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May 21, 1993

Director of Nuclear Reactor Regulation
US. Nuclear Regulatory Commission
Washington, D.C. 20555

Gentlemen:

The University of Massachusetts Lowell requests that the University of Massachusetts Lowell
Reactor License R-125, Docket 50-223, be amended to allow conversion of the reactor from high
enrichment uranium (HEU) fuel to low enrichment uranium (LEU) fuel when the LEU fuel becomes
available.

In support of this request, nineteen copies of documents entitled `FSAR Supplement for
Conversion to Low Enrichment Uranium (LEU) Fuel for the University of Massachusetts Lowell
Reactor", and "Proposed Technical Specifications for the University of Massachusetts Lowell Reactor
with Low Enrichment Fuel" are appended.

As of this date, the LEU fuel, consisting of 6025g of U235, is scheduled to be delivered in June,
1994. The old HEU fuel, with a current inventory of 4006g of U235, will be shipped as soon as the
shipping cask can be scheduled and arrangements can be effected with the Department of Energy after
reloading with LEU fuel.

No immediate change in the Physical Security Plan is foreseen; upon shipment of the HEU fuel
the SNM inventory category will change from a quantity of moderate strategic significance to one of
low strategic significance, with consequent reduction, if anything, in required security.

No change in the Emergency Plan is foreseen; estimates of the consequences of fission product
releases in a hypothetical design basis accident in Section 3.2 of the submitted FSAR Supplement for
Conversion to LEU Fuel result in exposures far below guideline levels.

The University is currently searching for a permanent Reactor Supervisor, and it is requested
that specific information about operator retraining, fuel loading, and experience history of involved
personnel be postponed until this position has been filled.

If you require further information in support of this application, please contact Dr. James
Phelps, (508)934-3168, or Mr. Warren Church, (508)934-3372, directly.

Sincerely yours,
P 5 .078 A

William T. Hogan
Chancellor
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1.0 INTRODUCTION AND SUMMARY DESCRIPTION

1.1 INTRODUCI1ON

This report presents a description and safety evaluation of the
University of Massachusetts' Lowell Reactor (UMLR) fueled with low
enrichment fuel (LEU). Comparison of pertinent data for the low
enrichment fuel and the high enrichment fuel (HEU) in use until change
over occurs is included.

This report is submitted in support of an application for permission
to convert from HEU to LEU when the LEU is available, under License
R-125.

1.2 GENERAL DESCRIPflON OF FACILITY

The general description of the facility is unchanged from the current
FSAR in terms of history of the facility, location, general housing, reactor
building, and backup systems. Changes, of course, occur in the reactor core
and in some related systems as discussed below.

1.2.1 Reactor

The reactor is an open pool type reactor, water moderated and
cooled. It is reflected by water and graphite. The new (LEU) fuel is U3Si2C. enriched to 19.75% 235U alloyed with aluminum, as opposed to 93% 235U
alloyed with aluminum in the old (HEU) core.

The core grid plate, consisting of a 9 by 7 rectangular array of spaces
in an egg-crate type of bottom plate, is capable of being loaded with fuel,
reflector elements (graphite), or experimental radiation "baskets". The fuel
elements for the LEU core are more heavily loaded with fissile material
than the HEU elements (200 grams/element versus 135 grams/element),
and, despite the substantially higher quantity of 238U, are slightly more
reactive. The typical HEU core was loaded to 26 elements and the
calculated LEU loading is 20 elements with an excess reactivity of about
3%. The smaller core has roughly similar fluxes in the fuel because of
higher macroscopic cross sections, but the experimentally available fluxes
are improved. A centrally located flux trap will enhance available thermal
fluxes even more. In turn, the smaller core results in slightly lower power
limits using the onset of nucleate boiling criterion at identical coolant flow,
but safety analyses show that all credible accidents lead to parameters still
well below safety limits (see the analyses in Section 3.0 of this report).

The four safety blades are unchanged, and calculations indicate that
the total worth of all blades will be slightly lower in the LEU core (10.94
vs. 11.45 Ak/k) but the symmetry of the LEU core leads to excellent
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uniformity of blade worth, whereas the asymmetric HEU core has
relatively large differences in comparative blade worths.

The regulating rod will have to be moved from its current location in
order to assure appropriate effectiveness in the smaller core. This entails
a shift of 3 inches (one grid position) toward core.center. Engineering
design indicates that this can be effected by placing an offset in the
connecting rod leading from rod to rod drive (a 3 inch offset in about 20
feet) without requiring movement of the rod drive mechanism or
alteration of the reactor bridge arrangement. The intent is to carry out
this alteration, with appropriate pre-operational testing, after the HEU core
is unloaded and before the LEU core is installed. The regulating rod is not
connected to the safety grid, and does not have scram insertion capability
or responsibility.

A summary comparison of the principal reactor design characteristics
for the different fuels is given below.

2.



SUMMARY OF REACTOR DATA

MU DATA LEU DATA'

Purpose of Reactor

Location of Reactor

Education .and Research

Lowell, Massachusetts

No Change

No Change

Reactor Materials

Fu el

Moderator

Reflector

Coolant

Control

Structural Material

Shield

Dimensions

Core (active section)

Reflector

Grid Box

Neutron Fluxes at Rated Power for
Reference Cores

Uranium (93% 2 3 5 U)

High-purity water

Graphite and water

High-purity water

Boral

Aluminum

Concrete and water

15 inxl8 in (less 4
elements)x24 in high

3 in square; 30 in high

9x7 array of 3 in modules

Uranium (19.75% 2 3 5 U)

No Change

No Change

No Change.

No Change

No Change

No Change

15 inxl5 in (with comers
removed and 1. central
flux trap)x24 in high

No Change

No Change

Maximum thermal neutron flux
in the fuel (up to 1 eV)

.Average thermal neutron flux in
the fuel (up to I eV)

Maximum thermal neutron flux in
the central flux trap (up to 1 eV)

Maximum fast neutron flux in the
central flux trap (above I eV)

Maximum fast neutron flux in the-
fuel (above 1 eV)

Average fast neutron flux in the
fuel (above 1 eV)

1.28x101 3 nv 1.08x101 3 nv

9.22x101 2 8.08x101 2

Not Applicable

Not Applicable

2.50xl 103

1.68x101 3

* 1.46x101 3

2.30x1013

2.48x101 3

1.83x101 3

3



SUMMARY. OF REACTOR DATA

HEUDATA LEULDA19

Reference Core Parameters

Clean, cold core loading 3.44 kg U-235
(25.5 elements)

Operating excess reactivity 3.94% Ak/k

Reactivity in safety blades 11.5% Ak/k

Shutdown margin with one stuck 3.88% Ak/k
blade

Temperature coefficients:

'Coolant Temperature -0.37x10-4 .k/k/ 0 C
Coolant Density -0.31x10-4 Ak/k/0 C
Fuel Doppler 0.0 Ak/k/°C
Sum -0.68x10 4

Void Coeff. -1.59x10-3 Ak/k/%Void

Prompt neutron generation time, A 7.56x10-5
Cs)

( neff 7.69x10-3

Thermal Characteristics (Based on 26 elements)

Heat output 1 MW(th)

Hot channel factors Fq: heat flux uncertainty
= 1.25

Fb: uncertainty in bulk
flow or enthalpy change
in a channel = 1.24, and

Fh: the uncertainty in the
heat transfer process
-1.35

Maximum heat flux 21700 BTU/h-ft 2

Specific power (clean, cold). 291 wattf/gmn U-235

Maximum gamma heat in core 0.86 watts/cc

* 4.0 kg U-235
(20 elements)

2.99% Ak/k

10.9% Ak/k

5.16% Ak/k

-0.48xl0'4 Ak/k/0 C
-0.46x10-4 Ak/k/0 C
-0.j5xl1- 4 Ak/k/-C
-1.09x10' 4

-2.36x0-3 Ak/k/%Void

6.45x10-5

7.80x10-3

(Based on 20 elements)

No Change

Same as for HEU

27500 BTU/h-ft2

250 watts/gm' U-235

1.09 watts/cc

Coolant flow 1600 gpm No Change
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SUMMARY OF REACTOR DATA

EULDATA

Coolant flow velocity
(in fuel at 1600 gpm core flow)

Maximum water temperature
(hot channel at rated power)

Maximum fuel surface temperature
(rated power)

Maximum water intake temperature
(average bulk)

Outlet plenum temperature for
above intake at rated power

Rated Power Clad Temperature at
ONB flow

Primary water pressure at beat
exchanger

Secondary water pressure at heat
exchanger

Pressure drop through core

Control

Safety elements

Regulating elements

Composition

Withdrawl rate of safety blades

Withdrawl rate of regulating rod

Type

Number of elements

Number of fuel plates per element

3.1 ft/sec.

49.4C

64.10c

43.3°C

45.70C

118.6°C

50 psig

35 psig

LEU DATA

No Change

50.10 C

66.60C

No Change

No Change

118.70 C

No Change

No Change

0.3 psi No Change

Four 10.6 inch wide
vertical blades

One 2.5 inch square
vertical rod

Boral (minimum 35 wt%
boron)

3.5 inches/minute

78 inches/minute

No Change

No Change (position is
moved)

No Change

No Change

No Change

Plate

26

18

No Change

20

16
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SUMMARY OF REACTOR DATA

LEU DATA

Plate thickness

Clad thickness

Plate width

Plate length

Active fuel length

Active fuel width

Water gap

Over-all element length

Cladding

Fuel alloy

235Uclement

Reflector

Type

Can

Number

Experimental Facilities

0.1524 cm

0.06095 cm.

7.046 cm

63.5 cm

60.96 cm

5.461 cm

0.2718 cm

101.6 cm

Aluminum

24 wt.% uranium-76 wt.%
aluminum

135 grams

Graphite; 7.24 cm square,
76.2 cm long

Aluminum; 0.1016 cm thick

26

0.1270 cm

0.0380 cm

7.140 cm

No Change

59.69 cm

6.085 cm

0.2963 cm

No Change

No Change

U3Si2-Al.

200 grams

No Change

No Change

27

Thermal column

Beam ports

Pneumatic tube

Radiation baskets

Gamma radiation facility

Hot cell

4 ftx4 ftx8 ft graphite.

Two 8-inch diameter
Four 6-inch diameter

Two 2-inch diameter

Thirty available

One dry 7 ftx8 ftx8.5 ft
Ah.igh
One 7 ftx8 ftxl3 ft high

No Change

No Change

No Change

No Change

No Change

No Change..
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SUMMARY OF REACTOR DATA

HEU DATA L�U��AIA

Medical facility

Stall pool

Bulk irradiation pool

Reactivity Requirements
(Ak/lk) at 1 MWt

Xenon (equilibrium)

Temperature

Bumup, experiments, buildup of
fission products

Total (Reference cores are less than
maximum)

Design and Operating Characteristics

C Void coefficient

High flux -scram limit

Maximum operating excess
reactivity

Maximum worth of regulating
rod

Nominal range of control blade
worths

Total worth of 4 control blades

Maximum allowable reactivity to
be inserted instantaneously

Startup count rate, minimum

One 3 ft square

8 ftx16.8 Ux3.2 ft

12 ftxl6 hx3l.2 ft

1.7%

0.2%

2.6%

4.5%

Negative

125% rated

4.7% Akjk

Peff

No Change

No Change

No Change

No Change

0.4%

N 2.4% -

No Change

No Change

No Change

No Change

No Cbange

2.12% Ak/k to 3.63% Ak/k 2.68% Ak/k to 2.79% Ak/k

11.5% Ak/k

0.5% Ak/k

10.9% Ak/k .

No Change

2 counts/second No Change
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1.2.2 Auxiliary Systems and Radioactive Waste Management

An emergency generator is unaffected by the fuel change.

Storage of both HEU and LEU fuel in a criticality safe geometry will
be accomplished by using pool fuel storage racks that keep the elements in
a planar array. Capacity is adequate to handle anticipated new and old
inventories after receipt of new fuel and before shipment of old fuel.

Liquid, gaseous, and solid radioactive waste or methods of waste
treatment are not expected to change significantly as a result of changing
from HEU to LEU fuel.

1.3 COMPARISONTABLES

The FSAR shows some comparisons in tabular form with research
reactors that are rather similar to the UMLR. These will change somewhat
with the redesign of each reactor core to accomodate the new fuel;
nevertheless, the fundamental reactor concepts are still similar. Detailed*
comparison is difficult because of the different. current status of each
reactor affected.

The cross-pool flow mode described in the current FSAR is not
affected by the change of fuel.

1.4 IDENTIFICATION OF AGENTS AND CONTRACTORS

Some verification of in-house core parameter calculations and
analyses of the step and ramp reactivity transients were carried out by
representatives of Argonne National Laboratory.

1.5 REQUIREMENTS FOR FURTHER TECHNICAL INFORMATION

Further technical information than is contained in this document is
not required for operation at 1 megawatt. There is some anticipation of
future application for operation at a higher power, and such an application
will have to include analyses of all affected parameters.

1.6 MATERIAL INCORPORATED BY REFERENCE

The UML Reactor FSAR is used extensively as a reference herein.
The new material incorporated by reference includes the Argonne

work noted -above, various internal reports' of calculations done at UML,
and several theses-an-d topical report papers given at meetings. The
particular references are tabulated in the sections that give detailed
information about the HEU to LEU conversion.
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2.0 DETAILED FACILITY DESCRIPTION

Descriptions of the site, meterology, and containment are not affected
by the fuel change. Much of the facility described in Chapter 4 of the FSAR
is also not affected, but core arrangement and associated reactor physics
are different, and these are considered in some detail here: In general,
comparison data for the. two systems are given; it should be clearly
understood that comparison data are for current calculations using modem
codes. This comparison is the only truly valid one, since the FSAR data are
a mixture of calculations using nineteen sixties vintage codes
supplemented in places by local machine and hand calculations, corrected,
where practical, by measured parameters.. The differences between the
FSAR data and the newly calculated data for the old core are generally of
little significance. Current calculations were benchmarked against known
measured data where appropriate. *For example, critical masses calculated
with the new codes for the HEU core were normalized to measured- critical
masses.

