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UNIVERSITY OF KANSAS TRAINING REACTOR
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DOCKET NO. 50-148

This Environmental Impact Appraisal is written in connection with the proposed
renewal for 6 years of the operating license of the open pool-type research
reector at the University of Kansas (KU) at Lawrence, Kansas.

As the KU Traininc reactor (KUTR) will continue to operate within the building
in which it was originally constructed, this licensing action leads to no chance
in the physical environment of the reactor building since its initial licensing
in June 1961. Currently, there are no plans to change - of the structures or
operating characteristics associated with the reactor during the time interval
of the license renewal requested by the licensee.

Based on the review of the specific facility characteristics, which are con-
sidered for rotential impact on the environment, as set forth in the staff's
Safety Cvaluation Report (SER) for this action, it is concluded that renewal
of this operating license will have an insignificant environmental impact.
Although judged insignificant, operating features with the greatest potential
environmental impact, both radiological and non-radiological, respectively,
are summarized below.

The KUTR's average 10 kW of therme. -~nergy is transferred to the pool water by
natural convection heat transfer. The heat is removed from the pool by con-
duction and convection to the environment.

Araon-41, a product from neutron activation of air during reactor operation,

is the principal radiolegical effluent of the KU trainino reactor. The operating
power level 1imit of 10 ki (thermal) average ensures that the Argon-41 release

to the environment can not exceed the guideline value in 10 CFR 20, Appendix B,
Table 2 for the unrestricted area.

Assuming, conservatively, that all air remains in the beam tubes for the
operating period and then expands igto the reactor room, the maximum Argon-41
production is about 0.2x10" " ACi/cm”, which is an order of magnitude less than
the 1imit specified in 10 CFR Part 20 for the restricted area. Considering the
maximum possible number of beam tube experiments per year, the maximum annual
average concentrationcof Argog-41 that would be released to the unrestricted
area 1s about 3.4x10 _A~ (Ci/cm”, which is below the 10 CFR Part 20 1imit for the
unrestricted area. In actual operation this concentratioglis never3reached.
The airborne radioactivity observed has never exceeded 10 ""4.Ci/cm” among the
more than 200 samples collected during the period of 1973 through 1979,

%R 03088 e



Several hypothetical accidents were postulated, but none produced significant
releases of radicactivitv from the reactor facility. Conservative analyses
of the potential impact on the health and safety of the public and on the
environment due to the postulated accidents predicted doses in unrestricted
areas that were a small fraction of the applicable 10 CFR Part 20 guidelines.

In addition 1o the analyses in th= SER summarized above, the environmental
impact associated with the operation of research reactors has been generically
analyzed by the staff and is discussed in the attached evaluation, "Environ-
mental Considerations Regarding the Licersing of Research Reactors and
Critical Facilities." The staff concluded that there will be no significant
environmental impact associated with the operation of research reactors
licensed to operate at power levels up to and including 2 Mw of thermal power
and that an environmental impact statement is not required for the issuance
of construction permits or operatina licenses for such facilities. The staff
consicders that the evaluation applirs to the KU reactor for the following

two reasons:

1) The KU reactor is limited to 10 kW average power with
maximum power level of 250 kW, and

2) The power 1imit in the generic evaluation is based on
the hypothetical rapid loss of all coolant, which is not
a credible event for the KUTR facility.

Conclusion and Basis for Negative Declaration

based on the foregoing considerations, the staff concluded that there will
be no significant environmental impact attributable to this license renewal.
Having reached this conclusion, the staff has further concluded that no
environmental impact statement for this action need be prepared and that a
negative declaration to this effect is appropriate.

Dated: MAY 31 1984
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ENVIRONMENTAL CONSIDERATIONS REGARDING THE LICENSING OF
RESEARCH REACTORS AND CRITICAL FACILITIES

Introduction

This discussion deals with research reactors and critical facilities which are
designed to operate at low power levels, 2 MWt and lower, and are used
primarily for basic research in neutron physics, neutron radiography, isotope
production, experiments associated with nuclear engineering, treaining and as

a part of the nuclear physics curriculum. Operation of such facilities wil)
generzlly not exceed & 5 day week, 8 hour day or about 2000 hours per year.
Such reactors are located acjacent teo technical service support facilities
with convenient access for students and faculty.

Sited most frequently on the campus of large universities, the reactors are
usually housed in already existing structures, appropriately modified, or

placed in new buildings that are designed ‘and constructed to blend in with
existing facilities.

Facility

There are no exterior conduits, pipelines, electrical or mechanical structures
or transmission lines attachec to or adjacent tc the facility other than
utility service facilities which are similar to those required <n other campus
facilities, specifically laboratories. Heat dissipation is generally accom=-
plishec by use of a cooling tower located on the roof of tge building. These
cooling towers are on the order of 10' x 10' x 10' and are comparable to cooTwng
towers associated with the air-conditioning system of large office bu11d1ngs.

Meke up for this cooling syster is readily available and qud11y'obtained
oo the local water supply. Radioactive gaseous effluents are limited to
JA-énd the release of radicactive liquid effluents can be carefully
menitored and controlled. These liquid wastes are collected in storage tanks
to allow for decay and monitoring prior to dilution and release to the
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sanitar) sewer systems Solid radicactive wastes are packaged and shipped

oft-site for storage at NRC approved sites. The transportation of such waste

is done in accordance with existing NRC-DOT regulations in approved shipping
containers,

»

Chemical and sanitary waste systems are similar to those existing at other
university laboratories and buildings. ‘

Environmental Effects of Site Preparation and Facility Construction

Construction of such facilities invariably occurs in areas that have already
been disturbed by other university building construction and in some cases
solely within an already existing building. Therefore, construction would

not be expected to have any significant affect on the terrain, vegetation,
wildlife or nearby waters or aguatic life. The societal, economic and
esthetic impacts of construction would be no greater than that associated with
the construction of a large office building or similar university facility.

Environmental Effects of rac111ty Operation

Release of thermal effluents from a reactor of less than 2 MWt will not have
a significant effect on the environment. This small amount of waste heat is
generally rejected to the al-asphere by means of small cooling towers.
Extensive drift and/or fog will not occur at th1s Tow power level.

Reiease of routine gaseous effluent can be limited te Ar 41 which s generated
by neutron activation of air. This will be kept as low as practicable by
minimum air ventilation of the tubes. Yearly doses to unrestricted areas

will be at o~ below established 1imits. Routine releases of radioactive
liquid effluents can be carefully monitored and controlled in a manner that
will ensure compliance with current standards. Solid radicactive wastes will
be shipped to an authorized disposal site in approved containers. These
wastes should not amount to more than a few shipping containers a year.

Sased on experience with other research reactors, specifically TRIGA reactors
operating in the 1 to 2 Mwt range, the annual release of gaseous and liquid
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« 84fluents to unrestricted areas should be less than 30 curies and 0.0]1 curies

respectively. * i

No release of potentially harmful chemical substances will occur during normal
operation. Small amounts of chemicals and/or high-solid conient water may be
relecsed from the facility through the sanitary sewer during periodic blowdown
of cooling tower or from laboratory experiments.

Other potential effects of the facility, such as esthetics, noise, societal
or impact on local flora and fauna are expected to be too smell to measure.

Environmenta)l Effects of Accidents

khccicents ranging from the failure of experiments up to the largest core
camage and fission product release considered possible result in doses of
enly a small fraction of 10 CFR Part 100 guidelines and are considered
negligible with respect to the environment.

.

Unavoidable Effects of Facilitv Construction and Operation

The unavoidable effects of constructien and operation involves the materials
used in construction that cannot be recovered and the fissionable material
used in the reactor. No adverse impact on tht environment is expected from
either of these unavoidable effects.

Alternatives to Construction and Operation of the Facility

To accomplish the objectives associated with research reactors, there are no
suitable alternatives. Some of these objectives are training of students in
the operation of reactors, production of radioisotopes, and use of neutron.
and gamma ray beams to conduct experiments.

Lorz-Term Effects of Facility Construction and Operation

The long-term effects of research facilities are considered to be beneficial
as a result of the contribution to scientific knowledge and training.
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+ Beoayse of the relatively low amount of capital resources invo'ved and the

small impact-on the environment very little iireversible and irretrievable
comnitment is associated with such facilities.

