerning experiments, the 

. "high temperature setpoint" of an experiment was tripped due to the tem

perature lag of reactor power. This does not constitute a "significant 

situation" with respect to safety; however, it has been.an operating 

nuisance. Two· of the fifteen trips resulted in a reactor scram while 

the remaining thirteen produced reactor setb~cks. 

The "high temperature setpoint" of the reactor outlet water system 

was tripped on one occasion in 1966. 

2. 1965 - In each instance concerning experiments, the "high tem

.perature setpoj.nt" of an experiment was tripped due to a "temperature 

overshoot". In each case, a setback of reactor power .. resulted • 

. The one occasion of a reactor safety circuit trip was due to the 

negative L:,T. 

3. 1963 - Each tripping of the safety circuit resulted from an 

experiment and was due to "temperature overshoot" which resulted in 

actuating the high temperature setback or scram point. 

4. 1962 - The one trip of the safety circuit resulted from an 

experiment and was due t;:o "temperature overshoot" which actuated the! high· 

temperature setback. 

5. 1960 - Each tripping of the safety circuit resulted from an 

experiment and was due to "temperature overshoot" wh.ich resulted in 

actuating the high temperature trip point, causing a setback of reactor 

power. 

6. 1959 - The one trip resulted from an e:!{periment and was due to 

"temperature overshoot" which actuated the high temperature setback. 

7. 1958- Each tripping of the safety circuit resulted from an 

experiment when the ''high temperature ·setpoint" designed to protect the 

experiment was actuated and resulted in a setback of reactor power. 

Fifty percent ·Of the incidents were due to the same experiment. 

From an examination of the foregoing information, together with a 

more detailed analysis of each experiment, it may be concluded that in 

no case was the reactor in real danger and that it is quite likely that 

the experiment trip points are set too close to the operating level of 

the experiments. Nevertheless, the operating inconveniences resulting 

from thio arc tolerable. 
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A complete listing of all occasions when the safety circuits have 

been tripped is given in Table 8.1. 

A review of abnormal events involving radiation surface contamina

tion due to the operation of the reactor and the operation .of the experi

ments at the LITR indicates a distribution as tabulated below: 

Reactor Experiment Total 

High radiation 15 15 

Surface contamination 3 5 8 

High air activity 3 13 16 

TOt a! 6 33 39 

Bu11u1ng evacuations 1 4 5 

In analyzing the above data, it is worth noting that the number of 

high-radiation .. level alarms produced by experiments is high, but not un

expected since the nature of the major effort in experiments at the LITR 

i~ the study of fuel-element claddings and, generally speaking, the · 

experiments are expected to emit some level of fission products. 

The occasions of high air activity were encountered during experi

ment failure and/or removal and were generally caused by mechanical fail

ure of components and/or improper manipulation of equipment. 

The building evacuations, which averaged about one a year, were not 

lengthy, with a maximum duration of about 2 hr. It is also worthy to 

note that the evacuations were local in nature; i.e., only a portion of 

the LITR building was evacuated. Normally, only that area where an ex

periment was operating or was being removed was affectP.d, 

While the events, as recorded, are· large in number, it is noteworthy 

that no personnel received either external or internal exvosure in excess 

of tolerance. 

A distribution of the events on a yearly basis is tabulated below. 

While no particular pattern is evident, it can be seen from the record 

of the last three years that efforts to reduce the number of such inci

dents have borne fruit. 



Table 8 .1. Occasions When the LITR Safety Circuits Have Been Tripped 

Cause 1966 1965 1964 1963 1962 1961 1960 1959 1958 Total 

Experiments 

Instrument failure 6 15 1 8 6 .5 6 13 21 81 
Mechanical or component 

failure 4 13 1 5 4 5 9 ·18 36 ·.95 
Real cause 15 3 ·6 1 3 1 8 37 
Human error 2 2 .2 1 1 5 7 20 
Electrical power 

fluctuation 1 1 
Other 3· 3 - -

Subtotal 27 33 2 21 12 10 19 37 76 237 w 
V1 

Reactor 

Instrument failure L 5 2 5 ·1 4 2 20 
Mechanical or component 

failure 1 1 
Real cause 1 1 2 
Human error. 2 1 3 
Electrical power 

fluctuation . 6 2 2 .4 6 5 6 1 2 34 
Other 1 1 

Subtota:. 8 10 2 6 11 7 6 6 5 61 - - - - - - - =· = --
Total 35 43 4 27 23 17 25 43 81 298 
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1958 1959 1960 1961 1962 1963 1964 1965 1966 

High radiation 1 4 1 2 2 2 1 2 

Surface contam;. 
ination 1 1 4 1 1 

High air 
activUy 2 6 5 3 

Building 
evacuation 2 1 1 1 

9. CONCLUSIONS 

It may be concluded from the analysis p:resented above that the Low

Intensity Testing Reactor can be operated at 3 Mw in an entirely safe and 

orderly fashion. That th:i,.s is true has been amply demonstrated by the 

excellent record of operation compiled over the past 15 years. Moreover, 

because of experience gained during this time, the operating procedures 

have been continually improved; and. the incidence of component failure 

has been reduced to a minimum. In addition, this experience has served 

.to increase the skill and knowledge of the operating and technical 

personnel. 

'l'he analysis has shown that even a 100% meltdown of the LITR core 

would not produce off-area environmental contamination lu excess of the 

guidelines given in 10 CFR 100 and would not produce catastrophic results 

withi.n the Laboratory. 
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APPENDIX A 

· STATUS OF SPECIFIC ACRS AND AEC RECOMMENDATIONS 

.WITH RESPECT TO LITR OPERATIONS AS OF JANUARY 1, 1966 

Included below is a list of all pertinent correspondence and other docu

mentation associated with approvals, requests for approvals, and sup

porting data regarding the operation and safety performance of the LITR. 

Also included are brief summaries of the contents of each document. 

Those items identified by a single asterisk_ are requests for approval 

by ORNL or requests for·a safety·analysis by the USAEC. Those identified 

by a double asterisk are approvals by the USAEC or are comments by the 

USAEC regarding the supporting information which accompanied the request 

or·approval. 

1. October 27, 1949, fromW. R. Gall andD. J. Mallon to MTR.Design 

File, ORNL CF-49-10-185. 

·Subject: Mock-Up Design Report. 

This report gives photographs, drawings, design calculations, 

technical specifications, and other pertinent engineering data 

.associated with the major components 1:1sed in constructing and 

assembling the MTR and the MTR mock-up ~ITR). A list of the 

original drawings appears as Appendices B and c. 
2. May ll, 1950 .• from S. E. Beall,~&, to·M. M. Mann,.ORNL 

CF-50-5-140. 

Subject: Interim Report of Neutron and Gamma Experiments on the 

MTR Mock-Up. 

This report discusses the modifications made to the.MTR mock-up 

after completion of the hydraulic experiments performed to 

obtain design parameters for the MTR. It describes and gives 

illustrations showing the arrangement of the fuel and reflector 

materials as well as the shielding that was used during the 

initial critical test performed with actual MTR fuel •. Neutron 

·and gamma measurements were made for the purpose of evaluating 

the shielding and shield-cooling requirements for the MTR. 

-Included.are ieveral photographs taken during the modiflcation, 

\ 
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as wel~ as a detailed discussion of the control system. Opera

tion during these tests was from the ·l~watt power level to the 

100-watt power level. 

3. May 18, 1950, by S. E. Beall, ORNL-692. 

Subject: Procedures for Erection of the Materials Testing 

Reactor Mock-Up, 

This report gives a brief early history of the project and 

li~ts personnel required in the assembly operation and the time 

required. The need for cleanliness is stressed and also the 

need for proper alignment. A detailed assembly procedure is 

given, as well as a list ot special items required tor the job. 