2.1 REACT OR PHYSICS MODELS ANI) CODES

The reactor physics calculationsl 2 .3 were done using the NITAWLS,
XSDRNS, and KENOV.a codes from the SCALE4 package, and the VENTURE 5

code. Microscopic cross sections specific to the UMLR were developed in.
both 2 and 27 energy groups. The two group libraries (HEU and LEU) were
used for the majority of the calculations. The 27 group ENDF/B-IV library
distributed as part of the SCALE package was used as the primary nuclide
database. With the use of the NITAWLS and XSDRNS codes, the 27 group
library was collapsed through a series of manipulations to 2 groups for
further whole core analysis.

The reactor core was modeled in detail in both two and three
dimensions; the two dimensional model was used in conjunction with the
diffusion theory VENTURE code, and the three dimensional model with the
Monte Carlo KENOV.a code.

The majority of the analyses for the conversion were completed with
a two-dimensional XY computational model. The model was designed with
enough flexibility to be able to represent the HIEU core, and any variation
of LEU core configurations. Parameters such as total blade worth,
shutdown margin, flux distributions, and power profiles were obtained
through this model. It was developed with the primary goal of studying
perturbations to a variety of proposed cores. A YZ direction model was
also designed to facilitate the generation.of axial peaking factors and flux
profiles. An analysis completed with both models in unison represents all
three dimensions.

To provide a benchmark for the VENTURE calculations KENOV.a was( used.



2.2 BEU AND LEU CORE DESCRIPTIONS

A detailed description of the UMLR is given in the original FSAR6 ,r and a summary description is given in Section 1.0, above.
The HEU fuel asembly consists of two aluminum side plates and

eighteen equally spaced flat fuel plates. The fuel meat of the. standard HEU
fuel plate contains a U-Al alloy with about 24 wfo uranium:. This meat is
sandwiched between aluminum cladding. The uranium is enriched to 93
w/o U235, with a total U235 loading of about 135 grams per element. The
current configuration contains 25 full assemblies and 1 partial fuel
assembly containing about one-half the fuel loading of a standard
assembly. The core arrangement, assembly, and fuel plate designs are
given in Figures 2.1, 2.2, and 2.3.

The fuel plate design for the LEU core was pre-specified 7 so that
there would be some uniformity in reactors undergoing the changeover
from HEU to LEU. The plate dimensions are given in Figure 2.4. The meat
consists of U3 Si2-Al fuel with 19.75 w/o U235 with a total U235 loading of
about 12.5 grams per plate (versus 7.5 grams per plate for HEU fuel).
Despite the much larger quantity of U238 in the LEU fuel, the higher
loading of fissile material (135 grams of U235 in HEU and 200 grams of
U235 in LEU fuel) meant that the new fuel was more reactive so that direct
replacement of old fuel by new fuel was not feasible or desirable, since one
design objective was to improve core performance and usefulness.C Removing several assemblies and reducing the number of fueled plates per
assembly brought the excess reactivity down to reasonable levels with a
reasonably sized core. After several candidate designs were studied, a 20
element core was chosen, each element containing 16 fuel plates and two
dummy aluminum end plates. The element design and a specific core
configuration are shown in Figures 2.5 and 2.6. This configuration was
used in generating pertinent physics data for the LEU fuel. In Figure 2.6,
the graphite elements and radiation baskets are unchanged from the HEU
core. The central flux trap is a radiation basket with the volume between
the outer can and inner aluminum tube filled with graphite instead of
water. All but five of the radiation baskets will require the central
aluminum tube to be blocked off for adequate flow through the fueled
elements.

Table 2.1 gives physical data that were used for the reactor physics
calculations and the thermal analyses subsequently described.

10
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TABLE 2.1
Physical Data for the HEU and Proposed LEU Cores

HEU Core . LEUC
Configuration Data:
Fuel Assemblies -

Graphite Reflectors

Radiation Baskets

Source Location

Central Flux Trap

Regulating Rods

Comer Posts

26

26

5

I
0
1

4

* 20

27
9

1

1

1

4

63Total Grid Locations

Control Blade Locations

63

4 4

Assembly Data:

Fuel Plates/Element

Aluminum Plates/Element

U235 Loading (g/clement)

Side Plate Thickness (cm)

Channel Thickness (cm)

Assembly Dimension

(cmxcm)

Assy. Dim. with Gap

(cmxcm)

Plate Data:

Fuel Type

Enrichment (w/o)

U235 Loading (g/plate)

Plate Width (cm)

Meat Width (cm)

Plate Thickness (cm)

Meat Thickness (cm)

Plate Height (cm)

Meat Height (cm)

18

0

135

0.475

0.2718

7.62x7.62

7.7724x7.7724

' U-Al alloy

93

7.5

7.046

5.461 .

. 0.1524.

0.0305

63;5

60.96

16

2

200

0.508

0.2963

7.62x7.62

7.7724x7.7724

U3Si2-AI
19.75

12.5

7.140

6.085

. 0.1270

0.0510

63.5

59.69

16



2.3. REACTOR PHYSICS CALCULATIONAL RESULTS

2.3.1 Flux Plots

Using the reactor physics models, relative thermal fluxes (up to 1

eV) for the HEU core were calculated and compared to the measured fluxes
in the initial reactor startup report8 . These are shown in Figures 2.7, 2.8,
and 2.9. The startup fluxes were measured by inserting flux wires along
the axial length of the core, exposing them, and subsequently counting the
induced activity. During the wire experiments, the control blades were
banked at 15 inches, which was the critical height at the time. The X and
the Y wire values compared here were taken at 6 inches above the
beginning of the fuel region to minimize any perturbation from grid box or
water reflector below the core. The axial computations were done with
blades at 15 inches to agree with the startup situation. As can be seen,
agreement is quite good. Subsequently, thermal fluxes were calculated for
the LEU core, and these are shown in Figures 2.10, 2.11, and 2.12.

The relative fast fluxes9 (above 1 eV) for the X, Y, and Z directions
for the BEU core are shown in Figures 2.13, 2.14, and 2.15. Fast fluxC distributions for the LEU core are shown in Figures 2.16, 2.17, and 2.18.

The maximum and average thermal fluxes in the HEU fuel were
1.28x101 3 nv and 9.22xIO1 2 nv, and the maximum and average thermal
fluxes in the LEU fuel were 1.08xlOi 3 nv and 8.08xl102 nv, respectively.

The maximum and average fast fluxes in the HEU fuel were
2.50x1O1 3 nv and 1.68x1O13 nv, and the maximum and average fast fluxes
in the LEU fuel were 2.48xIO13 nv and 1.83xl103 nv, respectively.

2.3.2 Cold Clean Excess Reactivity

The UMLR Technical Specifications limit the excess reactivity of
the core to a maximum of 4.7% delta k/k.

. According to the original startup report for the reactor8, the
excess reactivity of the cold clean HEU core with 2.5.5 elements was 4.058%
delta k/k. The calculated value for this core using the methods outlined
above was 2.50 using the two dimensional model and 2.4i ±. 0.19% using
the three dimensional model. The discrepancy, within one standard

C deviation, is about 1.5% Ak/k between -measured and calculated
reactivities, and all subsequent calculations were normalized by adding
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this bias to the results for all LEU neutronics calculations. Similar
calculations were done at Argonne National LaboratorylO. They usedC DIF3D11 with an ENDF/B-IV library and got essentially the same results as
were obtained here for the HEU core; their results for the LEU core gave
about 1% less excess reactivity than was calculated at UML. ANL also did
calculations using the VIM continuous energy Monte Carlo code12, 13 with
an ENDF/B-V library, and for the HEU core these agreed well with the
startup data. The ANL Monte Carlo results for the LEU core, however,
showed a 1% lower excess reactivity, as noted in the values compared
below.

Excess Reactivity

HEU Startup Data 4.06%

UML Calculated HEU Core (with bias) 3.94%

ANL Calculated HEU Core (Monte Carlo) 4.04%
UML Calculated LEU Core (with bias) 2.99%

ANL Calculated LEU Core (Monte Carlo) 1.97%

Despite some uncertainty in the value of excess reactivity, the
standard LEU core already described was used for all subsequent
calculations. The uncertainty is in a direction that would lead to. a need to
increase reactivity of the standard. core, and such flexibility is inherent in
the LEU design. Replacement of radiation baskets by graphite reflector
elements will increase reactivity by 2% or more9 as shown in Table 2.2,
and the standard LEU core is essentially the limiting one for subsequent
thermal analyses as also shown by the maximum thermal fluxes listed in
Table 2.2. It is possible, of course, that some specific configurational
replacement of radiation baskets by graphite elements could tilt the flux to
a maximum value higher than the reference core, but from the samples
shown in Table 2.2, it seems unlikely that any change would alter the
analytical conclusions (see Section 3.1.1.3 below) with the reference core,
which has very conservative hot channel factors included. Thus, the
uncertainty in absolute reactivity of the. reference core is not seen as
overriding in significa'nce.' From an operational point of view, replacement
of some baskets by graphite elements will mean that fewer radiationC baskets will have to have the central tube blocked off as mentioned in
Section 2.2, to insure adequate core flow (6 of 11 need to be blocked using
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the reference LEU core). The consequence is that fewer radiation baskets,
with their improved flux characteristics, would be available for
experiments, but this is also not viewed as limiting.

TABLE 2.2
Reactivity Worth of Alternate LEU Core Configurations

Difference From Reference Core

.(Reference Core)

Radiation baskets in B3, F3, B7, and F7 replaced
w/ graphite reflectors.

Radiation baskets in B3, F3, B7, F7, C8 and E8
replaced w/ graphite reflectors.

Radiation baskets in B3, F3, B7, F7, C2, C8, D2, E2,
and E8 replaced w/graphite reflectors.

Radiation baskets in B3, and F3, replaced
w/standard fuel elements.

Radiation baskets in B3, F3, B7, and-F7, replaced
with standard fuel elements.

Central Flux trap replaced with a standard fuel
element

Reactivity Change Max Thermal Flux

(%) (n/cm2 sec)

0.0

+1.00

+1.49

+2.24

+1.84

+3.52

+3.09

.1.08x1013

1.08xl01 3

1.08xl01 3

1.08xlO13

1.02xI01 3

9.32x1jO 2

1.Ox1013

2.3.3 Control Blades and Regulating Rod

The four blade regions were modeled independently as being either
fully in or fully out to determine the overall worth of each blade. The
detail of the model treated the, control shrouds' and aluminum spacers
independently from the poison material. Comparison of calculated values
versus experimental values for the HEU core is given in Table 2.3, along
with regulating rod values, which were calculated similarly.

The symmetry of the LEU core produces quite uniform blade worths
as opposed to the large variation. in the-asymmetrical HEU core.
Comparison of the blade worth distributions for the two cores is given in
Table 2.4, and shutdown margins are given. in Table 2.5.
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TABLE 2.3
Comparison Of The HBU Control Blade Worths

Blade #

1

Experimental Startup

Data (% Akk

1.90

1.92

3.67

11.18

CalMulated Data

XY Model M% AM/)

LcalcEpI1

2.21 0.31

2

3

4

2.12

3.49

11.45.

0.20

-0.18

0.27Sum

Regulating Rod 0.42 0.42 * 0.0

TABLE 2.4
Blade Worth Distribution

HEEU

(&%k/k)
LELI

(a kfk)

Blade #

I

2

3

4

2.21

*2.12

3.49

3.63

2.78

2.68

2.69

2 79

Sum 11.45 10.94

Reg Rod

(Position)

0.42

(D9)

0.47

(D8)
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TABLE 2.5
Shutdown Margin

.(Including +1.5% bias)

iHEU Core LEU Core

Excess reactivity = 3.94%

Shutdown margin = 7.51%

SDM with one stuck blade = 3.88%

Excess reactivity = 2.99%

Shutdown margin = 7.95%

SDM with one stuck blade = 5.16%

2.3.4 Temperature Coefficients

The moderator and Doppler coefficient were estimated here
using XSDRNS and NITAWLS but the calculations were repeated by ANL10

using DIF3D. The ANL values are listed in Table 2.6, and are taken as
definitive values for these coefficients.

TABLE 2.6
Reactivity Coefficients at 201C

HEU Core LEU Core

Cool.ant Temperature, Ak/k/IC

Coolant Density, Ak/k/kIC

-0.37 x 10-4

-0.31 x 10-4

-0.48 x 10-4

-0.46 x 10-4

-0. x 10-4Fuel Doppler, Ak/k/OC 0.0

Sum. -0.68 x I0-4 -1.09 x 10-4

Void Coeff., &k/k% Void -1.59 x 10-3 -2.36 x 10-3

2.3.5 Calculated Beta Effective and Prompt Neutron Generation Time

The prompt neutron generation time and beta effective were
calculated by ANLIO for the HEU and LEU cores. These results are given in
Table 2.7.
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TABLE 2.7

Kinetics Parameters at 201C

HEU Core LEU Core

Jeff 7.69 x 10-3 7.80 x 10-3

A, sec. 7.56 x 6.45 x 10-5

2.4 MOVEMENT OF THE REGULATING ROD POSITION

The smaller LEU core requires repositioning of the regulating rod if it
is to be effective in automatically controlling the power of the reactor. If it
were not moved the worth of the rod would be only a few hundreds of a
percent of reactivity instead of the few tenths percent appropriate for this
function (the rod has to be worth less than betaeff by Technical
Specification). The repositioning needed is a movement of 3 inches toward
the center of the core grid, as shown in Figures 2.1 and 2.6.