Costs and Benefits of Facility and Alternatives

The costs are on the order of several millions of dollars with very little
environmental impact. The benefits include, but are not limited to, some
combination of the following: conduct of activation analyses, conduct of
neutron radiography, training of operating personnel and education of students.
Some of these activities could be conducted using particle accelerators or
radioactive sources which would be more costly and less efficient. There is

no : .sonable alternative to a nuclear research reactor for conducting this
pectrum of activities.

"

Conclusion

The staff concludes that there.will be no significant environmental impact
associated with the licensing of research’reactors or critical facilities
designed to operate at power levels of 2 MWt or lower and that no environmental
impact statements are required to be written for the issuance of construction
permits or operating licenses for such facilities.
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ABSTRACT

This Safety Evaluation Report for the application filed by the University of
Kansas (KU) for a renewal of Operating License R-78 to continue to operate the
KU 250-kW open-pool iraining reactor has been prepared by the Office of Nuclear
Reactor Regulation of the U.S. Nuclear Regulatory Commission. The facility is
owned and operated by the University of Kansas and is located on the KU campus
in Lawrence, Douglas County, Kansas The staff concludes that the reactor
facility can continue to be operated by KU without endangering the health and

safety of the public
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1 INTRODUCTION

The University of Kansas (KU) (licensee) suimitted a timely application for
renewal of the Class 104 Operating License ‘)L) R-78 for its open-pool training
eactor by letter to the U.S. Nuclear Regulatory Commission (NRC) dated March 4,
1980 as amended The letter requested renewa! of the KU OL to permit con-
tinued operation at power levels up to and including 250 kW for a period of 10
years. KU is permitted to operate the reactor within the conditions stipu-
lated in past amendments in accordance with Title 10 of the Code of Federal
Regulations (10 CFR) Part 2.109 until NRC -~tion on the renewal request 15

comp leted

The renewal application, as amended, contains substantially all the infor-
mation regarding the design of the facility included in the application for
the original ocoerating license The aoplication included a Hazards Summary
Report, an Environmental Impact Appraisal, Technical Spe.ifications, Emergency
Plan, an Operator Requalification Program, a Fiscal Statement, and, under
separate cover, a Physical Security Plan, which is protected from public
disclosure under 10 CFR 2.790(d)(i) and 10 CFR 9.5(a)(4).*

The staff's technical safety review with respect to issuing a renewal oper-
ating license to KU has been based on the information contained in the renewal
ipplication and supporting appendices nlus responses to requests for additional
informat  or his material is availab’e for review at the Commission's Public
Document Room at 1717 H Street, N.W., Washington, D.C. This Sarety Evaluation
Report (SER) was prepared by Angela T. Chu, Project Manager, Division of
Licensing, Office of Nuclear Reactor Regulation, Nuclear Requlatory Commission.
Major contributors to the technical review include the Project Manager and

‘ Thomas, C.E inder, and K.K.S5. Pillay of the Los Alamos National Labora-
tory under ntract to NRC

Tt

e purpose of this SER is to summarize the results of the safety review of
]

the KU open-pool training reactor and to delineate the scope of the technical

details considered in evaluating the radiological safety aspects of continued
peration. This SER will serve as the basis for renewal of the license for
peration of the KU facility at power levels up to and including 250 kW. The
facility was reviewed aga’ ¢t Federal regulations (10 CFR 20, 30, 50, 51, 55,
70, and 73), applicable regulatory guides (Division 2, Research and Test
Reactors), and appropriate accepted industry standards (American National
Standards Institute/ American Nuclear Society (ANSI/ANS) 15 series) Because
there are no specific accident-related regulations for research reactors, the
staff has at times compared calculated dose values with related standards in

xS

e Environmental Impact Appraisal data znd Hazards Summary Report (known
as Safety Analysis Report) were used as basic review documentation and are
referenced throughout this report

University of Kansas SER
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leg pecifications, which provide operating limits
peration the facility, are such that there is a high
urance that the facility will be operated safely and reliably

The financial data provided v the licensee are such that the staff has
determined that the licer..e has sufficient revenues to cover operating

costs and eventuaily to decommission the reactor facility

lThe licensee program, which provides for the physical protection of the
anG 1ts special nuclear material, complies with the requirements

of
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(8) The licensee's plan for operator requalificati

on provides reasonable
assurance that the reactor facility will be operated competently

The licensee’'s emergency pia which is in compliance with the existing

applicable regulations, has been found acceptable
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Comparison With Similar |

acilities
The reactor is s milar in des gn to several other ’;Ll“ril‘."lg x,l;“‘"‘,,\j(;‘]'tvpe,
NRC-1licensed faci t1ies 1n the United States, as indicated in 1.3
?w,'JV and racility Modificat

- - e —
A number of modifi ations have been performed on the KUTR INC ] startup in
1 9¢ ' re 1mportant modifications are addressed be

thick polyethylens fab was 1nstalled on the thermal column
Ide additional shielding
astic cover was installed to cover the top of the reactor tank,
reducing the loss of reactor coolant from atmospheric evaparation

arbon dioxide f17fer'mq svstem was installed in conjunction with

L

system to prevent leakage of radioactive particles into the

was authorized in 1961 to operate at power levels up to
ifter approximately 8,600 kW hours of operation, the licernsee
imendment to operate the reactor at 250 kW for short periods of
imendment was granted, and the reactor was allowed t operate at
KW with 750 kW hours being the maximum allowable energy generated for any

erating period, followed by a re very period sufficiently 'w().'\(,’] S

power average over the duration of the run would not exceed 10 kW
ir 1s not allowed to operate at above 10 kW level during the recovery

power increase in 19/1, the reactor has been operated approximately
KW hour The total thermal energy generated from startup in June 1961
June 1983 is approximately 24,000 KW hours and the total consumption
ipproximately 1 g out of a total of 2.5 kg, or about 0.04% burnup.
, Lthe reactor has beet operated at an average rate of 636 kW hours
er vear Before 1978, the reactor was operated about 2,000 to 3.000 kW hours
er vear a i Ltraining reactor. However, in recent years, the reactor has

een primarily used for radiobiological experiments and for demonstration
purposes

1.9 Nuclear Waste Vn]l(J Ayl Hf 198?

+

section 302(b)(1)(B) of the Nuclear Waste Policy Act of 1982 provides that NRC
may require, as a precondition to the issuance or renewal of an operating
license for a research or test reactor, that the applicant shall have entered
Into an agreement with the Department of Energy (DOE) for the disposal of
high-level radioactive waste and spent nuclear fuel DOE has informed the NRC
by letter dated May 3, 1983, that it has determined that universities and
other government agencies operating nonpower reactors have entered into
contracts with DOE that provide that DOE retain title to the fuel and is
obligated to take the spent fuel and/or high-level waste for storage or
reprocessing

University of Kansas SER 1-4
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here are twe freight ines near the Aimp u The Santa Fe Railroé P
through the nortl uth, and east of Lawrence, Kansas, along the south side
of the Kansas River, and the Ur n Pacific Railroad passes through the north-
east corner of Lawrence on the north side of the Kansas River There 3
small airport for commuter airplanes approximately 3 mi reth of KU campus
The nearest nmercial airport ) ated n Kansa ty, approximately 25 m
rtheast of awrence, Kansas
2 Nearby Fai Itiec
lhere are no heavy industries or major mi tary establishments 1n the v 1ty
f the KU campu
4 Mateore '.ii
| | \1-‘10.
Ra 1S ha 1 distinctly cont enta mate wit! ha - stica \/ inge
iDie temperature ind ¢ [ tat the warmer n { f the year, Lhe
ivVerage mea temperature f th Area with t erature ¥ 3 i
} jher rrnt Ar awverage of | 3 ¢ ST the w tay ' t
the ave ] nean temperat e 3 tempe« re f r below cCcu
i iVerage f t $ day per vear
AVerage 'l 3 pr prtati« tota } je ¥ "'\ J MOre thar '\ r
theaster Kar | t Ut ‘ £ ] t he theast Most f the pre
b at ra ib 4 f the ear v Tv{‘ Y fa v § - ’.A"
ptember wha ivVerage close t 1 year it entral Kansa
i PASE iraduai iy 1 ther part f the State t 1 Ma X U ¢ 4
L e rthwe
t ind rnadoe
N theast Ka 1 na iverage w d I at it 10 npr Maximum w VE L1e
! PN are ithe rare, t J! nort gust f reate peed nave De¢
' rded peka, Ka 1S . 1DPY X nate V £ ) rthwest ! iwrence Ka A
Lhe ean ftreque ) thunderstorm act Ly it t lay pey 1Y
Preva ng w 1 1€ i 3y 11y 1 a ¢ ither) 1176 t 1¢ eXCE ¢ fuy q t he
e Lr f ecember thy igh March whe the wind direct jenera y
4 m the ort rinwe t
lornadoes occur At 1 reguilar interva ] thi irea The pr bability of a
jiven square mile in the eastern third of Kansas being struck i year by a
tornado 1 ity 1 1n 1.620 This 1s based on the vyearly iverag 5.65
tornadoes that ccur in the 27,386 mi2, nstituting the eastern third of
Kansas, and an average area of 3 mi2 covered by a single tornad Tornado
ictivity in this area usually occurs during the months of March through July
ind 1s usually accompanied by hiil and strong winds
2.4 Geology
A 6-year geological, geophysical, and seismological investigative program,
partially funded by the NRC, has been compieted by the Kansas Geological
Survey (NUREG/CR-3117) fhese comprehensive investigations, while focusing on
.
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the seismicity and tectonic relationships of the Nemaha Uplift, a major
geologic structure, the Midcontinent Geophysical Anomaly and associated
features in the Midcontinent area, also include the Douglas County /! =-rence),
Kansas, region. The Nemaha Uplift 1s a pre-Pennsylvanian age (at least 320
million years old) northeasterly trending, faulted anticline approximately 50
to 60 mi west of Lawrence extending from central Oklahoma through Kansas to
southeast Nebraska. The Midcontinent Geophysical Anomaly is a buried belt of
mafic rocks extending from Lake Superinr to perhaps Oklahoma and lies west of
the Nemaha Uplift