Several photographs taken during the assembly operation are 

included. 

4. ·August 15, 1950, from c. E. Larson (UCC) to J. H. Roberson 

(ORO),. ORNL CF;.:5q~a~77 (internal correspondence). 

Subject: Conversion of the Mock-Up into a Temporary Facility 

for Polonium Production. 

This letter gives the estimated cost of converting the mock-up 

to a polonium production facility and operating at a 5•Mw power 

level and states certain advantages to be gained by converting 

at the time. (This idea was not implemented.) 

5. September 11, 1950, from c. E. Larson (UCC) to J, H. Roberson 

(ORO), ORNL CF-50-9-29. 

Subject: Proposal to Operate MTR Mock..:up-:Continuously at 500 kw. 

This letter requests approval to operate :the MTR mock-up· at the 
12 

500 kw power level. It estimates an qVerage o:l; 5 x 10 
-2 -1 

neutrons em sec and lists several experimental programs and 

isotope production that require fluxes this high for further 

evaluation. It also suggests using the reactor at the power to 

train MTR operation personnel and to familiarize experimen.;; ·· 

talists in using an MTR-type machine. It includes the required 

changes and an estimate of the cost. Mention is made of having 

run the reactor at 100 kw for a period of one hour. 

6. September 13, 1950, from J. H. Roberson (ORO) to C. E. Larson 

(UCC), ORNL CF-50-9-67 :(internal correspondence). 

* 

** 
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Subject: Approval to Operate the· MTR Mock-Up at 100 kw. 

This letter confirms verbal approval to operate the reactor at 

a power level of 100 kw for one hour to measure existing shieid

ing and induced activity in the cooling water in preparation for 

operation at 300 to 500 kw power level. 

7. October 12, 1950, from L.· E. Johnston (IDO) to R.·W. Cook (ORO). * 
Subject: Training of Contnactor Personnel on MTR Mock-Up. 

This letter contains suggestions that the MTR mock-up be 

utilized to train MTR operator personnel and, if convenient, 

irradiation experiments be performed for·ORNL to give operation 

experience with in-reactor experiments~ 

8. October 26, 1950, from L. R. Hafstad (USAEC) to R.·W. Cook (ORO). ** 
Subject: Operation of the MTR Mock-Up. 

This letter gives approval for operation of the reactor at a low 

power level (unspecified) for training purposes--the exact level 

to be established by the MTR Steering Committee. The que·stion 

of performing irradiation studies in the MTR mock,-up will re.- · 

quire further consideration as to need and policy. 

9. November 6, 1950, from J. H. Roberson (ORO) to C. E. Larson 

(UCC). 

Subject: Operation of ·the MTR Mock-Up.· 

This letter included the letter from Hafstad to Cook as· an 

enclosure:and, thereby, implies approval to operate the reactor 

as a training facility at a power level (as yet unspecified) to 

be established· at a coming meeting of the MTR Steering Com

mittee--training· program and costs .to be agreed upon at that 

time. 

10. November 16, 1950, from C. E. Larson (UCC) to J. H. Roberson 

(ORO), ORNL CF-50-11-90. 

·Subject: Transmittal of Report on Safety Aspects of Operating 

MTR Mock-Up as LITR • 

. This letter accompanied copies of ORNL CF-50-11-91, Safety 

Aspects of Operating the MTR Mock-Up as a.Low-Intensity Training 

Reactor at 500 kw •. This appears to be the first official desi~

nation of the MTR moek-up as the LITR. 

** 
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11. November 10, 1950, from S. E. Beall to File, ORNL CF-50-11-91. 

Subject: Safety Aspect of Operating the MTR.Mock-Up as a Low

Intensity Training Reactor. 

This report gives a comparison of the LITR with the MTR and 

describes the several modifications that have been made exter

nally to the reactor tank. Several safety problems are 

discussed, including excess reactivity with the expected tem

perature resulting from a :sudden addition of same, radiation 

beams from experiment .facilities, release of fission-product 

activity, and the dispersion of any radioactive waste products 

which could result from an accident. A planned water-loss test 

is discussed and results of a run at H5 kw for 5 hours is 

described. Four photographs of the facility are included. 

12. December 18, 1950, from C •. E. Larson (UCC) to J. H. Roberson 

(ORO), ORNL CF-50-12-66 (internal correspondence). 

Subject: Operation of MTR Mock-Up as LITR. 

This letter requests approval to operate the LITR up to 500 kw 

as a low-intensity training reactor for training MTR operating 

personnel contingent upon favorable review by the Reactor Safe

guard Committee. 

* 

* 

13. April 2, 1951, from c. E. Larson (UCC) to J. H. Roberson (ORO), * 
ORNL CF-51-4-10. 

Subject: Program for Utilization of LITR. 

This letter outlines the· major. experimental :programs that would 

utilize the LITR as an irradiation facility and requests authori

zation to operate at a power level not to exceed 1.5 Mw (a value 

considered sate by the Reactor Sateguard Committee at its 

March 12 m~et~ng.) 

14. May 10, 1951, from N. H. Woodruff (ORO) to c. E. Larson (UCC), 

ORNL CF-51-5-84 (internal correspondence). 

Subject: Power Levels for Operation of the Low-Intensity Train

ing Rea~tor (LITR). 

This letter authorizes operating the LITR at power levels up to 

1 Mw for training purposes, but a temperature study with a loss 

of coolant and a subsequent review is to be a prerequisite for 

approval to operate at 1.5 Mw. 

** 
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15. May 7, 1951, John H. Buck, editor, Extract from ORNL-963. 

· Subject: . Appendix 4, MTR MoGk-Up; Appendix 5, Beryllium; Appen-

di~~6~ E~e~ Elements. 

This report gives a brief description of the MTR mock-up and 

describes some of the mechanical and hydraulic tests performed. 

It discusses briefly the criticality measurements and the 

nuclear measurements performed when the critical tests were per

formed for the MTR design. Gamma-heating and gamma-ray atten

uation studies performed with the critical study loading are 

described. A reference section is given at the end of Appen

dix 4. Appendix 6 describes the development of the MTR fuel 

elements, construction of the plates, and fabrication of the 

elements, as well as includ~ng a list of references and a list 

of reference drawings. 

16. August lH, 1951, from C. E. Larson (UCC) to N. H. Woodruff 

(ORO), ORNL CF-51-8-129 (internal correspondence). 

Subject: Justification for the Continued Operation of the LITR. 

This letter ·gives justification for continued operation of the 

LITR by detailing the .experimental program and radioisotope pro

duction program that could be best performed at this time in.the 

LITR. 

17. September 25, 1951, by s. E. Beall,.ORNL-1075. 

Subject: An Experimental Determinati,on of Fission-Product 

Heating After Shutdown of the Low-Intensity Training Reactor. 

This report gives the experimental results of 12 separate tests 

over a power level range of 0.5 kw to 300 kw when the water was 

suddenly drained from the reactor by rapidly opening a valve in 

the bottom of the reactor tank. The results of the experiments 

are compared with a theoretical development, and it is concluded 

that the reactor could operate continuously at 2000 kw and sud

denly lose the water· without danger of melting a fuel plate. 

18. September 27, 1951, from N.H. Woodruff (ORO) to C. E. Larson 

(UCC). 

Subject: Operation of the LITR as an Experimental Facility. 

* 

** 
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This letter states that the Director of Reactor Development has 

given approval to continue operation of the LITR until the end 

of calendar~."Y~al1·.:1952 for the p·erformancc of irradiation: studies 

as outlined in earlier correspondence (see Item 16, above).· Sub~ 

sequent approvals will .be determined by an evaluation of the 

need and re-assay of expected reactor life with operating expe

rience. However, it was stated that operation of the facility 

will be under policy direction and coordination of the MTR 

Policy Board. No power level is stated. Maybe a power level is 

stated in letter of June 18J 1951, Woodruff to Larson •. Lists 

several letters between September 11, i950, and June 18, 1951. 