Movement of the regulating rod drive mechanism to align it with the
new position is not readily feasible because of lower bolting flanges. on
both this and control blade drives which prohibit a straightforward.
repositioning. Consequently, the current plan is to reposition the rod by
placing a 3 inch offset bend in the rod shaft and to stabilize the shaft
below the offset by a support bracket. (See Figure 2.19) The force
distribution in the system was analyzed by considering the effects of the
displaced center of mass 14 . A support bracket 8 feet down from the top of
the shaft will cancel the horizontal force acting on the rod itself leaving
only the weight of the rod and shaft (which is not effectively different
from the current rod and shaft weight, requiring only six extra inches of
solid aluminum shaft in a total polid shaft distance of 13 feet) and the
friction force on the bracket. The solid shaft is coupled with aluminum
tubing for the lower part of the total shaft. Analyses indicate that the
friction force on the bracket will be only 1.87 lb with a maximum
horizontal force of 19.37 lb. These forces appear to be reasonably small.
The upper end of the shaft is pinned to the lower drive mechanism shaft,
thus prohibiting shaft rotation.

The current shaft is 1 inch diameter Al 6061-T6 for the upper part,
and 1 inch diameter Al 6061-T6 tubing for the lower part. The same solidC material will be used for the offset shaft. The bend will be performed at a
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large radius of curvature to minimize thinning of the shaft. The bend will

start 3 ft below the upper shaft connection as shown in Figure 2.19; this
will give appropriate clearance for rod travel without interference at the

K support bracket.
The support bracket is to be supported from the suspension bridge

gridwork. The bracket will be made of 6061-T6 aluminum and will be

sectioned to allow easy access to a polyethylene bushing. See Figure 2.20.
The intent is to install the system after the final unloading of the HEU

core and before the initial loading of the LEU core. Appropriate
preoperational tests will be carried out before loading new fuel.

It is worth mentioning that the regulating rod does not have scram

or shutdown responsibility, and thus the functioning of this system is not
seen as a significant safety issue. Operation of the reactor and control of
power level can be achieved by control blade manipulation, although it is
less convenient. If the rod fails to move upon manual or automatic
demand, normal shutdown and safety systems will function because they

are not affected.

2.5 STORAGE OF FRESH AND SPENT FUEL

( Enough storage space is available in the manufactured fuel holding
racks in the UML Reactor pool to hold, all of the anticipated new. fuel and
also all of the current HEU fuel on hand. The aluminum racks are attached
to the pool sides about 24 feet below. the pool surface; they are sectioned
into compartments with a 0.5 inch aluminum wall, so that stored elements
are separated by 0.5 inches of aluminum.

For the HEU fuel, calculations using equivalent buckling techniques
indicated that keff is less than 0.8 in a fully water reflected infinite planar
array of fuel without element separation.

For the slightly more reactive LEU fuel, equivalent buckling.
techniques gave a value of keff = 0.81 for the water reflected infinite
planar array without element separation.. More thoroughly ranging
calculations were done by Pond and Matos 15. They found that even with
an LEU element loaded to 621 g of U235 (versus 200 g of U235 in the UML
fuel), an infinite array- with element separation of 1 cm gave a keff =

0.833 and with a separation of 1.5 cm a keff = 0.822. With a similar array,( but 225 g U235 per element loading and an element separation of 1.766
cm, the water reflected infinite array had a keff = 0.715.
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The above data are taken as confirmation that the storage of HEU and

LEU fuel in the pool storage racks will lead to a storage kff of

considerably less than 0.85, and probably less than 0.80.
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3.0 SAFETY ANALYSES

The safety analyses required for the LEU core parallel those done for
the HEU core, and reported in Chapter 9 of the FSAR.

3.1 CORE AND COOLANTBOUNDARY ANALYSES

The thermal analyses dealing with limits imposed on operation with
the LEU core are extremely conservative. The limiting criterion for any
off-normal state in this system was chosen to be the.Onset of Nucleate
Boiling. (ONB) point. Since the coolant saturation temperature at the top of
the core is only about 1161C, the ONB point is typically reached at a plate
temperature of 120 to 1250C depending on the heat flux and flow
conditions. If the maximum plate temperature under any potential off-
normal condition does not exceed 1250 C, there is no possibility of fuel
damage, since the melting point of aluminum is 6600 C.

Furthermore, frictional loss coefficients for determining core flow
were chosen conservatively to give a lower than expected flow through
each fuel assembly, the inlet temperature was taken.to be 430 C (1100 F)
which is higher than expected, and a conservative set of hot channel
factors was chosen. The combination of these assumptions gives the
analyses a real safety margin and defines an operating envelope that is
well inside any range that could conceivably cause fuel damage.

3.1.1 Thermal Codes and Models

The various codes and models used in the thermal analyses required
to assure safety in changing from HEU to LEU are described below.

3.1.1.1 Codes

Three.codes for the analysis of the plate type research reactors were
obtained from ANL16 in June, 1988. These include 1) NATCON, which
performs natural convection calculations including the power at ONB, 2)
PLTEMP, which allows steady-state flow and plate temperature:
calculations as well as implementation of the Bergles-Rohsenow correlation
for the ONB heat flux, and 3) PARET, 'which simulates reactivity and flow
transients.
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3.1 .1.2 2 HEU and LEU Cores

Descriptions of the HEU and LEU cores have been given earlier.
Considerations different from the HEU core and important to the thermal
analyses for the LEU design are:

1) in addition to different fuel plates, the assembly has two end
aluminum plates and slightly wider water gaps and side plates,

2) a central flux trap for. a high flux irradiation zone, and
3) additional radiation baskets near the core to reduce reactivity

relative to graphite and for increased flux in the sample
position.

3.1.1.3 Hot Channel Factors

Hot channel factors (HCFs) that account for fuel and assembly design
tolerances and uncertainties in calculated and measured parameters were
introduced into NATCON and PLTEMP. These include:

1) Fq - heat flux uncertainties,
2) Fb - uncertainties in bulk flow or enthalpy change in a channel,

and
3) Fh - the uncertainty in the heat tiansfer process.

Each of these uncertainties is, in turn, composed of a number of subfactors.
The values of the subfactors were based on specified design tolerances and
experience with measurement devices and empirical correlations. The
conservative individual subfactors were combined statistically assuming
uncorrelated uncertainties, except for the heat transfer uncertainty which
was included as a multiplicative safety factor.

The specific subfactors and corresponding values used are listed in
Table 3.1. In general, the specified quantity was assumed to affect. the
heat flux, mass flow rate, or heat transfer coefficient directly. For example,
a 10% uncertainty was assigned to the computed power density, and this
translated directly into a 10% uncertainty in heat flux and coolant AT (or
mass flow rate).
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The coolant channel thickness was the only exception to this rule,
sinice the relationship between the channel thickness and coolant AT or
clad surface temperature is not really obvious. In this case, a 10%
uncertainty in channel thickness was assumed, and direct calculations with
three different channel thicknesses (varying + 10% around nominal) were
performed for a range of powers and flow rates. In both NATCON and
PLTEMP, the maximum values for Fb and Fh were 1.15 and 1.07,
respectively, for a 10% uncertainty in channel thickness. These are-the
values included in Table 3.1.

TABLE 3.1

Hot Channel Factor Data Used in Both NATCON and PLTEMP Computations

Subfactors Ea Eb . Eh

Fuel Meat Thickness 1.08

11235 Loading 1.05 1.05

U235 Homogeneity (1) 1.20 1.10

Channel Thickness (2) 1.15 1.07

Power Measurement 1.05 1.05

Calc Power Density 1.10 1.10

Coolant Flow Rate 1.10 1.10

Heat Transfer Coeff 1.20

Statistical Total (3) 1.25 1.24 1.35

NOTES:
1. Fq corresponds to radial uncertainty, Fb relates to axial uncertainty.
2. A 10% uncertainty in channel thickness was assumed. The values

given correspond to the worse-case observed uncertainty in AT
water and AT clad, respectively.

3. In general, the total hot channel factor is computed assuming
uncorrelated uncertainties. For Fh, the channel thickness. and flow.
rate factors are combined statistically and the heat transfer
component is treated as a multiplicative (safety) factor.

37



Subsequent steady-state calculational results highlighted two cases,
with and without the use of the engineering hot channel factors. They
differ only in the choice of Fq, Fb, and Fh as follows:

Case Eb Eh

1 1.00 1.00 1.00

2 1.25 1.24 1.35

Case I represents a nominal best estimate simulation and Case 2 includes
conservative estimates of the associated uncertainties. Case 2 was used to
place upper limits on the power level that can be tolerated during any off-
normal transient.

3.1.1.4 Inlet Temperature and Pressure Constraints

For all thermal calculations, an upper limit of 110F (43.31C) was
stipulated for the inlet temperature, and the water height was fixed at 24
feet above core centerline.

3.1.1.5 Natural Convection Mode

Models within NATCON for the reference HEU core and the LEU
configuration were generated. The models were relatively simple,
requiring such things as a description of the fuel and channel geometry,
the reference .pressure and temperature, and the relative axial power
profile, which is contained in Table 3.2.. Here, calculations included cases
with blades at 15 inches withdrawn and also cases with blades fully
withdrawn leading to an assumed chopped cosine flux distribution, so that
comparison could be made to establish the limiting case.
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(Top)

(Bottom)

TABLE.2
Axial Power Distributions for HEU

Relative Chopped

Interval Distance

I 0.000 0.347

2 0.042 0.488

3 0.083 0.623

4 0.125 0.751

5 0.167 0.870

6 0.208 0.979

7 0.250 1.076

8 0.292 1.160

9 0.333 i.230

10 0.375 1.285

11 0.417 1.325

12 0.458 1.349

13 0.500 1.357

14 0.542 1.349

15 0.583 1.325

16 0.625 1.285

17 0.667 1.230

18 0.708 1.160

19 0.750 1.076

20 0.792 0.979

21 0.833 0.870

22 0.875 0.751

23 0.917 0.623

24 0.958 0.488

25 1.000 0.347

and LEU Cores

HEU

*15" out

0.359

0.387

0.415

0.480

0.558

0.643

0.731

0.824

0.916

1.010

1.104

1.193

1.271

1.334

1.378

1.402

1.403

1.382

1.338.

1.274

1.188

1.087

0.976

0.875

0.829.

LEU

0.410

0.421

0.438

0.501

0.576

0.666

0.756

0.846

0.938

1.029

1.119

1.202

1.274

1.331

1.369

1.385

1.380

1.352

1.302

1;230

1.140

1.036

0.931

0.862

0.913
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3.1i.1.6 Forced Convection Mode

During high power operation, the reactor operates in a forced
convection mode, and coolant flows downward through the core with a
nominal pump flow of 1600 gal/min. In steady state, a pressure drop
across the core is established, and, because of mixing in the common inlet
and outlet plena, the same delta P is imposed across each fuel and bypass
channel. Consequently, the flow rate in all the individual channels can be
determined yielding the fractional flow in each region.

Full core models within PLTEMP were generated to find the fraction
of pump flow expected per category. These data are given in Table 3.3.
The HEU and LEU core models were the standard models already
described. All LEU flow, distributions were determined using 5 equivalent
radiation baskets.

TABLE 3.3
Flow in Core Channels

Fraction of Total Flow
Reactor Region HEU Core LEU Core
Fuel Elements 0.718 0.703
Radiation Baskets 0.166 0.162
Control Blades 0.103 0.121
Regulating Rod 0.013 0.014

1.000 1.000

3.1.2 Results

The results of the thermal analyses are given below.

3.1.2.1 Natural Convection Mode Safety Limits

The reactor may be operated' with no 'forced coolant for low l
operation. Table 3.4 summarizes the results of the analyses for the
convection mode of operation.
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TABLE 3.4
Summary of Natural Convection Results

Parameters at ONB Point

Core

HEU

BEU

HEU

HEU

LEU

LEU

LEU

LEU

Axial

Profile

Chopped Cosine

Chopped Cosine

Blades at 15"

Blades at 15"

Chopped Cosine

Chopped Cosine

Blades at 15"

Blades at 15"

Core

HCFs . Power

(kW)

No 868

Yes * 486

No 763

Yes 429

Max

Clad

Temp

(0C)

119.1

118.7

119.0

118.6

119.1

118.7

119.0

118.6

Max

Plate

Power

(kW)

* 2.82

1.97

2.48

1.74

3.02

* 2.10

2.71

1.90

Outlet

Temp

(C)

80.7

81.2

81.1

81.8

78.5

78.8

78.9

79.4

Outlet

Velocity

(cm/s)

10.1

6.99

8.72

6.03

10.6

7.34

9.37

6.48

No

Yes

No

* Yes

666

370

598

335
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As can be seen, the most restrictive case is with blades at 15 inches
withdrawn. When the hot channel factors are included, the limiting power
for the HEU core is 429 kW. This is somewhat more conservative than the
660 kW calculated for the FSAR; the difference is mainly the consequence
of more conservative hot channel factors used currently, and the 15 inch
withdrawl case.

For the LEU core, the limiting core power for natural convection is
335 kW, and this is taken as the new Safety Limit for natural convection
operation of the reactor. This is more than 2.5 times the current limit
imposed on operation in natural convection of 125 kW6 , the latter limit
having been specified to limit the production and subsequent escape of 16N
from the pool.

From the above analysis the conditions for operation in the natural
convection mode for the change of fuel from HEU to LEU, as identified by
the Safety Limits, are given below.

Case A: Operation with 24 Feet of Pool Water

This is the normal mode of operation in the natural convection mode,
and the Safety Limits are:

Power 0.335 MW
Inlet Temperature 43.3 0C (110 0F)
Pool Water Above Core Center Line 24 ft

Case B: Operation with 2 Feet of Pool Water

This is a special case allowing operation with limited water height
during initial startup and shakedown operation with the new fuel, ar
Safety Limits are:

Power 1.33 kW
Inlet Temperature 43.30C
Pool Water Above Core Center Line. .2.0 ft
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3.1 .2.2 Forced Convection Mode Safety Limits

For power and flow combinations, PLTEMP determines the point at
which the ONB occurs, that is, the limiting condition for operation of the.
reactor.

The results of the thermal analyses are shown in Tables 3.5, 3.6, 3.7,
and 3.8.' Comparison is made for the HEU core with and without HCFs, and
for the LEU core with and without HCFs.

Selected data from Tables 3.5 through 3.8 were graphed so that
trends could be conveniently viewed. Figure 3.1 shows core flow. versus
power for the four cases of the .HEU and LEU cores with and without HCFs.
The curve for the LEU core with HCFs in Figure 3.1 is replotted in Figure
3.2 and this curve defines the power and flow limits under the ONB
criterion. For purposes of operation of the reactor with forced convection
and the new fuel, the Safety Limits are specified below.