,urface materials in the vicinity of the site consist of argillaceous-to-sandy
1luvium with small amounts of gravel and weathered s"ale and have a ithick-

$

roin about 5 o 10 ft Most of the colluv: m is derived locally

vivanian Age Lawrence shale and Oread limestone The colluvial

11
!

weathered shale overlie firm blue-gray argillaceous to sandy

le having a thickness of 100 to 120 ft at the site

tudies, n« jeo r geophysics ature has been
e a potential zard to ‘ y ) )f Kansas research

it } ] ’

\ave low-to-moderate permeability and will yield
1tery The underlving unweathered Lawrence shale has
neability and will »]d 1ittle or no water There

water for domestic, stock, or other use wituin

1

water table is intermittent in the area
s 1te In wet vears the colluvial deposits may
few feet of the land surface and in dry periods

drained of ground water Lrot water at the

within the Central S5.able Region Tectonic Province. The
earthquakes in this part of the Central Stable Regior (Modified-Mercalli
ity (MMI) VII) may have been associated with two structures--the Nemaha
icontinent Geophysical Anomaly These structures are at least 50
west Lawrence fhere is a low '.vel of seismicity in the viciniiy of
wrence. Kansas: the nearest events have intensities no greater than VI MMI
is described as "Felt by all: many frightened and run outdoors Some heavy
iiture moved:; a few I1nstances ¢ l1en plaster or damaged chimneys
amage slight"” (Wood and Newman

the bas) of the review of tectoni« information from the region, the staff
ludes that the seism hazard associated with this site is small

he sti as evaluated the KUTR site for man-made as well as natural hazards
.nd concludes that there are no significant hazards associated with this site
that would render t unfit for cuntinued operation

univers




Figure 2.1 Major transportation routes located near
the University of Kansas campus

] Source Intversity of Kansas SAR
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3 DESIGN OF STRUCTURES, SYSTEMS, AND COMPONENTS

3.1 Description of Confinement or Reactor Building

The reactor i: located in a reinforced concrete, stone-faced building housing
classrooms anc laboratories in nuclear engineering, radiation biophysics, and
radiation safety. The building has about 15,000 ft? of floor space with a
reactor bay area of about 2,000 ft?. The building has two stories; the lower
floor is devoted mainly to nuclear engineering and radiation biophysics and
the upper floor is, devoted to radiation safety.

The entire building is air conditioned with separate units and there is no
central air conditioning system. Each room, including the reactor bay, has its
own outside air supply and vent. The circulating fan for the reactor bay has
shutoff switches near the reactor control console and is equipped with devices
for automatic closure of the area ventilation system.

The reactor bay is about 40 ft by 50 ft by 30 ft high. The reactor is oriented
with the thermal column door facing south. A large door in the south wall
serves as a truck door. The 5-ft diameter by 17-ft deep fuel storage pool,

the reactor control center, and the demineralizer are located in the reactor
bay. A 2-1/2 ton. monorail-mounted hoist near the reactor room ceiling services
the reactor pool and storage pool.

Four laboratories open onto the reactor floor on the east and west sides.
These laboratories are used for classes and research in nuclear engineering.
Outside windows in the 'iboratories provide emergency exits. A radiochemical
laboratory opens onto the reactor floor on the north side. The laboratory
floor drain is connected to a holding tank for collection of radioactive
spills. A lecture/demonstration room with windows that overlook the reactor
floor is located on the second floor. There is no access to the reactor bay
from this room. The only access to the reactor bay is through the first floor
corridor and a door from the outside on the south wall.

The floor plans of the lower and upper floors are shown in Figures 3.1 and
3.2, respectively.

3.2 Wind Damage

Meteorological records of Kansas show that damaging tornadoes have occurred in
the area but they are not considered common. In the eastern third of Kansas,

the probability of a tornado in any year in a given square mile is only 1 in
1,620, as discussed in Section 2.3.2. Furthermore, there is a very low frequency
of other severe storms with wind velocities in excess of 50 mph. The KUTR
facility is located on the lower level of the two-story concrete, stone-faced
building and the reactor is built inside a concrete shield, with a thickness
ranging from 4 ft at the top to 8 ft at the bottom. Therefore, the staff
concludes that wind damage to the KUTR is judged to be unlikely.
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3.3 Water Damage

The reactor site has an elevation of about 960 ft above mean sea level (MSL).
The city of Lawrence is located on the Kansas River, which is at an elevation
of about 850 ft above MSL. Although the Kansas River does at times overflow
its banks, there is no flood danger at the reactor site because it is at an
elevation 110 ft above the river. The reactor site has adequate drainage and
does not appear to be prone to water-caused damage.

3.4 Seismic-Induced Reactor Damage

Seismology of the region is discussed in Section 2.6 of this report. The KUTR
is located in a seismically inactive area and the nearest events have Modified-
Mercalli intensities no greater that VI, which can only cause insignificant
damage to the concrete building housing the reactor. Because the reactor is
built with features as described in Section 3.2 and the earthquake activities
are minor, the staff concludes that damage to the reactor is unlikely from any
infrequent seismic event.

3.5 Mechanical Systems and Components

The only mechanical system of importance to safety in the reactor is the
control-rod-drive system. The control rods are coupled to the rod drive mech-
anisms by electromagnets. The drive mechanisms, which are actuated from the
reactor control center, are located on the reactor superstructure. These
systems and components have been operating since 1961 with a minimum of problems.
By adhering to maintenance schedules and the performance requirements of the
Teciinical Specifications, the mechanical systems and components have been
maintained in good operational condition.

The staff concludes that the same attention will ensure the mechanical compo-
nents and systems being maintained at an acceptable level of performance and
will not increase the risk to the public.

3.6 Conclusion
From the above description and evaluation of the reactor facility, the staff
concludes that the KUTR facility is adequate to withstand potential wind

damage, water damage, and potential minor earthquake activity without any
significant damage that would increase the risk to the public.
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4 REACTOR

The KUTR is an open-pool-type reactor using up to 2.5 kg of 235U fuel enriched
to approximately 93%. It is a heterogenous, light-water moderated and cooled,
graphite and light-water reflected reactor that currently is authorized to
operate at a steady-state power level of up to 250 kW. The KUTR generates no
electricity and is used primarily for class instruction, student experiments,
and research.

The discussion in the following sections is based on information obtained from
licensee reports and during discussions with licensee personnel. The design
and performance characteristics of the KUTR are summarized in Table 4.1. The
general arrangement of the reactor is shown in Figures 4.1 through 4.5. The
reactor building is discussed in Section 3.1.

4.1 Reactor Core

The core consists of 13 MTR-type fuel elements and 3 control rod fuel elements.
Two different fuel loadings have been used with this reactor, and a reactor
grid plate containing a 4-by-5 array of holes for positioning the fuel and
control elements is provided.