19. October 4, 1951, from c. E. Center (UCC) toN. H.Woodruff (ORO). 

Subject: Operation of LITR as Experimental Facility. 

This letter requests clarification of the st;atement, "Operation 

of the facility will be under policy direction and program 

coordination of the MTR Policy Board." Carbide and Carbon 

Chemical Company is thereby taking issue with the AEC over such 

an arrangem~en~. 

20. February 21, 1952, from s. E. Beall to J. A. Cox, ORNL 

CF-52-2-158 (internal correspondence). 

Subject: Operating the LITR (Note by author--loss-of-coolant 

tests). 

This memorandum gives data for loss-of-coolant tests performed 

at the LITR from power levels .of 150 kw to 770 kw. Results of 

the test support the analysis of safe operation at the 1.5 Mw 

power level. 

21. March 7, 1952, from c. E.· Larson (UCC) to K. A. Kasschau (ORO), * 
ORNL CF-52-3-28 (internal correspondence). 

Subject: Operation of the Low-Intensity Test Reactor. 

This letter requests approval for operation of the LITR at a 

power level up to 1500 kw. It refers to reports ori loss-of

coolant tests performed with the reactor as supporting evidence 

of lack of any additional hazards over those existing at the 

present 1000-kw level. This is the first official reference to 

the designation as the Low-Intensity Test Reactor. 
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22. May 1, 1952, from K. A. Kasschau (ORO) to c. E. ·Larson (UCC), 

·oR0-17996. 

This letter gives approval to operate the LITR at a maximum 

power level of 1.5 Mw through calendar year 1952 • 

. 23. August 22, 1952, from s. R.· Sapirie (ORO) to c. E.· Center (CCCC). 

This letter transmits a copy of a newly distributed bulletin, 

OR-RDV-1 (Serial No. 222), "Reactor Safety Determination." . This 

new outline will affect the supporting data required when re

questing approval of changes in the reactor. 

24. September 15, 1952, from C.· E.· Larson (UCC) to Kenneth Kasschau 

(AEC), ORNL CF-52-9-144 (internal correspondence). 

Subject: Justification for Research Reactor at ORNL. 

This letter and the attachment (Appendix A) is included here 

because of pertinent information given on the conditions of the 

LITR. The neoprene gasket is discussed, as are the steel tanks 

and other· steel parts in the system. and the purity of the water 

as well as the effect of the boiling experiments on the aluminum 

content of the water. 

· 25. October 4, 1952, from c. E. Larson (UCC) .to Kenneth Kasschau 

(ORO). 

Subject: Justification for the Continued Operation of the·LlTR. 

·This letter submits· additional information and references other 

information for evaluation by the AEC of continued operation of 

the LITR beyond 1952. Reference is made to the neoprene gasket 

between sections "C" and "D" of the reactor tank as the probable 

point of failure of the reactor. tank. 

26. January 13, 1953, from Kenneth Kasschau (ORO) to C. E.· Larson 

(UCC). 

·Subject: Operation of the LITR as an Experimental Facility. 

By this letter, the Division of Reactor Development gives their 

·approval t'o continue operation of the· LITR as a test reactor in 

support of the research and reactor programs at ORNL through 

calendar year 1953. The letter specifies that the operation 

of the facility will continue under the policy direction and 

** 

* 

*'tc 
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program coordination of the MTR Policy Board. This letter rec

ommends close surveillance for signs of any deterioration of the 

reactor tank or components. 

27. February 13, 1953, by T. E. Cole, ORNL CF-53-2-115. 

Subject:. Proposal _for Operation of LITR at Higher Power Levels. 

This report discusses the modification that will be required 

before increasing the power level of the LITR to 3 Mw. The 

spray nozzles and a supply tank for the spray system, which will 

be needed to remove the afterheat in the event of a loss~of

coolant accident, are discussed. 

Nuclear considerations, cooling requirements, and shielding 

requirements are discussed for continuous operation at b9th the 

3000-kw and 6000-kw power levels. 

28. February 13, 1953, from C. E .:·,Larson (UCC) to Kenneth Kasschau 

(ORO), ORNL CF-53-2-119 (internal correspon9ence). · 

Subject: Operation of the LITR at Higher Power·Levels. 

This letter proposes operation of the reactor at the 300Q-kw 

power level and specifies an experimental basis of 3000 ~w for 

one month, suggests "water drop" experiments to verify that loss 

9f the coolant would be of negligible consequences, and emph

sizes certain changes to be made as specified in ORNL 

CF-53-2-115) which is enclosed. 

29. August 7, 1953, from Kenneth Kasschau (ORO) to c. E. Larson 

(UCC), OR0-35046. 

Subject: Operation of the LITR at Higher·Power Levels. 

This letter gives authorization to operate the LITR through 

calendar year 1953 at a power level not to exceed 3 Mw with the 

provision that careful surveillance be kept on the condition of 

the ~eactor tank and that Commission approval be obtained prior 

to making· any extensive repairs or. replacements. A review with 

the ACRS will take place on or about November 15, 1953, on.the 

condition of the reactor with particular emphasis on info:r.ma

tion obtained at the higher power level. This approval is not 

contingent upon the completion of the water-drop tests. No 

mention is made in this authorization of the MTR.Policy Board. 

** 

* 

** 
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30. October 1, 1953, from C. E. Larson ~CC) to Kenneth Kasschau 

(ORO). 

Subject: Justification fcit th~ Continued Operation of the LITR •. 

This letter gives information on the corrosion rates of the 

materials in the reactor vessel and discusses.the radiation 

damage to the neoprene gasket as supporting the plan for con

tinued operation of the Low-Intensity Test Reactor beyond 1953. 

·A list, "Usage of. LITR Experimental Facilitie·s," giving -many of 

the major experiment programs utilizing the LITR, is included as 

justification for planning to use the reactor during 1954. 

31. 1953, by W. M. Breazeale, T.- E.· Cole_, and J.· A. Cox, ClRNL 

CF-53-5-69 (internal correspondence) :.or TID-5065. 

Subject: Preliminary Boiling Experiment in the LITR. 

This report describes briefly the initial boiling experiment 

performed in the LITR. Included is a copy of the strip chart 

record of the power level as a function of time. 

32. November 9, 1953, from c. E. Larson (UCC) to Kenneth Kasschau 

(ORO), ORNL CF-53-11-58. 

Subject: Operation of the LITR at Higher Power Levels. 

This letter, with the attached apprendices, gives information 

requested in the letter of August 7, 1953, from Kenneth l(asschau 

giving authorization to increase the operating power of the 

reactor from 1500 kw to 3000 kw. Reference is made to the neo

prene- gasket between tank sections "D" and "C" (expansion bel

lows) as probably the weakest link in the reactor containment 

vessel. A section is devoted to the comparison of the LITR and 

MTR and another·section lists desirable design changes for 

future reactors of this type. Appendix. I discusses design 

changes made for 3-Mw operation. Appendix II discusses the 

"LITR.Water-Drop Test--2300 kw--August 31, 1951" and is prob-

·ably the best available report on that _specific test. However, 

· the radiation level at the top of the reactor was more thor

oughly analyzed in a later report, Water-Loss Test at the Low

Intensity Testing Reactor, ORNL TM-632. 

* 

* 
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33. February 15, 1954, from Kenneth Kasschau (ORO) to c. E. Larson 

(UCC). 

Subject: Fourth Meeting of the Adv~sory Committee on Reactor 

Safeguards. 

This is a request that the Laboratory have a representative at 

the meeting to be held at the Radiation Laboratory at Berkeley, 

California, on February 22 to 24, 1954, to review ORNL . 

CF-53-11-58, dated November 9, 1953. 