Power and Flow The combination of true values of
reactor thermal power and reactor
coolant flow rate shall not exceed
the limits shown in Figure 3.2 under,
any operating condition.

Inlet Temperature 43.3 DC (110 0F)
Pool Water Above Core Center Line 24 feet

3.1.2.3. Burnout Heat Fluxes, Burnout Ratio, and Normal
Operational Thermal Parameters.

Figures 3.3 and 3.4 display the Burnout Ratio, which is defined as the
Critical'or Burnout Heat Flux divided by the ONB Heat Flux, for the four
reference cases calculated. These figures give some idea of the measure of
conservatism in using the criterion of the ONB point as limiting in reactor
operations.

Further evidence of the conservatism of the ONB criterion is shown
by display of some core thermal parameters during normal operation of,
the reactor. Figures 3.5 and 3.6 show fuel, clad, and coolant temperatures
for operation at 1 MW and 1600 gpm flow, i.e., the normal operating
conditions as opposed to the ONB conditions. These data are shown for the
HEU and LEU cores with HCF's. Comparison for the LEU reference core
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TABLE 3.5
Thermal Analysis Results for HEU Core Without HCFs

Po2wer

(MW)

0.6

1

2

3

.4

5

6

ONB Flow

* (gal/min)

106.5

184.3

401.7

* . 633.3

875.7

1136

1387

QNB Heat Flun

(MWIm 2 )

0.0382

0.0637

0.1327

0.1991

0.2655

0.3317

0.3981

ONB T.Cooant

(C)

78.1

76.8

71.7

70.3

69.3

68.4

67;9

ONB T.Clad

(C)

116.4

118.3

119.6

120.9

121.9

122.2

123.4

ONB Site From

Core ToD2

(meters)

0.470

0.470

0.445

0.445

0.445

0.445

0.445

Critical Heat

Flux (CHF)

(MW/m 2 )

2.039

2.049

2.076

2.105

2.135

2.166

2.197

DNB Ratio

(CHF/ONB

Heat Flux)

53.4

32.2

15.6

10.6

8.04

6.53

5.52

TABLE 3.6
Thermal Analysis Results for HEU Core With HCFs

Po~wer

(MW)

0.6

1

2

3

4

5

6

ONB-Flo-w

(gal/min)

167.2

301.4

671.6

1075

1503

1935

2385

ONB-Heat Flux

(MW/m 2 )

0.0498

0.0829

0.1698

0.2548

0.3398

0.4254

0.5095

ONB T. Coolant

(C)

68.9

66.9

62.7

61.4

60.6

60.1

59.6

ONB T. Clad

(C)

118.0

118.6

119.8

120.6

121.2

122.2

122.9

ONB Site From

(meters)

0.445

0.445

0.419

0.419

0.419

0.419

0.419

Critical Heat

(MW/m 2 )

2.046

2.063

2.109

2.159

2.211

2.262

2.315

DNBRaloo

(CHF/ONB

Heat Flux)

41.1

24.9

12.4

8.47

6.51

. 5.33

4.54



TABLE 3.7
Thermal Analysis Results for LEU Core Without HCFs

(MW)

ONBm nOW

(gal/min)

0.6 116.7

1 206.3

2 449.9

3 710.7

4 986.2

5 1265

6 - 1555

(MW/m 2 )

0.0474

0.0828

0.1656

0.2843

0.3408

0.4260

0.5112

ONB T. COOlant

(C)

78.5

74.1

71.5

70.1

66.9

66.3

65.8

ONB T.Clad

(C)

117.9

118.6

119.8

120.8

121.4

122.3

122.9

ONB Site From

C~re TOp

(meters)

0.470

0.445

0.445

0.445

0.419

0.419

0.419

Critical Heat

Flux (CH

(MW/m 2 )

2.042

2.055

2.089.

2.125

2.164

2.202

2.241

DINBRatiO

(CHF/ONB

Heat Flux)

43.1

24.8

12.6

8.56

6.35

5.17

4.38
L"

TABLE 3.8
Thermal Analysis Results for LEU Core With HCFs

PO1we* ONB Fw

(MW) (gal/min)

0.6 189.1

.1 342.9

2 761.4

3 1223

4 1699

5 2192

6 2697

ONE Heat Ehm
(MW/m2 ).

0.0621

0.1065

0.2130

0.3195

0.4260

0.5325

0.6390

ONB 3T. Coolant

(C)

68.4

64.5

62.4

61.1

60.4

59.8

59.4

ONB T. Clad

(C)

118.2

118.7

120.4

121.1

122.1

123.0

123.8

ONB Site From

(meters)

0.445

0.419

0.419

0.419

0.419

0.419

0.419

Critical Heat

FluX- (CHE

(MW/m 2.)

2.052

2.074

2.133

2.197

2.262

2.329

2.395

DNB RatiO

(CHF/ONB

Heat Flux)

33.0

19.5

10.0

6.88

5.31

4.37

3.75
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Burnout Ratio Versus Flow Rate
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Burnout Ratio Versus Flow Rate
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shows that, under normal operating conditions, the maximum clad
temperature, for example, is about 671C, whereas the ONB clad
temperature at 1 MW is 118.20C, from Table 3.8.

3.1.2.4 Natural Convection Limiting Safety Systerm Settings'

(LSSS)

Because of the restricting specification on power (to mimimize 16N

levels) that is well below the calculated Safety Limit for natural
convection, no changes are indicated in the LSSS specifications for

operation with the LEU fuel. The LSSS are then as follows:

Full Pool Level Low Pool Level
Power 125 kW, max. 1.25 kW, max.
Inlet Temperature 42.20C (108 0F) 42.20C
Pool Water Above Core
Center Line 24.25 ft. 2.25 ft.

3.1.2.5 Forced Convection Limiting Safety System Settings

In order to specify settings for forced convection operation, it is
necessary to analyze the consequences of a loss of flow while operating at
1 MW power.

The measured flow coast down after loss of flow from loss of the
pump is shown in Figure 3.7. The coast down curve was measured from a
starting point of 1600 gpm flow, which is the normal operational flow.
(Somewhat higher flow rates can be achieved by throttling adjustments
but normally operation is carried out with flow at 1600 gpm.) The slight
increase in flow at the beginning of the curve is assumed to be an
instrument response as the result of turbulance or surging upon
deactivation of the pump power. Although the curve was measured with
the HEU core in place, the results are applicable to the LEU core, which has
essentially identical flow characteristics. The HEU core was calculated to
have a pressure drop across the core of Z.24x10-3 MPa, and the LEU core a
drop off of 2.16x.10-3 MPa; the slight difference -is taken to be of no
significance compared to the resistances inherent in the total primary

coolant system.

52



1750

1500

1250
inititiation at 1120 gpm

P4 1000
e ''

w

0 750
blades are in after I second

500

250

0
2

Time (seconds)
4

Figure 3.7 Loss of Flow versus Time after Loss of Pump



Upon reactor scram, the control blades drop into the core in less than
1 second, a requirement of the Technical Specifications. If the scram signal
is initiated at 70% of full core flow, i.e., at 1120. gpm during the coastdown,
the blades will be inserted by the time flow reaches 630 gpm,
corresponding to a power limit of 1.6 MW, as shown by inspection of
Figures 3.7 and 3.2, which is higher than the l MW operating power. Thus
the Safety Limit for the forced convection mode is not violated up to this
point of the transient, and the only residual question is whether or not the
natural convection Safety Limit is subsequently violated..

The calculated blade worth for the LEU core is given in Table 2.4 as
10.9%Ak/k, and the maximum core excess reactivity is 4.7%Ak/k. The
difference is 6.2%Ak/k. If a 10% uncertainty is assumed in the total blade
worth calculation, then the difference is 5.6%Akfk available to reduce
power when the blades drop. The prompt drop in power from blade.
insertion reduces the power from 1 MW to about 130 kW, which is well
below the Safety Limit for natural convection of 335 kW specified in this
report.

Taking into account the same uncertainties in measuring parameters
discussed in the FSAR, the LSSS's for forced convection operation with the
new fuel are then as follows:

Power 1.25 MW, max.
Flow 1170 gpm
Inlet Temperature 42.20C
Pool Water Above Core Center Line 24.25 ft.

3.1.2.6 Fuel Element Failure Under Operating Conditions

The pressure drop across the LEU core is essentially the same (about
0.32 psi or 2.2x10- 3 MPa) as that across the BEU core. Failure caused by
hydraulic pressure imbalance under operating conditions is beyond the
realm of credibility for LEU fuel just as it is for HEU fuel.

The burnout ratio shown in Table 3.8 for the LEU core at 1 MW
power and flow corresponding to ONB, i.e., 343 gpm, was greater than 19,
and, consequently, steam blanketing from 'excessive temperatures during
normal operation is not indicated.
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3.1i.2.7 Refueling Accident

A refueling error is not an easy mistake because of the readily
recognizable differences in fuel, graphite and reflector elements, because
of the small core size and -clearly recognizable reference points; and
because any initial loading or subsequent loading or reloading is
supervised during the process.

The most severe error imaginable is the substitution of a fueled
element for the central flux trap element, and this has been calculated to
add about 3% in reactivity (see Table 2.2). Although such an error
assumes considerable inattention by all loading personnel, nevertheless, if
it occurred, the control blades have more than enough shutdown capability
to assure that the reactor would be subcritical until some blade withdrawl
was achieved. If such an error occurred, criticality would occur with the
blades in a lower position than normal, which would cause-the operator to
shut the reactor down before going to power.

Dropping a fuel element on top of the core would add less than 0.5%
in reactivity, and this, again is well within the shutdown capability of the
blades.

3.1.2.8 Step Increase in Reactivity

Each experiment must be analyzed to assure that no more than 0.5%
reactivity can be added under any condition.

An analysis of an instantaneous insertion of 0.5% reactivity at 1 MW
power and 1600 gpm flow was carried out by ANLIO. This transient
analysis followed the effects, as a function of time, of the prompt jump, the
scram of the reactor from the high level power/flux signals, the blade
release time, and the subsequent effect on the power of the blades
dropping into the core. These results are shown in Figure 3.8, which shows
that the maximum power peak is about 2.8 MW, a power well below the
Safety Limit of 3.8 MW under these operating conditions. ' The power
achieved during the transient with the LEU core is substantially lower than
that seen with the HEU core primarily because of the larger Doppler
coefficient in the LEU case. . *
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3.1 .2.9 . Withdrawl of a Control Blade

The consequences of the continuous withdrawl of a control blade

while the reactor is being operated at steady-state 1 MW power were also
investigated by ANLIO, and a similar calculation-for the withdrawl of the
regulating rod was done at UML1 7.

These transients will be halted by insertion of the blades following a
scram from either of two redundant, physically separated, high flux

channels. In addition, the period scram and manual scram are functional.
The results of the 0.035% reactivity ramp done by ANL are shown in

Figure 3.9. The reactivity addition rate chosen is 0.010% higher in ramp
rate than the Technical Specification control blade limitation of 0.025%
reactivity per second rate. Figure 3.9 shows that the power realized
during this transient would be only about 1.3 MW, which is far below the
Safety Limit.

The results of the similar calculation for a 0.054% reactivity per
second rate chosen to match the Technical Specification limit for the

regulating rod are shown in Figure 3.10. This shows essentially the same

upper power limit as the ANL calculation, except, of course, it is achieved
earlier in time because of the larger addition rate.

3.1.2.10 Cold Water Insertion

The heat content of the primary coolant is carried away by
secondary coolant water through heat exchanger transfer, and the
secondary coolant heat is dissipated by evaporation to the external
atmosphere. Just as the primary flow rate is controlled by a throttle valve,
so also is the secondary coolant flow. Normally, the secondary flow rate is

between 1180 gpm and 1300 gpm.
If it is postulated that somehow the secondary coolant flow control

changes from no flow to instantaneous flow of 1600 gpm .(the primary flow
rate), and, further, that the primary temperature is 43.31C (the Safety
Limit), and the secondary temperature is 00C, then the maximum primary
temperature decrease would be 21.70 C. * The corresponding reactivity

change from the negative temperature coefficient for the LEU core of
-1.09x10-4 % Ak/k/CC would be ± 0.24% Ak/k. This is substantially less

than the 0.5% reactivity step input transient already considered.
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3.1.2.11 Other Transients

The change from HEU fuel to LEU fuel has no effect on 1) the partial
loss of water, 2) total loss of water, 3) binding of control blades, 4) release
of coolant header gates during operation, and 5) analysis of cross flow
during forced convection operation, already considered in the FSAR.
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3.2 STANDBY SAFEGUARDS ANALYSIS

3.2.1 Estimation of Consequences of Fission Product Release

The FSAR .contained an analysis of the release of fission products
from a single fuel plate as-the design accident which *would have the
greatest effect on offsite radiation releases. This accident scenario has been
reevaluated in view of the change to LEU fuel and to incorporate more
recent models and assumptions regarding release and dispersal of
radioactive materials and radiation dosimetry.

The consequences of the release of gaseous fission products to the
primary coolant and then to the containment space and then finally out of
containment are presented below. The effect of additional plutonium in the
LEU core was not considered in this analysis because of the analysis by
Woodruff et. a118 which showed that the additional plutonium in the LEU
core had a minimal effect in the production of radioiodines and noble gas
radioisotopes even with high burnups.

The scenario considered involves the release of all of. the inert gases
and radioiodides from a single fuel plate after 100 consecutive days.of
maximum power (1 MW) operation. The resulting thyroid and whole body
dose equivalents were calculated at the exclusion boundary for
conservative release and dispersion conditions. The exclusion boundary is
48 meters from the containment as explained in the ESAR.