4.1.1 Fuel Elements

The fuel elements are assemblies of fuel-pearing plates (Figure 4.5). Each
plate is a sandwich of aluminum cladding over a uranium-aluminum allox "meat."
The meat is approximately 0.06 in. thick and contains about 17 g of 235y
enriched to 93%. The cladding is 0.02 in. thick. The overall dimensions of a
fuel element are approximately 3.0 in. wide, 3.0 in. thick, and 35 in. Tong.

The fuel element consists of 10 fuel-bearing plates fastened with aluminum

side plates so that the finished element has an almost square 3 in. by 3 in.
cross-section. A guide piece is attached to the bottom end of the fuel element.
The guide piece has a circular cross-section that fits in the positioning

holes in the grid plate. A handle is attached to the top end of the fuel
element and provides a means for inserting and removing of the fuel element.

There are three control rod elements that are identical to the fuel elements
with the exception that the center five plates have been removed to provide

space for the control rods. Guide plates prevent the control rod from con-

tacting the fuel plates.

4.1.2 Control Rods

The power level in the KUTR is controlled by three control rods. Two rods are
designated as shim-safety rods and the minimum-worth rod serves as a regulat-
ing rod. All three rods can be scrammed and fit into a central gap provided
in special control rod fuel elements, as discussed in Section 4.2.1. The rods
and their fuel elements can be located in any core position.
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The lowest-worth control rod can be used as either a shim-safety or a regulating
,rod. Thus, in this report, discussions of aspects common to all rods will use
the term rod. The terms shim-safety rod and regulating rod will be used when
referring to those specific functions.

The shim-safety rods, which are used for both coarse and fine control, are
made of Boral. The neutron-absorbing section of each shim-safety rod consists
of two strips of Boral 0.32 in. thick, 2.06 in. wide, and 24.8 in. long. The
Boral is about 35% by weight natural boron carbide. The reactivity worth of
each shim-safety rod varies with the core loading and configuration. For the
current core loading the reactivity worths for the two shim-safety rods are
3.53% and 4.70% Ak/k; the combined worth of these rods is 8.23% Ak/k.

As noted, the minimum-worth rod is used as a regulating rod and, as such,
provides fine control of the reactor power level. When used as a regulating
rod, it can be operated manually or automatically for servocontrol of the
reactor power level. The worth of the regulating rod in the current core
loading is 1.99% Ak/k.

Each rod is moved in and out of the reactor by an individual electromechanical
system. The drive mechanisms, which are actuated from the reactor control
center, are located on the reactor superstructure. The rod is suspended from
the drive mechanism by an electromagnet. During normal operation, the shim-
safety rods are driven either in or out at a rate of 5 in./min. When a scram
signal is received, the magnets are de-energized and the rods drop freely into
the core. Means are provided for automatic or manual scram, rod reversal, and
rod inhibits to maintain the reactor in a safe operating range or for safe
shutdown.

4.2 Reactor Tank

The watertight 0.38-in.-thick aluminum reactor tank is 7.5 ft in diameter by

20 ft deep and lines the reinforced concrete biological shield. The reactor
support structure and core are located to one side of the reactor tank. The
lower section of the reactor tank is formed to create a rectangular pocket to
contain the fuel, control rods, the fuel element supporting structure, and the
coolant inlet plenum chamber. The total volume of the reactor tank is 6,600 gal.
wWhen the tank is full the surface of the water is 16 ft above the top of the
fuel.

Graphite occupies the space outside the lower tank section on three sides of
the core and is separated from the biological shield by an aluminum liner. The
fourth side is water reflected and serves as a bulk shielding facility.

Thimbles penetrate the bottom of the upper section of the reactor tank into
the graphite to provide spaces for the startup source and the neutron detec-
tors. The neutron detectors are in individual watertight containers.

The four 6 in.-diameter beam ports, penetrate the concrete biological shield
and terminate in the graphite at the tank wall. The beam ports are located on
the east and west sides of the reactor, and the thermal column 1s located on
the south side. The pneumatic tube also terminates in the graphite.
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4.3 Reactor Support Structure

The reactor core is supported by the grid plate, which is attached to the
plenum chamber. There are 20 element-positioning holes in the grid plate
arranged in a 4-by-5 array that permit circulation of coolant through the
core. Auxiliary coolant holes between the positioning holes permit coolant
flow between fuel elements. The plenum chamber, which channels coolant flow up
through the fuel elements, is attached to the bottom of the reactor tank.

4.4 Reactor Instrumentation

The nuclear instrumentation provides the operator with information necessary
for proper reactor operation. The following instrument channels are pyov1ded
to monitor reactor parameters and are discussed in more detail in Section 7.

(1) count-rate or startup channel (fission chamber)
(2) linear power and automatic control channel

(3) log N power and period channel

(4) safety channel

(5) core outlet temperature

4.5 Biological Shield

The reactor core is shielded in the lateral direction by graphite and/or water
and the concrete walls. Vertical shielding is provided by 16 ft of water
above the core and 1 ft of water between the core and the tank floor. The
concrete walls vary in thickness from top to bottom, being approximately 4 ft
at the top and stepping to 8 ft at the bottom. A lead shield is incorporated
in the thermal column near the side facing the core.

The staff concludes that the shielding, with the power level for operation of
the reactor and the restriction of the radiation level in compliance with the
Technical Specifications, is adequate to reduce external radiation exposure
rates to acceptable levels.

4.6 Dynamic Design Evaluation

The reactor is provided with redundant rapid-response controls and nuclear
instrumentation (Section 7) to attain versatile and safe operation. The reac-
tor core system is designed to have negative temperature and void coefficients
of reactivity. The ultimate void (total loss of coolant) removes the principal
neutron moderator and shuts down the reactor.

The licensee and the staff have performed analyses of reactor dynamic behavior
initiated by various changes in reactivity. The evaluation of an instantaneous
conange of reactivity is described below. A detailed evaluation ¢f reactivity
«nsertions by means of the control rods is discussed in Section 14.1.

4.6.1 Shutdown Margin

The Technical Specifications prescribe & minimum reactivity shutdown margin of
0.5% Ak/k in a cold, xenon-free core with the highest-worth control rod fully
withdrawn and the highest-worth movable experiment in the core in its most
reactive state. In the current core, the reactivity worths of the two
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shim-safety rods are 3.53% and 4.70% Ak/k and the reactivity worth of the regu-
lating rod is 1.99% Ak/k. The staff notes that the worth of the regulating rod
should be considered in the calculation of shutdown margin because it functions
as a third shim-safety rod under scram conditions. The maximum worth of a mov-
able experiment is limited by the Technical Specifications to 0.4% Ak/k. Thus,
the net reactivity in the core with the highest-worth rod fully withdrawn and
the highest-worth movable experiment in its most reactive state is -5.12% Ak/k
(=3.53 -1.99 -4.70 +4.70 +0.40). The maximum total excess reactivity that can
be loaded in the core as per the Technical Specifications is 1.5% Ak/k, includ-
ing the maximum-worth movable experiment. Therefore, the reactivity calculated
above must be reduced by 1.1% Ak/k (+1.5 -0.4) for a core containing the maximum
allowed total excess reactivity above the allowed maximum worth of a movable
experiment. The net reactivity of such a core with the highest-worth rod fully
withdrawn is -4.02% Ak/k (=5.12 + 1.1), which is well in excess of the required
minimum shutdown margin of 0.5% Ak/k. The shutdown margin limitation provides
adequate flexibility to load sufficient excess reactivity into the core to com-
pensate for the effects of experiments, temperature coefficients of reactivity,
and fission product poisoning while still ensuring that the reactor can be con-
trolled even if both (1) the most reactive shim-safety rod were to fail to
insert and (2) the maximum-worth movable experiment was displaced.

4.6.2 Excess Reactivity

Maximum excess reactivity in the KUTR core is limited to 1.5% Ak/k by the
Technical Specifications. This amount provides for the effect of the negative
power coefficient of reactivity at 250 kW, the negative reactivity effect of
the maximum xenon level at 250 kW and an additional 1.2% Ak/k for experiments,
uranium burnup, and operational flexibility. The licensee's calculations have
shown that instantaneous 1.5% Ak/k reactivity insertions will not raise the
temperature of the fuel plates to the melting point. Therefore, there is no
danger of fission product release or damage to the structural integrity of the
reactor as a result of an addition of reactivity equal to the total allowable
excess reactivity in the system.