34. January 18, 1954, from Kenneth Kasschau (ORO) to c. E.· Larson 

(UCC) 

Subject: Continued Operation of the 11'1'1<.. 

By this lett~r, the Division of Reactor Develo~ment has given 

approval to continue operation of the LITR at.power levels up to 

3 Mw through calendar year 1954 after satisfactory review of 

ORNL CF-53-11-58 by the ACRS. The AEC requests-:continued ·Close 

surveillance and maintenance of records on corrosion and radia

tfon damage to the reactor and components of the primary cooling 

system. 

35. April 23, 1954, from Rogers McCullough (ACRS) to L. R. Hafstad 

(AEC, OR0-43594. 

Subject:· Operation of LITR at 3000 kw. 

This letter summarizes the results o£ a review of ORNL 

CF-53-11-58 and other pertinent material by the ACRS. The 

statement is made, ·"There is no appreciable public hazard 

involved in operating the LITR, even at substantially higher 

power levels than 3000 kw. Because of the long experience and 

competence of the Oak Ridge National Laboratory staff and m.an

agement, the Advisory Committee on Reactor Safeguards feels that 

conoidcroblo latitude can be given in thP np~ration of the 

LITR." 

36. July 2, 1954, from H. M. Roth (ORO) to c. E.· Larson (UCC), 

OR0-43932. 

Subject: Operation of the LITR. 

This letter transmits the letter from Rogers·McCullough to 

1. R. Hafstand dated April 23, 1954, regarding the review of the 

** 

** 

** 
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LITR by the ACRS. This letter requests that an application for 

continued operation du.ring calendar year 1955 be submitted by 

November 1, 1954. Authorization to operate the LITR at 3000 kw 

is implied but is not specifically stated~ 

37. July 23, 1954, from C. E. Larson (UCC) to H• M. Roth (ORO). 

Subject: Operation of LITR~. 

This letter·expresses the appreciation of confidence that the 

ACRS has in the operation of the LITR as expressed in th~ir 

corrnnents on LITR operation. 

38. September 16, 1954, from C.· E.· Larson (UCC) to H. M, Roth (ORO).. ** 
Subject: Justification for Continu,ed Operation of the Lll'R. 

This letter requests approval to operate the·LITR beyond 

December 31, 1954. A list of usages of LIT~ experimental facil-

ities is attached. 

39. December 15, 1954, from H. M. Roth (QRO) to :c •. E.. Larson (UCC). ** 
Subject: Operat:bon of L!TR in Calendar Year 1Q55. 

This letter gives approval to operate the LITR at 3000 kw 

through calendar year 1955. 

40. March 11, 1955, by W. M. Breazeale, T.· E. Cole, and J. A. Cox. 

Subject: Further Boiling Experime~ts in the LITR. 

This report describes the experiment wherein.the primary coolant 

flow pump of the LITR was stopped and the reactor power was · 

raised unttl boiling took place. This work was performed be

tween Jup.e and September, 1952, and reported .at a classified 

meeting on September 10, 1952. 

41. July 1, 1955, by M. E. Ramsey and C. D. Cagle, ORNL CF-55-7-lSR. 

·Subject: Research Program and Operating Experience on ORNL 

Reactors (Section on LITR only). 

This is a descript:i,on of th.eLITR showing photog;raphs taken 

during the construction as an MTR mock-up for mechanical and 

hydraulic tests and others taken during the various steps in 

modifying the facility into a reactor and to higher power opera

tion. A brief description of the experiment facilities and of 

the contamination control measures is included. 
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42. October 31, 1955, from J •. A. Swartout (UCC) to H. M. Roth (ORO). * 
Subject: Justification for Operation of the LITR. 

This letter requests approval for continued operation of the 

LITR. The f~rst mention is made here of remote operation of 

the reactor from the Graphite Reactor control, room. · Again, a 

list of the usage of e~periment facilities is attached. 

43. December 5, 1955, from J. A. Swartout (UCC) to H. M. Roth (ORO), 

ORNL CF-55-12-17. (internal correspondence). 

Subject: Recommendations of the Advisory Committee on Reactor 

This letter states that most of the limi1=ations ort rea.ccor oper

ation are self-originated, either through an ORNL evaluation of 

safe operation or in anticipation.of what the AEC Safety Com

mittee might desire. This letter points out that all ORNL reac

tor operations are reviewed annually by an internal Reactor 

Operations Review·Committee. 

As to the specific recommendation of the·ACRS regarding the 

LITR, the only one made was that beam-hole locks be incorporated 

into the s~fety system. 

44. January 10, 1956, from H. M. Roth (ORO) to J. A. Swartout (UCC). ** 
Subject: Operation of LITR. 

Tills letter gives approval for continued operation of the LITR 
at 3 Mw for an indefinite time, provided such operation meets 

with the safety standards of ORNL. Any changes to the reactor 

or its controls shall be documented in accordance with OR Bulle

tin 8401. 

45. July 30, 1956, from J. A. Swartout (UCC) to H. M. Roth (ORO). 

Subject: Remote Control Operation of the LITR. 

This letter accompanied copies of ORNL-2121, Remote Control of 

The LITR, and points out that a remote control test has been in 

progress for 10 months wherein there has been an operator at the 

LITR control desk and another at the remote control desk in the 

Graphite Reactor control room with all controls except st~rtup 

performed from the remote control desk with the operator at the 

* 
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LITR control desk to assume control, if necessary. Approval is 

-sought to remove the operator from the LITR control room during 

routine operation. 

46. August 1, 19S6, by J,·A. Cox, L. C.Oakes, andW. H.-Tabor~ 

. ORNL-.2121. 

Subject: Remote.Control of the LITR. 

This report discusses the proposed operational procedure and the 

safety aspects of remote control and gives·a history of the 

remote operation test which has been in operation since 

October 12, 1955. IncLuded as appendices are: block diagrams of 

remote instruments· .and LITR safety system, startup and shutdown 

procedures, and check lists. 

47. Augu$t 31,1956, fromH. L •. Price(AEC) toE. J. Block (AEC). 

Subject: Review of ORNL-2121, "Remote Control of the LITR,." 

This memorandum lists questions in the minds of the reviewing 

personnel which were not answered by the report, ORNL-2121. It 

is suggested that the information that is given in the report 

be supplemented by a discussion which will-answer the.listed 

questions. 

* 

* 

48. October 2, 1956, from H. M. Roth (ORO) to J. ·A. Swartout (UCC). * 
Subject: Remote ConLrol Operation of LITR. 

This letter. requests clarification of the questions presen·ted in 

a memorandum from H. L. Price to E. J. Block, dated August 31, 

1956. The subject memorandum was an attachment to this letter. 

49. October 22, 1956, from J, A. Swartout (UCC) to H. M. Roth (ORO). * 
Subject: Remote Control Operation of LITR~ 

This letter answers the questions in the memorandum frQm ·c· 

H. L.-Price to E. J. Block, dated August 31, 1956, which had 

been ra·ised by the Reactor Hazards Evaluati()n Staff when they 

reviewed ORNL-2121. 

SO. January ll, 1957, from H. M. Roth (ORO) to J. A. Swartout (UCC). ·k·k 

Subject: R~mote Control Operation of the LITR. 

This ·letter transmits the approval of the R,eactor ·Hazards Evab· 

uation Staff, Division of Civilian Application, to operate the 

LlTR b,y remote control subjei::L: Lo Lhe conditions: 
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a. An operator will have dual responsibility only when 

both re·actors are in the condition of steady operation. 

b. Another experienced operator and a supervisor will 

always be within call of the intercommunication system. 

c. The operator freed from the LITR control desk will act 

as a ruving inspector. 

51. July 20, 1961, from S. R.· Sapirie to F. K •. Pittmaa. 

Subject: LITR. 