3.2.1.1 Dose Calculations

The calculation of thyroid doses is based on the model and
methodology used by Woodruff et. al. which takes into account activity
losses within containment (plating out, etc.), diffusion after release from
containment and decay losses. The thyroid dose equivalent (Ht) to an
individual exposed to the release plume for a given time (t) is given by the
following expression:

Ht=sum(Hi + Hs)

where Hi=internal dose equivalent

x [Qi(t) BR(t) DCFJ]
[QiW
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and X/Q(t) = atmospheric diffusion factor in s/m3

Qi(t) = quantity of isotope released in millicuries
BR(t) = breathing rate of exposed individual during exposure
DCFi = dose conversion factor in rem per millicurie inhaled

and Hs = submersion dose equivalent

= Q(t) [Qi(t) BR(t) DCFs]

where DCFS = dose conversion factor in mrem per
mCi/m3 (submersion).

The atmospheric diffusion factor (X/Q) was determined -assuming a ground
level release during Pasquill type F conditions.

The quantity of each isotope released Qi(t) was determined according to
the following formula:

Q j(t) =FrFqq X X(1-e -(X I r)

Where: FR = fraction of isotope released to containment
Fq = fraction of isotope in containment released from

containment
q = inventory of isotope in a single fuel plate in millicuries
Xr = decay constant of isotope in hr 1

XI = leakage rate from containment in hr 1

t = time of exposure in hours

The inventory of each of the iodine isotopes was derived from values
published by Woodruff et. al. for the situation where the LEU fuel is
irradiated at 1 MW for 100 continuous days. A peaking factor of two was
applied to each quantity. Quantities for each iodine isotope are listed in
Table 3.9.
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TABLE 3.9
Quantities of Iodine Isotopes Released From a Single Fuel Plate

Isotope Quantity Released
(Curies)

1-131 164.4
1-132 250.9
1-133 39.4.9
1-134 444.2
1-135 369.0

Table 3.10 lists the quantities of inert gases that are assumed to be
released from a single fuel plate into the containment.

Quantities of Inert
Isotope

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-138

TABLE 3.10
Gases Released From a Single Fuel Plate

Quantity Released
(Curies)
30.45
75.23

0.32
145.57
205.87
267.80

01..14
11.56

392.00
63.12
31.56

358.92.

One hundred percent of the iodine activity and inert gas activity in a
single plate is assumed to be released to the reactor pool during the
postulated accident. All of the inert gas escapes into containment. Ten
percent- of the iodine is assumed.to be released from the pool into
containment (FR).
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Fifty percent of the iodines in containment is then assumed to be
released outside of containment *(Fq). The leakage rate from containment
is assumed to be ten percent per day. This is the designed leakage rate
from containment with an overpressure of two inches of water.

The X/Q value used in this analysis was calculated using a regimen'
proposed in 'Regulatory Guide 1.14519 where building effecis and'
meandering plume effects are taken into- account for Pasquill "F" conditions
at low wind speed. The wind speed was assumed to be one meter per
second. Changes in elevation or any other local conditions which might
disperse the plume were not addressed. The value of X/Q used in this
analysis was 0.031 sec/m3 at a horizontal distance of 48 meters from the
containment structure.

The dose conversion factors were taken from the Health Physics and
Radiological Health Handbook2O and USEPA's Federal Guidance Report No.
1.121.

3.2.1.2 Thyroid Doses

Thyroid doses at a distance of 48 meters from the containment
building (site boundary) were calculated for a two hour and an infinite
release time. These doses are presented in Table 3.11.

TABLE 3.11
Thyroid Dose Equivalents (Rems) at Forty Eight Meters From Containment

Release Point for Ground Level Releases
Type of
Release Iodine Isotopes Inert Gases Total Guideline

External Internal
Two Hour 0.0043 1.09 0.025 1.12 300
Infinite 0.0265 52.1 0.093 52.2 300

Greater than 98% of the thyroid, doses come from the iodines deposited
internally in the thyroid. Over 95% of the thyroid dose comes from 1-131
and 1-133.
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3 .2.1 .3 Whole Body Dose Equivalents

Whole Body Dose Equivalents forty eight meters from the
containment release point were calculated for ground level releases and
are given in Table 3.12.

TABLE 3.12
Whole Body Dose Equivalents (Rems) at Forty Eight Meters From

Containment Release Point for Ground Level Releases
Type of
Release Iodine Isotopes Inert Gases Total Guideline

External Internal
Two Hour 0.0036 0.033 0.0246 0.061 25
Infinite 0.0236 1.560 0.0864 1.673 25

The whole body dose equivalents are a result of a combination of
effective dose from iodines in the thyroid (internal) and external exposure
to the iodines and inert gases in the plume. The iodines were responsible
for 61% of the two hour release doses and 93% of the infinite time releases.

CONCLUSION
The accidental release of radioiodines and inert gases from a single

fuel plate under conditions resulting in a maximum inventory of these
isotopes results in thyroid and whole body dose equivalents well below the
two hour site boundary guidelines from USNRC 10 CFR 100. In fact the*
thyroid and whole body dose equivalents for infinite time releases are also
well. below the guideline values.
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TECHNICAL SPECIFICATIONS

1.0 DEFINITIONS

1.1 ABNORMAL OCCURRENCES - An abnormal occurrence is any of the

following:

a. Any actual safety system setting less conservative than

specified in Paragraph 2.2 of these Technical Specifications;

b. Operation in violation of a limiting condition for operation;

c. Safety system component malfunction or other component

or system malfunction which could, or threatens to, render

the system incapable of performing its intended function;

d. Release of fission products from a fuel element in a quantity

that would indicate a fuel element cladding failure;

e. An uncontrolled or unanticipated change in reactivity

greater than 0.5% delta k/k;

f. An observed inadequacy in the implementation of either

administrative or procedural controls, such that the

inadequacy could have caused the existence or development

of an unsafe condition in connection with the operation of

the reactor;

g. Conditions arising from natural or offsite manmade events

that affect or threaten to affect the safe operation of the

facility.

1.2 CHANNEL - A channel is the combination of sensor, line, amplifier,

and output devices which are connected for the purpose of

measuring the value of a parameter. Such a channel is also
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referred to as a measuring channel. It may or may not be a safety

channel.

1.3 CHANNEL CALIBRATION - A channel calibration is an adjustment

of the channel such that its output corresponds with acceptable

accuracy to known values of the parameter which the channel

measures. Calibration shall encompass the entire channel,

including equipment actuation, alarm, or trip and shall be deemed

to include a Channel Test.

1.4 CHANNEL CHECK - A channel check is a qualitative verification of

acceptable performance by observation of channel behavior. This

verification, where possible, shall include comparison of the

channel with other independent channels or systems measuring

the same variable.

1.5 CHANNEL TEST - A channel test is the introduction of a signal into

the channel for verification that it is operable.

1.6 CONTAINMENT BUILDING INTEGRITY - Integrity of the

containment building is said to be maintained when all isolation

system equipment is operable or secured in an isolating position.

1.7 CONTROL ROD - A control rod is a device fabricated from neutron

absorbing material which is used to establish neutron flux changes

and to compensate for routine reactivity losses. A control rod is

coupled to its drive unit allowing it to perform a safety function

when the coupling is disengaged.

1.8 EXCESS REACTIVITY -Excess reactivity is that amount of

reactivity that would exist if all control rods (control and
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regulating) were moved to the maximum reactive condition from

the point where the reactor is exactly critical (keff=1).

1.9 EXPERIMENT - An experiment is any operation, hardware, or

target which is designed to investigate non-routine reactor

characteristics or which is intended for irradiation within the pool,

on or in a beamport or irradiation facility and which is not rigidly

secured to a core or shield structure so as to be a part of their

design.

1.10 MEASURED VALUE - The measured value is the value of a

parameter as it appears at the output of a channel.

1.11 MOVABLE EXPERIMENT - A movable experiment is one in which

the entire experiment may be moved into or out of the core or

core region while the reactor is operating.

1.12 OPERABLE -Operable means a component or system is capable of

performing its intended function.

1.13 OPERATING - Operating means a component or system is

performing its intended function.

1.14 PROTECTIVE CHANNEL - A protective channel is a channel in the

reactor safety system which is not merely a measuring channel.

1.15 REACTOR OPERATING MODE -Reactor operating mode refers to the

method by which the core is cooled, either natural convection

mode of operation or forced convection mode of operation.

1.16 REACTOR OPERATING - The reactor is operating whenever it is not

secured or shutdown.

1.17 REACTOR SAFETY SYSTEM - The reactor safety system consists of

those systems, including their associated input channels, which
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are designed to initiate automatic reactor protection or to provide

information for initiation of manual protective action.

1.18 REACTOR SECURED - The reactor is secured when:

(1) It contains insufficient fissile material or moderator present

in the reactor, adjacent experiments or control rods, to attain

criticality under optimum available conditions of moderation

and reflection, or

(2) A combination of the following:

a. The minimum number of neutron absorbing control

rods are fully inserted or other safety devices are in the

shutdown position, as required by technical specifications,

and

b. The console key switch is in the off position and the

key is removed from the lock, and

c. No work is in progress involving core fuel, core

structure, installed control rods, or control rod drives unless

they are physically decoupled from the control rods, and

d. No experiments in or near the reactor are being moved

or serviced that have, on movement, a reactivity worth

exceeding that maximum value allowed for a single

experiment or one dollar, whichever is smaller.

1.19 REACTOR SHUTDOWN - The reactor is shut down if it is subcritical

by at least 0.7% delta k/k in the Reference Core Condition plus the

absolute reactivity worth of all experiments.
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1.20 REFERENCE CORE CONDITION - The condition of the core when it is

at ambient temperature (cold) and the reactivity worth of xenon

is negligible <2% delta k/k.

1.21 REGULATING ROD - The regulating rod is a low worth control rod,

used primarily to maintain an intended power level, that does not

have scram capability. Its position may be varied manually or by

the servo-controller.

1.22 SAFETY CHANNEL - A safety channel is a measuring or protective

channel in the reactor safety system.

1.23 SECURED EXPERIMENT -A secured experiment is an experiment,

experimental facility, or component of an experiment that is held

in a stationary position relative to the reactor by mechanical

means. The retaining devices must be able to withstand the

hydraulic, pneumatic, buoyant, or other forces which are normal

to the operating environment of the experiment, or forces which

can arise as a result of credible malfunctions.

1.24 SHALL. SHOULD. AND MAY - The word shall, is used to denote a

requirement; the word should to denote a recommendation; and

the word may to denote permission, neither a requirement nor a

recommendation.

1.25 SHUTDOWN MARGIN -Shutdown margin shall mean the minimum

shutdown reactivity necessary to provide confidence that the

reactor can be made subcritical by means of control and safety

systems starting from any permissible operating condition

although the most reactive rod is in its most reactive position, and
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that the reactor will remain subcritical without further

operational action.

1.26 SURVEILLANCE INTERVALS - Allowable surveillance intervals

shall not exceed the following:

a. Five year (interval not to exceed six years)

b. Two year (interval not to exceed two and one half years)

c. Annual (interval not to exceed 15 months)

d. Semi-annual (interval not to exceed seven and one half

months)

e. Quarterly (interval not to exceed four months)

f. Monthly (interval not to exceed six weeks)

g. Weekly (interval not to exceed ten days)

h. Daily (must be done during the calendar day).

1.27 TRUE VALUE - The true value is the actual value of a parameter.
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2.0 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

2.1 SAFETY LIMITS

2.1.1 Safety limits in the forced convection mode of operation.

Applicability

This specification applies to the interrelated variables

associated with core thermal and hydraulic performance

with forced convection flow. These variables are:

P = Reactor thermal power

W = Reactor coolant flow rate

Ti = Reactor coolant inlet temperature

L = Height of water above the center line of the core

Objective

To assure that the integrity of the fuel cladding is

maintained.

Specification

Under the conditions of forced convection flow:

1. The combination of true values of reactor thermal

power (P) and reactor coolant flow rate (W) shall not

exceed the limits shown in Figure 2.1 T.S under any

operating conditions. The limits are considered

exceeded if the point defined by the true values of P

and W is at any time above the curve shown in Figure

2.1 T.S.

2. The true value of the pool water level (L) shall not be

less than 24 feet above the center line of the core.
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3. The true value of the reactor coolant inlet temperature

(pool temperature, Tp) shall not be greater than

110F.

Bases

In the region of full power operation, the criterion used to

establish the safety limit was the onset of nucleate boiling

(ONB) at the hot spot in the hot channel. The analysis is

given in Section 3.1.2.2 of the FSAR Supplement for

Conversion to Low Enrichment Uranium (LEU) Fuel.

2.1.2 Safety Limits in the natural convection mode of operation.

Applicability

This specification applies to the interrelated variables

associated with core thermal and hydraulic performance

with natural convection flow. These variables are:

P = Reactor thermal power

Tp= Reactor pool temperature

L = Height of water above the center line of the core

Objective

To assure that the integrity of the fuel cladding is

maintained.

Specification

Under conditions of natural convection flow:

1. The true value of the reactor thermal power (P) shall

not exceed 0.335 MW.

2. The true value of the reactor thermal power (P) shall

not exceed 1.33 kW when the true value of the pool
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water level (L) is less than 24 feet above the center

line of the core.

3. The reactor shall not be taken critical when the true

value of the pool water level (L) is less than 2 feet

above the center line of the core.

4. The true value of the reactor coolant inlet temperature

(pool temperature, Tp) shall not be greater than

11 OF.

Bases

The criterion for establishing a safety limit with natural

convection flow is the onset of nucleate boiling at the hot

spot on the hot channel. The analysis of natural convection

flow given in Section 3.1.2.1 of the FSAR Supplement for

Conversion to LEU Fuel shows that ONB occurs at 0.335 MW

with a corresponding fuel clad temperature of 118.60C

(245.51F) which is well below the temperature at which fuel

clad damage could occur.

Operation of the reactor with less than full water height

above the core is limited to a power about 250 times lower

than the limit with full water height; there is no possibility

of fuel clad damage under water immersion at 1.33 kW.

2.2 LIMITING SAFETY SYSTEM SETTIINGS

2.2.1 Limiting Safety System Settings in the forced convection

mode of operation.
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Applicability

This specification applies to the setpoints for the safety

channels monitoring reactor thermal power (P), coolant flow

rate (W), reactor coolant inlet temperature (Ti), and the

height of water above the center line of the core (L).