4.6.3 Experiments

The licensee's Technical Specifications provide limitations on the reactivity
worths of secured and movable experiments. The staff has analyzed these
limitations on the basis of information provided by the licensee in the Hazards
Summary Report and the Technical Specifications.

The Technical Specifications limit the reactivity worth of a single secured
experiment to 1.5% Ak/k with a limit of 1.5% Ak/k on the absolute worth of all
experiments in the reactor and the associated experimental facilities at one
time. On the basis of the BORAX experiments (Dietrich, 1954), the licensee

has determined that a step reactivity insertion of 1.5% Ak/k would not result
in damage to the KUTR fuel elements. Thus, the licensee has concluded that
failure of a secured experiment or an accident resulting in displacement of

all experiments in progress would not result in damage to the fuel elements.
The analysis of a step reactivity insertion (designated the maximum hypothe-
tical accident (MHA)) is considere! in more detail in Section 14. Although the
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staff agrees with the licensee's conclusion, it notes that because the experiment
absolute reactivity worth limitation of 1.5% Ak/k is equal to the maximum

allowed excess reactivity limitation, it is unlikely that the reactor could go
critical if the reactivity worth of experiments in the reactor and the experi-
mental facilities is positive on removal (negative on insertion) and at the
Technical Specification limit.

The Technical Specifications (1) define a movable experiment as one that can

be inserted, removed, or manipulated while tie reactor is critical and (2) limits
the reactivity worth of any single movable experiment to 0.4% Ak/k and the sum

of the absolute worths of all movable experiment to 1.2% Ak/k. The limitation
for single movable experiments is well below the reactivity worth step insertion
(1.5% Ak/k) that has been demonstrated not to cause fuel damage. Furthermore,

the simultaneous movement of all movable experiments will not result in fuel

or reactor component damage because the sum of the absolute worths of such
experiments is limited to 1.2% Ak/k.

4.6.4 Conclusions

On the basis of the above information, the staff concludes that the experiments
will not lead to a reactivity insertion that will pose a threat to the health
and safety of the public. In addition, the staff concludes that with the
highest-worth rod fully withdrawn and the maximum-worth movable experiment in
the reactor, the reactor can still be adequately shut down under all required
conditions.

4.7 Functional Design of Reactivity Control Systems

4.7.1 Control Rod Drives

The rods are driven by electromechanical linear actuators. An actuator is
essentially a ball-bearing-type screw driven through a gear reduction unit by
a low-inertia reversible motor. The drives for the rods are coupled to the
control element by means of electromagnets. The drive mechanisms are actuated
by switches from the control console. The limits of stroke of the control
elements are set by adjustable cam-operated microswitches mounted on the rod
drive mechanism. The three rods can be operated individually or the two
shim-safety rods can be operated together. If electrical power is removed
from the electromagnets, the rods fall into the core by gravity.

Shim-safety rods have console-mounted position indicators that can be read to
0.197 in. The rods also have control console-mounted annunciator lights for
(1) rod insert limits, (2) rod seated, (3) manual or servo-operation of the
rod being used as a regulating rod, and (4) the rods in contact with their
magnet.

4.7.2 Scram-Logic Circuit
The KUTR is equipped with a scram-logic safety system that receives signals
from core instrumentation (e.g., neutron flux detectors and other reactor

parameters) to initiate a scram by removing power from the control rod magnets
and/or the safety amplifier.
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The reactor parameters that can initiate these scrams are

(1) high reactor power

(2) short period

(3) 1linear power high-voltage failure

(4) safety channel sigma amplifier failure
(5) operator manual scram

The safety system is discussed in more detail in Section 7.

4.7.3 Conclusions

The KUTR is equipped with a control system typical of nonpower reactors that
incorporates multiple rods and multiple and redundant sensors that can initiate
a scram. There is sufficient redundancy of rods so that the reactor can be
shut down safely even if the most reactive shim-safety rod fails to insert

upon receiving a scram signal.

In addition to the electromechanical safety controls for both normal and

abnormal operation, the negative bulk temperature coefficient provides an
inherent backup safety feature.

In accordance with the above and with the details presented in Section 7, the
staff concludes that the reactivity control systems of the KUTR are designed
and function adequately to ensure safe operaticn and safe shutdown of the
reactor under all normal operating conditions.

4.8 Operational Pra-tices

KU has implemented a preventive maintenance program that is supplemented by a
detailed preoperational checklist to ensure that the reactor is not operated
at power unless the appropriate safety-related components are operable. The
reactor is operated by NRC-licensed personnel in accordance with explicit
operating procedures, which include specified respenses to any reactor control
signal. All proposed experiments involving the use of the KUIR are reviewed
by the Nuclear Reactor Committee for potential effects on the reactivity of
the core o~ damage to any component of the reactor, as well as for possible
malfunction of the experiment that might lead to the release of contained
radioactivity.

4.9 Conclusions

The staff concludes that the KUTR is designed and built according to good
industrial practices. It consiéts of standardized components representing
many reactor-years of operation and includes redundant safety-related systems.

The staff review of the reactor facility has included studying its specific
design, installation, and operational limitations as identified in the original
and proposed Technical Specifications, revisions thereto, and other pertinent
documents associated with the reactor. The design features are similar to
those of the Bulk-Shielding Reactor at Oak Ridge National Laboratory, as well
as other pool-type research reactors operating in many countries of the worid.
The fuel, which is an aluminum-clad, highly enriched, uranium-aluminum alloy,
is used in over 30 research and test reactors in the United States and is very
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similar to the fuel used in the BORAX and SPERT tests. On the basis of its
review of the KUTR and its experience with similar facilities, the staff
concludes that ther '« reasonable assurance that this reactor is capable of
continued safe operation, as limited by its Technical Specifications.
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Table 4.1 KUTR design and performance characteristics

Item Characteristic

General Features

Reactor type Heterogenous - pool

Licensed rate power level 250kW

Excess reactivity (cold-clean) 1.5% Ak/k maximum

Cold-clean critical mass 2.5 kg 235y

Effective prompt neutron lifetime 90 ps

Effective delayed neutron fraction 0.0075

Average thermal flux at 250 kW 2.5 x 10%n/cm?-s

Moderator/coolant H,0

Reflector Graphite on three sides; H,0 on one

side, top and bottom

Fuel and Control Elements

Number of fuel-bearing plates

standard fuel elements 10
control rod fuel elements 5
Enrichment 93%
Maximum 235 per fuel-bearing plate 17 g

Fuel Element Dimensions

Fuel-bearing plate

thickness 0.06 in.
width 3 in.
cladding 0.02 in.
Element
cross-section 3 in. by 3 in.
length 35 in.
Control Rods and Reactivity Effects
Material Boial (35 w/o boron carbide)
Rods* 3
Travel 24.8 in.
Withdrawal speeu 5 in./min
Rod worth
Shim-safety rod 3.52 and 4.70% ak/k
Shim-safety rods toge*her 8.23% ak/k
Regulating rod 1.99% Ak k

*Two of the rods are used as shim-safety rods and one is used as a regulating
rod, although all three rods can be used as shim-safety rods.
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Table 4.1 (Continued)

Item

Characteristic

Reactivity insertion rates (linear
rates based on current core rod
worths)

Shim-safety rod
Shim-safety rods together
Regulating rod

Maximum rcactivity insertion rate
Single shim-safety rod
Two shim-safety rods

Maximum allowed rod drop time

0.012 and 0.015% Ak/k/s
0.027% Ak/k/s
0.007% Ak/k/s

0.025% Ak/k/s
0.05% Ak/k/s
ls

Coolant

Type Light water

Flow Natural convection
Pool temperature (maximum surface) 120°F

Conductivity (average over 1 month) 1 umho/cm
University of Kansas SER 4-14



5 REACTOR COOLANT COOLING AND PURIFICATION SYSTEM

5.1 Reactor Coolant Cooling and Purification System

The reactor core is submerged in demineralized water in a 6,600-gal aluminum
tank and is cooled by natural convection. The Technical Specificatiens require
that the reactor not be operated when the pool surface temperature is above
120°F. Reactor heat is removed from the pool water by conduction and convection
to the environment. Even though there is a heat exchanger installed in the
coolant cooling and purification loop, it has never been used.