In this letter, Sapirie discusses the planned maintenance and 

upgrading program for the LITR instrum~ntation in explanation 

of questions brought out in the 1961 LITR Safeguards Review by 

the ORO Review Committee. The letter also points out th~ f~ct;: 

that cancellation of the ANP program has had very little effect 

on the experimental load in the LITR. This letter. recommends 

continued operation of the LITR, at least through calendar year 

1962. 

52. ·April 18, 1962, from J, A. Swartout (UCC) to H. M. Roth (ORO). 

Subject: Aluminum-Cadmium Control Rod for the LITR. 

Th;is letter disc1.,1sses the plans for replacing one of the fnP.l

cadmium control rods with an aluminum-cadmium control rod for 

the purpose of comparing and evaluating their effectiveness. 

If the new control rod is equally as effective~ the plans are 

to replace all of the fuel-cadmium rods in the future. The 

tentative test program is attached. 

53. May 7, 1962, from H. M. Roth (ORO) to J, A. Swartout (UCC). 

Subject: Aluminum-Cadmium Control Rod for the LITR. 

This letter states that the Research and Development Division 

of the Oak Ri~ge Operations Office of the AEC has no objections 

to the proposed test but expresses a desire to receive a report 

on the results of the test with this first rod. 

54. June, 1962, by W.-L. Smalley, et al, for the RSRC for ORO. 

Subject: USAEC-OROO. Safety Review of the Oak Ridge National 

Laboratory Reactor Facilities Located at Oak Ridge; Te~nessee. 

This report covers the revie~ by a special committee of pri

marily USAEC-ORO personnel, of several ORNL reactors, including 

** 
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the LITR, from the· standpoint of administrative procedures, 

internal reactor safety surveillance, and the individual reac

tors. A bibliography is included which lists several reports 

of current application to operational information for the vari

ous ORNL reactors. 

55. J~ly 19, 1962, from H. M. Roth (ORO) to J.·A. Swartout (UCC). 
.····· 

·Subject: Request for Directive CR-336, "Containment, Low

Intensity Testing Reactor, Building 3005." 

In this letter, it is requested that an MCA analysis for the 

LITR be submitted. 

56. November 2, 1962, from J, A. Swartout. (UCC) to H. M. Roth (ORO). 

Subject: ORO Reactor Safety Review Recommendations. 

In this letter, several earlier reports which discuss the 

safety aspects of the LITR are listed. This letter was an 

attempt to satisfy ORO personnel as to the documentation 

describd.ng :a. potEmt:i:al MCA..and ·its consequences. 

* 

57. December·28, 1962, from H. M. Roth (ORO) to J, A.· Swart9ut (UCC). * 
Subjec.t: Low-Intensity Testing Reactor (LITR) MCA. Analysis. 

This is a request to supply ORO with a resume of LITR MCA, 

including expected fuel temperature, extent of meltdown, total 

energy release, fission product release, and resultant dose 

rates, as well as a description of possible initiating sequences 

of events. 

58. May 6, 1963, from J,· A. Swartout to H. M. Roth. 

Subject: Low-Intensity Test Reactor (LITR) MCA.Analysis. 

This letter describes the· LITR MCA, the calculated dose rate:,. 

energy release, and maximum fuel element temperature resulting 

therefrom. The results of the SL-1 accident were used to verify 

the validity of the method of calculation. 

59. ·April 22, 1964, from J. A. Swartout (UCC) to H. M. Roth (ORO). 

Subject: LITR Beam-Hole Lock Switches. 

This is a simple proposal to remove the·LITR beam-hole lock 

switches· which have been a pat:t of the· LITR control system . 

since 1950. 
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60. May 5, 1964, from H. M. Roth (ORO) to J. A. Swartout (UCC). 

· Subject: LITR Beam-Hole Lock Switches. 

In this letter, ORO asks for supporting documenta-tion justifying 

that the locks be removed from the safety system and that the 

modification be reviewed by the Reactor Operations Review Com-

mittee. 

61. May 22, 1964, from J. A. Swartout (UCC) to H. M. Roth (ORO). 

Subject: LITR Beam-Hole Lock Switches. 

In this letter, the request for approval to remove the subject . 

switches is ca~celled because any approval forthcoming would be 

too late to permit incorporating the change into the updating 

of the LITR control system. 

62. June 17, 1964, from S. R. Sapirie to c. E. Larson. 

Subject: LITR Beam-Hole Lock Switches. 

In this letter, ORO justifies their request in the letter of 

. May 5, 1964, from H. M. Roth to J•· A. Swartout asking for addi

tional information before approval to remove the beam-hole lock 

switches. This transfer of correspondence points out the need 

for supporting documentation and evaluation by an inte~nal 

review committee before ORNL requests approval of ORO for 

changes in reactor facilities that were listed as req~irements 

in earlier documentation. 

63. August, 1964, by J. A. Cox and C. C. Webster, ORNL TM-632. 

Subject: Water-Loss Test at the Low-Intensity Testing Reactor. 

This report describes and attempts to analyze the·water-loss 

tests performed in the LITR in 1951, 1952, and 1953. ·An equa

tion for determining the afterheat generation rate as a function 

of reactor operating time and time aftershutdown is developed in 

the appendix. 

64. September 21, 1964, by C. C. Webster and H. v. Klaus, ORNL 

CF-64-9-43 (internal correspondence). 

Subject: Operating Safety Limits for the Oak Ridge National 

Laboratory Low-Intensity Testing Reactor (LITR). 

This document specifies the limits within which the reactor can 

be operated safely. 
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65. February 18, 1965, from A. M. Weinberg toM.· Shaw (AEC Washing

ton.). 

This letter discuss.es various features of the LITR as well as 

the other ORNL reactors under the control of the Operations 

Division and points out the need for continued operation of the 

LITR after the HF.IR .achieves full-power operation. 

66. October 14, 1966, from A. M. Weinberg to H. M. Roth. 

· Subject: Annual Reactor Safety Review of the ORR and LITR, 

Letter from H. M. Roth to A. M. Weinberg, dated Setpember 23, 

1966. 

This letter states that safety analysis of the LITR and ORR will 

be prepared as early as possible. 
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APPENDIX B 

OPERATING SAFETY LIMITS FOR THE OAK RIDGE NATIONAL LABORATORY 

LOW-INTENSITY TESTING REACTOR (LITR) 

INTRODUCTION 

It is the intention of this document that a limit be established for 

each operating variable which has direct reactor safety significance. 

Each limit designates a realistic boundary to the operating range of the 

variable; therefore, each limit can be approached with confidence that 

the safety of the reactor will not be compromised. The LITR Operating 

Procedures will be prepared so as to provide reasonable assurance that 

the reactor will be operated within the stated Operating Safety Limits. 

AEC approval is required for changes to the Operating Safety Limits. 

OPERATING LIMITS 

A. Reactor Building--The reactor is housed in an industrial-type builQing 

with no other containm~nt features. At the present time, any radio

active gases released into the building must leave the_building by 

the naturai diffusion process. Such a process is sufficiently slow 

to permit evacuation of all the personnel who might be in danger. In 

addition to the local control and monitoring instrumentation in the 

building, a duplicate set of those instruments required for power 

operation is located in a separate building. 

B. Reactor Core 

1. Maximum fuel loading--The maximum total mass of fuel in the core 

is adjusted so that the ganged rods will have to be withdrawn at 

least 50% of their worth before criticality is achieved for full

power operation. 

2. Maximum steady-state power level--3,000 kw nominal (administra

tive limit). 
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· 3. Safety power _ _level scram limit-- Set at not greater than 150% of 

nominal flux~power level (administrative limit). 

4. Maximum heat flux in core (under normal flow)--

1,260,000 Btu hr- 1 ft- 2 (ref. 1). 