Objective

To assure that automatic protective action is initiated in

order to prevent a Safety Limit from being exceeded.

Specification

Under conditions of forced convection flow the values of the

Limiting Safety System Settings shall be as follows:

P = 1.25 MWt (max)

W = 1170 GPM (min)

Ti = 1080F (max)

L = 24.25 ft (min)

B ases

The Limiting Safety System Settings that are given in

Specification 2.2.1 represent values of the interrelated

variables which, if exceeded, shall result in automatic

protective action that will prevent Safety Limits from being

exceeded during the course of the most adverse anticipated

transient. To determine the LSSS given above, an analysis of

the uncertainties in the instruments and measurements was

taken into account. These safety settings are adjusted so

that the true value of the measured parameter will not

exceed the specified Safety Limits. The results of these
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adjustments included a flow variation of 4%, a temperature

variation of 20F, a power level variation of 6%, and a pool

water level variation of three inches. (See Section 3.1.2.5 of

the FSAR Supplement for Conversion to LEU Fuel and

Paragraph 9.1.2 of the FSAR).

2.2.2 Limiting Safety System Settings in the natural convection

flow mode of operation.

Applicability

This specification applies to the setpoints for the safety

channels monitoring reactor thermal power (P), reactor pool

temperature (Tp), and the height of water above the center

line of the core (L).

Objective

To assure that automatic protective action is initiated in

order to prevent undesirable radiation levels on the surface

of the pool.

Specification

Under conditions of natural convection flow the measured

values of the Limiting Safety System Settings shall be as

follows:

Full Pool Level Low Pool Level

P = 125 kW (max) P = 1.25 kW (max)

Tp = 1080F (max) Tp = 1080 F (max)

L = 24.25 ft (min) L = 2.25 ft (min)
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Bases

The Limiting Safety System Settings that are given in

Specification 2.2.2 represent values of the interrelated

variables which, if exceeded, shall result in automatic

protective action that will prevent undesirable radiation

levels on the surface of the pool due to: a) the production

and escape of 1 6 N during the natural convection mode of

operation with full pool level, and b) direct radiation from

the core during low pool level operation. The specifications

given above assure that an adequate safety margin exists

between the LSSS and the SL for natural convection, because

the values of the power LSSS would be much higher (335

kW, Section 3.1.2.1 of the FSAR Supplement for Conversion

to LEU Fuel) if the specifications were based on Safety

Limits rather than on 1 6 N production. The 1 6 N criterion is

not related to the ONB which was the criterion used in

establishing the Safety Limits (see Section 3.1.2.1 of the

FSAR Supplement for Conversion to LEU Fuel).
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3.0 LIMITING CONDITIONS FOR OPERATION

3.1 REACTIVITY

Applicability

These specifications apply to the reactivity condition of the

reactor and the reactivity worths of control rods, regulating rod,

and experiments.

Objective

To assure that the reactor can be safely shutdown and maintained

in a safe shutdown condition at all times and that the Safety

Limits will not be exceeded.

Specification

The reactor shall not be operated unless the following conditions

exist:

1. The minimum shutdown margin relative to the cold, clean

(xenon-free) critical condition, with the most reactive

control rod in the fully withdrawn position, is greater than

2.7% delta k/k.

2. The reactor core is loaded so that the excess reactivity in the

cold clean (xenon-free) critical condition does not exceed

4.7% delta k/k.

3. All core grid positions are filled with fuel elements,

irradiation baskets, source holders, regulating rod, graphite

reflector elements or grid plugs. This specification will not

apply for low power, <10 kW, physics tests without forced

flow. All but 5 of the peripheral radiation baskets must

contain flow restricting devices.
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4. The drop time of each control rod from a fully withdrawn

position is less than 1.0 second.

5. The isothermal temperature coefficient of reactivity is

negative at temperatures >700 F.

6. The reactivity insertion rates of the control rods are less

than 0.025% delta k/k per second.

7. The total reactivity worth of the regulating rod is less than

the effective delayed neutron fraction.

8. The reactivity insertion rate of the regulating rod is less

than 0.054% delta k/k per second.

9. The reactivity worth of experiments shall not exceed the

values indicated in the following table:

Single Experiment Worth Total Worth

icluding the 0.1% delta k/k 0.5% delta k

Kind

Movable (ih /k
pneumatic rabbit) summed
together for all experiments

Secured experiments 0.5% delta k/k 2.5% delta k/k

10. The total reactivity worth of all experiments shall not be

greater than 2.5% delta k/k.

Bases

1. The shutdown margin required by Specification I assures

that the reactor can be shut down from any operating

condition and will remain shutdown after cooldown and

xenon decay, even if the highest worth control rod should be

in the fully withdrawn position.
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2. The maximum allowed excess reactivity of 4.7% delta k/k

provides sufficient reactivity to accommodate fuel burnup,

xenon and samarium poisoning buildup, experiments, and

control requirements, but gives a sufficient shutdown

margin even with the highest worth rod fully withdrawn.

3. The requirement that all grid plate positions be filled and

the restriction on radiation baskets during reactor operation

assures that the quantity of primary coolant which bypasses

the heat producing elements will be kept within the limits

used in establishing Safety Limits in Section 3.1.2 of the

FSAR Supplement for Conversion to LEU Fuel. This

requirement does not apply under natural circulation

conditions at low power

4. The control rod drop time required by Specification 4

assures that the Safety Limit will not be exceeded during

the flow coast down which occurs upon loss of forced

convection coolant flow. The analysis of this situation, which

is given in Section 3.1.2.5 of the FSAR Supplement for

Conversion to LEU Fuel, assumes a 1 second rod drop time.

5. The requirement for a negative temperature coefficient of

reactivity assures that any temperature rise caused by a

reactor transient will not cause a further increase in

reactivity.
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6. The maximum rate of reactivity insertion by the control

rods which is allowed in Specification 6 assures that the

Safety Limit will not be exceeded during a startup accident

due to a continuous linear reactivity insertion. Analysis in

Section 3.1.2.9 of the FSAR Supplement for Conversion to

LEU Fuel shows that a maximum power of less than 1.3 MW

would be reached assuming a continuous linear reactivity

insertion rate of 0.035% delta k/k per second, which is

greater than the maximum allowed.

7. Limiting the reactivity worth of the regulating rod to a value

less than the effective delayed neutron fraction assures that

a failure of the automatic servo control system could not

result in a prompt critical condition.

8. The maximum rate of reactivity insertion by the regulating

rod which is allowed in Specification 8 assures that the

Safety Limit on reactor power will not be exceeded during

an operational accident involving the continuous withdrawal

of the regulating rod. The analysis, in Section 3.1.2.9 of the

FSAR Supplement for Conversion to LEU Fuel, shows that the

maximum power reached would be about 1.3 MW.

9. Specification 9 assures that the failure of a single

experiment will not result in the exceeding of a Safety Limit;

the analysis of the step insertion of 0.5% delta k/k is given

in Section 3.1.2.8 of the FSAR Supplement for Conversion to

LEU Fuel. Limiting a movable experiment such as the

pneumatic rabbit to 0.1% delta k/k assures that the prompt
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jump, which is about 17%, will result in a power below the

power level scram setting, i.e., below 125% of power.

10. The total reactivity of 2.5% in Specification 10 places a

reasonable upper limit on the worth of all experiments

which is compatible with the allowable excess reactivity and

the shutdown margin and is consistent with the functional

mission of the reactor.

3.2 REACTOR INSTRUMENTATION

Applicability

This specification applies to the instrumentation which must be

available and operable for safe operation of the reactor.

Objective

The objective is to require that sufficient information be available

to the operator to assure safe operation of the reactor.

Specification

The reactor shall not be operated unless the measuring channels

listed in the following table are operable:

Minimum Operating Mode in
Measuring Channel Required Which Required

Startup Count Rate

Log N (Period)

Power Level (Linear N)

Reactor Coolant Inlet
Temperature

Coolant Flow Rate

1 All modes (during reactor
startup)

All modes1

2 All modes

1

1

Forced convection

Forced convection
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Reactor Pool Temperature 1 All modes

Bases

The neutron detectors assure that measurements of the reactor

power level are adequately displayed during reactor startup and

low and high power operation. The temperature and flow

detectors give information to the operator to prevent the

exceeding of a Safety Limit.

3.3 REACTOR SAFETY SYSTEM

Applicability

This specification applies to the reactor safety system channels.

Objective

To require the minimum number of reactor safety system

channels that must be operable in order to assure safe operation

of the reactor.

Specification

The reactor shall not be operated unless the reactor safety system

channels described in the following table are operable.

Reactor Safety Minimum Operating Mode
System Component/Channel Required Function in Which Required
Startup Count Rate 1 Prevent blade Reactor startup

withdrawal in all modes
when N count
rate < 2 cps

Reactor Period I Automatic reactor All modes
scram with < 3 sec
period
Control blade inhibit
< 15 sec period
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Reactor Safety Minimum
System Component/Channel Required

Operating Mode
in Which RequiredFunction

Reactor Power Level 2

Coolant Flow Rate 1

Automatic scram
when> 125% of
range scale

Automatic scram
at 1170 gpm

Automatic scram at
Modified Mercalli
Scale IV

All modes

Forced convec-
tion above 0.1
MW

All modes

Forced Convec-
tion above 0.1
MW

Seismic Disturbance 1

Primary Piping Alignment 1 Automatic scram

Pool Water Level I Automatic scram
at:
(1) 24.25 ft
above core center

* line;
(2) 2.25 ft above
core center line

(1) All modes
with full water
height;
(2) operation
with limited
water height

Pool Temperature

Coolant Inlet Temperature

Bridge Movement

1 Automatic scram
> 108SF

1

I

Automatic scram
> 1080F

Automatic scram
if moved >1 inch

All modes

Forced convec-
tion above 0.1
MW

All modes
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Reactor Safety Minimum Operating Mode
in Which RequiredSystem Component/Channel Required Function

Coolant Gate Opens 2 Automatic scram if
either the coolant
riser or coolant
downcomer gate
opens

Automatic scram if
the coolant riser
gate opens

Forced convec-
tion above 0.1
MW; down
comer flow
pattern

Forced convec-
tion above 0.1
MW; cross pool
flow pattern

All modes

1

Detector High Voltage Failure 1 Automatic scram if
Voltage <500V

Thermal Column Door Open

Truck Door and/or Air lock
Integrity

Manual Scram Button

"Reactor On" Key-Switch

1 Automatic scram

3 Automatic scram

All modes

All modes

All modes

All modes

1

1

Manual scram

Manual scram
if "off"
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Bases

The inhibit function on the startup channel assures that the

required startup neutron source is sufficient and in a proper

location for the reactor startup, such that a minimum source

multiplication count rate level is being detected to ensure proper

operation of the startup channel.

The automatic protective action initiated by the reactor period

channel, high flux channels, flow rate channels, coolant inlet

temperature channel, pool temperature channel, and pool water

level channel provides the redundant protection to assure that a

Safety Limit is not exceeded.

Automatic protection action initiated by the seismic detector,

bridge misalignment, opening of coolant gates, high voltage

failure, and opening of thermal column door assures shutdown of

the reactor under conditions that could lead to a safety problem.

The automatic protective action covering the condition of the air

lock doors assures that containment capability is maintained.

The manual scram button and the "Reactor On" Key-Switch

provide two manual scram methods to the operator if any

abnormal condition should occur.

3.4 RADIATION MONITORTNG EQUIPMENT

Applicability

This specification applies to the availability of radiation

monitoring equipment which must be operable during reactor

operation.
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Objective

To assure that radiation monitoring equipment is available for

evaluation of radiation conditions in restricted and unrestricted

areas.

Specification

1. When the reactor is operating, gaseous and particulate

sampling of the stack effluent shall be monitored by a stack

monitor with readouts in the control room.

2. When the reactor is operating, at least one constant air

monitoring unit located in the containment building on the

reactor pool level and having a readout in the control room

shall be operating.

3. The reactor shall not be continuously* operated without a

minimum of one radiation monitor on the experimental level

of the reactor building and one monitor over the reactor

pool operating and capable of warning personnel of high

radiation levels.

Bases

A continuing evaluation of the radiation levels within the reactor

building will be made to assure the safety of personnel. This is

accomplished by the area monitoring system of the type described

in Chapter 10 of the FSAR.

*In order to continue operation of the reactor, replacement of an inoperative monitor
must be made within 15 minutes of recognition of failure, except that the reactor may be
operated in a steady-state power mode if the installed systems are replaced with portable
gamma-sensitive instruments having their own alarm.
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A continuing evaluation of the stack effluent will be made using

the information recorded from the particulate and gas monitors.

3.5 CONTAINMENT AND EMERGENCY EXHAUST SYSTEM

Applicability

This specification applies to the operation of the reactor

containment and emergency exhaust system.

Objective

To assure that the containment and emergency exhaust system is

in operation to mitigate the consequences of possible release of

radioactive materials resulting from reactor operation.

Specification

The reactor shall not be operated unless the following equipment

is operable, and conditions met:

Equipment/Condition Function

1. At least one door in each of the To maintain containment
personnel air locks is closed system integrity

-and the truck door is closed.

2. All isolation valves, except To maintain containment
that reactor operation can system integrity
proceed if a failed isolation
valve is in the closed
(isolated) position.
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Equipment/Condition
3. Initiation system for containment

isolation.

4. Emergency exhaust system

5. Vacuum relief device

6. Reactor Alarm system*

Function
To maintain containment
system integrity

To maintain the ability
to tend toward a negative
building pressure without
unloading any large
fraction of possible airborne
activity.

To ensure that building
vacuum will not exceed
0.2 psi.

To assure that proper emer-
gency action is taken.