About 3 gal/min of water are pumped from the pool through a filter, through a
mixed-bed demineralizer, and back into the pool. The conductivity of the pool
water is manually measured daily before reactor operations.

A siphon breaker is installed in the purification-loop return line nea  the
poo) surface so that a component failure cannot result in the pool water being
siphoned.

A radiation monitor is installed adjacent to the demineralizer. The output
from this instrument is displayed at the control console.

5.2 Conclusion

The system's cooling capacity is adequate to remove heat from the fuel and
prevent overheating under all required operating conditions. The purification
part of the system is adequate to maintain the coolant conductivity within the
limit of the Technical Specifications thereby preventing corrosion of the
aluminum fuel cladding and components in contact with the coolant. The system
has been maintained effectively for the past 23 years. The staff concludes

that there is reasonable assurance that the system can continue to function
adequately.
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6 ENGINEERED SAFETY FEATURES

Engineered safety features (ESFs) are systems provided to mitigate the radio-
logical consequences of design-basis accidents. There are no ESF systems
provided at the KUTR facility because none are deemed to be necessary

The KUTR is a low-power (250 kW) pool-type reactor. The licensee's Technical
Specifications 1imit full-power operation to 750 kW hours followed by a recovery
period of such duration that the power averaged from the beginning of the run,
including shutdown periods, will be less than 10 k¥. The reactor may be
operated at power levels up to 10 kW during the recovery period. Therefore,

the fission product inventory is very low. In addition, the analyses of
accidents in Section 14, including the maximum hypothetical accident, indicate
that there will be no release of radioactive material to the environment.

The staff concludes that the KUTR, without any ESF systems, does not pose a

radiological hazard to the public or to the environment in the event of an
accident.

University of Kansas SER 6-1



7 CONTROL AND INSTRUMENTATION

The control and instrumentation systems at the KUTR are similar to those in
wide use for similar research reactors in the United States. Control of the
nuclear fission process is achieved by using three control rods. The in-
strumentation system, which is interlocked with the control system, fs com-
posed of both nuclear and process instrumentation. The control and instrumen-
tation systems are summarized in Table 7.1.

7.1 Control System

The control system is composed cf both nuclear and process contirol equipqont
in which safety-related components are designed for redundant operation in
case of single failure or malfunction of components essential to the safe
operation or shutdown of the reactor.

7.1.1 Nuclear Control Systems

Control of the reactor is achieved in the standard way by inserting and with-
drawing neutron-absorbing control rods by the use of control drive units
mounted on the superstructure over the pool. The three control rods are
supported by electromagnets so that any electrical power interruption will
result in the rods falling by gravity into slots in the core, causing a
reactor scram. The control rod drives are controlled from the control center

by the reactor operator. The control rod system is discussed in more detail
in Section 4.2.2.

7.1.2 Supplementary Control Systems

These control systems, which are designated as process control systems, are
designed to control the various processes involved in reactor operation but do
not directly relate to safety. Included in this category are circuits and

devices that energize and/or monitor the pump and coolant parameters such as
temperature and conductivity.

7.2 Instrumentation System

The instrumentation system is composed of both nuclear control and process
instrumentation circuits. The electronics system contains both solid-state
and tube-type components and provides annunciation and/or indication in the

control room. Automatic scram function is provided through the safety ampli-
fier (discussed below).

7.2.1 Nuclear Instrumentation

The following instrumentation (see Figure 7.1) provides the operator with the
necessary information for proper manipulation of the nuclear controls.

(1) Log count rate or startup channel - This channel receives data from a

movable fission chamber. Its primary purpose is to monitor reactor power
during startup.
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(2) Annunciated and indicated conditions

Rod withdrawal bus off
Rod insertion

Area radiation alarm
Scram

7.3 Supplementary Instrumentation

Additiona) process instrumentation consists of the facility radiation moni-
toring systems.

Fixed area monitors, provided in the reactor bay, include one on the east

wall, one on the south wall, one on the west wall near the demineralizer, and
one above the reactor tank. These monitors provide exposure rate indication
and alarm at the control center. The west wall monitor provides an indication
of the radioactivity in the coolant cleanup demineralizer. Abnormal conditions,
such as a failed experiment or a leaking fuel element, would cause an increase
in the radiation level associated with the demineralizer.

An air monitor is used periodically to determine the radioactivity level of
the air in the reactor bay area. In addition, the reactor bay area is moni-
tored continuously if the evaluation of an experiment shows that 25% of the
allowable exposure, as defined Table I, Appendix B of 10 CFR 20, can be
exceeded in the event of an accident.

7.4 Conclusions

The control and instrumentation systems at the KUTR are well designed and
maintained. Redundancy in the important ranges of power measurements is
ensured by overlapping ranges of the log-N and linear power channels.

The licensee's performance specifications for the individual components used
throughout the system are satisfactory. This helps to ensure system relia-

bility and decreases the chances of serious simultaneous multicomponent
failures,

The control system is designed so that the reactor is automatically and safely
shut down if electrical power is lost.

On the basis of its review of the control and instrumentation systems, the
staff has concluded that these systems are adequate to ensure continued safe
operation of the reactor within the context of the Technical Specifications.
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EXPERIMENTAL USES

various experimental programs in addition

The experimental programs use the reactor
for research and for isotope produc

ide a pneumatic exposure facility, a thermal

our beam ports, and a bulk-shieldir

g facilit Except for the

Y
shielding facilit 3 these facilities are outside the tor tank a

within graphite assembly around the tank

)

+ 1

1

imental Fac

exposure facility allows small, sealed samples to be transferred
between the react ind the reactor room. The irradiation terminus 1S
aphite assembly; the receiver terminus is a location just outside
’ for the pneumatic transfer system are located
)g force for this system is pressurized
es from the system are released to the

e f1i

1Ler.

4 =2
tr\')v ap

roach the reactor core

D
jraphite assembly at the tank wall
reactor vessel These tubes normally
-

lding materials may be removed to
hrough the beam ports and/or to insert

shie

rmal column is a graphite assembly located on the south side of the
reactor tank The graphite assembly consists of 4 in. by 4 in graphite
blocks of various lengths assembled into a 4 ft by 5 ft by 6 ft configuration.
There are 20 horizontal stringers that may be removed in sections of different
lengths to form experimental holes of various sizes

During reactor operation, the thermal column is shielded by a movable door.
The shielding material on the door is comprised of 6 in. of polyethylene near
the graphite assembly, followed by a 1/4-in.-thick Boral plate and 1-ft-thick
concrete in a steel frame

10.1.4 Bulk Shielding Facility

The bulk-shielding facility is the 7.5-ft-diameter and 20-ft-high reactor tank
filled with water. This facility is occasionally used for material irradia-
tions in a fast neutron flux.
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ACTIVE WASTE MANAGEMENT

ior radioactive waste generated by reactor operations is activated
gases, principally ®N and *!Ar A limited volume of radioactive solid waste
yperations, and some additional solid waste 1S produced
by the associated research programs The facility regenerates the coolant
rification ion change esin beds: thus, the wastes from coolant purifi-
ation end up in the liquid ste streams from the facility Because of the
imited use the reactor. very little wastes are generated at this facility

] < 0 ) 1 T
S generated Dy

YU

ophy of minimizing the release of radio-

nment The university administration, through

instructs all operating and research personnel
the generation and subsequent release of radio-
CW=as=1 \,‘V‘PAM)!Ia[;‘(_,- achievable (ALARA)

waste in the form of spent fuel 1s
nse renewal. Therefore, the only
operations consists of air and
and gloves, and occasional
or-based research results in the
in the form of contaminated
is held temporarily at the
an approved disposal site in accor-

operations produce no radioactive liquid waste other than the
mall amounts of tritium and waterborne activation products. The
ooling and purification system is adequate to purify this coolant on
ontinuous basis There is a 500-gal liquid waste holdup tank to collect
th from the regeneration of ion exchange resins of the coolant
ng and purification system and from other parts of the reactor facility.
hot laboratory is equipped with a floor drain that leads to this liquid
waste holdup tank The pool overflow also drains into this holdup tank. The
radioactive nuclides in the liquid wastes are generally allowed to decay
before the liquid waste is released to the city sewer system. Before releasing
the liquid waste to city sewer lines, it is monitored to determine the radio-
activity levels. If the concentrations of the radioactive material in the
tank are less than the levels specified in 10 CFR 20, the contents are

e | \’.ju‘ff~
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discharged to the city sewer system. If the concentrations

10 CFR 20 limits, the contents of the tank are stored for

below the 10 CFR 20 levels before discharge

11.2.3 Airborne Waste
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RADIATION PROTECTICN PROGRAM

The University of Kansas has a structured radiation safety program with a
health physics staff equipped with radiation detection instrumentation to
determine, control, and document occupational and radiation exposures at its
reactor facility.