C. Prima~y Cooling System 

1. Maximum differential pressure across the core--12 psi. 

2. Maximum operating pressure--75 psi. 

3. Maximum outlet water temperature--150.°F. 

4. Minimum flow rate for full-power operation--500 gpm (ref. 1). 

5. Maximum flow rate--2,000 gpm. 

6. Maximum activity of coolant water--The radioactivity of the water 

will be maintained at a level sufficiently low that no excessive 

exposure to personnel will occur as spccificd_in AEC Manual, 

Chapter 0524. 

D. Secondary Cooling System 

1. Maximum operating pressure--100 ps ig. 

· 2. Minimum flow rate for full-power. operation--zero gpm. 

E. Emergency Cooling System (for afterheat removal) 

1. Minimum emergency cooling capacity and time--No flow if the water 

remains in the reactor ~ank; 3 gpm flowing through the core for 

60 minutes if the water in the reactor tank is lost. 

2. Minimum emergency power system--No emergency power is required. 

F.. Control and Safety Systems 

1. Mechanical control system 

a. Minimum number of control elements--3. 

b. Minimum number of control rods which mu.st be removed to attain 

criticality--The reactor will be so arranged that criticality 

cannot be achieved by complete withdrawal of any one of the 

control rods while the others are completely inserted. 

1 This is below the calculated burnout heat flux using W. R. Gambill's 
correlation presented in Chemical Engineering Progress Symposium Series 59 
(41), 71-87 (1963), but is within the boiling range. 
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c. Maximum release time of control elements with or without cool

;;;I;Rt flow--Two of the three magnets must have a release time 

of 30 milliseconds or less. 2 

d. Maximum scram time--During regular tests, two of the three 

control rods must have a time of flight (from fully withdrawn 

to bottom seat, including release time) with or without cool

ant flow, of less than 800 milliseconds. 2 I£ one rod has a 

time of flight of 1000 milliseconds or more, adjustments must 

be made, 

e. Maximum rate of addition of reactivity by the shim control 

rods--0.1% 6k/k per sec. 

f. Se1:vo cout:rol .... The servo cont1·ol cau add pu~itive reacttvtty 

at a maximum rate of 1% 6k/k per sec but is limited to a maxi

mum amount of approximately 0.5% 6k/k. 

2. Control and safety instrumentation--These instrument channels are 

so installed as to initiate a reactor scram, a reactor setback, 

or a reverse action whenever certain predetermined conditions 

exist. A duplicate set of the instrumentation required for power 

operation of the reactor is located in a separate building. 

a. Minimum reactor control and safety instrumentation required 

for startup when the final power will exceed 3 N1 . 

(1) Two level safety channels. 

(2) One log-N period channel. 

(3) One fission-chamber channel if the neutron background, 

as indicated by the log~N recorde~ is less than 0.001. 

(4) One 6T channel. 

(~) One reactor-water exit temperature channel. 

(6) One primary coolant flow channel. 

(7) One radiat:ion monitor that will detect changes in the 

radiation from the reactor water system. 

2 The release time and time of flight have been found by experience 
to be essentially the same with and without coolant flow for this reac
tor's flow conditions. 
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b. Minimum reactor control and safety instrumentation required 

for startup when the final power will not exceed 3 N1 (with 

raise-t~st switch in test position). 

(1) Two level safety channels. 

(2) One log-N period channel. 

(3) One fission-chamber channel ·if the neutron background , 

as indicated by the log-N recorde~ is less than 0.001. 

c. Minimum.safety and control instrumentation required during 

power operation. 

(1) Two level safety channels. 

(2) One t:,.T channe 1. 

(3) One reactor water exit temperature channel. 

(4) One primary coolant flow channel. 

(5) One operating radiation-detection monitor associated 

with the reactor cooling system. 

d. Safety instrument checks--An operational check, including 

release time and ti~e-of-flight determinations, mu~t be made 

of the safety instrumentation before the start of each opera

ting cycle. 

·e. All startups are performed at the local control room under 

the surveillance of a qualified supervisor. 

G. Radiation Monitoring Systems-~Radiation level monitors. A minimum of 

three operable radiation monitors will be located at appropriate 

points within the reactor building. 

H. Experiments--Each in~reactor experiment is subjected to comprehensive 

reviews and hazards evaluations by the Laboratory's Reactor Experiment 

Revi.ew Conunittee and/or the Operations Division. In this way an ex= 

periment is approved for operation within safety limits applicable 

only to that specific experiment. Appropriate limits are placed upon 

any materials, systems, or components that may (for any credible rea

son) affect the reactor reactivity in such a manner, or to such a 

degree, th·at unsafe conditions could result. 

With respect to reactivity effects, experiments are considered and 

approved as follows: 
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1. An experiment is approved more or less routinely if the maximum 

change in reactivity that can be caused by the experiment (by 

any credible means) is conservatively less than the total amount 

of reactivity controlled by the servo system. 

2. Exp~riments having reactivity worths greater than that in (1) are 

considered in more detail--in particular if failure or malfunc

tion of the experiments may cause changes in these values. Con

siderations are with respect to total worth, rates of change, and 

to particular situations that may be associated with t~ese changes. 

No experiment is approved if, for any credible reason, it can 

cause changes in reactivity that cannot be safely handled by the 

reactor control system. 

I. Administrative and Procedural Safeguards 

1. Personnel qualifications--The reactor will only be operated by 

qualified personnel approved by the Operations Division 

Guperintendcnt. 

2. Min~mum staff requirements for reactor operation during any shift. 

a. One supervisor on duty. 

b. One operator on duty. 

c. The control room (local or remote) must be'attended by at 

least one of the persons named previously at all times during 

operation. 

3. Procedures--The reactor is operated in conformance with documented 

operating procedures. In no instance will the operating pro

cedures designate authorization to operate the reactor in excess 

of any operating safety limits listed above. 
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APPENDIX C 

THERMAL ANALYSIS OF THE LITR CORE FOR 3-MW OPERATION 

c. c. Webster 

1. INTRODUCTION 

The following thermal analysis of 3-Mw operation of the LITR core 

is based partially upon calculations using conventional and well

substantiated methods and partially· upon direct extrap·olation of observa

tions made in the LITR and upon the results of tests performed at the 

ORR. Because the cqr~ configuration and fuel distribution in the two 

reactors are quite similar, information and knowledge gained in one reac

tor is usually applicable to the other. 

2. POWER DENS1'1'Y AND NEUTRON FLUX DISTRIBUTION 

The LITR core is composed of a 5 x 9 lattice with 45 core component 

positions. The internal structure of the reactor tank is arranged so 

that up to 8 shim-control rods may be used. However, only 3 shim-control 

rods are normally utilized; the remaining 42 spaces contain either fuel 

(full or partial). elements, beryllium pieces, or special components fab

ricated for use by experiments or for other specific purposes~ For the 

last several years, the core loading has consisted of 22 eighteen-plate 

full fuel elements, 1 fourteen-plate partial fuel element, and 3 shim

control rods, 3 or 4 isotope stringer units, and about 6 full beryllium 

in-core pieces. The remaining 9 positions are occupied by experiments 

or special experimental pieces. Figure 1 shows a typical core loading; 