Bases

In the unlikely event of a release of fission products, or other

airborne radioactivity, the containment isolation initiation system

will secure the normal ventilation exhaust fan, will bypass the

normal ventilation supply up the stack, and will close the normal

inlet and exhaust valves. In containment, the emergency exhaust

system will tend to maintain a negative building pressure with a

combination of controls intended to prevent unloading any large

fraction of airborne activity if the internal building pressure is

high. The emergency exhaust purges the building air through

charcoal and absolute filters and controls the discharge, which is

diluted by supply air, through a 100-foot stack on site. Chapter 3

*The public address system can serve as a temporary substitute for reactor evacuation
and formation of the Emergency Team during short periods of maintenance.
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of the FSAR describes the system's sequence of operation; Chapter

9 provides the analysis.

3.6 LIMITATIONS OF EXPERIMENTS

Applicability

This specification applies to experiments to be installed in the

reactor and associated experimental facilities.

Objectives

To prevent damage to the reactor or excessive release of

radioactive materials in the event of an experiment failure.

Specification

The reactor shall not be operated unless the following conditions

governing experiments exist:

1. All materials to be irradiated shall be either corrosion

resistant or encapsulated within corrosion resistant

containers to prevent interaction with reactor components

or pool water. Corrosive materials shall be doubly

encapsulated.

2. Irradiation containers to be used in the reactor, in which a

static pressure will exist or in which a pressure buildup is

predicted, shall be designed and tested for a pressure

exceeding the maximum expected by a factor of 2.

3. Explosive material such as (but not limited to) gunpowder,

dynamite, TNT, nitroglycerine, or PETN in quantities <25 mg

may be irradiated in the reactor or experimental facilities

provided out-of-core tests indicate that, with the

containment provided, no damage to the explosive
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containers, the reactor, the reactor components or the Co-60

Source shall occur upon detonation of the explosive.

4. Explosive materials, in quantities >25 mg shall not be

allowed in the reactor or the reactor pool without rigorous

safety evaluation, and special authorization from the USNRC.

5. All experiments shall be designed against failure from

internal and external heating at the true values associated

with the LSSS for reactor power level and other process

variables.

6. The outside surface temperature of a submerged experiment

or capsule shall not exceed the saturation temperature of

the reactor coolant during operation of the reactor.

7. Experimental apparatus, material or equipment to be

irradiated shall be positioned so as not to cause shadowing

of the nuclear instrumentation, interference with control

rods, or other perturbations which may interfere with safe

operation of the reactor.

8. Cryogenic liquids shall not be used in any experiment within

the reactor pool.

9. The reactor shall not be operated whenever the reactor core

is in the same end of the reactor pool as any portion of the

Cobalt-60 Source.
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Bases

Specifications 1 through 6 are intended to reduce the likelihood of

damage to reactor components and/or radioactivity releases

resulting from experiment failure, including any experiment

involving the Co-60 Source and, along with the reactivity

restriction of pertinent specifications in 3.1, serve as a guide for

the review and approval of new and untried experiments by the

operations staff as well as the Reactor Safety Subcommittee.

Specification 7 assures that no physical or nuclear interferences

compromise the safe operation of the reactor by, for example,

tilting the flux in a way that could affect the peaking factor used

in the Safety Limit calculations. Review of the experiments using

the appropriate LCO's and the Administrative Controls of Section 6

assures that the insertion of experiments will not negate the

considerations implicit in the Safety Limits.

Specification 8 prohibits experiments using cryogenic materials.

(Special NRC permission would be required.) Cryogenic liquids

present structural and explosive problems which enhance the

potential of an experiment failure. Specification 9 assures that

there will be no interference, either instrumental or procedural,

between the reactor and the cobalt source during reactor

operation.
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3.7 GASEOUS EFFLUENTS

Applicability

This specification applies to the routine release of gaseous

radioactive effluents from the facility.

Objective

The objective is to minimize the release of gaseous radioactive

effluents, particularly Argon-41, the effluent most likely to be

generated in routine operation.

Specification

The release rate of gaseous radioactive material from the reactor

stack shall be limited to 8 microcuries per second averaged over a

year.

Bases

Calculations based on a very conservative model, allowing for no

atmospheric dilution of the gaseous effluent, have predicted an

annual dose of 12 mrem to an individual exposed to the effluent

on a continual basis for an Argon-41 release rate of 8 microcuries

per second. Allowance for even minimal atmospheric turbulence

would reduce this dose number by about a factor of three.

3.8 COOLANT SYSTEM

Applicability

This specification applies to the reactor pool water requirements

for operation of the reactor.
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Objective

The objectives are to require that the reactor pool water be of

high purity in order to retard corrosion and to monitor the

integrity of the fuel cladding and the Cobalt-60.

Specification

1. The conductivity of the pool water shall be maintained at a

value of 5 micromhos per centimeter or less averaged over a

month.

2. The pool water shall be analyzed for gross activity and for

Cobalt-60. Analyses shall be capable of detecting levels of 10-7

microcuries per milliliter. If a sample analysis reveals a

significant increase of activity in the water, with respect to the

previous samples, or a contamination level greater than 10-6

microcuries of Cobalt-60 per milliliter of water, prompt action

shall be taken to prevent further contamination of the pool water.

If the gross activity of the sample is less than 10-7 microcuries

per milliliter, specific analysis for Cobalt-60 need not be

performed. If remedial action is required by this section,

notification will be made to the USNRC as required by Section

6.6.2.

Bases

Pool water of high purity minimizes the rate of corrosion.

Radionuclide analysis of the pool water allows early determination

of any significant buildup of radioactivity from operation of the

reactor or the Cobalt-60 source.
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4.0 SURVEILLANCE REOUIREMENTS

4.1 CONTROL AND REGULATING RODS

Applicability

This specification applies to the surveillance requirements for the

control and regulating rods.

Objective

To assure the operability of the control and regulating rods.

Specifications

1. The reactivity worth of the regulating rod and each control

rod shall be determined annually. The reactivity worth of all rods

shall also be determined prior to routine operation of any new

fuel configuration in the reactor core.

2. Control rod drop and drive times and regulating rod drive

time shall be determined annually, or if maintenance or

modification is performed on the mechanism. Nominally, the

withdrawl rate of the safety blades is at 3.5 inches per minute

and the withdrawl rate of the regulating rod is at 78 inches per

minute.

3. The control and regulating rods shall be visually inspected

annually.

Bases

The reactivity worth of the control and regulating rods is

measured to assure that the required shutdown margin is

available, and to provide a means for determining the reactivity

worths of experiments inserted in the core. Annual measurement

of reactivity worths provides a correction for the slight variations
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expected because of burnup. The required measurement after

any new arrangement of fuel in the core assures that possibly

altered rod worths will be known before routine operation.

The visual inspection of the regulating and control rods and the

measurements of drive and drop times are made to assure that

the rods are capable of performing properly and within the

considerations used in transient analyses in the FSAR Supplement

for Conversion to LEU Fuel. Appropriate inspection data will be

recorded and analyzed for trends. Verification of operability after

maintenance or modification of the control system will ensure

proper reinstallation or reconnection.

4.2 REACTOR SAFETY SYSTEM

Applicability

This specification applies to the surveillance requirements for the

Reactor Safety System.

Objective

To assure that the Reactor Safety System (RSS) will remain

operable and will prevent the Safety Limits from being exceeded.
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Specifications

1. A channel check of each measuring channel in the RSS shall

be performed daily when the reactor is in operation.

2. A channel test of each measuring channel in the RSS shall be

performed prior to each day's operation, or prior to each

operation extending more than one day.

3. A channel calibration (reactor power level) of the Log N and

linear safety power level measuring channels shall be made

annually.

4. A channel calibration of the following channels shall be

made annually.

a. Pool water temperature

b. Primary coolant flow rate

c. Pool water level

d. Primary coolant inlet and outlet temperature

5. The manual scram shall be verified to be operable prior to

each reactor startup.

6. Any RSS instrument channel replacement must have

undergone a channel check prior to installation, and must

undergo a channel calibration before routine operation of

the reactor after channel installation.

7. Any RSS instrument repaired or replaced while the reactor

is shutdown must have a channel test prior to reactor

operation.

8. Each protective channel in the RSS shall be verified to be

operable semi-annually.
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Bases

The daily channel tests and checks and periodic verifications will

assure that the safety channels are operable. Annual calibrations

will assure that long-term drift of the channels is corrected. The

calibration of the reactor power level will provide continual

reference for the adjustment of the Log N and safety channel

detector positions and current alignments.

4.3 RADIATION MONTTORTNG EOUIPMENT

Applicability

This specification applies to the surveillance requirements for the

area radiation monitoring equipment and systems for monitoring

airborne radioactivity.

Objective

To assure that the equipment used for monitoring radioactivity is

operable and to verify the appropriate alarm settings.

Specification

1. The operation of the area radiation monitoring equipment

and systems for monitoring airborne radioactivity, and their

associated alarm set points, shall be verified prior to reactor

startup.

2. All radiation monitoring systems shall be calibrated

semiannually.
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Bases

The area radiation monitoring system, described in the Emergency

Plan, includes the stack air monitor, two building constant air

monitors, a fission product monitor, 12 GM detectors and two ion

chamber detectors at selected sites throughout the building. The

detectors used have been chosen for stability and operational

reliability. The large number of detectors in the area monitoring

system ensures that if a particular monitor should malfunction or

drift out of calibration, sufficient backup monitors are available

for reliable information. Calibration of the area monitors semi-

annually is sufficient to insure the required reliability. Daily

checks (during operating days) of the area monitors ensure that

any obvious malfunctions will be detected.

4.4 CONTAINMENT BUILDING

Applicability

This specification applies to the surveillance requirements for the

containment building.

Objective

To assure that the containment system is operable.

Specification

1. Building pressure will be verified at least every eight hours

during reactor operation to ensure that it is less than

ambient atmospheric pressure.
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2. The containment building isolation system including the

initiating system shall be tested semi-annually. The test

shall verify that valve closure is achieved in <2.5 seconds

after the initial signal.

3. An integrated leakage rate of the containment building

as-is* shall be performed at a pressure of at least 0.5 psig at

intervals of 5 years to verify leakage rate of less than 10%

of the building air volume/day at 2 psig.

4. All additions, modifications, or maintenance of the

containment building or its penetrations that could affect

building containment capability shall be tested to verify

containment requirements.

5. The emergency exhaust system including the initiating

system shall be verified annually to be operable.

6. At two year intervals, and subsequent to replacement of the

facility filters and prior to reactor operation thereafter, the

filter trains shall be tested to verify that they are operable.

7. At two year intervals, the air flow rate in the stack exhaust

duct shall be measured.

*Non-routine maintenance or repair for the purpose of reducing containment leakage
shall not be performed prior to the leak test.
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Bases

Maintaining a negative pressure ensures that any leakage in the

containment is inward.

Valve closure time was chosen to be 1/2 the time required for a

given sample of air to travel from the first to the second valve in

series in the exhaust line under regular flow conditions. Semi-

annually is considered a reasonable frequency of testing. The

containment building was designed, to withstand a 2.0 psig

internal pressure. An overpressure of less than 0.5 psig would

result from an excursion of 538 MWs, which is nearly four times

the energy release achieved in the Borax tests. A 0.5 psig test

pressure is therefore adequate.

Any additions, modifications or maintenance to the building or its

penetrations shall be tested to verify that such work has not

adversely affected the integrity of the building.

Surveillance of the emergency exhaust system and the various

filters will verify that these are functioning. See Chapters 3 and 7

of the FSAR.

4.5 POOL WATER

Applicability

This specification applies to the surveillance requirement of

monitoring the quality and the radioactivity in the pool water.

Objective

To assure high quality pool water and to monitor the radioactivity

in the pool water in order to verify the integrity of the fuel

cladding.
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Specification

1. The conductivity of the pool water shall be measured

weekly.

2. The radioactivity in the pool water shall be analyzed

weekly.

Bases

Surveillance of water conductivity assures that changes that could

accelerate corrosion have not occurred. Radionuclide analysis of

the pool water samples will allow early determination of any

significant buildup of radioactivity from operation of the reactor

or the Co-60 source.

4.6 SCRAM BY PROCESS VARIABLE EFFECT

Applicability

This specification applies to the surveillance requirements applied

to process variable scrams.

Objective

To assure that a Safety Limit is not exceeded.

Specification

Following a reactor scram caused by a .process variable, the

reactor shall not be operated until an evaluation has been made to

determine if a Safety Limit was exceeded, the cause of the scram,

the effects of operation to the scram point and the appropriate

action to be taken.
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Bases

This specification assures that if a Safety Limit should be

exceeded as a result of a malfunction of a process variable, the

fact will be known.

4.7 FUEL SURVEILLANCE

Applicability

This specification applies to the surveillance requirements for

reactor fuel.

Objective

To assure that reactor fuel is in proper physical condition.

Specification

Visual inspection of a representative sample of reactor fuel

elements shall be performed every two years.

Bases

The inspection of reactor fuel assures that fuel elements, when

used in the core, will perform as designed.
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5.0 DESIGN FEATURES

5.1 REACTOR FUEL

The reactor fuel shall be as follows:

1. Standard fuel element: the fuel elements shall be flat plate

MTR-type elements. The plates shall be fueled with low

enrichment (19.75% U-235) U3Si2, clad with aluminum.

There shall be 18 plates per element with 16 containing fuel

and two outside plates of aluminum. There shall be 200+

5.6 grams of Uranium-235 per element.

2. Half-element: same as a standard fuel element except each

plate has one half the uranium loading.

3. Variable-load element: same as Specification 1 above, but

internal plates are removable.

5.2 REACTOR CORE

1. The reactor core consists of a 9 x 7 array of 3-inch square

modules with the four corners occupied by posts. The

reference core for these Technical Specifications consists of

20 standard fuel elements in a 5 x 5 array with corners

removed and the central location filled with a graphite-

water aluminum clad flux trap element, as shown in Figure

2.6 of the FSAR Supplement for Conversion to LEU Fuel.

2. Cores from 16 standard elements to 28 elements may be

used, and cores from 16 elements to 28 elements may

contain 2 half-loaded elements.
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3. Cores with loadings different from 20 standard elements

may be operated under forced convection only after

analyses using 1) the methods described in the FSAR

Supplement for Conversion to LEU Fuel, or 2) flux

measurements in natural convection, establish that no

alteration of the LSSS's are required to preclude violation of

a SL during the transients anticipated in the FSAR.