12.1 ALARA Commitment

Th

e University of Kansas, through its Radiation Safety Service, has established
for the campus the policy of minimizing all radiation exposures to ALARA. All
proposed experiments and procedures at the reactor are reviewed for ways to
minimize potential exposures to personnel. All unanticipated or unusual
reactor-related exposures will be investigated by both the Radiation Safety
Officer and the operations staff to develop methods to prevent recurrences.
Health Physics Program

¥
" B

12.2.1 Health Physics Staffing

The nov adiation safety staff at the University of Kansas consists of two
professional health physicists and one student technician. The routine health-
physics-type activities at the reactor are performed by the operations staff
The heal staff is available for consultation and the university

Radiation fety is a member of the Nuclear Reactor Committee. The
health physics office is located on the second floor of the KUTR facility and
is readily accessible to all personnel and reactor users.

12
AL

N Procedures

Detai.ed written procecdures have been prepared that address the radiation
safety support and emergency procedures for the university's research reactor
facility These procedures identify the interactions between the operational
personnel and facility users. They also specify the administrative limits and
action points. Copies of these procedures are readily available to the cpera-
tional and research staffs and to administrative and staff personnel.

12.2.3 Instrumentation

KU has a variety of instruments, including portable monitors, for detecting
and measuring potentially hazardous ionizing radiations. The instrument
calibration procedures and techniques ensure that any credible type of radia-
tion ¢nd its intensity will be identified promptly and measured correctly.

12.2.4 Training

A1]l reactor-related personnel are given an indoctrination in radiation safety
before they assume their work responsibilities. Additional safety instructions
are given to those who will be working with radiation or radioactive materials.
The training program is designed to identify hazards and to mitigate their
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consequences. Reactor operators are given an examination on radiation safety
once every 2 years and retraining in radiation safety is provided depending on
the performance of reactor operators during these examinations.

12.3 Radig}jon Sources
Reactor Sources

Sources of radiation directly related to the reactor :
reactor core, the ion exchange column, the filters for the water
system, and radioactive gases (primarily *!Ar and !®N) Radiation

from the reactor core are reduced to acceptable levels by wate:
concrete shielding. The ion exchange column is periodically regenerat
the filters are changed regularly to minimize the radiation level from these

. 1 . 1A 1
sources Personnel exposure to radiations from *!Ar and '®N is extremely

limited because of the small quantities of these isotopes and the dilution of
]

the gases by the ai

Vv L

>

xtraneous

f‘;‘ta"k““' )T radia Lial 1dY De CONS I ( “ed as 1ncidental L Lt n

o
reactor operatior it oclate ith reactor use include radioactive
produced for research. /ated ce¢ C 2Xpe s, and activ
samples Personnel expos! ' vy produced
active materials, as well as from the required manipulation of activated
V]ewe

’ L - vy

experimental components, is controlled by rigidly developed and re

operating procedures that use the normal protective measures of time.

)

distance, and shielding.

Routine

Fixed-Position Monitors
The KUTR has four fixed-position radiation monitors one above the reactor
tank and one each on the east, west, and south walls of the reactor. The
fixed-position monitor on the west wall is near the demiraralizer unit for the
reactor coolant. Two of the monitors, one on the south wall and one on the
east wall, are usually set at 10 mR/hour as the alarm set point. These may be
out of service when the reactor is not operated above a 10-kW power level
The other two fixed-position monitors are operational during all reactor
operations. However, portable monitors may be used at power levels < 10 kW
within the defined limits of the Technical Specifications. For operations
between 10 and 250 kW, the alarm set points for these two fixed-position
detectors are 100 mR/hour, whereas they are set at 10 mR/hour for operations
below 10 kWw. A1l the monitors have adjustable alarm set points and read out in
the control room.

Experimental Support
The health physics staff participates in experiment planning by reviewing all
proposed procedures for minimizing personnel exposures and limiting the genera-

tion of radioactive wastes. Approved procedures specify the type and degree
of radiation safety support required by each activity.
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Occupational Radiation Exposu:
Personnel Monitoring Program

The KU personnel monitoring program is described in the licensee's "Radiation
Safety Service Standard Procedures." Personnel exposures are measured by the
use of film badges assigned to individuals who might be exposed to radiation.
Self-reading pocket ion chambers are used for short-term visitors to the
facility Administrative controls are used to keep the exposure limits within
10 CFR 20 guidelines.

Personnel Exposures
The annual radiation exposure history of the personnel at the KUTR facility 1s
summarized in Table 1

)y 9
& A

v

Effluent Monitoring
fluents

this SER., the airborne effluents from the reactor
of very low concentrations of %!Ar The 1N (with

ly leaves the reactor building in any detectable

t1Ar released to the reactor room is diluted by
-ulated concentration of 4'Ar in the reactor

ion at 250 kW will be on the order of 2.5 x 10-°
oncentration will exist only for brief periods and only
system was not operational. In actual operation,

chieved

he '3 r generates very limited radioactive liquid waste during routine

operations he primary source of liquid waste is during the regeneration of

the

sed in the coolant cleanup system Also, leakage of the
reactor coolant is a potential source of radioactive liquid effluent. Al]
floc irains in the reactor bay lead to the liquid waste holdup tank. Before
any release of potentially contaminated liquids from this holdup tank to the
sanitary sewer system, representative samples are collected and analyzed by
standard techniques. If the concentrations of radionuclides in the liquid
waste are less than the guideline values of 10 CFR 20.303, the liquids are
discharged directly to the sewer system.

12.7 Environmental Monitoring

There is an environmental monitoring program at the KUTR facility The air-
borne radioactivity observed has never exceeded 10-'! uCi/ml among the more
than 200 samples collected during the period of 1973 through 1979.

12.8 Potential Dose Assecsment

Natural background levels of radiation in the Lawrence, Kansas, area result
in the exposure of 100 mrems/year to each individual residing in that area
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Sehe (Klement et al., 1972). At least an additional 10 mrems/year will be received
ot by those living in a brick or masonry structure. Any medical diagnosis X-ray 3
kS examination will add to this natural background radiation, increasing the total A
- annual exposure. On the basis of the amount of 4'Ar released during normal
operations from the KUTR facility, conservative calculations by the staff pre-
dict a maximum annual exposure of less than 1 mrem in the unrestricted areas. :
12.9 Conclusions
The staff concludes that the radiation protection program at KU receives ade- :
# quate support from the university administration The staff also concludes o
- b that (1) the radiation safety support is acceptable for the research efforts
N within this reactor facility, (2) the program is adequately staffed and
. equipped, (3) the health physics staff has adequate authority and lines of

communication, (4) the procedures are properly integrated intoc the research
plans, and (5) surveys verify that operations and procedures achieve ALARA
principles.

Rt

L The staff concludes that the effluent monitoring programs conducted at the KUTR

C facility are acceptable to promptly identify significant release of radioactiv- )
- ity and to predict maximum exposures to individuals in the unrestricted areas. i
. The predicted maximum levels are well within applicable regulations and guide-
i lines of 10 CFR 20. The staff considers that there is reasonable assurance

N that the personnel and procedures will continue to protect the health and

safety of the public. :
* Table 12.1 Number of individuals monitored in exposure intervals

Number of individuals in each range

. Whole body exposure range (rem) 1979 1980 1981 1982 1983

No measurable exposure 1 6 5 6 3

Measurable exposure

<0.1 rem 9 0 0 1 5
0.1 to 0.25 rem 0 0 0 0 0
Number of individuals monitored 10 6 5 7 8
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13 CONDUCT OF OPERATIONS

13.1 Organizational Structure and Qualifitcations

13.1.1 Overall Organization

Responsibility for the safe operation of the reactor facility lies within the
organizational structure shown in Figure 13.1 Management ievel personnel, in
addition to having responsibility for the policies and operation of the reactor
facility, are responsible for safeguarding the public and facility personnel
from radiation exposures and for adhering to all requirements of the OL and
Technical Specifications.