and, although some changes may be made from time to tim.e, this loading 

has been utilized for most of the calculations upon which this analysis 

is based. The fuel content of the element located in a specific core 

position is not the same at the beginning of each fuel cycle but may vary 

from one fuel loading to the next and changes during the cycle. As the 



62 

ORNL DWG 67-13029 

C-51 C-41 C-31 C-21 C-11 

~ 
~e Be @ Be Be 

235 0.035 --MASS U 

-Mw/ELEMENT C-12 

@ 

D 
0.094 

ISOTOPE .C-43 
STRINGER @ 

0.417 

D ~ 
C-1.~ 

PARTIAL 43.6 ~ FUEL 
ELEMENT 0.040 0.433 

C-55 C-35 C-25 C-15 

D 
Be @ @> @ 

SHIM 0.490 0.205 0.136 
ROD C-36 C-26 C-46 

({§> @ @ 

[~ 
0.190 0.089 0.145 

SPECIAL 
C-57 C-47 LATTICE 

PIECE Be @ 
0.109 

• 
C-18 

VERTICAL @ ACCESS 
FACILITY 0.098 

C-49 
I <!§> 

0.071 
~ •" '····~······"' ........... ~-·"~'""''" '"' -· 

LITR LATTICE ARRANGEMENT ON DECEM-
BER 2, 4958, SHOWING FUEL LOADING 
AND POWER OUTPUT 

Fig. 1. Typical LITR Core Loading 



63 

fuel content of an element decreases, it may be repositioned to maintain 

control of the flux level at particular locations in the reactor or 

replaced by a new unirradiated fuel element, by a partially-depleted ele

ment, or by any of the special pieces that are capable of being positioned 

within the core lattice. The fuel content of a full 18-plate element in 

use in the core may vary from about 135 to 200 g· 236 U, a 14-plate partial 

element from about 60 to 140 g 236 U, and a shim-rod follower from zero 

to about 135 g· 236 U. 

The fuel loading is generally rectangular in shape and, at present, 

is situated on the east side of the core lattice. The fuel elements, 

which are located one beryllium piece away from the main core, have little 

effect on the neutron flux profile within the main core region but serve 

to enhance the flux in the neighborhood of a reactor experiment--particu

larly if the experiment is a strong neutron absorber. The presence of 

these isolated elements likewise reduces the perturbation effect of a 

high cross-section experiment on the main reactor core. During the past 

several years, the fuel elements in the main part of the core have been 

arranged at each scheduled refueling operation in such a way that the 

worth of each of the three shim-control rods is about the same. 1 This 

results in a power-density profile that does not change significantly 

from cycle to cycle or throughout a given cycle. The power output and 

the 236 U content for each fuel element, at the time the data used in this 

analysis was obtained, is given in Figure 1. 

On the basis of investigations and experience with the ORR, it is 

concluded that neutron. flux peaking and the power peaking is greatest 

immediately after startup,. following a scheduled shutdown. This is due 

to the fact that with the shim-control rods only about 50% withdrawn most 

of the power is generated in the lower part of the core. For this reason 

the calculation. for this analysis is based on the neutron flux profile 

under startup conqitions. Figure 2 shows the relative flux distribution 

for that shim-rod-fuel follower for which calculations indicated the 

1 A. L. Colomb and D. Cavin, Fuel Cycles and Loading Programming for 
Water-Cooled Research Reactors, ORNL TM-277 (July.31, 1962). 
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., 
greatest p~wer output and the two fuel elements with the highest indi-

vidual power output. The fuel element in· core position C-36 has a slightly 

higher relative flux at its upper end than does the element in position 

C-25 because only one shim-control rod influences C-36; whereas, two con

trol rods influence C-25. Figure 3 is an axial plot of the macroscopic 

fission cross section (~f ) of the three fuel pieces used in the calcula

tions. The information shown for partially depleted elements is based 

on earlier measurements made in the ORR. 2 The information in,Figures 2 

and 3 is used to determine the axial distribution of the powerdensity 

for positions C-26, C-25, and C-36, as shown in Figure 4. Note that the 

power-density profile of C-36 is considerably flatter than that for C-25. 

This is a characteristic of partially depleted fuel elements because of 

the concave nature of ~f . This feature is significant during a fuel 

cycle when the 236 U content of the fuel element is being depleted. 

3. FUEL- PLATE SURFACE TEMPERATURE 

The fuel-plate surface temperature for the three core positions used 

in this analysis was determined from heat fluxes obtained from the power 

density distribution determined as shown above and from forced-convection 

heat-transfer coefficients derived from experimental observations made 

with rectangular cooling channels of similar geometry to that in LITR 

fuel elements. 3 The results are shown in Figure 5 for normal flow con

ditions with coolant inlet ·temperature of 100°F and a flow rate through 

the reactor of 1200 gpm (2.3 fps). The calculated burnout wall tempera-
4 ture, the coolant saturation temperature, the estimated minimum wall 

2 A. L. Colomb, Fission Product Distribution in ORR Fuel Elements, 
ORNL-2897 (May 5,: 1960). 

3 W. R. Gambill and R. D. Bundy, HFIR Heat Transfer Studies of 
Turbulent Water Flow in Thin, Rectangular Channels, ORNL-3079 (June 5, 
1961). 

4 L •. Bernath, "A Theory of Local Boiling Burnout and Its Application 
to Existing Data", Chemical Engineering Progress Symposium Session No. 30, 
56, pp 95~116 (1960). 
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temperature at the onset of nucleate boiling, and the bulk coolant tem

perature are shown. The variation of the heat-transfer coefficient, 

which is dependent upon axial position and wall surface temperature, is 

also shown. 

4. LOW COOLANT FLOW CONDITION 

The reactor control is so arranged that the reactor will scram if 

the reactor coolant flow rate . .' drops below 500 gpm (0. 96 fps). Therefore, 

it is of interest to compute the thermal cond,itions in the hottest. fuel 

element under the assumption of 500 gpm flow. In examining this case, 

the fact that other safety circuits including the 6T and the coolant out

let temperature are set so as to initiate a reactor scram has been 

ignored. Figure 6 shows the.conditions in the fuel element in core posi

tion C~25 with a coolant flow r~te of 500 gpm (0.96 fps) and a reactor 

power of 3 Mw. The results indicate that nucleate boiling could be 

expected in the hottest fuel element but that there is still a consider

able safety margin before burnout conditions would be reached. In view

ing Figure 6, one should keep in mind that the heat-transfer relationship 

for forced convection, nonboiling conditions was used in the calculations. 

Under boiling conditions, the heat~transfer coefficient would be much 

higher than for nonboiling; so there is a considerable factor of con

servatism in the i~formation shown. 

5 .. BOILING EXPERIMENTS 

Several boiling tests were performed with the LITR in 1952 wherein 

the water flow through the reactor vessel was stopped and the only circu~ 

lation through the reactor was by natural convection. 6
' 6 For circulation 

5 W. M. Breazeale, T .. E. Cole, and J. A. Cox, Preliminary Boiling 
Experiments in the LITR, ORNL CF-53-5-69 (internal correspondence), and 
TID-5065 (1953). 

6 W. M. Breazeale, T. E. Cole, and J. A. Cox, Further Boiling 
Experiments in the LITR, AECD-3670 (March 11, 1955). 
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to occur in the LITR, it was necessary for the coolant to flow upward 

through the hotter elements and downward through the cooler elements and 

other flow passages within the core. The results of the test indicate 

that under the conditions of no forced circulation through the core, some 

boiling started at a reactor power of 1.2 Mw. The power level was in

creased in steps to 1.8 Mw and the instruments indicated considerable 

fluctuation in the signals from the power monitor chambers. On the 

approach to the 2~Mw power level, the power fluctuations resulting from 

collapse and buildup of steam bubbles caused a peak power surge of 3.6 Mw 

which tripped the reactor scram circuit. With the subcooled coolant, 

t his oscillation in power caused by the collapse and reforming of steam 

bubbles would be expected. The tests indicate that at a given power 

level boiling is stable; os cillat ing conditions exist, but the amplitude 

of the oscillations does not build up without limit. Figures 7 and 8 are 

taken from Reference 6. 

The results of the boiling experiments indicate that if boiling 

occurred at the 3~Mw power level the oscillations that would occur be

cause of the subcooled water would give power surges of sufficient mag

nitude to trip the high-power scram circuit. However, conditions for 

boiling are prevented by the multitude of scram circuits which are initi

ated by independent features of the reactor control system. 