5.3 REACTOR BUILDING

The reactor shall be housed in the reactor building, designed for

containment.

5.4 FUEL STORAGE

All reactor fuel element storage facilities shall be designed in

geometrical configuration so that keff is less than 0.85 under

quiescent flooding with water.
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6.0 ADMTNISTRATIVE CONTROLS

6.1 ORGANIZATION AND MANAGEMENT

1. The reactor facility shall be an integral part of the Radiation

Laboratory of the University of Massachusetts Lowell. The

reactor shall be related to the University structure as shown

in Chart 6-1 TS.

2. The reactor facility shall be under, the direction of the

Director of the Radiation Laboratory, who shall be a member

of the graduate faculty, and it shall be supervised by the

Reactor Supervisor who shall be an NRC-licensed senior

operator for the facility. The Reactor Supervisor shall be

responsible for assuring that all operations are conducted in

a safe manner and within the limits prescribed by the

facility license and the provisions of the Reactor Safety

Subcommittee.

3. There shall be a Radiation Safety Officer responsible for the

safety of operations from the standpoint of radiation

protection. He does not report formally to the line

organization responsible for reactor operations, but rather to

the Vice-Chancellor for Academic Affairs (see Chart 6-1 TS).

4. An Operator or Senior Operator licensed pursuant to 10 CFR

55 shall be present at the controls unless the reactor is

secured as defined in these specifications. In addition, a

second individual shall be present in the reactor building or

Pinanski building whenever the reactor is not secured. This

individiual shall be a Licensed Senior Operator, Licensed
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Operator or an individual who is capable of shutting the

reactor down in case of an emergency.

5. A Licensed Senior Operator shall be on the console or readily

available on call whenever the reactor is in operation.

6.2 REVIEW AND AUDIT

1. There shall be a Reactor Safety Subcommittee which shall

review reactor operations to assure that the facility is

operated in a manner consistent with public safety and

within the terms of the facility license. The Subcommittee

shall report to the University Radiation Safety Committee

which has overall authority in the use of all radiation

sources at the University.

2. The responsibilities of the Subcommittee include, but are not

limited to, the following:

a. Review and approval of normal, abnormal and

emergency operating and maintenance procedures and

records.

b. Review and approval of proposed tests and

experiments utilizing the reactor facilities in

accordance with Paragraph 6.8 of these specifications.

c. Review and approval of proposed changes to the

facility systems or equipment, procedures, and

operations.

d. Determination of whether a proposed change, test, or

experiment would constitute an unreviewed safety
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question requiring a change to the Technical

Specifications or facility license.

e. Review of all violations of the Technical Specifications

and NRC Regulations, and significant violations of

internal rules or procedures, with recommendations

for corrective action to prevent recurrence.

f. Review of the qualifications and competency of the

operating organization to assure retention of staff

quality.

3. The Reactor Safety Subcommittee shall be composed of at

least five members, one of whom shall be the Radiation

Safety Officer or his designee and another of whom shall be

the Reactor Supervisor or his designee. The Subcommittee

shall be proficient in all areas of reactor operation and

reactor safety. The membership of the Subcommittee shall

include at least two senior scientific staff members, and the

chairman will not have line responsibility for operation of

the reactor.

4. The Subcommittee shall have a written charter defining

such matters as the authority of the Subcommittee, the

subjects within its purview, and other such administrative

provisions as are required for effective functioning of the

Subcommittee. Minutes of all meetings of the Subcommittee

shall be kept.

5. A quorum of the Subcommittee shall consist of not less than

a majority of the full Subcommittee and shall include the
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Radiation Safety Officer or his designee, and the Reactor

Supervisor or his designee.

6. The Subcommittee shall meet at least quarterly.

6.3 OPERATING PROCEDURES

Written procedures, reviewed and approved by the Reactor Safety

Subcommittee shall be in effect and followed for the following

items. The procedures shall be adequate to assure the safe

operation of the reactor, but should not preclude the use of

independent judgment and action. should the situation require

such.

1. Startup, operation, and shutdown of the reactor.

2. Installation or removal of fuel elements, control rods,

experiments and experimental facilities.

3. Actions to be taken to correct specific and potential

malfunctions of systems or components, including responses

to alarms, suspected primary coolant system leaks, and

abnormal reactivity changes.

4. Emergency conditions involving potential or actual release of

radioactivity, including provisions for evacuation, re-entry,

recovery, and medical support.

5. Maintenance procedures which could have an effect on

reactor safety.

6. Periodic surveillance of reactor instrumentation and safety

systems, area monitors and continuous air monitors.

7. Civil disturbance on or near campus.
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8. Radiation control, for which procedures shall be maintained

and available to all operations personnel.

9. Receipt, inspection, and storage of new fuel elements.

10. Handling and storage of irradiated fuel elements.

Substantive changes to the above procedures shall be made only

with the approval of the Reactor Safety Subcommittee.

Temporary changes to the procedures that do not change their

original intent may be made by the Reactor Supervisor.

Temporary changes to procedures shall be documented and

subsequently reviewed by the Reactor Safety Subcommittee.

6.4 ACTION TO BE TAKEN IN THE EVENT OF AN ABNORMAL

OCCURRENCE

In the event of an abnormal occurrence:

1. The Reactor Supervisor shall be notified promptly and

corrective action shall be taken immediately to place the

facility in a safe condition until the causes of the abnormal

occurrence are determined and corrected.

2. The Reactor Supervisor shall report the occurrence to the

Reactor-Safety Subcommittee. The report shall include an

analysis of the cause of the occurrence, corrective actions

taken, and recommendations for appropriate action to

prevent or reduce the probability of a repetition of the

occurrence.

3. The Reactor Safety Subcommittee shall review the report

and the corrective actions taken.
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4. Notification shall be made to the NRC in accordance with

Paragraph 6.6 of these specifications.

6.5 ACTION TO BE TAKEN IN THE EVENT A SAFETY LIMIT IS EXCEEDED

In the event a Safety Limit has been exceeded:

1. The reactor shall be shut down and reactor operation shall

not be resumed until authorization is obtained from the NRC.

2. Immediate notification shall be made to the NRC in

accordance with paragraph 6.6 of these specifications and to

the Director of the Radiation Laboratory.

3. A prompt report shall be prepared by the Reactor

Supervisor. The report shall include a complete analysis of

the causes of the event and the extent of possible damage

together with recommendations to prevent or reduce the

probability of recurrence. This report shall be submitted to

the Reactor Safety Subcommittee for review and appropriate

action, and a suitable similar report shall be submitted to

the NRC in accordance with Paragraph 6.6 of these

specifications and in support of a request for authorization

for resumption of operations.

6.6 REPORTING REOUTREMENTS

In addition to the requirements of applicable regulations, and in

no way substituting therefore, all written reports shall be sent to

the U.S. Nuclear Regulatory Commission, Attn: Document Control

Desk, Washington, D.C. 20555, with a copy to the Region I

adiminstrator.
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1. Within 24 hours, a report by telephone or telegraph to NRC

Region I Administrator of:

a. Any accidental release of radioactivity to unrestricted

areas above permissible limits, whether or not the

release resulted in property damage, personal injury

or exposure.

b. Any significant variation of measured values from a

corresponding predicted or previously measured value

of safety related operating characteristics occurring

during operation of the reactor.

c. Any abnormal occurrences as defined in Paragraph 1.1

of these specifications.

d. Any violation of a Safety Limit.

2. A written report within 14 days in the event of an abnormal

occurrence, as defined in Section 1.1. The report shall:

a. Describe, analyze, and evaluate safety implications;

b. Outline the measures taken to assure that the cause of

the condition is determined;

c. Indicate the corrective action including any changes

made to the procedures and to the quality assurance

program taken to prevent repetition of the occurrence

and of similar occurrences involving similar

components or systems;
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d. Evaluate the safety implication of the incident in light

of the cumulative experience obtained from the record

of previous failure and malfunctions of similar

systems and components.

3. Unusual Events.

A written report shall be forwarded within 30 days in the

event of:

a. Discovery of any substantial errors in the transient or

accident analyses or in the methods used for such

analyses, as described in the safety analysis or in the

bases for the technical specifications;

b. Discovery of any substantial variance from

performance specifications contained in the technical

specifications and safety analysis.

c. Discovery of any condition involving a possible single

failure which, for a system designed against assumed

failures, could result in a loss of the capability of the

system to perform its safety function.

4. An annual report shall be submitted in writing within 60

days following the 30th of June of each year. The report

shall include the following information:
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a. A narrative summary of operating experience

(including experiments performed) and of changes in

facility design, performance characteristics and

operating procedures related to reactor safety

occurring during the reporting period, as well as

results of surveillance tests and inspections.

b. Tabulation showing the energy generated by the

reactor (in megawatt days), the number of hours the

.reactor was critical, and the cumulative total energy

output since initial criticality.

c. The number of emergency shutdowns and inadvertent

scrams, including the reasons therefore.

d. Discussion of the major maintenance operations

performed during the period, including the effect, if

any, on the safe operation of the reactor, and the

reasons for any corrective maintenance required.

e. A description of each change to the facility or

procedures, tests, and experiments carried out under

the conditions of Section 50.59 of 10 CFR 50 including

a summary of the safety evaluation of each.

f. A description of any environmental surveys

performed outside the facility.
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g. A summary of radiation exposures received by facility

personnel and visitors, including the dates and times

of significant exposures, and a summary of the results

of radiation and contamination surveys performed

within the facility.

h. A summary of the nature and amount of radioactive

effluents released or discharged to the environs

beyond the effective control of the licensee as

measured at or prior to the point of such release or

discharge.

Liquid Waste (Summarized on a monthly basis)

(1) Total gross beta radioactivity released (in curies)

during the reporting period.

(2) Total radioactivity released (in curies) for

specific nuclides, if the gross beta radioactivity

exceeds 3 x 10-6 jiCi/cm3 at point of release,

during the reporting period.

(3) Average concentration (pCi/cm3 ) of release as

diluted by sewage system flow of 2.7 x 108

cm 3 /day.

6.7 PLANT OPERATING RECORDS

In addition to the requirements of applicable regulations and in

no way substituting therefore, records and logs of the following

items, as a minimum, shall be kept in a manner convenient for

review and shall be retained as indicated:
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1. Records to be retained for a period of at least five years:

a. Reactor operations;

b. Principal maintenance activities;

c. Experiments performed including aspects of the

experiments which could affect the safety of reactor

operation or have radiological safety implications;

d. Abnormal occurrences; and

e. Equipment and component surveillance activities.

2. Records to be retained for the life of the facility:

a. Gaseous and liquid radioactive effluents released to

the environs;

b. Off-site environmental monitoring surveys;

c. Facility radiation and monitoring surveys;

d. Personnel radiation exposures;

e. Fuel inventories and transfers;

f. Changes to procedures, systems, components, and

equipment;

g. Updated, "as-built" drawings of the facility; and

h. Minutes of the Reactor Safety Subcommittee meetings.

TS-51



TECHNICAL SPECIFICATIONS

6.8 APPROVAL OF EXPERIMENTS

1. All proposed experiments using the reactor shall be

evaluated by the experimenter and a staff member who has

been approved by the Reactor Safety Subcommittee. The

evaluation shall be reviewed by the Reactor Supervisor and

the Radiation Safety Officer to ensure compliance with the

provisions of the facility license, these Technical

Specifications, and 10 CFR 20. If the experiment complies

with the above provisions, it shall be submitted by the

Reactor Supervisor to the Reactor Safety Subcommittee for

approval if it is a new experiment, as indicated in 4. below.

The experimenter evaluation shall include:

a. The reactivity worth of the experiment;

b. The integrity of the experiment, including the effect of

changes in temperature, pressure, chemical

composition, or radiolytic decomposition;

c. Any physical or chemical interaction that could occur

with the reactor components;

d. Any radiation hazard that may result from the

activation of materials or from external beams; and

e. An estimate of the amount of radioactive materials

produced.

2. Prior to performing any new reactor experiment, an

evaluation of the experiment shall be made by the Reactor

Safety Subcommittee. The Subcommittee evaluation shall

consider:
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a. The purpose of the experiment;

b. The effect of the experiment on reactor operation and

the possibility and consequences of failure of some

aspect of the experiment, including, where significant,

chemical reactions, physical integrity, design life,

proper cooling interaction with core components, and

reactivity effects;

c. Whether or not the experiment, by virtue of its nature

and/or design, includes an unreviewed safety question

or constitutes a significant threat to the integrity of

the core, the integrity of the reactor, or to the safety of

personnel; and

d. A procedure for the performance of the experiment. A

favorable Subcommittee evaluation will not lead to

direct failure of any reactor component or of other

experiments. An experiment shall not be conducted

until a favorable evaluation indicated in writing is

rendered by the Reactor Safety Subcommittee.

3. In evaluating experiments, the following assumptions

shall be used for the purpose of determining that

failure of the experiment would not cause the

appropriate limits of 10 CFR 20 to be exceeded:

a. If the possibility exists that airborne

concentrations' of radioactive gases or aerosols

may be released within the containment
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building, 100% of the gases or aerosols will

escape;

b. If the effluent exhausts through a filter

installation designed for greater than 90%

efficiency for 0.3 micron particles, at least 10% of

gases or aerosols will escape; and

c. For a material whose boiling point is above

130OF and where vapors formed by boiling this

material could escape only through a volume of

water above the core, at least 10% of these

vapors will escape.

4. An experiment that has had prior Subcommittee

approval and has been performed safely shall be a

routine experiment and requires only the approval of

the Reactor Supervisor or his designee and the

Radiation Safety Officer or his designee to be repeated.

An experiment that represents a minor variation from

a routine experiment not involving safety

considerations of a different kind nor of a magnitude

greater than a routine experiment shall be considered

the equivalent of a routine experiment and may be

approved for the Subcommittee by agreement of the

Reactor Supervisor or his designee and the Radiation

Safety Officer or his designee.
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