13.1.2 Reactor Staff

The reactor facility staff consists of two engineering school faculty members;
a combined operator and maintenance man, part-time student operators and a
health physicist

13.2 Training

The lTicensee operator requalification plan has been reviewed by the NRC staff,
which finds that it meets the requirements of 10 CFR 50.34(b)(7) and (8).

13.3 gmgyggncy P1annigg

In accordance with 10 CFR 50.54(q) and (r) requirements, the licensee submitted
an updated Emergency Plan on September 26, 1983. The Plan was reviewed against
the requirements of Appendix E to 10 CFR 50. In addition, the review extended
to ascertaining the degree of conformance with the guidance criteria set forth
in Revision 1 to Regulatory Guide 2.6 and ANSI/ANS 15.16-1982, "Emergency
Planning for Research Reactors." On the basis that the Emergency Plan provides
reasonable assurance that protective actions can and will be taken in response
to radiological emergencies occurring at the KUTR, the staff concludes that

the KUTR Emergency Plan meets established requirements and is acceptable.

13.4 OQOperational Review and Audit

The KU Nuclear Reactor Committee reviews and approves new experients and pro-
posed alterations to the reactor. The committee reviews and audits reactor
operations for safety. It is composed of the Reactor Director and the Radia-

tion Safety Officer and three other members having expertise in radiation
technology.

The committee reviews

(1) proposed changes in equipment, systems, tests, experiments, or procedures
to determine that they do not involve an unreviewed safety question
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all new procedures and major revisions having safety significance, pro-

posed changes in reactor facility equipment, or systems having safety
significance

tests and experiments in accordance with reouirements in the Technical
Specifications

proposed changes in Technical Specifications, license or Charter

vioclations of Technical Specifications, license, or Charter; Violations
of procedures or instructions having safety significance, as well as

remedial actions to ascertain that th2 violations do not recur

operating abnormalities having safety signif

reportable occurrences listed in the

~ommite

L ievejopment
that are opriate for co led safe operat

2 1 { 3 . v o o 1
documented and ed wit! the reactor

faci

KU has established and maintained a program designed to protect the reacton
té reviewed the plan and

an, as amended, meets the current requirements of 1f

and 1ts fuel and to ensure its security. The staff has
1

concludes that the p
CFR 73.67 for special nuclear materials of moderate strategic significance
KU's licensed authorization for reactor fuel falls within that category. Both
the Fhysical Security Plan and the staff's evaluation are withheld from public
disclosure under 10 CFR 2.790(d)(1) and 10 CFR 9.5(a)(4). Amendment 12 to the
facility OL R-78 dated February 23, 1982, incorporated the physical security
pian as a condition of the license.

)

Conclusion
On the basis of the above discussions, the staff concludes that the licensee's
experience 1n management structure and procedures provide reasonable assurance
that the reactor will be operated in a way that will cause no significant risk
to the health and safety of the public.
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ambient temperature witl t water head demonstrated that a total reac-
tivity insertion of up t . 5% Ak/k at insertion rates up to 0.35% Ak/k per
second did not cause damage to the reactor, although divergent oscillations
appeared toward the end of the run Additional tests with an insertion rate
of 0.09% Ak/k per second, a water head of 9 ft, and total reactivity inser-
tions up to 2.5% Ak/k yielded results substantially the same as those for the
2-ft water head The oscillations observed in these tests were relatively
lung-term effects
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Both the licensee and the staff have evaluated the results of the SPERT experi-
ments with respect to the KUTR. Based on the shim-safety and regulating rod
worths in the current core of 10.22% Ak/k (4.70 +3.53 +1.99), a drive speed of
5 in./min and a travel of 24.8 in., the insertion rate would be 0.034 Ak/k per
second. This insertion rate assumes a linear rod worth Assuming a 50% in-
crease in insertion rate at the point of maximum rod effectiveness, the inser-
tion rate could be as much as 0.05% Ak/k per second. Both insertion rates are
well below the insertion rate of 0.35% Ak/k per second, which the SPERT experi-
ments demonstrated did not result in damage to the core The reactivity inser-
tion would be terminated by a high-power scram within 5 to 10 seconds of the
accident, thereby limiting the total reactivity insertion to less than 0.34 or
0.5% Ak/k for insertion rates of 0.034 and 0.05% Ak/k per second, respectively
Because the divergent power oscillations are a long-term phenomenon, there 1S
sufficient time for operator intervention; however, such intervention would not
be required unless all the high-power scrams, the period scram, and period and
high-power reversals failed

the bas yf the above considerations, the staff concludes that the nuc lear

cursion caused by the postulated maximum startup accident would not result

damage to the reactor core or components Therefore, there is reasonable

surance E ission product radioactivity will not be released from the

ar It of a ramp reactivity insertion event
Fuel Handling Accidents

The staff has considered two fuel handling accidents at the KUTR These are
the dropping of a single element during fuel manipulations and the dropping of
a shielding cask during the transfer of fuel to the fuel storage pool

The tool used for moving fuel elements is designed to provide a positive lock
the fuel element handling bar (Figure 4.1) Improper latching of the tool
could result in dropping of the element The resulting damage to the element
could cause sufficient mechanical distortion te prohibit continued use of the
element: however, sufficient damage to strip cladding from one or more fuel-
bearing plates with subsequent release of fission products is not credible.

The staff has analyzed an accident in which a fuel element is dropped during
fuel manipulation so that it occupies a position on the periphery of the core.
Because fuel manipulation is done with all rods fully inserted, a nuclear
excursion would not occur unless the element has a worth greater than that of
the three rods less the maximum allowed excess reactivity (for the current core,
-10.22 +1.5= -8.72% Ak/k). Typically, the worth of an element in a peripheral
position will be less than 2%¥ Ak/k. Thus, a reactivity insertion accident
because of fuel element mishandling is not credible The staff further notes
that in a typical fuel manipulation operation the first fuel movement is from
the core to the in-pool fuel storage racks, thus reducing the core reactivity

During in-pool operations involving a fuel transfer cask, the potential for
dropping the cask exists The staff has ronsidered such an accident and
concludes that the core supporting structure that suspends the core assembly
from the bridge and the control rod drives would serve as a protective barrier
between the falling cask and the fuel elements These structures would absorb
most of the energy of the falling cask, thereby limiting damage to the fuel
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15 TECHNICAL SPECIFICATIONS

The Technical Specifications define certain features, characteristics, and
conditions governing the continued operation of the KUTR facility. The Tech-
nical Specifications will be made a part of the renewed operating license.
The Technical Specifications follow the most recent industry guidance,
American Nuclear Society Standard 15.1, "Standard for the Development of
Technical Specifications for Research Reactors."

On the basis of its review, the staff concludes that normal plant operation

within the limits of the Technical Specifications will not result in offsite
exposures in excess of the 10 CFR 20 limits.
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16 FINANCIAL QUALIFICATIONS
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stem
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damage or degradation are investigated immedi-
dic surveillance Therefore, the staff con-
ity of cladding through damage does not consti-

the public.

The Technical Specifications are performance specifications and are not
predicated on the age of the components. [f a component does not meet
the requirements of its particular specification, the reactor is not
permitted to operate until the specification requirement is satisfied.

17.2 Conclusion

On the basis of the above discussion, the staff concludes that the KUTR is

operated under conditions that are conservatively below the safety limits of
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its components, and that surveillance and maintenance procedures give reason-
able assurance that continued operation will pose no significant radiological
risk to the health and safety of the public




18 CONCLUSIONS

On the basis of its evaluation of the application as set forth above, the
staff has determined that

(1) The application for renewal of the operating license for the University
of Kansas training and research reactor, dated March 4, 1980, as amended,
complies with the requirements of the Atomic Energy Act of 1954, as
amended (the Act), and the Commission's regulations set forth in 10 CFR
Chapter 1.

(2) The facility will operate in conformity with the application as amended,
the provisions of the Act, and the rules and regulations of the Commission.

(3) There is reasonable assurance (a) that the activities authorized by the
operating license can be conducted without endanger g the heaith and
safety of the public and (b) that such activities will be conducted in
compliance with the regulations of the Commission set forth in 10 CFR
Chapter 1.

(4) The licensee is technically and financially qualified to engage in the
activities authorized by the license in accordance with the regulations
of the Commission set forth in 10 CFR Chapter 1.

(5) The renewal of this license will not be inimical to the common defense
and security or to the health and safety of the public.
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