6. LOSS OF COOLANT TESTS7
'

8 

During the early operatLon ot the LITR (1950-1953), several loss-of

coolant tests were performed whereby the water flow was shut off and then 

drained rapidly from the reactor. The reactor would then shut itself 

down from the loss of moderator. During several of the tests (particu

larly around the 1-Mw power level), one of the shim-control rods inad

vertently dropped: causing a premature reactor shutdown. The purpose of 

7 S. E. Beall, An Experimental Determination of Fission Product Heating 
After Shutdown of the Low-Intensity Testing Reactor, ORNL-1075 (Sept . 25, 
1951). 

8 J . A. Cox and C. C. Webster, Water Loss Test at the Low-Intensity 
Testing Reactor , ORNL TM-632 (Aug . 1964) . 
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these tests was to determine that power level at which it would be advis

able to provide an emergency cooling system for the purpose of preventing 

overheating of the reactor in the event of a sudden total loss of coolant. 

The maximum safe operating level for a loss-of-coolant accident with

out emergency cooling was originally estimated to be 2 Mw (Ref. 7). This 

was based on data taken from a 0.300-Mw test. A more recent analysis of 

the data given in ORNL TM-632 (Ref. 8) indicates that if the reactor were 

operated at a 3•Mw power level for 6 days and then the water was removed 

rapidly from the reactor. the maximum fuel-plate surface temperature would 

reach 494°C (921°F) in 93 minutes with no emergency cooling. Since the 

melting point of aluminum is 600°C (l220°F), it appears that no melting 

would occur. Figure 9 shows the maximum fuel··plate surface temperature 

as a function of time atter shutdown (by loss of moderator) when the reac

tor has lost all the coolant through a 6-in. opening at the bottom of the 

reactor vessel. In this analysis, the shim-control rods are held up and 

not allowed to drop. Dropping of the control rods would remove fuel from 

the core region and replace it by a mass of cooler metal that does not 

have fission-product heat generation. The information shown in Figure 9 

is based on an extrapolation to a 3~Mw power level using the results of 

a l~Mw loss-of-coolant experiment. In this extrapolation to higher tem

perature, no credit was taken for the increase in thermal conductivity 

of aluminum with increase in temperature, improved heat convection (metal 

to air) with higher metal temperature, or for the increase in heat trans

fer by radiation with increase in temperature. 

As the reactor is now arranged, it is provided with a spray tank 

capable of supplying a spray of water over the core for more than· 2 hours 

following loss of water from the tank. With the spray in use,. the e.qui- .. 

librium point which occurs at 4.5 minutes in Figure 9 (the "no-spray" case) 

where the fuel-plate surface temperature starts increasing above the boil

ing point of water would occur at least 2 hours after the water loss; and 

by then many of the short-lived fission products would be decayed so that 

the heat-generation rate would be less than half what it is at 4.5 min

utes. It can, therefore, be concluded that there is no danger of melting 

the fuel plates with a loss of coolant, even if the emergency spray sys

t.em is not working. 
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7. CALCULATION OF THE BURNOUT RATIO 

The burnout ratio is calculated by dividing the maximum heat flux 

to be expected during normal operation into the heat flux required to 

produce film blanketing and subsequent burnout of the fuel plates. This 

important quantity is a measure of the margin that exists between normal 

operating conditions and those which could lead to melting of the fuel. 

The heat flux to be expected during normal operation can be computed 

from the power distribution data discussed earlier. The burnout heat 

flux correlation us~d fot" the LITR b.~c~:t,lse? of the low coolant flow rate 

is one developed by W. 1{. Gambill and presented at a heat transfer sym

posium held in Houston, Texas, in 1962 (Ref. 9). The correlation has 

the form: 

whcrchnb = 0.105 r(Re)bz2/J 

(Ref. 10). 

l r n 2/JJ 0.14 

- 125 (Pr)bz 
113 

• 1 + ~ ( .~) . (~) z 

¢bo burnout heat flux (Btu hr- 1 ft- 2
) 

hnb = nonboiling heat-transfer coefficient (Btu hr- 1 ft- 2 p- 1 ) 

Lv = latent heat of vaporization (Btu lb- 1
) 

a= surface tension (lb ft~ 1 ) 

P1 = density of liquid (lb ft-3) 

Pv = density of vapor (lb ft'- 0 ) 

9 W. R. Gambill,"Generalized Prediction of Burnout Heat Flux for Flowing, 
Subcooled, Wetting Liquid", Chemical Engineering Progress Symposium Series 
59(41), 71~87 (1963). . 

10W. R. Gambill and R. D. Bundy, HFIR Heat Transfer Studies of Turbulent 
Water Flow in Thin, Rectangular Channels, ORNL-3079 (June 5, 1961). 
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gc = conversion constant· (ft sec- 2
) 

a = local acceleration (ft sec-2
) 

6t b su saturation temperature-bulb cooling temperature (°F) 

tw = temperature at heated wall (°F) 

tb = bulk coolant temperature (°F) 

Reynold's Number of bulk water at axial location 

Prandtl Number of bul~ water at axial location 

De - equivalent diameter (ft) 

z = axial distance (ft) 

~b = viscosity of bulk liquid (lb hr- 1 ft- 1
) 

~ = viscosity of liquid at wall temperature (lb hr- 1 ft- 1
) 

c = specific heat (Btu lb- 1 ft- 1 ) · 
p 

The burnout heat flux was determined for the reference core posi

tion, c~25, for 3-Mw operation and normal flow of 1200 gpm (2.3 fps) and 

for flow conditions of 500 gpm (0.96 fps). 

Hot-channel factors were obtained for both new elements and partially 

depleted elements by using the following factors. 

Factor 

Error in flux determination 

Variation of isotopic ratio 

Error in· 236 U content 

Geometric variation 

Nonuniformity of flux within element 

Hot~channel factor 

New 

1.10 

l.OJ 

1.04 

1.05 

1.40 

1. 73 

Element 
Depleted 

1.10 

l.OJ 

1.08 

1.05 

1.40 

1.80 

rhe power level corresponding to the burnout heat flux was determined 

in each case by multiplying the ratio of the burnout heat flux to the maxi

mum operating heat flux by the corr.esponding operating power level •. An 

equivalent burnout power level was then determined by dividing this value 



by the hot-channel factor. The burnout ratio was determined by taking 

the ratio of the equivalent-burnout-power level and the normal-operating

power level. The results in the following table give the values for a 

new element and a depleted element in core position C-25 under normal 

flow and low-flow conditions and under conditions of natural convection. 

It can be seen that the burnout margin is very large. Even under 

conditions of natural convection, it is unlikely that melting would occur. 

Burnout Burnout Burnout 
Power Heat Flux Heat Flux Power Burnout 

(Mw) Flow (Btu -a -l) ft ~ lu: (BLu [L - 2 lu:- 1 ) (Mw) Ratlu 

New Fuel Element 

3 Full 1.81 X 106 0.0526 X 106 59.8 19.9 

3 Low 1.53 X 106 0.0526 X 106 50.6 16.9 

3 Natural 
Convection 0.126 X 106 0.0526 X 106 4.2 1.4 

Depleted Fuel Element 

3 Full 1.81 X 106 0.0526 X 106 57.4 19.1 

3 Low 1.53 X 106 0.0526 X 106 48.5 16.2 

3 Natural 
Convect :ton 0.12~ X lOR 0.0526 x 1.06 

:3.~~ l,j 

8. CONCLUSIONS 

It is clear from the analysis that operatton of the LITR at 3 Mw pro

vides a large margin of safety. Recent analysis indicates that the spray 

tank and two spray heads are not needed to provide emergency cooling in 

the event of a loss-of-coolant accident. 
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